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Preface 

Inspired by the potential of laparoscopic surgery to bring substantial advan
tages to patients requiring colorectal surgery, we beg an to apply laparoscopic 
techniques to colorectal surgery in late 1991. Now, several years later, this 
field is still in its early phases of development. Whereas laparoscopic tech
niques for biliary surgery quickly evolved, such techniques for effective and 
efficient colorectal surgery have developed slowly. Quantifying the value of 
laparoscopy in this field also has been difficult. Nonetheless, the possible ad
vantages of removing a section of the intestine with safe anastomosis, all 
done through small "keyhole" incisions, is so tantalizing that we have contin
ued to focus most of our research in this direction. Our philosophy has been 
that questions about laparoscopic colorectal surgery must be assessed in a 
methodical and stepwise manner. After such surgery is demonstrated to be 
feasible and beneficial in the short term, we plan to delve into studies assess
ing the underlying mechanisms of these benefits, as weIl as the long-term 
benefits. 

U sing animals initially in 1991, we attempted to establish basic tech
niques for intestinal resection and anastomosis because, at the time, the lit
erature contained few useful descriptions. We encountered significant chal
lenges, even in animal models in which the mesentery is thin and the bowel 
is relatively mobile. Early successes in the animal models led us to attempt 
some simple procedures for benign diseases in humans. This transition was 
challenging and stimulated us to pursue further training in animals and fresh 
human cadaver models. Many challenges presented the opportunity to pur
sue true gastrointestinal surgical research. We toiled over the design of tech
niques, procedures, and new instruments that might permit more effective 
laparoscopic colorectal surgery. We especially wanted to define standard 
techniques for curative surgery in colorectal cancer, seeking to resect along 
the same anatomie boundaries as in conventional surgery. 

Throughout this book, we emphasize a team approach to laparoscopic 
surgery. Our belief in such an approach evolved naturally from many hours 
of working together-in the animallaboratory; operating theaters; and sit
ting across from each other at a table with pens, papers, and books scattered 
in front of uso We believe the discipline of laparoscopic colorectal surgery 
currently to be too intricate and complex to be taken up by the solitary sur-
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ge on performing an occasional laparoscopic intestinal operation with per
sonnel not trained specifically in these techniques. 

Laparoscopic colorectal surgery will not be an overnight revolution, as 
occurred with laparoscopic cholecystectomy. The techniques and teamwork 
that we have struggled to develop are just beginning to reap rewards-only 
now are laparoscopic procedures often performed in the same time as con
ventional procedures, with less blood loss and surgical trauma. However, 
only concerted, sustained efforts already begun in the surgical research labo
ratories of medical centers and instrument manufacturers, along with adher
ence to the highest professional and patient care goals, will make laparo
scopic techniques a genuine and substantial advance in colorectal surgery. 

We eagerly present a comprehensive, fully illustrated text that discusses the 
vital components of laparoscopic colorectal surgery--equipment, instrumen
tation, methods of dissection and suturing, and our ideas concerning educa
tion in the field. The book details a personal approach to the surgical treat
ment of colorectal disease. We do not believe that our approach is the only 
way to achieve the goals of laparoscopic colorectal surgery and we sincerely 
hope our text will fuel discussion in the surgical community that will produce 
further advances. 

JEFFREY W. MILSOM, MD 

BARTHOLOMÄUS BÖHM, MD, PHD 

Preface 
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1 
History of Laparoscopic Surgery 

Endeavors to peer directly into the living human 
body probably began in 1806, when Bozzini 
looked inside the bladder with an apparatus 
caHed the "Lichtleiter."l Bozzini envisioned and 
clearly described in his writings that endoscopy 
could someday be used as a diagnostic tool for 
the urethra, the bladder, the rectum, the vagina, 
the cervix, and the pharynx, as weH as a surgical 
tool for endoscopic polypectomy or removal of 
bladderstones. He also surmised that endoscopy 
would augment the understanding of the physi
ology and the pathology of an organ if it could 
be visualized in vivo. His Lichtleiter used a can
dIe as a light source and consisted of a light con
tainer, mirrors, and tubes through which the light 
passed. As weH as describing the Lichtleiter 
(Figure 1.1) in detail, Bozzini explained the dif
ficulties of reflecting light through tubes, a prob
lem that remained unsolved for another century. 

Almost 50 years later, Desormeaux presented 
an improved endoscope to the Academy of 
Medicine of Paris. In 1853, he reported the use 
of a kerosene lamp as an external light source, 
equipped with a chimney vent and a concentrat
ing mirror (Figure 1.2). "Endoscopy," a term 
eoined by Desormeaux, remained erude for most 
of the 19th eentury because internal visualization 
remained relatively poor, and management of a 
light souree dependent on eombustion of fossil 
or animal fue! was diffieult. Nevertheless, Des
ormeaux deseribed and earried out numerous in
vestigations of the urethra and bladder.2 

In 1867, a German dentist named Bruek de
seribed the first internailight souree.2 He exam
ined the mouth using illumination provided by a 

loop of platinum wire eonneeted to an eleetrieal 
eurrent. Beeause the wire genera ted intense 
heat, the loop was eumbersome and dangerous 
to use; eonsequently, Bruek's platinum loop 
ne ver attained widespread popularity. 

For most of the nineteenth eentury, eystoseopy 
was limited beeause endoseopes illuminated the 
interior of the bladder poorly and they showed 
only a small part of the visualized objeet. In 
1887, Nitze developed a eystoseope that dra
matieaHy overeame these major limitations.3 To 
inerease the intensity and the extent of illumina
tion, he plaeed a platinum wire powered by 
eleetrieity at the tip of the eystoscope and 
cooled it by using a eontinuous stream of water 
through the eystoseope. Placing the light souree 
at the tip not only inereased the intensity of the 
light, but also was advantageous in that the light 
was direetly eoupled with the eystoseope, mak
ing the proeedure mueh easier to perform be
cause the light source moved with the eysto
scope. Although having the light souree at the 
tip of the endoseope widened the illuminated 
area, visualization was still limited until Nitze 
added a prismatic lens system to his eystoscope. 
With his newly designed instrument, whieh had 
a diameter of only 5 mm, Nitze was able to ade
quately visualize an area the size of the human 
palm. Nitze also ineorporated additional ehan
nels in his operating cystoseope through whieh 
ureteral probes eould be passed. Together with 
Joseph Leiter, an instrument maker, they pro
dueed a eommereial eystoseope that revolution
ized eystoscopy and beeame the forerunner of 
modern eystoseopes and other endoseopes. 
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FIGURE 1.1. "Lichtleiter" of Bozzini (1806). 

Subsequent to the invention of the incandes
cent lamp by Thomas Edison in 1880, Nitze and 
Leiter replaced the platinum wire with a light 
bulb in 1887 (Figure 1.3). Brenner further im
proved the cystoscope in 1889, building a sm all 
channel through the cystoscope for passing 
fluid into the bladder and for introducing ure
thral catheters. 

Boisseau de Rocher made the next important 
step in the development of modern endoscopes 
in 1889. He separated the ocular part of the cys
toscope from the lamp-carrying beak by using a 
sheath through which multiple different tele
scopes could be introduced. This change al
lowed greater latitude of observation and ma
nipulation through the cystoscope. 

In 1902, Kelling, a surgeon from Dresden, 
Germany, reported the first actual laparoscopy, 
or endoscopic visualization of the peritoneal 
cavity.4 At the meeting of the German Biologi
cal and Medical Society in Hamburg in Septem
ber 1901, he showed that laparoscopy could be 
performed in a canine model. Kelling inserted a 
Nitze cystoscope into the peritoneal cavity of a 
living anesthetized dog and examined the vis
cera. The abdomen was insufflated with air fil
tered through a sterile cotton swab. He named 
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<IGURE 1.2. Cystoscope of Desormeaux (1853). 

FIGURE 1.3. Cystoscope of Nitze (1887). 

the procedure "Kölioskopie." In the same year, 
a Russian gynecologist named Dimitri Gtt inde
pendently described a technique for directly 
viewing the abdominal cavity in humans with
out an endoscope. He inspected the abdominal 
cavity with the help of a head mirror and a 
speculum introduced through a small anterior 
abdominal wall incision. 

The first major series of laparoscopies in hu
mans is attributed to Jacobeus. In 1910, Ja
cobeus reported 17 cases in which laparoscopy 
was accomplished using a Nitze cystoscope 
with "cold burning" lamps and a cannula with 
a valve system.5 He also performed 20 exami
nations in human cadavers in which he evaluated 
the risk of injury to intraperitoneal structures. 
Jacobeus achieved his first clinical experiences 
in patients with ascites because puncture of the 
abdominal cavity appeared to be easy and with
out risk of inadvertent injury to intraperitoneal 
viscera. By 1911, he had described 80 laparo
scopies, with only one reported complication
a hemorrhage into the peritoneal cavity from a 
trocar incision.6 With laparoscopy, Jacobeus 
was able to recognize different kinds of liver 
diseases (cirrhosis, metastatic tumors, tubercu
losis, and syphilis), gastric cancer, and "chronic" 
peritonitis. 

In 1911, Bernheim, of the Johns Hopkins 
Medical School, reported on "organoscopy" us
ing an ordinary proctoscope or cystoscope, with 
illumination from an electric headlight. 7 He 
made an incision in the epigastrium, inserted 
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the scope, and inspected the viscera. Bernheim 
was probably the first surgeon to perform a type 
of laparoscopic-assisted operation: after finding 
nothing on organoscopy, Bernheim drew "a part 
of the stomach out through the wound, made an 
incision in its anterior wall, and inserted the 
cystoscope directly into its cavity." 

Roccavilla modified the method of illumina
tion in 1914. He designed an instrument that 
permitted the source of light to remain outside 
the abdomen by reflecting the light through a 
trocar into the field of vision.8 

To facilitate trocar insertion, Orndoff, in 
1920, used and described the pyramidal trocar 
point currently in use.9 He reported diagnostic 
laparoscopies in 42 cases and described tuber
culous peritonitis, extrauterine pregnancy, salp
ingitis, and ovarian tumors. Orndoff was the 
first to stress that laparoscopy is a useful tool in 
diagnosing suspected postoperative hemorrhage 
in the peritoneal cavity. 

In 1918, Goetze developed the first automatie 
spring-loaded ne edle for initiating pneumoperi
toneum. lO He did not design the needle for lap
aroscopic visualization of the abdominal cavity 
but rather for insufflation of oxygen into the 
peritoneal cavity and to improve conventional 
plain abdominal x-ray techniques. By studying 
the heart rate and body temperature in 90 outpa
tients undergoing oxygen insufflation of the 
peritoneal cavity, Goetze proved that an artifi
cial pneumoperitoneum was not harmful or 
dangerous. He also defined the following con
traindications for pneumoperitoneum: cardiac 
and pulmonary diseases, "meteorism," septic 
process in the peritoneal cavity, and extensive 
adhesions. 

In 1924, Stone wrote about "peritoneoscopy" 
in a canine model. I I He inserted a nasopharyn
goscope through an incision in the abdominal 
wall and successfully completed diagnostic lap
aroscopies in 14 dogs. Stone preferred to use air 
insufflation instead of CO2 because air insuffla
tion did not require any special instruments. He 
also developed a rubber trocar gasket. 

Steiner, unaware of the experiences of other 
researchers, also described in 1924 his tech
nique of "abdominoscopy" using a cystoscope, 
a trocar, and oxygen to insufflate the ab
domen. 12 In the same year, Zollikofer first de-
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scribed the use of CO2 gas to induce pneu
moperitoneum. 13 It quickly became the most 
popular distending gas owing to its noncom
bustible properties as well as to its rapid absorp
tion after a procedure. 

In 1925, Short summarized the following ad
vantages of laparoscopyl4: "1.) It can be done 
without discomfort; 2.) the incision is so small 
that it is only necessary to keep the patient in 
bed for a day or two; 3.) very few special in
struments are needed; 4.) it can be done at the 
patient's own house; and 5.) it is available when 
it would be dangerous to perform laparotomy." 

Almost 25 years after Kelling's initial report, 
Nadeau and Kampmeier gave an excellent re
view of previous experiences about "endoscopy 
of the abdomen."15 They also described their 
technique as performed in three patients. Nadeau 
and Kampmeier said the "appliances necessary 
for the performance of abdominoscopy are rela
tively few ... a trocar and cannula, a cysto
scope, ... a no. 18 spinal puncture needle, a hy
podermic syringe and needle, a small scalpel, 
and a small foot pump, rubber tubing, and con
nections for inflating the abdomen." 

Several important reports establishing lap
aroscopy as a valuable diagnostic tool were 
published by the German hepatologist Kalk, 
who introduced a 45° lens system and was the 
first to advocate the dual-trocar technique. 16 

This latter innovation led the way to the con
cept of operative laparoscopy. Kalk performed 
100 laparoseopies in 4 years without any major 
complications and was able to diagnose various 
liver and gallbladder diseases, and stomaeh, 
pancreas, and renal cancer with his technique. 
His efforts proved that intra-abdominal manipu
lation using laparoseopie techniques could be 
safely performed. Kalk published 21 papers be
tween 1929 and 1959 that established the use of 
laparoscopy to study and make ace urate patho
logie diagnoses of intern al organs. Many au
thorities consider Kalk to be the "father of mod
ern laparoscopy." 

One of the earliest reports of a therapeutic 
laparoscopy was in 1933, when Fervers de
scribed laparoseopie lysis of adhesions. 17 In his 
report, he also described the use of ureteral 
catheters passed through his endoscope to pal
pate the gallbladder for stones. In addition, 



4 

while using "cold cautery" electrosurgery and 
insufflating the abdomen with oxygen, Fervers 
described an explosion inside the peritoneal 
cavity with multiple audible "detonations" and 
"flames" visible through the abdominal wall. 
Laparoscopic inspection of the peritoneal cavity 
showed only minor injuries of the peritoneum, 
and the patient recovered fully after several 
days of observation without any additional 
treatment. Thereafter, Fervers wisely argued 
against the use of oxygen in establishing pneu
moperitoneum. 

In 1937, Ruddock, an internist from Los An
geles, Calif., reported 500 cases in which diag
nostic laparoscopy was performed over 4 
years. 18 He firmly established diagnostic lap
aroscopy as a safe procedure with low morbidity. 
Injury of the intestine (stornach, small bowel, 
and colon) occurred in only eight patients (1.6%) 
in his series, and only one mortality occurred in 
a patient who died of hemorrhage after laparo
scopic biopsy of the liver. Examinations were 
unsuccessful in only three patients (0.6%). He 
also described a biopsy forceps with electrosur
gical capability to perform coagulation and tis
sue biopsy simultaneously. The tip of the biopsy 
forceps was designed so that it formed a cup 
containing the tissue when closed. In addition, 
Ruddock's patients did not experience postoper
ative intestinal paralysis after laparoscopy. After 
laparoscopy, his patients were permitted to re
sume eating meals without interruption. Since 
Ruddock's time, laparoscopy has remained the 
method of choice in diagnosing cases of undeter
mined ascites and tuberculous peritonitis, in as
sessing the operability of certain intra-abdominal 
lesions, and whenever there is a question of 
intra-abdominal metastases. 

Until the 1930s, pneumoperitoneum was ac
complished with a Goetze-style spring-loaded 
needle. In 1938, Veress developed a modified 
spring-loaded needle to safely introduce air into 
the thoracic cavity.19 This needle, which now 
bears his name, is now commonly used to cre
ate pneumoperitoneum and remains almost un
changed since its invention. 

A new era of endoscopy began in 1952 when 
Fourestier et al. developed and described the 
"cold-light" fiberglass source that at a low tem
perature provided intense light through a quartz 
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rod from the proximal to the distal end of the 
telescope.20 The physicist Hopkins introduced 
rod-shaped lenses as light transmitters with air 
lenses between the glass elements to further in
crease illumination. This design dramatically 
improved the resolution and contrast of the tele
scope in 1953.21 Most currently used telescopes 
are designed according to the principles of the 
Hopkins lens system. 

In the 1960s, the German gynecologist Semm, 
one of the most innovative and productive re
searchers and clinicians in the field of lap
aroscopy, contributed several important inno
vations in laparoscopy: a controlled, automatic 
CO2 insufflator; an irrigation system; the Roeder 
loop applicator; hook scissors; a tissue morcel
lator; and the pelvitrainer teaching model. 22 

Until the early 1980s, laparoscopic visualiza
tion of the peritoneal cavity was restricted to 
the operating surgeon. The introduction of 
elaborate "teaching scopes" that were con
nected to and branched away from the main 
endoscope enabled the assistant to view what 
the surgeon was seeing. Unfortunately, these 
scopes were cumbersome and ineffective when 
the surgeon and the assistant had to coordinate 
actions. Thus, complex therapeutic operations 
could not be performed using these scopes and, 
as a result, laparoscopy was unpopular and was 
rarely used in general surgery during the 1970s 
and 1980s. The development of the computer
chip television camera allowed everyone in the 
operating room simultaneously to view the im
age generated by the laparoscope. Surgeons 
thereafter accelerated the technical advances of 
safe and improved therapeutic laparoscopy and 
introduced therapeutic laparoscopic procedures 
into the field of general surgery. 

The first incidental laparoscopic appendec
tomy is credited to Semm in 198123 and the first 
laparoscopic cholecystectomy in humans to 
Mühe in 1985.24 In 1989, Dubois et al. pub
lished the first series of laparoscopic cholecys
tectomies performed using a standard multi
puncture technique. 25 Similar reports followed 
from Reddick and Olsen,26 and Cuschieri et 
alP Their work led to an explosion of interest 
in laparoscopic cholecystectomy so that now 
hundreds of thousands of these procedures are 
performed every year around the world. 
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Intestinallaparoscopic surgery has evolved as 
a direct result of the rapid recovery of patients 
undergoing laparoscopic cholecystectomy com
pared with the same procedure using open tech
niques. Every part of the intestinal tract has 
now been approached laparoscopically. This 
chapter serves only as aprelude to the develop
ments in laparoscopic colorectal surgery that 
are highlighted throughout this book. 
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2 
Basic Equipment Needs 

Laparoscopy epitomizes "high-tech" surgery and 
thus completely depends on properly functioning, 
sophisticated instruments. Although each surgeon 
will have preferences regarding equipment, a ba
sic set of instruments must be available to guaran
tee an efficient and a safe procedure. The foHow
ing equipment is the minimum that is necessary: 

• video instrumentation 
-a video camera unit 
- the laparoscope 
-a light source 
-monitoring and recording devices 

• agas insufflator or abdominal wall-elevating 
instrument 

• a suction and irrigation device 
• adequate sterilizing and disinfecting facilities 

Alllaparoscopic team members must familiar
ize themselves with all aspects of the equip
ment. Most problems with instrumentation that 
arise are simple and solvable if team members 
have a basic understanding of how the equip
ment functions. 

This chapter introduces the reader to the avail
able basic laparoscopic equipment and discusses 
the pros and cons of various types of equipment 
as weH as what kind of equipment leads to suc
cessfullaparoscopic colorectal surgery. 

Video Equipment 

Laparoseopie surgery is defined as surgery per
formed inside the peritoneal cavity using a lap
aroscope to visualize the interior of the cavity. 

Because the video equipment completely re
places the surgeon's direct visual perception, 
this equipment must provide an image of the 
surgical field that allows safe and precise lap
aroscopic surgical maneuvers without restric
tions resulting from indirect visualization. 

Image Technology 

Currently, two major imaging technologies are 
available. The most common provides a high
resolution two-dimensional (2-D) view on a 
monitor; the second re-creates a three-dimen
sional (3-D) stereoscopic view. Because we are 
accustomed to perceiving objects in three di
mensions, a 2-D view without depth perception 
appears to be a particularly troublesome defi
ciency in surgery. However, our depth percep
tion depends not only on the ability to perceive 
an object at a slightly different angle from each 
eye (binocular horizontal disparity), which re
sults in stereopsis, but also on monocular cues 
like shadows, highlighting, linear perspective, 
object interposition, and past experience.! Thus, 
depth perception does not always require that 
objects be viewed in binocular stereopsis. 

Currently, most surgeons use 2-D imaging in 
laparoscopic surgery and rely on indirect evi
dence of depth and position to judge spatial re
lationships in the peritoneal cavity. Combining 
numerous monocular cues with experience from 
performing previous open surgery, surgeons can 
safely perform advanced laparoscopic surgery 
despite the restrictions of 2-D imaging.2 Al
though we have found that 2-D imaging does 

7 
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result in some loss of information about objects 
and may lead to ambiguity, this loss of informa
tion is almost never critical, even if it does 
make laparoscopic surgery more difficult than 
open surgery at times. However, because infor
mation is lost during 2-D imaging, the best pos
sible image of the intraperitoneal structures 
must be obtained. To this end, high-resolution 
video monitors and cameras that provide true 
color, white balance, and good contrast should 
be used for every laparoscopic procedure. 

Stereoscopic imaging technology provides 
subjectively more compelling information than 
does the current 2-D imaging technology.2 The 
first generation of 3-D laparoscopes produces 
stereopsis by simulating binocular horizontal 
disparity. Two systems are available to produce 
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stereopsis. In one system, a stereoscopic camera 
is mounted on a normallaparoscope; at the lap
aroscope eyepiece, the camera splits the image 
into two separate images. The second system 
uses a laparoscope that has two separate (left or 
right) optical lens systems with two cameras; 
one camera transmits a view from the right lens 
system and one transmits a view from the !eft 
lens system (Figure 2.1). In both cases, the 1ap
aroscopic unit reconstructs a 3-D image using 
field sequential video (FSV). Field sequential 
video is based on the principles of broadcast 
television, in which a real motion picture is pro
duced on a television screen by flashing the pic
ture 30 times per second on the screen (because 
each visual frame represents two fields, this ac
tually represents 60 visual fields). If a polarized 
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FIGURE 2.1. Laparoscopic binocular disparity is cur
rently created by "perceiving" an object at a slightly 
different angle by two cameras using the following 
different techniques: A, the object is viewed through 
anormal laparoscope and the image is split into two 

different images that are recorded by two separate 
cameras, or B, two images are passed through two 
channels of a laparoscope and each is seen by a cam
era. CCD, charge-coupled device. (Courtesy of 
Olympus, Lake Success, N.Y.) 
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lens system (one that uses electronically shut
tered goggles or polarized glasses) that alter
nates the views of the right and the left eyes is 
used to project an image at least 60 times per 
second on the screen (30 times per second for 
each eye), a true 3-D image can be created (Fig
ure 2.2). Currently, some stereoscopic systems 
produce up to 120 frames per second and create 
a flicker-free, sharp 3-D image. 

Stereoscopic imaging systems are active or 
passive. The passive field sequential display 
technology uses liquid crystal shutter placed di
rectly over a cathode-ray tube screen and re
quires the user to wear orthogonally polarizing 
eyeglasses. The shutter is used to set orthogonal 
polarization angles to alternate the field image 

FIOURE 2.2. There are passive and active systems that 
create 3-D images. The passive system has a liquid 
crystal shutter over the cathode ray tube of the moni
tor that switches the polarization of the image be
tween left and right. The user wears passive polariz
ing eyeglasses that then create the final 3-D image. 
In the active system, the shutter is located within the 
liquid crystal eyeglasses. (Courtesy of Olympus, 
Lake Success, N.Y.) 
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so that a "stereo-pair" image can be presented 
sequentially in time separately for each eye 
(Figure 2.3). In the active system, polarizing 
eyeglasses use a rapid shutter system that is 
synchronized with the display generator, ensur
ing that the image is viewed only by the appro
priate eye. The disadvantages of the passive 
system are the loss of depth when the ob server 
moves to the side of the monitor. The disadvan
tages of the active system are that the glas ses 
are vulnerable to injury and are expensive.] 

Although binocular stereopsis is an impor
tant source of depth perception and may be 
useful for some laparoscopic procedures, 3-D 
laparoscopic technology currently has several 
limitations. Natural binocular stereopsis de
pends on the eye's ability to change the focal 
point using convergence and accommodation 
at an interpupillary distance of about 60 mm. 
Neither focusing nor accommodation is incor
porated in current 3-D laparoscopes. In addi
tion, for a laparoscope measuring 10 mm in di
ameter' the interpupillary distance is only 7 to 
9 mm, so that the 3-D effect of such scopes is 
limited. Using current 3-D imaging systems, 
some surgeons cannot see stereoscopically or 
cannot visually fuse a large amount of dispar
ity presented by 3-D laparoscopes. Addition
ally, some areas may remain out of focus. 3 

Whether the advantages of 3-D imaging will 
significantly improve the surgeon's ability to 
operate laparoscopically as 3-D systems im
prove will need to be evaluated. Younger sur
geons who do not have much experience in 
conventional surgery and therefore are unable 
to rely on experience to compensate for the 
lack of depth perception may benefit more 
from the 3-D imaging technology. All endo
scopic procedures that require suturing may 
also benefit from 3-D imaging technology. 

An alternative to FSV is 3-D imaging tech
nology that uses vertical instead of horizontal 
disparity. A system that uses vertical disparity 
combines the output of two optical beams so 
they follow a single path; to the video chip 
(charge-coupled device; see next section, Cam
eras), a liquid crystal shutter is interposed in the 
beam path. This binocular imaging allows both 
eyes to see the same image so that polarizing 
glas ses are not necessary. In addition, this sys-
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FIGURE 2.3. Principles of field sequential video 
(FSV) applied to laparoscopic 3-D imaging. An im
age of a 3-D object is seen from slightly different an
gles, creating a signal for the right and the left eye. 

tem allows the laparoscope to be rotated around 
its longitudinal axis without losing the 3-D im
age, something that may occur in stereoscopic 
imaging based on horizontal disparity.4 

Cameras 

Commercially available laparoscopic cameras 
currently use a 0.5- to 0.67-in. silicon charge
coupled device (CCD) to transform the image 
into a picture of discrete pixels (a pixel is the 
smallest unit of a picture element that is repre
sented by an individual photo diode on the 
CCD). One type of CCD is the hole accumula
tor diode (RAD) sensor, which consists of an 
array of photo sensitive silicon sensor elements 
that generate electrical charges when light 
strikes the surface of the photo diodes (Figure 

These signals are rapidly emitted sequentially for the 
right and then the left eye, simulating binocular dis
parity. (Courtesy of Olympus, Lake Success, N.Y.) 

2.4). Each electrical charge represents a pixel 
that is then transformed to a conventional hori
zontal scanning line by the camera control unit. 

The CCD resolution is deterrnined by the 
number of pixels its surface can accommodate. 
Most CCDs accommodate up to 390,000 pixels. 
A single RAD CCD has aresolution of about 
460 lines per inch with a signal-to-noise ratio up 
to 60 dB. The high dynamic range of the RAD 
sensor allows an image to be extracted from 
poody lit conditions while simultaneously han
dling excessive background highlights without 
excessive glare or streaking. The ratio of the op
tical sensor area to the total pixel area, the open
ing ratio, is about 35%, leading to good sensitiv
ity. The opening ratio can be increased to almost 
100% if each pixel is capped with its own con
vex lens, a technology known as on-chip lens. 
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FIGURE 2.4. Sketch of a hole accumulator diode
charge-coupled device (HAD-CCD) including (in
set) a mosaic filter that is used together with a com-

Nearly aB currently available cameras pro
vide accurate dimensional detail and precise 
edge detection. Many laparoseopie cameras 
have a buiIt-in zoom lens of 25 to 40 mm and 
an automatie electronic shutter that prevents ex
cessive glare and streaking under difficult light
ing conditions. A three-CCD-chip camera with 
one chip for each primary video color (red, 
green, and blue) and aresolution of about 700 
to 800 lines per inch is also available. Each 
color channel provides 768 horizontal X 493 
vertical picture elements for a total of 1,312,992 
pixels in the Phase Alternating Line (PAL) for
mat and 1,138,176 pixels in the National Tele
vision System Committee (NTSC) format. The 
resolving power of a three-chip camera is 
greater compared with a one-chip camera be
cause one CCD is used for each primary color 

~ c:;> ~ GREEN 

RGB 
Output 

plex algorithm to generate a colored image with a 
high resolution. (RGB, red-green-blue.) (Courtesy 
of Olympus, Lake Success, N.Y.) 

(Figure 2.5), whereas in the single camera, only 
one chip is used for all colors. 

Because the single-chip camera detects only 
black and white, the light is passed through a 
complementary (i.e., magenta, cyan, yellow, 
and green) filter. Colored images are then gen
erated by activating the pixels with a mosaic 
color filter (Figure 2.4 inset) or with a rotating 
filter of the primary colors. An ace urate color 
spectrum is produced only if the camera is first 
calibrated using pure white light as a reference 
value (white balancing). Therefore, an auto
matie or manual white balance has to be per
formed before using the camera so that the 
camera will correctly adjust the luminance of 
each primary color to produce white. Light sen
sitivity of the CCD is controlled by an elec
tronic shutter. This is accomplished in each 
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AGB monitor 

FIGURE 2.5. A three-chip camera system. Each chip codes for one of the primary video colors: red, green, or 
blue. (Courtesy of Olympus, Lake Success, N.Y.) 

pixel by charge separation of the CCD, a stan
dard video technology beyond the scope of this 
book. 

Laparoseopes 

Modern rigid laparoseopes are derived from the 
rod-shaped lens system that Hopkins first de
veloped in 1952 for cystoscopes.5 This lens sys
tem, which is contained in the core of the lap
aroscope, focuses and transmits the light from 
the abdomen to the camera. Modern versions 
consist of rod-shaped lenses, air-filled spaces 
between the lenses, and additionallenses that 
compensate for peripheral distortion (Figure 
2.6). Optical fibers at the periphery of the scope 
transmit light out the laparoscope tip into the 
abdomen. Laparoscopes are available in various 
diameters (ranging from 1.7 to 14 mm) and an
gl es of visualization (0° to 120°). Because lap-

aroscopes with a diameter of 10 mm will trans
mit approximately three times as much light as 
5-mm laparoscopes, we recommend using a 
standard IO-mm laparoscope whenever possi
ble. 

Because the 30° laparoscope allows a wider 
overview with simple rotation of the laparo
seope, some surgeons prefer it for situations in 
which an angled instrument will allow better vi
sualization around fixed intraperitoneal struc
tures (e.g., the splenie flexure or deep pelvic 
structures) or better inspection of an intestinal 
anastomosis. Nonetheless, a 0° laparoscope is 
sufficient for most applications in laparoseopie 
colorectal surgery. 

A lO-mm, 0° rigid laparoscope is available 
that allows tangential irrigation of the scope lens 
intracorporeally and irrigation of tissue through 
a separate irrigation channel (Video Hydro
Scope, Circon ACMI, Stamford, Conn.). The lap-
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HOURE 2.6. Longitudinal cut-away view of a rigid laparoscope with a rod-lens system. (Courtesy of Olympus, 
Lake Success, N.Y.) 

aroscope is attached to a regular irrigation unit 
that supplies it with warm cleaning and irriga
tion fluid. The dis advantage of a laparoscope 
with additional working channels is that less 
light is transmitted to the camera and the extra 
channels make cleaning and sterilizing more dif
ficult. Our experience with the Video Hydro
Scope has been favorable because we have 
found that the ability to clean the lens intracor
poreally during surgery is a major advantage be
cause the laparoscope does not have to be with
drawn frequently to manually clean the tip. 

The view through the laparoscope may not 
only be impaired by blood or smoke on the 
lens, but mayaiso be impaired by fog. To pre
vent fogging after intraperitoneal insertion, the 
laparoscope should be warmed before intraperi
toneal insertion so it will be at body tempera
ture when needed. Although specially designed 

warmers for laparoscopes are available, we 
simply he at a hollow rubber dilator in the auto
clave and place the laparoscope in it. This pro
cedure will keep the laparoscope warm for 20 
to 30 minutes. Also useful is a warm water 
bath (37°C to 40°C) into which several scopes 
of different sizes may be kept warm until 
needed. 

When maintaining pneumoperitoneum, CO2 

should be insufflated into the abdominal cavity 
through a cannula other than the one in which 
the laparoscope is placed. The CO2 gas rushing 
past the laparoscope is colder than room tem
perature and (unless a special insufflator with a 
gas warmer is used) will cool the scope, thus 
promoting fog formation on the lens. 

Flexible laparoscopes combine the advan
tages of forward- and oblique-angled instru
ments (Figure 2.7). In some of them, a CCD is 

FIOURE 2.7. Flexible laparoscope with optical fibers including an irrigation channel. Inset, Close-up of the tip 
of the flexible laparoseope. (Courtesy of Olympus, Lake Success, N. Y.) 
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placed at the laparoscope tip so that a conven
tional rod-lens system is unnecessary. This chip 
gives aresolution of about 400 horizontal lines 
and decreases the risk of damage to the laparo
scope's optical system. 

An optical system is also commercially avail
able that is 1.2 mm in diameter with a length of 
30 cm (Miniskop, Storz, Tuttlingen, Germany). 
An operating cannula (3.7 mm in diameter) is 
initially inserted, through which the laparo
scope and two semirigid instruments can be 
passed to perform limited surgical procedures. 
Scissors, graspers, and coagulation electrodes 
with outer diameters of approximately 1 mm 
are available with this system. The light source 
is powerful enough to sufficiently illuminate a 
small area for diagnostic and therapeutic lap
aroscopy. Dorsey and Tabb have reported good 
results with a thin optical catheter in diagnostic 
gynecologic laparoscopy and in laser surgery 
for endometriosis and adhesions.6 Because the 
light transmitted through these catheters is lim
ited, they have not been used for laparoscopic 
colorectal surgery. 
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Laparoscopic Surgery Light Sources 

Illumination is provided by cold light (the light 
source is remote from the optical system) gen
erated from bulbs containing halogen or xenon 
gas with an output of 70 to 400 W. 

Although halogen bulbs (250 W) with a color 
temperature of about 3,400 K or halide bulbs 
(250 W) with a color temperature of about 
5,000 Kare used in most endoscopic light 
sources, a 300-W xenon lamp is currently the 
standard light source for most laparoscopic pro
cedures because its intense light, with a color 
temperature of 5,600 to 6,000 K, is similar to 
sunlight and has an excellent transmission spec
trum from ultraviolet to infrared light. The light 
source has an internal reflector that maximizes 
output by collecting light from a large angle 
around the arc created by the xenon lamp (Fig
ure 2.8). An automatic light control is part of 
the video system, which can function as a flash 
generator for photography. 

Light is transmitted from the light source to 
the laparoscope by a glass or a fluid cable. The 
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FrGURE 2.8. Simplified sketch ofaxenon light source. (Courtesy of Olympus, Lake Success, N.Y.) 
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fluid cable has the advantage of transmitting 
more light than a glass cable through the same 
diameter, but it is heavier and more rigid than 
glass and cannot be gas sterilized or autoclaved. 
Another disadvantage of fluid cables is that if 
they are slightly damaged, fluid will be lost and 
the cable cannot be used. In comparison, if 
some fibers are broken in a fiberglass cable, it 
will not transmit as much light as before but it 
can still be used. 

Monitors and Recording Devices 

Because the video image replaces the surgeon's 
direct visual perception, the highest quality 
video system should be used. The monitors, 
which are the final component of the imaging 
chain, should be equal in quality to the camera 
system. A high-resolution camera must be cou
pled with a high-resolution monitor or the ben
efit of the high-resolution camera will be lost. 
In addition, monitors must deli ver a flicker
free, high-resolution picture with good contrast 
and color. 

Some light source units have automatic flash 
capacity, allowing photo documentation with 
good resolution. Color video printers are avail
able with aresolution of 500 lines with conti nu
ous tone and 256 gradations of color with over 
16 million potential colors per dot. Copies can 
also be stored on computer hard drives, tapes, 
or CD-ROMs in standard graphic formats, thus 
allowing computerized modification to create 
photographs or slides. 

Dynamic documentation is usually performed 
with standard video recorders because they are 
universally available, and video tapes are rela
tively inexpensive. For educational purposes, 
any one of the three formats (S-VHS, ED
Beta, or Hiband) is adequate for recording be
cause they all have a high horizontal resolu
tion of 400 lines. The only dis advantage of 
these tapes is that they are more expensive 
than the common VHS tapes. In the future, 
more digital technology will be implernented 
in video systems, which will prevent tape 
damage and loss of signal quality when 
recordings are copied. Currently, digital sys
tems are too expensive to be used as standard 
equipment. 
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Ideal Laparoseopie Video Equiprnent 

Currently available video equipment for laparo
scopic colorectal surgery is deficient in many 
ways. In our opinion, the ideal laparoscopic 
video equipment would: 

• provide a 3-D view with high-resolution 
• allow magnification and movement closer to 

or further from an object without moving the 
laparoscope by using a zoom objective 

• provide the ability to clean the laparoscopic 
lens inside the abdominal cavity and to irri
gate the object of interest through an irriga
tion channel 

• be compact with ergonomic use of aB func
tions and have only one cable for controlling 
aB functions 

• aBow straight-on and angled viewing, as 
needed by the surgeon 

• allow some limited instrumentation uses 
(biopsy, grasping, and injecting) such as cur
rent endoscopes do 

The last four criteria may be realized shortly 
because some endoscopes already incorporate 
these features to a certain degree. The first two 
criteria require the development of better 
stereoscopic systems and a zoom objective. 

Insufflators 

To improve visualization of the viscera and in
strument manipulation by lifting the anterior 
abdominal wall away from the viscera during 
surgery, the peritoneal cavity is distended with 
an insufflating gas. Ideally, the gas is nontoxic, 
physiologically inert, highly soluble in blood, 
colorless, and incombustible. Room air, N20, He, 
Ar, and CO2 have been described for establishing 
pneumoperitoneum in laparoscopic surgery (see 
Table 2.1); currently, CO2 is preferred. 

Room air has a low solubility in blood, thus 
increasing the risk of gas embolism; further
more, it is inflammable and supports combus
tion. Given these characteristics, it should not 
be used as an insufflating gas. Nitrous oxide 
also supports combustion and therefore should 
not be used during laser surgery or electro
surgery. Although N20 is advantageous in that 
it forms no acid when mixed with water and is 
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TABLE 2.1. Advantages and dis advantages of five gases that have been used to establish pneumoperi
toneum. 

Gas Advantages Disadvantages 

Room air 
NzO 

Readily available 
No interaction with water 
Highly soluble 

Low solubility, high risk of gas emboli sm, supports combustion 
Supports combustion 

CO2 Absorbed by peritoneal surface causing acidosis, vasodilation, erythema of 
tissues 

He 
Ar 

Moderately soluble, inert 
Moderately soluble, inert 

Unknown, minimal c1inical experience 
Negative hemodynamic effect 

not associated with clinically significant peri
toneal irritation, it is less soluble in blood than 
other gases, such as CO2, and thus presents a 
greater risk of gas embolism. 

Helium, an inert gas with a low solubility co
efficient in blood of about 0.01 mL gas/mL 
blood at 37°C, may be an alternative to CO2 in 
the future because systemic CO2 absorption 
(which can lead to systemic acidosis) does not 
occur with He. Although the negative hemody
namic effects of pneumoperitoneum are the 
same for He or CO2,7,8 He may be beneficial in 
patients with concurrent pulmonary disease in 
whom it is difficult to maintain normal CO2 

blood levels using hyperventilation. Further 
studies are needed to evaluate the role of He in 
laparoscopic surgery. Eisenhauer et a1. 9 evalu
ated Ar, another inert gas, in a porcine model 
and found no negative effects on respiratory 
function and no respiratory acidosis. However, 
because they found that systemic vascular resis
tance increased significantly [from 0.57 ± 0.05 
(mm Hg. min· kg). L-I to 0.86 ± 0.29 (mm Hg 
. min • kg) • L -I, P < .05] and that the cardiac 
stroke volume and cardiac index significantly 
decreased, Ar cannot be recommended as an al
ternative to CO2 for pneumoperitoneum. 

Carbon dioxide is currently the gas of choice 
to establish and maintain pneumoperitoneum. It 
is highly soluble in blood with a solubility coef
ficient of about 0.5 mL gas/mL blood at 37°C. 
Thus, if a small arnount of gas is introduced ac
cidentally into the circulating system, it is un
likely to produce a life-threatening gas em
bolism because CO2 is rapidly absorbed and 
eliminated. The main dis advantage of CO2 is 
that the peritoneum readily absorbs it. Most ab
sorbed CO2 diffuses into the erythrocytes and is 

hydra ted by the enzyme carbonic anhydrase to 
form carbonic acid. Some CO2 is also directly 
dissolved into local tissues and the serum-the 
amount depends on the CO2 partial pressure. 
Such direct absorption may significantly in
crease the CO2 concentration in the blood, 
which theoretically could cause cardiac arrhyth
mias and bronchoconstriction. Direct absorption 
also causes a peritoneal reaction that may lead 
to pain and vasodilation so that peritoneal tissue 
may appear inflamed. 

To establish pneumoperitoneum, an insuffla
ti on needle or cannula is connected to the insuf
flator via a silicone or polyvinyl chloride hose. 
Initially, insufflating 3 to 4 L of gas into the 
peritoneal cavity usually produces an adequate 
space for visualization. 

There are two types of insufflators: pneu
matic and electronic. The older pneumatic mod
els deli ver gas with a continuous flow that stops 
when the abdominal pressure reaches apreset 
pressure limit. Pneumatic insufflators usually 
deli ver up to 4 Llmin and have two pressure se
lectors: maintenance pressure or high pressure. 
Analog controls are used for abdominal pres
sure and for external cylinder pressure. 

Electronically controlled insufflators provide 
higher flows (up to 30 Llmin) than pneumatic 
insufflators. The pressure selector is continu
ously adjustable and has a digital abdominal 
pressure display and digital delivered-flow and 
volume-of-gas-consumed displays. Most elec
tronic insufflators operate in two phases: insuf
flation and measurement. During insufflation, 
gas is delivered through a connector to the pa
tient; during measurement, which immediately 
follows so that flow is negligible, pressure is 
measured. Several insufflator models use a sec-
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ond hose connected to a cannula to measure in
traperitoneal pressure continuously while deliv
ering gas through a separate hose. Actual flow 
depends on pressure settings, backflow pres
sure, and the in-line resistance of the insuffla
ti on hose and needle. Some insufflators allow 
the insufflated gas to be circulated back to the 
insufflator through a second hose by using an 
additional pump that suctions the gas back 
through a filter (Figure 2.9). Thus, the flow of 
recirculated gas is constant, which permits 
smoke removal during electrosurgery. Such re
moval may be especially valuable in laparo
scopic colorectal surgery when the mesentery or 
omentum is being divided. If an insufflator with 
a recirculation pump is used, sensors continu
ously monitor the return gas pressure as weIl as 
the insufflation pressure. 

To effectively perform laparoscopic colorectal 
surgery, a high-flow insufflator, capable of deliv
ering more than 6 Llmin, is mandatory. Thus, 
pneumatic insufflators are inadequate in that 
they are only capable of delivering up to 4 
Llmin. Operative laparoscopy requires multiple 
trocar punctures, which can lead to gas loss 
through and around the cannulas. The smoke 
produced by electrosurgical instruments or lasers 
in the abdominal cavity must be suctioned and 
disposed of or suctioned, filtered, and recircu
lated (Figure 2.9). If blood or fluid must be suc
tioned, an insufflator with a flow rate of more 
than 10 Llmin is necessary to maintain intraperi
toneal pressure. Even flow rates of 6 to 10 Llmin 
sometimes do not sufficiently maintain an ade
quate pneumoperitoneum during laparoscopy 
while using suction or flushing the peritoneal 
cavity to evacuate smoke. In such cases, an in
sufflator with agas delivery of up to 30 Llmin is 
invaluable. If gas flow is this high, the gas 
should be warmed; moistened; and optimaIly, re
circulated. These procedures will prevent addi
tional cooling of the peritoneum, which could re
sult in significant hypothermia. 

The insufflation hose is usually connected to 
a cannula via a Luer lock system. Because the 
Luer lock system is relatively small in diameter, 
maximum flow through this small hole is about 
8 Llmin. If a higher flow is needed, either the 
pressure to insufflate the gas must be increased, 
which decreases the temperature of the insuf-
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flated gas, or the diameter of the connecting 
part at the cannula must be increased. 

Koninckx and Vandermeersch 10 designed a 
persufflator (a rapid-flow insufflator) with a 60 
Llmin insufflation capacity that allows pneu
moperitoneum to be maintained simultaneously 
with an open vagina or an open wound. Al
though with this persufflator pneumoperitoneum 
is readily maintained during suction of fluid or 
smoke, such high insufflation is not necessary 
for usuallaparoscopic colorectal surgery. 

For any type of laparoscopic surgery, the insuf
flator must function correctly and continuously. 
Although most insufflators automatically control 
the intra-abdominal pressure, the insufflator dis
play should be periodically checked to verify the 
actual intra-abdominal pressure. Whether the in
sufflator is functioning correctly must be deter
mined before surgery and any calibration must 
also be done before surgery. Because the insuffla
tor is a closed system, it should be tested for leaks 
as the manufacturer describes before it is con
nected to the patient. A biomedical engineer must 
also regularly inspect the insufflator to ensure 
continuous and proper function. Additionally, pro
tection against overinflation of the abdomen is es
sential. Apressure release mechanism or at least 
an overinflation alarm is mandatory, especially 
when using laser equipment that is cooled by gas 
flow to the laser fiber tip. Such cooling will pump 
additional CO2 into the peritoneal cavity. Al
though abdominal fluid or gas flow from the pa
tient into the insufflator is unlikely, it cannot be 
mIed out absolutely. Therefore, we recommend 
placing a disposable bacterial hydrophobic filter 
with a membrane that retains particles 0.3 ~m or 
smaller in the insufflation line at the gas outlet. 

In summary, we believe that an insufflator 
used in laparoscopic colorectal surgery must, at 
aminimum, meet the following requirements: 

• The unit should be electronically controlled. 
• The unit should deliver at least 6 Llmin at a 

safe maintenance press ure of no more than 
12 mmHg. 

• The unit should maintain an intra-abdominal 
press ure of at least 8 mm Hg at a leakage 
rate of approximately 1 Llmin. 

Optimally, an electronically controlled insuffla
tor with a maximum delivery of 30 Llmin should 



18 

Gas in 
Conneclor 

Gas in 
Coonector 

FIGURE 2.9. Electronically controlled insufflator with 
recirculation and filter for smoke evacuation. Inset, 
Schematic diagram of how insufflation is controlled. 

be used so that pneumoperitoneum is not lost 
during suction. Filtering and recirculating insuf
flated gas not only minimizes the potential for 
hypothermia, but it also lessens possible operat
ing room hazards from electrosurgery and the 
laser vapor released during surgery.11- 14 

Irrigation and Suction Devices 

An excellent combination irrigation-suction 
system is necessary for any laparoscopic proce
dure. In cases of bleeding or spilled intestinal 
contents, irrigation systems with a minimal flow 

SOmmHg 
Pressure 
Relief Valve 
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(Courtesy of Northgate Technologies, Inc., Arlington 
Heights, Ill.) 

rate of 1 Llmin are essential. Adjustable suction 
with interchangeable 5- and lO-mm metallic 
suction tubes should be available to remove 
smoke, laser plurne, fluid, clots, or other debris. 
U sing suction tips with multiple side holes is 
important when irrigating and evacuating fluid 
or clots rapidly or in large volumes. The irriga
tion-suction instrument can also be insulated 
along its shaft and equipped with electrosurgi
cal capabilities that allow for tissue dissection, 
irrigation, and suction using the same tool. 
Changing instruments is thus unnecessary, and 
a bleeding vessel may be coagulated more eas
ily and precisely. 



Steri1ization and Disinfection Equipment 

Intraoperative irrigation should be performed 
with a warmed (37°C) isotonic solution; normal 
saline or lactated Ringer's solution is suitable. 
The addition of 3,000 U heparin per 1,000 mL 
irrigation solution helps to prevent and break up 
clots that form in the pooled irrigant and pre
sents no systemic risks to the patient. 

As Marshburn and Hulka 15 describe, although 
assembling an irrigation-suction system from 
common operating room supplies is possible, we 
do not believe such a system can be usefully em
ployed under certain difficult situations seen in 
advanced laparoscopic surgery. In cases of un
foreseen bleeding or spillage of intestinal con
tents, an instrument must be available that works 
reliably and satisfactorily, both to irrigate rapidly 
and to effectively evacuate fluid or other material. 

Sterilization and 
Disinfection Equipment 

Sterilization is defined as the use of a physical 
or a chemical procedure to destroy or eliminate 
all forms of microbial life, including highly re
sistant bacterial endospores.16 For the operating 
room environment, sterilization is achieved pri
marily with moist he at or ethylene oxide gas. It 
can also be accomplished with liquid chemicals, 
such as peracetic acid (in less than 30 minutes) 
or with glutaraldehyde if used appropriately for 
an extended contact time (6 to 10 hours). 

Disinfection, however, is defined as the elimi
nation of many or all pathogenic organisms ex
cept bacterial endospores.16 Thus, disinfection 
is somewhat less lethai than sterilization, and it 
may lack the margin of safety that sterilization 
achieves. Disinfection is usually accomplished 
with liquid chemicals and can be done on three 
levels: high, intermediate, and low. High-level 
disinfection eliminates all organisms except for 
a variety of bacterial endospores. An intermedi
ate level of disinfection eliminates all organ
isms except endospores, some viruses, and 
some fungi. Low-Ievel disinfection can destroy 
most bacteria and some fungi and viruses but 
not endospores or tubercle bacilli. 16 The level 
of disinfection achieved with germicides de
pends on the nature and number of microorgan
isms, the germicide concentration, length of ex-
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posure to the germicide, the temperature, the 
amount and type of organic material (soil, fe
ces, and blood), and the type and complexity of 
the instruments being processed. A smooth sur
face and suitable configuration during disinfec
tion is mandatory to disinfect instruments effi
ciently and thoroughly. 

Spaulding l7 divides medical devices into 
three groups: critical, semicritical, and noncriti
cal. Critical items are defined as those entering 
sterile tissue or the vascular space; these items 
include laparoscopic instruments. Semicritical 
items are those that contact injured skin or mu
cous membranes and include endoscopic instru
ments. Noncritical devices are those that do not 
contact sterile tissue, mucous membranes, or 
enter the vascular spaces, for example, stetho
scopes and tongue depressors. 

Because laparoscopic instruments are critical 
instruments, they should be sterilized or at least 
should undergo high-level disinfection. Most 
reusable laparoscopic instruments can be steam 
autoclaved so that sterilization of these instru
ments presents no problem. In contrast, laparo
scopic cameras are damaged by heat as weil as 
by repeated exposure to germicides. Although 
gas sterilization with ethylene oxide is less 
harmful to the camera optics, the sterilization 
time required (12 to 24 hours) is long and some
times impractical. Therefore, critical instruments 
such as laparoscopic cameras will usually un
dergo high-level disinfection or coverage with a 
sterilized plastic sheath. 

The literature contains no definitive data indi
cating that high-level disinfection of laparo
scopic instruments presents any infectious risk 
to patients. Loffer18 recorded only three minor 
wound infections after 10,302 laparoscopic pro
cedures in which laparoscopes were used that 
had been disinfected with 2% glutaraldehyde. 
The American Association of Gynecologic Lap
aroscopists reported on 175,705 patients and 
found infectious complications in only 0.3% 
(n = 527) after surgery with laparoscopes disin
fected with 2% glutaraldehyde. They concluded 
that high-level disinfection with 2% glutaralde
hyde is safe and appropriate. 19 

The only liquid chemical disinfectants regis
tered with the Food and Drug Administration 
(FDA) for use on reusable medical instruments 
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are 2% glutaraldehyde, 6% stabilized hydrogen 
peroxide, and 0.2% peracetic acid. Only these 
agents currently meet the FDA definition of a 
high-level disinfectant, that is, one in which 
some bacterial endospores will be killed in a 
given period of time. This definition is confus
ing when discussed in reference to glutaralde
hyde solutions because these solutions are com
monly used to disinfect in approximately 20 
minutes but require up to 10 hours to sterilize, 
that is, kill all bacterial endospores. In contrast, 
6% hydrogen peroxide and 0.2% peracetic acid 
can sterilize in 20 minutes or less depending on 
the use temperature. Glutaraldehyde formula
tions are popular because of their excellent bio
cidal activity in the presence of organic con
tamination and their noncorrosive action on 
endoscopes and optical equipment. 

However, glutaraldehyde solutions have been 
recently criticized, and some have been with
drawn from the market because they have failed 
to meet label claims for efficacy against My
cobacterium tuberculosis, which can require ex
posure for as long as 90 minutes at 20°C to be 
inactivated.20,21 Also, frequent use of glutaral
dehyde solutions expose the user to airborne 
concentrations that exceed Occupational Safety 
and Health Administration (OSHA) standards,22 
and reports of toxic exposure and effects are nu
merous. 

Because glutaraldehyde is used primarily in 
simple immersion systems in which its concen
tration cannot be ensured, it is important to fol
low the instructions regarding the concentration 
and the exposure time. The concentration of a 
glutaraldehyde solution should be at least 1 %, 
and the minimum recommended exposure time 
is 10 to 20 minutes for disinfection. 23 Several 
chemical indicators are available to determine 
the concentration. The life of the solution is 
generally accepted as 14 to 28 days and de
creases with heavy use, contamination, or inad
vertent dilution. In general, the potency and use 
life of a chemical germicide/disinfectant are de
termined by use pattern, not time. Therefore, 
any sterilants that are reused should be tested 
regularly to determine whether they are suffi
ciently potent for high-level disinfection. 

Although peracetic acid is a potent liquid ger
micide, its use for disinfection and sterilization 
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has been limited because it is corrosive. How
ever, an automatie sterilization process is now 
available that uses peracetic acid in a closed 
system and has a cycle time of 30 minutes or 
less under optimal conditions (STERIS, Steris 
Corporation, Mentor, Ohio). Peracetic acid is 
registered with the Environmental Proteetion 
Agency (EPA) as a chemical sterilant and is 
FDA-approved for general-purpose sterilization 
of reusable medical instruments. The STERIS 
system uses a sterilant (STERIS 20) that con
sists of concentrated liquid peracetic acid (35% 
wt/wt), buffer, and anticorrosive powder that 
when automatically mixed and diluted to its use 
concentration in the system, consists of 0.2% 
wt/vol peracetic acid at approximately neutral 
pH. The anticorrosive powder is dissolved and 
mixed with the buffer immediately before the 
concentrated peracetic acid is introduced and 
diluted. Therefore, the corrosive peracetic acid 
is never directly exposed to the devices being 
sterilized, and the system does not corrode even 
sensitive brass and carbon steel surfaces.24 The 
instruments are exposed to the sterilant for at 
least 12 minutes at 50°C, which is sufficient 
time to kill all bacterial endospores and to meet 
EPA and FDA criteria for sterilization. 

The completely enclosed and automated sys
tem also minimizes user exposure to the steri
lant, and the single-use sterilant ensures that 
fresh sterilant is always used. Chemical and bi
ologic indicators are available to monitor per
formance of the system independently from the 
automatie monitoring that the system provides. 
As a result, sterility assurance levels can be ob
tained that are comparable to and even exceed 
those obtained by steam or ethylene oxide ster
ilizers.25 

Reusable instruments should be cleaned thor
oughly before sterilization to reduce organic 
overload and facilitate sterilization. Marshburn 
et al. have shown that disassembling instruments 
before sterilization using steam is unnecessary.26 
If instruments are disassembled, thoroughly 
cleaned, assembled, and steam sterilized, there is 
no increased risk of contamination compared 
with disassembled steam-sterilized instruments. 
The advantage of sterilizing assembled instru
ments is that the instruments can be checked for 
correct assembly before the next use. 
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In summary, the majority of laparoseopie 
instruments ean be easily, safely, and rapidly 
sterilized. Also, high-level disinfeetion using 
eurrently available sterilants appears to be 
appropriate and aeeeptable for delicate laparo
seopie instruments,18,23 but is a less assured 
proeess than sterilization and may expose the 
user to toxie ehemieals.27 
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Basic Laparoscopic Instruments 

Because laparoseopie surgery permits only lim
ited access to the surgical site, instruments de
signed for laparoscopy must fulfill several er
gonomie conditions. Each instrument should be 
designed so the surgeon can easily operate all its 
functions with one hand, and it must be light and 
comfortable enough for repetitive handling dur
ing lengthy, delicate, and tedious use, for exam
pIe, for extensive disseetion. The instrument 
should be operable in all directions of free 
movement. In addition, the instruments should 
have rounded edges, and a darkened or dull sur
face to reduce light reflection that may darken 
the laparoseopie image due to the automatie 
light sensing of laparoscopic cameras. The surgi
cal instrumentation needs of laparoscopic colo
rectal surgery are broadly outlined in Table 3.1. 

The instruments we discuss in this chapter are 
those we prefer to use for advanced laparo
scopic colorectal procedures. Many similar in
struments are available from a variety of instru
ment manufacturers that fulfill the purposes of 
laparoseopie colorectal surgery. 

Insufflation Needles 

Currently, a Veress needle, modified little since 
its invention in 1938, is the most popular and is 
the safest instrument for insufflating the ab
domen and establishing pneu mo peritoneum 
when using a closed, or percutaneous, puncture 
technique. Needles are commercially available 
in lengths of 10, 12, and 15 cm, all with an out
side diameter of 1.8 mm. The Veress needle 

consists of a blunt-tipped, spring-loaded inner 
stylet and a sharply tailored outer needle (Fig
ure 3.1). While the outer needle passes through 
the abdominal wall, the blunt-tipped stylet re
tracts, allowing the needle to penetrate the tis
sue. Once the needle enters the peritoneal cav
ity, tissue resistance is absent, thus allowing the 
blunt stylet to protrude beyond the sharp needle 
tip. In most Veress needle styles, an indicator, 
such as a colored safety band, slides proximally 
toward the stopcock during insertion of the nee
dIe, indicating that the blunt stylet is retracted 
and the sharp needle can therefore penetrate tis
sue. The indicator disappears as soon as the 
needle tip enters a cavity because the blunt 
stylet slides forward again. Introduced by Janos 
Veress in 1938 to create a pneumothorax,) this 
needle theoretically prevents penetration of vis
ceral structures. A lateral hole on the blunt 
stylet permits insufflation of gas to create the 
pneumoperitoneum. 

Trocars and Cannulas 

The terms cannula and trocar are often used 
synonymously. We use the term trocar only to 
refer to the sharp part of an instrument that is 
necessary to penetrate through the abdominal 
wall into the peritoneal cavity. The trocar is 
placed in a sleeve, which we refer to as the can
nula, using the instrument to penetrate the ab
dominal wall. After penetration, the trocar is re
moved, and the cannula remains in place, 
providing access for laparoseopie instruments 
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Table 3.1. Surgical instrumentation needs for laparoseopie colorectal surgery. 
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Purpose 

Establishing pneumoperitoneum 
Providing entry ports for instruments 
Manipulating tissue 

Grasp/hold 
Dissection 
Cut/coagulate 
Retraction 
Specimen isolation 

Hemostasis 
Tissue apposition 
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FIGURE 3.l. Veress needle (longitudinal cut-away 
view), (Courtesy of US Surgical Corporation, Nor
walk, Conn.) 

General instrument requirement 

Insufflation needles, cannulas 
Trocar/cannula assemblies 

Grasping devices 
Scissors, fine dissectors 
Electrosurgery, laser, ultrasonic devices 
Retracting devices 
Impermeable plastic membranes 
Clips, staples, coagulation devices, sutures 
Stapling devices, sutures, clips 

to the abdominal cavity. Thus, the trocar is used 
to penetrate the abdominal wall, and the can
nula permits the surgeon to safely insert instru
ments into the abdominal cavity. Nearly all can
nulas are equipped with a valve system to allow 
for gas insufflation and hermetic instrument 
passage. 

Cannulas are available in a wide array of types 
and sizes, and in disposable and non-disposable 
varieties. Cannula diameters range from 3 to 35 
mm, and cannulas are made of metal, fiberglass, 
or radiolucent plastic material. Although metal 
and fiberglass cannulas have the advantage of 
being durable, they can act as electrical capaci
tors and discharge current during electro
surgery. If the cannula is secured to the abdomi
nal wall with an ancillary anchoring device, it is 
recommended that a metal cannula be secured 
with a conductive anchoring device. This com
bination will reduce the risk of capacitive cou
pling, which can lead to inadvertent visceral in
juries (see chapter 4, Potentiallnjuries Related 
to Electrosurgery). 

Most cannulas are built with either trumpet or 
flapper valves (Figure 3.2) to prevent gas leak
age when instruments are passed through them. 
The trumpet valve must be opened and closed 
manually, whereas the flapper valve works au
tomatically, using a self-occluding mechanism. 
Every cannula has a stopcock with a Luer lock 
mechanism to connect it to the gas insufflation 
hose, and most cannulas have a small hole in 
the cannula tip to prevent vacuum formation 
during trocar removal, which could pull viscera 
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A 

FIGURE 3.2. Three types of cannula and trocar sys
tems used in laparoscopic surgery. A, Nondisposable 
cannula with a trumpet valve; B, disposable cannula 
with a flapper valve; and C, cannula with a universal 
adaptor valve for accommodating instruments sized 
5 to 12 mm in diameter. (Courtesy of US Surgical 
Corporation, Norwalk, Conn.) 

up into the cannula and possibly result in her
niation or injury. 

Many cannulas have aretention mechanism 
that anchors the cannulas to the abdominal wall 
to prevent inadvertent displacement during in
strument withdrawal and manipulation (Figure 
3.3). Some have self-retaining adjustable 
sleeves that are threaded into the fascia. Other 
cannulas have expandable arms or inflatable 
balloons that expand inside the peritoneal cav
ity and are used in combination with aloeking 
serew at the skin. Some eannulas ean be fixed 
on the abdominal wall using adhesive deviees, 
whieh not only hold the eannula in plaee but 
mayaiso seal minor leaks. In our opinion, the 
optimum eannula design stabilizes the eannula 
both inside and outside the abdominal wall, 
preventing any dislodgement. Good stabiliza
tion is espeeially important for advaneed proee
dures in elderly or obese patients beeause the 
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cannula may not be anchored securely to the ab
dominal wall. Solid anchoring may not occur in 
this situation because the abdominal wall tissue is 
so lax (elderly patient) or so thick (obese patient). 
Sometimes an additional suture placed through 
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FIOURE 3.3. Three types of abdom
inal wall anchoring mechanisms 
for cannulas. A, Typical "screw-in" 
type of abdominal wall cannula 
anchor; B, expandable component 
of the cannula shaft anchors it in
side the body wall, while a conical 
skin-level piece prevents slippage 
of the cannula into the abdomen; 
and C, an inflatable balloon inside 
the peritoneal cavity and a padded 
skin-level cylinder stabilize this 
style of cannula. 

the skin and wrapped around the cannula may 
help to stabilize the cannula in these patients. 

If intra-abdominal adhesions are suspected 
and an open laparoscopic cannula insertion 
(open insertion using a small incision) is carried 
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out, a Hasson-Eder cannula with a blunt-tip tro
car and a cannula with an outer gasket (Figure 
3.4) should be used.2 Under direct (laparo
scopic) view, the abdominal wall and the peri
toneum are incised and the cannula positioned. 
A gasket on this cannula acts as a seal to pre
vent gas leakage. To avoid cannula dislodge
ment, peritoneal or fasciaI sutures can be se
cured to the cannula. Petrolatum gauze or 
adhesive tape may be applied to seal minor 
leaks from around the cannula incision. 

FIGURE 3.4. Hasson-Eder cannula, which creates a 
reliable seal around the cannula in the abdominal 
wall when an open cannula insertion is used. 
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The question of whether disposable or 
nondisposable trocars are preferable for laparo
scopic surgery cannot be answered yet. A study 
in humans has shown that more force is neces
sary to insert a reusable trocar into the abdomi
nal cavity compared with a disposable trocar. 3 

The me an peak force (±SD) necessary to insert 
a reusable trocar into the peritoneal cavity, mea
sured in humans using a standardized tech
nique, was 14.55 ± 6.46 lb and for a disposable 
trocar was 7.14 ± 5.35 lb. Although less force 
may be necessary to insert a disposable trocar 
into the peritoneal cavity (thus lessening ab
dominal cavity compression), there is no proof 
that less force is related to a lower incidence of 
trocar-related injuries. 

Some disposable trocars are equipped with a 
spring-loaded safety shield (Figure 3.5). The 
shield retracts when passing through the ab
dominal wall, then quickly springs back over 
the trocar point when it enters the peritoneal 
cavity, thus protecting surrounding tissue from 
the trocar point. It cannot be said that shielded 
trocars will always prevent serious injury to 
intra-abdominal structures, particularly if adhe
sions are encountered. In addition, the safety 
shield must break through the peritoneum be
fore it can spring forward to completely cover 
the sharp trocar tip. Therefore, there may be a 
short period as the trocar tip enters the peri
tone al cavity when the safety shield has not ad
vanced to cover the tip (this problem may be 
observed when additional trocars are placed), 
particularly if the peritoneum is loose and 
moves ahead of the trocar.4 Disposable trocars 
also are available that have no protective shield 
but instead have a spring-loaded tip. The tip au
tomatically retracts as pressure at the tip de
creases slightly during entry into the peritoneal 
cavity. Whether this design is safer than the 
safety shield is unknown. 

Most trocars have a three-sided tip with sharp 
edges that facilitate entry into the abdominal 
cavity. Some have a conical tip, which may 
minimize trauma to the abdominal wall during 
trocar and cannula passage. An ingenious new 
cannula insertion device has been introduced 
that uses no trocar tip but instead scores the ab
dominal wall with a small scalpel that advances 
I mm beyond the cannula tip when a tripper 
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FIGURE 3.5. Insertion of a cannula and a trocar with a 
protective shield (longitudinal cut-away view). A, 
Cannula and trocar passing through the abdominal 

mechanism is activated. This device (VisiPort, 
US Surgical Corporation, Norwalk, Conn.) fits 
inside a standard cannula and allows for con
comitant laparoscope insertion so that the 
slowly incised abdominal wall is directly visu
alized. Theoretically, if adhesions are present, 
this cannula insertion device will allow the sur
geon to recognize adherent intestinal loops (or 
even abdominal wall vessels) so injury may be 
avoided. Whether any of these features increase 
the safety of trocar and cannula insertion, how
ever, is unknown. A trocar that must be inserted 
blindly should probably be equipped with a 
safety mechanism. 

For the safest and most controllable insertion 
of the first cannula, we believe the abdominal 
wall fascia should be directly grasped and lifted 
up and weIl away from the underlying structures 
with hooks or firm grasping instruments (such as 
Kocher clamps). We slowly insert the trocar and 
cannula, slightly twisting the cannula to help re
duce friction between the cannula and the ab
dominal wall. Some trocars are designed so the 
trocar tip rotates independently of the trocar han
dle, thereby ensuring that the twisting motion on 
insertion will not result in tissue trauma. 
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wall and B, safety shield covers the sharp trocar 
point after entry into the peritoneal cavity. (Courtesy 
of US Surgical Corporation, Norwalk, Conn.) 

In our opinion, an optimal cannula and trocar 
design should meet the following conditions: 

• Safe, controlled, and atraumatic insertion 
into the abdominal cavity, especially for the 
blind insertion of the first trocar and cannula. 

• Good fixation to the abdominal wall, both 
superficially and deeply, so the cannula re
mains in place when instruments must be ex
changed rapidly and the cannula tip remains 
in the peritoneal cavity. 

• The cannula should form an airtight seal 
with the abdominal wall. 

• A universal seal mechanism should be pre
sent in the instrument channel so instruments 
with different diameters (5 to 12 mm) can be 
inserted and withdrawn without friction and 
without a converter or an adapter. 

• The cannula and anchoring device should be 
designed to prevent capacitive coupling and 
should allow all types of electrosurgical or 
laser equipment to be used safely. 

Although no existing trocar and cannula meet all 
these requirements, most commercially available 
products fulfill at least two or three of these cri
teria. Presently, the surgeon's preference and the 
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costs appear to be the main factors that influence 
the choice of one system over another. Because 
the first trocar used in a procedure is inserted 
blindly and thus poses the most danger, we feel 
the sharpest and safest trocar used for this pur
pose is most likely a disposable one or a Visi
Port. Thereafter, it may be that nondisposable in
struments are just as safe, although the handling 
properties and ease of instrument insertion of 
disposable trocars makes them more attractive at 
present. 

Costs could be reduced by using cannulas 
without a valve system when instrument ex
change is not necessary during the procedure. 
In such instances, cannulas with a simple seal 
mechanism are sufficient. If cannulas with the 
same diameter have to be inserted, the same tro
car can be used for each cannula insertion. Tro
cars that must be inserted blindly should proba
bly be equipped with a safety mechanism. 

Grasping Instruments 

Grasping instrument devices are among the 
most widely used and well-known laparoscopic 
tools; gynecologic surgeons have used them for 
decades. They generally have one fixed handle 
connected to the instrument shaft and one mov
able handle that is connected to a center rod 
running through the instrument shaft to the 
grasper jaws. When the handles are squeezed or 
opened, the center rod is pushed or pulled rela
tive to the shaft, and the jaws open or dose ac
cordingly. The grasper jaws are hinged so the 
jaw action is either single or dual. Dual-action 
jaws are necessary for laparoscopic colorectal 
surgery, but the force transmitted to the jaws is 
somewhat attenuated by the small dimensions 
of the pin that connects the jaws to the center 
rod. The grasper shaft should also be able to ro
tate more than 3600 in its longitudinal axis be
cause such rotation facilitates intraperitoneal 
use. An articulated tip mayaiso allow addi
tional freedom. 

Graspers can be categorized as traumatic or 
atraumatic according to the blade tip. In gen
eral, bl ades with teeth at the blade tip are more 
traumatic than blades without teeth. Although 
the traumatic grasper has a sure grip and holds 
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the tissue firmly, the risk of tissue damage is 
greater than when an atraumatic gras per is used. 
While traumatic grasping devices are useful to 
hold the greater omenturn, mesentery, or adhe
sions, atraumatic grasping devices are manda
tory when handling the intestine. 

We have found three kinds of blunt-tipped 
graspers, each with a different function, to be 
useful in laparoscopic colorectal surgery: graspers, 
dissectors, and Babcock-like instruments (Fig
ure 3.6). 

Endoscopic gras pers are designed to hold the 
tissue firmly without exerting excessive pres
sure. The shaft on most of these instruments is 5 
mm in diameter, 31 cm long, and is isolated by a 
thin layer of plastic (Teflon or polyvinylchlo
ride) that electrically insulates the instrument. 
The blades are blunt and are about 2 cm long 
with a maximum jaw span of about 2 cm. AI
though the quantity of tissue that can be held 
with these graspers is limited, we use this type of 
gras per for almost all purposes during laparo
scopic colorectal surgery. The surface area of the 
blades is large enough to safely hold a sufficient 
amount of tissue, whether it is mesentery, greater 
omenturn, or intestine. To maintain a relatively 
safe grip, the inner side of the blade is serrated; 
the serrations are fairly atraumatic so the intes
tine can gently be grasped with this instrument. 
The grasper has a holding mechanism that is eas
ily activated and released with a trigger. 

Special dissecting instruments are available 
for laparoscopic surgery. The tip is usually 
sharper than that of endoscopic graspers, but it 
is still blunt. The bl ade is about 2 cm long, and 
the blades are curved similar to a small curved 
hemostat and thus facilitate blunt dissection. 
Like the endoscopic gras per, the shaft is 5 mm 
in diameter, 31 cm long, and is electrically insu
lated. The dissector can act as a forceps during 
delicate dissection and can also be used for 
electrosurgery. Both the gras per and the dissec
tor have a diaion the handle that allows the tip 
to be easily rotated on its longitudinal axis. For 
additional maneuverability, an articulated tip is 
also available; a second dial moves it. 

The third type of grasping instrument is a 
Babcock-like damp. The opposing surfaces 
of the blades are smaller than those of the 
normal gras per so the tissue can be held more 
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FIGURE 3.6. Grasping devices used for laparoseopie 
intestinal surgery (longitudinal cut-away view). A, 
Endoscopic grasper; B, endoscopic dissector; and 
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-
C, endoscopic Babcock clamp. (Courtesy of US 
Surgical Corporation, Norwalk, Conn.) 
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firmly. We find that the maximum pressure 
that can be applied using this instrument ex
ceeds that which we need or desire in manipu
lating the bowel- the sm aller surface area of 
the blade leads to a greater risk of injury to 
the intestine.5 Therefore, we do not use this 
instrument to retract the intestine during lap
aroscopic resection. We have found this in
strument useful for two purposes: (1) grasp
ing and locking the center rod of a circular 
stapling instrument to perform a transanal 
end-to-end anastomosis; and (2) grasping the 
intestine firmly and pulling it through the ab
dominal wall to accomplish an ileostomy or a 
colostomy. For all other purposes, we use reg
ular endoscopic graspers. 

Scissors 

Scissors are probably the most important instru
ments in advanced laparoscopic surgery. Be
cause they are used for both sharp and blunt 
dissection, they should have sharp bl ades and a 
blunt tip. We do not use microscissors with 
small blades or the hooked scissors commonly 
used in the gallbladder of gynecologic laparo-
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scopic surgery because the wide dissection of 
mesentery and lateral and dorsal attachments of 
the colon can be more quickly performed with 
normal curved endoscopic scissors. 

The scissor shaft is 5 mm in diameter, 31 cm 
long, and is weIl insulated so electrical current 
can safely be applied (Figure 3.7). The curved 
bl ades are 16 mm long with a maximum jaw 
span of 8 mm. The shaft can easily be rotated 
in its longitudinal axis by using a diaion the han
dle. We use the scissors for sharp and blunt dis
section, and for tissue desiccation, which should 
always be carried out with closed blades. Some
times arcing will occur during tissue desiccation, 
and the extremely hot arcs may dull the scissors. 
If the surgeon wants to desiccate the tissue while 
cutting, bipolar scissors should be used that com
bine bipolar desiccation with mechanical cutting. 
Because the cutting blade is ceramic in these 
scissors, it will not melt or become dull. 

New, larger scissors similar to curved Mayo
style scissors are available that allow easier and 
faster blunt dissection and transection. The 
shaft also is 31 cm long and insulated, but it is 
10 mm in diameter. Although the larger blades 
allow for rapid dissection, fine dissection is 
more difficult. 

FIGURE 3.7. Endoscopic scissors with curved blade design (longitudinal cut-away view). (Courtesy ofUS Sur
gical Corporation, Norwalk. Conn.) 



32 

Retractors 

The development of retractars for laparoscopic 
colorectal surgery is an area that several re
searchers are currently investigating intensely. 
The lack of good retracting instruments for the 
intestine is a major challenge confronting lap
aroscopic colorectal surgery. Retracting instru
ments are mandatory if laparoscopic intestinal 
surgery is to be successfully performed in obese 
patients or those with a distended intestine be
cause these factors limit the visualization of the 
operative field, making laparoscopic surgery 
less feasible in these patients. 

To lift the abdominal wall, Gazayerli devel
oped an endoscopic retractor with a simple T
shape that is passed through a cannula.6 He has 
reported that this retractor can provide good 
countertraction to facilitate adhesiolysis of 
bowelloops from the abdominal wall, and to at
tain hemostasis from a bleeding abdominal wall 
vessel by applying pressure with the retractor. 
Because this instrument would occupy one can
nula only to locally lift the abdominal wall, it is 
unlikely to be useful in intestinal surgery. 

Duh and Way described their use of T-fasteners 
to retract and anchor the antrum or jejunum to 
the abdominal wall for laparoscopic gastrostomy 
or jejunostomyJ,8 Although T-fasteners may also 
be useful to fix the mesorectum to the presacral 
fascia in laparoscopic rectopexy (see chapter 
11), we do not believe they will prove to be use
ful tools for temporary retraction because they 
must pierce tissue, fix it, and then they must be 
removed in most instances. This may lead to un
desired trauma and the difficulty of removing the 
T-fasteners from the abdominal cavity. 

We do not recommend using a one-finger or a 
fan retractor (Figure 3.8) to retract bowelloops. 
These designs may be useful to retract the liver 
or other more fixed organs, but it is not de
signed to retract the bowel effectively. Fan re
tractors also have the disadvantages that an in
testinal loop may become trapped between the 
fingers of the retractor, exposing the loop to po
tential injury. Currently, the size of most retrac
tors (fan or paddle) is limited because of the 
small diameters of the cannulas. No optimal de
vice for retracting intestinalloops exists. A new 
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device that might be used with a 12-mm can
nula and work as an intraperitoneal barrier far 
the small bowel is currently under investigation 
in our laboratory. This instrument's function 
will be to hold the small intestinal loops away 
from the operative field so they do not obstruct 
the view. 

Most retraction of the intestine currently is 
carried out using grasping devices and by alter
ing the patient's position. We have used an endo
scopic snare device (EndoCatch, without plastic 
bag, US Surgical Corporation) to retract the di
vided left or right colon, which has led to a ma
jor increase in the efficiency in some procedures. 
The snare, which is passed into the abdominal 
cavity inside a lO-mm diameter tube, can be 
opened to a maximum diameter of about 6.5 cm 
and then completely or partially closed by re
traction into the tube. Because the snare consists 
of a band of spring metal with blunt edges, it is 
not likely to injury the bowel if used properly. 

After the colon has been divided, the sling is 
slid over the end of the colon-and is used to 
retract it. Thus, not only does this sling work as 
a safe retractor, but it can also allow rotation of 
the intestine in the longitudinal axis of the in
strument and facilitate dorsolateral dissection of 
the colon on the right or the left side. The snare 
theoretically can be applied without transecting 
the intestine. One side of the loop can be de
tached, passed around the intestine, and then 
reattached. The sling may also be used to oc
clude the rectum before rectal washout, which 
is usually performed before rectal transection 
during rectal cancer surgery. 

Despite several useful retracting instruments 
currently available, if the intestine is distended, if 
the patient is overly obese, or if space in the peri
toneal cavity is limited in some other way, it can 
be difficult or sometimes impossible to expose 
the operative field sufficiently in laparoscopic 
colorectal surgery. If good exposure cannot be 
achieved, conversion to open surgery is essential. 

Some static abdominal wall retractors are 
available that allow intra-abdominal surgery 
without pneumoperitoneum. Banting et a1.9 re
ported an abdominal wall lift consisting of a 
metal rod (4 mm in diameter) and a polyethyl
ene tube that is placed through the abdominal 
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FIGURE 3.8. Designs of simple endoscopic retracting 
instruments. A, Single-finger retractor and B, articulat
ing fan retractor. The knob at the top of the handle (*) 
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causes flexion of the instrument tip, while the knob at 
the heel of the handle (*) spreads the fingers. (Cour
tesy of US Surgical Corporation, Norwalk, Conn.) 



34 

wall. The abdominal wall is then lifted up ante
riorly to create aspace. Hashimoto et a~. de
scribed a similar principle; they placed stamless 
steel wires through the skin and subcutaneous 
tissue to lift the upper abdominal wall. 10 A de
vice is also available that is passed through a 
trocar site to lift the abdominal wall with two 
finger-like retractors against the peritoneum 
(Origin Medsystems, Menlo Park, Calif.). 

Although performing laparoscopic surgery 
without pneumoperitoneum (and thus without 
cannulas that have complex valve systems) is 
intriguing, it is unknown whether the constant 
lifting that would be required for an extended 
period causes ischemia and postoperative pain. 
Also it is unknown whether lifting creates an 
intra~eritoneal space that is large enough so that 
the instruments are easily maneuverable. Fur
ther, the lifting devices distribute forces un
evenly, which may make such instruments less 
safe and less efficacious than standard pneu
moperitoneum. 

Endoscopic Bags 

An endoscopic specimen bag is essential for lap
aroscopic intestinal resections for malignancy 
because the resected specimen must always be 
placed in the bag before delivery from ~h~.peri
tone al cavity. This may reduce the posslblhty of 
tumor cell seeding of the peritoneal cavity and 
the abdominal wall. In general, a bag has to be 
inserted into the peritoneal cavity in a com
pressed fashion and then opened. The bulky 
specimen must then be placed in the bag, and 
the bag must be completely closed before bring
ing it through the abdominal wall. 

The ideal endoscopic bag for delivering the 
intra-abdominal specimens should have the fol
lowing properties: 

• It should be fluid impermeable and be strong 
enough so it cannot be damaged inside the 
abdominal cavity or when being removed. 

• It should fit through a cannula 15 mm or 
smaller. 

• It should open easily. 
• It should be large enough so the entire in

testinal specimen, including the mesentery, 
can easily be placed in it in one piece. 
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• It should have a mechanism to quickly close 
the bag to prevent spills. 

The least expensive endoscopic bag is a sim
ple food freezer bag (the type purchased i~ a 
grocery store) with a monofilament purse-stnng 
suture placed on the bag opening. This bag can 
easily be sterilized before the procedure using 
ethylene oxide or glutaraldehyde. 

A specially designed commercially available 
bag allows excellent control of the mouth of 
the bag and a good drawstring mechanism 
(Figure 3.9). The bag is enclosed inside a 15-
mm metal shaft. Using a plunger-type mecha
nism, the bag is expelled from the shaft once 
the tip of the instrument is inside the peri
toneal cavity. It is initially attached to a metal 
hoop that holds the mouth of the bag open. 
Successfully placing the specimen in the bag 
requires the following: (1) that the specimen 
be located cranially and the bag placed cau
dally; and (2) planning that the cannula 
through which the bag is inserted will be the 
optimal place to deli ver the specimen. O~ce 
the specimen is inside the bag, the drawstnng 
is tightened, the bag is tom away from the 
metal hoop, and the hoop and neck of the bag 
are drawn up inside the metal shaft of the in
strument. 

The cannula incision is enlarged to deli ver the 
specimen, then the neck of the bag, including 
the purse string, is delivered to the anterior ab
dominal wall. The enlarged cannula site is sur
rounded by towels, the bag is opened, and the 
specimen is delivered. To prevent the contents 
from spilling, the bag volume should be ab out 
150% of the specimen volume. 

In our opinion, cancer surgery should not be 
carried out if the specimen cannot be placed 
in the bag intracorporeally immediately after 
the resection and before delivery through a 
widened incision. Although metastatic dissemi
nation into the abdominal wall after delivery of 
malignant tumor specimens is rare in conven
tional surgery, it has recently been reported in 
patients who underwent laparoscopic surgery 
for gastric cancer, II gallbladder cancer,12.13 
pancreas cancer,14 ovarian cancer,15 and col
orectal cancer. 12 Metastatic dissemination has 
occurred through the abdominal incision used 
for specimen removal as weIl as into distant 
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FIeURE 3.9. Large plastic bag used für retrieval of intestinal segments. (Courtesy of US Surgical Corporation, 
Norwalk, Conn.) 

cannula sites far from the tumor removal site. 
Although this phenomenon has yet to be clearly 
explained, we believe that the risk of tumor ceH 
dissemination can be lowered substantially if 

all specimens are placed in a bag as soon as 
possible. In addition, opening the intestine in
side the peritoneal cavity should always be 
avoided. 
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Intra-abdominal Clips 

Endoscopic clips are mainly used for achieving 
rapid hemostasis of vessels approximately 3 to 
8 mm in diameter. Clips are effective and re
quire less time to apply than sutures and knots. 
They are manufactured from a variety of mate
rials, including absorbable polyglycolic acid 
and polydioxane, stainless steel, or titanium, 
and may be applied with a single-clip applicator 
or an automatic applicator that can apply up to 
20 clips. 

If clips are used for hemostasis, they should 
fulfill the following conditions: 

• They must be easily applied under most lap
aroscopic situations-before or after tran
section of the vessel to control bleeding. 

• They must be able to be applied safely in a 
variety of situations. 

• They should cause as little inflammation of 
surrounding tissues as possible. 

• They must not interfere with imaging tech
niques, such as conventional x-rays or mag
netic resonance imaging. 

Currently, we use only large, automatic clip 
applicators that are inserted through a lO-mm 
cannula (Figure 3.10). They are made of tita
nium and no latch mechanism is needed to se
eure them. The legs of the clips are 11 mm 
long and the initial distance between the legs is 
4.5 mm. The legs close first at the tip of the 
clip to trap the tissue and then the clip body 
crimps down. The clip closes tightly enough to 
ligate vessels up to 4 mm in diameter. AI
though defining a safety range for clips is diffi
cult, clinically we favor these clips because we 
have yet to see any bleeding from double
clipped vessels. 

Because the clips can be applied in a straight 
forward direction and the clip applicator rotates 
around its longitudinal axis, safely placing clips 
is almost always possible in laparoscopic col
orectal surgery. Clip applicators are also avail
able that apply clips at a right angle to the lon
gitudinal axis of the applicator. However, with 
our dissecting technique, this kind of clip appli
cator has no advantage because the vessel must 
be skeletonized before this kind of clip can be 
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placed, and we do not routinely perform this 
procedure during laparoscopic surgery. 

A careful dissection on both sides of the ves
seI should be performed to facilitate clip place
ment. Optimally, the jaws of the clip applicator 
should be clearly seen to ensure that the clip en
traps the vessel (Figure 3.IOB); otherwise, the 
clip may not completely seal the vessel. The au
tomatic clip applicator works reliably only if 
the applicator is not twisted or "scissored" on 
the vessel during application. If a bleeding ves
seI in the mesentery must be ligated, the sur
geon should be sure the clip is ready to apply 
before pushing the clip into the tissue. Other
wise, the tissue resistance may be great enough 
to prevent proper placement of the clip in the 
"loading" position so that the applicator may 
misfire. 

To ligate avesseI before specimen resection, 
two clips should be placed on the patient side 
and one clip on the specimen side of the vessel. 
The distance between the clips should be great 
enough so the vessel can be easily transected 
and so additional clips can be applied. For large 
vessels or if the surgeon is not sure that the 
clips have sealed the vessel on both sides, the 
vessel can be incised to check for complete 
hemostasis. If constant bleeding does occur, in
dicating incomplete hemostasis, more clips can 
be applied. Care must be taken to avoid cross
ing the clips because they will not seal and may 
damage each other, which sometimes causes 
bleeding. Although titanium clips mechanically 
are not as strang as stainless steel clips, the clip 
design is as much apart of clip security as the 
material. Additionally, titanium clips have the 
advantage of creating only small image artifacts 
during computed tomography or magnetic reso
nance imaging. 

Laparoscopic clip applicators are now avail
able that apply a single absorbable clip (Lapro
Clip, Davis and Geck, Danbury, Conn.). The 
clip consists of two parts: the inner part, which 
looks like a conventional clip (8 or 12 mm 
long), made of polydioxane; and the outer part, 
which is a bulky clip (11 or 16 mm long) made 
of polyglactin. The more elastic inner part en
compasses the vessel like a conventional clip, 
and the more rigid outer part guarantees the 
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FIGURE 3.10. Automatie endoseopie clip applieator. 
A, Longitudinal eut-away view of clip applier; B, 
clip closes down first at the tip; and C, body of the 
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clip then closes down. (Courtesy of US Surgieal Cor
poration, Norwalk, Conn.) 
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safety of the clip and holds the inner clip in the 
proper place. Although absorbable clips theoret
ically are preferable to metal clips, we currently 
do not recommend this clip for routine use be
cause placing single clips is time-consuming. In 
addition, no published experiences indicate 
whether the absorbable clip can safely be 
placed in the mesentery to stop bleeding if the 
vessel is not completely skeletonized. 

Whether titanium clips cause more tissue in
flammation than absorbable clips is still une er
tain. In a rabbit model, Grainger et al. examined 
the adhesions caused by absorbable clips, tita
nium clips, and chromic catgut. 16 They found 
fewer adhesions in the group with absorbable 
clips (n = 9), but the difference was not statisti
cally significant. Because the number of ani
mals used was smalI, however, a type II error 
may have occurred. Therefore, whether tita
nium clips cause more adhesions than ab
sorbable clips is questionable. At this time, we 
favor absorbable clips for patients who may 
need several laparoseopie procedures during a 
lifetime. 

Endoscopic Staplers 

The first mechanical suture instrument that 
used staples was developed by the Hungarian 
surgeon Homer Hültl in 1908. 17 It placed two 
double rows of fine steel wire staples that 
closed in a B shape. Hültl's principles con
cerning staplers formed the foundation for the 
development of modern staplers. Stapling in
struments were improved by Von Petz in 
1924,18 Tomoda in 1937,19 and Nakayama in 
1954,20 and became more sophisticated after 
further development at the Scientific Research 
Institute for Experimental Surgical Apparatus 
and Instruments in Moscow. Although auto
matie staplers were first introduced in the 
United States in the 1960s, they were not 
widely used until the 1970s. Further develop
ment and simplification along with proven re
liability and safety led to the current instru
ments that are widely used in colorectal 
surgery. Overall, they facilitate intestinal re
section and anastomosis. 
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In 1991, the US Surgical Corporation, Nor
walk, Conn., placed an endoscopic linear anas
tomotic instrument (Multifire Endo GIA 30) on 
the surgical market that could be applied 
through a 12-mm cannula (Figure 3.11). Its 
working end consists of two jaws, one that ac
commodates the staple cartridge and one that is 
the anvil. In the cartridge are two rows of triple
staggered staples, eight in each row; the two 
rows are separated by a single groove through 
which a small sharp knife blade advances when 
the stapler is fired. The staples are made of 
0.21-mm titanium wire, have a backspan length 
of 3 mm, and have a leg length of 2.5 or 3.5 
mm. To staple and divide the bowel, the bowel 
is slid between the jaws (cartridge and anvil) 
and the instrument is closed and activated. Acti
vation drives both rows of triple-staggered sta
pIes through the tissue and drives the knife to 
divide the intestine. The knife stops one-and-a
half staples short of the end of the staple line. 
Thus, both ends of intestine are divided and 
closed in an everted mucosa-to-mucosa fashion 
with a tripIe row of staples on each side. 

A 30-mm Endo TA device is also available 
from US Surgical Corporation. It places three 
rows of staggered staples through tissue and can 
be used to close enterotomies or occlude bleed
ing vessels. The staples are constructed in the 
same way as in the Endo GIA instrument. 

In 1992, US Surgical Corporation introduced 
a 60-mm linear endoscopic stapling device 
(Powered Multifire Endo GIA 60). This 15-mm 
diameter instrument also consists of two jaws, 
one to accommodate the staple cartridge and 
one serving as the anvil. In the cartridge are six 
rows of staggered staples, 15 in each row. The 
staples are 0.21- or 0.24-mm titanium wire, 
have a backspan length of 3 mm, and have a leg 
length of 2.5, 3.5, or 4.8 mm. This instrument 
also has a central groove between the middle 
two rows through which the knife blade is ad
vanced. The 60-mm stapler is pneumatically ac
ti vated because of the length of the firing 
stroke. Like in the Endo GIA 30, the knife stops 
one-and-a-half staples short of the end of the 
staple line, and both ends of intestine are closed 
in an everted mucosa-to-mucosa fashion with a 
tripie row of staples on each side (Figure 3.12). 
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FIGURE 3.11. Multifire Endo GIA 30 instrument (longitudinal cut-away view). (Courtesy of US Surgical Cor
poration, Norwalk, Conn.) 

A 60-mm Powered Multifire Endo TA device 
is also available that places one triple row of 
staples. This device can be used to dose entero
tomies or ocdude bleeding vessels. The staples 
are constructed in the same way as in the Pow
ered Multifire Endo GIA instrument. Although 
the conventional GIA and TA (nonlaparoscopic) 
instruments contain only two rows of double 
staples, we believe that the added third row of 
staples on either side of the central cutting 
channel probably increases their safety, which 
is especially important in laparoscopic surgery 
because the minimal access to the peritoneal 
cavity does not readily allow defective or bleed
ing intestinal anastomoses to be repaired . The 
major limitation of the linear endoscopic stapler 

is that it can not be angled at its tip so that ap
plication in difficult areas like the deep pelvis 
(to transect the rectum) is not currently feasible . 
If rotating and articulating stapling devices be
come available, they will facilitate several pro
cedures. 

Circular stapling instruments are available for 
a laparoscopic intraperitoneal anastomosis or a 
trans anal anastomosis (Ethicon Endosurgery, 
Cincinnati, Ohio). The circular stapler is inserted 
through a 35-mm cannula, and anastomosis is 
performed as in conventional surgery. However, 
we have no experience with this technique and 
generally do not favor making a 35-mm opening 
to insert a trocar and a cannula-open surgery 
should be considered in lieu of this maneuver. 
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FIGURE 3.12. Multifire Endo GIA 60 instrument (longitudinal cut-away view). (Courtesy of US Surgical Cor
poration, Norwalk, Conn.) 
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4 
Tissue Dissection in Laparoscopic Surgery 

Generally, in laparoscopic surgery, abdominal 
cavity tissues are dissected using a combination 
of cutting and coagulation, often with special
ized electrosurgical instruments, lasers, or ultra
sonic devices. Precise dissection with minimal 
bleeding is especially important in laparoscopic 
surgery. Even minor oozing compromises the 
laparoscopic view, and clearing blood from the 
field of vision with suction and irrigation may 
be difficult. Therefore, dissection must be per
formed with tools that optimize precise tissue 
cutting and coagulation. 

Although many different coagulation and dis
section devices are available, they all divide 
and coagulate tissue by converting various 
types of energy into heat (Table 4.1). Therefore, 
the effect on tissue is thermal and depends on 
exposure time and the amount of energy applied 
to the tissue. Before embarking on a specific 

discussion of each instrument used to cut or co
agulate tissue, reviewing some basic concepts 
about thermal alteration of tissue is worthwhile. 

Tissue re action to thermal injury depends pri
marilyon the temperature used (Figure 4.1). An 
increase in tissue temperature up to 60°C re
sults in almost indiscemible changes to the 
naked eye. Coagulation begins at temperatures 
above 60°C; it is characterized by shrinkage 
and blanching caused by the denaturation of 
proteins, particularly collagen. 1,2 When the tis
sue temperature reaches lOO°C, the cell water 
boils, water is converted to steam, and the cell 
wall ruptures. When the water has evaporated 
and heat is still applied, the tissue temperature 
increases rapidly until it reaches 200°C to 
300°C. At this point, the tissue carbonizes and 
begins to vaporize and smoke. At temperatures 
over 500°C, tissue bums and evaporates. I-3 

TABLE 4.l. Advantages and disadvantages of scissors with electrosurgery, Contact Laser*, ultrasonic 
scalpel, and ultrasonic dissector in laparoscopic colorectal surgery. 

Scissors with Ultrasonic 
electrosurgery Contact Laser Ultrasonic scalpel dissector 

Advantages Good cutting and Precision in cutting Good cutting Low risk of 
coagulation Moderate hemostasis Moderate hemostasis inadvertent 

Inexpensive Less smoke No smoke development injury 
Familiar technique for development 

nearly all surgeons 
Disadvantages High smoke development Difficult coagulation Difficult coagulation No cutting 

Higher risk of inadvertentl Unfamiliar technique Mist development No coagulation 
unrecognized injury Expensive equipment Unfamiliar technique Unfamiliar 

technique 

*Surgical Laser Technologies Corporation, Oaks, Pa. 
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VISIBLE NONE Blanching Shrinkage Steam Combustion 

HISTOLOGie Changed Collagen Desiccation Vaporization Combustion 
cell denaturation 

metabolism 

Temp oe 
FIGURE 4.1. Visible and histologie alterations of tissues as related to tissue temperature. 

Excellent r----------~ Poor 

Poar Excellent 

FIGURE 4.2. Inverse relationship between eutting and 
eoagulation qualities of electrosurgery. 

The effect of heat on tissue depends not only 
on the absolute amount of heat applied to tissue, 
but also on the exposure time to heat. If heat is 
applied over a short time (less than 1 to 2 sec
onds), the effect is localized because the heat is 
not conducted to surrounding tissues; even 
when the he at is great enough to vaporize the 
tissue, the vaporization is localized. If, how
ever, the same amount of heat is applied for a 
longer period (greater than 2 seconds), the he at 
is conducted to the surrounding tissue, thus in
creasing thermal necrosis and broadening the 
vaporization area. 

Cutting quality and coagulation quality are 
inversely related, regardless of the dissection 
device used (Figure 4.2). Good cutting quality 
depends on rapid local vaporization of tissue 
with minimal lateral heat damage. No coagula
tion will occur because the lateral heat damage 
is not wide enough to seal the blood vessels. In 
contrast, the quality of coagulation depends on 
the width of lateral heat damage: the wider the 
lateral heat damage, the better the hemostasis. 
Because as cutting quality improves, the coagu
lation quality worsens, simultaneously combin-

ing excellent cutting qualities with excellent 
hemostasis is impossible. 

Although the term electrocautery is com
monly used to describe electrosurgical tech
niques, the term electrosurgery is much more 
accurate. Strictly defined, cautery refers only to 
heat transfer from a hot object to tissue by con
duction, so the term electrocautery should only 
be used if an electrical current heats an instru
ment that is then brought in contact with tissue 
and directly affects tissue by he at conduction. 
For example, electrocautery is used in the endo
coagulator (heater probe) developed by Semm, 
in which electricity heats the operating tip of 
the endocoagulator and not the tissue. In con
trast, electrosurgery refers to the direct appli
cation of electrical current to tissue, as when 
electric arcs are used; most of the energy is con
verted to heat after it contacts the tissue. 

Electrosurgery 

Basic Concepts of Electricity and 
Its U se in Surgery 

Electrosurgery is universally accepted as an im
portant tool in open surgery. Although we do 
not intend to describe the principles of electro
surgery in detail, some basic principles should 
be discussed to understand the relationship be
tween different operating modes of the electro
surgical unit. 

Voltage (V), expressed in volts, can be de
scribed as the force that drives electrons or ions 
through a resistance. The current (I), expressed 
in amperes, is defined as the total flow of elec
trons and is directly related to tissue heating. 
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Resistanee (R), expressed in ohms, ean be de
seribed as the ability of a substanee to eonduet 
eleetrieity. Voltage, eurrent, and resistanee are 
related aeeording to Ohm's law 

V=I X R 

Power (P), expressed in watts, is defined as 
the time rate at whieh energy (in joules) is de
livered, that is, work is done: 1 W = 1 J per see
ond. Power is the produet of voltage and eurrent 

P=V X I 

Consequently, the desired effeet of eleetro
surgery on tissue is eontrolled by appropriate se
leetion of voltage and eurrent. Beeause voltage 
ean be replaeed in the formula for power by the 
produet, I X R, power ean also be expressed as 

P=RxJ2 

This last equation allows one to more fully 
understand the effeet of eleetrieal eurrent when 
it is direetly applied to tissue: at a eonstant 
power delivery and eonstant tissue resistanee, 
tissue heating aetually depends on the eurrent 
density (12). For example, during desieeation, 
tissue heating is a funetion of the amount of 
eurrent flowing through a given eross-seetional 
area of tissue. The eleetrons eollide with the tis
sue moleeules and the eurrent is transformed 
into heat energy. The tissue thus is heated ae
eording to the formula 

Heat Generated in Tissue oe Rtissue X I2 

The higher the eurrent density, the more heat is 
transmitted to the tissue. Although this relation
ship holds true for all modes of eleetrosurgery, 
that is, eutting, desieeation, and fulguration, it 
ean be direetly applied only to desieeation be
eause desieeation is the only true eontaet mode 
of eleetrosurgery. During eutting and fulgura
tion, ares ereated at the aetive eleetrode heat the 
tissue. Power ean be observed maeroseopieally 
as the rate at whieh a speeifie tissue effeet oe
eurs; for example, the rate at whieh blanehing 
spreads during desieeation or the rate at whieh a 
drag-free ineision ean be performed. 

The relation between eurrent density and tis
sue heating must be understood partieularly in 
monopolar surgery beeause if the applied eur-
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re nt passes on its way to the dispersive elee
trode through apart of the body with a small 
eondueting area, tissue may be heated far from 
the point where the eurrent is applied. There
fore, duet-like struetures with a small area of 
eonduetion are at risk for inadvertent eoagula
tion (Figure 4.3). Understanding the relation
ship between eurrent density and heat produe
tion also is essential to understanding why 
smaller aetive eleetrodes have a loealized effeet 
on tissue. Beeause the eurrent density of a small 
aetive eleetrode is greater than that of a larger 
(dispersive) eleetrode with the same power, a 
loeal temperature rise oeeurs immediately be
low the aetive eleetrode. The eurrent density de
ereases rapidly as it radiates outward from the 
eleetrode; eonsequently, as the distanee from 
the eleetrode inereases, the temperature also 
rapidly drops. The shape and the size of the ae
tive eleetrode influenees eurrent density at the 
tip-ares ignite more readily from a sharp edge 
than from a rounded surfaee. Thus, a eutting 
waveform applied to tissue with the broad side 
of a standard blade eleetrode effeetively desie
eates, and its sharp edge will eut cleanly with 
the same power and mode. 

The eleetrolyte eontent of tissue is responsi
ble for tissue resistanee, whieh is between 30 
(blood) to 1,000 (bone) n/em.4-6 Beeause blood 
has low resistanee, well-vaseularized struetures 
and blood vessels are major pathways for elee
trieal eurrent to travel through the body to the 
dispersive electrode. The tissue resistance rises 
as tissue desieeation inereases, from 200 to 400 
Wem to 1,000 to 3,000 n/em. If tissue is desie
eated or earbonized, it is seldom possible to af
feet more tissue in that area without inereasing 
the power or removing the esehar. 

Electrosurgical Generators 

The first eleetrosurgieal waveform generators, or 
oseillators, that produeed high frequeney eur
rent for low- and high-power eoagulation were 
spark gap generators with a frequeney of 500 to 
700 kHz and a spark repetition rate of 120 per 
seeond. They generated a waveform that gradu
ally deereased in amplitude beeause of the finite 
resistanee of tissue. Thus, a highly damped 
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FIGURE 4.3. Monopolar electrasurgery, when applied to duct-like structures, may transmit astrang current 
thraugh the duct-like structure, leading to damage of closely approximated tissue. 

waveform with a short duty cycle (the fraction 
of time in which the oscillator is oscillating), 
and high peak voltage and peak current was 
created. This spark gap generator has proven to 
be an effective current source for both low- and 
high-power coagulation. In 1907, deForest, the 
inventor of the vacuum tube, built a radio-fre
quency generator and asked surgeons at Belle
vue Hospital in New York City to try it out on 
dogs.7 From the early 1930s through the 1960s, 
most electrosurgical units incorporated the 
spark gap generator for coagulation and vac
uum tube generator for cutting as designed by 
Bovie.8 

In the early 1970s, solid-state generators with 
digital electronics were designed to replace the 
combination of spark gap and vacuum tube gen
erators. Their major advantage is that they decou
pIe the oscillator from the power generator. This 
decoupling makes the output performance more 
reliable between electrosurgical units, but more 
importantly, more refined and complex wave
forms can be produced easily at the low power 
levels associated with digital electronics. These 
waveforms then may be simply amplified to the 

necessary surgical levels in a separate power am
plifier. Other advantages include more extensive 
safety features and hand-activated controls. 

All solid-state generators consist of a primary 
and a secondary waveform generator and a 
power amplifier to adjust the desired power 
(Figure 4.4). The primary waveform generator, 
which acts as a timing reference for the rest of 
the generator, is modified by coupling the sec
ondary waveform generator to it. Waveforms 
created by the primary generator can be ampli
fied and used for pure cutting, whereas the sec
ondary generator can be used to create an inter
rupted waveform for coagulation. Although 
theoretically this design is capable of creating 
any waveform by combining waveforms from 
both generators, currently the principle wave
forms of the spark gap and vacuum tube gener
ators are used because they have proven to be 
effective. In addition, blended waveforms-a 
lower amplitude continuous sine wave com
bined with higher amplitude secondary pulses
can easily be obtained by adding both cutting 
and coagulation signals to the power amplifier. 
Thus, the surgeon can adjust the electrosurgical 
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SOLID STATE GENERATOR 

Primary 
oscillator 

Secondary 
oscillator 

Power JJl n -----.Il n---->.. 
amplifier r UU--U r 

Output 

FIGURE 4.4. Schematic structure of how a solid-state generator uses a primary and a secondary oscillator to 
create an oscillation that is then amplified for useful tissue effects. 

quality of the electrosurgical unit by selecting 
an appropriate waveform and power setting to 
affect the tissue exactly as desired. Blended 
waveforms are especially useful for cutting 
with mild or moderate hemostasis. 

The electrical output configuration of the elec
trosurgical unit may be radio-frequency (RF)
isolated, referred-to-ground, or grounded. Radio
frequency-isolated output devices do not have a 
direct connection between the output trans
former and the power ground line so the current 
seeks different return ground. This configura
tion is chosen to prevent tissue damage in case 
of a nonfunctional return electrode. Radio
frequency isolation best protects the patient 
from burns that occur at locations other than the 
burn site because the electrical impedance of 
the return path via ground is intentionally made 
as high as possible. In recent years, RF-isolated 
electrosurgical units have become the preferred 
standard of care in electrosurgery. 

The surgeon should always keep in mi nd that 
complete RF isolation is not possible. Any con
ductive object, including components and wir
ing inside the electrosurgical unit and even the 
surgeon, can act as a capacitor. Thus, some 
measurable RF leakage will always be grounded 
via the patient. However, RF leakage in electro
surgical units labeled as "RF isolated" must be 
within established standards. Even within these 
limits, small burns (an area of less than 1 mm2) 

at other contact sites may occur. The risk of 
such burns is minimized by the relatively high 
patient-to-ground capacitance (about 1 nano-

faraday), using moderate power settings, and 
avoiding the creation of small ground sites be
tween the patient and the operating table; in 
particular, the patient should not be excessively 
wetted during skin preparation because this can 
create damp areas that act as ground sites. 

In contrast, in both grounded output electro
surgical units, the return electrode is connected 
to the power ground line. The advantages of a 
ground-referenced electrosurgical unit are in 
production and design, cost savings in high
voltage insulation, and an electrically isolated 
return circuit. Because the ground li ne carries 
the high- and low-frequency signals and some 
ground leakage of current almost always occurs 
at radio frequencies, there may be some inter
ference with other devices in the operating 
roorn. This interference can be reduced by 
grounding all instruments used in the operating 
room. In the referred-to-ground output units, a 
capacitor between the return electrode and the 
power ground forces some of the current to use 
alternate pathways, resulting in interference. 

Although the solid-state generators produce a 
standard waveform with a well-defined narrow
band width, the creation of arcs during cutting 
or fulguration adds considerable signal energy 
at high and low frequencies that may interfere 
with other devices in the operating room. The 
low-frequency arc and the high-intensity, high
frequency signals can interfere with pacemaker 
functions and can stimulate tissue (muscle and 
nerve) to duplicate physiologic signals, for ex
ample, electrocardiogram signals. 
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High-Frequency Electrical Current 

Living tissue consists of different intracellular 
and intercellular salt solutions separated by bio
logie membranes. Living cells thus represent a 
series of electrolytic conductors so direct or al
ternating current alters the membrane perme
ability, resulting in muscle or nerve stimulation. 
To reduce these stimulations, a high-frequency 
alternating current is genera ted in the electro
surgieal unit. 

In general, no excitation will oceur when 
high-frequency current is used if the duration of 
one sinusoidal halfwave of this current is 
shorter than the minimal stimulation time of 
nerves and muscles. It is weIl known that the 
minimum strength of a stimulus and its dura
tion are related. If the stimulus is low and long, 
it will exeite the tissue; if the stimulus is low 
and short, it will not excite the tissue. Although 
different tissues have different strength-dura
tion curves, theoretically a stimulus has no 
lower duration limit. However, if the stimulus 
is short, as in high-frequency currents, the 
power output (strength) must be high to stimu
late the tissue. 

Thus, the currently used high-frequency, high
voltage, and low-amperage current has no ex
citatory effect on the body other than at the 
point of contact. However, low-frequency cur
rents can arise from stray high-frequency cur
rents when the high-frequeney current passes 
through a nonlinear circuit that is not 100% re
sistive. Therefore, the arcs generated at the tis
sue and the active electrode interface as weIl as 
the high-frequency path through the tissue the
oretically could create a lower-frequency cur
rent that would stimulate muscle and nerve tis
sue.9 To prevent such currents, electrosurgical 
units incorporate output coupling capacitors 
that present a high impedance to arc-induced 
low-frequeney eurrents. In most applications, 
including all currently practiced laparoscopic 
procedures, these eapacitors are extremely 
effeetive in preventing muscle stimulation. 
NonetheIess, high-intensity ares at the active 
electrode should be avoided and the eIectrosur
gical unit power should be reduced if electro
surgery is performed close to major nerve bun
dies. 

4. Tissue Dissection in Laparoseopie Surgery 

Monopolar and Bipolar Electrosurgery 

A closed circuit is necessary so electrical cur
rent can flow through tissue from an entry (ac
tive electrode) through tissue to an exit (the 
return or dispersive electrode). If the entry elec
trode is used as the active electrode and the re
turn eIectrode is inactive, the application is 
called monopolar electrosurgery. If both elec
trodes are used as active electrodes, the applica
tion is bipolar. 

In bipolar electrosurgery, the eIectrodes are in 
close proximity; the tissue effect is loealized, 
with littIe flow of current into the patient be
yond the immediate treatment zone, and only a 
small amount of tissue is affected. Therefore, 
the total power required to affect the tissue is 
small compared with that required for monopo
lar electrosurgery, in which current must flow 
through the body to the ground electrode. AI
though bipolar electrosurgery provides the safest 
and most controlled desiccation method using 
electrosurgery and more effectively controls 
stray current, it has the dis advantage that it can 
only be used in the desiccation mode. This limi
tation may be overcome in part if bipolar scis
sors are developed that allow tissue desiccation 
with bipolar technology and tissue cutting with 
mechanical shearing. When bipolar electrodes 
are used, the tissue must be grasped where the 
electrodes are uninsulated to allow the current 
to pass through tissue (Figure 4.5). The bipolar 
electrodes should not be squeezed together too 
tightly because the jaws of the bipolar instru
ments may touch one another and create a short 
circuit (Figure 4.5, inset). 

Electrosurgical Techniques 

Electrosurgical modes are related to specific 
waveforms: a sinusoidal waveform is used for 
cutting, and an interrupted, highly damped wave
form is used for coagulation. The associations are 
based on observation and experience, not on an 
established theory that explains why the two 
waveforms have such different effects on tissue. 
However, cutting and coagulation can be per
formed with both waveforms if the current and 
voltage of the waveform is adjusted and tissue 
heating is controlled with high-frequeney eurrent. 
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FIGURE 4.5. Application of bipolar electrosurgery to a mesenteric vessel. Inset, Short circuit of the current be
tween applied paddles of abipolar unit can lead to ineffective coagulation of the tissue. 

In general, tissue ean only be cut if the tissue 
temperature rises rapidly above 100DC so water 
vaporizes and eells explode. When tissue is 
heated above 50DC, protein denatures, leading 
to eoagulation. Thus, it is not only the wave
form itself that determines the effeet on tissue, 
but also the energy applied over time and 
whether an are (areing of the eleetrieity be
tween the eleetrode and the tissue through air) 
is ereated. 

High-frequeney eurrent ean be applied to affeet 
tissue in the following three ways (Figure 4.6): 

1. eutting 
2. fulguration (blaek eoagulation) 
3. desieeation (white eoagulation) 

Cutting 

Cutting is usually aehieved with a eontinuous 
waveform and a high-frequeney eurrent flow. 
With the eutting mode, tissue vaporizes so 
quiekly that heat eonduetion is minimized and 
the depth of tissue neerosis is limited to 200 11m 
or less. lO Cutting eurrent eonfines damage to a 
small area under the sealpel electrode. Only 
eells adjaeent to the aetive electrode are vapor-

ized and cells a few layers deep essentially are 
undamaged. Therefore, eleetrieal cutting can be 
clean, but it is not generally aecompanied by 
any hemostasis. When using the cutting mode, 
activating the electrosurgical unit be fore touch
ing tissue with the electrode is critical; this al
lows the eutting arc to establish itself at the start 
of the ineision. As mentioned earlier, hemosta
sis ean occur if the surrounding tissue is heated 
to the point of coagulation. However, cutting 
with moderate or significant hemostasis ean be 
obtained by blending an interrupted waveform 
with the continuous waveform. 

Applying the active eleetrode in the cutting 
mode creates a steady stream of ares less than 
10 11m long with a temperature of about 4,000 
to 5,000 K that rapidly inereases temperature 
in the immediately adjaeent tissue. Eaeh are 
strikes a cell along the leading edge of the inci
sion, rapidly heating the intraeellular fluid so 
the membrane bursts and the intracellular fluid 
and its contents vaporize. Beeause the eell eon
tents vaporize, as the electrode is moved, it 
"rides" smoothly in a steam envelope; thus cut
ting is not a true contact mode and gi ves the 
surgeon no true tactile feedback. 
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Firm contact - NO sparlls ~ 

Coagulation 

Steam carries heat 
away from tissue 

Typical Electrical Conditions 
RTISSUE - 3000 
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P = 0.352 X 300 = 37W 
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(-'OlIm) 

Cutting RTISSUE = 300.0 
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R = 10000 TOTAL 
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Shallow eschar Fulguration RTISSUE = 3000 
RSPARK = 1200.0 

FIGURE 4.6. Effeets of the three modalities of eleetro
surgery: eoagulation, eutting, and fulguration. Note 
their relation to the resistanee (R), voltage (V), eur
rent (I), power (P), loeation, and shape of the tip 

If the pure cutting electrical waveform is inter
rupted and the voltage is increased to deli ver the 
same wattage, then heat conduction is promoted, 
resulting in improved hemostasis because small 
vessels are coagulated. In this combination mode 
the slightly interrupted waveform increases the 
thermal spread so cutting is achieved with mod
erate hemostasis. Although the lateral tissue dam
age increases and more time is needed for cutting 
when compared with the pure sinusoidal wave
form, the active electrode is still riding in a steam 
envelope and tactile feedback is again absent. 

The arcs used for cutting are formed when the 
electric field between two electrodes separated 
by a gaseous medium becomes strong enough 
to ionize the gas. The strong electric field accel
erates the ions, which then collide with other 

R = 15000 TOTAL 

I =0.2A 
E = 300V 
P TISSUE = 12W 
Ps PARK = 48W 
P= 60W 

used (V = volts, A = amperes, Q = ohms, W = watts, 
E = energy). (Courtesy of Aspen Laboratories, En
glewood, Colo.) 

gas molecules. If the acceleration is great 
enough, the gas molecule hit by the ions may 
also be ionized so the gas is continually ionized. 
The electric field has to be strong enough to ac
celerate the molecules so the ionization process 
is initiated and then is sustained so the ion pop
ulation grows. If the electric field is too weak, 
the ion cloud will collapse. When the ion popu
lation reaches a critical density, an arc forms. 
Current will flow between the active electrode 
and the tissue because the ion cloud has low re
sistance and is a good conductor. The atoms in 
the ion cloud will emit light, so an arc may be
come visible. 

Because the electric field must be strong 
enough to start ionization and to sustain the ion
ized gas cloud, a defined power is necessary 
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that depends on the impedanee of the gas be
tween eleetrode and tissue. Nearly any gas ean 
support an are; air ignites over a gap of only a 
few mierometers when the voltage exeeeds 
about 300 V. A single are exists for less than 
one half-eycle of the waveform (0.5 to 2.3 MHz) 
used and therefore almost no heat is transferred 
to the surrounding tissue. However, the differ
enees between the are duration and the fre
queney of the eontinuous and interrupted wave
forms may lead to the slightly different eutting 
and fulguration effeets. 11 

An effeetive eutting waveform must earry 
more than 300 V to ignite ares and to have 
enough power to sustain them. The tissue dis
ruption is probably not only eaused by the high 
eurrent density of the ares that vaporize water 
in eells, but also by an aeoustie wave that dissi
pates within a short distanee of its origin. Thus, 
both vaporization and aeoustie waves rapidly 
disrupt tissue with only a small amount of lat
eral tissue damage. 

Fulguration 

For fulguration, the aetive eleetrode is posi
tioned usually 5 to 10 mm above the tissue, and 
a tree-like cluster of ares is diseharged onto the 
tissue surfaee. Fulguration is a high-impedanee 
modality with relatively high voltage, low eur
rent, and a highly damped interrupted waveform. 
The peak-to-peak voltage is high enough (up to 
10,000 V) to ignite and sustain ares longer than 
1 mm. The ares may have a temperature of more 
than 5,000 K and they rapidly earbonize the su
perfieial eell layers. Beeause the eurrent density 
is relatively low in the target tissue, little desie
eation oeeurs below the surfaee esehar. 

Most of the energy delivered dissipates to 
heat the air around the aetive eleetrode. Be
eause air is an insulator, a high-voltage eurrent 
is neeessary to ignite and sustain an effeetive 
are. To reduee voltage and inerease the areing 
effeet, an argon-beam eoagulator has been in
trodueed to dry large oozing surfaees. Beeause 
the argon's are ignition voltage is 20% less than 
that of air, the ares seatter less, instead follow
ing in the laminar argon gas flow. Thus, they 
ean be direeted more preeisely and over a 
greater distanee than the random arc strikes as
sociated with fulguration in air. 
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The disadvantages of fulguration are not only 
that the desieeation is superfieial, but also that 
the eleetrode tends to absorb heat, thus bonding 
with tissue it inadvertently touches. If the es
char is then pulled up, bleeding will start again. 
Beeause eleetrofulguration is a noneontact mode, 
it produces hemostasis without the probe adher
ing to the coagulated tissue. It is most com
monly used to seal broad areas of capillary ooz
ing or ablate a reetal tumor. In our opinion, the 
only use for fulguration in laparoscopic surgery 
may be in sealing large areas of capillary bleed
ing. Because it requires much more voltage 
than electrosurgical cutting or desiccation, the 
surgeon must be especially cognizant of the risk 
imposed by capacitive or direct coupling when 
performing fulguration (see later section, Poten
tial Injuries Related to Electrosurgery). 

Desiccation or Coagulation 

Desiccation is the only true contact mode of 
eleetrosurgery. The tissue temperature is raised 
to the point at which proteins denature and form 
a rigid eoagulum. Although proteins start to de
nature at about 45°C, a temperature of at least 
55°C is required to form a coagulum. The amount 
of tissue coagulated depends on the volume of 
tissue raised above this threshold temperature. 

Beeause desieeation is aecomplished without 
an arc, no energy dissipates into the air, and be
cause the electrode is in contaet with the tissue, 
less power is needed for desiceation than for 
fulguration or eutting. The impedanee is low 
as desieeation begins, so desieeation ean be 
aehieved with low voltage and high eurrent. As 
tissue dries and proteins denature, moleeules 
with the potential to become ionized become 
immobilized in the eoagulum matrix and the tis
sue impedanee rises. Areing should be avoided 
during desiecation because it stops the heating 
process and carbonizes only the superficial tis
sue. Limiting the generator output prevents arc
ing because the voltage is not great enough to 
ignite ares. 

The low-voltage, high-eurrent waveform is 
favorable for desiceation beeause it suppresses 
are formation. If eutting current is used for dis
section, the peak-to-peak voltage should be less 
than 500 V so the tissue heats slowly. The key 
to maximally effective desiccation is a wave-



52 

form that has an open circuit voltage of less 
than 300 V peak-to-peak to prevent arcing. In 
most electrosurgical units such voltage is avail
able only in bipolar electrosurgery, although 
true low-voltage monopol ar desiccation IS 

likely to be available in the near future. 

Electrosurgery in Laparoseopie Surgery 

Both monopolar and bipolar electrosurgery are 
currently widely used in laparoscopic surgery. 
Although bipolar electrosurgery is safer than 
monopolar, its application is limited to tissue 
desiccation, so most laparoscopic surgeons still 
prefer monopolar electrosurgery. The combina
tion of bipolar electrosurgery with an endo
scopic scissors is an attractive alternative that 
must be evaluated in the future. 

Monopolar electrosurgery for laparoscopic 
procedures is advantageous in that it 

• is a familiar dissecting method 
• provides excellent hemostasis 
• is universally available in operating suites 
• is inexpensive 

All these advantages have been supported by 
successful use of monopolar electrosurgery in 
laparoscopic gallbladder surgery.12-15 

The disadvantages of monopolar electro
surgery. which may be more significant in lapa
roscopic colorectal surgery compared with lapa
roscopic gallbladder surgery, are 

• extensive smoke development 
• depth of tissue effect cannot be predicted 

precisely 
• risk of injury during dissection 

Smoke Development 

Electrosurgery may be more hazardous in lapa
roscopic eoloreetal surgery eompared with gall
bladder or gyneeologie surgery beeause smoke 
development ean be extensive, espeeially dur
ing disseetion of the fatty mesentery. Beeause 
smoke evacuators and rapidly reeireulating gas 
insufflators are not eommonly used in laparo
scopie eoloreetal surgery, usually the smoke
filled gas is flushed out of the abdominal eavity 
through an open eannula site. Whether the 
smoke ereated by eleetrosurgery or laser repre-
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sents an inhalation hazard for patients or operat
ing room personnel is unknown but is of some 
eoneern. 

The smoke may have biologie as weIl as 
chemie al effeets. Heating biologie tissue results 
in the formation of moleeules with aromatie 
ring struetures and unsaturated radieals that 
may be harmful when inhaled. Eleetrosurgery 
smoke has been shown to be mutagenie in vitro 
to the TA98 strain of Salmonella 16 and to nega
tively affeet the lungs in rats (museular hyper
trophy of vessel walls, alveolar eongestion, and 
emphysematous ehanges).17 These effeets have 
also been seen in smoke generated by CO2 laser 
applieation. 17,18 

Human immunodeficiency virus (HIV) provi
ral DNA with a median aerodynamie diameter 
of 0.31 11m (a range of 0, I to 0,8 11m) has been 
reported in the laser plume of vaporized HIV
containing tissue. 19 Matchette et aPO found vi
able bacteriophages in CO2 laser plume, but the 
events were rare in their study. Because most of 
the viable particles were large (at least 7.5 11m 
in aerodynamie diameter), these particles should 
be easily filtered with a reeirculating insufflator. 
The significance of these scientific reports re
mains to be determined. No epidemiologie evi
denee exists that operating room personnel or 
patients have been harmed when exposed to 
electrosurgery smoke or laser plume. Nonethe
less, we recommend taking simple measures to 
reduce the exposure to smoke, such as using an 
insufflator with a filter larger than 0.2 11m to re
eireulate CO2 gas. These measures will not only 
reduee the risk of any harmful effects of smoke, 
but will also improve visibility during use of 
electrosurgery or lasers in laparoscopic surgery. 

Extent ofTissue Damage 

Although the depth of penetration eannot pre
eisely be predieted using monopol ar eleetroeo
agulation and it may be dangerous to use elee
trosurgery close to vulnerable organs, such as 
the duodenum, the ureter, or larger blood ves
sels, knowledge of the prineiples of eleetro
surgery may help prevent inadvertent damage 
and help the surgeon to better predict the effeets 
of eleetrosurgery on tissue. For example, the 
surgeon may deliberately ehoose a suitable 
eombination of eutting eurrent and power level 
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to achieve a desired tissue effect while mini
mizing the prob ability of inducing inadvertent 
tissue injury. This may be especially important 
in laparoscopic surgery where the field of vi
sion is somewhat confined. 

Electrosurgery in laparoscopic surgery carries 
several risks not present in open surgery. Saye 
et al. investigated the relationship between 
spark generation and the power setting selected 
during monopolar surgery.2! Their data showed 
that the chance of injury during laparoscopic 
dissection or coagulation is only slight when the 
power is kept at the minimum level needed to 
achieve the desired effect on tissue. With a 
power setting of 30 to 35 W, sparks from the 
electrode tip jumped approximately 2 to 3 mm 
50% of the time monopolar electrosurgery was 
used. 

Saye et al. have also shown that the tissue 
temperature many centimeters from the opera
tive area may rise substantially when using 
proper electrosurgical techniques. If tissue is 
desiccated and the current has to pass through a 
duct-like structure on its way to the dispersive 
electrode (Figure 4.3), the cross-sectional area 
of its pathway is reduced, so the current density 
will increase at this point. Thus, the tissue des
iccation may occur far from the primary active 
electrode. This concept is important when duct
like structures, such as the appendix, pieces of 
the greater omenturn, or adhesions, are cut or 
desiccated. The authors concluded that reliably 
predicting the path of electrical current through 
human tissue is impossible and that the surgeon 
should avoid using monopolar electrosurgery 
on any free-floating, duct-like structures. AI
though bipolar instruments may help confine 
the effects of electrosurgery to the structures 
grasped, extensive coagulation mayaiso dam
age surrounding tissue. For instance, ureter in
juries have been reported after using bipolar 
electrocoagulation near the ureters in gyneco
logic surgery.22.23 

Potential Injuries Related to Electrosurgery 

In laparoscopic surgery, closely monitoring the 
effect of electrical current on tissue is mandatory 
because the laparoscope provides only a limited 
view during dissection. Inadvertent injuries us
ing monopolar electrosurgery occur primarily at 
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the active electrode and the return electrode. 
Near the active electrode, injuries can occur in 
any part of the instrument: the handle, the insu
lated shaft, or at the uninsulated tip. These inad
vertent injuries occur because of insulation fail
ure involving either direct coupling or capacitive 
coupling (Figure 4.7 A and 4.7B).24 

Insulation failure occurs most commonly at 
the distal shaft as a result of repeated heating of 
the instrument or because of damage to insula
tion when the instrument is inserted in the can
nula. Insulation failures near the instrument tip 
can be recognized immediately if the tip is in 
view during the application of electrical current. 
Also, the instrument being used must be visible 
in the laparoscopic field. The insulation on the 
shaft of the instrument rarely fails, but it is po
tentially dangerous because it is usually not rec
ognized during laparoscopic procedures. 

Direct coupling describes any inadvertent 
contact between the active instrument and other 
metal instruments or cannulas in the abdomen. 
While the metal instrument tip is free and ready 
to be used for coagulation or cutting, the more 
proximal metal parts can touch other instru
ments; this contact may lead to accidental coag
ulation or cutting without insulation failure. 
Thus, during the application of cutting or coag
ulating current, the entire instrument blade must 
be visible in the laparoscopic field. 

Another important mechanism of inadvertent 
tissue damage during monopolar electrosurgery 
is capacitive coupling. Capacitance is the ability 
of an electric nonconductor to store energy. A 
capacitor consists of two conductors separated 
by an insulator. Capacitive coupling can occur 
if an instrument with insulation failure along 
the shaft is used in a metal cannula with a plas
tic abdominal wall anchoring device; the plastic 
anchoring device prevents the current from 
flowing through the metal cannula into the ab
dominal wall and on to the dispersive elec
trode.24,25 In general, 10% to 40% of the power 
of the electrosurgical unit may be coupled, or 
transferred, from the isolated shaft to the active 
electrode to the cannula. As long as the current 
can pass through a low power-density pathway 
and return to the dispersive electrode, it will not 
harm the patient. If the path to the dispersive 
electrode is blocked through a high-resistance, 
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A 

B 

FIGURE 4.7. Insulation failure can occur by two major 
means when performing electrosurgery: A, direct 
coupling between two instruments; or B, capacitive 

nonconductive anchoring device, however, ca
pacitive coupling can occur. 

Stray currents produced during capacitive 
coupling may make inadvertent bums on intra
abdominal structures. When a metal cannula (or 
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coupling when the charged instrument is being used 
with a metal cannula that is insulated from the ab
dominal wall by a nonconducting anchoring device. 

instrument with insulation failure) touches any 
organ or intra-abdominal structure when stray 
current is stored in the cannula, this electrical 
energy may be discharged from the metal can
nula to any structure touching it, including 
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those outside the surgeon's field of vision. Ca
pacitive coupling can occasionally be recog
nized by neuromuscular stimulation of the ab
dominal wall. 

Direct coupling and capacitive coupling 
rarely cause electrical injury. Unfortunately, 
they are seldom recognized during a procedure 
because they usually occur outside the view of 
the laparoscope24•25 ; however, such injuries can 
be prevented. Capacitive coupling can be pre
vented if the anchoring device and the cannula 
are both made of plastic or metal. A commer
cially available 7-mm shield (Electroshield, 
Electroscope, Boulder, Colo.) that is placed 
around the shaft of 5-mm dissecting and coagu
lating will also prevent injuries from direct and 
capacitive coupling. A high-frequency ammeter 
(EM-2 Monitor System, Electroscope) can be 
connected to the Electroshield; the ammeter in
dicates visually and audibly when any stray 
electrosurgical energy is detected. If insulation 
failure is detected, the Electroshield deactivates 
the electrosurgical unit automatically. 

Although alternating current has the potential 
to cause an effect at both electrodes, the visible 
effect usually occurs at the active electrode be
cause the current density is much higher at the 
active electrode because it is smaller, and tis
sue temperature is directly proportional to the 
square of the current density. The alternating 
current delivered at the active electrode is iden
tical to that at the return electrode; therefore, if 
the current density is the same at the return 
electrode as at the active electrode, the same 
thermal effect will occur at both. Monopolar 
electrosurgery is most commonly used with a 
return grounding electrode, which allows any 
current flow through the body to safely dis
perse. The maximum temperature attained un
der a dispersive electrode depends on the maxi
mum current density, the duration of activation, 
and the relative cooling from tissue perfusion. 
The distribution of the current under the disper
sive electrode depends on the design of the 
electrode and the anatomic distribution of tissue 
under it. 

Resistive and capacitive contact electrodes 
can be used as dispersive electrodes with a low 
risk of inadvertent thermal injury if the elec
trode is applied correctly and not accidentally 
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dislodged. Resistive electrodes usually are gel 
pads or a conductive adhesive and are in resis
tive contact with the tissue. Capacitive elec
trodes have a nonconductive film between a 
metallic plate and the skin surface so a 
capacitor is formed and a type of capacitive 
coupling is used to prevent injury. Although re
sistive dispersive electrodes, in contrast to ca
pacitive electrodes, have a nonuniform heating 
pattern because the current is more concen
trated at the electrode edges, both types of dis
persive electrodes appear to be equally safe in 
surgery. 

To prevent bums at the return electrode, man
ufacturers have incorporated electronic sensors 
with circuit breakers (contact quality monitor
ing electrodes) in the electrosurgical unit that 
monitor the quality of the connection between 
the dispersive electrode and the patient, as weIl 
as between the cable and the connector when 
no surgical current is in use. The change in con
tact impedance during the procedure is deter
mined by a microprocessor, and if impedance 
increases over a certain predetermined level, 
the electrosurgical unit will shut down. These 
safety features, together with the proper use of 
dispersive electrodes, have substantially re
duced the number of bums at the return elec
trode. 

Contact quality monitoring is thus rapidly be
coming standard in electrosurgical units. Not all 
contact quality monitors are effective in detect
ing pad detachment-some will not sound an 
alarm until only an area a few centimeters 
square remains. Such a small return area is al
most certain to cause aburn. When evaluating 
electrosurgical units equipped with these elec
trodes, the effectiveness of pad detection can be 
determined by applying the monitor according 
to the manufacturer's instructions, then slowly 
peeling the pad away until a return alarm 
sounds. This test should be done with the unit 
idle, then again at its minimum power setting. If 
less than 50% of the pad area remains at the on
set of the alarm, the contact quality monitor 
cannot be relied on to prevent pad bums; the 
operating room staff then should continue 
surveillance as if no monitor were available. A 
50% loss of area increases the temperature four
fold at the return electrode site. 
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Laser Systems 

The word laser is an acronym derived from 
"light amplification by the stimulated emission 
of radiation." It is light generated by application 
of energy to a lasing medium in which atoms are 
raised from their ground energy state to an ex
cited energy level. On return to their ground en
ergy level, the atoms release photons at the 
wavelength of the lasing medium to produce 
laser energy. The photons are reflected in a res
onator chamber, producing more laser energy 
from the lasing medium. The result is a 
monochromatic (all wavelengths are identical), 
collimated (waves in parallel), and coherent 
(equal wavelengths that are in phase) light beam. 
Although the laser system can produce various 
colors of light, each color is monochromatic. 

Several lasers have been developed and used 
in almost all surgical fields. Use of laser light in 
medicine requires an understanding of the inter
action of light with living tissue-a complex 
phenomenon depending on the properties of 
both tissue and light-and the resultant photo
chemical, photomechanical, and photothermal 
effects. 

Because we are evaluating the laser as an in
strument for cutting and coagulation, only the 
photothermal interactions with tissue will be 
discussed here. The photothermal effect is 
based on the local absorption of electromag
netic energy that is transformed into heat. The 
degree of the photothermal effect on tissue de
pends on the following: 

1. the optical and thermal properties of the 
tissue 

2. the wavelength of the laser 
3. the amount of energy delivered by the laser 
4. the exposure time 

These four factors define the effect of laser ir
radiation on tissue and should be known for the 
chosen laser application so possible tissue dam
age can be predicted. For example, if coagula
tion is desired, a wavelength that can deeply 
penetrate tissue and an exposure time suffi
ciently long to thermally damage a large area 
are necessary. If cutting without hemostasis 
(i.e., without any lateral thermal damage) is de-
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sired, a wavelength with high tissue absorption, 
low penetration, and high peak power should be 
used. 

The cutting and coagulation qualities of a 
laser system depend on the absorption, trans
mission, reflection, and scatter of the incoming 
laser radiation, which are related to the wave
length of the laser and the pigmentation of tis
sue (Figure 4.8). Most tissue has a high water 
content, with the major chromophores being 
hemoglobin and melanin. The light absorption 
of a particular tissue can be used to predict the 
effect of a chosen wavelength of laser light on 
that tissue. 

Laser System Wavelengths 

Although surgical laser systems with wave
lengths from the ultraviolet up to the far in
frared are commercially available, we will dis
cuss the advantages and disadvantages of only 
the CO2, argon, potassium titanyl phosphate 
(KTP), and neodymium-doped:yttrium alu
minum gamet (Nd:YAG) lasers because they 
are currently used in laparoscopic surgery. 

The CO2 laser emits light with an infrared 
wavelength of 10.6 ~m. Because this wave
length is invisible, a low-power, red helium
neon laser is added so the laser beam can be 
guided. Carbon dioxide laser light has a high 
water absorption and penetrates tissue only 
slightly (up to 100 ~m) (Figure 4.9). It has a su
perficial effect, allows precise cutting, and pro
duces poor coagulation. Therefore, the CO2 

laser is mostly used for precise surface tissue 
vaporization. 

The KTP laser emits radiation with a wave
length of 532 nm, and the argon laser light emits 
radiation with a wavelength of 488 or 515 nm; 
all three wavelengths are visible. Because these 
wavelengths are highly absorbed by hemoglobin 
and have a low absorption in water, the laser en
ergy is absorbed in highly vascularized tissue. 
The tissue penetration does not exceed 2 mm 
(Figure 4.9). KTP laser units are successfully 
used to coagulate small vessels, but coagulation 
of larger vessels is not feasible because most of 
the laser energy is absorbed by the blood itself 
and not by the surrounding tissue. 
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FIGURE 4.8. Absorption of light in composite tissue and water in relation to wavelength. (Courtesy of Surgical 
Laser Technologies Corporation, Oaks, Pa.) 
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FIGURE 4.9. The amount of energy absorption is dependent on the type of laser used (darker shadows represent 
higher tissue temperature). 
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In contrast, the Nd:YAG laser light is only 
minimally absorbed by water or hemoglobin. Its 
laser light penetrates water up to 9 cm and Iiving 
tissue up to 4 to 5 mm (Figure 4.9). The Nd:YAG 
laser penetrates deeper into tissue than the other 
lasers and affects a greater tissue volume, so it 
can be used to coagulate larger vessels. 

One important factor that predicts the thermal 
effect of laser energy on tissue is the power 
density applied to the tissue. The power density 
is caIculated as the power delivered over an 
area (watts/square centimeter) and is deter
mined by the total power delivery and the spot 
size of the laser beam. As in electrosurgery, in 
which power density is equivalent to current 
density, in laser surgery, the effect on tissue can 
be determined by controlling the power density. 

Continuous Wave and 
Pulsed Laser Systems 

Laser systems can be classified according to 
whether energy is delivered as a continuous 
wave or in pulses of waves (Figure 4.10). A 
continuous wave laser delivers energy on de
mand in an uninterrupted beam; the energy has 
a constant power. A continuous wave laser can 
be gated so it deli vers energy over a short pe
riod when the power source is activated. This 
gated delivery is sometimes called a pulse, and 
to avoid confusion with a truly pulse-mode 
laser, we prefer to call these gated pulses. The 
peak power of the gated pulse of a continuous 
wave laser is the same as the laser's power. 

In contrast, a truly pulsed laser deli vers en
ergy in short bursts (pulses) with a high peak 
power; it is inactive between pulses. A pulsed 
laser is used when reduced trauma to surround
ing tissue is desired and when decreased 
hemostasis can be tolerated. The high peak 
power vaporizes the tissue immediately, and the 
short pulse reduces heat conduction to sur
rounding tissue, resulting in limited thermal tis
sue necrosis. Using a superpulsed or "Q
switched" laser system, the lateral thermal 
damage can be minimized with extremely pre
cise cutting with minimal hemostasis (Figure 
4.10C). Thus, thermal damage can be mini
mized by using pulses shorter than the thermal 
relaxation time (time needed for tissue to cool 
to body temperature) of the laser-heated tissue. 

4. Tissue Dissection in Laparoseopie Surgery 

POWER 
(watts) 

10 

POWER 
(watts) 

10 

POWER 
(watts) 

10 

Pulsewidth 

TIME 

TIME 

Duty cycle 

... Peak power 
5x-10x Pcw 

A 

ß 

c 

FIGURE 4.10. Different temporal modes of laser. A, 
Continuous wave (CW) emission; B, agated pulse of 
a continuous wave beam interrupted by a timer; and 
C, superpulse mode (250 to 500 W peak power at 300 
to 1,000 times per second, with low average power). 

Lasers in Laparoseopie 
Colorectal Surgery 

Currently, no single laser system is appropriate 
for all the surgical cutting and coagulation re
quirements of laparoscopic intestinal surgery. 
The intent of the surgical action defines which 



Laser Systems 

laser system may be most useful in any particu
lar circumstance. After evaluating several surgi
callaser systems, we have found the Nd:YAG 
Contact Laser (Surgical Laser Technologies 
Corporation, Oaks, Pa.) to be an excellent tool 
for both cutting and coagulation in laparoscopic 
intestinal surgery. The CO2 laser, with its super
ficial effect, is an excellent tool for precise cut
ting, but a free laser beam (a beam of laser ap
plied directly to tissues) in a laparoscopic 
operation that must be conducted over a wide 
area is extremely difficult to control and allows 
no tactile feedback. The visible laser light de
livered by a KTP or an argon laser system has 
some useful applications but is not comparable 
to the Nd:YAG Contact Laser, which combines 
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the advantages of tactile feedback, low smoke 
development, precise cutting, and good coagu
lation. 

We have used the Nd:YAG Contact Laser 
with a power setting ranging from 8 to 14 W in 
a continuous wave mode. The laser beam is 
passed through a flexible glass fiber connected 
to a handpiece equipped with a 0.6- or 1.0-mm 
frosted-end contact scalpel made of a synthetic 
sapphire crystal (GRP6 or GRPI0, Surgical 
Laser Technologies Corporation) (Figure 4.11). 
The contact scalpel has a wavelength convert
ing infrared-absorbing coating on the most dis
tal end that limits the depth of penetration of the 
l.06-llm laser emission and increases the tem
perature gradient of the tip. The light absorption 

FIGURE 4.11. Different types of synthetic sapphire tips for the Nd:YAG Contact Laser. (Courtesy of Surgical 
Laser Techn010gies Corporation, Oaks, Pa.) 
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in the sapphire tip results in a high temperature 
gradient so the laser actually works as a thermal 
knife. Thus, the laser light does not directly af
fect tissue. Although the temperature is ex
tremely high at the contact scalpel tip (more 
than 500°C), the rest of the sapphire tip has a 
lower temperature, resulting in moderate coagu
lation. Thus, the Contact Laser, working like 
true electrocautery, relies on simple he at con
duction concentrated at the instrument tip to af
fect the tissue. Because no laser light is directly 
applied to tissue, power density does not deter
mine the tissue effect. 

Contact scalpels allow precise cutting with a 
defined depth of heat damage and some simul
taneous lateral coagulation. The side of the 
laser tip can be used for coagulation. Depend
ing on the power setting, it is possible to coagu
late blood vessels 1 to 2 mm in diameter. The 
appropriate contact scalpel and power setting of 
the laser system must be combined for an optimal 
result. For example, a high system power (e.g., 
14 W) with a I-mm scalpel will result in excel
lent cutting and moderate coagulation. If the 
power is reduced to 8 W, the cutting quality will 
decrease and the coagulation quality will in-

A 

FIOURE 4.12. Tissue effects of various shapes of sap
phire probes for the Nd:YAG Contact Laser. A, The 
flat probe allows far surface heating; B, the fine
tipped probe allows for vaporization of tissue with a 
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crease. If isolated coagulation of hepatic or 
splenic tissue is necessary, a round tip designed 
for deep coagulation can be used (Figure 4.12). 

The Contact Laser also provides two other 
important qualities: (1) tactile feedback, which 
allows the surgeon working in a two-dimen
sional view to adjust the laser before cutting or 
coagulating; and (2) low smoke development. 
These characteristics may be critical when the 
surgeon is working near blood vessels and other 
vulnerable structures. Several other laser sys
tems are currently available that apply laser 
light directly to the tissue by touching the tissue 
with a bare laser-light-conducting fiber. These 
systems are different and are less easy to con
trol than the Contact Laser. 

The major disadvantages of all laser systems 
are higher costs compared with electrosurgery 
and their in ability to coagulate diffusely bleed
ing vessels in the mesentery without changing 
the laser tip or the system power. 

Ultrasonic Disseetion 

Whereas electrosurgical and laser systems use 
electromagnetic waves as their primary energy 
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cutting quality to the probe and simultaneous coagu
lation; and C, the convex probe allows for coagula
tion and tissue ablation. (Courtesy of Surgical Laser 
Technologies Corparation, Oaks, Pa.) 
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source, ultrasonic devices use longitudinal me
chanical waves with a frequency greater than 
20,000 cycles per second. If ultrasonic waves 
are applied with sufficient power, they can frag
ment tissue. This fragmentation depends on the 
water content of tissue, so tissue with relatively 
high water content, such as fat or parenchyma 
of the liver or the spleen, can be fragmented 
with relatively low power while tissue with low 
water content, such as nerves and blood vessels, 
will not be damaged. Thus, ultrasonic aspirators 
that selectively fragment tissue have been used 
in neurosurgery and liver surgery for many 
years. If the vibration is directly applied to tis
sue, the mechanical energy is converted to ther
mal energy. Currently, two laparoscopic dissect
ing devices are available that use ultrasonic 
energy: the ultrasonic scalpel (and the similar 
ultrasonic shears) and the ultrasonic aspirator. 
Both instruments use piezoelectric elements to 
convert electrical energy into mechanical waves 
of various frequencies and lengths. 

Ultrasonic Scalpel 

The ultrasonic scalpel (Harmonic Scalpel, Ul
traCision, Smithfield, R.I.), designed either as a 
scalpel bl ade or a clamp coagulator, is a rela
tively new device used for surgical cutting and 
coagulation. The unit consists of a generator 
and a handpiece. The generator supplies an 
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electrical signal to the handpiece through a 
shielded coaxial cable and senses changes in the 
entire acoustic train during use, thus alerting the 
user if the blade is fractured or improperly ap
plied. 

The handpiece consists of an acoustic trans
ducer, an acoustic mount, and a laparoscopic 
blade or scissors (Figure 4.13). The acoustic 
transducer consists of a stack of piezoelectri
cal elements that are sandwiched under pres
sure between two metal cylinders. These ele
ments expand and contract when they are 
electrically activated, thus converting electri
cal energy to longitudinal mechanical motion 
of 55.5 kHz and an amplitude of 60 to 80 f..lm. 
The acoustic mount holds the instrument 
(acoustic system) in the handpiece and ampli
fies the motion produced by the transducer. 
Because the mount supports the entire drive 
train in the handpiece, there is no vibration in 
the handpiece, and the vibration is transferred 
maximally to the blade. 

The blade contains a second amplifier to fur
ther amplify the motion. Because the scalpel 
blade has poor mechanical cutting quality with
out vibration, the cutting quality depends on the 
ultrasonic vibration of the bl ade (Figure 4.13). 
The mechanical motion achieved at 55.5 kHz 
allows good cutting. The vibration of the blade 
also causes cavitational fragmentation to sepa
rate the tissue ahead of the blade. 

FIGURE 4.13. Longitudinal eut-away view of the Harmonie Sealpel. Inset, Rapidly vibrating hook-style tip. 
(Courtesy of UltraCision, Smithfield, R.I.) 
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Coagulation is also accomplished by conver
sion of ultrasonic energy into localized heat 
(greater than 60°C) in tissue, which causes colla
gen molecules in adjacent tissue to denature. Be
cause the scalpel itself is not heated, it does not 
become hot. Thus, there is no smoke production, 
no charring, no accumulation of debris on the 
blade, and thermal injury is reduced. The effect 
on tissue depends mainly on the blade selected. 
Available blades include a sharp hook, a dissect
ing hook, a ball coagulator, and a coagulating 
spatula. If the sharp edge of the blade is used, 
good cutting is achieved. If the side of the blade 
is pressed on tissue, coagulation will occur. 

Our experience with the ultrasonic scalpel has 
been limited, but several animal studies have 
shown that the vibration of the blade generates a 
mist during the procedures, especially if irriga
tion has been used and the tissue is still wet. 
Unlike smoke, the mist vanishes rapidly. The 
cutting quality is rapid and good, but hemostasis 
may be unpredictable if the power is too high. 
Decreasing the power reduces the cutting qual
ity but improves the hemostasis substantially. 
Because blunt dissection can be carried out eas
ily with the inactivated blade, the ultrasonic 
scalpel can be used as a dissection device for all 
purposes, but some practice is necessary. 

Although the coagulation quality of the ultra
sonic scalpel is good, it coagulates only if firm 
pressure can be applied to the vessel-the ul
trasonic energy must be directly applied to the 
vessel so the collagen in the vessel wall will de
nature to effectively seal the lumen. Applying 
pressure properly to a small isolated vessel may 
be problematic because it may be difficult to 
perform hemostasis without inadvertently coag
ulating a large area. In addition, if pressure can
not be applied properly when the vessel is un
der tension, as in a retracted bleeding vessel in 
the mesentery, the vessel cannot be coagulated. 

Ultrasonic Shears 

Ultrasonic shears (UltraCision, Smithfield, Rr.) 
appear to facilitate the use of ultrasonic energy in 
laparoscopic surgery by clamping or holding the 
tissue tightly between its jaws. The shear is a 
clamp coagulator with a tip that consists of a sta
tionary portion that supports the tissue and a vibra
tory blade that transmits the ultrasonic energy to 
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the tissue. The tissue is grasped with the shears 
and is clamped. The blade is then activated to co
agulate the tissue. Because the blade has a rounded 
and a sharp side, the cutting effect can be adapted 
to the tissue by varying the handgrip pressure and 
choosing the appropriate side (Figure 4.14). The 
blade can also be used in a way similar to the ul
trasonic scalpel to cut or coagulate. 

One disadvantage of currently available ultra
sonic shears for laparoscopic colorectal surgery 
is that the single-action blade is too short to eas
ily carry out an extended dissection, such as that 
of the lateral attachments of the colon or the 
greater omentum. The advantage of this coagula
tor clamp is that fatty tissue can be separated 
with simultaneous hemostasis, which can be es
pecially valuable when dissecting the mesentery. 

Ultrasonic Aspirator 

The ultrasonic aspirator converts electrical en
ergy into mechanical movement of 24 or 35 
kHz by piezoelectric ceramic transducers 10-
cated in the instrument handpiece.26 The ultra
sonic power is transmitted to tissue from the 
transducer via a titanium alloy extension and 
tip. The handpiece contains a central channel 
for constant suction of cellular tissue and a 
coaxial irrigation channel. The instrument pro
vides vibration with an amplitude of 250 11m 
with simultaneous aspiration and suction. 

The main purpose of the aspirator in laparo
scopic colorectal surgery is to gently separate 
the fat from major vascular pedicles or ureters 
without risk of damage to the pedicles. In ani
mals, we have been able to confirm the ability 
of this instrument to perform fat aspiration and 
vessel skeletonization. However, because the 
aspirator cannot cut peritoneum or other firm 
connective tissue, we believe that this instru
ment is unlikely to be valuable in laparoscopic 
colorectal surgery. 

Tissue Disseetion in 
Laparoscopic Colorectal Surgery 

At present, no optimal device exists for laparo
scopic cutting and coagulation. Individual pref
erence, knowledge, and experience should help 
each surgeon decide what instruments are best 
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FIGURE 4.14. Longitudinal cut-away view of ultra
sonic shears in the opened (top) and closed (bottom) 
position. Inset, A, Rapidly vibrating tip. Inset, B, The 

for which laparoscopic purpose. Laparoscopic 
cholecystectomies have been successfully ac
complished with low morbidity using monopo
lar electrosurgery, contact and noncontact laser 
systems, and the ultrasonic scalpel. 12-15 Because 
of important differences between laparoscopic 
cholecystectomy and laparoscopic colorectal re
sections (such as the need for much wider dis
section and ligation of larger vessels in colorec
tal surgery), experiences in tissue dissection in 
laparoscopic cholecystectomies cannot be di
rectly transferred to laparoscopic colorectal 
surgery. 

As we emphasize repeatedly in this book, the 
mobility and dimensions of the intestine in
crease its potential for injury during laparo
scopic instrument manipulation. In addition, a 
significant amount of dissection with ligation or 
coagulation of multiple vessels is usually neces
sary in the fatty mesentery. Even minor bleed-
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shears may be rotated to effect quality of cutting 
(sharp edge-better cutting). (Courtesy of UltraCi
sion, Smithfield, R.r.) 

ing during laparoscopic surgery will impair the 
overall view as weil as the ability to accurately 
identify tissue layers. Precise dissection in the 
mesentery and the retroperitoneum with good 
hemostasis is mandatory to decrease the risk of 
intraoperative complications. 

In a randomized controlled animal study, we 
compared laparoseopie use of monopolar elec
trosurgery (n = 23) with an Nd:YAG laser 
(n = 21) in a canine model and evaluated intra
operative smoke development, difficulty of dis
seetion, hemostasis, postoperative adhesions, 
and intraoperative and postoperative morbidity. 
In the electrosurgery group, cutting was per
formed with endoscopic scissors and coagulation 
was performed with monopolar electrosurgery. 
In the laser group, cutting and coagulation were 
both carried out with the Nd: YAG Contact Laser 
(CL 60, Surgical Laser Technologies Corpora
tion) using a 0.2-mm frosted-end contact scalpel 
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(GRP2, Surgical Laser Technologies Corpora
tion). A right colectomy with extensive soft tis
sue dissection at the base of the mesentery and 
the intraperitoneal ileocolic stapled anastomosis 
was performed in all animals.27 

U sing a numerical grading scale for intraop
erative difficulty of dissection and postopera
tive amount of adhesions, we found that scores 
did not differ between groups. Although smoke 
development is more extensive when using 
electrosurgery for cutting and coagulation in 
comparison with the laser, the overall smoke 
development in our study did not differ between 
groups. This similarity probably occurred be
cause coagulation was achieved using electro
surgery and cutting was done with only scissors 
in the electrosurgery group, whereas both cut
ting and coagulation were performed with the 
laser in the laser group. 

Our study showed significantly better hemo
stasis (P = .01) when the laser was used as a 
dissecting device because it was also used for 
cutting, so minor bleeding did not occur. Never
theless, the clinical significance of this finding 
remains questionable because both the Nd: YAG 
laser as weIl as scissors and monopolar electro-
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surgery were successfully used in the study. 
Neither the laser nor the electrosurgery groups 
had any serious postoperative morbidity related 
to tissue dissection. 

The following three groups of tissues must be 
traversed and dissected in laparoscopic colorec
tal surgery: 

1. the mesentery of the colon and the rectum, or 
pelvic sidewall attachments of the rectum 

2. separation of the greater omenturn from 
trans verse colon 

3. dissection of lateral or dorsal attachments of 
the colon or the rectum to the peritoneal cav
ity or the pelvis 

Accurate yet expeditious dissection of the 
fatty mesentery is one of the major challenges 
for the novice in laparoscopic colorectal sur
gery. Our approach is to triangulate the tissue 
between two grasping instruments, two held by 
the assistant and one held by the surgeon (Fig
ure 4.15). This tension allows for precise initial 
incision of the peritoneum. Thereafter, mesen
teric vessels can be palpated and isolated with a 
gentle, blunt sweeping maneuver of the dissect
ing instrument, and then coagulated or clipped. 

FIGURE 4.15 . Tissue disseetion using a triangulation method, which allows for excellent exposure as well as 
good tissue tension. 
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With this technique, the mesentery can be di
vided quickly with only minor bleeding. 

Incision of the peritoneum and blunt dissec
tion of the mesentery can result in some capil
lary bleeding. This bleeding may sometimes 
impair the laparoscopic view and therefore in
crease the risk of injury to larger blood vessels. 
Incising the peritoneum with the Contact Laser 
or ultrasonic scalpel seems to cause less capil
lary bleeding and thus may be an advantage 
compared with a simple incision with endo
scopic scissors. The disadvantage of using the 
Contact Laser or the ultrasonic scalpel appears 
when moderate bleeding occurs during dissec
tion of the mesentery. If electrosurgery is used 
(bipolar or monopolar), the fatty tissue, together 
with the bleeding vessel, may be picked up and 
coagulated as in open surgery. This simple ma
neu ver cannot be done when using the Contact 
Laser or the ultrasonic scalpel. To coagulate the 
bleeding tissue with the Contact Laser, the 
power of the laser system must be reduced to 
improve coagulation quality of the contact 
scalpel, or the laser tip must be replaced by a 
rounded probe specially designed for deep co
agulation. Moderately good coagulation can 
also be achieved with the side of the ultrasonic 
scalpel if the blade can be applied to the tissue 
with good pressure. 

Currently, we prefer to divide the mesentery 
with scissors and electrosurgery using blunt and 
sharp techniques. Small and moderately sized 
blood vessels and bleeding tissue are coagu
lated by grasping them with bipolar forceps or a 
dissecting/grasping instrument equipped with 
monopolar electrosurgery. Small vessels can 
usually be coagulated by using the tip or the 
side of an endoscopic scissors equipped with 
monopol ar electrosurgery. Most larger blood 
vessels (larger than 3 mm in diameter) must be 
clipped with endoscopic clips (we prefer the 
Large EndoClip Applier, US Surgical Corpora
tion, Norwalk, Conn.). We use only endoscopic 
staplers (Endo GIA 30-V, US Surgical Corpora
tion) to staple and divide the named mesenteric 
blood vessels. 

If a moderately sized or large blood vessel is 
injured inadvertently and bleeding occurs, the 
bleeding vessel should be precisely grasped at 
the puncture site. This action usually stops the 
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bleeding so clips may be safely applied on both 
sides of the vessel. If the puncture site cannot 
be located precisely, the bleeding vessel is 
grasped on both sides of the bleeding area and 
the vessel is temporarily occluded. Further dis
section can then be carried out and the vessel 
can be clipped or stapled. Occasionally, a gentle 
twisting of the tissue about the long axis of the 
grasping instrument may result in hemostasis 
when other measures fail. After hemostasis is 
achieved, the operative site is aspirated and irri
gated. With good assistance and laparoscopic 
exposure, nearly all points of hemorrhage may 
be accurately identified and safely controlled. If 
the surgeon believes that the bleeding cannot be 
controlled with laparoscopic techniques, the 
surgeon should first grasp the surrounding tis
sue with endoscopic graspers to occlude the 
vessel temporarily before possibly converting 
the surgery to an open procedure. The gras pers 
will mark the region of concern and control the 
bleeding vessel until a final decision as to what 
type (open or closed) of surgical techniques 
should be applied. 

Separating the greater omen turn from the 
transverse colon should also be accomplished 
using tissue triangulation. Any adhesions of 
greater omenturn to the colon can be divided 
under tension using a scissors with electro
surgery, laser surgery, or the ultrasonic scalpel. 
In some patients with colitis, the greater 
omenturn may develop vascular attachments 
to the colon, and dissection may be difficult 
and require the coagulation advantages of 
electrosurgery. Because the greater omen turn 
itself is usually flaccid, coagulation with a 
laser or an ultrasonic scalpel is difficult. We 
prefer monopol ar or bipolar electrosurgery in 
these cases. 

The lateral and dorsal attachments of the 
colon and the mesentery to the retroperitoneum 
can be dissected with excellent hemostasis us
ing a laser and an ultrasonic scalpel as long as 
the surgeon stays in the correct avascular plane. 
Likewise, mobilization of the rectum posteriorly 
is feasible using nearly any of the described tis
sue dissection techniques. Larger vessels of the 
lateral rectal stalks need electrosurgical coagu
lation (bipolar electrosurgery for vessels more 
than 3 mm in diameter) or placement of clips. 



66 

We have not used ultrasonic shears to divide 
the lateral stalks, but they may be useful. To 
completely transect the dense fat and the ves
sels of the mesorectum, we often use an endo
scopic 30-mm vascular stapler to expedite the 
surgery. 

The general information we have presented 
should serve the surgeon weIl in nearly aIl as
pects of laparoscopic colorectal surgery. The 
meticulous attention to detail caIled for in con
ventional surgery is even more critical in lap
aroscopic surgery. In chapters 9, 10, and 11, we 
will illustrate in detail the particulars of each 
major colorectal procedure. 
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5 
Basic Laparoscopic Surgical Techniques 

The ability to suture in laparoscopic colorectal 
surgery is necessary less frequently than in con
ventional surgery, yet this ability is essential in 
certain critical situations, such as securing vas
cular pedicles, ensuring hemostasis, providing 
tissue support, maintaining tissue closure, and 
in creating certain surgical anastomoses. AI
though the principles of suturing and tying 
knots in endoscopic surgery are identical to 
those in conventional surgery, major modifica
tions in technique are necessary as a result of 
the following: 

• The lack of direct manual contact, for which 
palpation with current laparoscopic instru
ments cannot completely compensate. 

• The limited movement of current instruments 
that are inserted through a cannula anchored 
to the abdominal wall. The working field is a 
cone with a fixed point at the insertion point 
of the cannula. Because of the limited field of 
movement of laparoscopic instruments, proper 
placement of the cannula is critical. 

• The lack of normal binocular vision without 
true depth perception, wh ich makes conven
tional techniques difficult to apply. 

Suture Material 

Sutures are used primarily to maintain wound 
closure and to promote wound healing du ring 
the time when the wound is fresh and vulnera
ble to disruption. Wound healing has been di
vided into three phases described as: (1) the ini-

tiallag phase (0 to 5 days), in which the wound 
strength is minimal and entirely dependent on 
mechanical support; (2) the fibroplasia phase (5 
to 14 days), in which a rapid increase in wound 
strength occurs; and (3) the maturation phase, 
in which there is further connective tissue re
modeling (14 or more days to final healing). 
Overall, sutures are critical in the initial two 
phases of wound healing to support the wound. 
Wound healing is affected by several suture 
characteristics: the amount and type of material 
used, the suturing technique, and the amount of 
tension on the suture. We briefly review the 
most important aspects of suture materials used 
in laparoscopic surgery. 

There is no ideal suture available that com
bines easy handling, ability to form secure 
knots for all situations, easy sterilization, and 
low cost. Thus, the surgeon has to choose which 
suture is appropriate for each purpose, which 
means deciding between monofilamentous or 
multifilamentous (twisted or braided) and ab
sorbable (polyglycolic acid, polyglactin, poly
dioxanone, or polytrimethylene carbonate) or 
nonabsorbable sutures (silk, nylon, polypro
pylene, braided polyester, or polybutester). 

Besides the physical configuration and elastic
ity of the suture, the following four major factors 
should influence the choice of a specific suture: 

1. tensile strength, defined as the amount of 
weight required to break a suture divided by 
its cross-sectional area 

2. knot strength, defined as the amount of force 
necessary to cause a knot to slip, a property 
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direct1y related to the friction of a given ma
terial 

3. "memory," defined as the inherent capacity 
of a material to return to its former shape af
ter being manipulated 

4. tissue reactivity, defined as the inflammatory 
response evoked by the presence of a suture 
within a wound 

In general, superior tensile strength and knot se
curity reduce the risk of breakage and allow the 
use of finer sutures and fewer knots. These 
properties also minimize tissue reaction and ex
pedite laparoscopic procedures. 

The surgeon's preference usually determines 
which suture is used in conventional surgery. 
The choice may be somewhat restricted in lapa
roscopic surgery because access to the target tis
sue and techniques for suturing and tying the 
knot may be limited. For extracorporeal knots 
(slip or square knots), a suture material that 
slides easily (such as silk, catgut, or a monofila
ment suture ) is preferable. In suture material that 
slides easily, however, the first hitch may loosen 
before the second hitch can be secured. Thus, in 
some cases a material that does not slide as eas
ily but that provides a good knot strength will be 
preferable. Although sutures made of polygly
colic or polyglactic acid may be used as in con
ventional surgery, it may be difficult to slide the 
knot in place smoothly using these materials. 

We prefer to use a monofilament poly tri
methylene carbonate absorbable suture. It com
bines excellent tensile strength with good han
dling properties. It has a good first-throw holding 
capacity and a smooth knot tie-down, which facil
itates tissue approximation and reduces intraoper
ative knot repositioning, despite its relatively high 
memory. If a purse-string suture has to be placed 
intracorporeally, we use a monofilament polypro
pylene suture as in conventional surgery. We pre
fer to use coated, braided polyester nonabsorbable 
sutures in sutured rectopexy. They have high ten
sile strength and moderate tissue reactivity. 

Needles 

In laparoscopic colorectal surgery, only swagged 
and tapered needles should be used to minimize 
tissue trauma. Intra-abdominal suturing may be 

5. Basic Laparoscopic Surgical Techniques 

performed using three different types of surgi
cal needles: straight, ski-needle, and curved 
(Figure 5.1). 

Whereas straight and ski-needles are easy to 
place into the abdominal cavity, a conventional 
needle is often difficult to pass through a can
nula. However, the size of the cannula does not 
necessarily limit the size of the needle because 
almost any size can be dragged through a can
nula incision. If the required needle is too big to 
be passed through the cannula, the cannula can 
be removed from the abdominal wall, the suture 
grasped 2 cm away from the heel of the needle 
through the cannula, the needle advanced 
through the puncture site, and the cannula re
placed. 

In our opinion, a completely straight needle 
in laparoscopic colorectal surgery is rarely 
needed. However, a straight needle can be used 
to affix intra-abdominal structures to the ab
dominal wall by percutaneous puncture. If 
bleeding from a cannula incision occurs in lean 
patients, a straight needle may be passed 
through the abdominal wall to ligate the vessel 
with a suture. 

Although easy to use, the curved ne edle may 
swivel in the needle holder because the grip 
strength of the laparoscopic needle holder is not 
as firm as the needle holders used in conven
tional surgery. It is also more difficult to direct 
a curved needle properly for intracorporeal su
turing. 

The ski-needle combines the advantages of 
the straight and the curved needles (Figure 5.1). 
The curved tip facilitates passing the needle 
through tissue, and the straight shaft allows the 
needle to be grasped easily and turned in the 
right direction. In addition, some ski needles 
have a rectangular cross section that allows 
them to be locked more securely in position us
ing most needle holders. 

N eedle Holders 

Different kinds of nondisposable and disposable 
laparoscopic needle holders are commercially 
available with different grasping mechanisms 
(Figure 5.2). Some have fixed locking jaws, 
which makes instrument-tying difficult. Others 
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FIGURE 5.1. Needles used in laparoseopie surgery: A, straight, B, ski-needle, and C, curved. 
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5. Basic Laparoscopic Surgical Techniques 

FIGURE 5.2. Laparoscopic needle drivers: A, 
the Szabo-Berci matched pair of needle hold
ers and B, a "piston-action" needle holder. 



Knot Pushers 

have the handles in line with the shaft or han
dIes that can be opened from any rotational po
sition (similar to Castro-Viejo needle holders). 
The major problem we have encountered using 
laparoscopic needle holders is that the needle 
tends to swivel in the jaws when driving through 
tissue, especially if a curved needle is used. 
This problem has been partially overcome in 
some straight and ski-needles by giving them 
triangular or rectangular cross seetions. 

Because laparoscopic suturing may require 
intracorporeal knot tying, the surface of the 
needle holder's jaws must be designed not only 
to prevent swiveling the needle but also to hold 
the suture material without damaging it. There
fore, jaws with sharp teeth on the interior sur
face of the needle holder should not be used. 
The jaw design with a diamond pattern is cur
rently our favorite design. 

To eliminate swiveling curved needles, a 
"piston-action" instrument was developed (Cook 
Surgical, Bloomington, Ind.) in which a spring
loaded shaft is passed through a window in the 
circular shaft of the needle holder. This instru
ment holds the curved needle at only one angle 
relative to its shaft so different angled instru
ments are necessary to have some flexibility. 
However, because internal knot tying is impos
sible with this type of needle holder, the Cook 
needle holder is not our preferred instrument for 
laparoscopic suturing. 

Currently, the best needle holder design is 
a matched pair of instruments (Szabo-Berci nee
dle holders, Culver City, Calif.). The needle 
holder adeptly handles the needle with a slightly 
spooned curvature of the instrument tip. The 
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needle-grasping instrument (the assistant grasper) 
is designed primarily to handle tissue and su
tures, and to provide counter pressure. The as
sistant grasper has an aggressively curved and 
angled tip shaped like a flamingo's beak to reach 
almost any direction. 

Knot Pushers 

In laparoscopic surgery, knots can be tied intra
corporeally or extracorporeally. If an external 
knot is tied, a knot pusher replaces the sur
geon's fingertip in setting the knot on the tissue 
under visual control. Different types of knot 
pushers have been proposed to facilitate exter
nal knot tying.,,2 They all follow the same prin
ciples: one end of the suture is pushed down us
ing a partly hollow rod, and an open half or 
closed circle holds the other end under tension. 
If a slip knot (a Räder, a Duncan, or a Melzer 
knot) is applied, a hollow applicator that fits 
over the entire long end of the suture is used. 
The knot is pushed down using the hollow rod 
while pulling on the long end of the suture until 
resistance is feIt, indicating the proper tension 
on the knot (Figure 5.3). For square knots tied 
extracorporeally, a knot pusher with a slit circle 
or an entire circle can be used to push down the 
knot. Although the knot pusher with the slit cir
cle is easily applied, we prefer a knot pusher 
with an enclosed circle to prevent loss of the su
ture while tightening the knot. 

Gazayerli designed a knot-tying instrument to 
facilitate placing extracorporeal knots.3 It has a 
5-mm alligator-type grasping tip with an incor-

B 

FiGURE 5.3. Laparoseopie knot pushers: A, a hollow push rod and B, a slit-and-circle knot pusher. 
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porated 4-mm groove. Because this groove is 
positioned along the tip of the instrument, it al
lows the surgeon to guide the strands of the su
ture accurately as the knot is tightened. The 
closed instrument is placed horizontally be
tween the two strands and is used to push the 
knot through the cannula. Once the tip of the in
strument is inside the abdominal cavity, the 
jaws are opened and the suture strands are 
checked to eliminate twisting. The instrument 
can then be advanced to seeure the knot. 

Knots 

Knotting in laparoscopic surgery is based on the 
following four types of knots: 

1. square (surgical) knot 
2. jamming slip knot 
3. Aberdeen knot 
4. Röder knot 

Square Knot 

The square knot with one hiteh, or the surgical 
knot with two hitches, is probably the most ap
plied knot in surgery. It can be tied extracorpo
really and intracorporeally using severallaparo
scopic techniques. 

For extracorporeal knots, the suture must be at 
least 60 to 90 cm long to enable both ends of the 
suture to be exteriorized through the laparo
seopie cannula without tension on tissue.4 Trap
ping the suture in the trumpet or the flapper 
valve should be avoided because the suture may 
be damaged. While tying the knot extracorpore
ally, an assistant surgeon has to prevent gas leak
age from the cannula by placing a finger over 
the exit site of the suture during knot tying. 

An extracorporeal knot can be tied down eas
ily using most currently available suture ma
terials in the same fashion as in conventional 
surgery, but materials with a high coefficient of 
friction, like braided cotton, should be avoided. 
The square or surgical knot is formed with the 
two loose strands just above the cannula, then it 
is tightened using a knot pusher. After the knot 
pusher is removed, a second hitch in the oppo
site direction is made and is secured. A third or 
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fourth hitch can be applied at the discretion of 
the surgeon. 

Tying an intracorporeal square knot requires a 
two-handed technique using two needle hold
ers. We prefer to make the knots using the mi
crosurgical technique described as follows. 
Other techniques, as described by Pietrafitta,5 

mayaiso be used to tie intracorporeal square 
knots. 

The microsurgical technique requires a suture 
(not longer than 10 cm) that is passed through 
the tissue (from right to left in this example), 
with a short tail left on the trailing side (Figure 
5.4A). For a right-handed person, the right nee
dIe holder then regrasps the suture immediately 
adjacent to the needle, which may reduce the 
risk of inadvertent tissue damage. The assistant 
gras per then winds a loop of suture around the 
ne edle holder, grasps the short suture tail to the 
Ieft (Figure 5.4B), and completes the knot (Fig
ure 5.4C). Holding the jaws of the assistant 
grasper open before grasping the short tail may 
help prevent the loops from sliding off its tip. 
For the first knot, a simple square knot should 
be used for braided sutures and a surgeon's knot 
for monofilament sutures. To seeure the first 
knot, the assistant gras per picks up the suture 
close to the needIe, then helps to wind a loop 
around the needle holder in the opposite direc
tion of the former knot (Figure 5.4D). The nee
dIe holder grasps the suture tail and completes 
the second knot (Figure 5.4E). 

If the first knot becomes loose while begin
ning the second knot, the first locking square 
knot can be converted into a sliding knot (at 
least with monofilament suture material) (Fig
ure 5.5A) by pulling one strand until it is 
straight (Figure 5.5B). The knot on the other 
strand can then be pushed down to the proper 
position (Fig. 5.5C) and converted back with 
pressure on both strands to ensure stability of 
the knot (Figure 5.5D). 

Jamming Slip Knot 

A running suture may be initiated with an intracor
poreal or extracorporeal square knot or the jam
ming slip knot created outside the abdomen. The 
jamming slip (Dundee) knot (Figure 5.6A) is cre-
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FIGURE 5.4. Microsurgical knot. The needle is passed 
through the tissue from the right to the left, leaving a 
short tail on the right side. The right needle holder 
grasps the suture close to the needle. The assistant 
gras per winds a loop of suture around the needle 
holder (A), grasps the short suture tail (S), and com
pletes the knot (C). Next the left holder grasps the 
suture close to the needle, and the right holder winds 
the suture in the opposite direction of the former 
knot, then grasps the suture tail (D) and completes 
the second knot CE). 
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ated extracorporeally and was especially devel
oped to facilitate laparoscopic continuous suturing. 
We prefer to start a continuous suture with a 
Dundee knot. A suture with the jamming slip knot 
on one end is grasped along the long limb near the 
needle and introduced through a cannula. The nee-
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FrauRE 5.5. The square knot is converted to a sliding 
knot by pulling one strand of the suture in the oppo
site direction (A). The knot is slid (B) to its final po
sition (C) and the knot is converted back to a square 
knot by pulling both suture ends in opposite direc
tions (D). 

dIe is passed through the tissue until the loop im
pinges on the tissue. The needle is reversed and is 
passed through the loop (Figure 5.6B). The long 
suture is then grasped near the loop, and the tail is 
pulled in the opposite direction to slide the loop on 
the suture, jamming the knot (Figure 5.6C). 
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Aberdeen Knot 

A running suture can be finished with a square 
knot or an Aberdeen knot. We prefer the Ab
erdeen knot to finish continuous suturing be
cause the tension on the suture can be main-
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FIOURE 5.6. The jamming slip (Dundee) knot (A). A 
running suture is begun using a jamming slip knot. 
The suture is passed through the loop (B). The tail 
and the long end of the suture are pulled in opposite 
directions, jamming the knot (e). 

tained easily. After completing the running su
ture, the knot is begun by bringing a loop of the 
free suture undemeath the previous bite (Figure 
5.7A) and tightening it by pulling on the at
tached end of the loop (Figure 5.7B). While 
holding tension in the first loop, a second loop 
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FIGURE 5.7. The Aberdeen knot is started by pulling 
a loop of the suture back under the previous bite CA, 
B). A second loop is brought through the first loop 

of the suture body is then brought through the 
first loop (Figure 5.7C and 5.7D), then a third 
loop through the second, and so on. Good team 
effort is necessary to master the knot because 
the surgeon and the assistant must keep tension 
on the suture. After three to five interlocking 
loops, depending on the knot strength of the su
ture material, the free end of the suture is intro
duced through the last loop (Figure 5.7E) be-
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CC), and a third through the second CD). The suture 
end is pu lied through the last loop CE) and the loop 
is closed, securing the knot CF). 

fore traction is applied to close the loop and to 
seeure the knot (Figure 5.7F). 

Röder Knot 

At the end of the 19th century, Röder suppos
edly described a ligating technique that used a 
catgut ligature loop with a slip knot for tonsil
lectomy in children (Figure 5.8A). The German 
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FIGURE 5.8. A, The Räder; B, the Melzer; and C, the Duncan slip knots. 

gynecologist Semm introduced this technique 
with a push-rod application system for laparo
scopic surgery. This push-rod system is now 
commercially available.6 These pre-tied loops 
are easily applied using a pre-packaged applica
tor tube and a sheath that fits through a 5-mm 
trocar. The Räder slip knot can also be created 
extracorporeally and tightened securely onto 
tissue using a nondisposable, hollow push rod. 

The Räder loop should not be used with su
tures made of slippery material because it is a 
true slip knot. We prefer dry O/chromic or 
O/plain sutures for this knot, because as long as 
the material is dry, it will be stiff and the knot 
can be easily slid down, onto tissue. After appli
cation of the Räder loop, the catgut absorbs wa
ter, swells, and holds the knot tightly. 

Nathanson et aI.7 investigated the safety of 
vessel ligation using the one-way Räder slip 
knot. Räder knots tied with O/chromic catgut 
had a safety factor ratio of 55: 1 for arteries 
3 mm in diameter. The median tension of a 
O/chromic gut suture was 1,125 g wt immedi
ately after application. Vessels 5 mm in diam
eter did not leak when perfused to 300 mm Hg 
pressure. The median tension of dry no. 1 
plain gut increased after 48 hours of hydra-

tion, from 475 g wt to 3,175 g wt. The median 
tension of 2-0/polyglactin was only 300 g wt, 
and it increased only slightly after 48 hours of 
hydration to 325 g wt. From their results, the 
authors surmised that chromic gut suture ma
terials should be used for Räder slip knots and 
that polyglactin cannot be recommended. Re
cently, Melzer8 modified the Räder slip knot 
with a double hitch at the beginning and the 
end (Figure 5.8B) so the slip knot can safely 
be tied down with a monofilament suture, 
such as polydioxanone. 

Another alternative to the Räder loop is the 
Duncan loop (Figure 5.8C), which is less prone 
to slippage as a result of the inherent design of 
the knot. The slipping strength of both types of 
loops can be increased if a simple half hitch is 
added to the knot after the knot has been pushed 
down to the tissue and tightened. The half hitch 
provides additional safety and requires only a 
little more time. 

The pre-tied Räder loop can be used for the 
following: ligating structures that have already 
been divided; closing holes in structures in 
which the two opposing edges of the defect can 
be grasped and drawn together; and "lassoing" 
tissue before extirpation (for example, of an 
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ovary, a fallopian tube, an appendix, or a cystic 
duct) (Figure 5.9). However, when tightening a 
Röder loop, a length of the suture has to be 
pulled against the tissue while the slack of the 
loop is withdrawn. Thus, the suture could theo
retically saw through the tissue on the opposite 
side as the knot is tightened. Care must be taken 
to prevent abrasion, traction, or avulsion of tis
sue as the slip knot is secured. 

Why U se Suture Ligation ? 

Tissue ligation is sometimes not possible or 
economically advisable using modern stapling 
devices or clip applicators. If the tissue is pe
dunculated (like the appendix, the ovary, the 
greater omentum, or a bleeding vessel stump), 
ligation can easily be accomplished using a 
Röder or a Melzer loop. Assuming good access, 
suture ligature can be safely applied and se
cured using square knots. 
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Suturing 

The first step in mastering laparoscopic sutur
ing is the proper placement of the cannulas. Ide
ally, the two cannulas through which the instru
ments are inserted should be situated at an 
angle of 60° to 90° and lined up roughly paral
lel to the proposed suture line. This alignment 
allows for driving the needle through the tissue 
perpendicularly to the instrument and the suture 
line (Figure 5.10). 

The suture (not longer than 10 cm for inter
rupted suturing) is brought into the peritoneal 
cavity and is grasped with the assistant grasper 
I cm away from the heel of the needle. The 
needle is rotated and pivoted until it can be 
grasped with the ne edle holder. If the needle is 
not in the correct position, the needle holder is 
opened and the grip is slightly released without 
letting go of the needle. The needle can be 
pushed against tissue to bring it to the right di
rection, or the tip can lightly be hooked into the 
tissue and then manipulated. 

FrOURE 5.9. Application of a pre-tied Röder slip knot for ligation of bleeding tissue. 
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FIGURE 5.10. Ideal spatial relationship between the suture line and the cannula with needle holders and laparo
scope. 

Suturing is started when the needle tip is per
pendicular to the needle holder and the suture 
line. With gentle counter pressure from the as
sistant grasper, suturing can be accomplished in 
the usual fashion. The selection of the entrance 
point and the amount of tissue bite is subject to 
the same mies as in conventional surgery. Lapa
roscopic techniques permit both interrupted and 
mnning sutures. 

Interrupted Sutures 

Extraperitoneally knotted interrupted sutures 
are used in situations, such as sutured rec
topexy, when all sutures first must be placed 
precisely under direct view and then tied 
down. Suture ligatures for bleeding pedicles 
can also be tied extracorporeally, which may 
save considerable time. A curved needle with 

a 70- to 90-cm-long suture should be used for 
tying extraperitoneal knotted, intermpted su
tures. The ne edle is brought into the peri
toneal cavity through a cannula, is placed 
through the tissue, and is brought out through 
the same cannula. An extraperitoneal knot 
(Röder, Melzer, or square knot) is created and 
tightened using knot pushers. Interrupted su
turing with intracorporeal knotting is more 
appropriate if an intracorporeal sutured colo
rectal anastomosis has to be performed, en
terotomies have to be closed, or inadvertent 
intraperitoneal injuries have to be repaired. 
For an intraperitoneal interrupted suture, a 
ski-needle with a 7- to 10-cm-long suture 
should be used. The suture is brought into the 
peritoneal cavity and the suturing is per
formed according to the previously described 
principles. 
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Running Sutures 

A running suture can be used to dose a mesen
teric, intestinal, or peritoneal defect, or to ac
complish a colorectal anastomosis. A 20-cm su
ture with a ski-needle or a curved needle and a 
preformed jamming slip knot at one end is 
brought into the peritoneal cavity. After the first 
stitch is placed, the suture is locked using the 
jamming knot (see previous section, Jamming 
Slip Knot). The suture is then run with the use 
of constant traction by the assistant grasper and 
is finished with an Aberdeen knot (see previous 
section, Aberdeen Knot). 
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Ancillary Intraoperative Equipment 
and Techniques 

This chapter discusses several types of laparo
scopic instrumentation that we believe have the 
potential to significantly enhance the laparo
scopic procedures of the future. Because of the 
surgeon's inability to directly palpate organs and 
structures of the abdominal cavity, some ancil
lary equipment, such as laparoscopic ultrasonog
raphy, may prove to be valuable in the complete 
laparoscopic assessment of the abdominal cavity. 

Laparoscopic Morcellator 

Although current technology in laparoscopic 
colorectal surgery permits the intestine and its 
blood supply to be reliably ligated and divided, 
such closed surgery must be combined with a 
minilaparotomy for specimen removal. Thus, an 
obligatory 3- to lO-cm incision must be made in 
the abdominal wall to safely remove an intesti
nal segment containing bacterial-Iaden fluid and 
often a malignancy. If a major incision can be 
avoided, the benefits of laparoscopic colorectal 
techniques could become even more significant. 
To avoid the abdominal incision, some surgeons 
have reported successful trans anal delivery of 
the bowel specimen, either removed en bloc or 
cut into pieces if too large to pass as one speci
men. 1,2 Because the rectum has to be opened to 
the peritoneal cavity to remove a specimen 
transanally, we do not recommend this route for 
specimen delivery. It exposes the peritoneal 
cavity to bacterial and tumor contamination, 
and the rectal and anal sphincters to stretching 
or traction injury. 

In our opinion, the intestine should never be 
opened intentionally in the peritoneal cavity 
during laparoscopic surgery (except when mak
ing small enterotomies to perform an intestinal 
anastomosis). As soon as the specimen is freed 
from surrounding structures, it should be placed 
in an impermeable bag to prevent tumor seed
ing, wound infection, or spillage of intestinal 
fluid. In general, after placing all the resected 
specimen in a bag, we remove the bag through 
a widened trocar incision or a small separate 
laparotomy. To avoid small laparotomies for 
specimen removal, it will be necessary to de
velop a device that allows the specimen to be 
delivered in pieces through a normal-sized can
nula (15 mm or less) after the specimen is de
bulked inside the bowel bag. 

Presently, an instrument is available that al
lows intraperitoneal mechanical fragmentation 
of gallstones (LaparoLith, Baxter, Deerfield, 
Ill.) to facilitate gallbladder removaI.3 The sys
tem consists of a motor control unit, an auto
clavable motor handpiece and sheath, and a dis
posable drive shaft with a rotating propeller-like 
blade at its tip that can rotate at up to 80,000 
rpm. Morcellating an intestinal specimen, how
ever, is almost impossible because the vortex 
created by the rotating propeller-like blade 
rapidly generates a cocoon of connective tissue 
around the instrument. 

Another type of morcellator, currently used to 
fragment the kidney, the spleen, or the uterus, 
consists of a circular blade that is pushed into 
the tissue and a central channel through which 
the fragmented tissue is suctioned out (Cook Tis-

81 
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sue Morcellator, Cook Urological, Inc., Spencer, 
Ind.). The instrument must be actively used to 
morcellate the tissue in the bag. Although this 
morcellator successfully morcellates solid tissue, 
investigations in our laboratory have shown that 
current models must be improved for safe and 
rapid debulking of intestinal specimens. 

In addition to the lack of a good instrument 
for morcellation of the intestine and the mesen
tery, the effect of morcellation on routine histo
logic analysis is unknown. Currently, histologic 
examination of the specimen is mandatory to 
establish the final diagnosis and, in cancer 
cases, for conventional tumor staging according 
to the TNM classification of malignant dis
eases; histologic examination is particularly 
necessary to assess depth of tumor infiltration 
and the lymph node status. As long as no suit
able alternatives to conventional tumor staging 
are available, and the effects of morcellation on 
tumor histology remain unknown, tissue mor
cellation cannot be justified in patients with 
suspected colorectal malignancy. Nonetheless, 
it remains an important subject for future re
search in laparoscopic intestinal surgery. 

Laparoscopic Doppler Probe 

To aid in identifying vascular structures during 
laparoscopic procedures, an endoscopic Doppler 
probe with a frequency of 20 MHz and a 2-mm 
probe tip is available (Doppler System, Meadox 
Surgimed, Inc., Oakland, N.J.). The Doppler 
probe is 11.25 in. long and fits through a 5-mm 
cannula. The instrument is useful in obese pa
tients for locating the external iliac artery or the 
named mesenteric vessels. 4 For the most part, 
we do not believe this technology will be re
quired in routine laparoscopic colorectal proce
dures because vessels to be divided will readily 
be visible during the dissection. Possibly, it may 
be valuable in assessing the intestine for evi
dence of mesenteric vascular disease. 

Laparoscopic Ultrasonography 

Tactile exploration of the peritoneal cavity is 
impossible in laparoscopic colorectal surgery, 
thus pathology - particularly that concerning 
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colorectal cancer-can be missed. In conven
tional colorectal cancer surgery, most surgeons 
palpate the liver, the porta hepatis, and the para
aortic tissues before resection to clinically stage 
a colorectal tumor. In laparoscopic colorectal 
cancer surgery, the inability to perform palpa
tion is a concern because malignancy may exist 
in diverse locations in the abdominal cavity. 
Thus, palpation of the abdominal cavity must 
be replaced by other methods that have the po
tential to provide the same information. For this 
purpose, preoperative and intraoperative ultra
sonography, computed tomography (CT) scan
ning, and magnetic resonance imaging (MRI) of 
the abdomen are used. 

Because intraoperative ultrasonography has a 
high sensitivity and specificity in detecting he
patic lesions,5-9 is quickly accomplished, and is 
inexpensive, it is currently the method of choice 
to examine the li ver in conventional surgery. In
traoperative ultrasonography also can be used 
to assess lymphatic tissue in the mesentery or to 
evaluate local tumor infiltration, as in endolu
minal ultrasonography. Intraoperative ultra
sonography can be accomplished laparoscopi
cally using rigid or flexible tip technology with 
linear or sector scanning modalities. The ultra
sound probe usually produces good resolution 
using 5- to 7.5-MHz probes and allows good vi
sualization of all aspects of the liver. 

We have performed laparoscopic intra opera
tive ultrasonography of the liver in several pa
tients and have evaluated its feasibility; our 
technique is described as follows. In our opin
ion, this technique should always be carried out 
when performing curative laparoscopic surgery 
for colorectal cancer. 

Patient Position and Equipment 

The patient is placed supine in the modified 
lithotomy position using Dan Allen stirrups. Ex
amination of the liver begins with the patient in 
the flat neutral position, tilted to the left, after 
successful establishment of pneumoperitoneum 
and placement of all abdominal wall cannulas 
appropriate for the particular procedure planned. 
In some cases, areverse Trendelenburg position 
(head tilted upward 20°) may be useful. 

The surgeonlultrasonographer stands between 
the patient's legs; the assistants stand to the pa-
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tient's left side. The scrub nurse stands to the 
patient's right. One laparoscopic monitor and 
the ultrasonography screen are placed near the 
patient's right shoulder for simultaneous view
ing of the ultrasound image and the laparo
scopic image by the operating team. 

Cannula Location 

The ultrasonography probe is inserted through a 
lO-mm cannula at the umbilicus or at the left 
upper quadrant. Tbe laparoscopic camera is po
sitioned through another cannula at the umbili
cus or right lower quadrant. A 30° rigid laparo
scope or a laparoscope with a flexible tip 
should be used to optimize visualization with
out interfering with the ultrasonography probe. 

Intraoperative Ultrasonography 
ofthe Liver 

After the probe is calibrated, the examination is 
begun by placing the probe on the ventral sur
face, just to the left of the falciform ligament, 
and as laterodorsally as possible. The probe is 
accurately positioned under laparoscopic view. 
The examination proceeds by sliding the probe 
to the lateral edge of the left hepatic lobe. The 
probe is withdrawn approximately 4 cm and 
the scanning proceeds from the lateral edge of 
the left lobe back to the falciform ligament. The 
probe is again withdrawn 4 cm and the scan
ning again proceeds laterally. The maneuver of 
withdrawing the probe to the ventral surface 
and moving it medially and laterally is contin
ued until the liver to the left of the falciform 
ligament is completely scanned. 

To scan the right lobe, the probe is again 
placed as dorsally as possible on the ventral 
surface, just lateral to the falciform ligament, 
and then scanned to the lateral edge of the right 
lobe. The probe is withdrawn 3 to 4 cm and 
scanning continues toward the falciform liga
ment. After the ventral side of the liver is com
pletely scanned, the probe is placed on the dor
sal anterior side of the right lobe and lateral to 
the gallbladder, with the help of a grasper, and 
the scanning is continued from medial to lat
eral. The examination of the liver is then com
pIe ted by scanning the dorsal anterior side of 
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the left lobe, from the porta hepatis to the edge 
of the left lobe. We are currently evaluating the 
accuracy of laparoscopic ultrasonography com
pared with the preoperative contrast-enhanced 
CT scan in assessing the liver in colorectal can
cer patients. 

Radioimmunoguided Surgery 

Radioimmunoguided surgery (RIGS) has the 
potential to improve the detection of micro
scopic tumors during surgery and to allow for 
more accurate staging. The principle of RIGS is 
based on a radiolabeled monoclonal antibody 
targeting the tumor that is then localized intra
operatively with a gamma detecting probe. 

Because the 200,00- to 400,00-d molecular 
weight tumor-associated glycoprotein-72 (TAG-
72) is found on the surface of most colorectal 
adenocarcinomas but usually is not expressed to 
an appreciable degree on normal tissue (ex
cept in secretory-phase endometrium), colorec
tal adenocarcinomas can be identified with a 
radiolabeled anti-TAG-72 murine monoclonal 
antibody. For example, the first-generation 
monoclonal antibody B72.3 theoretically binds 
extensively with mucin-producing adenocarci
nomas and only slightly with nonmalignant 
adult tissue. 

The antibodies are administered with a sin
gle peripheral intravenous injection. The pa
tient is usually monitored weekly for 2 to 4 
weeks afterward until the background radio
active "pool" level is less than 20 counts per 2 
seconds, at which time surgery is scheduled. 
During surgery, the abdominal cavity is ex
plored with a hand-held gamma detector that 
locates the radiolabeled, cancer-specific mono
clonal antibodies. The gamma-detecting probe 
contains a radio sensitive cadmium-telluride 
crystal that relays radioactive counts through a 
preamplifier to emit an auditory signal and 
digital readout. The probe is judged to detect 
tumor when a tumor-to-normal tissue ratio of 
2: 1 or greater is noted. 

Radiolabeled antibody imaging has been 
demonstrated to be feasible in prospective small 
series using planar gamma-camera imaging10,1l 
or an intraoperative gamma detector. The intra-
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operative technique RIGS has provided addi
tional information, compared with conventional 
surgery alone, about the ex te nt of malignant 
disease of primary or recurrent colorectal can
cer and has changed the planned procedure in 
some selected patients. Despite these successes, 
the popularity of RIGS has been limited be
cause there are no data that show use of RIGS 
has actually lowered recurrence rates, improved 
survival, or positively affected outcome in any 
series to date. Thus, a second-generation mono
clonal antibody CC49 (an antibody of the IgG I 

subclass), that recognizes the glycoprotein 
TAG-72 with eight times more affinity than 
B72.3 has been developed and is being clini
cally tested. 12,13 

In arecent clinical study, 86% of primary tu
mors (n = 36) and 97% of the recurrent tumors 
(n = 30) were localized intraoperatively with 
the gamma-detecting probe after administration 
of CC49. 12 The intraoperative therapeutic plan 
was changed in about 50% of the patients with 
priIilary or recurrent cancer, showing the poten
tial influence RIGS can have. 

Surgeons who use RIGS must accept the im
plications of the false-negative rate of about 
12% and false-positive rates of 10% to 20% for 
diagnosis. These rates obviously do not allow 
for reliance on diagnosis by RIGS alone during 
cancer surgery. The RIGS false-negative rate is 
of only minor concern if RIGS is used with his
tologie examination (which has a lower false
negative rate than RIGS and is the standard cri
terion) to obtain a diagnosis. However, when 
RIGS is positive for tumor, but histology is 
negative, the RIGS false-positive rate is of ma
jor concern. In such a situation, the surgeon 
may increase the extent of the surgieal proce
dure or, even worse, if misguided by the RIGS 
results, mayabandon a resection that is actually 
potentially curative. Arnold et a1. 12,14 examined 
false-positive tissue diagnosed with RIGS and 
reported that micrometastases were present in 
40% to 55% öf these cases as detected either by 
serial sectioning or by immunohistochemical 
staining with the anticytokeratin antibodies. 
They concluded that "RIGS-positive" tissue is 
often malignant, that upstaging is justified even 
if pathologie tissue is absent, and that the fail
ure to find micrometastases by light microscopy 
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in RIGS-positive tissue is a function of the limit 
of tumor detection with light microscopy. This 
is a theoretical argument and few surgeons or 
pathologists believe RIGS-positive, histology
negative tissue is actually malignant. Further 
clinical trials are needed to determine whether 
the sensitivity of RIGS is higher and staging is 
more accurate than using conventional histo
logic examination. 

Because the extent of cancer cannot be as
sessed by palpation as in open surgery, RIGS 
might be a useful technique in laparoscopie on
cologie colorectal surgery, in performing cura
tive resections, in staging procedures, or in di
agnosing recurrent cancer in the future. The 
development of better antibodies may decrease 
the false-positive rate, and lead to the recom
mendation of RIGS for future routine laparo
scopic surgical procedures in colorectal cancer. 
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7 
Indications and Contraindications 

Introduction 

This chapter outlines the principal indications 
and contraindications for laparoscopic surgery 
to treat diseases of the small intestine, the 
colon, and the rectum. Indications and con
traindications may vary somewhat depending 
on the laparoscopic team's experience and the 
patient being treated. Nonetheless, this chapter 
should be a helpful guide to surgeons at alllev
els of experience in laparoscopic surgery. 

General indications for laparoscopic surgery 
do not differ from those of conventional surgery 
because the only major difference between 
laparoscopic and conventional surgery is the ac
cess to the operative site. A laparoscopic colo
rectal procedure is never indicated solely be
cause it can be done laparoscopically. Although 
the reader may have a different opinion as to 
whether to perform certain surgical procedures 
for the named indications we discuss, we pre
sent only our policy and acknowledge that some 
colorectal diseases can be treated by a variety 
of techniques with a favorable outcome. 

Pneumoperitoneum has the potential to cause 
dramatic changes in the function of the cardio
vascular and the pulmonary systems (see chap
ter 8, sections titled Pulmonary Function and 
Hemodynamic Function) so patients who show 
any signs of marginal cardiac reserve, major 
vascular disease, or severe pulmonary disease 
should not be considered for laparoscopic 
surgery. Patients with mild-to-moderate chronic 
obstructive pulmonary disease or cardiovascu
lar disease should undergo careful preoperative 

evaluation and intraoperative monitoring. Be
cause laparoscopic surgery may lead to less de
pression of postoperative pulmonary function 
compared with conventional colorectal surgery, 
it may be reasonable to consider laparoscopic 
techniques in certain patients with chronic ob
structive pulmonary disease, but careful intra
operative and postoperative monitoring are im
portant. Likewise, if the cardiac disease is 
stable, the surgical and the anesthesia teams 
must carefully weigh whether the potential risks 
of pneumoperitoneum and laparoscopy are war
ranted. Safran et al. l showed that high-risk car
diac patients may safely undergo laparoscopic 
cholecystectomy with no apparent increase in 
cardiovascular complications, but they advise 
careful intraoperative monitoring. 

The hazards of performing abdominal surgery 
in patients with portal hypertension (multiple 
enlarged mesenteric, retroperitoneal, and even 
abdominal wall vessels, hepatosplenomegaly) 
are absolute contraindications for laparoscopy, 
particularly if coagulopathy also exists. Coagu
lopathy by itself is a contraindication for any 
kind of surgery if it cannot be corrected preop
eratively. Especially in laparoscopic surgery, 
constant oozing from dissected tissues will sig
nificantly impair visualization and increase the 
risk of inadvertent damage to important intra
abdominal structures. Therefore, any degree of 
coagulopathy should be treated aggressively be
fore laparoscopic surgery. 

Multiple previous abdominal surgeries may 
be a contraindication if these procedures have 
been performed in the same area of the ab-
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domen as the contemplated procedure. Attempt
ing laparoscopy in these circumstances will al
most certainly result in abdominal wall access 
problems and extensive adhesiolysis before the 
surgical procedure itself is done. In addition, 
dissection in avascular planes, which is impor
tant in laparoscopic surgery, may not be possi
ble in reoperative surgery. 

Dilated large or small intestine should be con
sidered as a serious contraindication in lapa
roscopic surgery because the surgeon's view 
inside the abdominal cavity is obstructed. How
ever, laparoscopic enterolysis can be success
fully accomplished in patients with acute ob
struction and some distension.2 

Morbid obesity may be the most common 
contraindication to advanced laparoscopic 
surgery. We use the body mass index (BMI) to 
calculate the maximum patient size suitable for 
most laparoscopic colorectal surgery proce
dures. For example, our maximum BMI (calcu
lated as the weight/height2, in kg/m2) for per
forming an entire intraperitoneal laparoscopic 
procedure is 32, meaning that a man 1.83 m tall 
could weigh up to 107.2 kg. Because morbid 
obesity can pose major obstacles in laparo
scopic surgery, from cannula access to adequate 
exposure of the viscera, we believe that any pa
tient with a BMI greater than 32 should not be 
considered for laparoscopic surgery unless the 
procedure is a biopsy or is otherwise limited, 
such as ileostomy or colostomy, or a laparo
scopic-assisted intestinal resection. 

Pregnancy is almost always a contraindica
tion for laparoscopic colorectal surgery. Only 
emergency surgical intervention should be con
sidered, owing to the risks of anesthesia and 
surgery to the fetus. If laparoscopy is necessary, 
open techniques to establish pneumoperitoneum 
should be used. Also, cannulas must be placed 
higher than usual because of the enlarged 
uterus. Gasless pneumoperitoneum may be con
sidered. 

Thus, the general contraindications to lapa
roscopic intestinal surgery are as follows: 

• cardiovascular or pulmonary instability or 
failure 

• severe or unstable chronic obstructive pul
monary disease or cardiac disease 
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• coagulopathy not correctable preoperatively 
• extreme obesity (BMI > 32) 
• pregnancy 
• carcinomatosis 
• large mass (>8 cm) of uncertain cause that 

may be amenable to complete excision 
• any tumor extensively involving contiguous 

structures 
• diffuse peritoneal contamination with perfo

rated viscus or peritonitis 
• acute inflammatory bowel disease (fe ver, 

distension, or other signs of toxicity) 
• enteroenteric or enterocutaneous fistula 
• multiple previous abdominal surgeries, espe

cially in the region of interest 
• obstruction of the intestine with abdominal 

distension 

Common Indications 

Colorectal Tumors 

Colorectal tumors are the most common indica
tion for colorectal resections. Before any of 
these tumors can be treated with laparoscopic 
surgery, their location must be precisely identi
fied using one of three methods: (1) preopera
tive colonoscopic injection of dye into the in
testinal wall adjacent to the tumor; (2) direct 
laparoscopic visualization of large infiltrating 
tumors; or (3) intraoperative colonoscopy. If 
there is any doubt about the precise location of 
the tumor, intraoperative colonoscopy is man
datory before resection. 

We recommend marking the bowel wall adja
cent to the tumor within 48 hours of surgery by 
injecting either india ink or indocyanine green 
using a sclerotherapy needle inserted through a 
colonoscope. This method avoids the intestinal 
distention of the intestine that can occur with 
intraoperative colonoscopy. If an intraoperative 
colonoscopy must be performed, the colon 
proximal to the tumor should be temporarily oc
cluded to prevent distention of the proximal 
large and small intestine. 

Adenoma and Familial Polyposis 

Colonic or rectal polyps that cannot be safely re
moved by colonoscopic or transanal techniques 
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can be resected using a laparoscopic approach. We 
prefer to perform a formal segmental resection be
cause there is always some risk that a polyp may 
harbor a malignancy. If a large villous adenoma 
with a suspected cancer must be removed, an on
cologic resection should be considered. 

Some laparoscopic surgeons may consider per
forming li mi ted resections for polyps by first 
localizing the tumor-bearing segment laparo
scopically, mobilizing the intestine intraperi
toneally, and then completing the procedure 
through a small laparotomy, a technique referred 
to as laparoscopic-assisted surgery. Extensive in
traperitoneal mesenteric dissection or possibly in
traperitoneal anastomosis is avoided. We do not 
advocate this approach for reasons mentioned 
above. Some surgeons have reported successful 
laparoscopic localization of a polyp with ex
traperitoneal polypectomy through a colotomy.3 

Patients with familial polyposis may be candi
dates for laparoscopic total abdominal colectomy, 
in some instances with proctectomy. This disease 
is a good indication for laparoscopy because ad
hesion formation may be diminished in laparo
scopic surgery and a long abdominal wall inci
si on that may predispose a patient to the later 
development of an abdominal desmoid tumor is 
avoided. If the presence of a malignancy is a con
cern in patients with polyposis, the surgeon must 
perform an oncologic resection. A contraindica
tion to laparoscopic techniques in familial poly
posis is the presence of a large intra-abdominal 
desmoid tumor that may preclude a safe ap
proach to laparoscopic removal of the colon. 

Colorectal Malignancies: 
Palliative and Curative Therapy 

In general, laparoscopic techniques may be 
used for the palliative or the curative treatment 
of colorectal tumors if the primary tumor is 
weIl localized and does not infiltrate other or
gans. However, curative resection raises several 
concerns that we will discuss in more depth. 
Laparoscopic resection of colorectal cancer has 
three major contraindications: (1) infiltrating tu
mors, (2) large and bulky tumors, and (3) ob
structing tumors. Infiltration of adjacent struc
tures by a malignancy is an indication for an 
open procedure because currently an en bloc 
multivisceral resection cannot be managed lapa-
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roscopically. An exception is the rectal cancer 
that adheres to the uterus or the vagina; laparo
scopic resection (combined with perineal sur
gery) may still be feasible in such cases. Rectal 
cancers situated in the lower or the middle rec
turn that might require resection with low anas
tomosis should not be resected laparoscopically 
because these tumors cannot be excised with 
a good distal margin using the current lapa
roscopic instrumentation. If articulated endo
scopic staplers become available in the future, 
laparoscopic low anterior resections with low 
colorectal anastomosis may be feasible. We 
avoid laparoscopic resection of any tumor 
greater than 8 cm in diameter because control
ling a large mass in the peritoneal cavity using 
laparoscopic techniques is difficult. In any 
event, such alesion would require a long ab
dominal incision to completely remove it en 
bloc; therefore, conventionallaparotomy should 
be the first choice in removing large tumors. 
Malignant obstruction leading to significant 
bowel distention is an absolute contraindication 
to laparoscopic bowel surgery at present be
cause the mesentery cannot be adequately ex
posed to perform proximalligation of the lym
phovascular pedicles, and overall visualization 
is significantly impaired. 

In patients with multiple metastases to the 
liver or to other distant sites (which preclude a 
curative surgical excision), removing a short in
testinal segment that bears the primary tumor 
with clear margins is often readily accom
plished using laparoscopic techniques. Such 
limited intestinal resection for palliative reasons 
is the most feasible laparoscopic oncologic 
bowel resection and the laparoscopic colorectal 
surgeon should perform this type of resection 
before attempting curative resections. If, how
ever, a large tumor has infiltrated into adjacent 
organs or the body wall so the tumor cannot be 
safely resected en bloc, then an open procedure 
should be performed. In cases with a nonre
sectable tumor and only partial obstruction, 
simple stoma construction can also be per
formed laparoscopically. 

Curative Therapy 

Because conventional surgical techniques are 
safe and acceptable methods for excising most 
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primary colorectal cancers, laparoscopic cura
tive resections of malignant diseases of the 
colon and the rectum should only be performed 
according to the accepted principles established 
in conventional oncologic surgery. Although it 
is still questionable whether a high ligation of 
the inferior mesenteric artery4 or extended lym
phadenectomies5,6 reduce recurrences and in
crease survival, oncologic resection of a co
lorectal cancer is based on well-established 
principles,?-10 In accordance with these princi
pIes, we have defined a curative oncologic re
section as follows: 

• wide en bloc resection of the tumor-bearing 
bowel segment with adjacent soft tissue, 
mesentery, with 

• proximallymphovascular ligation and com
plete lymphadenectomy, and 

• occlusion of the bowel above and below the 
tumor to minimize the possibility of intralu
minal spread. 

In addition, the following is also mandatory: (l) 
to protect the peritoneal cavity from contamina
tion; (2) to assess the peritoneal cavity for 
metastatic disease; and (3) that conditions allow 
an anastomosis or astoma to be safely performed. 

These principles were developed over the 
past 50 years in conventional surgery and now 
yield surgical procedures with low morbidity 
and mortality, and are the basis of well-known 
long-term results. Because these techniques are 
the current standard of oncologic surgery in co
lorectal cancer, a new technique, such as lapa
roscopic surgery, must prove to have at least an 
equivalent morbidity and mortality rate without 
an increased recurrence or a decreased survival 
rate. Long-term results from well-designed 
studies will not be available for at least the next 
five years to answer the question whether la
paroscopic colorectal cancer surgery is onco
logically appropriate. Thus, surgeons should 
perform all resections in accordance with the 
previously mentioned oncologic principles or 
include their patients in a prospective study 
with informed consent. In addition, surgeons 
should be able to prove in each case that they 
have accomplished a curative resection accord
ing to these principles. 

7. Indications and Contraindications 

However, some difficulties arise in proving 
that a successful resection has been performed 
according to these principles. One approach to 
proving that an adequate resection has been per
formed is to examine the specimen after laparo
scopic resection - to evaluate the resection 
margins, measure the length of the resected 
specimen, and count the number of removed 
lymph nodes. Although a specimen with tumor
free margins is mandatory, this alone does not 
prove that an adequate oncologic resection has 
been accomplished. In rectal cancers, a tumor
free distal margin of 2 cm with wide, clear lat
eral margins should be achieved in laparoscopic 
surgery just as in conventional surgery.ll The 
anatomic length of the large intestine varies 
widely; thus removal of a long specimen also 
does not guarantee that an oncologic resection 
was performed.12 

Although it appears that the number of removed 
mesenteric lymph nodes does not differ between 
laparoscopic and conventional surgery,13-15 merely 
counting the number of lymph nodes in the spec
imen does not prove that an oncologic resection 
has been accomplished because the number 
varies widely among individuals. 16 Rather, know
ing how many lymph nodes were left along the 
main mesenteric vessels supplying the removed 
bowel segment is more important than knowing 
how many nodes were removed. The primary 
aim in counting the number of removed lymph 
nodes is to ensure an adequate number have 
been obtained for tumor staging. It has been 
recommended that at least 12 lymph nodes be 
histologically examined to reliably assess the 
nodal stage. 16 Nonetheless, the removal of 12 
lymph nodes does not imply that an oncologic 
resection has been successfully performed be
cause a substantial portion of the node-bearing 
mesentery may still remain. On the other hand, 
the excision of five lymph nodes might indicate 
that the mesentery was only partially removed 
but could also mean that an adequate oncologic 
resection of a lymph-node-poor mesentery has 
been accomplished or that the pathologist did 
not process the mesentery fastidiously. The 
pathologic evaluation of the mesentery - using 
routine or fat-clearance techniques-is as im
portant as the surgical technique in assessing 
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the lymph node status. Thus, measuring the 
length of resection margins, the specimen 
length, and the number of removed mesenteric 
lymph nodes does not prove that an adequate 
oncologic resection has been accomplished. 
Unfortunately, these are the best short-term 
methods we have to evaluate the adequacy of 
resection for cancer. 

Determining Curative Resection in 
Laparoscopic Surgery 

In our opinion, the criterion that verifies 
whether oncologic resection is adequate is the 
anatomic extent of the resection because an on
cologic resection is defined in anatomic terms. 
Therefore, we evaluated the anatomic extent of 
a laparoscopic oncologic resection in a fresh 
human cadaver model and tested the hypothesis 
that the anatomic ex te nt of laparoscopic onco
logic resection is equivalent to a conventional 
oncologic resection. 

We performed aseries of laparoscopic right 
colectomies, proctosigmoidectomies,17 abdomi
nal colectomies, and abdominoperineal resec
tions in fresh cadavers l8 in which we determined 
the length of each specimen and the number of 
removed lymph nodes, and performed an au
topsy. We then evaluated the anatomic extent of 
the laparoscopic resection in situ. The lengths of 
the remaining named mesenteric vessels were 
measured, the number of remaining lymph nodes 
counted, and the overall extent of mesenteric and 
pelvic resection assessed. We were able to show 
that the anatomic extent of a laparoscopic onco
logic resection does not differ from that obtained 
by conventional oncologic resection in this ca
daver model, if the resection is performed using 
the techniques we devised during this study (de
scribed in chapter 9). We concluded from this 
model that using a standardized approach, which 
we now duplicate successfully in patients, an on
cologic resection that does not differ from the 
conventional approach can be accomplished 
anatomically. 

Although we proved in these cadaver studies 
that an oncologic resection is anatomically fea
sible using laparoscopic techniques, laparo
scopic surgery must next be shown to confer 
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short-term advantages in curative colorectal 
cancer surgery. Therefore, we advocate prospec
tive randomized phase II studies to compare 
morbidity, mortality, rapidity of recovery, and 
quality of life between laparoscopic and con
ventional colorectal cancer surgery. Only if 
clinically relevant short-term advantages are 
found after laparoscopic colorectal cancer 
surgery should a multi-institutional phase III 
study be pursued. In this phase III study, the 
long-term oncologic endpoints, recurrence and 
survival, must be evaluated to show at least 
equivalency between laparoscopic and conven
tional surgery. Only after complete evaluation 
of all three phases can laparoscopic colorectal 
cancer surgery with curative intent be widely 
recommended. 

This cautious approach in assessing the value 
of laparoscopic techniques in curative colorec
tal cancer surgery is necessary for several rea
sons: (1) it is a new technique with unknown 
morbidity, mortality, and long-term results; (2) 
it is technically more challenging, more time
consuming, and more expensive than conven
tional surgery; and (3) early cannula-site re
currences have been reported. Therefore, we 
advocate an evaluation of short- and long-term 
results in prospective randomized studies com
paring laparoscopic and conventional surgery, 
and in-depth training in standardized laparo
scopic oncologic techniques for all surgical 
team members involved in such studies. 

Early local recurrences in cannula sites are of 
major concern and have been reported after lapa
roscopic surgery for gastric,19 gallbladder,20,2J 
pancreatic,22 ovarian,23 and colorectaPO malig
nancies. Although the precise pathogenesis of 
these early recurrences (several weeks to several 
months after laparoscopic surgery) is not known, 
we believe that tumor seeding might be pre
vented with a standardized oncologic approach 
that involves the following: (1) minimal manipu
lation of the tumor-bearing segment; (2) occlu
sion of the proximal and distal ends of the in
testinal segment; and (3) placement of the 
specimen as soon as possible in an endoscopic 
bag before delivery through the abdominal wall. 

At this time, we recommend that surgeons 
trained in curative laparoscopic colorectal can-
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cer surgery be able to prove with video docu
mentation in each case that an oncologic resec
tion has been performed, which should clearly 
satisfy the anatomic criteria of the oncologic re
section (Table 7.1). The documentation coupled 
with the pathologic examination of the speci
men (tumor margin and number of removed 
lymph nodes) should be sufficient to show that 
an oncologic resection has been accomplished 

using the same criteria as those used in conven
tional surgery. 

Inflammatory Diseases of the Intestine 

It should be anti ci pa ted that inflammation of the 
small intestine, the colon, and the rectum may 
lead to increased bleeding and friability of the 
tissues being manipulated. Nonetheless, laparo-

TABLE 7.1. Steps in oncologic colorectal resection that should be demonstrated on video review for vari
ous standard procedures in both conventional and laparoseopie surgery. 

Step 

Right colectomy 

Sigmoidectomy 

Anterior resection 

Abdominoperineal 
resection 

Abdominal colectomy 

Description* 

Identification of the origin of ileocolic vessel and right colic vessel, if present, with 
proximalligation 

Identification of middle colic vessel origin and proximalligation of right branch or major 
trunk, if appropriate 

Demonstration of resection of an adequate length of ileum and colon, above and below 
the tumor 

Occlusion of the intestinal lumen on both sides of tumor to prevent spilling of intestinal 
fluid and tumor seeding 

Placement of specimen in bag before delivery 
Identification of IMA origin with proximalligation 
Occlusion of intestinal lumen above and below tumor to prevent spillage of intestinal 

fluid and tumor seeding 
Rectal washout 
Wide soft tissue resection above and below tumor 
Placement of specimen in bag before delivery 
Identification of IMA origin with proximal Iigation 
Wide mesenteric dissection 
Adequate resection of mesorectum with clear, wide distal and lateral margins 
Occlusion of the intestinal lumen above and below tumor to prevent spilling of intestinal 

fluid and tumor seeding 
Rectal washout 
Placement of specimen in bag before delivery 
Identification of the origin of inferior resection mesenteric artery with proximalligation 
Adequate resection of mesorectum with clear and wide soft tissue margins 
Occlusion of the intestinal lumen proximally to prevent spilling of intestinal fluid 
Identification of the origin of ileocolic and right colic vessel, if present, with proximal 

ligation 
Identification of the origin of middle colic vessels and proximalligation 
Resection of an adequate length of terminal ileum 
Identification of the IMA origin with proximalligation 
Wide mesenteric dissection 
Adequate resection of the upper portion of the mesorectum with clear, wide distal and 

lateral margins 
Occlusion of the intestinal lumen above and below tumor to prevent spilling of intestinal 

fluid and tumor seeding 
Rectal washout 
Placement of specimen in bag before delivery 

*IMA = inferior mesenteric artery. 
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scopic surgery is possible in inflammatory 
bowel disease if the patient is in stable medical 
condition. In most cases, the adjacent vital 
structures and organs can be properly isolated, 
and the procedure can be safely performed. The 
surgeon must anticipate that unexpected ab
scesses, fistulae, or adhesions may require con
version to a laparoscopic-assisted or open 
surgery. In addition, a chronic inflammatory 
process may obliterate avascular planes and ex
tensive scar tissue may make dissection diffi
cult, increasing the risk of inadvertent injury to 
retroperitoneal structures, such as gonadal and 
iliac vessels or ureters. 

To date, there has been no reported experi
ence with laparoscopic intestinal surgery to 
manage acute toxic manifestations of inflamma
tory bowel disease (fever, abdominal disten
sion, or other signs of toxicity). These patients 
may have signs of cardiovascular instability, 
may be malnourished, and may be on high 
doses of steroids. Also, the intestinal tissues are 
likely to be fragile. We do not recommend lapa
roscopic intestinal surgery in acutely ill patients 
because the fragile tissue is prone to injury us
ing laparoscopic instruments. 

Diverticulitis 

The elective resection for chronic diverticular 
disease may be a good indication for laparo
scopic surgery, but clinical judgement at the 
time of diagnostic laparoscopy plays a large 
part in the decision. Because diverticular 
surgery most often involves mobilizing the en
tire sigmoid colon and some of the proximal 
rectum, pelvic surgery will likely be required. 
Thus, the ureters, gonadal vessels, and repro
ductive structures, especially those on the left 
side, must be isolated, identified, and protected. 
Only after these structures have been safely 
identified and normal segments of large intes
tine above and below the disease process are 
mobilized, can laparoscopic techniques be ap
plied to diverticular disease. 

Contraindications for elective laparoscopic 
surgery in diverticular disease would include a 
large intra-abdominal abscess, complex fis
tulization to other parts of the intestine, or com
plex adherence to the retroperitoneum or other 
vital abdominal or pelvic structures. Fistuliza-
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tion to the bladder or vagina may not be a con
traindication because the area of fistulization 
may either be left alone after bowel resection or 
repaired laparoscopically with simple inter
rupted sutures. The only instance in which 
laparoscopy might be considered for acute di
verticulitis might be left lower quadrant peri
tonitis when a diagnostic laparoscopy might be 
deemed worthwhile. 

Contraindications for laparoscopic techniques 
are diverticular phlegmon and perforation with 
peritonitis. A diverticular phlegmon adhering to 
multiple organs or to the retroperitoneum should 
prompt consideration of an open procedure be
cause vital structures (e.g., iliac vessels and 
ureters) may not be readily identified and are at 
risk of inadvertent damage. Perforation with ex
tensive peritonitis is a contraindication because 
the peritoneal cavity must be thoroughly exam
ined and cleansed of intestinal contents and 
blood. The particulate nature of fecal material 
will not allow thorough cleansing and irrigation 
with laparoscopic techniques; thus a laparotomy 
is indicated. 

Mucosal Ulcerative Colitis 

Laparoscopic techniques applied to the surgical 
management of mucosal ulcerative colitis im
plies the need for proctocolectomy or total ab
dominal colectomy; thus the patient must be in 
a stable medical condition to undergo an exten
sive procedure that currently may last 3 to 5 
hours, and the laparoscopic team must possess 
the skill to perform an extensive procedure lapa
roscopically. At present, a patient with signs of 
toxicity (temperature greater than 38.5°C, ab
dominal distension, active bleeding, or unstable 
vital signs) should not be considered for laparo
scopic colon resection because the colon may be 
dangerously dilated and the tissues may be es
pecially friable, thin, and prone to injury. There 
are no other specific contraindications to the use 
of laparoscopic techniques in ulcerative colitis, 
although if malignancy is a possibility, onco
logic principles must be applied. 

Laparoscopic proctocolectomy for ulcerative 
colitis may encompass complete mobilization 
of the entire colon and rectum down to the 
pelvic floor, including intraperitoneal dissection 
of the mesentery, extracorporeal creation of an 
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ileal pouch, and intraperitoneal stapled or su
tured coloanal anastomosis. Because this ex
tended procedure may last 4 to 5 hours, in 1992, 
Wexner et al. advocated a laparoscopic-assisted 
procedure with laparoscopic mobilization of the 
lateral attachments and flexures only, and a sub
sequent limited transverse (Pfannenstiel) inci
si on in the lower abdomen to complete the 
surgery.24 Since 1993, the same group has also 
shown that the laparoscopic-assisted approach 
offers no clinical advantages, takes more time, 
and is more expensive than conventional 
surgery25; thus Wexner et al. now recommend 
abandoning this approach. In our opinion, the 
laparoscopic approach to total abdominal colec
tomy, with intracorporeal mesenteric dissection 
and ligation, must still be evaluated further. 

Crohn's Disease 

Laparoscopic surgery for Crohn's disease is 
similar to that for diverticular disease. How
ever, extraordinary inflammation in the mesen
tery of Crohn's disease of the large and the 
small bowel may be encountered, and any in
ability to identify vital structures should lead to 
conversion to a conventional technique. Situa
tions in which an enteroenteric or an enterocu
taneous fistula, a large abscess, or an extensive 
inflammation of the mesentery or the retroperi
toneum exists call for strong consideration to 
convert to conventional surgery. A short steno
sis of the small intestine might be an indication 
for a laparoscopic-assisted stricturoplasty. The 
affected intestinal segment can be mobilized 
and a stricturoplasty can then be performed 
through a small abdominal wall incision. 

Laparoscopic-assisted resection in patients 
with Crohn's i1eocolitis or ileitis can readily be 
performed with initial mobilization of the termi
nal ileum and the right colon, and subsequent ex
ternalization through a small abdominal wall in
cision. The extracorporeal division and ligation 
of the inflamed mesentery with an intestinal 
anastomosis currently seems safer using conven
tional techniques, and laparoscopic-assisted sur
gery still reduces the size of the abdominal wall 
incision compared with conventional surgery. An 
entirely intracorporeal procedure may be feasible 
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in selected patients. Whether laparoscopy is more 
beneficial than open surgery for Crohn's ileocoli
tis is uncertain at present; thus we are perforrning 
a prospective randomized trial comparing short
term outcome between conventiona1 and laparo
scopic-assisted ileocolectomy in patients with 
Crohn's ileocolitis. 

Abdominal colectomy with or without proc
tectomy for Crohn's disease can also be 
achieved in selected patients. Again, this proce
dure may be extensive and should only be un
dertaken by an experienced laparoscopic team. 
If suitable planes surrounding the rectum can be 
obtained, it is reasonable to approach Crohn's 
proctitis using laparoscopic techniques. 

Severe anal sepsis requiring fecal diversion is 
a good indication in Crohn's disease for laparo
scopic surgery because an ileostomy or a colos
tomy can rapidly be constructed and the diver
sion, coupled with adequate drainage of any 
anal infection, permits the patient to recover 
without the need for a formallaparotomy. 

Functional Diseases 

Some functional disorders, such as rectal pro
lapse, constipation, incontinence, and volvulus, 
may be treated using laparoscopic techniques. 

The laparoscopic treatment of rectal prolapse 
is especially feasible because often no anasto
mosis is performed (unless the patient has in
tractable constipation and is a candidate for 
bowel resection) and the position of the rectum 
in the pelvis allows it to be readily mobilized 
laparoscopically in patients of nearly all shapes 
and sizes. However, multiple previous pelvic 
operations may be a contraindication to laparo
scopic rectopexy. Otherwise, as long as a trans
abdominal approach is feasible, there are no 
specific contraindications to laparoscopic treat
ment of rectal prolapse. 

The surgical management of rectal prolapse 
encompasses both transabdominal and transper
ineal procedures, with trans abdominal proce
dures generally being described as more effec
tive. 26 Our preference is the sutured rectopexy 
in conventional surgery because of its inherent 
simplicity and equivalent effectiveness com
pared with other methods of preventing recur-
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rent prolapse,27-29 Thus, we use sutured rec
topexy laparoscopically, offering the patient the 
same kind of repair of this functional condition 
without a major abdominal wall incision. We 
add a sigmoid resection only if the patient has a 
severe underlying bowel motility disorder cou
pled with intractable constipation as proven by 
intestinal transit studies. 

Although intractable constipation is a rare in
dication for laparoscopic sub total colectomy 
with ileorectal anastomosis, it is feasible because 
the colon will nearly always be uninflamed, not 
adherent to surrounding structures, and attached 
to with anormal mesentery. A contraindication 
for laparoscopy is a situation in which the pa
tient cannot be adequately prepared before 
surgery, that is, if the colon were filled with fecal 
matter or were grossly distended. 

Temporary or permanent diversion of the fecal 
stream in patients with incontinence, using a 
colostomy or ileostomy, is an excellent indication 
and is a simple laparoscopic intestinal procedure. 
Contraindications to laparoscopic fecal diversion 
include multiple previous laparotomies in pa
tients with known extensive adhesions and in pa
tients who are morbidly obese, a situation in 
which the question of the stoma reaching the skin 
without substantial tension is a serious concern. 

In elective surgery, sigmoid colonic volvulus 
(that has been reduced preoperatively) can be 
approached laparoscopically. Because these 
colon segments are often only loosely attached 
to surrounding structures, they lend themselves 
to resection with anastomosis; either intracorpo
real or extracorporeal resection is possible, and 
in extracorporeal resection, the intestine is 
brought through the abdominal wall through a 
limited incision. In patients with acute colonic 
volvulus, decompression should be performed 
preoperatively as in conventional surgery, and 
then the feasibility of elective laparoscopic 
surgery can be determined. We believe laparo
scopic surgery should not be performed in 
emergency situations because of the abdominal 
distension. Other contraindications to laparo
scopic treatment of volvulus include gross dis
tension of the colon secondary to obstruction, 
gangrene of the colon, or medical or cardiovas
cular instability. 
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8 
General Aspects 
of Laparoscopic Colorectal Surgery 

Preoperative Preparation 
of the Patient 

The preoperative examination and preparation 
procedures for patients undergoing laparoscopic 
colorectal surgery are identical to those for con
ventional surgery-only the access to the oper
ative site differs. 

Patients should have preoperative blood test
ing, endoscopic and radiographic examinations, 
bowel preparation, and they should receive 
perioperative antibiotics exacdy as if they were 
undergoing conventional surgery. We usually 
administer 4 L of oral polyethylene glycol (PEG) 
solution the day before surgery to cleanse the 
bowel. Some surgeons prefer to use laxatives 
and enemas because some PEG solution may 
still remain in the small intestine at surgery. 
This remaining solution may dilate the small in
testine somewhat, which can compromise expo
sure during the operation. 

In patients with colorectal cancer, the liver 
should be thoroughly examined, either using 
preoperative computed tomography with both 
intravenous and oral contrast dye or using intra
operative ultrasonography because liver palpa
tion cannot be performed during laparoscopic 
surgery. We also recommend that endoluminal 
ultrasonography be done in all patients with 
rectal cancer. The size, depth of wall penetra
tion, and precise relations hip of the tumor to 
other organs can be accurately determined in al
most 90% of patients. Additionally, larger 
pelvic or presacral vessels can sometimes be 

identified by preoperative endoluminal ultra
sonography and can sometimes be avoided dur
ing pelvic dissection. 

Operating Room Setup 

A clearly defined setup for alliaparoscopic colo
rectal procedures is recommended. Because la
paroscopic surgery requires complex equip
ment, it is advisable to organize the operating 
room to facilitate each step of the procedure, in
crease efficiency, and shorten anesthesia time. 
A laparoscopic surgical procedure should be 
initiated only if all equipment is functional and 
has been calibrated immediately before the 
scheduled operation. Successful troubleshoot
ing with rapid replacement of components if the 
equipment malfunctions must be possible dur
ing every laparoscopic procedure. 

The general setup of the operating room for 
laparoscopic colorectal surgery involves the fol
lowing three major steps: 

1. assembling the basic instrumentation 
2. preparing the patient in the operating room 
3. positioning the personnel and the laparo

scopic equipment 

Assembling the Basic Instrumentation 

The following basic instruments should be 
available on the sterile equipment table for the 
preliminary examination, which may be done 
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for diagnosis or to determine if the planned lap
aroseopie proeedure will be possible: 

• sealpel handle equipped with no. 15 blade 
• sealpel handle equipped with no. 10 or no. 

20 blade 
• fine, long eurved hemostats (e.g., tonsil 

clamps) 
• Kocher grasping hemostats 
• eleetrosurgieal unit 
• Veress needle (or equivalent) if blind entry 

into the peritoneal eavity is eonsidered 
• initial eannula for laparoseope 
• laparoseope with eamera and light eable and 

CO2 insufflation tube 
• all surgieal equipment neeessary to perform 

a rapid laparotomy if required 

If laparoseopie surgery appears to be feasible 
after the initial examination, the following lapa
roseopie instruments should be available on the 
equipment table to begin the proeedure: 

• endoseopie disseeting deviee (for eutting and 
eoagulation) 

• all neeessary eannulas and body wall anehor-
ing deviees 

• endoseopie seissors 
• endoseopie dissector 
• endoseopie graspers 

Preparing the Patient 

To initially position patients, we have found 
that a modified lithotomy position works weIl 
for most laparoseopie eoloreetal surgieal proee
dures. A moldable "bean bag" form is plaeed 
under the patient's head and torso to stabilize 
the body on the table. This form in turn should 
be held in plaee by shoulder braees. Such an ar
rangement helps to keep the body from sliding 
during the steep head-down and side-to-side po
sitions often ealled for in laparoseopie surgery. 

The patient must be positioned so that the 
pelvis is just above the break at the lower end 
of the operating table-this position gives the 
surgeon free aeeess to the perineum for intraop
erative endoscopy, pelvic manipulation, or 
trans anal anastomosis. The legs are placed in 
padded, adjustable stirrups (we prefer Dan 
Allen stirrups, Bedford Heights, Ohio) so the 
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surgeon ean stand between the legs when neees
sary (Figure 8.1). 

We initially wrap eaeh ealf with pneumatic 
eompression stockings and position the legs in a 
20° to 25° abdueted position with the thighs 
only minimally elevated above the abdomen be
eause higher thigh elevation may not allow the 
surgeon to freely move the instruments. The 
he el of eaeh leg must be elevated slightly above 
the knee to maximize venous outflow from the 
legs and to minimize the risk of intraoperative 
venous stasis. 1,2 

After induetion of anesthesia, a nasogastric 
tube should always be plaeed to empty the 
stomaeh of air and seeretions. To empty the 
bladder and deerease the risk of inadvertent in
jury during the first phase of laparoseopy, a Fo
ley urinary catheter should be placed. 

In all proeedures involving the left colon or 
the rectum, reetal irrigation is earried out just 
before skin preparation and draping. If laparo
seopie surgery is to be performed to resect a 
rectal tumor, endoseopy should be earried out 
preoperatively, and the bowel wall should be 
marked 2 em below the distal tumor margin us
ing india ink and a sclerotherapy ne edle passed 
endoseopically. If a tumor of the colon has to be 
reseeted, either preoperative or intraoperative 
eolonoseopy or preoperative barium enema may 
be neeessary to confirm the tumor loeation. 

Positioning the Personnel 
and the Laparoscopic Equiprnent 

The positions of the personnel are determined 
by the loeation of the pathologie lesion. The 
surgeon generally stands on the side opposite 
the site of the pathologie lesion, but between 
the legs when mobilizing either eolonie flexure. 
When possible, standing to the patient's right 
side is usually preferred when performing 
pelvie surgery because sigmoid mobilization 
will be easier. The first assistant should stand 
opposite the surgeon or on the side opposite the 
pathologie lesion when the surgeon stands be
tween the legs. The seeond assistant (eamera 
person) should stand next to the surgeon when 
the surgeon works in the pelvis or next to the 
first assistant so the operating team view the 
monitors from the same vantage point, whieh 
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FIGURE 8.1. Optimal position of the patient on the op
erating table for laparoseopie surgery. The shoulders 
are well-padded and braces are in place. The legs are 

will facilitate guidance of the laparoscope (Fig
ure 8.2). The nurse should stand so both the in
strumentation table and the operative field are 
easily accessible. This position not only facili
tates instrument passage, but it also enables the 
nurse to help the surgeon by performing such 
tasks as stabilizing the cannula while the sur
geon exchanges instruments. 

Depending on the area available in the oper
ating room and the size of the equipment and 
the instruments, the laparoscopic team should 
design a single setup that can easily be adapted 
for the most common procedures; having one 
setup will allow the equipment to be more 
quickly arranged. In addition, a backup set of 
equipment components must be available to 
avoid delay or termination of the procedure if a 
component fails. Because such failure is unpre
dictable, a plan should be developed that all 
team members understand so components can 
be rapidly replaced. To increase efficiency, all 
members of the surgical team should learn the 
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in padded stirrups and are positioned only slightly 
above the body. The buttocks are positioned at the 
bottom edge of the table. 

specified setup for each operation and should be 
trained according to this setup. In this chapter, 
we discuss the placement of equipment in gen
eral; our preferred setup for each procedure is 
discussed in chapter 9. 

The number of carts for the laparoscopic 
equipment should be kept to a minimum. In gen
eral, laparoscopic colorectal surgery calls for 
two mobile carts: they should either have wheels 
or be mounted on tracks from the ceiling. On 
one cart, a video monitor, a light source, a video 
system, and an insufflator are placed on the pa
tient's side that is opposite to the first assistant 
so the insufflator display can be seen during the 
entire procedure-high intra-abdominal pres
sure, low gas flow, or an empty gas tank can thus 
be detected quickly. The second cart is posi
tioned on the patient's side opposite to the sur
geon, and the irrigation suction unit, a video 
monitor, and the electrosurgical unit are placed 
on it. The instrument table should be placed to
ward the lower end of the patient so the nurse 
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Second assistant 

Surgeon 

FIGURE 8.2. The laparoseopie team and working cannulas are oriented in one direction so the entire team may 
comfortably view the monitors from the same vantage point. 

can easily work from it and assist the surgeon 
during an phases of the procedure. 

Anesthesia: Pulmonary and 
Hemodynamic Concerns 

Pulmonary Function 

It is wen established that pulmonary function 
diminishes under general anesthesia owing to 
loss of inspiratory muscle tone, changes in in
trathoracic blood volume, and the use of the 
supine position, which causes cephalad dis-

placement of the diaphragm. These factors lead 
to a decline in functional residual capacity 
(FRC) that is accompanied by a decrease in 
P02. Increased shunting of blood through the 
pulmonary circulation results in atelectasis, 
which further decreases P02. In addition, pneu
moperitoneum together with the Trendelenburg 
position, which is frequently used in laparo
scopic colorectal surgery, may compromise the 
FRC even more. 3 Although the Trendelenburg 
position reduces vital capacity by about 10% to 
15% compared with the sitting position,4 it does 
not lead to major alterations in gas exchange in 
healthy young adults.5 
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The FRC drops even more precipitously in 
patients with restrictive or obstructive pulmon
ary disease so elevating the inspiratory 0z and 
positive end-expiratory pressure is necessary to 
compensate for impaired pulmonary function 
during anesthesia. In patients with significant 
concurrent pulmonary disease, any decrease in 
FRC may be life threatening, and thus laparo
scopic surgery probably should be avoided 
whenever possible in these patients. 

Currently, pneumoperitoneum is performed 
with COz, which is rapidly absorbed into the 
bloodstream and only partially excreted, thus 
increasing PCOz. Hypercarbia should be avoided 
because it leads to acidosis, cardiac arrhyth
mias, direct vasodilation, activation of the sym
pathetic nervous system, and can impair hepatic 
function.6,7 However, hypercarbia does not ap
pear to be the major cause of the negative 
hemodynamic effects observed during colorec
tallaparoscopy.3,8 

Hypercarbia can be avoided if PCOz is mea
sured continuously during laparoscopic surgery 
and the ventilation rate is adjusted accord
ingly.9,lO Continuous intraoperative monitoring 
of end-tidal PC02 is necessary because the 
amount of increase in PC02 from CO2 pneu
moperitoneum is unpredictable. Because the 
difference between the arterial and end-tidal 
PC02 is small (0.44 kPa) in patients without se
vere pulmonary disease,l1 the end-tidal CO2 

partial pressure is a good and reliable indicator 
of PC02.IZ However, in patients with pul
monary disease, the end-tidal PC02 may differ 
considerably from the PC02 because of ventila
tion-perfusion mismatching, and we do not rec
ommend relying only on end-tidal PC02 in 
these patients. 

In addition, CO2 may continue to be absorbed 
for a short period after pneumoperitoneum is re
leased at the end of the procedure3-if hyper
carbia does occur, postanesthetic mild hyper
ventilation usually returns the PC02 level to 
normal in several hours without further treat
ment. Patients with concurrent pulmonary dis
ease should be monitored closely in the postop
erative period to ensure that spontaneous 
ventilation is sufficient to avoid hypercarbia. 

Adequate ventilation during laparoscopic colo
rectal surgery may sometimes be difficult to 
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maintain in patients with concurrent obstructive 
or restrictive pulmonary disease 13 because the 
peak airway pressure rises with elevated in
traperitoneal pressure.l4 Thus, patients with 
concurrent pulmonary disease who are ap
proved for laparoscopic surgery may not be 
candidates for pneumoperitoneum with CO2. 

Helium may be an alternative because it does 
not lead to hypercarbia. 15 If a short laparoscopic 
procedure is to be performed and concurrent 
pulmonary disease does not exist, epidural 
rather than general anesthesia may suffice. Cio
folo et al. 16 have shown that the PaC02 remains 
constant during minor laparoscopic surgery 
when epidural anesthesia is used, whereas end
tidal PC02 decreases, increasing the difference 
between arterial and alveolar CO2• 

Hypoxemia is uncommon during laparoscopy,1O 
possibly because the difference between the 
alveolar and the arterial P02 decreases as a re
sult of an increase in cardiac output that is re
lated to vasodilation and hypercarbia.3 If hy
poxemia is seen during laparoscopic surgery, it 
may be caused by intrapulmonary shunting, hy
poventilation, pneumothorax, mediastinal em
physema, or hemodynamic problems. If hypo x
emia cannot be corrected rapidly, the patient 
should immediately be taken out of the Trende
lenburg position and pneumoperitoneum should 
be released to improve respiratory function. 
Endotracheal tube placement should then be 
checked and the cause of the hypoxemia treated. 
If the patient is stable, the laparoscopic proce
dure can be continued but conversion to con
ventional surgery may be advisable. 

Hernodynarnic Function 

The hemodynamic effects of the increased in
traperitoneal pressure (IPP) of pneumoperi
toneum have been evaluated extensively in ani
mal models 14,17.19 and in humans.8,lO,20,21 An 
IPP of more than 12 mm Hg in both humans 
and animals significantly decreases cardiac out
put and blood flow through the inferior vena 
cava, the portal vein, and the mesenteric vein, 
and increases the pressure in the vena cava and 
the portal vein. These effects are directly related 
to the IPP levePO,18 and can be modified by 
changing the position of the patient. Most of the 
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negative effects described as follows are more 
pronounced in a head-up position. Conse
quently, the Trendelenburg (head-down) posi
tion substantially lessens some of the negative 
effects of pneumoperitoneum on intra-abdomi
nal hemodynamics. 14 In part because left ven
tricular cardiac function and venous return de
crease with pneumoperitoneum, cardiac output 
also decreases. 17 If the IPP is 10 mm Hg or less, 
a reduction in cardiac output has not been seen 
in humans.21 

AIthough heart rate generally increases only 
slightly during pneumoperitoneum,20 the sys
temic vascular resistance may increase up to 
50% and thus increase me an arterial pressure 
and decrease cardiac output.17.20.22 Kotzampassi 
et al. 8 reported that increased IPP, not hypercar
bia, causes these hemodynamic effects because 
they found no difference in hemodynamic ef
fects between patients insufflated with CO2 and 
those insufflated with He. This finding was cor
roborated by Huang et al.,23 who reported that 
the increase in peripheral vascular resistance 
was caused by vasoconstriction in the splanch
nic area and was not related to hypercarbia. 

Leighton et aI,24 compared the cardiopul
monary effects of CO2 versus He pneumoperi
toneum in a porcine model. The IPP was main
tained at 15 mm Hg; then arterial P02, PC02, 
pH, and systemic and pulmonary artery pres
sures were measured every 15 minutes for 90 
minutes. Mean PC02 significantly increased 
(from 41.3 ± 3.0 mm Hg to 58.3 ± 4.0 mm Hg), 
mean pH significantly decreased (from 7.46 ± 
0.02 to 7.31 ± 0.02), and mean pulmonary 
artery pressure increased significantly to twice 
baseline levels (14 ± 1 mm Hg to 28 ± 2 mm 
Hg) during CO2 insufflation, but no hypercar
bia, acidemia, or pulmonary hypertension was 
seen during He insufflation under identical con
ditions. 24 These resuIts also suggest that He 
merits further consideration as an alternative to 
CO2 for establishing pneumoperitoneum, partic
ularly in patients with underlying respiratory 
diseases. 

Luz et al. l9 studied the effects of CO2 pneu
moperitoneum during pelvic lymphadenectomy 
in a canine model. In contrast to other studies, 
they found that up to an IPP of 15 mm Hg, car
diac output did not decrease and mean arterial 
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pressure did not increase. Only when positive 
end-expiratory pressure was added to improve 
oxygenation and decrease atelectasis, was car
diac output impaired significantly. 

The increase in peripheral vascular resistance 
and reduction of cardiac output can be deleteri
ous in patients with congestive heart disease, 
and arrhythmia with cardiovascular collapse is 
possible. Thus, careful preoperative selection of 
patients with cardiac or pulmonary risk factors 
is mandatory.13 Safran et aI,22 analyzed hemo
dynamic changes in high-risk cardiac patients 
undergoing laparoscopy with CO2 pneumoperi
toneum and concIuded that laparoscopy can 
safely be performed if the patient is carefully 
monitored. 

Because all hemodynamic changes are more 
pronounced if the IPP is greater than 12 mm 
Hg,13,l8.25 after placing the cannulas, we set our 
upper limit for IPP at 12 mm Hg and positioned 
the patient in the Trendelenburg position with a 
20° head-down tilt. Kubota et al. 21 reported 
that neither cardiac nor respiratory function was 
depressed with an IPP of 10 mm Hg. Minimiz
ing the angle of the head-up position (reverse 
Trendelenburg); decreasing the intra-abdominal 
CO2 pressure; maintaining good muscIe relax
ation; increasing the inspired 02 concentration, 
if necessary to maintain good oxygen satura
tion; and controlling ventilation with positive 
end-expiratory pressure ventilation can all max
imize safety and minimize pulmonary and car
diovascular risks during laparoscopic surgery.26 

Other cardiovascular changes that may be seen 
with pneumoperitoneum are tachycardia, brady
cardia, and arrhythmia. These changes may re
sult from absorption of CO2, as weIl as from 
changes relating to increased intra-abdominal 
pressure from the Trendelenburg position and 
from diaphragmatic immobilization.27 Brady
arrhythmias consisting of A-V dissociation, 
nodal rhythm, and sinus bradycardia caused by 
reflex vagal nerve stimulation have also been at
tributed to local CO2 irritation or stretching of 
the intraperitoneal and pelvic structures.28 Slow 
induction of pneumoperitoneum (insufflation at 
2 L/min or less) and premedication with atropine 
may prevent bradycardia. 

Thus, in all patients undergoing laparoseopie 
colorectal surgery we recommend routine con-
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tinuous intra operative monitoring of the elec
trocardiogram, end-tidal capnography, peak
airway pressure, inspired oxygen fraction, pulse 
oximetry, urinary output, and esophageal or 
bladder temperature. Arterial cannulation should 
be performed in patients with cardiac or pul
monary diseases. Careful monitoring will allow 
for rapid compensation of any intraoperative 
disturbance. 

As in conventional colorectal surgery, it is 
important that the anesthesiologist and the sur
geon work closely together during laparoscopic 
surgery. If the patient becomes unstable, the 
procedure must be stopped, pneumoperitoneum 
immediately released, and all necessary treat
ment begun. Discontinuation of all surgery or, if 
the patient can be stabilized, conversion to open 
surgery should be considered at this juncture. 

We do not recommend using N20 as an in
halational anesthetic in laparoscopic colorectal 
surgery. Nitrous oxide is 30 times more soluble 
in blood than N, and it will dissipate into the 
closed air-containing spaces of the body, such 
as the intestinal lumen.29 Consequently, bowel 
distension may occur and compromise the lapa
roscopic procedure. 

Establishing Pneumoperitoneum 

Pneumoperitoneum is most commonly estab
lished using a Veress needle. Various initial skin 
incisions can be used that will permit a Veress 
needle to be inserted into the peritoneal cavity. 
We prefer a vertical infraumbilical incision be
cause it overlies the location where the skin, the 
fascia, and the parietal peritoneum of the intra
abdominal wall converge and fuse. Care must 
be taken not to traverse the deep fascia with the 
initial skin incision. 

After the skin is incised, the subcutaneous 
fatty tissue is bluntly dissected until the linea 
alba is visible. If a nondisposable Veress needle 
is used, the needle is examined to ensure that it 
is sharp and that the tip of the inner sheath is in
tact. The linea alba is grasped at two locations 
approximately 15 mm apart using two hook re
tractors or Kocher clamps30 and is pulled anteri
orly. Next, a U-shaped size 2-0 or 0 fasciaI su
ture is placed around the cannula insertion site 
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for closure at the end of the procedure. The Ver
ess needle is then inserted at a 90° angle to the 
abdominal wall; the needle should be held be
tween the thumb and the index finger not more 
than 3 cm from the tip to ensure it passes safely 
and steadily through the fascia. Steadying the 
heel of the needle-wielding hand on the abdom
inal wall will minimize the risk of uncontrolled 
insertion through the fascia. If the abdominal 
wall is elevated, needle insertion should con
tinue perpendicular to the abdominal wall 
through the fascia for approximately 1 cm; then 
the needle must be directed toward the pelvis. 
As the needle's spring-loaded safety mechanism 
crosses the posterior rectus sheath and the peri
toneum, a click is heard and is usually feIt. 
Once inside the peritoneal cavity, the needle tip 
should feel free and move easily when the hub 
is moved laterally. The safety band found on 
many Veress needles should also indicate that 
the blunt tip has protruded into the peritoneal 
cavity beyond the sharp point of the needle. 

Once the ne edle is in place, its intraperitoneal 
location is verified as follows. A 10-mL syringe 
filled with normal saline is attached to the nee
dIe. Three milliliters is injected and then aspir
ated; the aspirate is examined for return of 
blood, urine, or bowel contents. No resistance 
should be feit during injection. Next, the "hang
ing drop" test is performed, which confirms that 
the needle has entered a cavity. The test is done 
by relaxing all retraction on the abdominal wall, 
placing a drop of saline on the open hub of the 
Veress needle, then lifting up on the Kocher 
clamps placed on the abdominal fascia. When 
the clamps are lifted, the saline will quickly drop 
into the peritoneal cavity if it has been entered. 
Unfortunately, the test merely indicates whether 
a cavity has been entered; it does not distinguish 
between the peritoneal cavity and the preperi
toneal space or a hollow viscera (Figure 8.3). 
Carefully observing the intra-abdominal pressure 
during early gas insufflation can indicate 
whether the needle is correctly located in the 
peritoneal cavity. Pressure monitoring through 
the needle should indicate apressure of less than 
5 mm Hg at the beginning of CO2 insufflation. If 
the pressure is greater than 5 mm Hg, the needle 
is probabIy either in the abdominal wall, the 
preperitoneal space, adjacent to or within an in-
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FrGURE 8.3. A Veress needle inadvertently placed into the preperitoneal space. 

tra-abdominal viscus, or buried in the omenturn. 
Elevating the abdominal wall and repositioning 
the needle (usually by simple axial rotation) will 
almost always result in proper pressure readings. 
If the pressure remains elevated or increases 
rapidly over 10 seconds, the needle is in a small 
cavity, and it should be removed immediately 
and inserted again. 

During the initiation of pneumoperitoneum, 
the IPP should increase slowly (a flow rate of 2 
Llmin or less) and should not exceed 20 mm 
Hg; this high pressure should be used only dur
ing trocar and cannula insertion. This slow in
sufflation minimizes the risk of arrhythmias or 
serious sequelae of agas embolism if the needle 
has been inadvertently positioned in avein. The 
high solubility of CO2 in blood reduces the 
risks of gas embolism should it occur. If agas 
embolism is suspected, pneumoperitoneum must 
be released immediately. The patient should then 
be placed in the left lateral decubitus position 
and resuscitation attempts should be made as 
described in the following seetion, Complica
tions of Pneumoperitoneum. The IPP should be 
observed frequently during the initial insuffla-

tion. Usually, 3 to 4 L of gas are required to 
ac hieve an initial pressure of 20 mm Hg. A tym
panitic, or "trampoline," effect that can be 
appreciated by palpating all four quadrants of 
the abdomen usually indicates adequate pneu
moperitoneum. 

If the umbilical area is unsuitable for needle 
insertion, an alternate site lateral to the rectus 
muscle should be selected. Such sites include a 
left- or right-sided McBurney's point or, in 
women, a trans vaginal approach with the needle 
inserted into the pouch of Douglas. Wolfe3! has 
reported a safe transuterine insertion in 100 
women with minimal bleeding (no hemostatic 
intervention needed). The surgeon should always 
readily move to an open technique for cannula 
insertion (a technique that involves inserting a 
blunt-tipped cannula through an incision) should 
any difficulties arise using the Veress needle. 

Complications of Pneumoperitoneum 

Subcutaneous and subfascial emphysema caused 
by insufflating CO2 into the preperitoneal space 
or by CO2 leaking from the parietal peritoneum 
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around the puncture sites into the subcutaneous 
or subfascial spaces usually resolves within a 
few hours of the procedure. If pneumoperi
toneum is established using an open cannula in
sertion technique, the fascial incision should not 
be wide, and a purse-string fascial suture should 
be tied tightly around the cannula after inser
tion-this may help prevent subcutaneous em
physema. Subfascial labial or serotal emphy
sema mayaiso occur after lower-quadrant 
cannula insertions. 

Subcutaneous emphysema32 calls for immedi
ate attention to the patient's respiratory status to 
determine if pneumothorax or mediastinal em
physema has occurred, because these complica
tions can be life threatening.33.34 If pneumotho
rax or mediastinal emphysema is suspected, the 
abdominal cavity should immediately be desuf
flated and the following therapeutic options con
sidered: 

• If the patient appears unstable after desuf
flation, both thoraeie cavities should be aus
cultated. If pneumothorax is even a remote 
possibility, unilateral or bilateral needle thor
acostomy must be performed in the second 
intercostal space in the midclavicular line. 

• If the patient is stable with no obvious respi
ratory compromise, an on-table ehest x-ray 
should be performed with simultaneous full 
evaluation of the endotracheal tube position 
to ensure that the tube has not become posi
tioned too far in or out of the trachea. 

• If ventilatory compromise exists, arterial blood 
gases should be monitored to detect possible 
hypercarbia. 

If vital signs suddenly deteriorate, gas em
bolism should be the initial consideration. AI
though rare, it may rapidly lead to lethal compli
cations if untreated.35-37 Gas emboli sm decreases 
cardiac output because of an "air-lock" effect in 
the right side of the heart that effectively ob
structs the pulmonary outflow tract. If the gas 
embolism is of sufficient volume, the acute ob
struction of the pulmonary artery leads to rapid 
right ventricular failure. It most commonly oc
curs when the pressure in an open abdominal 
vein is less than the intra-abdominal pressure. If 
gas emboli sm occurs, a characteristic murmur 
that sounds like the humming of a mill wheel can 
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be readily heard with precordial auscultation. An
other early sign of gas emboli sm is a decrease in 
end-tidal PC02, resulting from a ventilation-per
fusion mismatch caused by the embolism. 

Pneumoperitoneum should be released in
stantly if gas embolism is suspected. The pa
tient is then immediately placed in the left lat
eral decubitus position with a head-down tilt. 
External cardiac massage may give circulatory 
support and breaks up the gas embolus obstruct
ing the right ventricular outflow. Aspirating the 
gas bubble through a central venous catheter 
may help and this maneuver should be resorted 
to whenever gas emboli sm is a consideration. 
Because intravascular CO2 is highly soluble, it 
will probably rapidly dissolve and the patient's 
recovery will be uneventful if proper support is 
glVen. 

Whether pneumoperitoneum has any direct 
negative effects on intestinal function is ques
tionable. Kotzampassi et al. showed a decrease 
in blood flow with mucosa ischemia during 
CO2 pneumoperitoneum8: the tissue pH of the 
jejunal mucosa decreased from 7.4 to 6.8 after 
60 minutes of IPP at 14 mm Hg. 

Renal blood flow has been shown to decrease 
in some patients and animals during pneu
moperitoneum, even when IPP is lower than 10 
mm Hg.21 Thus, intraoperative urinary output 
should be monitored carefully in patients 
known to have impaired renal blood flow. 

The incidence of inadvertent injury to major 
retroperitoneal or intra-abdominal vessels is 
low, but the morbidity is high when injury does 
occur. Most injuries occur during blind inser
tion of the Veress needle or first trocar, but they 
mayaiso occur during trocar insertion under di
rect vision. A laparotomy is required to explore 
and repair any major vessellaceration inside the 
peritoneal cavity or in the retroperitoneum. If 
such avessei injury is even suspected, we rec
ommend conversion to laparotomy. Retroperi
tone al bleeding resulting from injury to the 
aorta, the vena cava, or an iliac vessel sec
ondary to Veress needle or trocar insertion is 
rare but may not be immediately visible. If the 
peritoneal te ar and the injury to a retroperi
tone al vascular structure are not precisely at the 
same point, bleeding may extend through the 
retroperitoneal space before it is recognized. 
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Rarely is the intestine inadvertently perfo
rated with the Veress needle or the trocar. A 
Veress needle injury to the small-intestine wall 
likely will go unnoticed and will heal sponta
neously. Stornach perforation can occur while 
pneumoperitoneum is established because of 
overdistension of the stornach secondary to 
anesthesia induction. To minimize this risk, 
placing a nasogastric tube is recommended for 
all colorectal laparoscopic procedures. After 
initial blind insertion of the Veress needle and 
the first trocar or cannula, we always visualize 
the area immediately below the insertion site to 
inspect for sign of visceral injury. 

If the abdominal cavity is flushed repeatedly 
with CO2 to remove smoke produced from the 
electrosurgical or laser instruments, or if minor 
leakage causes permanent persufflation, serious 
hypothermia may occur. The temperature of 
CO2 is 21.1 °C when delivered directly from the 
gas cylinder into the peritoneal cavity without 
insufflator warming. Consequently, CO2 gas in
sufflation generally decreases the body core 
temperature 0.3°C for every 40 to 50 L of gas 
delivered into the abdominal cavity.38 Continu
ous gas insufflation can cause hypothermia be
cause temperature homeostasis is impaired dur
ing general anesthesia and because peripheral 
vasoconstriction occurs in response to cold ex
pos ure. Ott38 has demonstrated that hypother
mia can be prevented by increasing the temper
ature of the delivered gas to at least 30°e. 
Therefore, we recommend warming the insuf
flating gas or recirculating the gas to avoid hy
pothermia. 

Trocar and Cannula Insertion 

Selecting Insertion Sites 

For most advanced procedures, at least five 
cannulas will be inserted: one for the laparo
scope, two for the operating surgeon, and two 
for the first assistant surgeon, so each surgeon 
can operate with both hands. In most instances, 
the operating surgeon will place the cannulas 
opposite to the site of the pathologie lesion, 
which allows the greatest room to work and to 
visualize the pathologie lesion site. Because any 
abdominal wall cannula will restriet the mobil-
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ity of the laparoseopie instruments, the cannula 
locations should also be chosen to allow the 
greatest mobility possible, given several addi
tional considerations. A minimum of 8 cm (ap
proximately the width of a small-sized fist) 
should separate the cannulas to prevent the in
strument shafts from crossing each other. In ad
dition, cannulas should also be placed 6 to 8 cm 
beyond the laparoscope site because closer 
placement impedes a clear overview of the lapa
roscope. 

Generally, the abdominal cavity is entered 
through a small trans verse or curvilinear in
fraumbilical skin incision. This location is a 
good central point for the laparoscopic camera, 
is usually a relatively thin area of the abdominal 
wall, and is devoid of vessels that could be in
jured by the blind trocar and cannula insertion 
technique that most surgeons use to establish 
pneumoperitoneum. After the infraumbilical tro
car and cannula are placed, the remaining trocars 
and cannulas are placed while viewing them di
rectly through the laparoscope to form a semicir
cle that opens toward the surgical site. Thus, the 
first assistant's cannulas will either lie opposite 
the site of pathology or at about 90° to the sur
geon's cannulas. In this way, the operative site is 
accessible from all trocars, and both the surgeon 
and the assistant may work in a line of direct vi
sion (Figure 8.2), with eyes and hands posi
tioned in the same direction in which they are 
seen on the video screen. Instruments passed 
through the cannulas will enter the field of view 
somewhat tangentially rather than in a coaxial 
orientation, which seems to minimize obstruc
tion of the operative field caused by the instru
ment shafts. If it is required, a suprapubic can
nula is placed last because its tip may become 
caught on the preperitoneal fatty tissue surround
ing the urachus. If this occurs, an instrument 
such as a gras per passed through one of the can
nulas may allow traction to be applied against 
the body wall at the suprapubic site and permit 
smoother intraperitoneal entry of this cannula. 

Inserting Trocars and Cannulas 

After pneumoperitoneum is established with the 
Veress needle, the umbilical incision is usually 
used for the blind insertion of the first trocar-



Trocar and Cannula Insertion 

equipped cannula. We generally insufflate the 
abdominal cavity to 20 mm Hg for the first few 
minutes of the procedure to somewhat increase 
the rigidity of the abdominal wall while the 
trocars/cannulas traverse it. We believe this in
creased intra-abdominal pressure makes the 
body wall easier to pierce and increases the dis
tance between the body wall and the intra
abdominal structures. We have not yet seen a 
negative influence on cardiopulmonary function 
if the intra-abdominal pressure of 20 mm Hg is 
used only during the several minutes needed to 
insert the first cannula. 

The size of the skin incision for each cannula 
must be planned carefully. If the incision is too 
smalI, friction will develop between the skin 
and the cannula sleeve; consequently, greater 
force will be required for insertion, which will 
increase the risk of uncontrolled insertion. On 
the other hand, if the incision is too large, insuf
flated gas may leak out around the incision dur
ing the procedure or the cannula may dislocate 
more easily. 

The cannula sleeve is held between the index 
and the middle fingers with the hub of the tro
car against the thenar eminence (Figure 8.4). 
The index finger can also be placed along the 
cannula sheath to stop the trocar if a sudden 
thrust forces it through the abdominal wall. We 
believe it is also good practice for the surgeon 
to grasp the cannula shaft several centimeters 
from the tip with the other hand; this will pre
vent sudden deep plunging of the cannula and 
the trocar. After shallow penetration of the peri
toneum at a 60° to 90° angle to the abdominal 
wall, the trocar and the cannula are tilted until 
they are at an angle of about 30° to 45° to the 
abdominal wall and the tip is directed toward 
the pelvis. After the peritoneum is entered, the 
resistance of the fascia sharply decreases, and 
gene rally a sudden pop is both heard and feIt. 
Disposable trocars usually have safety mecha
nisms so the sharp tip of the trocar retracts to a 
protected position after the peritoneal cavity has 
been entered. A prewarmed laparoscope is then 
introduced through the first cannula into the ab
domen, and the area just below the entry site 
is inspected to detect possible visceral injury 
from the blind entry of the Veress needle or the 
trocar. 
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FIGURE 8.4. The trocar and the cannula system is op
timal inserted by holding it between the index and 
the middle fingers. The shaft of the instrument 
should also be supported by the opposite hand as the 
body wall is traversed. 

Before the remaining trocars and cannulas are 
inserted, the abdominal wall should be transillu
minated to identify major vessels at potential 
entry sites so these vessels can be avoided. In 
addition, the remaining trocars and cannulas 
should be inserted under direct visual control to 
avoid puncturing intraperitoneal or retroperi
toneal structures. In our opinion, ventral hernia 
is uncommon when trocars of only 5 mm in di
ameter are used. In the more than 200 laparo
scopic colorectal procedures we have per
formed, no ventral hernias have occurred when 
we used trocars 5 mm in diameter. If a larger 
cannula is used, we recommend closing the fas
cia because we have seen hernias in trocar inci
sions of 10 mm in diameter or greater. 

Alternative Techniques 

The first alternative to the initial blind trocar in
sertion is the conventional open technique, 
wh ich involves inserting a blunt-tipped cannula 
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into the abdominal cavity through a small ab
dominal wall incision.39 This approach may be 
preferable for obese patients or those with an 
increased risk to have abdominal adhesions. 
Ballern and Rudomanski40 have reported 150 
laparoseopies without any complications using 
the conventional technique. However, no pub
lished study has found a higher complication 
rate for blind puncture of the abdomen com
pared with the open technique. 

Tews et a1.41 advocate using a blunt trocar af
ter making a small incision of the fascia. They 
reported no complications using the blunt trocar 
in 1,900 laparoseopies. The advantage of using 
a blunt trocar is evident-inadvertent penetra
tion with the tip is less likely. The dis advantage 
is that more pressure may be needed to pass the 
blunt trocar into the peritoneal cavity. Although 
Tews et a1.41 state "that nearly the same amount 
of pressure that is used in the introduction of 
the usual sharp triangular trocar is also ap
plied," this is questionable because they did not 
measure the pressure necessary to insert the 
blunt trocar. 

A second alternative is direct initial sharp trocar 
and cannula insertion without prior pneumo
peritoneum, a technique that has been reported 
in severallarge series.42-47 After obtaining good 
muscle relaxation under general anesthesia, 
standing at the patient's left side the surgeon 
first grasps the lower abdomen with the left 
hand below a point midway between the um
bilicus and the symphysis. The surgeon then 
lifts the abdominal wall at this point to raise and 
thus slightly stretch the umbilicus so entry can 
be directed toward the true pelvis, away from 
the large vessels, and at right angles to the skin. 
Grasping the abdomen also provides counter
traction for trocar and cannula entry because the 
lower abdomen is tented at a 45° angle away 
from the umbilicus. The trocar and the cannula 
are then inserted with controlled steady pres
sure or aseries of gentle thrusts. A laparoscope 
can then be inserted to verify intraperitoneal 
placement and insufflation can be started di
rectly through the cannula.45 

In aseries of 4,500 laparoseopies using initial 
direct sharp trocar insertion without prior pneu
moperitoneum, four bowel injuries were re
corded that required subsequent laparotomy.42 
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In only one of the four cases were adhesions 
documented between the intestine and the ab
dominal wall. In this series, 1,133 patients had 
previous abdominal surgery but no adhesions at 
the umbilicus were noted. Therefore, Kaali and 
Barad42 concluded that the umbilicus is the 
location of choice to place the first cannula 
without prior pneumoperitoneum. In a large 
prospective study that compared direct trocar 
and cannula insertion to initial pneumoperi
toneum with blind insertion using a Veress nee
dIe, the rate of complications did not increase 
with the direct insertion technique. 43,48 This 
method avoids preperitoneal insufflation with 
its resulting problems and reduces the number 
of blind insertions from two to one. 

Most results of the studies discussed here 
concern direct trocar insertion in gynecologic 
surgery and are not applicable to laparoseopie 
colorectal surgery because most of the proce
dures have been performed in younger, healthy 
women with a low incidence of obesity or previ
ous abdominal surgery. Obese patients appear to 
pose a much greater challenge to safely elevat
ing the abdominal wall by simply grasping the 
skin and inserting a pointed trocar without pneu
moperitoneum. This conclusion is supported by 
Byron, who examined 937 patients and found 
that obesity was the only risk factor associated 
with complications in patients undergoing direct 
trocar insertion.43 The safety of this technique 
has probably been enhanced by the use of vari
ous disposable trocars equipped with a safety 
shield or the capability to automatically retract 
the trocar tip once the peritoneum is entered. 

We do not use direct initial trocar insertion in 
laparoscopic colorectal surgery and we believe 
it is contraindicated in patients with previous 
surgery or obesity. If intraperitoneal adhesions 
are suspected, open laparoscopy should be per
formed at a location where adhesions are un
likely. In obese patients, we use the Veress nee
dIe to establish pneumoperitoneum first and 
then insert the first trocar and cannula blindly. 

Complications of Trocar Insertion 

Bleeding caused by injury to an epigastric ves
seI in the abdominal wall is a concern with each 
trocar and cannula insertion. We recommend 
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observing the deep epigastric vessels directly 
through the laparoscope if possible and transil
luminating the abdominal wall with the laparo
scope to localize superficial vessels. Injury to 
the inferior epigastric vessels can be detected la
paroscopically if blood is seen dripping around 
the cannula after insertion. If bleeding does oc
cur, using the cannula sleeve or a screw-in type 
of a body wall an chor to compress the vessel 
against the abdominal wall may stop minor 
bleeding. If the bleeding is serious enough to 
require immediate attention, a size 14F or 16F 
Foley catheter should be passed through the 
cannula, its balloon inflated, the cannula re
moved, and then the catheter balloon pulled 
firmly against the posterior abdominal wall to 
apply pressure on the epigastric vessel (Figure 
8.5).49 A large hemostat applied to the catheter 
at skin level will maintain the pressure during 
the procedure. If bleeding epigastric vessels are 
visible under trans illumination, they can be 
temporarily ligated with transabdominal sutures 
on both sides of the vessel using a straight nee-

FIGURE 8.5. Rapid bleeding from epigastric vessels 
caused by trocar insertion is halted by compressing 
the balloon of a Foley urinary catheter against the in
tra-abdominal wall. A large clamp secures the 
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dIe. If bleeding continues, the incision should 
be widened and definitive hemostasis should be 
achieved by directly visualizing and ligating the 
epigastric vessels. This incision can be tem
porarily c10sed and later used to deli ver the 
specimen. If bleeding is not halted, postopera
tive evacuation of a rectus sheath hematoma 
may be necessary. Major vascular injuries to in
tra-abdominal vessels are largely attributable to 
inexperience of the surgeon, dull trocars, insuf
ficient elevation of the abdominal wall, inade
quate pneumoperitoneum, or failure to note im
portant anatomic landmarks. 

Trocar injury to the small or large bowel is 
usually identified once the laparoscope has 
been inserted.50 Superficial trauma, serosal 
tears, or compiete perforation of the bowel may 
occur. When a complete perforation occurs, the 
trocar should be Ieft in place so the injury site 
can be easily recognized. Through subsequently 
placed cannulas, depending on the extent of in
jury, laparoscopic or a limited conventional re
pair may be feasible. If the injury cannot be 

catheter to the skin. The catheter is initially inserted 
through the cannula to traverse the abdominal wall, 
then the cannula is slid back out of the wall. 
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easily repaired laparoscopically, an immediate 
laparotomy is recommended. 

Injury to the urinary tract can usually be at
tributed to poor technique, failure to decom
press the bladder with a Foley urinary catheter, 
or abdominal wall adhesions. Therefore, we 
strongly recommend placing a Foley catheter 
for all laparoscopic colorectal procedures. 
McLucas and March51 reported an urachus si
nus perforation, and Yong et aJ.52 reported in
jury to a vesicourachal diverticulum with a 
suprapubic cannula placed in the midline. Be
cause urachal anomalies rarely become symp
tomatic preoperatively and the bladder is 
drained before laparoscopy, the diagnosis of 
perforation has usually been made postopera
tively when the patient has advanced symp
toms.52 

Completing the Procedure and 
Cannula Site Closure 

At the conclusion of every laparoscopic proce
dure, a final examination of the abdomen 
should be carried out to ensure that hemostasis 
has been achieved. Cannulas should be re
moved one by one under direct laparoscopic 
control while the puncture sites are inspected 
for hemostasis. As each cannula is removed, an 
assistant should plug the puncture site with a 
finger to maintain the low-pressure pneu
moperitoneum. After all cannulas are removed 
except the one housing the laparoscope, the lapa
roscope is withdrawn 4 to 5 cm into the cannula 
and then this cannula is slowly withdrawn from 
the body wall as the surgeon inspects the edges 
of the abdominal wall for hemostasis. 

Because we have seen some symptomatic 
hernias through IO-mm incisions, all cannula 
incisions should be closed using conventional 
techniques or with a trans abdominal suture 
while the cannula is still in place. A needle is 
available for this purpose (EndoClose, US Sur
gical Corporation, Norwalk, Conn.) It resem
bles the Veress needle except its inner blunt
tipped cannula looks similar to a crochet needle 
and can be extended beyond the sharp needle 
tip to grasp the fascial stitch (Figure 8.6A). The 
EndoClose needle is equipped with the fascial 
suture and then is initially passed through the 
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fascia and peritoneum about 5 to 7 mm from a 
cannula (Figure 8.6B). The loop of the suture is 
released under visual control, grasped by a 
gras per placed at another site, and the needle is 
removed. The ne edle is then re-inserted through 
the abdominal wall on the other side of the can
nula and is used to grasp the loop of the suture 
(Figure 8.6C). The suture is pu lIed back up 
through the abdominal wall with the needle. 
The cannula is removed; hemostasis is checked; 
and the suture is tied to close the peritoneum, 
muscle layer, and fascia en mass. When using 
this technique of cannula site closure, at least 
three cannula should remain in the abdominal 
cavity until all cannula sites have had sutures 
placed-one site is needed for the laparoscope 
and one for a grasping device while the third 
site is being closed. The cannula at the umbili
cus is removed last and the previously placed 
suture is tied. Lastly, the skin is closed with ad
hesive strips (such as Steri-Strips) or absorbable 
subcuticular sutures. 

Kiiholma and Mäkinen53 reported an unusual 
case of Richter's hernia on the fifth day after lap
aroscopy. The patient feIt a sudden pain around 
the umbilicus and noted a bluish, tender 
swelling below the umbilicus. A hematoma was 
initially suspected. Because of increasing pain 
with vomiting, the patient underwent an ex
ploratory examination under general anesthesia 
and, unexpectedly, a plum-sized, purpie mass 
was found. An incarcerated segment of jejunum 
was released and normal intestinal color reap
peared in a few minutes. The patient was dis
charged after an uneventful recovery. In pa
tients with any previous open fascial incision, 
the sudden on set of pain and tender expansion 
at a trocar incision may herald the possibility of 
incarcerated visceral structures. Close observa
tion and operative exploration under general 
anesthesia must be strongly considered. 

Initiation of Laparoscopic 
Colorectal Procedures 

The first step of every laparoscopic procedure is 
diagnostic, that is, one that answers two ques
tions: (1) "What are the findings?" and (2) "Can 
this procedure be performed laparoscopically?" 
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I' '1 

Side view 

A 

FIGURE 8.6. A, Inset. Close-up of the tip of an Endo
Close needle. (Courtesy of US Surgical Corporation, 
Norwalk, Conn.) B, Closing a cannula site with an 
EndoClose needle. The needle is passed through the 
abdominal wall into the peritoneal cavity alongside 
the cannula, loaded with the fascial suture. A gras per 
from another port site removes the suture from the 
needle tip. C, The EndoClose needle is inserted on 
the other side of the cannula, through the abdominal 
wall, and then the suture is loaded onto the Endo
Close using a gras per. 
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After the infraumbilical cannula has been 
placed, the peritoneal cavity is thoroughly in
spected visually. According to the indications 
for the procedure and the surgeon's judgment, 
one or two additional cannulas are placed so 
that diagnostic laparoscopy with some intraperi
toneal manipulation can be fully performed. 
The additional cannulas usually are placed op
posite the main area of pathologic lesion. 

We suggest using the following systematic ap
proach to initially inspect the peritoneal cavity: 

• Initially visualizing the abdominal viscera or 
omentum directly posterior to the infraum
bilical or blind cannula insertion site to de
tect inadvertent injuries caused by blind in
sertion of the Veress needle or trocar and 
cannula. 

• Directly inspecting all four quadrants of the 
abdomen and the pelvis. 

• Manipulating the viscera according to the 
surgeon's judgment to assess the feasibility 
of the planned laparoscopic procedure and to 
perform diagnostic laparoscopy. Likewise, a 
decision is made as to whether manipulating 
("running") the sm all bowel with two grasp
ing instruments is necessary to exclude dis
ease of the small bowel. 

• Performing laparoscopic ultrasonography of 
the liver, the porta hepatis, the primary tumor 
site, or elsewhere if indicated to stage malig
nant disease. 

Running the small intestine is performed with 
the patient tilted left side down so the small in
testine falls toward the left upper quadrant. The 
terminal ileum is identified and the first assis
tant (on the patient' s left side) runs the entire 
small bowel distal to proximal, starting at the 
ileocecal junction and stopping at the ligament 
of Treitz, using a hand-over-hand technique. 
Tilting the patient right side down may be ad
vantageous while examining the proximal 
bowel so the surgeon (who is on the patient's 
right side) can run the most proximal several 
feet of sm all bowel. To prevent injury to the in
testine, no other instruments should be inserted 
into the peritoneal cavity and the entire maneu
ver should be performed under visual control. 
Generally, in laparoscopic surgery, all instru
ments that are not being used should be re-
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moved from the peritoneal cavity to avoid inad
vertent organ injury. 

Postoperative Care 

Postoperative care and treatment after laparo
scopy do not differ from conventional surgery. 
The anesthesiologist must consider the possibil
ity of hypercarbia with acidosis and the treat
ment for it. Patients should be checked rou
tinely for subcutaneous emphysema. If 
subcutaneous emphysema does occur, the pa
tients should be reassured that the apparent de
formities caused by subcutaneous emphysema 
can be alarming, but they will disappear within 
hours after the procedure. 

Special U ses of 
Colorectal Laparoscopy 

Diagnostic Laparoscopy 

There are several indications for diagnostic lap
aroscopy in colorectal surgery because, al
though modern imaging techniques have ad
vanced considerably, they still do not provide 
complete information about intra-abdominal 
disease. Thus, a direct but minimally invasive 
examination of the peritoneal cavity may be 
necessary. 

The patient is placed supine in the modified 
lithotomy position on the operating table. The 
patient's legs are placed in padded stirrups (we 
prefer Dan Allen stirrups) and then the patient 
is moved so the perineum is at the bottom edge 
of the operating table to allow access for gyne
cologic or anorectal examination. The patient is 
then put in the Trendelenburg position with a 
20° head-down tilt for the procedure. The sur
geon will initially stand on the patient's left 
side, with the first and second assistants posi
tioned on the right side. Monitors are placed 
just lateral to each of the patient's knees. 

The procedure begins with establishment of 
pneumoperitoneum and then cannula insertion 
at the infraumbilical site, if this site is feasible 
and safe. If any abdominal distention is present, 
cannulas should be inserted using the open 



Special Uses of Colorectal Laparoscopy 

technique, either at the infraumbilical site or in 
one of the lower quadrants. After the first can
nula has been placed, the peritoneal cavity is 
carefully inspected. Additional cannulas are 
placed as needed and as are feasible. As for a 
laparoscopic colorectal operation, the cannulas 
usually are positioned in an open semicircle to
ward the pathologic lesion so as to allow for 
some distance between the cannulas and the 
pathologic lesion. All four abdominal quadrants 
and the pelvic region must be thoroughly ex am
ined. The under side of the diaphragm should 
be scrutinized if a malignancy is suspected and 
a 30° laparoscope or a laparoscope with a flexi
ble tip should be used as necessary to visualize 
the domes of the liver. An attempt to visualize 
the entire surface of the liver should be made 
and intraoperative ultrasonography should be 
conducted, if necessary. 

An excellent suction and irrigation system 
must be available and any suspicious fluid 
should be sent for either cytologic or bacterio
logic analysis. A laparoscopic biopsy of a ma
lignancy may be performed using an insulated 
biopsy forceps equipped with an electrosurgical 
instrument for hemostasis or using a long 
spring-loaded 18-gauge biopsy core needle 
(Microvasive, Watertown, Mass.) that can be 
passed transcutaneously into the suspicious area 
with either visual or ultrasound guidance. 
Biopsy specimens of larger tumors can be ob
tained using electrosurgery-equipped scissors; 
hemostasis can be achieved by electrosurgery, 
application of clips, or in rare instances, direct 
suture ligation. The rectum can be manipulated 
with laparoscopic instruments; transrectal ma
nipulation can be done with either a rigid or 
flexible sigmoidoscope. The uterus may be ma
nipulated using an acom-shaped uterine manipu
lator that fits into the cervix and allows for facile 
movement of the uterus by a surgeon or an assis
tant positioned between the patient's legs. 

Finally, should endoscopy be required, a 
complete colonoscopy under laparoscopic guid
ance can be carried out to inspect the lumen of 
the large intestine. The proximal colon can be 
temporarily occluded using a laparoscopic 
bowel clamp designed to avoid bowel disten
tion. Performance of a laparoscopic operation 
(e.g., fecal diversion, appendectomy, or biopsy) 
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should nearly always be anticipated to follow a 
diagnostic laparoscopy. 

Emergency Laparoscopy 

Indications for emergency laparoscopy in colo
rectal surgery include evaluation for acute right 
lower-quadrant pain with tendemess in a 
woman of childbearing age, suspected mesen
teric insufficiency, abdominal pain after blunt 
abdominal trauma, or an acute abdomen. Emer
gency laparoscopy should not be undertaken 
when there is significant cardiovascular in
stability, chronic respiratory failure, or any sign 
of a systemic coagulopathy or serious intra
abdominal infection. Abdominal distension, 
multiple abdominal scars, and obesity mayaiso 
be relative contraindications because emergent 
laparoscopy should be accomplished easily and 
rapidly to establish a diagnosis and achieve def
inite treatment without additional risk of injury 
to other intra-abdominal organs. 

Bender and Talamini reported diagnostic lapa
roscopic procedures in critically ill intensive care 
unit patients.S4 Seven patients underwent such a 
procedure following admission for coronary 
artery bypass surgery (n = 2), pneumonia (n = 2), 
gram-negative sepsis (n = 1), major bums (n = 1), 
and postpneumonectomy (n = 1). Abdominal pain 
was the indication for laparoscopy in two patients 
and unexplained sepsis in five. No other diagnos
tic methods, such as computed tomography, were 
used before laparoscopy in any patient. Five pa
tients underwent the procedure in the operating 
room and two had the procedure in the intensive 
care unit. All procedures were done under a gen
eral anesthetic. There were no complications and 
no known missed diagnoses. Two patients had 
gangrenous colon and underwent conventional 
colectomy as a result of the laparoscopic diagno
sis. Only these two patients survived. This anec
dotal report supports the idea that laparoscopy 
might be valuable in certain critically ill patients 
with suspected abdominal pathologic lesions. 
These authors suggest that the high rate of false
negativity in noninvasive testing may lead to a 
role for early diagnostic laparoscopy in critically 
ill patients who will not to1erate any degree of de
lay in diagnosing and treating intra-abdominal in
fectious foci. 
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9 
Major Operative Procedures 
in Laparoscopic Colorectal Surgery 

This chapter presents a step-by-step approach 
to the major intestinal procedures that a laparo
scopic surgical team is likely to perform. 
While a detailed discussion of how to set up 
and perform laparoscopic colorectal surgical 
procedures, in general, was presented in chap
ter 8, this chapter discusses in detail the steps 
required to accomplish the most commonly 
performed laparoscopic intestinal surgical pro
cedures. An outline for each procedure will be 
presented that should allow the reader to un
derstand rapidly all necessary details to suc
cessfully perform the procedure. Each section 
covers the following six areas and is con
structed to "stand alone" as a rapid and thor
ough reference for the surgeon to review be
fore a procedure: 

1. position: proper positioning of the patient, 
the surgical team, and the equipment 

2. instruments: instruments specifically neces
sary for the procedure being described (in 
addition to general instruments) 

3. cannulas: proper placement of cannulas 
4. procedure: step-by-step description of the 

surgical procedure 
5. special considerations: considerations neces

sitated by the procedure or disease 
6. cancer: considerations in cancer surgery 

Small-bowel Resection 

A laparoscopic small-bowel resection with pri
mary anastomosis should be conducted in a 

way similar to a conventional small-bowel 
resection. The entire procedure, except for 
specimen removal, may be accomplished intra
corporeally, or the diseased segment may be 
identified, drawn out through a small incision 
dose to the segment, and the remainder of the 
surgery performed conventionally. We will de
scribe only the procedure that is entirely la
paroscopic. 

Position 

The patient is placed supine in a modified li
thotomy position using Dan Allen stirrups. 
Surgery is begun in the Trendelenburg posi
tion (20° head-down tilt), and after cannula 
insertion, the patient is tilted left side down 
for ileal surgery or right side down for jejunal 
surgery. The surgeon and the assistants stand 
in a half-cirde opening toward the area of in
terest. Figure 9.1 shows the positions of the 
surgical team for ileal surgery. After cannula 
insertion, the surgeon stands between the pa
tient's legs and both assistants stand on the 
patient's left side for the remainder of the 
procedure. The scrub nurse should stand on 
the patient's right side near the knee. One 
monitor is placed dose to the patient's right 
shoulder, the optimal position for the surgeon 
and the assistants to view; the second monitor 
is placed near the left shoulder, the best loca
tion for the nurse to view. For jejunal surgery, 
the setup is a mirror image of the ileal posi
tions. 
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Anesthetist 

FrGURE 9.1. Position of the equipment and the surgical team for ileal resection. (Jejunal surgery is a mirror im
age of this figure.) 



Srnall-bowel Resection 

TABLE 9.1. Instruments required for ileal or jejunal 
surgery. 

No. Type 

5 Cannulas (I X 12 rnrn,* 3 X 10 mm, tl X 5 rnrn) 
including anchoring devices and converters 

Dissecting device, for exarnple, endoscopic 
scissors equipped with electrosurgery 

Endoscopic dissector 1 
2 

5 
2 

Endoscopic graspers (one Babcock-like large and 
one srnall) 

Endoscopic snare* 
Endoscopic clip applier (large size)t 
Multifire Endo GIA 30 stapler* 
Endo GIA 30 cartridges* 
Urnbilical cotton tapes (0.25 in. wide, 12 crn 

long)t 

* For intraperitoneal anastornosis. 
t For intraperitoneal dissection of the rnesentery. 

Instruments 

Table 9.1 lists the minimum number and the 
type of instruments neeessary to aeeomplish a 
small-bowel reseetion with intraperitoneal dis
seetion, division of the small-bowel mesentery, 
and an intraperitoneal funetional end-to-end 
anastomosis. If an extraeorporeal anastomosis 
is performed, endoseopie staplers and the 12-
mm eannula are not neeessary. Rather, 5-mm 
eannulas ean be used at all sites exeept the lap
aroseopie eamera site and one of the surgeon's 
eannulas (so endoseopie clips may be used as 
needed), so three 5-mm eannu1as and two 10-
mm eannu1as are suitab1e. 

Cannulas 

Cannulas should be positioned in a half-eire1e 
opening toward the pathologie site. Thus, for 
ileal surgery, the half eircle will open toward the 
right upper quadrant (Figure 9.2), whereas for 
jejunal surgery, it will open toward the left upper 
quadrant (the mirror image of Figure 9.2). 
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FIGURE 9.2. Position of the cannulas far small-bowel 
resection. 

Procedure 

Onee the preoperative diagnosis is eonfirmed 
and the laparoseopie proeedure appears feasible, 
the pathologie site is loeated, and the proximal 
and distal reseetion lines are marked with umbil
ieal tapes (0.25 in. wide, 12 em long). To plaee 
these tapes, the surgeon should grasp the mesen
tery at the intestinal edge using triangulating ten
sion (see ehapter 4, seetion titled Tissue Dissee
tion in Laparoseopie Coloreetal Surgery), ereate 
a small window in the mesentery, and pass a 
fine-tipped disseeting instrument through it. The 
disseetor is then used to grasp the end of an um
bilieal tape and pull it baek through the mesen-
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tery (Figure 9.3) so the tape encircles the intes
tine; the tape then is fixed with two clips on the 
antimesenteric side of the intestine (Figure 9.4). 
The bowel can now be handled without directly 
grasping the intestine or the mesentery, and the 
resection line is also clearly marked. To easily 
identify the resection lines, we mark the proxi
malline with umbilical tape of one color and the 
distalline with another color. 

The first assistant then suspends the diseased 
bowel by the tapes and the peritoneum overlying 
the mesentery between the resection lines is 
scored in a V-shape using electrosurgery. The 

FIGURE 9.3. A dissector is passed through the mesen
tery close to the small bowel, and an umbilical tape is 
grasped and pulled through the defect to encircle the 
bowel. 

FIGURE 9.4. The umbilical tape is grasped simultane
ously at both ends and is snugly fixed around the in
testine with two clips. 

mesentery then is divided in a systematic man
ner starting from one mesenteric edge of the in
testinal segment to the other (Figure 9.5). Care
ful blunt dissection of mesenteric tissue in 
combination with coagulation, clipping, or liga
tion of all vessels is carried out using constant 
triangulating tension on the tissue. Because the 
small intestine may have numerous small (1 to 2 
mm) vessels scattered throughout the mesentery, 
this dissection may cause significant bleeding if 
the surgeon does not patiently and carefully 
identify the vessels. Bipolar electrosurgery, tita
nium clips, or even an endoscopic vascular sta
pIer may be necessary to control the bleeding. 

Once the mesenteric division is completed, the 
two umbilical tapes that mark the proximal and 
distal resection lines are replaced with an endo
scopic loop that simultaneously encircles both 
proximal and distal resection lines (Figure 9.6). 
The tapes are merely left in si tu and are removed 
with the specimen. This maneuver occludes the 
bowel lumen from the specimen side, prevents 
spilling of intestinal contents, and stabilizes the 
bowel for the subsequent anastomosis. The loop 
also places the two intestinal limbs parallel to 
each other, which will facilitate the creation of 
an endoscopically stapled anastomosis. 

FIGURE 9.5. Division of the mesentery in a V-config
uration using blunt and sharp disseetion and clips to 
ligate the vessels. 
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FIGURE 9.6. Umbilical tapes marking the proximal 
and distal resection lines are held together. An endo
scopic snare is placed to encircle and steady the spec
imen before anastomotic formation. 

The anastomosis is begun next. Two stag
gered enterotomies are made using electro
surgery and scissors on the antimesenteric bor
der of the adjacent loops (Figure 9.7). The 
enterotomies must be (1) large enough to ac
commodate the forks of a 30-mm endoscopic 
stapler and (2) placed in a staggered manner. 
This strategy makes it easy to first push the 
larger fork of the stapler (cartridge portion) into 
the first enterotomy and then the anvil portion 
of the stapler on into the second enterotomy 
(Figure 9.8). The intestine is optimally posi
tioned for the anastomosis by pushing the endo
scopic snare toward the 12-mm cannula as the 
stapler is inserted into the bowel lumen, which 
simultaneously puts tension on the efferent and 
afferent intestinal loops in the direction oppo
site to the stapler. 

After the endoscopic stapler has been inserted 
and closed, the stapler is only fired after the SUf

geon has ascertained that the mesenteric blood 
supply to the bowel segments is clear of the sta
pIer jaws. Before stapler closure, the mesentery 
can be moved away from the jaws by moving 
the tips of the stapler anteriorly, which will puH 
the mesentery posteriorly. The stapler is then 
fired, opened, and carefuHy removed with coun
tertraction on the intestine, which the assistant 
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FIGURE 9.7. Two staggered enterotomies are made on 
the antimesenteric side below the snare while the af
ferent and efferent loops of intestine are held parallel 
to each other. 

FIGURE 9.8. The 30-mm endoscopic stapler is placed 
by passing the stapler cartridge first into the inferior 
enterotomy, then by maneuvering the stapler anvil 
into the superiorly positioned enterotomy. 

applies. A second application of the Endo GIA 
30 stapler is placed intraluminally, again firing 
the stapler only after the mesenteric blood sup
ply is beyond the stapler jaws (Figure 9.9). 



122 9. Major Operative Procedures in Laparoseopie Colorectal Surgery 

Whereas the purpose of the first application is to 
appose the bowel ends and begin the anastomo
sis, the second application serves to maximize 
and define a satisfactory anastomotic size. 

The anastomosis is completed with two or 
three 30-mm stapler applications, each applica
tion fired at right angles to the two anastomosed 
loops, carefully placing the stapler just below the 
enterotomies to close the bowel ends (Figure 
9.10). Care must be taken to avoid firing any sta
pIes across the metal clips used for mesenteric 
hemostasis that may have been applied close to 
the resection line, which could result in a mal
formation of some staples and, consequently, 
anastomotic leakage. After the transection and 
anastomosis are completed, the specimen, still 
occluded with the endoscopic loop, is immedi
ately placed in an endoscopic bag that has been 
inserted through the right-Iower-quadrant 12-
mm cannula and is opened toward the specimen. 

Once the specimen has been fully placed in 
the bag, the drawstring is tightened, and the bag 
is pulled inside the cannula. The cannula site is 
enlarged using a muscle-splitting incision lateral 
to the rectus sheath and the cannula is removed. 
Pneumoperitoneum is released and the insuffla
tor is temporarily shut off. Sterile towels are 
placed around the wound and the specimen in
side the bag thus is safely withdrawn from the 
abdominal cavity. If the specimen is tao bulky to 
remove while inside the bag, the drawstring may 
be opened and the specimen is drawn out care
fully while the bag is protruding from the ab-

FrGURE 9.9. A second 30-rnrn stapler is fully inserted 
and fired to rnaxirnize the length of anastornosis. 

FIGURE 9.10. The anastornosis is sealed and the spec
irnen is transected with two or three 30-rnrn endo
scopic stapler applications placed perpendicularly 
across the anastornosed loops. 

dominal wound. This method ensures that the 
specimen is removed without contaminating the 
abdominal wall. After specimen removal, the ab
domen is copiously irrigated with warm sterile 
saline solution from an upper abdominal cannula 
site using the laparoseopie irrigation system. 
This irrigation is best accomplished by placing 
the patient in the head-up position and passing a 
sump suction cannula into the pelvis through the 
specimen removal site. After irrigation of the 
peritoneal cavity, the abdominal wall is closed 
with aseries of interrupted simple or figure-of
eight, size 0 absorbable sutures by either closing 
each muscle layer independently or en masse. 

The pneumoperitoneum then is reestablished 
and the anastomosis is inspected. The mesen
teric defect should be closed using a running 
3-0 braided absorbable suture or an endoscopic 
hernia stapler. Alternatively, the mesentery can 
be visualized and repaired using conventional 
techniques through the specimen removal inci
sion, if this approach seems feasible. 

Special Considerations 

If the surgeon desires, the resection and anasto
mosis can be performed using conventional 
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techniques after laparoscopic mobilization. The 
laparoscopie techniques described in the previ
ous section are used to identify the pathologic 
site, to place umbilical tapes at the proximal 
and distal resection lines, and to completely 
mobilize the intestine. To grasp the distal um
bilical tapes, a gras per is passed into the ab
dominal cavity through the cannula site where 
the specimen is to be removed. 

For specimen retrieval in ileal extracorporeal 
surgery, either the right-lower-quadrant or umbil
ieal cannula is usually the easiest site to use, 
whereas in jejunal extracorporeal surgery, the 
left-lower-quadrant or umbilieal cannula is prob
ably easiest. Regardless of the specific site, the 
site chosen for retrieval must be enlarged on the 
basis of the specimen size. A trans verse muscle
splitting incision is then created (lower quadrant 
cannula) or a midline incision (umbilical can
nula) to make the site large enough to safely re
move the specimen (at least 5 cm). Pneumoperi
toneum is released and the CO2 insufflator is shut 
off temporarily. The wound edges should be cov
ered with an impermeable barrier (a small plastic 
drape or wound protector), and then the diseased 
intestinal segment is exteriorized through this 
wound by pulling on the umbilical tape that is 
held by the previously placed grasper. 

Conventional clamps and suture materials are 
used to ligate the mesenteric vessels; then a hand
sewn or stapled anastomosis is created after bowel 
division and specimen removal. The mesentery is 
c10sed and the anastomosis is gently retumed to 
the peritoneal cavity. The peritoneal cavity is thor
oughly irrigated with warm saline solution and the 
muscle-splitting incision is then closed with inter
rupted simple or figure-of-eight absorbable su
tures. Pneumoperitoneum is re-established and the 
surgieal sites are inspected for hemostasis using 
the laparoscope. The cannulas are withdrawn un
der direct laparoscopic vision and the procedure is 
terminated in a routine manner. 

Because the small intestine adheres to the 
retroperitoneum only at its mesenteric root, 
small-bowel resection can be facilitated by 10-
calizing the pathologie site and pulling the dis
eased segment of the small intestine extracorpo
really through a small laparotomy as described 
by Cross and Snyder,l who accomplished a 
"laparoscopie-guided" small-bowel resection 
for perforated jejunal diverticulitis. 
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U sing a porcine model, Pietrafitta et al,2 and 
Soper et al,3 have described a technique for an 
intraperitoneal functional end-to-end anastomo
sis of the small intestine. Pietrafitta et al,2 
achieve an intracorporeal anastomosis by ini
tially approximating the proximal and distal re
section margins, then stapling across the two 
limbs (four walls) of bowel using an Endo GIA 
stapler. This action also resects the specimen. 
The specimen is then removed. To start the anas
tomosis, enterotomies are made in the proximal 
and distal limbs and the Endo GIA is next fired 
intraluminally, twice, to create a side-to-side 
functional end-to-end anastomosis. The stapler is 
finally fired, below the enterotomies, to seal and 
complete the anastomosis. This is similar to our 
technique, but requires two or three more staple 
firings. Soper et al,3 simulate the open surgical 
procedure. Both cut intestinal ends are grasped, 
incised, and opened at the antimesenteric edge. 
The stapler is then inserted into both cut ends 
and is fired. The cut edges are carefully brought 
into line and are sealed with another applieation 
of an endoscopic stapler so a functional end-to
end anastomosis is achieved. 

Our technique for intracorporeal intestinal 
anastomosis has been proven to be safe in 
dozens of animal and human procedures; we 
believe it is much simpler to accomplish than 
other anastomotic techniques. This anastomosis 
can usually be carried out in less than 15 
minutes-thus it needs about the same time as 
a conventional anastomosis. 

Cancer 

Surgery for malignancy is rarely necessary in 
the small intestine. All operative principles im
portant in conventional cancer surgery apply. A 
wide V-shaped mesenteric excision should be 
performed with careful isolation of the speci
men from the abdominal wall and subsequent 
removal using an endoscopic bag. Care must be 
taken to avoid injuring the superior mesenteric 
artery or vein, especially in jejunal surgery, dur
ing which any wide mesenterie excision comes 
close to the proximal superior mesenteric artery 
and vein. Intraoperative laparoscopic ultras on
ography of the liver should be performed and 
laparoscope-guided biopsy specimens should be 
obtained from any suspicious areas. 
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Ileocolectomy 

An ileocolectomy is most commonly indicated 
in patients with benign disease limited to the 
terminal ileum or the cecal regions and is a dis
tinctly different operation than the right hemi
colectomy. Only the ileum and the cecum are to 
be removed and thus extensive mobilization of 
the trans verse colon is not necessary. The entire 
operation can be performed laparoscopically; 
mobilization with exteriorization and a laparo
scopic-assisted procedure also is feasible. 

Position 

The patient is placed supine in a modified li
thotomy position using Dan Allen stirrups. Sur
gery is begun in the Trendelenburg position 
(200 head-down tilt), and after cannula inser
tion, the patient is tilted left side down. The sur
ge on and the assistants stand in a half circle that 
opens toward the right upper abdominal quad
rant (Figure 9.11). After cannula insertion, the 
surgeon stands between the patient's legs, the 
assistants stand on the patient's left side, and 
the nurse stands near the patient's right knee. 

Anesthetist 

FIGURE 9.11. Position of the equipment and the surgical team for ileocolectomy. 
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One monitor is placed near the patient's right 
shoulder-the optimal position for the surgeon 
and the assistants to view; the other monitor is 
placed close to the left side of the head, the best 
position for the nurse to view. 

Instruments 

Table 9.2 lists the minimum instruments neces
sary to accomplish an ileocolectomy with an 
intraperitoneal ileocolic anastomosis. If an ex
tracorporeal anastomosis is performed, endo
scopic staplers and l5-mm cannulas are not 
necessary; a 5-mm cannula may be used instead 
of the l5-mm cannula. If the bowel resection 
and the anastomosis are to be performed extra
corporeally with only mobilization of the intes
tine to be done laparoscopically, three 5-mm 
and two lO-mm cannulas are needed. One 10-
mm cannula is used for the laparoscope and the 
other is used if a clip applicator must be in
serted for hemostasis. 

Cannulas 

The cannulas are positioned in a half-circle 
opening toward the right upper quadrant (Fig
ure 9.12). 

TABLE 9.2. Instruments required for laparoscopic 
ileocolectomy. 

No. Type 

5 Cannulas (1 X 15 mm,* 3 X 10 mm,t 1 X 5 mm) 
including anchoring devices and converters 

Dissecting device, for example, endoscopic 
scissors equipped with electrosurgery 

1 Endoscopic dissector 
2 Endoscopic graspers (one Babcock-like large and 

one smalI) 
Endoscopic snare* 
Endoscopic clip applier (large size)t 
Multifire Endo GIA 30 staplert, * 
Multifire Endo GIA 60 stapler* 

2 Endo GIA 30 cartridgest, * 
3 Endo GIA 60 cartridges* 
2 Umbilical cotton tapes (0.25 in. wide, 12 cm 

long)t 

* For intraperitoneal anastomosis. 
t For intraperitoneal dissection of the mesentery. 

125 

• • 

FIGURE 9.12. Position of the cannulas for ileocolec
tomy. 

Procedure 

The patient is placed in the Trendelenburg posi
tion, and after cannula insertion, is tilted left 
side down so the small intestine falls toward the 
left upper quadrant. The mesentery of the termi
nal ileum is grasped dorsally with two graspers 
and is placed under tension. In general, the pos
terolateral attachments of the ileal mesentery 
are held with a Babcock-like grasper inserted 
through the left-upper-quadrant cannula, and 
the medial attachments of the ileal mesentery 
are held with a smaller gras per inserted in the 
left-Iower-quadrant cannula so the graspers do 
not cross and permit access with the scissors 
and the dissector. Dissection of the mesentery is 
begun just medial to the base of the appendix 
and is carried cephalad and to the left toward 
the inferior edge of the duodenum (Figure 
9.13). The retroperitoneum is incised and the 
right colonic mesentery is completely freed 
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FIGURE 9.13. Initial exposure of the cecum and the terminal ileum. The peritoneum is incised along the base of 
the ileal mesentery up to the duodenum. 

retroperitoneally so a tunnel is created beneath 
the ileal mesentery in this avascular plane (Fig
ure 9.14). This tunnel can be created almost en
tirely by blunt dissection with an occasional 
need for sharp transection of some of the con
nective tissue fibers. To achieve good traction 
on the tissues, the assistant must periodically 
reapply the grasper more and more cephalad in 
a stepwise manner. With this tunneling maneu
ver, the duodenum, the right ureter, the gonadal 
vessel, and Gerota's fascia become clearly visible 
and may be swept posteriorly away from the dor
sal aspect ofthe right mesocolon (Figure 9.15). 

The ileocolic artery and vein can usually be 
identified dorsally in the mesentery and are 
traced to their origin from the superior mesen
teric artery and vein (Figure 9.16). These ves
sels should be carefully dissected at a safe dis
tance from the superior mesenteric artery and 
vein, then traced distally to the cecum before 
division so these vessels are not mistaken for 
the superior mesenteric artery and vein. This er
ror can be made more easily than one might 

think. Tracing the vessels accurately may re
quire flipping the mesentery and the ileum cau
dally so the vessels can be examined from their 
ventral aspect in the ileocolic mesentery. Ligat
ing the vessels mayaIso be easier from this 
ventral aspect. 

Large clips or staples are applied to the ileo
colic pedicle, which then is divided (Figure 
9.17). With the stapler, the artery and the vein 
may generally be divided simultaneously. If the 
vessels are divided from the dorsal aspect of the 
mesentery, they are then flipped toward the pelvis 
and the surgery is continued from the ventral as
pect of the right colon. The right mesocolon is 
carefully grasped at the mesenteric edge of the 
ascending colon resection line and is placed un
der tension; next, the distal mesenteric resection 
line is marked by incising the peritoneum up to 
the bowel edge. The right mesocolon is divided 
up to the colon, and the one or two marginal ves
sels in this area are identified and clipped. An 
umbilical tape is placed to mark the distal resec
tion line (Figure 9.18). 
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HGURE 9.14. A window is created into the retroperitoneum in order to separate the ileal and right colon 
mesentery from retroperitoneal structures. 

FIGURE 9.15. The right ureter, the gonadal vessels, 
Gerota's fascia, the duodenum, and the caudal por
tions of the pancreas have been dissected away from 

the mesentery in the course of creating a retroperi
toneal tunnel. 
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FIGURE 9.16. The lymphovascular pedicles are isolated, and an incision is made on one or both sides of the 
vessels before ligation. 

FIGURE 9.17. Completed transeetion of ligated ileocolic lymphovascular pedicle using a 30-mm vascular sta
pIer. Inset, The transeetion may be easier to perform from the dorsal aspect of the mesentery. 
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FIGURE 9.18. The distal resection line is specified and the mesocolon is divided up to the bowel edge. 
Marginal vessels are clipped as necessary. 

The proximal (ileal) resection line is next 
identified on its dorsal aspect and the peri
toneum is incised up to the bowel edge. A sec
ond umbilical tape is placed to mark the proxi
mal resection line. The ileal mesentery is 
completely dissected dorsally starting just to the 
left of the ileocolic pedicle. All marginal ves
sels greater than 2 mm in diameter are clipped 
and divided (Figure 9.19). 

After the mesentery and the mesocolon have 
been completely dissected, the right colon up to 
and including the hepatic flexure is completely 
detached from retroperitoneal structures using 
medial traction on the colon. Because most of 
the mobilization has been performed dorsally, 
only minor adhesions with the lateral and poste
rior abdominal wall will need to be transected 
(Figure 9.20). 

Once the mesentery is completely divided, the 
umbilical tapes marking the proximal and distal 
resection lines are held together with a gras per, 
and an endoscopic snare is passed over the apex 
of the specimen so the snare simultaneously en
circles both the proximal and distal resection 

t 

FIGURE 9.19. U mbilical tape is placed around the 
ileum at the proximal resection li ne and is seeured 
with clips. The mesentery of the ileum is transected 
while applying triangulating tension. 
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FrGURE 9.20. Completing the mobilization of the ascending colon and hepatic flexure after intraperitoneal mo
bilization and mesenteric division. 

FIGURE 9.21. Umbilical tapes that mark the proximal 
and distal resection lines are held together, and an 
endoscopic snare is placed to encircle and steady the 
specimen. Staggered enterotomies are made to set up 
for stapled anastomotric formation. 

lines (Figure 9.21). The snare is placed close to 
the tapes on the specimen side, and is used to oc
clude the bowel lumen from the specimen side 
and to prevent spilling of intestinal contents. The 
loop also places the two intestinaliimbs parallel 
to each other to facilitate the formation of an en
doscopically stapled anastomosis. 

Then two enterotomies are made on the antime
senteric border of the adjacent loops (Figure 
9.21). The enterotomies must (1) be large enough 
to accommodate the forks of a 30-mm endoscopic 
stapler and (2) be placed in a staggered fashion. 
This strategy makes it easy to push the larger fork 
of the stapler (cartridge portion) into the first en
terotomy and then push the an viI portion of the 
stapler into the second enterotomy (Figure 9.22). 
The intestine is optimally positioned for the anas
tomosis by pushing the endoscopic snare holding 
the intestine toward the right-Iower-quadrant 15-
mm cannula while inserting the Endo GIA 30 sta
pIer, which simultaneously puts opposing tension 
on the afferent and efferent Ioops. 

After the 30-mm endoscopic stapler has been 
inserted through the right-lower-quadrant can-
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FrOURE 9.22. The anastomosis is be gun by passing the 30-mm stapler cartridge first into the ileal enterotomy 
and then maneuvering the anvil into the colotomy. 

nula and has been positioned inside the intestinal 
lumina, it must be ascertained before the stapler 
is fired that the mesenteric blood supply to the 
bowel segments is outside of the stapler jaws. To 
minimize the risk of mesenteric impingement 
with the stapler, the tips of the stapler should be 
drawn anteriorly be fore firing. This action draws 
the mesentery posteriorly away from the jaws of 
the stapler. The stapler is fired, opened, then re
moved by applying countertraction on the intes
tine. A second application of the staples is placed 
intraluminally (using either a 30- or a 60-mm sta
pIer), again being careful to avoid the mesenteric 
blood supply (Figure 9.23). The first stapler ap
plication apposes the bowel ends and begins the 
intestinal anastomosis, and the second larger sta
pIer maximizes and defines the anastomotic size. 

The anastomosis is completed and closed with 
one or two firings of the 60-mm stapler fired at 
right angles to the two anastomosed loops, just 
below the enterotomies (Figure 9.24). Care must 
be taken to avoid firing the staplers across any 
metal clip in the mesentery applied close to the 
resection line because this could result in staple 
malformation and, as a consequence, anasto
motic leakage. After the specimen has been com-

pletely transected, it should still be held firmly 
with the snare, then placed in an endoscopic bag 
that has been inserted through the right -lower
quadrant 15-mm cannula and opened in the 
pelvis. Once the specimen is safely in the bag, 
the drawstring is closed and the bag is pulled in
side the cannula. To extract the specimen safely, 
the right-Iower-quadrant cannula site is enlarged 
using a muscle-splitting incision lateral to the 
rectus sheath. The top of the specimen bag is 
withdrawn from the abdominal wall while inside 
the cannula, ensuring that the specimen does not 
contaminate the abdominal wall. Pneumoperi
toneum is released and the CO2 insufflator is 
shut off temporarily. The abdominal wall inci
sion is enlarged as needed to safely remove the 
specimen. The specimen is generally removed 
most easily while inside the bag by rocking the 
bag gently back and forth through the incision. 
After specimen removal, the patient is placed in 
a head-up position temporarily, and the abdomen 
is copiously irrigated through the specimen re
moval site with warm sterile saline solution 
while a sump suction is used to aspirate the irri
gation fluid through the same site. If the mesen
teric defect can safely be visualized through the 
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FrOURE 9.23. The endoscopic 60-mm stapler is next 
inserted maximally, and before it is closed, some an
terior traction is placed on the inside mesentery. The 

anterior traction places the mesentery posteriorly so 
none is included in the stapler jaws. 

FrOURE 9.24. An endoscopic 60-mm stapler is fired across the intestine below the enterotomies to transect the 
specimen and to seal the anastomosis. 
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incision, it may be closed using a running suture 
under direct vision. Then the abdominal wall is 
closed with aseries of interrupted simple or fig
ure-of-eight, size 0 absorbable sutures, either 
closing each muscle layer independently or en 
masse. 

Pneumoperitoneum is reestablished, and the 
surgical sites and anastomosis are inspected. 
The mesenteric defect may be closed at this 
point using a running 3-0 braided absorbable 
suture or an endoscopic hernia stapler passed 
through the left-lower-quadrant cannula. 

Special Considerations 

Our approach to mesenteric mobilization - the 
creation of a retroperitoneal tunnel-offers the 
following advantages: 

• Minimal risk of injury to the right ureter or 
the gonadal vessels because they are visual
ized and swept clear of the mesentery during 
the early part of dissection. 

• Early ligation of major mesenteric vessels, 
which may reduce the risk of major bleeding. 

• Early proximal ligation of major mesenteric 
vessels in cancer patients is feasible and is 
considered by some authorities 5•6,8 to be im
portant in cancer surgery. 

• By leaving the lateral attachments of the colon 
intact until mesenteric division, important 
countertraction can be applied to the bowel as 
the mesentery and later, the bowel, are mobi
lized. Leaving the lateral attachments intact 
may actually facilitate the colectomy and may 
highlight important anatomic landmarks. 

• The colon is only minimally manipulated be
cause most mobilization and complete dis
section of the mesentery are accomplished 
before the cecum and the right colon are 
freed from the lateral attachments. 

In instances of Crohn's disease (ileitis or ileo
colitis), division of the mesentery may be diffi
cult because tissue is fragile, thickened, and in
flamed. If hemostasis of the mesentery cannot 
be accomplished safely by intraperitoneal means, 
the procedure should be converted either to a 
laparoscopic-assisted procedure, using only lap
aroscopic mobilization, or to a conventional 
procedure. If a large retroperitoneal phlegmon 
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obstructs the view, laparoscopic mobilization of 
the right colon and the terminal ileum may be 
hazardous when the right ureter cannot be iden
tified. 

When only the right colon and the ileum are 
laparoscopically mobilized from their retroperi
toneal attachments, 5-mm cannulas (except for 
the lO-mm cannula for the laparoscopic cam
era) are probably sufficient. We prefer, how
ever, to use at least one additional lO-mm can
nula so that in case of inadvertent bleeding, a 
clip applicator or bipolar electrosurgery instru
ment may be inserted to achieve hemostasis. 
Once the terminal ileum and the right colon are 
mobilized, the right-Iower-quadrant cannula site 
can be enlarged, the mobilized intestine can be 
extraperitonealized, and the transection of the 
mesentery and the anastomosis can be per
formed extraperitoneally. Alternatively, the um
bilical cannula site can be used for exterioriza
tion, with a midline fascial incision. 

Although an extracorporeal anastomosis has 
the advantage that it can be easily accomplished 
with conventional techniques, we think the ab
dominal wall incision is usually much larger 
than when it is used simply to retrieve the spec
imen. The larger incision, together with the 
stretch exerted on the mesenteric root, may also 
increase the sympathetic intestinointestinal re
flex with subsequent prolonged inhibition of 
postoperative intestinal motility. Although per
forming an intraperitoneal anastomosis must be 
practiced jf it is to be successfully accom
plished in as little as 15 minutes, it has the fol
lowing advantages: minimal tissue manipula
tion, a small incision when it is used only for 
specimen retrieval, and possibly less inhibition 
of postoperative intestinal motility. 

Cancer 

In our opinion, indications are rare for perforrn
ing a limited ileocecal resection for malignan
cies of the terminal ileum, the appendix, or the 
cecum. This may be the procedure of choice in 
palliative resection for cecal carcinoma. We 
prefer to perform removal of the entire right 
colon and the proximal trans verse colon (see 
next section, Right Colectomy) in nearly all in
stances of cecal or right colon cancer. 
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Right Colectomy 

In laparoscopic colorectal surgery, as in con
ventional surgery, right colectomy is intended 
primarily for the removal of the entire right 
colon up to or including the midportion of the 
trans verse colon. 

Position 

The patient is placed supine in a modified li
thotomy position using Dan Allen stirrups. Sur-

gery is begun in the Trendelenburg position 
(200 head-down tilt), and after cannula inser
tion, the patient is tilted left side down. After 
establishing pneumoperitoneum, the surgeon and 
the assistants stand in a half-circle opening to
ward the right upper quadrant (Figure 9.25). 
During the entire operative procedure (after 
cannula insertion), the surgeon stands between 
the patient's legs, the assistants position them
selves on the patient's left side, and the nurse 
stands near the patient's right knee. One moni
tor is placed near the patient's right shoulder to 

Aneslhelisl 

FIGURE 9.25. Position of the equipment and the surgical team for right colectomy. 
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give the surgeon and the assistants optimal 
viewing. The other monitor is placed on the left 
side dose to the head, a location that gives the 
best view for the nurse. 

Instruments 

Table 9.3 shows the minimum instruments 
that are necessary to accomplish a right colec
tomy with an intraperitoneal ileocolic anasto
mosis. If an extracorporeal anastomosis is 
performed, endoscopic staplers and 15-mm 
cannulas are not necessary. If laparoscopic 
techniques are used only to mobilize the right 
colon, only one IO-mm cannula (in addition 
to the IO-mm cannula needed for the laparo
scope) is used in case a clip applier is needed 
for hemostasis. The remaining cannulas need 
to be only 5 mm. 

Cannulas 

The cannulas are positioned in a half-cirde 
opening toward the right upper quadrant (Fig
ure 9.26). A right-upper-quadrant cannula is 
needed only if an intraperitoneal anastomosis is 
contemplated and should not be placed until 

TABLE 9.3. Instruments required for laparoscopic 
right colectomy. 

No. Type 

6 Cannulas (2 X 15 mm,* 3 X 10 mm,t 1 X 5 mm) 
including anchoring devices and converters 

Dissecting device, for example, endoscopic 
scissors equipped with electrosurgery 

Endoscopic dissector 
2 Endoscopic graspers (one Babcock-like and one 

smalI) 
Endoscopic snare* 
Endoscopic clip applier (large size)t 
Multifire Endo GIA 30 staplert, * 
Multifire Endo GIA 60 stapler* 

2 Endo GIA 30 cartridgest, * 
3 Endo GIA 60 cartridges* 
2 Umbilical cotton tapes (0.25 in. wide, 12 cm 

long)t 

* For intraperitoneal anastomosis. 
t For intraperitoneal dissection of the mesentery. 
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FIGURE 9.26. Position of the cannulas for right colec
tomy. 

needed either for hepatic flexure mobilization 
or for the anastomosis. 

Procedure 

After the patient is placed in the Trendelenburg 
position and is tilted left side down, the me sen
tery of the terminal ileum is grasped dorsally 
with gras pers and is placed under tension. In 
general, the distal part of the ileal mesentery 
(dorsal aspect) is grasped with a grasper in
serted through the left-upper-quadrant cannula 
and the medial portion of the ileal mesentery is 
held with a smaller grasper through the left
lower-quadrant cannula so the graspers do not 
cross and do not block access for the surgeon's 
scissors and dissector. 

Disseetion of the mesentery is begun just me
dial to the base of the appendix and is carried 
cephalad, medially, and to the left toward the infe
rior edge of the duodenum (Figure 9.27). The 
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FIGURE 9.27. Initial exposure of the cecum and the terminal ileum. The peritoneum is incised along the base of 
the ileal mesentery upward to the duodenum. 

peritoneum is ineised and the right eolonie 
mesentery is eompletely freed retroperitoneally, 
ereating a tunnel beneath the ileal mesentery in an 
avascular plane (Figure 9.28). This tunneling ma
neu ver ean be aeeomplished almost entirely by 
blunt disseetion with sharp transeetion of some of 
the conneetive tissue fibers between the dorsal as
peet of the mesentery and its attaehments to 
Gerota's faseia and the duodenum. For aeeurate 
disseetion, the assistant must eonsistently plaee 
satisfaetory tension on the tissue. When this tun
neling is ereated beneath the mesoeolon, the duo
denum, the right ureter, the gonadal vessels, and 
Gerota's faseia beeome clearly visible and may be 
swept posteriorly away from the dorsal aspeet of 
the right mesoeolon (Figure 9.29). Blunt dissee
tion may be earried out in a eephalad direetion 
over Gerota's faseia to the inferior edge of the 
li ver and to the seeond portion of the duodenum. 

The ileoeolie artery and vein ean usually be 
identified dorsally in the mesentery (Figure 
9.30) and may be traeed to their origin from the 
superior mesenterie artery and vein. The right 
eolie vessels, whieh in only 13% of patients 
originate direetly from the superior mesenterie 

artery just proximal to the ileoeolie artery,7 are 
usually found after the mesentery is mobilized 
from the duodenum and the eaudal portion of the 
panereas. If the right eolic vessels are not 
present, the surgieal team should proeeed with 
the disseetion and the ligation of the ileoeolie 
vessels. The eommon anatomie arrangements of 
the eolie vessels emanating from the superior 
mesenterie artery will be diseussed in greater de
tail in the next seetion, Speeial Considerations. 
All vessels are earefully disseeted at a safe dis
tanee (10 to 15 mm) from the superior mesen
terie artery and vein, and a window is made on 
both sides of the vessels. The ileoeolie vaseular 
pedicle must be traeed distally to the eeeum be
fore it is divided so it ean be eorreet1y distin
guished from the superior mesenterie vessels
these vessels ean easily be mistaken for the 
ileoeolie pedicle. Usually, before division, we 
flip the ileoeolic mesentery and the ileum eau
dally, then earefully examine the vessels from 
their ventral aspeet. The pedicles are clipped and 
then divided or, more eommonly, simultaneously 
ligated and transeeted with an endoseopie vaseu
lar stapler (Figure 9.31) or clips. 
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FIGURE 9.28. A tunnel is created in the retraperitoneum in order to separate the ileal and right colon mesentery 
fram retraperitoneal structures. 

FIGURE 9.29. The right ureter, the gonadal vessels, 
Gerata's fascia, the duodenum, and the caudal por
tions of the pancreas have been dissected away fram 

the mesentery in the course of creating a retraperi
toneal tunnel. 
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FIGURE 9.30. The ileocolic lymphovascular pedicle is isolated at its origin and an incision is made on one or 
both sides of the vessels in preparation for subsequent ligation and transeetion. 

FIGURE 9.31. Transeetion of the clipped ileocolic 
lymphovascular pedicle from the dorsal aspecL Inset, 
Altemativeiy, the pedicle may be approached anteri-

orly, and then ligated and divided using the 30-mm 
endoscopic stapler. 
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Disseetion is next carried cephalad from the 
ventral aspect of the right colonic mesenteric 
root, continuing medially until the peritoneal re
flection of the middle colic vessels is seen. This 
reflection is divided sharply and the underlying 
tissue is bluntly dissected to isolate the middle 
colic vessels. If the right colic vessel has not 
previously been identified, disseetion in the di
rection of the middle colic vessels should be car
ried out carefully. Because the middle colic ves
sels have a high degree of anatomie variability, 
care in their disseetion is essential. This variabil
ity will be discussed in detail in the next seetion, 
Special Considerations. By carefully separating 
the middle colic vessels from the retroperitoneal 
structures and from the lesser omen tal sac, the 
surgeon often will see a cluster of sizeable mid
dIe colic vessels arising from the superior 
mesenteric artery and vein. We usually divide 
this pedicle with a 30-mm endoscopic vascular 
stapler (Figure 9.32A). Clips mayaiso be used if 
they seem safer or more expeditious. Subse
quently, just to the left of the middle colic pedi-

FIGURE 9.32. A, Stapling and transeetion of the lym
phovascular pedicle of the trans verse colon close to 
the origin of the rniddle colic vessels using a 30-rnrn 
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cle, the mesenteric edge of the transverse colon 
is grasped, the peritoneum is incised from the 
middle colic pedicle up to the bowel edge, and 
then the mesentery is divided to this point (Fig
ure 9.32B). Marginal vessels are divided be-

A 

B 

endoscopic stapler. B, Transection of the rnesocolon 
is cornpleted up to the edge of the transverse colon. 
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tween clips as needed. The greater omental at
tachments to the trans verse colon are then dis
sected from the colonic edge and the omenturn is 
completely tran sec ted at the distal resection line. 
Vessels of the omenturn are electrocoagulated or 
clipped, and divided as necessary. An umbilical 
tape is used to encircle the transverse colon at 
this distal resection li ne and clips are applied to 
secure it. The omen turn, for 5 to 10 cm to the left 
of the tape, should be freed up to more fully mo
bilize the distal colon for the later anastomosis. 

Next, the terminal ileum is grasped and the 
proximal resection line is identified. An umbili
cal tape is placed around the ileum at the proxi
mal resection line and is secured with clips in 
the customary way (Figure 9.33). The ileal 
mesentery is completely dissected starting from 
the ileocolic pedicle, and any marginal vessels 
are clipped and divided. 

After the dissection of the mesentery, the 
right colon and the hepatic flexure are com
pletely detached from retroperitoneal structures 
using medial traction on the colon starting at 
the cecum. Because most of the mobilization 
has been performed dorsally, only the peritoneal 

FIGURE 9.33. Umbilical tape is placed around the 
ileum at the proximal resection line and is seeured 
with clips. The mesentery of the ileum is transected 
while triangulating tension is applied. 

attachments of the lateral and posterior abdomi
nal wall will need to be divided (Figure 9.34). 
In general, we start the mobilization at the ce
cum and try to roll the cecum in the direction of 
the splenic flexure so we can divide the dorsal 
and lateral attachments of the right colon up to 
the hepatic flexure. Sometimes a thin mem
brane of connective tissue between the flexure 
and the superior portion of Gerota's fascia is the 
last layer of tissue and prevents the hepatic 
flexure from coming completely free. In these 
cases, it is sometimes better to complete the 
mobilization from beneath the mesocolon be
cause the edge of the colonic attachments to the 
retroperitoneum is easier to visualize from this 
aspect. The terminal ileum and the cecum are 
flipped superiorly in the direction of the liver; 
the duodenum is identified; and the membrane, 
which mayaiso be attached to the second por
tion of duodenum, is simply transected until the 
colon is completely free up to the umbilical 
tape marking the distal resection line. 

Once the terminal ileum, and the right and 
proximal trans verse colon are completely mobi
lized, the tapes marking the proximal and distal 
resection lines are held together. An endoscopic 
snare is inserted through the left-upper-quadrant 
cannula and is passed over the specimen so the 
snare simultaneously encircles both the proxi
mal and distal resection lines (Figure 9.35). The 
snare is placed close to the tapes on the speci
men side, and is used to occlude the bowellu
men from the specimen side and to prevent 
spilling intestinal contents. The loop also places 
the two intestinal loops parallel to each other to 
facilitate the creation of the endoscopically sta
pled anastomosis. 

To begin the anastomosis, two enterotomies 
are made on the antimesenteric border of the 
adjacent loops (Figure 9.36). The enterotomies 
must (1) be large enough to accommodate the 
forks of a 30-mm endoscopic stapler and (2) be 
placed in a staggered fashion with the enterot
omy on the distal segment placed approxi
mately 1 cm downstream from the proximal 
one. This strategy makes it easy to push the 
larger fork of the stapler (cartridge portion) 
into the first enterotomy and then the anvil 
portion of the stapler into the second entero-
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FIGURE 9.34. Completing the mobilization of the right colon and the hepatic flexure after retroperitoneal mo
bilization and mesenteric division. 

FIGURE 9.35. UmbiJical tapes that mark the proximal and distal resection Jines are held together, and an endo
scopic snare is placed to encircle and steady the specimen. 



142 9. Major Operative Procedures in Laparoseopie Colorectal Surgery 

FIGURE 9.36. Two staggered enterotomies are made on the antimesenteric side of the ileum and the transverse 
colon just below the snare. The colotomy should be about 1 cm downstream from the enterotomy. 

FIGURE 9.37. The anastomosis is begun by passing the 30-mm stapler, cartridge first, into the ileal enterotomy, 
and then by maneuvering the anvil into the second enterotomy. 

tomy (Figure 9.37). The intestine is optimally po
sitioned for the anastomosis by pulling the snare 
toward the right-upper-quadrant 15-mm cannula 
and simultaneously putting countertraction on the 
afferent and efferent loops of the intestine. 

After the 30-mm endoscopic stapler has been 
inserted into the enterotomies and closed, the 
stapler is fired only after it has been ascertained 
that the mesenteric blood supply to the bowel 
segments is clear of the stapler jaws. This clear-
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ance is achieved by directing the tips of the sta
pIer anteriorly, thus moving the mesentery pos
teriorly out of the stapler jaws. The stapler is 
fired, opened, and then carefully removed by 
applying countertraction on the intestine. A sec
ond set of staples is placed intraluminally using 
a 60-mm stapler, again being careful to avoid 
the mesenteric blood supply (Figure 9.38). The 
first application with the 30-mm stapler begins 
the intestinal anastomosis and apposes the 
bowel ends, and the second 60-mm stapler ap
plication maximizes and defines a satisfactory 
anastomotic size. 

The anastomosis is completed and closed by 
sequentially firing two 60-mm staplers (or a 60-
and a 30-mm stapler) at right angles across the 
two anastomosed loops just below the enter
otomies (Figure 9.39). The numberlsize of the 
staplers needed will depend on the size of the 
intestine. Care must be taken to avoid firing 
the staplers across any metal clip previously ap
plied in the mesentery close to the resection line 
because this could result in staple malformation 
and thus anastomotic leakage. After the speci
men has been completely transected, it is still 
firmly held with the endoscopie loop. It is then 

FIGURE 9.38. The endoscopic 60-mm stapler is next 
inserted maximally, and before closing, some ante
rior traction is placed on the instrument. The anterior 
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placed in an endoscopie bag inserted through 
the 15-mm cannula in the right upper quadrant 
(the bag is plaeed and then is opened just below 
the liver). Onee the speeimen is safely in the 
bag, the drawstring is tightened and is pulled in
side the cannula. The cannula site is enlarged as 
needed using a midline fascial incision. Pneu
moperitoneum is released, the CO2 insufflator is 
shut off temporarily, and the speeimen is with
drawn from the bag after the cannula and the 
top of the bag have been exteriorized (Figure 
9.40). This method ensures that the speeimen is 
removed without eontaminating any part of the 
abdominal wall. After speeimen removal, the 
patient is temporarily tilted in the head-up posi
tion and the abdomen is eopiously irrigated 
with warm sterile saline solution from the en
larged right-upper-quadrant eannula site. A eon
ventional sump-suction eannula is placed in the 
pelvis through the speeimen removal site to re
move the fluid. After the surgieal resection site 
has been assessed for hemostasis, the abdomi
nal wall is closed with aseries of figure-of
eight, size 0 or size 1 absorbable sutures; the 
layers may be closed either independently or en 
masse. 

traction places the mesentery posteriorly so none is 
included in the stapler jaws. 
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FIGURE 9.39. One or two endoscopic 60-mm stapler cartridges are fired across the intestine below the entero
tornies to transect the specimen and to seal the anastomosis. 
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FIGURE 9.40. The specimen is withdrawn from the peritoneal cavity, through an enlarged cannula site, after 
placement into an impermeable bag. 
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Pneumoperitoneum is reestablished and the 
anastomosis is inspected. The mesenteric defect 
may be closed using a running 3-0 braided ab
sorbable suture or an endoscopic hernia stapler 
passed through a left-upper-quadrant or left
lower-quadrant cannula. 

Special Considerations 

Our approach to mesenteric mobilization -cre
ating a retroperitoneal tunnel-offers several 
advantages in both cancer and benign surgery. 
These advantages are described in a previous 
section, Ileocolectomy, Special Considerations. 

Much more than in conventional surgery, the 
surgeon performing laparoscopic intestinal 
surgery must understand the subtle variations of 
the colonic vasculature when performing a right 
colectomy. If one reserves the term colic artery 
only for important vessels immediately arising 
from the superior or inferior mesenteric artery 
that supply the large intestine, then on the right 
side of the colon, only the ileocolic artery never 
varies between individuals. It is never absent or 
double, and represents the transitional vessel 
between the small and the large intestine.7 

The right colic artery is far more exceptional, 
present in only 13% of cases when defined as a 
direct branch from the superior mesenteric 
artery supplying the right or ascending colon. 
Most commonly, a superior colic branch from 
the ileocolic artery or an artery from the right 
angle of the colon (from the middle colic 
artery) have been considered as a right colic 
artery. Perhaps the normal vasculature to the as
cending colon can most accurately be described 
as emanating from a paracolic arcade, fed by 
the ileocolic and middle colic arteries, re
inforced in a minority (13%) of cases by a right 
colic artery (Figure 9.41). 

The middle colic vasculature is also complex 
and inconstant. In only 46% of specimens in 
anatomic dissections has a single middle colic 
artery arising from the superior mesenteric 
artery been found. 7 This vessel generally di
vides approximately 2 cm from its origin into a 
branch for the hepatic flexure and one for the 
trans verse colon (Figure 9.41). According to 
VanDamme and Bonte, 7 the second most com
mon midd1e colic vasculature consists of one 
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FIGURE 9.41. The most common pattern of blood 
supply to the right colon and the terminal ileum. 

artery for the hepatic flexure with aseparate 
vessel for the transverse colon (Figure 9.42). At 
least five different patterns of vessels may be 
seen in the middle colic system, with as many 
as three middle colic arteries possibly present. 
These factors partially explain why we readily 
use an endoscopic stapler in this area for vessel 
ligation once we have separated the transverse 
mesocolon from the attachments of the greater 
omenturn and the lesser sac. 

In instances of Crohn's disease (ileitis or i1eo
colitis), mesenteric division may be difficult be
cause tissue is fragile, thickened, and inflamed. 
If hemostasis of the mesentery cannot be ac
complished safely intraperitoneally, the proce
dure should be converted to a laparoscopic mo
bilization or a conventional procedure. 

If only mobilization of the mesentery and the 
mesocolon from its lateral attachments and the 
retroperitoneum is carried out laparoscopically, 5-
mm cannulas could be sufficient for this proce-
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FIGURE 9.42. The second most common middle colie 
vaseulature eonsists of one artery to the hepatie flex
ure and aseparate vessel for the transverse colon 
(upper left figure). As many as three middle eolie ar
teries may be present (lower right figure). 

dure, along with the lO-mm cannula for the lap
aroscopic camera site. We prefer, however, to use 
at least one additional IO-mm cannula so in case 
of inadvertent bleeding, a clip applicator may be 
used. Once the terminal ileum and the right colon 
are mobilized, and the greater omenturn is freed 
from the transverse colon, a cannula site can be 
enlarged, the mobilized intestine can be extraperi
tonealized, and the transection of the mesentery 
and the anastomosis can be performed extracor
poreally. If a malignancy is being resected for cu
rative purposes, a laparoscopic-assisted approach 
is probably not acceptable because the tumor
bearing tissue is being manipulated extensively 
and the risk of intraperitoneal tumor seeding is 
high if all of this is attempted through a smallla
paroscopic-assisted incision. 

If the surgeon decides at the outset of the 
surgery that an extraperitoneal anastomosis will 
be performed, the procedure may be modified 
in the following way. After dissection of the 
mesentery, the intestine is divided proximally 
and distally with endoscopic staplers rather than 

first placing umbilical tapes and then dividing 
it. Using staplers will not only occ1ude the lu
men but will also allow the lateral attachments 
of the right colon and the hepatic flexure to be 
more easily dissected from both the cecum and 
the transverse colon. When the colon is com
pletely freed, it is immediately placed in an en
doscopic bag. The specimen extraction cannula 
site is widened, the bag is removed through this 
incision, and the anastomosis is performed ex
tracorporeally as the surgeon prefers. The 
mesenteric gap and the incision are closed, and 
pneumoperitoneum is reestablished for peri
toneal cavity inspection. 

If tumors are to be laparoscopically resected, 
the precise location of the tumor must always 
be known and identified before performing the 
resection. We prefer to mark the tumor with India 
ink in four quadrants during preoperative colon
oscopy. Alternatively, intraoperative colonos
copy can be used but may lead to intestinal 
distension that will impair the view during lap
aroscopic surgery. If a barium enema has been 
performed preoperatively, then the results of it 
mayaiso be helpful in tumor localization. 

Cancer 

Right colectomy for colon cancer should be car
ried out according to accepted oncologic princi
ples5,6.8: en bloc resection of right colon with 
wide mesenteric clearance, near complete lym
phadenectomy of the right colon vascular sup
ply with proximal ligation of ileocolic, right 
colic, and middle colic vessels. If a cecal or 
proximal ascending cancer is resected, perform
ing mesenteric transection with division of the 
ileocolic vessels and vessels for the hepatic 
flexure of the middle colic artery may be suffi
cient. We believe it is important to document all 
these steps on videotape. 

Our presented technique differs from oth
ers,9-13 who laparoscopically mobilize the right 
colon first and then ligate the vessels intracor
poreally or extracorporeally. We believe our 
technique may have the following advantages: 

• Manipulation of the tumor-bearing segment 
is minimal because the colon will be mobi-
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lized only after complete mesenteric divi
sion. The free-floating mobilized colon is far 
less manageable in laparoscopic surgery than 
in conventional surgery, and this practice of 
leaving the colon in situ until after mesen
teric division may lessen the risk of in
traperitoneal dissemination of malignant 
cells. 

• The named arteries of the right colon are 
clearly visible posteriorly at their origin from 
the superior mesenteric artery so an early 
and proximal ligation can be safely per
formed. This retromesenteric approach also 
serves to keep the small intestine out of the 
operative field, thus facilitating exposure. 

• Wide mesenteric clearance is easily achieved 
because the arteries are proximally ligated 
and maintaining the lateral attachments helps 
to exert tension on the mesentery during dis
section. As long as the right colon is fixed at 
the lateral wall, countertraction can be ap
plied to the mesentery, which facilitates 
mesenteric dissection. 

• U sing umbilical tapes on both sides of the re
sected specimen not only allows the intestine 
to be easily manipulated, but it also occludes 
the intestinal lumen; such occlusion may 
minimize the possibility of contamination by 
intraluminal exfoliated malignant cells. 

• Because an intraperitoneal anastomosis is 
achieved and the intestine is transected, the 
specimen can be immediately placed in a bag 
and can be safely delivered through a small 
laparotomy incision soon after right colon 
mobilization, with minimal risk of spilling 
intestinal contents or tumor cell dissemina
tion into the peritoneal cavity or the abdomi
nal wound. 

The importance of these intraoperative ma
neuvers in cancer surgery and wh ether they de
crease postoperative morbidity and cancer re
currence rates remains to be determined. No 
results of prospective randomized studies are 
available yet. We believe some of the aspects of 
our techniques are clinically important and we 
have developed them to maintain the principles 
of conventional oncologic intestinal surgery. 
The minimal intestinal manipulation during dis-
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section, accompanied by the use of an imper
meable bag, mayaIso lessen the dissemination 
of malignant cells intraperitoneally; decreasing 
such dissemination may be especially important 
in preventing the cannula site implantation of 
malignant cells at the cannula sites, wh ich has 
been reported with alarming frequency.14 

We believe initial mobilization of the right 
colon makes performing truly proximal mesen
teric vascular ligation more difficult because 
clear identification of the superior mesenteric 
artery and the origin of the right colonic arter
ies can be more difficult. Extracorporeal proxi
mal ligation of the ileocolic and the middle 
colic arteries is ademanding maneuver because 
of the proximity of the origins of these vessels 
to the duodenum and the head of the pancreas. 
They can only be safely exposed in an average
size patient if a sizeable abdominal wall inci
sion is created. Thus, a curative resection of a 
right colon cancer with an attempt at extraperi
tone al proximalligation of the mesenteric ves
sels seems really to be a laparoscopic colon 
mobilization followed by a laparotomy. This 
type of cancer operation also forces the surgeon 
to manipulate a cancer-bearing segment of in
testine through the abdominal wall using a lim
ited incision-a maneuver that could shed tu
mor cells into the peritoneal cavity or the 
wound. There are several case reports of early 
abdominal wall recurrence after laparoscopic 
colon cancer surgery.14,15 These recurrences 
have not only been localized to the small la
parotomy where the specimen was retrieved, 
but they are also at different cannula sites. In 
none of the instances was the use of a specimen 
bag described. Although somewhat of a differ
ent technical exercise, Mikulicz's operation 
was abandoned early in the 20th century be
cause of an unacceptably high rate of wound 
implantation when the tumor was brought out 
through a limited lateral abdominal wall inci
si on (a 12% incidence in one series).16,17 For 
this reason, we believe in curative laparoscopic 
colorectal cancer surgery, the completely iso
lated specimen must be placed in an imperme
able bag to minimize any risk of tumor seeding 
at the cannula sites or the specimen extraction 
wounds. 
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Another important element of laparoscopic 
colon cancer surgery is clinically staging the 
liver at surgery. We recommend an intraopera
tive ultrasound of the liver be performed at 
surgery. If laparoscopic ultrasound is not avail
able, preoperative computed tomography with 
intravenous contrast dye should be carried out 
to stage the liver. 
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FIGURE 9.43. Position of the equipment and the surgi
ca! team for proctosigmoidectomy for the first and 
third phases of the procedure. (Modified with per
mission from Decanini c., Milsom J.W., Böhm B., 

Proctosigmoidectomy 

Position 

The patient is placed supine in the modified 
lithotomy position using Dan Allen stirrups. 
Surgery is begun in the Trendelenburg position 
(200 head-down tilt) , and after cannula inser-

Anesthetist 

Nurse 

Fazio V.W. , Laparoscopic onco!ogic abdominoper
ineal resection. Diseases of the Colon and Rectum. 
1994; Vol. 37, No. 6.) 
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tion, the patient is tilted right side down. For 
the first phase of the operation (dissection of 
the mesocolon and pelvic dissection), the sur
geon and the second assistant (cameraperson) 
stand on the patient's right side looking at a 
monitor placed near the patient's left knee while 
the first assistant stands on the patient's left side 
to look at a monitor placed near the patient's 
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FIGURE 9.44. Position of the equipment and the surgi
cal team far proctosigmoidectomy far the second 
phase of the procedure. (Modified with permission 
from Milsom J.W., Böhm B., Decanini C., Fazio 
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right knee. The nurse stands between the pa
tient's legs (Figure 9.43). In the second phase of 
the operation (mobilization of the splenic flex
ure), all surgical team members change posi
tions. The monitor at the left knee is moved 
near the patient's left shoulder when the splenic 
flexure is being mobilized (Figure 9.44). The 
surgeon stands between the patient's legs and 

Anesthetist 

Surgeon 

V.W., Laparoscopic oncologic proctosigmoidectomy 
with low colorectal anastomosis. Surgical En
doscopy. 1994; Vol. 8.) 
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both assistants stand on the patient's right side. 
The nurse stands next to the left knee. At this 
point, the entire team looks at the monitor at the 
patient's left shoulder. 

Instruments 

Table 9.4 lists the number and the type of in
struments required for laparoscopic proctosig
moidectomy. 

Cannulas 

After the initiallO-mm cannula has been placed 
infraumbilically, two cannulas are positioned in 
the right and two in the left lateral abdominal 
wall. For most procedures, because splenic 
flexure mobilization is necessary, a suprapubic 
cannula is also placed (Figure 9.45). 

Procedure 

Because the patient is placed in a steep Trende
lenburg position, tilted right side down, the 
small intestine falls into the right upper quad
rant. All small intestinalloops are retracted out 
of the pelvic area. The assistant holds the meso
sigmoid ventrally and to the left under traction 
using a Babcock-like grasper through the left
upper-quadrant cannula and a smaller grasper 

TABLE 9.4. Instruments required for laparoscopic 
proctosigmoidectomy. 

No. Type 

6 Cannulas (1 X 12 mm, 4 X 10 mm, 1 X 5 mm) 
including anchoring devices and converters 

Dissecting device, for example, endoscopic 
scissors equipped with electrosurgery 

Endoscopic dissector 
2 Endoscopic graspers (one Babcock-like large and 

one smalI) 
Endoscopic Babcock clamp* 
Endoscopic clip applier (large size)* 

1 Multifire endoscopic 30-mm stapler 
5 Endoscopic stapler cartridges 

Circular end-to-end anastomotic stapling device 
(28 or 31 mm) 

* Not needed if only laparoseopie mobilization is 
performed. 

• • 

FIGURE 9.45. Position of the cannulas for proctosig
moidectomy. 

through the left-Iower-quadrant cannula. The 
retroperitoneum is incised immediately to the 
right of the inferior mesenteric artery starting at 
the sacral promontory (Figure 9.46). Under 
continuous traction, the peritoneum is incised 
cephalad toward the direction of the origin of 
the inferior mesenteric artery. Using blunt dis
section, the inferior mesenteric artery and vein 
are swept ventrally, and the preaortic hypogas
tric neural plexus is swept dorsally to prevent 
injury to them. Dissection is continued medially 
beneath the inferior mesenteric artery and vein 
as the left ureter and the gonadal vessels are 
identified and swept posteriorly (Figure 9.47). 
If the ureter cannot be easily identified, the lat
eral attachments of the sigmoid colon are in
cised, and the sigmoid colon is mobilized in a 
left-to-right manner; the gonadal vessels and 
the ureter are identified and dissected free of 
the mesentery at the lateral aspect of the colon. 
Holding the sigmoid mesocolon under constant 
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FIGURE 9.46. The disseetion commences with an incision in the retroperitoneum just to the right of the inferior 
mesenteric artery. 

FIGURE 9.47. Disseetion continues toward the origin of the inferior mesenteric artery with identification of the 
left ureter and the gonadal vessels. 
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tension is essential. Constant tension can be 
achieved if the assistant grasps the cut edge of 
the incised peritoneum together with the infe
rior mesenteric artery. 

Once the origin of the inferior mesenteric 
artery is identified, the peritoneum is incised 
anteriorly over this pedicle and to the left to
ward the inferior mesenteric vein. U sing careful 
blunt dissecting techniques, a peritoneal win
dow is made just lateral to the inferior mesen
teric vein. This pedicle of the inferior mesen
teric artery and vein is ligated above or below 
the left colic artery (according to the surgeon's 
judgment) using an endoscopic vascular stapler, 
but only if the left ureter can be clearly identi
fied and retracted to avoid injury (Figure 9.48). 
We prefer to leave the inferior mesenteric artery 
1.0 to 1.5 cm long so if any bleeding occurs, an 
additionalligature can be applied to the vessel. 
After the stapler has been placed across the in
ferior mesenteric artery (and concurrently 
across the inferior mesenteric vein if this is fea
sible and safe), it is closed, and the ureter again 

FIGURE 9.48. Ligation and division of the inferior 
rnesenteric artery cIose to its origin using a 30-rnrn 
linear stapler. The ureter and the gonadal vessel have 

is checked. The tip of the stapler should be free 
and clearlY visible. Before the fired stapler is 
opened, both ends of the pedicle are grasped so 
any bleeding can be easily controlled. If the in
ferior mesenteric vein is not simultaneously lig
ated with the stapler, it is clipped or stapled sep
arately. 

The lateral attachments of the sigmoid colon 
are dissected free (if this has not been done al
ready), and the sigmoid colon is completely 
mobilized using sharp and blunt dissection as in 
open surgery (Figure 9.49). Again, great care 
should be taken to identify and to avoid any in
jury to the gonadal vessels or the ureter. 

If the indication for surgery is a polyp or small 
cancer, the lesion should have been positively 
identified endoscopically before surgery and the 
tumor marked by injecting India ink into the wall 
of the colon just below the tumor. Altematively, 
intraoperative visualization through the sigmoido
scope, laparoscopic identification, and marking 
the distal resection line with clips is a simple and 
easy procedure that does not require dye injec-

been swept cIear frorn the vesseJs. The inferior 
rnesenteric vein rnay often be ligated sirnultaneously. 
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FIGURE 9.49. Initial dissection of the lateral attachments of the sigmoid and left colon. 

tion. The disadvantages of intraoperative tumor 
identification are the extra time required and the 
need for some gas insufflation of the intestine, 
which may somewhat impair visualization. 

The mesosigmoid of the proximal resection 
line (i.e., to the left of the inferior mesenteric 
pedicle) is held using triangulating tension as 
described in chapter 4 (section titled Tissue Dis
section in Laparoscopic Colorectal Surgery) 
and transected using a combination of blunt dis
section, coagulation of small vessels, and clip
ping of large vessels (Figure 9.50). Using con
stant tension on the tissue, it is relatively easy 
to transect the mesocolon up to the colonic edge 
at the specified resection line. The colon is di
vided with one or two cartridges of 30-mm en
doscopic staples (Figure 9.51). The first phase 
of the surgery is now complete. 

For the second phase, mobilization of the 
splenic flexure, the surgical team repositions it
self (Figure 9.44). The surgeon works from the 
suprapubic and left-Iower-quadrant cannulas, 
with the first assistant using the two cannulas 
inserted in the right side of the abdominal wall. 
Through the right-upper-quadrant cannula, the 

first assistant passes an endoscopic loop instru
ment (this can be modified from a specimen ex
traction instrument known as EndoCatch I, US 
Surgical Corporation, Norwalk, Conn.). Using a 
grasper, the divided proximal bowel is pulled 
through the opened loop until body wall attach
ments prevent more proximal passage of the in
strument (Figure 9.52). The loop is then gently 
but snugly closed around the colon. The intes
tine distal to the loop is flipped cephalad over 
the loop; posterior and lateral soft tissue attach
ments of the sigmoid left colon are exposed by 
applying medial, cephalad, and anterior traction 
on the colon using the loop. The gras per in the 
first assistant's right hand is used to better ex
pose these attachments. 

The surgeon continues dissecting in a cepha
lad manner, sweeping Gerota's fascia away 
from the posterior surface of the colonic mesen
tery. All medial mesenteric attachments should 
be divided as far cephalad as possible, in a line 
parallel to and just to the left of the inferior 
mesenteric vein. Occasionally, a left colon or a 
splenic flexure venous branch must be isolated 
and divided in this process (Figure 9.53). 
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FrGURE 9.50. Transection of the mesentery of the descending sigmoid colon junction by applying triangulating 
tension. Vessels are clipped as they are encountered. 

FIGURE 9.51. The proximal resection line of the colon is transected with one or two applications of the 30-mm 
endoscopic stapler. 
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FIGURE 9.52. The splenic flexure is initially mobilized by gently pulling the proximal segment of the divided 
colon through an endoscopic snare. 

FIGURE 9.53. The medial attachments of the left colonic mesentery are isolated and are divided early in the 
disseetion; any vessels encountered are carefully clipped. 
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After the posterior surface of the mesocolon 
cephalad has been dissected as far as possible, 
the lateral attachments of the colon are revealed 
and divided. Constantly, in the course of this 
dissection, the surgeon must remain in the 
proper planes-generally dose to the bowel 
edge laterally and between Gerota's fascia and 
the colonic mesentery (Figure 9.54). 

In the region of the splenic flexure, the 
greater omenturn gradually appears and is dis
tinguished from the epiploic appendices by its 
more finely lobulated fatty texture. Separation 
of the omenturn from the colon and these ap
pendices is essential for accurate mobilization 
of the flexure (Figure 9.55). 

The surgeon will probably need to switch 
cannula positions once the splenic flexure itself 
is reached, moving from the suprapubic and the 
left-Iower-quadrant cannulas to the two cannu
las on the left side. In general, this change poses 
no special problems for the surgeon because the 
surgeon's hands, eyes, and the video monitor 
basically remain in line. 

Once the flexure is dissected from the most 
cephalad attachments of the lienocolic liga
ment, the greater omenturn is freed from the 
trans verse colon edge toward the midline as far 
as the surgeon deerns necessary to allow the de
scending colon to reach to the pelvis (Figure 
9.56). When the most posterior attachments of 
the left or distal trans verse colon mesentery 
have been dissected free from the retroperi
toneum, the assistant, from the right-lower
quadrant cannula, should grasp the distal cut 
edge of the bowel with an endoscopic Babcock 
damp and stretch it toward the pelvis to ensure 
that adequate mobilization has been obtained. 
Once this mobilization is accomplished, the en
doscopic loop is opened and removed from the 
colon. 

To accomplish the third phase of the proce
dure, that of specimen resection and colorectal 
anastomosis, the surgical team returns to the 
original positions (Figure 9.43). The rectum is 
completely mobilized as far distally as required 
by the tumor location and toward the pelvic 

FIGURE 9.54. The splenie flexure should initially be dissected from its posterior and lateral aspect-this expe
dites complete mobilization of the flexure. 
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FIGURE 9.55. The greater omenturn is separated from the splenic flexure by carefully applying traction and 
countertraction, which more clearly reveals the plane between the omenturn and the colon. 

FIGURE 9.56. The dissection of the omen turn should proceed to the right as far as necessary. 
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floor using standard open techniques, starting 
with posterior mobilization (Figure 9.57), and 
then dissecting posterolaterally to the right and 
to the left of the rectum. If the proper plane is 
entered posteriorly, no bleeding will occur, and 
the connective tissue between fascia propria of 
the rectum and presacral fascia can be separated 
easily. However, if bleeding does occur, large 
vessels of the lateral ligaments can be identified 
and coagulated. If they continue to bleed, the 
vessels should be clipped. In cancer cases, all 
soft tissue attachments of the rectum should be 
cut flush with the pelvic sidewalls. Finally, an
terior dissection is undertaken to a level below 
the anterior peritoneal reflection as far as deemed 
necessary (Figure 9.58). 

During the lower portion of the dissection in 
a woman, it may be valuable to place a rubber 
dilator or another rigid instrument intravagi
nally to elevate the vagina anteriorly to ac hieve 
the proper tissue tension and define planes 
through this important phase of dissection. A 
standard uterine manipulator used routinely in 
gynecologic laparoscopic surgery mayaIso be 

of some benefit when extensive anterior dissec
tion is necessary. Placed intravaginally, this in
strument will allow a perineal surgeon to ma
nipulate the uterus anteriorly out of the field of 
dissection. Exposure and dissection down to the 
pelvic floor mayaIso be expedited in patients of 
both sexes if an assistant uses a fist to exert per
ineal press ure in a cephalad direction. Such 
pressure elevates the pelvic floor. 

The distal resection line should be precisely 
identified using intraluminal inspection with a 
proctoscope and subsequently marked laparo
scopically with clips or coagulation. The distal 
mesorectum is first divided transversely starting 
on the right side at the proposed level of tran
section; clips are applied to any large vessels. If 
the mesorectum is difficult to dissect or if sev
eral large vessels must be divided, it may be 
most expeditious to divide the mesorectum us
ing a 30-mm vascular endoscopic stapler after 
creating a plane between the posterior wall of 
the rectum and the anterior portion of the 
mesorectum (Figure 9.59). Once the distal re
section line has been freed of the mesorectum, 

FIOURE 9.57. After disseetion of the omenturn, the rectum is initially mobilized posteriorly, as in conventional 
surgery. 
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FIGURE 9.58. Mobilization of the rectum anteriorly is performed. 

FIGURE 9.59. After a plane between the rectum and 
the mesorectum has been created, the mesorectum is 
divided using electrosurgery or by passing a 3D-mm 

endoscopic vascular stapler across it. Inset, Cross
sectional views as to how the plane is struck between 
the rectum and the mesorectum (arrow). 
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an endoscopic snare is inserted through the left
upper-quadrant cannula and is strategically 
placed below the tumor and above the resection 
line. The loop occludes the bowel lumen and a 
distal rectal washout is performed transanally, 
which we believe is important in reducing the 
risk of implantation of exfoliated tumor cells 
(Figure 9.60).18,19 We use a 40% alcohol solution 
followed by saline irrigation, but other agents 
such as povidone-iodine, chlorhexidine-cetrimide, 
or even water are probably adequate.20 

The rectum is transected with two or three 
applications of the 30-mm endoscopic stapler 
that has been passed through the right-Iower
quadrant cannula and has been placed obliquely 
across the rectum just below the snare (Figure 
9.61). A bowel bag is brought into the abdomi
nal cavity through the left-Iower-quadrant can
nula and the specimen is placed immediately in 
the bag by using the snare. The bag is closed, 
and then the drawstring and the top of the 
bowel bag are pulled into the cannula. Through 
the right-upper-quadrant cannula, the proximal 
bowel to be used for the colorectal anastomosis 
is grasped and retained with a grasping instru
ment. The left-Iower-quadrant cannula site is 
widened with a 3- to 5-cm muscle-splitting inci
sion, pneumoperitoneum is released, and the 

CO2 insufflator is shut off temporarily. The bag 
containing the specimen is carefully delivered 
through this incision without exposing the spec
imen to any abdominal wall tissue. Once the 
cannula and the top of the bag have been drawn 
clear of the abdominal wall, towels are placed 
around the wound; the bag is then drawn out of 
the cannula and is removed from the operative 
field. 

Next, the mobilized descending colon is de
livered through this same wound using the 
right-upper-quadrant grasper to hold it and a 
purse-string (size 0 polypropylene) suture is 
placed around the cut edge of the proximal 
colon after excising the previously placed sta
pIes. The anvil of a 28- or 31-mm circular sta
pIer is placed into the descending colon lumen 
and the purse-string suture is tied around the 
center rod in the usual manner. This end of the 
bowel is carefully returned to the peritoneal 
cavity without twisting its mesentery. The peri
tone al cavity is copiously flushed with warm 
saline solution. The abdominal wall is closed 
with size 0 polyglycolic acid figure-of-eight su
tures through alllayers of the fascia. 

Pneumoperitoneum is reestablished and the 
anastomosis is then created. A size 2-0 braided 
suture is loosely tied to the modified stapler. 

FIGURE 9.60. Onee the reetum has been eompletely mobilized, an endoseopie snare is used to oeclude the ree
turn below the tumor. Reetal washout then is perfonned. 



Proctosigrnoidectorny 161 

FrOURE 9.6l. The recturn is transected distal to the snare by using two or three applications of a 30-rnrn linear 
endoscopic stapler. 

With the center rod of the stapler retracted into 
the stapler head, the stapler is inserted trans
anally under laparoscopic guidance to the rectal 
staple line. Next, the plastic tip is protruded 
through the rectal wall just adjacent to the sta
ple line by turning the wing nut of the stapler 
counterclockwise. With a grasper in the right
upper-quadrant cannula, the thread is pulled to 
safely dislodge the plastic trocar tip from the 
center rod and to remove it through the cannula 
(Figure 9.62). 

A standard double-stapling technique is used 
to form the colorectal anastomosis by grasping 
the groove in the center rod with an endoscopic 
Babcock instrument through the right-Iower
quadrant cannula and locking the center rod 
into the center post of the circular stapler. This 
locking action is easily performed without sig
nificant force as long as the axes of the center 
rod and the center post are in a perfect line. Be
cause the center rod protruding from the proxi
mal colon is grasped with the endoscopic Bab
cock instrument from the right lower quadrant, 
its tip will be directed to the right side of the 

pelvis. Thus, the circular stapler head should be 
directed to the left side of the pelvis and the 
center rod should enter the pelvis from the left 
side. This maneuver may facilitate performing 
the anastomosis. Excellent visualization of the 
anastomosis before firing the stapler is manda
tory (Figure 9.63). To test the anastomosis for 
leaks, the pelvis is filled with saline, and air in
sufflation of the rectum is performed with a 
proctoscope. The tissue donuts created with the 
circular stapler are checked for completeness 
and are sent for routine pathologic analysis. 

At the conclusion of each case, after careful 
irrigation of the pelvis, an atraumatic silicone 
drain can be placed in the pelvis, using the 
right-lower-quadrant cannula site. Usually, the 
silicone drain is easily passed through the 12-
mm cannula and a grasper placed through the 
left-upper-quadrant cannula is used to place the 
drain in the pelvis. The cannula is then re
moved. If the drain does not fit through the can
nula, the cannula must be removed and a tonsil 
clamp must be used to push the drain through 
this site. 
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A 

B 

FIGURE 9.62. A, Initial protrusion of the plastic trocar 
of a circular stapler through the rectum, aided with 
countertraction applied with an endoscopic Babcock 
instrument. B, The trocar is pushed through the rec-

c 

turn dose to the staple line. C, The trocar is removed 
through a cannula by pulling on the attached thread. 

FIGURE 9.63. The colorectal anastomosis is created using an endoscopic Babcock instrument to maneuver the 
center rod into the center post of the transanally placed stapler. 
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Special Considerations 
In patients with diverticulitis who are undergo
ing sigmoid resection, it may be worthwhile for 
the assistant to use an irrigation-suction instru
ment in lieu of a gras per when the inflamed 
segment is mobilized; this will allow any inci
dental pus to be readily aspirated during the 
mobilization. 

Although others have advocated opening the 
rectum and passing the resected specimen 
transanally to avoid making an incision in the 
abdominal wall,21,22 we do not advocate open
ing the rectum at any point in the operation nor 
do we advocate transanal specimen removal. 
This creates (1) an unnecessary risk of peri
toneal bacterial contamination; (2) a possibly 
injurious anal sphincter dilation or tear in the 
rectum, especially along its upper edge; and 
(3) a potential for malignant cell see ding in the 
case of cancer surgery. 

Fully understanding some of the fine details of 
the vascular anatomy at the base of the left and 
distal trans verse mesocolon will enhance the 
safety of surgery in this area. The inferior mesen
teric artery is a straight vessel that runs from the 
distal aorta to its bifurcation into two superior rec
tal arteries in the mesorectum (Figure 9.64). It has 
collaterals at its left side only. The first collateral 
is the left colic artery, which usually arises from 
several millimeters to several centimeters away 
from the origin of the inferior mesenteric artery.7 
The left colic artery then courses laterally over a 
short distance and then runs superiorly toward the 
splenic flexure. According to VanDamme and 
Bonte,7 it usually runs vertically over a long, 
stretched S-like course close to the vertebral col
umn, unlike most depictions of the vessel. Less 
frequently, the left colic artery is directed toward 
the most lateral portion of the transverse colon or 
it bifurcates into ascending and descending direc
tions. In VanDamme and Bonte's study, the left 
colic artery presented an aberrant pattern in 17% 
and was absent in 12% of 156 specimens where 
its function was seemingly assumed by the more 
distal colosigmoid artery. This left colic vessel is 
then anastomosed with an accessory left colic 
artery coming from the superior mesenteric artery. 
An accessory left colic artery (seen in 14.5% of 
specimens) will affect the course, the existence, or 
the diameter of the left colic artery (Figure 9.65). 

163 

FIGURE 9.64. The most common pattern of the infe
rior mesenteric artery and its branches. 

Thus, anomalies of the left colic artery are nearly 
always accompanied by an accessory left colic 
artery or branch. 

The second branch of the inferior mesenteric 
artery is probably most accurately termed the 
colosigmoid artery. VanDamme and Bonte re
introduced this term from Manasse23 because 
the vessel supplies both the descending and the 
sigmoid colonic segments (Figure 9.64). It is a 
large, well-defined vessel, originating separately 
from the inferior mesenteric artery (48 % ), the 
left colic artery (38%), or from the angle be
tween the two (14%) in the 156 specimens that 
VanDamme and Bonte studied. From this ves
sei, a variable number of sigmoid branches 
arise, varying from I (l %) to 5 (3%). Usually 
there are 2 (21 %), 3 (50%), or 4 (25%),7 The 
last sigmoid artery (arteria sigmoidea ima) 
nearly always arises from the inferior mesen
teric artery, anastomosing to the preceding sig
moid artery arising from the colosigmoid artery. 
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FIGURE 9.65 . A common variation in the inferior 
mesenterie artery, with an aeeessory left eolie artery 
arising from the superior mesenterie artery (found in 
approximateiy 15% of speeimens). 

A final branch of the inferior mesenteric 
artery, the rectosigmoid artery, arises between 
the last sigmoid artery and the bifurcation of the 
inferior mesenteric artery into the superior rec
tal arteries. This vessel supplies the transitional 
area where the intestine changes from a mobile 
to a fixed organ, and is found in 64% of pa
tients, more commonly in men (69%) than in 
women (53%). Multiple rectosigmoid arteries 
may exist but are uncommonJ 

The advantage of knowing the arterial anatomy 
so precisely lies in facilitation of mesenteric di
vision. After proctosigmoidectomy, if a mesen
teric resection line between the left colic and 
the colosigmoid vessels is chosen, then this will 
facilitate the mesenteric division because after 
inferior mesenteric artery and vein division, 
only one or two mesenteric vessels will need to 
be clipped and cut if the plane is chosen prop
erly (Figure 9.66). 

FIGURE 9.66. Choosing an appropriate mesenterie di
vision line between the left eolie and the eolosigmoid 
vessels will faeilitate mesenterie disseetion beeause 
only two or three vessels will need to be divided and 
ligated. 

Additionally, if resection for cancer is being 
undertaken and the left colon must be com
pletely mobilized to reach weIl into the pelvis, 
division of the proximal inferior mesenteric 
artery and vein is usually necessary to allow the 
left colon to reach into the pelvis (Figure 9.67). 
This division may be accomplished by transect
ing the inferior mesenteric artery pedicle as we 
have described, then by dividing the left colic 
artery and vein close to their origins in the left 
mesocolon. Unless there is a suspicion of mes
enteric insufficiency from the middle colic ves
sels (or an accessory left colic artery), there 
should be little to no risk of vascular insuffi
ciency with this maneuver. If there is any ques
tion about vascular insufficiency, then a careful 
judgment will need to be made when the left 
colon is exteriorized for placement of the center 
rod and the anvil of the circular stapler. If the 
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FIGURE 9.67. Division ofthe left colic close to its ori
gin will more readily allow the descending colon to 
reach into the pelvis for a colorectal anastomosis. 

exteriorized segment is of questionable viabil
ity, then further mobilization of the left colon 
must be performed-either using laparoscopic 
or conventional techniques. 

Cancer 

When cancer surgery is performed, it is impor
tant to assess the feasibility of performing the 
pelvic portion of this procedure laparoscopi
cally, particularly if the cancer is located near 
the peritoneal reflection. If it is below the peri
toneal reflection, achieving a 2 cm or greater 
distal rectal and soft tissue margin below the tu
mor may not be possible using our laparoscopic 
techniques. Therefore, patients selected to un
dergo laparoscopic proctosigmoidectomy for 
cancer should probably have a tumor that is at 
or above the peritoneal reflection or in the distal 
sigmoid colon. 
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The issue of transecting the mesorectum is 
worthy of additional discussion here. This 
mesorectal transection should be weIl below (at 
least 3 to 5 cm) the primary tumor, so as also to 
provide a substantial margin of lymph-node
bearing soft tissue below the primary tumor. 
Our technique allows for rapid handling of what 
otherwise can be a difficult and time-consuming 
maneuver. 

We do not advocate any procedure involving 
opening the rectal lumen for specimen removal, 
especially in malignant disease. Phillips et aJ.21 
and Franklin et aJ.22 do apparently advocate 
such a method to avoid the need for an abdomi
nal wall incision. They describe, after rectosig
moid transection, first removing the colorectal 
specimen transanally by snaring it using a trans
anally passed colonoscope and a polypectomy
type snare protruding through the open end of 
the rectum. Next, a circular stapler is guided 
transanally to the cut edge of the rectum, is 
opened, and laparoscopically placed Roeder
loop-type sutures are tied over the proximal and 
distal bowel ends to secure them onto the circu
lar stapler. To us this seems like an extremely 
difficult technique, with a major risk to "miss" 
incorporating part of the circumference of the 
rectal wall with the Roeder-Ioop suture. AI
though there is no mention of the frequency of 
this occurrence in these articles, both articles 
mention the need for intracorporeal suturing of 
anastomotic defects. 

We also strongly advocate rectal washout be
fore transecting the rectum for cancer cases24,25: 

asnare can be placed over the divided sigmoid 
colon and passed down to an area weIl below 
the tumor (at least 2 to 3 cm) to occlude the rec
turn, which is then washed transanally with a 
cytotoxic solution (see Figure 9.60). After
wards, from the right-Iower-quadrant trocar, a 
30- or 60-mm stapler is placed below the snare 
to transect the rectum. Constant manual occlud
ing pressure must be maintained on the rectum 
with the snare because this instrument currently 
has no locking mechanism to ensure that it re
mains securely fastened around the rectum. As 
soon as the bowel is transected distally, an en
doscopic bag should be placed through the left
lower-quadrant cannula and the specimen 
should be immediately placed in it. Once the 
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distal end of the intestine is safely in the bag, 
the drawstring should be closed and the top of 
the bag should be pulled inside the cannula, as 
previously described, to completely isolate the 
specimen from the peritoneal cavity. 

If it is possible to completely remove the 
specimen from the peritoneal cavity while it is 
inside the bag, this should be done. The incision 
should be widened as necessary to safely re
move the specimen without risking contamina
tion of the peritoneal cavity or the abdominal 
wall. After specimen removal, using this limited 
incision, the entire peritoneal cavity may be 
thoroughly and rapidly washed out with direct 
irrigation and suction of irrigating fluid. We al
ways perform a preliminary irrigation of the tu
mor site and the abdominal wall with a cyto
toxic solution before performing the general 
irrigation of the peritoneal cavity with warmed 
saline solution. 

Using the described technique, the intestinal 
lumen is ne ver exposed to the peritoneal cavity, 
both ends of the specimen are safely occluded 
with staples, the intestine is carefully dissected 
free of the surrounding tissues only after initial 
proximal ligation of the major vessels, and the 
dissected specimen is immediately thereafter 
placed in an impermeable bag. All the features 
of this procedure should minimize the risk of 
any tumor seeding during laparoscopic resection. 

If proctosigmoidectomy is carried out because 
of cancer, we believe the following steps must 
be clearly documented on videotape: dissection 
of the origin of the inferior mesenteric artery 
with proximal ligation, adequate resection of the 
mesocolon, adequate distal margin after intraop
erative identification of the cancer, proximal and 
distal colonic transection using an endoscopic 
stapler, and placement of the specimen in a bag 
immediately after complete dissection. If all 
these steps are clearly documented, it seems rea
sonable to assurne that an oncologically satisfac
tory resection has been performed. 

Abdominoperineal Resection 

Position 

The patient is placed supine in the modified 
lithotomy position using Dan Allen stirrups. 

Surgery is begun in the Trendelenburg position 
(20 0 head-down tilt), and after cannula inser
tion, the patient is tilted right side down. For 
the entire laparoscopic operation, the surgeon 
and the second assistant (who acts as the cam
eraperson) stand on the patient's right side look
ing at a monitor placed near the patient's left 
knee. The first assistant stands to the patient's 
left side looking at a monitor placed near the 
right knee (Figure 9.68). The nurse stands be
tween the patient's legs. 

Instruments 

The instruments listed in Table 9.5 are the mini
mum required to perform an abdominoperineal 
resection. 

Cannulas 

The cannulas are positioned in the infraumbili
cal region, and in the right and left lateral ab
dominal wall. The left-upper-quadrant cannula 
site is situated at the proposed stoma site (Fig
ure 9.69). 

Procedure 

Because the patient is placed in a steep Trende
lenburg position and is tilted right side down, 
the small intestine falls into the right upper 
quadrant. All small-intestine loops are retracted 
out of the pelvic area. The assistant holds the 
mesosigmoid in a ventrolateral direction under 
traction using a Babcock-like grasper in the 
left-upper-quadrant cannula and a smaller grasp
er in the left-lower-quadrant cannula. The sur
geon incises the peritoneum to the right of the 
inferior mesenteric artery starting at the sacral 
prornontory (Figure 9.70). Under continuous 
traction, the peritoneum is incised cephalad to
ward the origin of the inferior mesenteric artery. 
U sing blunt dissection, the inferior mesenteric 
artery and vein are swept ventrally, and the 
preaortic hypogastric neural plexus is swept 
dorsally to prevent injury. Dissection then is 
continued medially beneath the artery, and the 
left ureter and the gonadal vessels are identified 
and swept posteriorly (Figure 9.71). Tension is 
placed on the sigmoid colon mesenteric attach-
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FIGURE 9.68. Positions of the equipment and the sur
gical team for abdominoperineal resection. (Modified 
with permission from Decanini C., Milsom J.W., 

ments by applying medial and cephalad trac
tion on the mesentery with graspers, which 
should not be used to grasp the intestine so in
advertent injury is avoided. If the ureter cannot 
be identified easily, the lateral attachments of 
the sigmoid colon are ineised, the sigmoid 
colon is mobilized left to right. The gonadal 
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Böhm B., Fazio Vw., Laparoscopic oncologic ab
dominoperineal resection. Diseases of the Colon and 
Rectum. 1994; Vol. 37, No. 6.) 

vessels and the ureter are then identified from 
the lateral aspect of the bowel and dissected 
from the mesentery. 

Onee the origin of the inferior mesenterie 
artery is identified, the peritoneum is incised 
anteriorly over the pedicle to the left toward the 
inferior mesenterie vein. Careful blunt dissect-
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TABLE 9.5. Instruments required for laparoscopic 
abdominoperineal resection. 

No. Type 

5 Cannulas (1 X 12 mm, 4 X 10 mm) including 

2 

1 
2 

anchoring devices and converters 
Dissecting device, for example, endoscopic 

scissors equipped with electrosurgery 
Endoscopic dissector 
Endoscopic graspers (one Babcock-like large and 

one smalI) 
Endoscopic clip applier (large size) 
Multifire endoscopic 3D-mm stapler 
Endoscopic stapler cartridges 

ing techniques are used to create a peritoneal 
window just lateral to the inferior mesenteric 
artery and vein. The pedicIe of the inferior 
mesenteric artery and vein is ligated above or 
below the left colic artery (according to the sur
geon's judgment) using an endoscopic 3D-mm 
vascular stapler, but only if the left ureter can 
be cIearly identified and retracted to avoid in
juring it (Figure 9.72). We prefer to leave the 
inferior mesenteric artery 1.D to 1.5 cm long so 
if any bleeding occurs, an additional ligature 
can be applied to the vessel. After the stapler 

• • 

FIGURE 9.69. The cannula positions for abdomino
perineal resection. 

FIGURE 9.70. The dissection commences with an incision in the retroperitoneum just to the right of the inferior 
mesenteric artery. 
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FIGURE 9.71. Dissection continues toward the origin of the inferior mesenteric artery with identification of the 
left ureter and the gonadal vessels. 

FIGURE 9.72. An endoscopic 30-mm linear stapler is 
used to ligate and to divide the inferior mesenteric 
artery close to its origin. The ureter and the gonadal 

vessel have been swept clear from the arteries. The 
inferior mesenteric vein may often be ligated simul
taneously. 
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has been placed across the inferior mesenteric 
artery (and concurrently across the inferior 
mesenteric vein if this is feasible and safe), the 
stapler is closed and the ureter again is checked. 
The stapler tip should be free and should be 
clearly visible so as not to incorporate any tis
sue other than the inferior mesenteric pedicle. 
Before the fired stapler is opened, both ends of 
the pedicle are grasped so in case of any bleed
ing, control can be easily achieved. If the infe
rior mesenteric vein is not simultaneously li
gated by the stapler, it is clipped or stapled 
separately. 

The lateral attachments of the sigmoid colon 
are dissected free, and the sigmoid colon is 
completely mobilized using a sharp and blunt 
dissection as in open surgery (Figure 9.73). 
Again, great care should be taken to identify 
and to avoid any injury to the gonadal vessels 
or the ureter. The mesosigmoid (or the proximal 
resection line just to the left of the inferior 
mesenteric pedicle) is held using triangulating 
tension as described in chapter 4 and is tran
sec ted up to the proximal intestinal resection 
line, using a combination of blunt dissection, 

coagulation of small vessels, and clipping of 
large vessels (Figure 9.74). With triangulating 
tension on the tissue, it is relatively easy to 
transect the mesocolon up to the colonic edge 
of the proximal resection line. The colon is di
vided with one or two sets of 3D-mm endo
scopic staples (Figure 9.75). 

The rectum is completely mobilized down to 
the pelvic floor using standard open surgical 
techniques, starting with posterior mobiliza
tion as far distally as possible (Figure 9.76), 
then dissecting posteroiaterally to the right 
and the left sides of the rectum. If the proper 
plane is entered posteriorly, no bleeding will 
occur, and the connective tissue between the 
fascia propria of the rectum and the presacral 
fascia can be divided easily. The large vessels 
of the lateral ligaments should be identified 
and coagulated. If they continue to bleed or 
are larger than 2 mm, the vessels should be 
clipped. In cancer cases, all soft tissues should 
be cut flush with the pelvic sidewalls. Anterior 
dissection is extended to a level weIl below 
the seminal vesicles or weIl into the rectovagi
nal septum if required (Figure 9.77). Once the 

FIGURE 9.73. Initial dissection of the lateral attachments of the sigmoid and left colon. 
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FIGURE 9.74. Transection of the mesentery of the descending-sigmoid colon junction by applying triangulating 
tension. Vessels are clipped as they are encountered. 

FIGURE 9.75. The proximal resection line of the colon is transected with one or two applications of a 30-mm 
endoscopic stapler. 
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FIOURE 9.76. After transection of the sigmoid colon, the rectum is initially mobilized posteriorly, as in con
ventional surgery. 

FIOURE 9.77. Anterior mobiIization of the rectum. 
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dissection has been carried out circumferen
tially to the pelvic floor, the surgeon should 
put a second sterile glove over the right hand, 
and place this hand into the rectum (and in 
women, the vagina) to perform bimanual pal
pation in order to ensure complete rectal dis
section to the pelvic floor level (Figure 9.78). 

Once the rectum has been completely mobi
lized, a perineal surgeon begins the perineal 
portion of the operation, continuing the dissec
tion under laparoscopic guidance from the skin 
and subcutaneous tissues upwards through to 
the pelvic floor. The perineal surgeon continues 
dissection until the posterior portion of the 
pelvis behind the rectum is entered. Once this 
step is achieved, pneumoperitoneum is released, 
and perineal excision of the anus and the rec
turn is carried out in a standard way. The per
ineal surgeon then removes the specimen. The 
laparoscopic surgeon passes an endoscopic 
grasper through the cannula located at the se
lected colostomy site; grasps the distal end of 
the descending colon; and pulls this up to the 
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anterior wall, checking that there is no tension 
on the colon. The colostomy then is created by 
withdrawing the cannula from this site, dilating 
the fascia up to a width of two finger breadths 
and then pulling the bowel end up to the skin 
level. After the colostomy has been pulled 
through the abdominal wall, the laparoscope is 
inserted into the right-Iower-quadrant cannula, 
and the left colon is examined to ensure that it 
has not twisted as it passed from the left side to 
the abdomen to the anterior wall. 

The pelvis is then copiously irrigated by plac
ing the patient in the head-up position and using 
the right-Iower-quadrant cannula site for inser
tion of an irrigation catheter. A cytotoxic solu
tion may be used initially if the surgeon desires. 
Suction is carried out conventionally from the 
perineum; effluent is collected in a kidney 
basin. After irrigation, a silicon drain is passed 
through the 12-mm right-Iower-quadrant can
nula site, is grasped with an endoscopic gras per 
by the perineal surgeon, is pulled into the 
pelvis, and is properly placed. 

FIGURE 9.78. Complete mobilization of the rectum down to the pelvic floor is checked with digital palpation. 
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The perineum is closed and the colostomy is 
matured in a standard manner. The abdominal 
cavity is carefully assessed laparoscopically for 
any sign of hemorrhage, particularly at all vas
cular pedicles and areas of dissection. 

Special Considerations 

Aside from the caveats and the suggestions 
made in the previous section, Proctosigmoidec
tomy, Special Considerations (proctosigmoid 
resection with colorectal anastomosis), the fol
lowing points are worth mentioning: 

• Perineal pressure exerted by an assistant's 
fist or fingertips may greatly enhance expo
sure of the deep pelvis during mobilization 
of the distal rectum, particularly anteriorly. 

• A uterine manipulator should be used early 
on during the anterior dissection phase in 
women with a uterus of nearly any size. 
Again, for this, an assistant standing between 
the patient's legs is needed. 

• Especially for anterior tumors, simultaneous 
dissection by a perineal operator may greatly 
expedite the procedure. This tactic, and the 
use of bimanual inspection (feeling from be
low with fingertips and above with a laparo
scopic instrument), may be valuable. 

Cancer 

All concepts discussed in sections in this chapter 
titled Right Colectomy, Proctosigmoidectomy, and 
Abdominoperineal Resection regarding oncologic 
surgery should be maintained in abdominoperineal 
resection. Thus, the origin of the inferior me sen
teric artery must be identified and ligated proxi
mally. Wide mesorectal and lateral rectal surgical 
margins must be achievable, and the proximal in
testinallumen must be occluded before specimen 
removal. These steps must be documented on 
videotape. The bowel bag is not necessary because 
the specimen can readily be removed through the 
perineum. We prefer to irrigate the pelvis and the 
perineal areas with a cytotoxic solution. Although 
there is no proof as to the efficacy of this step, it is 
simple, safe, takes little time, and may wash out 
any remaining free-floating malignant cells. For 
these reasons, it seems warranted. We do not 
close the lateral gap after forming an end colos
tomy with abdominoperineal resection. If a sur-

geon chooses to do this, either a hemia stapler or 
a running suture could be used. 

For abdominoperineal resection for cancer, 
these steps should be documented on videotape: 
dissection of the origin of the inferior mesenteric 
artery with proximal ligation, wide resection of 
the mesorectum, and complete mobilization of the 
rectum. If these steps are clearly performed, then 
it is reasonable to assurne that an oncologically 
satisfactory resection has been performed. 

Total Abdominal Colectomy 

Total abdominal colectomy entails complete 
laparoscopic removal of the colon from the 
ileocecal valve to the rectosigmoid junction at 
the sacral prornontory. 

Position 

The patient is placed supine in the modified 
lithotomy position using Dan Allen stirrups. 
Surgery is begun in the Trendelenburg position 
(200 head-down tilt), and after cannula inser
tion, the patient is tilted right side down. For 
the first phase of the operation (dissection of 
the mesocolon, the inferior mesenteric pedicle, 
and the pelvic dissection), the surgeon and the 
second assistant (who acts as the cameraperson) 
stand on the patient's right side looking at a 
monitor placed near the patient's left knee, and 
the first assistant stands on the patient's left side 
looking at a monitor near the right knee. The nurse 
stands between the patient's legs (Figure 9.79). 

For the second phase of the operation (mobiliza
tion of the left colon and the splenic flexure), the 
surgeon stands between the legs and both assist
ants stand on the patient's right side. The entire 
laparoscopic team looks at the monitor placed near 
the patient's left shoulder. The nurse moves to a 
position near the patient's left knee (Figure 9.80). 

During the third phase of the operation (right 
colonic mobilization), the surgeon remains 
in the same position, while the first assistant 
and the cameraperson shift to the patient's left 
side. The nurse moves to a location near the pa
tient's right knee, and the monitor located origi
nally near the patient's right knee is shifted to a 
position near the right shoulder so the entire 
team can see it (Figure 9.81). 
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Anesthetist 
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FIGURE 9.79. Position of the equipment and the surgical team far the first phase of total abdominal colectomy. 
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Anesthetist 

Surgeon 

FIGURE 9.80. Position of the equipment and the surgical team for the second phase of total abdominal colec
tomy. 
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Anesthetist 

FIGURE 9.81. Position of the equipment and the surgical team for the third phase of total abdominal colectomy. 
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Instruments 

The instruments in Table 9.6 are the minimum 
necessary to accomplish a total abdominal 
colectomy with intraperitoneal dissection of the 
mesentery and the ileorectal circular stapled 
end-to-end anastomosis. For a laparoscopic
assisted procedure, an endoscopic stapler and a 
snare are not necessary; 5-mm cannulas can be 
used in all sites except the infraumbilical site 
and either the suprapubic or lower-right-quad
rant site, which require lO-mm cannulas. A 10-
mm cannula is necessary at the suprapubic or 
lower-right-quadrant site in case a clip applica
tor must be inserted for vesselligation. 

Cannulas 

The cannulas are placed as shown in Figure 
9.82. 

Procedure 

The procedure begins as in proctosigmoidec
tomy (see previous section). The patient is 
placed in a steep Trendelenburg position and is 
tilted right side down so the small intestine falls 
into the right upper quadrant. All small-intestinal 
loops are retracted out of the pelvis. The assis
tant holds the mesosigmoid under traction in a 
ventrolateral direction using the Babcock-like 

TABLE 9.6. Instruments required for laparoscopic 
total abdominal colectomy. 

No. Type 

6 Cannulas (1 X 12 mm,* 4 X 10 mm,* I X 5 mm) 
including anchoring devices and converters 

Dissecting device 
Endoscopic scissors 
Endoscopic dissector 

2 Endoscopic graspers (one Babcock-Iike and one 
small) 

Endoscopic snare* 
I Endoscopic clip applier (large size)* 
I Multifire Endo GIA 30 stapler* 
6 Endo GIA 30 cartridges* 

Curved stapler (28 or 31 mm) 

* Not needed if only mobilization is to be performed 
laparoscopically (see Instruments seetion). 

• • 

FrGURE 9.82. Position of the cannulas for total ab
dominal colectomy. 

grasper in the left-upper-quadrant cannula and a 
smaller grasper in the left-Iower-quadrant can
nula. The peritoneum is incised immediately to 
the right of the inferior mesenteric artery, start
ing at the sacral promontory (Figure 9.83). Un
der continuous traction, the peritoneum is in
cised cephalad toward the direction of the 
origin of the inferior mesenteric artery. Using 
blunt dissection, the inferior mesenteric artery 
and vein are swept ventrally away from the 
preaortic hypogastric neural plexus, which is 
swept dorsally to prevent injury to it. Dissection 
is continued medially beneath the inferior mesen
teric artery and vein; the left ureter and the go
nadal vessels are identified and are swept poste
riorly (Figure 9.84). If the ureter cannot be 
readily and easily identified at this point in the 
dissection, the lateral attachments of the sig
moid are incised, the sigmoid colon is mobi
lized left to right, and the gonadal vessels and 
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FIGURE 9.83. The dissection commences with an incision in the retroperitoneum just to the right of the inferior 
mesenteric artery. 

FIGURE 9.84. Disseetion continues toward the origin of the inferior mesenteric artery; the left ureter and the 
gonadal vessels are identified. 
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the ureter then are identified and dissected free 
of the mesentery. 

Once the origin of the inferior mesenteric 
artery is identified, the peritoneum is incised 
anteriorly over this pedicle and then left toward 
the inferior mesenteric vein. Using a combina
tion of blunt and sharp dissecting techniques, a 
peritoneal window is made just lateral to the in
ferior mesenteric vein. The pedicle of the infe
rior mesenteric artery and vein is ligated above 
or below the left colic artery (according to the 
surgeon's judgment) with a 30-mm endoscopic 
vascular stapler, but only after the left ureter 
has been clearly identified and retracted so it is 
not injured (Figure 9.85). We prefer to leave the 
inferior mesenteric artery 1.0 to 1.5 cm long so 
if any bleeding occurs, an additional ligature 
can be applied to the vessel. After the stapler 
has been placed across the inferior mesenteric 
artery (and concurrently placed across the infe
rior mesenteric vein if this is feasible and safe), 
the stapler is closed and again the ureter is 
checked. The tip of the stapler should be free 
and clearly visible, and then fired. Before the 

FIGURE 9.85. An endoscopic 30-mm linear stapler is 
used to ligate and to divide the inferior mesenteric 
artery elose to its origin. The left ureter and the go-

fired stapler is opened, both ends of the pedicle 
are grasped so any bleeding can be easily con
trolled. If the inferior mesenteric vein is not si
multaneously ligated by the first stapler, it is 
clipped or stapled separately. 

The lateral attachments of the sigmoid colon 
are dissected free, and the sigmoid colon is 
completely mobilized using sharp and blunt dis
section as in open surgery (Figure 9.86). Again, 
great care should be taken at this juncture to 
identify and to avoid any injury to the gonadal 
vessels or the ureter. To identify the distal re
section line of the bowel, an experienced assis
tant should perform proctoscopy. At the speci
fied point of resection (12 to 15 cm from the 
anal verge), the laparoscopic surgeon pi aces a 
marking clip on the mesenteric fat. The upper 
rectum is mobilized (Figure 9.87). The mesorec
turn at this point is divided sharply, starting on 
the right side; large vessels are clipped. If the 
mesorectum is difficult to dissect or if several 
prominent vessels must be divided, it may be 
most expeditious to divide the mesorectum with 
a 30-mm endoscopic stapler, after dissecting a 

nadal vessel have been swept away from the vessels. 
The inferior mesenteric vein may often be ligated si
multaneously. 
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FIGURE 9.86. Initial dissection of the lateral attachments of the sigmoid and left colon. 

FIGURE 9.87. The rectum is mobilized to a point just below the sacral prornontory. 
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plane between the posterior wall of the rectum 
and the anterior portion of the mesorectum 
(Figure 9.88). The rectum itself is then tran
sected with two to three applications of the 3-
cm endoscopic stapler (Figure 9.89). 

As soon as the bowel is divided, the surgical 
team repositions itself for the second phase of 
the operation, splenic flexure and left colon 
mobilization (Figure 9.80). The surgeon works 
through the suprapubic and the left-Iower-quadrant 
cannulas, while the first assistant works through 
the right-upper-quadrant and the right-Iower
quadrant cannulas. Through the right-upper
quadrant cannula, the first assistant passes an en
doscopic snare into the abdomen and pulls the 
cut end of the descending colon through the 
loop with a grasper (Figure 9.90). The snare is 
threaded proximally over the bowel to the 
undissected attachments of the left colon. Ten
sion is placed on the left colon and its mesen
teric attachments by exerting medial and 
cephalad traction on the snare. The colon distal 

FIGURE 9.88. After a plane between the recturn and 
the rnesorecturn has been created, the rnesorecturn is 
divided using electrosurgery or by passing a 30-rnrn 

to the snare should be flipped cephalad over 
the snare shaft to better expose the posterior 
mesenteric attachments of the bowel to the 
retroperitoneum. 

The surgeon then continues dissecting in a 
cephalad manner, sweeping Gerota's fascia 
away from the posterior surface of the colonic 
mesentery. First, all medial mesenteric attach
ments should be divided as far cephalad as pos
sible, in a li ne parallel to and just to the left of 
the inferior mesenteric vein. Occasionally, there 
is a left colon or a splenie flexure venous 
branch that must be isolated and divided during 
this process (Figure 9.91). 

After the posterior surface of the mesocolon 
has been dissected cephalad as far as possible, 
the lateral attachments of the colon are placed 
under tension and are divided. The snare is 
steadily moved proximally up the colon as the 
dissection proceeds cephalad to obtain maximal 
tension on the peritoneal attachments of the 
colon. This sequence of retraction and dissec-

endoscopic vascular stapler across it. Inset, Cross
sectional view as to how the plane is struck between 
the recturn and the rnesorecturn (arrow). 
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FIGURE 9.89. The rectum is tran sec ted at the sacral 
promontory using two or three applications of a 30-
mm endoscopic stapler. 
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FIGURE 9.90. To begin mobilization of the left colon 
and splenic flexure, the proximal segment of divided 
colon is gently pulled through an endoscopic snare. 

FIGURE 9.91. The medial attachments of the left colonic mesentery should be isolated and divided early in the 
dissection, carefully c1ipping any vessels encountered. 



184 9. Major Operative Procedures in Laparoscopic Colorectal Surgery 

tion will greatly expedite the splenic flexure 
takedown (Figure 9.92). During this dissection, 
the surgeon constantly must remain in the 
proper planes-generally dose to the bowel 
edge laterally, and between Gerota's fascia and 
the colonic mesentery. 

In the region of the splenic flexure, the 
greater omenturn gradually appears and is dis
tinguishable from the epiploic appendices by its 
finer lobulated fatty texture. Separation of the 
omenturn from the colon and these appendices 
is essential for accurate mobilization of the 
flexure (Figure 9.93). The surgeon may need to 
switch cannula positions to comfortably reach 
the splenic flexure, moving from the suprapubic 
and the left-Iower-quadrant cannulas to the left
upper-quadrant and the left-Iower-quadrant can
nulas. 

If the splenic flexure proves difficult to dis
sect, the dissection can be continued right to left 
from the distal transverse colon toward the 
splenic flexure, detaching the omen turn from 
this area as in conventional surgery. In our ex
perience, it is important to mobilize the left 

colon and the left mesocolon as far cephalad as 
possible in the dorsal mesenteric plane adjacent 
to Gerota's fascia. This greatly simplifies the 
mobilization of the splenic flexure, and may 
simplify dissection of the greater omenturn and 
the lateral adhesions dose to the colonic wall. 
With complete mobilization of the splenic flex
ure, the surgical team dissects the omenturn 
from the distal trans verse colon as far to the 
right as is possible and practical (Figure 9.94). 

At this point, the surgical team repositions it
self for the third phase of the procedure, right 
colonic mobilization (Figure 9.81). Thus, the 
patient is tilted left side down in the Trendelen
burg position so the small intestine falls toward 
the left upper quadrant. The first assistant places 
the dorsal mesenteric attachments of the termi
nal ileum under tension with graspers in the 
left-upper-quadrant and the left-Iower-quadrant 
cannula sites. The surgeon begins dissection 
through the suprapubic and the right-Iower
quadrant cannulas, incising the retroperitoneal 
attachments of the ileum just medial to the base 
of the appendix, carrying the incision cephalad 

FIGURE 9.92. The splenic flexure should initially be dissected from its posterior and lateral aspect-this ap
proach expedites complete mobilization of the flexure. 
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FIGURE 9.93 . The greater omen turn is separated from the splenic flexure by carefully applying traction and 
countertraction, which more clearly reveals the plane between the omenturn and the colon. 

- ' 

FIGURE 9.94. The omenturn should be dissected to the right as far as necessary to fully mobilize the left colon. 
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and to the left toward the inferior edge of the 
duodenum (Figure 9.95). After the peritoneum 
is incised, the ileal and right colonic mesen
tery are completely freed retroperitoneally by 
bluntly dissecting a tunnel beginning dorsal to 
the ileal mesentery (Figure 9.96). With this 
maneuver, the duodenum, the right ureter, the 
gonadal vessels, and Gerota ' s fascia become 
clearly visible (Figure 9.97). 

The ileocolic artery and vein are identified on 
their dorsal aspects in the mesentery (Figure 
9.98) and are traced to their origin from the su
perior mesenteric artery and vein. All vessels 
are carefully dissected at a safe distance from 
the superior mesenteric artery and vein, and a 
window through the mesentery is made on ei
ther side of the two vessels. The ileocolic pedi
cle is traced distally to the cecum before divi
sion to correctly distinguish it from the superior 
mesenteric artery and vein. This may require 
flipping the mesentery and the ileum caudally, 
and examining the vessels from their ventral as
pect. The pedicles are clipped and then divided, 

or stapled and transected with an endoscopic 
vascular stapler (Figure 9.99). 

Dissection is continued cephalad from the 
ventral aspect of the right mesenteric root, con
tinuing superiorly and medially until the peri
tone al reflection of the middle colic vessels is 
seen. This reflection is divided sharply and 
blunt dissection is used to isolate the roots of 
middle colic vessels. The middle colic vessels 
are next separated from the retroperitoneal 
structures and the structures of the lesser omen
tal sac; particular care is needed near the supe
rior aspect of these vessels. The vessels are then 
ligated with large clips or by applying a 30-mm 
endoscopic vascular stapler (Figure 9.100). Just to 
the left of the middle colic pedicle, the mesen
teric edge of the transverse colon is grasped, 
and the peritoneum is incised as far to the left 
as possible. Additional vessels of the trans verse 
mesocolon are divided between clips as needed 
(Figure 9.101). The greater omental attach
ments to the trans verse colon at this point are 
dissected from the colon, thus completely free-

FIGURE 9.95. Initial exposure of the cecum and the terminal ileum. The peritoneum is incised along the base of 
the ileal mesentery up to the duodenum. 
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FrGURE 9.96. A window is created in the retroperitoneum to separate the ileal and right colon mesentery from 
retroperitoneal structures. 

FIGURE 9.97. The right ureter, the gonadal vessels, 
Gerota's fascia, the duodenum, and the caudal parts 
of the pancreas have been dissected away from the 

mesentery in the course of creating a retroperitoneal 
tunnel. 
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FIGURE 9.98. The ileocolic lymphovascular pedic1e is isolated at its origin and an incision is made on one or 
both sides of the vessels in preparation for subsequent ligation and transection. 

FIGURE 9.99. Transeetion of the clipped ileocolic 
Iymphovascular pedic1e from the dorsal aspect. Inset, 
Alternatively, the pedicle may be approached anteri-

orly and ligated, then divided using the 30-mm endo
scopic stapler. 
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FIGURE 9.100. The transverse colon is grasped and its lymphovascular pedicle is stapled and transected close 
to the origin of middle colic vessels using a 30-mm endoscopic stapler. 
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FrGURE 9.10 1. Completion of transection of the trans
verse colonic mesentery to the left of the middle 
colic vessels. 

ing the omenturn from the bowel. Vessels of the 
omenturn are electrocoagulated or clipped, and 
divided as necessary. The terminal ileum is next 
grasped and the proximal resection line is iden
tified near the ileocecal junction. The ileal 
mesentery is completely dissected starting from 
the left side of the ileocolic pedicle. All me sen
teric vessels are clipped, and divided or coagu
lated (Figure 9.102). 

Next, starting at the cecum, the right colon 
and the hepatic flexure are complete1y detached 
from retroperitoneal structures. Because most 
of the mobilization of the colon has been per
formed dorsally, only minor adhesions with the 
lateral and posterior abdominal wall have to be 
transected up to and just beyond the hepatic 
flexure (Figure 9.103). 

It may sometimes be useful to transect the 
terminal ileum in order to apply the snare as a 
retracting device that may be slid up and onto 
the right and trans verse colon. It may be espe
cially helpful in dissecting the transverse meso
colon. At this point, the colon should be com
pletely free from surrounding structures. The 
endoscopic snare is then passed from the di
vided rectosigmoid region to the ileocolic junc-
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FrGURE 9.102. Di viding the ileal mesentery using tis
sue triangulation and clipping of larger mesenteric 
vessels. 

tion to check for any further soft tissue attach
ments. Once the entire colon is completely free, 
the snare is removed. 

The distal sigmoid colon is grasped through 
the suprapubic cannula, then this cannula site is 
widened using a muscle-splitting (small Pfan
nenstiel) incision. Pneumoperitoneum is re
leased and the CO2 insufflator is shut off tem
porarily. The entire colon is drawn out through 
this wound, and the terminal ileum is transected 
extracorporeally between bowel clamps, and 
the specimen is removed. A purse-string (size 0 
polypropylene) suture is placed around the cut 
edge of the ileum. The anvil and the center rod 
assembly of a 28- or 31-mm circular stapler is 
placed into the bowel lumen and the purse
string suture is tied in the customary mann er. 
The ileum is returned to the peritoneal cavity, 
and the cavity is copiously irrigated by flushing 
warm saline in through an upper abdominal 
cannula and suctioning the fluid through the 
suprapubic cannula site using a conventional 
sump suction system. The abdominal wall 
thereafter is closed with size 0 polyglycolic acid 

FIGURE 9.103. Completing the mobilization of the right colon and the hepatic flexure after retroperitoneal mo
bilization and mesenteric division. 
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FrGURE 9.104. A, Driving the circular stapler through 
the rectal wall for the ileorectal anastomosis; B, the 
plastic trocar is removed from the center post of the 
circular stapler; and C, withdrawn through the right
upper-quadrant or the right-lower-quadrant cannula. 

sutures placing either simple or figure-of-eight 
sutures through the abdominal wall in one layer. 

Pneumoperitoneum is reestablished and the 
circular stapler is passed transanally under lap
aroscopic guidance. The modified plastic spike 
of the stapler is retracted into the instrument 
head until the instrument is carefully and com
pletely brought up to the rectal staple line. Then 
the spike is pushed through the rectal wall just 
adjacent to the staple li ne by turning the wing 
nut on the stapler handle counterclockwise 
(Figure 9.104). 

A standard double-stapling technique is used 
to form the ileorectal anastomosis. The center 
rod of the staple protruding from the ileum is 
grasped with a right-Iower-quadrant endoscopic 
Babcock instrument and is locked into the cir
cular stapler protruding from the rectal stump 
(Figure 9.105). This locking action is easily 
performed without substantial force as long as 
the axis of the center rod and the axis of the 
center post are in a perfect line. Because the 
center rod is grasped with the Babcock instru
ment through the right lower quadrant, the tip 
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(Modified with permission from Milsom J.W., Böhm 
B., Decanini C., Fazio V.W., Laparoscopic oncologic 
proctosigmoidectomy with low colorectal anastomo
sis. Surgical Endoscopy. 1994; Vol. 8.) 

FrGURE 9.105. The ileorectal anastomosis is effected 
using a roticulating endoscopic Babcock to maneu
ver the center rod into the center post of the 
transanally placed circular stapler. 
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of the center rod will tend to be directed to the 
right side of the pelvis. The center post protrud
ing from the rectum should be directed to the 
left side of the pelvis and the center rod should 
enter the pelvis from the left side. This maneu
ver may facilitate locking the center rod into the 
center post. Before anastomotic formation, the 
ileal mesentery must be carefully scrutinized 
along its cut edge to be sure it is not twisted. 
Excellent visualization of the anastomosis be
fore firing the stapler is also necessary. 

The anastomosis is checked for leaks by fill
ing the pelvis with saline solution and then us
ing a proctoscope to insufflate the abdomen 
with air. The tissue donuts created with the cir
cular staplers are carefully inspected for com
pleteness and are sent for routine pathologie 
evaluation if the surgeon deerns it necessary. 

Special Considerations 

At the conclusion of each case, after the pelvis has 
been carefully irrigated, an atraumatic silicone 
drain may be placed in the pelvis through the right 
lower quadrant cannula site. U sually, the silicone 
drain can easily be passed through the 12-mm 
cannula and a grasper from the left-Iower-quad
rant cannula is used to place the drain into the 
pelvis. The cannula is then removed. If the drain 
does not fit through the cannula, the cannula 
must be removed, and a tonsil clamp can be used 
to push the drain through this site. 

The vascular anatomy within the mesentery 
of the trans verse colon to the left of the middle 
colic vessels and in the region of the splenie 
flexure needs special mention here. Because 
this area may be difficult to expose, a funda
mental understanding of the vessels that may be 
encountered here is extremely important. Con
nections between the left colic and middle colic 
artery are common, with two arcades in the 
splenie flexure mesentery seen most commonly 
(33%), followed in frequency by tertiary or pri
mary ones (25% each); arcades with 4, 5, or 6 
branches are exceptional (Figure 9.106).7 In 
14.5% of specimens (see previous section, 
Proctosigmoidectomy, Special Considerations), 
an accessory left colic will arise from the supe
rior mesenteric artery. 

FrOURE 9.106. Mesenteric vascular connections be
tween the left colic and middle colic artery. Most 
commonly, there are two (33% of specimens); three 
arcades and one arcade are less common (25% each). 
More than three arcades are exceptional. 

We have also discovered that it is not unusual 
to find aseparate unnamed vein draining from 
the distal transverse colon direct1y into the infe
rior mesenteric vein, or even following a sepa
rate course underneath the pancreas to the 
splenic vein. 

When the transverse mesocolon is transected 
along with the middle colic vessels, entry into 
the lesser sac is often confusing because of con
genital adhesions between the greater omenturn, 
the stomaeh, and the transverse mesocolon. The 
omenturn may usually be recognized by its fine, 
fatty lobulations in comparison with the smooth 
texture of the fat in the transverse mesocolon. 
The omenturn may be quickly encountered su
periorly after transeetion of the transverse meso
colon. Generally, by patiently separating the 
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plane and lysing any congenital adhesions just 
behind and superior to the middle colic vessels, 
the lesser sac can be found. 

Cancer 

Performing a procedure as extensive as the lap
aroscopic total abdominal colectomy is feasible, 
but its use in cancer surgery calls for special 
techniques. The following points highlight cer
tain techniques that should be used in the rare 
instance that this procedure is performed for 
cancer: 

• All major vessels are ligated proximally with 
wide mesenteric resection (we use proximal 
mesenteric vascular division as the routine 
procedure). 

• The rectum should be washed before transec
tion, first occluding it with the endoscopic 
snare. Occlusion should be followed by 
saline irrigation of the rectum before stapling 
is performed. 

• As soon as the intestine is transected, an en
doscopic bowel bag should be passed into 
the abdominal cavity through the suprapubic 
cannula site, and the specimen should be im
mediately put into the fully opened bag that 
has been positioned in the pelvis. 

• The specimen should be removed after the 
suprapubic cannula site has been enlarged and 
the abdominal wall has been protected from 
contamination as described in a previous sec
tion, Proctosigmoidectomy, Special Consider
ations. Protecting the abdominal wall incision 
with towels or an impermeable barrier is also 
critical. The specimen is carefully removed 
while inside the bag or after the bag has been 
moved beyond the abdominal wall. 
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10 
Stoma Construction and Closure 
U sing Laparoscopic Techniques 

Like chapter 9, this chapter is also designed to 
present a step-by-step approach to several ma
jor laparoscopic procedures. A detailed discus
sion of how to set up and perform laparoscopic 
colorectal surgical procedures, in general, is 
presented in chapter 8. We will present here, in 
outline form, the steps for each procedure so all 
necessary details will be available to success
fully perform the procedure. Each section of the 
chapter will cover the following five areas and 
will "stand alone" as a rapid and thorough ref
erence for the surgeon to review before the pro
cedure: 

1. position 
2. instruments 
3. cannulas 
4. procedure 
5. special considerations 

The construction of astoma, either an 
ileostomy or a colostomy, may be one of the 
best indications for laparoscopy because only 
minimal dissection is required, almost no 
mesenteric manipulation is necessary, and the 
procedure is generally simple. Additionally, lap
aroscopic stoma formation may allow one to 
quickly obtain a biopsy specimen, to "run" the 
small and large bowels if necessary (as in 
Crohn's disease or partial bowel obstruction), 
and to accurately assess the portion of the intes
tine chosen for the stoma. Laparoscopy also 
permits one to visually ascertain that the intesti
nal loop is properly oriented as it is brought 
through the stoma site. Similarly, laparoscopy 

allows one to survey the entire abdominal 
cavity-despite reports of successful "blind" or 
limited open techniques to create ileostomies, 
right or transverse loop colostomies, and sig
moid colostomies, these approaches have the 
serious drawback of not permitting such an ex
amination.! 

During the preoperative preparation, we al
ways indelibly mark the patient's abdominal 
wall at the proposed stoma site. When selecting 
the site, we work with an enterostomal therapy 
nurse, and the site is chosen only after position
ing the patient in the supine, sitting, and standing 
postures. Stoma closure using laparoscopic tech
niques is also feasible in most patients but must 
be anticipated to be much more challenging than 
stoma creation because prior surgery may leave 
many intra-abdominal adhesions.2-4 Thus, pa
tients must be advised of the greater likelihood 
of laparotomy during this procedure compared 
with most other laparoscopic procedures. 

Stoma Construction 

Ileostomy or Jejunostomy 

Very likely, a surgeon will need to perform 
small intestinal diversion for patients with ma
lignant intestinal obstruction, especially if the 
obstruction is a result of advanced pelvic can
cer. Although some surgeons may prefer a 
blindly created transverse loop colostomy for 
this purpose, laparoscopic ileal diversion is our 
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procedure of choice-if the intestine is not 
overly distended-for the following reasons: 

• The general peritoneal cavity may be ex
plored and biopsy specimens may be taken 
as needed. 

• In pelvic malignancies with large-bowel ob
struction requiring diversion, an ileal loop 
may also be trapped in the pelvis, resulting 
in possible obstruction or near obstruction. If 
laparoscopy is feasible under these circum
stances, one may ans wer this question at the 
time of laparoscopy and decide whether to 
divert upstream of this problem as weIl. 

Some may argue that laparoscopic ileostomy 
for patients with malignant obstruction might 

not be feasible because bowel distention or 
multiple adhesions from previous surgery may 
preclude safe laparoscopy. However, because 
few instruments are required for this laparo
seopie procedure, it still is probably worthwhile 
to consider performing at least diagnostic lap
aroscopy through the proposed stoma site. 

The jejunostomy technique described in this 
seetion is similar to ileostomy formation but is 
rarely performed. 

Position 

The patient is placed supine. Surgery is begun in 
the Trendelenburg position (200 head-down tilt), 
and after cannula insertion, the patient is tilted left 
side down, which will allow the small intestine to 

FIOURE 10.1. Position of the equipment and the personnel for ileostomy. 
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fall into the left upper quadrant for creation of the 
ileostomy. For jejunostomy, the patient is placed 
right side down. The surgeon initially stands on 
the side where the stoma will be created, with the 
first assistant positioned on the other side. Moni
tors are placed on each side of the patient, close to 
the knees (Figure 10.1). The second assistant and 
the nurse stand to the left of the surgeon and be
tween the patient's legs, respectively. 

Instruments 

The instruments listed in Table 10.1, in addition 
to the basic instruments needed for laparoscopic 
surgery, are the minimum required to create a 
simple loop ileostomy or jejunostomy. 

Cannulas 

Cannulas are positioned at the proposed ileostomy 
or jejunostomy site and opposite the stoma site 
at the midabdomen, lateral to the rectus sheath 
(Figure 10.2). 

Procedure 

The procedure is begun at the proposed stoma 
site. For ileostomy, this is usually in the right 
lower quadrant over the rectus sheath, and for je
junostomy, this is in the left upper quadrant just 
lateral to the rectus sheath. For ileostomy cre
ation, the disk of skin necessary for stoma for
mation is initially excised at this site. The first 
cannula is then inserted using an open technique. 
Electrosurgical dissection is carried out down to 
the rectus sheath, which is incised longitudinally 
for 2 to 3 cm. The rectus muscle fibers are 
spread, and then the posterior sheath is exposed 
and incised 1.5 to 2 cm. A purse-string suture is 

TABLE 10.1. Instruments required for loop 
ileostomy or jejunostomy. 

No. Type 

2 lO-mm cannulas, including anchoring devices 
12-mm cannula*-in certain rare instances 
5-mm cannula*-in certain instances 
Endoscopic Babcock-type instrument 
Plastic rod for loop ileostomy 
Endoscopic biopsy forceps* 
Endoscopic 30-mm stapler* 

* Not required for every case. 
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FIGURE 10.2. Cannula placement for loop ileostomy. 
The 12-mm cannula is rarely needed. 

placed around the opening in the posterior sheath, 
a lO-mm cannula is inserted into the peritoneal 
cavity without the trocar, and the purse-string su
ture is tied down or secured with a Rumel 
tourniquet. The Rumel tourniquet is merely a de
vice that allows tightening of the fascia around 
the initially placed cannula by the following 
method: A l2F or l4F stiff rubber catheter is 
threaded over the fascial suture, then after can
nula placement, the catheter is pushed down 
against the cannula while pulling back on the su
ture. A c1amp is tightened down on the suture 
just above the catheter. Next, CO2 insufflator 
tubing is attached to the cannula and pneu
moperitoneum is established. 

First, the abdominal and pelvic cavities are 
inspected to ensure that ileostomy can be 
formed laparoscopically (see chapter 8, section 
titled Initiation of Laparoscopic Colorectal Pro
cedures). The second lO-mm cannula is then in
serted lateral to the rectus sheath in the midab-
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domen or lower quadrant opposite to the stoma 
site under laparoscopic guidance. If a biopsy 
specimen must be taken, a laparoscopic biopsy 
forceps (5mm, nondisposable) equipped with 
electrosurgery must be passed through a can
nula or directly through the abdominal wall us
ing a small puncture incision in the skin overly
ing the biopsy site. 

If the small bowel must be run or if two
handed manipulation is necessary (e.g., for ad
hesiolysis), then a third (5mm) cannula should 
be inserted. The surgeon should judge the best 
location for this cannula, but usually it is in
serted in the suprapubic area. The location 
should be chosen so the surgeon can work eas
ily with both hands. 

Once the diagnostic laparoscopy has been 
completed, the surgeon should place the laparo
scope in the cannula opposite the stoma site and 
place an endoscopic Babcock-type instrument 
through the stoma site cannula. At the terminal 
ileum, an intestinal site for the ileostomy should 
be chosen 10 to 20 cm upstream of the ileocecal 

valve so the intestine will not be under tension 
when it is brought through the abdominal wall. 
To form a jejunostomy, the ligament of Treitz 
should be localized, and the intestinal site 
should be chosen 30 to 40 cm downstream of 
the ligament. The entire width of the small in
testine is firmly grasped at the site and the 
grasper is locked (Figure 10.3). 

Under direct visualization, the intestinal loop 
is brought up to the abdominal wall; the me sen
tery must not be twisted. Orienting the bowel to 
the stoma may require placing the afferent limb 
in either a medial or superior position. Releas
ing pneumoperitoneum somewhat may be nec
essary to fully evaluate the amount of tension 
needed to bring the loop comfortably up to the 
skin. Once the bowel is oriented, the endo
scopic Babcock instrument should be held on 
its shaft, not its handles, in a fixed position to 
prevent rotation. 

The laparoscope is removed, pneumoperi
toneum is fully released, and the endoscopic 
Babcock instrument is left with its tip positioned 

FIGURE 10.3. The ileum is grasped with a Babcock clamp through the cannula at the ileostomy site. 
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just below the fascia. The cannula at the stoma 
site is pulled out of the abdominal wall (this will 
require cutting the posterior sheath purse-string 
suture), then two right-angle retractors are again 
placed to splay the rectus muscles so the poste
rior sheath can be clearly seen. The posterior 
sheath incision is enlarged to approximately two 
finger widths using finger dilation or curved, 
blunt-tipped scissors so the intestinalloop can be 
easily delivered. As soon as the ileal loop is 
seen, two conventional Babcock clamps are 
placed on the bowel to hold it in place. The in
testinal loop is delivered to skin level while 
maintaining proper orientation. A plastic stoma 
rod then is passed beneath the loop. 

Pneu mo peritoneum is reestablished through 
the remaining cannula, and the laparoscope is 
re-inserted into the peritoneal cavity. The loop 
is assessed for proper orientation, as is the 
mesentery for proper tension. The surgeon may 
insert a small finger alongside the loop to check 
the orientation, if needed. 

Special Considerations 

If the intestine is under too much tension to allow 
safe ileostomy formation, there are two options. 
First, the third cannula previously mentioned can 
be placed in the suprapubic area so the posterior 
ileal mesenteric attachments can be released by 
scissors disseetion to increase ileal mobility. The 
second option, which is simpler, is to select a site 
another 10 to 20 cm upstream from the ileocecal 
valve. This decision is unlikely to result in any 
adverse metabolie consequences. 

If the ileum first needs to be divided to better 
construct the stoma, then division is most easily 
and rapidly done by bringing the loop through 
the stoma, placing bowel clamps, and dividing 
it between the clamps with a conventionallin
ear cutting stapler. The distal limb is then over
sewn and dropped back inside the peritoneal 
cavity. The proximallimb is matured to the skin 
in a routine manner. The distal limb should be 
examined laparoscopically just before the ab
domen is desufflated and the trocars are re
moved. 

If the intestinal loop cannot be mobilized 
sufficiently to allow for proper stoma forma
tion, a 12-mm (rather than a 5mm) suprapubic 
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cannula should be placed. The mesenteric at
tachments to the retroperitoneum and lateral 
cecal attachments are then divided. If intraperi
toneal mesenteric and intestinal division is 
necessary so the intestine will reach the de
sired location, then the chosen loop should be 
grasped from the stoma site cannula and placed 
under some tension. Through the suprapubic 
cannula, a fine dissecting instrument is used to 
score the mesentery just at the bowel edge. The 
mesentery is then gently spread until an open
ing several millimeters wide is created through 
the full thickness of the mesentery. Through 
the same cannula, an endoscopic 30-mm sta
pIer is used to divide the bowel: the stapler 
anvil is threaded through the mesenteric de
fect, and the stapler is then closed and fired 
(Figure 10.4). A second stapler cartridge is 
used, if necessary, to completely transect the 
bowel. Any further mesenteric division is per
formed using scissors dissection and electro
surgery. A fourth cannula may be needed so the 
surgeon can use two-handed dissection while 
the assistant holds the ileum and the laparo
scope. This cannula (5 mm) should be placed 
in the right lower quadrant as far lateral as pos
sible. Clips may be needed to adequately 
achieve hemostasis of vessels larger than 2 cm. 
Dividing some of the mesentery as weIl as the 
intestine should allow the intestine to maxi
mally reach the abdominal wall. After the 
bowel has been checked for proper orientation, 
the cannula sites have been checked for hemor
rhage, and the abdomen has been desufflated, 
the stoma end is matured to the skin in a rou
tine everting manner. 

In the last 2 years, we have performed more 
than 20 loop ileostomies using the described 
method for temporary or permanent diversion 
for perianal Crohn's disease, rectovaginal fis
tula, and fecal incontinence. Although in all 
cases we performed a diagnostic laparoscopy, 
we did not gain any additional information from 
the diagnostic laparoscopy except in one case. 
In the others, the preoperative diagnosis was 
confirmed. The me an duration of the laparo
scopic procedure was 35 minutes. The length 
mainly depended on whether adhesions had to 
be lysed. No intraoperative complications oc
curred. 
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FIGURE 10.4. The intestine is held with a Babcock c1amp. An endoscopic stapler is applied to transect the 
small intestine. 

Feeding Jejunostomy 

The feeding jejunostomy differs from the previ
ously described stomas of the small intestine in 
that a loop of jejunum is only identified, intu
bated, and brought into apposition with the an
terior abdominal wall. 

Position 

The patient is placed supine on the operating 
table. Surgery is begun in the Trendelenburg po
sition (200 head-down tilt), and after cannula in
sertion, the patient is tilted right side down to al
low the small intestine to fall into the right upper 
quadrant. The surgeon initially stands on the side 
where the stoma will be created, with the first 
assistant positioned on the other side. The sec
ond assistant and the nurse stand to the right of 
the surgeon and between the patient's legs, re
spectively. Monitors are placed on each side of 
the patient close to the knees (Figure 10.1). 

Instruments 

The instruments listed in Table 10.2 are re
quired for formation of a feeding jejunostomy, 
in addition to the basic instruments needed for 
any laparoscopic procedures. 

TABLE 10.2. Instruments required for a feeding je
junostomy. 

No. Type 

3 2 X 5-mm and 1 X lO-mm cannulas 
Endoscopic grasping instrument 
Set of needle holders and gras pers 

4 Size 0 monofilament sutures or Keith needles 
or 

Laparoscopic gastrostomy kit with T-fastener set* 

* Ross Products Division, Abbott Laboratories, 
Columbus, Ohio. 
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FIGURE 10.5. Cannula placement for feeding jejunos
tomy. Dot in left upper quadrant is site for jejunostomy. 

Cannulas 

Cannulas will be located at the infraumbilical 
area, at the right lateral abdominal wall, and at 
the lower midline (Figure 10.5). 

Procedure 

The procedure is begun with infraumbilical in
sertion of a Veress needle, insufflation of the 
peritoneal cavity, and then insertion of a lO-mm 
cannula at this site as described in chapter 8. 
After general inspection of the peritoneal cavity 
using this cannula site for the laparoscope, the 
additional cannulas are placed, the surgeon 
moves between the patient's legs, and the first 
assistant moves to the patient's left side. The 
second assistant moves to the right side and the 
nurse stands lateral to the patient's left knee. 

After identifying a site approximately 30 to 
40 cm distal to the ligament of Treitz by run-
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ning the intestine, the chosen intestinal loop is 
firmly grasped and lifted anteriorly to evaluate 
whether it easily reaches to the anterior abdomi
nal wall (some desufflation may be required). If 
the intestinal loop reaches the abdominal wall, 
four size 0 monofilament sutures (or T-fasten
ers) are placed sequentially and perpendicularly 
through the abdominal wall in a diamond shape, 
starting with the most superior suture (Figure 
10.6). The "top" point of this diamond should 
point cephalad, with the distance between su
tures being about 2 cm. The first needle and su
ture are passed percutaneously into the peri
tone al cavity at the jejunostomy site and are 
grasped with the needle holder. The needle is 
then inserted through seromuscular tissue at the 
jejunostomy site and is passed up through the 
abdominal wall. Using a hemostat, the assistant 
secures the suture, pulling the loop toward the 
abdominal wall to facilitate placement of the 
next suture. The remaining sutures are placed in 

FIGURE 10.6. For the feeding jejunostomy, four su
tures are first placed through the abdominal wall in a 
diamond shape (view is from within the peritoneal 
cavity). 
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the following order: right lateral, left lateral, 
lower. This last suture is left somewhat looser 
than the others so the jejunostomy site can con
tinue to be adequately visualized. 

A needle catheter (14 gauge) provided with 
the jejunostomy kit is then passed percuta
neously directly into the middle of the diamond 
into the peritoneal cavity. Next, with a gentle 
stabbing motion whiIe traction is maintained on 
the upper two sutures, the catheter is passed dis
tally into the bowellumen. Using the Seldinger 
technique, a J-shaped guide wire is passed 
through the intro duc er needle into the bowellu
men for 10 to 15 cm. Next, the skin incision is 
enlarged to allow for an 18F catheter, and the 
jejunostomy site is dilated using 12F, 14F, 16F, 
and 18F dilations over the guide wire and into 
the intestine. Next, the catheter is passed over the 
guide wire and the lumen of the jejunum. The 
guide wire is removed. Under laparoscopic vi
sualization, the catheter is flushed and is aspi
rated with sterile saline to verify intraluminal 
placement of the catheter. 

To compIete the procedure, the abdomen is 
desufflated somewhat and all four sutures (or T
fasteners) are tightened gently over small gauze 
bol sters at the skin level (Figure 10.7). The ab-

FIGURE 10.7. The feeding tube is placed and two 
knots are tied over gauze bol sters in the final steps of 
creating a feeding jejunostomy. 

domen is re-insufflated so the ostomy site can 
be inspected. The cannulas then are sequentially 
removed, and each cannula site is checked for 
hemorrhage and is closed in a routine manner. 
The jejunostomy is secured by tying the size 0 
or 2-0 monofilament nonabsorbable sutures over 
the bolsters. 

Special Considerations 

Any uncertainty about the location of the 
catheter tip should prompt an on-table water
soluble dye injection study to be certain that the 
catheter is placed intraluminally. This should be 
done before removal of any cannulas. 

O'Regan and Scarrow5 and Romero et a1. 6 

described a similar technique. Sangster and 
Swanstrom7 reported 23 feeding jejunostomies. 
They placed conventional rubber ureteral cath
eters into the jejunum and intra-abdominally su
tured the jejunum to the abdominal wall. No 
complications were reported with any of these 
techniques. 

Transverse Colostomy 

Diversion of the large intestine may be most 
readily performed in the right upper quadrant 
(loop transverse colostomy) or in the left lower 
quadrant (sigmoid colostomy). Although our 
preference for large-bowel diversion is a sig
moid colostomy because the feces have a more 
solid consistency and there are generally fewer 
stomal problems, creation of stomas at both 
sites will be described. Although blind stoma 
formation at both sites has been described, the 
laparoscope provides for diagnostic laparoscopy, 
accurate location of the stoma, and procurement 
of biopsy specimens if indicated. 

Position 

The proposed colostomy site is chosen based on 
apreoperative assessment of the abdominal 
wall with the patient in the sitting, standing, and 
lying positions. The patient is placed supine or 
in the modified lithotomy position, with the table 
tilted left side down to allow the intestine to fall 
away from the right side. The surgeon initially 
stands on the patient's right side, with the assis
tant on the Ieft side. The second assistant and 
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the nurse stand to the left of the surgeon and be
tween the patient's legs, respectively. One mon
itor is placed dose to the left shoulder and the 
other dose to the right shoulder (Figure 10.8). 

Instruments 

The instruments listed in Table 10.3 are required 
to create a simple trans verse loop colostomy, 
along with the basic instruments needed for any 
laparoscopic procedure. 

First assistant 
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TABLE 10.3. Instruments required for a transverse 
loop colostomy. 

No. Type 

2 lO-mm cannulas, including anchoring devices 
2 5-mm cannulas*-in certain circumstances 

Endoscopic Babcock-type instrument 
Plastic rod for loop colostomy 
Sutures for maturation 

2 Conventional B abcock clamps 

* Not required for every case. 

Anesthetist 

FIGURE 10.8. Position of the equipment and the personnel for trans verse colostomy. 
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FIGURE 10.9. Cannula placement for transverse 
colostomy. 

Cannulas 

Cannulas will be positioned at the colostomy 
site (the right upper quadrant) and in the left 
midabdomen lateral to the rectus sheath (Figure 
10.9). 

Procedure 

The procedure is begun at the proposed colos
tomy site. Cannulas are inserted using an open 
technique as was discussed for ileostomy proce
dure in the previous section. The only major 
difference, other than the site location, is that 
the patient initially is kept in a flat position 
rather than in the Trendelenburg position. Once 
diagnostic laparoscopy is completed, the second 
cannula is placed and the laparoscope is passed 
into this cannula. An endoscopic Babcock in
strument is inserted through the right-upper
quadrant cannula and a suitable site on the 
trans verse colon for stoma formation is chosen. 

The greater omentum should be moved superi
orly; it may be advantageous to place the pa
tient in the Trendelenburg position (15° to 20°) 
to more easily accomplish this. The bowel 
should be brought through the abdominal wall 
as was described in the previous section for 
ileostomy procedure, taking great care to main
tain proper orientation of the intestine. The 
steps to complete the procedure are identical to 
those used in the previous section for ileostomy 
procedure. Most often, the afferent limb of the 
stoma williie to the right, with the efferent limb 
to the left. 

Special Considerations 

If the colonic mesentery is under too much ten
sion or if the omentum must be dissected away 
from the colon for stoma formation, other strate
gies must be considered. First, an alternative po
sition of the trans verse colon should be sought, 
either proximal or distal to the first choice, that 
is easier to mature. If no alternatives are feasible, 
then two additional 5-mm cannulas are placed at 
right-Iower-quadrant and lower midline sites so 
the colon can be dissected from the greater 
omentum and the body wall as necessary. The 
surgeon stands between the patient's legs, and 
dissection is carried out with a blunt-tipped dis
sector and scissors equipped with electrosurgery. 
The greater omentum is held under tension using 
a Babcock clamp placed through the right-upper
quadrant cannula. 

If the trans verse colon still cannot be freed ad
equately so a safe transverse colostomy can be 
fashioned, then conversion to an open procedure 
should be considered. If the procedure is per
formed for obstruction, the surgeon should use 
laparoscopic techniques with great caution if any 
dis tension is present because the right and trans
verse colon may be particularly thin and friable. 
Additionally, if the obstruction is caused by a 
pelvic malignancy, then an ilealloop could also 
be involved and could be at risk for obstruction. 
In such a situation, a trans verse colostomy 
would be unwise unless potential obstruction of 
the ileum can be excluded. If any question about 
obstruction in the terminal ileum exists, then di
version upstream of the possible obstruction 
must be accomplished. Conventional surgery 
should be considered if necessary. 
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Sigmoid Colostomy 

This stoma is most often indicated in patients 
requiring temporary diversion for pelvic per
ineal sepsis or anal incontinence not treatable 
by other means. It is one of the simplest and 
most expeditious laparoscopic surgical proce
dures. Two types of sigmoid colostomies will 
be described - the loop and end stomas. 

Position 

The patient is placed supine or in the modified 
lithotomy position. Surgery is begun in the 
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Trendelenburg posItIOn (200 head-down tilt), 
and after cannula insertion, the patient is tilted 
right side down so the intestine will fall into the 
right upper quadrant. The surgeon initially 
stands on the patient's left side, with the assis
tant positioned on the right side. The second as
sistant and the nurse stand to the surgeon's right 
side and between the patient's legs, respec
tively. Monitors are positioned close to the left 
and right knees (Figure 10.10). After cannula 
insertion, the surgeon moves to the patient's 
right side, the assistant to the patient's left side, 
and the nurse stays between the patient's legs. 

Anesthet ist 

FIGURE 10.10. Position of the equipment and the personnel for sigmoid colostomy. 
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TABLE 10.4 Instruments required for a loop sig-
moid colostomy. 

No. 

2 

Type 

lO-mm cannulas, including anchoring devices 
Endoscopic Babcock-type instrument 
Plastic rod for loop colostomy 
Sutures for maturation 
Endoscopic scissors equipped with 

electrosurgery* 
Endoscopic dissector* 
12-mm cannula* 
Endoscopic 30-mm stapler*-only needed in 

special circumstances 
Endoscopic clip applier*-only needed in 

special circumstances 

* Not required for every case. 

Instruments 

The instruments listed in Table 10.4, in addition 
to basic instruments needed for laparoscopic 
surgery, are the minimum required for a simple 
loop sigmoid colostomy formation. If some dis
section of the sigmoid colon from its retroperi
toneal attachments is required to mobilize it ade
quately, then an additional 5-mm cannula may 
be required in the right lower quadrant. An endo
scopic scissors equipped with electrosurgery and 
a dissector will also be necessary. This setup al
lows the surgeon to work from two cannulas on 
the right side. If division of the sigmoid in
traperitoneally is necessary to adequately mobi
lize the intestine, then a 12-mm cannu1a will be 
needed instead of the 5-mm cannula; the 12-mm 
cannula will allow a 30-mm endoscopic stapler 
to be inserted for bowel division. 

Cannulas 

Cannula positions will be located at the colostomy 
site and in the right midabdomen. If additional 
cannulas are needed, a third cannula (5 or 
12 mm) would be placed in the right lower 
quadrant (Figure 10.11). 

Procedure 

The procedure is begun at the proposed stoma 
site with excision of the disk of skin for stoma 
formation. An open technique of initial cannula 

• • 

FIGURE 10.11. Cannula placement for sigmoid 
colostomy. 12- and 5-mm cannulas are only occa
sionally required. 

insertion is performed as folIows. Dissection us
ing electrosurgery is carried out down to the an
terior rectus sheath, which is incised longitudi
nally for 2 to 3 cm. The rectus muscle fibers are 
spread, and the posterior sheath is exposed and 
incised for 1.5 to 2 cm. A size 0 purse-string su
ture is placed around the opening in the posterior 
sheath, the cannula is inserted without the trocar, 
and the purse-string suture is tied down around it 
or tightened using a Rumel tourniquet (see pre
vious section, Stoma Construction, Procedure). 
The CO2 insufflator tubing is attached to the 
cannula, pneumoperitoneum is established, and 
then the laparoscope is inserted. 

On ce diagnostic laparoscopy has been com
pie ted and the second cannula inserted, the lap
aroscope is switched to the right abdominal 
cannula and the endoscopic Babcock instrument 
is passed through the left cannula to grasp the 
sigmoid colon as distally as possible. This usu-
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ally involves reaching into the pelvis and re
trieving the downstream portion of the sigmoid 
colon (Figure 10.12). In our experience, this 
portion of the sigmoid colon usually easily 
reaches to the anterior abdominal wall. Once 
the sigmoid colon is firmly grasped with the en
doscopic Babcock instrument, the abdomen is 
desufflated somewhat and the surgeon estimates 
how easily the loop may be brought up to the 
abdominal wall. Some judgment will be re
quired in deciding which section of the sigmoid 
colon will most easily reach the proposed stoma 
site. The surgeon also must ensure that the 
bowel is not twisted as it is brought up to the 
stoma site. 

Once the bowel is oriented, the endoscopic 
Babcock instrument should be held by its shaft, 
not its handles, in a fixed position to preclude 
any rotation. The laparoscope is removed, pneu
moperitoneum is fully released, and the endo
scopic Babcock instrument is left with its tip 
positioned just below the fascia. The cannula at 
the stoma site is pulled from the abdominal wall 
(this will require cutting the purse-string poste
rior sheath suture); then two right-angle retrac
tors are placed to spread the rectus muscles so 
the posterior sheath can be clearly seen. To al
low the intestinal loop to be easily delivered to 
the skin, the abdominal wall muscles are parted 
to allow approximately two finger breadths, us-
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ing either finger dilation or curved, blunt-ended 
conventional scissors. 

When the intestine is seen at the skin level, two 
conventional Babcock clamps are used to hold it 
in place. If the opening in the posterior sheath is 
large enough, the loop can easily be delivered to 
the skin level while maintaining proper orienta
tion. A plastic stoma rod is then passed beneath 
the loop. At this time, pneumoperitoneum is 
reestablished through the remaining cannula and 
the laparoscope is re-inserted into the cannula. 
The loop is assessed for proper orientation and 
mesenteric tension, and the cavity is examined 
for intraperitoneal bleeding. 

Special Considerations 

If undue tension is noted when pulling the loop 
through the stoma aperture, a third 5-mm cannula 
should be placed in the right lower quadrant and 
the retroperitoneal attachments along the white 
line of Toldt incised to further mobilize the sig
moid colon. An end sigmoid colostomy can eas
ily be formed by dividing the loop with a con
ventional linear stapler at the skin level. The 
proximal end is brought up after minor mesen
teric division using conventional instruments. If 
the mesentery and the bowel length seem too 
short despite sigmoid colon mobilization, then 
the bowel and part of its mesentery should be di-

FIGURE 10.12. The downstream sigmoid colon is grasped with a Babcock clamp to begin a sigmoid colostomy. 
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vided intraperitoneally. This division will require 
placing a 5-mm cannula in the suprapubic area 
and a 12-mm cannula in the right lower quadrant. 
The laparoscope is placed in the right midabdom
inal cannula. The assistant holds the bowel from 
the stoma site cannula while the surgeon uses en
doscopic scissors and a fine grasping or dissect
ing instrument from the right-Iower and suprapu
bic cannulas to make a mesenteric window at the 
stoma site. Once the window has been made, the 
30-mm stapler is passed from the right-Iower
quadrant cannula through the window, closed, 
then checked for accurate positioning, and fired 
(Figure 10.13). A second application is used as 
necessary to completely transect the bowel. 

If further intestinal mobilization is necessary, 
mesenteric division may be readily performed 
using endoscopic clips and electrosurgery as 
needed. The proximal end is brought through 
the stoma as previously described and matured 
in a routine manner. If control of the distal end 
is necessary, this end may be retrieved and su
tured to the inferior portion of the stoma aper
ture at the fasciallevel. 

If the stoma is being created subsequent to a 
rectosigmoid resection, so as to treat recurrent 
pelvic disease or incontinence, then several 

considerations are important. Adhesions almost 
certainly will be present, and consequently, 
three or four cannulas probably will be neces
sary. If any mesenteric division is required, the 
inferior mesenteric artery has probably been 
sacrificed, and the marginal vessel, which may 
lie close to the colon, may be the only blood 
supply to the intestine all the way to the pelvis. 
If laparoseopie division is contemplated in such 
a patient, considering ileostomy or transverse 
loop colostomy is wise. 

Any time a diversion is performed for pelvic 
cancer, the distal ileum should be examined and 
verified to be clear of any obstruction. Any un
certainty about the intestinal anatomy or about 
the procedure should prompt conversion to an 
open procedure. 

Stoma Closure 

Although closing a divided stoma may appear to 
be a rather simple surgical maneuver, this pro
cedure may be extensive and difficult, whether 
performed laparoscopically or conventionally, 
because of adhesions and anatomie distortions 
caused by previous surgery. Thus, the patient 

FIGURE 10.13. Transection of the sigmoid colon with an endoscopic stapler. 
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and the surgical team must be prepared for con
version to an open procedure. On the other hand, 
diagnostic laparoscopy is still worthwhile
there may be few intra-abdominal adhesions and 
a laparoscopic approach may be feasible. 

Closure of the Divided Small
or Large-bowel Stoma 

There are several types of divided stomas not 
involving the rectum, but we most often see 
the end ileostomy with an ascending or a trans
verse colon mucous fistula (closed or open). 
This stoma is often created after urgent ileo-
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colic resection for Crohn's disease, bleeding 
diverticular disease, or arteriovenous malfor
mation. The principles discussed here are ap
plicable to closure for other types of divided 
stomas as weIl. 

Position 

The patient is placed in the modified lithotomy 
position in padded stirrups (we prefer Dan 
Allen). The surgeon stands on the patient's right 
side, the first assistant stands on the patient's 
left side, and the second assistant stands just 
above the surgeon. Both monitors are placed 
adjacent to the shoulders (Figure 10.14). After 

Anesthetist 

FIGURE 10.14. Position of the equipment and the personne1 for stoma c10sure and ileocolic anastomosis. 
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initial cannula insertion, the surgeon moves to a 
position between the patient's legs. Both the 
first and second assistants should initially stand 
on the patient's left side for ileostomy closure 
and on the patient's right side for colostomy 
closure. 

Instruments 

The instruments listed in Table 10.5, in addition 
to basic instruments needed for laparoscopic 
surgery, are the minimum required. If an end
to-side stapled anastomosis is contemplated, a 
conventional circular stapler and a linear stapler 
will be needed. 

Cannulas 

Cannulas are positioned at the stoma site and 
most likely in the upper or mid-quadrant oppo
site the stoma site lateral to the rectus sheath, 
and in the lower abdomen at the midline (Fig
ure 10.15). Some variation in the position and 
the number of cannulas may be required, de
pending on the amount of adhesions from previ
ous abdominal surgeries. 

Procedure 

The procedure is begun at the stoma site with 
the patient in the Trendelenburg position (200 

head-down tilt). After initial cannula insertion, 
the patient is tilted left side down (for ileostomy 
closure) or right side down (for colostomy clo
sure). After the stoma is completely dissected 
from surrounding attachments, the dissection is 
extended into the peritoneal cavity circumfer-

TABLE 10.5. Instruments required for closure of di
vided small- or large-bowel stoma. 

No. Type 

3 lO-mm cannulas, induding anchoring devices 
Endoscopic scissors equipped with electrosurgery 
Endoscopic fine gras per or dissecting instrument 

equipped with electrosurgery 
Endoscopic Babcock-type instrument 
Rumel tourniquet setup (long [60+ cm], braided 

nonabsorbable suture; one lO-cm stiff 14F 
catheter; one threader for pulling suture 
through the tubing) 

• • 

FIGURE 10.15. Cannula placement for divided stoma 
closure. 

entially. Adhesions may be lysed around the 
stomal aperture with blunt finger dissection, 
but this technique must be performed gingerly 
because this maneuver can easily damage 
adherent small-bowelloops. It is wiser to ex
tend the fascial incision superiorly or inferiorly 
to accomplish safe adhesiolysis around the 
stoma-one or more fascial sutures may be in
serted to later create an airtight seal at this site 
once pneumoperitoneum is required. With the 
stoma completely freed from surrounding tis
sues, it is gently occluded with a 0.25-in. cot
ton umbilical tape. This entire segment is then 
dropped inside the peritoneal cavity and a size 
o mono filament purse-string suture is placed 
around the abdominal wall opening. If the 
opening seems too wide to close down around 
a 10-mm cannula, then a figure-of-eight suture 
is placed at one edge of the fascia and is tied 
down to narrow it. 
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A lO-mm cannula is then placed inside the 
peritoneal cavity (without the trocar), the suture 
is tightened around it using a Rumel-type 
tourniquet, and pneumoperitoneum is estab
lished to apressure of 15 to 20 mm Hg until all 
cannulas are placed and then is lowered to 12 
mm Hg. The laparoscope is passed through this 
cannula and the entire peritoneal cavity is ex
amined for adhesions. If a suprapubic 10-mm 
cannula can be placed, this is done next. Then 
the laparoscope is inserted at this site so the 
stoma cannula can be used for lysis of adhe
sions as necessary. Alternate sites may be in the 
left lower or right upper quadrant. Exerting 
countertraction by lifting the abdominal wall 
upward with a towel clip placed on the lower 
midline abdominal skin may exert tension on 
the adhesions. With a third cannula inserted, the 
surgeon can work with two hands (using scis
sors and a grasping instrument) and lyse adhe
sions from the entire midline cephalad to the 
point where the right or trans verse colon has 
been attached to the stoma. The stomal end of 
the bowel is examined and freed from adhe
sions and the retroperitoneal area so the mesen
tery does not kink or twist, and so, in the in
stance of ileostomy takedown, the ileum will 
easily reach up to the trans verse colon or the 
distally diverted intestinal site. 

Dissection is next conducted from the skin 
level at the site of the distal diverted intestine. 

A 3- to 5-cm incision through skin, subcuta
neous tissue, and fascia is made over this dis
tal bowel end, which is then brought out 
through the wound. Adhesions are lysed en
tirely from this intestinal segment for at least 5 
to 10 cm. U sing laparoscopic guidance, the 
terminal ileum is also grasped by this umbili
cal tape and is brought out through this 
wound. An extraperitoneal end-to-end hand
sewn or a side-to-side GIA-type stapled anas
tomosis is then created, taking great care to 
not allow any twisting or rotation of the 
mesentery. If the surrounding small-bowel 
loops are relatively fixed by adhesions, the 
mesenteric defect between the bowel ends is 
left alone. If potentially dangerous herniation 
is present, then the mesenteric defect is closed 
from the anastomotic site using open tech
niques. Cannula sites are inspected, the ab-
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domen is irrigated with warm sterile saline, 
and the cannula sites are closed. 

Special Considerations 

This procedure shou1d be relatively simple. If 
not, then conversion to an open procedure 
should be contemplated early in the course of 
the operation. 

Reversal of the Hartmann Procedure 

The circumstances that led to formation of an 
end-sigmoid colostomy with performance of the 
Hartmann procedure should be contemplated 
carefully before closing the stoma laparoscopi
cally. Many adhesions around the stoma, be
tween small-intestine loops and the rectum, and 
between the loops and other pelvic structures 
may be present, making this a tedious and po
tentially hazardous operation. Nonetheless, as 
in other cases of stoma closure, little risk or 
time is wasted in "taking a look" with the lap
aroscope at the outset of the procedure and 
rapidly deciding whether the procedure can be 
performed laparoscopically. If there is any 
doubt whether the procedure will proceed 
smoothly, we advocate conversion to an open 
procedure. 

Positions 

The patient is placed in padded stirrups (we 
prefer Dan Allen) in the modified lithotomy and 
the Trendelenburg positions (20 0 head-down 
tilt). After cannula insertion, the patient is tilted 
right side down to allow the small intestine to 
fall into the right upper quadrant, which will 
optimize visualization of the stoma and the pelvis. 
The patient is further positioned so the peri
toneum is flush with the bottom edge of the 
table so the 28- or 31-mm circular stapler can 
be easily used transanally for the anastomosis. 
The surgeon initially stands on the patient's left 
(for initial cannula insertion and colostomy 
takedown), with the first and second assistants 
positioned on the patient's right. The nurse 
stands between the patient's legs. Both monitors 
are placed adjacent to the knees (Figure 10.16). 
Once cannulas are inserted, the surgeon may 
wish to switch positions with the first assistant. 
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Anesthetist 

FIGURE 10.16. The equipment and the personnel for the Hartmann c1osure. 

Instruments 

The instruments listed in Table 10.6, in addition 
to basic instruments needed for laparoscopic 
surgery, are the minimum required for Hart
mann procedure revers al. If dense adhesions are 
encountered, the first assistant may need to 
place an additional 5-mm cannula. 

Cannulas 

Cannulas will be located at the colostomy site 
and in the right lower and upper abdomen lat
eral to the rectus sheath. If a fourth cannula is 
required as described in the previous section, it 
will be positioned in the left lower quadrant or 
the suprapubic area (Figure 10.17). 

TABLE 10.6. Instruments required for takedown of 
colostomy and reversal of the Hartmann proce
dure. 

No. Type 

4 3 X lO-mm and 1 X 5-mm cannulas, including 
anchoring devices 

Endoscopic scissors equipped with electrosurgery 
Endoscopic grasping and dissecting instrument 
Endoscopic Babcock-type instrument 
Circular stapler (28 or 31 mm) 
Rigid or flexible sigmoidoscope 
Rumel tourniquet setup (long [60+ cm], braided 

nonabsorbable suture; one IO-cm stiff 14F 
catheter; one threader for pulling suture 
through the tubing) 
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FIGURE 10.17. Cannula placement for the Hartmann 
closure. The suprapubic (lO-mm) and left-Iower
quadrant (S-mm) cannulas may not be needed. 

Procedure 

After the patient has been positioned, the rec
turn is gently irrigated using a soft rubber 
mushroom catheter and warm saline solution. 
The anus, if obstructed, is gently dilated with 
one or two fingers so it will readily accept a 28-
mm or larger circular stapler. 

The colostomy is next mobilized from the skin 
and the body wall in a routine manner down to 
and into the peritoneal cavity. The fascial open
ing is enlarged as needed to allow the colostomy 
to be safely mobilized circumferentially. Once 
the colostomy is freed from surrounding struc
tures, it is delivered through the fascia, and a 
purse-string suture of size 0 polypropylene is 
placed. The bowel edge should be trimmed so 
that it is not edematous and appears normal. The 
center rod and the anvil assembly of the largest 
possible diameter circular stapler is passed into 
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the bowellumen, the purse-string suture is tied, 
and the bowel end is dropped inside the peri
tone al cavity. 

A size 0 monofilament purse-string suture is 
then placed around the fascial defect, a lO-mm 
cannula (without trocar) is passed into the ab
dominal cavity, and the suture is tied tightly 
around the anchoring device of the cannula or 
tightened using a Rumel tourniquet. Pneu
moperitoneum is established to apressure of 15 
to 20 mm Hg until all cannulas are placed and 
then is lowered to 12 mm Hg. The right-Iower 
and right-upper-quadrant cannulas are placed 
next; then the descending and sigmoid colon is 
freed from surrounding structures such that it 
will easily re ach into the pelvis. 

In many instances, mobilizing the left colon 
and the splenic flexure will be necessary. To do 
so will require that the operating team and the 
video monitors be repositioned, and that supra
pubic and left-Iower-quadrant cannulas be placed. 
However, an experienced team should have no 
difficulty in repositioning themselves. For the 
splenic flexure mobilization, see chapter 9, sec
tion titled Proctosigmoidectomy, Procedure. 

Adhesions must be lysed so all small intesti
nalloops can be cleared away from the pelvis. 
Then the rectal stump is identified and its proxi
mal end is mobilized circumferentially for 3 to 
5 cm from the surrounding pelvic tissues. Rigid 
or flexible sigmoidoscopy may aid in identify
ing the proximal portion of the closed rectal 
segment. 

Once the rectal segment is identified and an 
area is clearly delineated for the anastomotic 
site, the largest circular stapler possible (28 mm 
or greater) is fully inserted transanally, and the 
spike on the center shaft is passed through the 
rectal wall. An end-to-end or end-to-side colo
rectal anastomosis is then performed after join
ing the center rod protruding from the colon 
with the receptacle center post protruding from 
the rectum, using an endoscopic Babcock in
strument from the right-Iower-quadrant cannula 
(Figure 10.18). The colonic mesentery must not 
be twisted hefore the stapler is fired. Once the 
circular stapler is fired and withdrawn, the tis
sue donuts are checked for completeness. A 
rigid sigmoidoscope is next inserted transanally 
for several centimeters after filling the pelvis 
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FIGURE 10.18. Transanal colorectal anastomosis for 
the Hartmann closure. 

with saline and a leak test is conducted by in
sufflating the bowel with the air insufflator of 
the proctoscope. A grasping instrument is used 
to proximally occlude the bowel at the pelvic 
brim. 

Once it has been ascertained that the anasto
mosis does not leak, the peritoneal cavity is irri
gated with warm sterile saline solution, the 
small bowel is displaced so it lies safely ante
rior to the left colon, and the cannula sites are 
closed in a routine manner. 

Special Considerations 

If the most proximal end of the rectum is 
densely adherent to the sacrum, then it is ac
ceptable to leave this section attached and to 
choose a site on the anterior rectal wall 3 to 5 
cm distally for an end colon-to-side rectal anas
tomosis. If the exact location of the rectum is in 
question, or if the rectum is so atrophic that 
trans anal passage of a circular stapler may 
cause rectal wall injury, conversion to an open 
procedure should be considered for the anasto
mosis: a small lower-midline incision is made 
and a handsewn colorectal anastomosis or a cir
cular stapled anastomosis is created. 
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Infrequently Performed 
Colorectal Procedures 

This chapter presents a step-by-step approach to 
two operative procedures that a laparoscopic 
surgical team will perform occasionally. A de
tailed discussion of how to set up and perform 
laparoscopic colorectal surgical procedures in 
general is presented in chapter 8. 

The use of laparoscopic techniques to treat 
rectal prolapse may be especially appealing for 
several reasons: (1) the entire focus of surgery 
is confined to the pelvis; (2) no intestinal re sec
tion may be required, thus there is no need to 
remove a specimen through an incision in the 
abdominal wall; and (3) the technique we prefer 
in conventional surgery, suture rectopexy, is ap
plicable using laparoscopic techniques. 

A laparoscopic approach applied to intestinal 
obstruction or chronic pain caused by adhesions 
is currently a procedure under investigation be
cause there are no large series of cases reported 
thus far that have demonstrated this to be an ef
ficacious procedure. We have attempted this in 
only a few patients, and we outline our philoso
phy here as to how to approach this problem 
systematically using laparoscopic techniques. 
We believe that currently only a small percent
age of intestinal obstruction cases will likely be 
suitable for laparoscopic adhesiolysis. Nonethe
less, in the absence of significant abdominal/ 
intestinal distension in a patient requiring ex
ploration for suspected intestinal obstruction, it 
may be reasonable to initially look inside the 
abdomen with a laparoscope, hoping to find an 
easily exposed adhesion that might relieve the 
obstruction. In addition, chronic abdominal pain 
may be caused by intra-abdominal adhesions. In 

certain selected patients with this problem, lap
aroscopic lysis of adhesions may be a reason
able operation. 

Suture Rectopexy 
for Rectal Prolapse 

Several laparoscopic techniques to treat com
plete rectal prolapse have been described 
including the use of sutureless rectopexyl; proc
tosigmoidectomy2,3; and modified sling recto
pexy, which uses a polypropylene mesh and a 
laparoscopic hernia stapler to secure the rec
tum.4-6 We prefer to treat rectal prolapse with
out intractable constipation using a simple su
ture rectopexy method identical to the method 
we advocate in conventional surgery. The ratio
nale for this is that suture rectopexy has been 
associated with the same success as other more 
complex procedures in correcting prolapse. 
When intractable constipation is present as 
well, we advocate either concomitant sigmoid 
resection or total abdominal colectomy with su
ture rectopexy. 

Positions 

The patient is placed supine in the modified 
lithotomy position with the legs in padded stir
rups (Dan Allen, Bedford Heights, Ohio). 
Surgery is begun in a steep Trendelenburg posi
tion (15° to 20° head-down tilt). After cannula 
insertion, the patient is tilted right side down to 
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allow small-bowel loops to fall into the right 
upper quadrant. The surgeon and the second as
sistant will stand on the patient's right side, the 
first assistant is positioned on the patient's left 
side, and the nurse will stand between the pa
tient's legs or near the left knee für the entire 
procedure. Both monitors are placed adjacent to 
the knees (Figure 11.1). 

Instruments 

The instruments listed in Table 11.1 are the 
minimum necessary für rectüpexy. No other in-
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TABLE 11.1. Instruments needed fOT rectopexy. 

No. Type 

5 Cannulas (3 X 10mrn, one 2 X 5 rnrn) including 
anchoring devices 

1 Endoscopic scissors 
1 Endoscopic dissector 
2 Endoscopic graspers 

30° laparoscope 
Set of needle holders, needle graspers 
Knot pusher 

4 Size 2-0 braided nonabsorbable sutures 

Anesthelisl 

Nurse 

FIGURE 11.1. Position of the equipment and the personnel for rectopexy. These positions are maintained 
throughout the procedure. 
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struments should be required except for the ba
sic instruments needed for laparoscopic surgery. 

Cannulas 

Cannulas should be placed in the infraumbilical 
area and in the left and right upper and lower ab
domen lateral to the rectus sheath (Figure 11.2). 

Procedure 

After cannula placement and general abdominal 
exploration, the operation begins by incising the 
retroperitoneum just to the right of the rectosig
moid colon at the sacral prornontory, similar to 
the initial dissection for proctosigmoidectomy. 
The incision is extended first cephalad up to the 
aortic bifurcation, and the hypogastric nerves 
are swept dorsally away from the superior rectal 
artery and the mesentery. Next, the peritoneal 

FIGURE 11.2. Cannula placement for rectopexy. The 
upper- and lower-quadrant cannulas are placed lateral 
to the rectal sheath. 
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incision is extended caudally into the pelvis for 
several centimeters (Figure 11.3). The assistant 
grasps the cut edge of the peritoneum and re
flects the rectum anteriorly and to the left while 
the surgeon extends the dissection slightly pos
teriorly and caudally. 

After this initial dissection, the rectum and 
the sigmoid colon are retracted to the right side 
of the pelvis; starting several centimeters above 
the sacral prornontory (Figure 11.4), the peri
toneum to the left of the rectum is incised simi
larly. The dissection is extended posteriorly to 
create a window joining the plane previously 
dissected from the other side. 

The rectum is mobilized from the presacral 
fascia down to the level of Waldeyer's fascia at 
the third sacral vertebra; then this fascia is 
sharply incised and dissection is continued dis
tally down to the pelvic floor (Figure 1l.5). The 
lateral peritoneal tissue on both sides of the rec
turn is cut, and the lateral rectal stalks are ex
posed on both sides, but are otherwise left 
undisturbed (Figure 1l.6). To verify dissection 
to the pelvic floor, the surgeon should place an 
extra glove over the right hand and insert this 
hand into the anus. Under visual control, the 
surgeon shou1d then insert a grasping instru
ment through the right-Iower-quadrant cannula 
and use it to palpate the surgeon's index fin
ger-if the dissection is complete, the fingertip 
should be feIt just above the pelvic floor. 

The peritoneum is incised anterolaterally 
down to the peritoneal reflection in the cul-de
sac and then the rectum is further dissected in 
the anterior plane according to the surgeon's 
judgment. Again, the lateral stalks are pre
served. We generally only dissect in the anterior 
plane if the rectum appears to be tethered by at
tachments there such that it is not well elevated 
out of the pelvis. After this thorough mobiliza
tion, the first assistant gently grasps and ele
vates the rectum in a cephalad direction so it is 
under moderate tension. 

The suture rectopexy begins as folIows: the 
size 2-0 braided nonabsorbable suture is passed 
through the right-Iower-quadrant cannula into 
the peritoneal cavity so only a small amount of 
slack is present in the suture. The needle is 
grasped by a needle holder in the right-Iower
quadrant cannula and is driven through the pre
sacral fascia about one cm below the sacral 
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FIGURE 11 .3. The actual dissection beg ins with an incision of the peritoneum to the right of the rectosigmoid. 

FIGURE 11.4. Lateral disseetion of the rectosigmoid is important in freeing this area for suture placement. 
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FrGURE 11.5. Posterior mobilization of the rectum down to the pelvic floor. 

FIGURE 11.6. Exposure of the mobilized rectum without transeetion of the lateral stalks. 
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prornontory, about 1 cm to the right of the mid-
1ine. Next, the need1e is passed through the rec
tal stalk region at an appropriate location so the 
rectum will be held up and out of the pelvis un
der mild tension (Figure 11.7). This suture is 
next pulled out of the abdomen, and both ends 
of it are temporarily freed from the cannula by 
first removing the cannula from the abdominal 
wall and then placing the suture alongside the 
cannula, hanging it out of the abdominal wall 
alongside the cannula. A Kocher hemostat is 
used to tag both ends of this suture. The ne edle 
is removed. 

Next, a second suture is placed into the ab
domen in a similar way, passing the needle 
through the presacral fascia and lateral rectal 
stalks 1 cm more cephalad than the first suture. 
A plain hemostat is placed on the ends of this 
suture to distinguish it from the first one. These 
sutures are temporarily parked outside the can
nula, prior to tying, to maintain an airtight seal 
on the cannula valve mechanism. 

Working from the patient's left side, the first 
assistant then perforrns an identical rectopexy at 
the left side of the rectum, except the sutures are 
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passed through the left-Iower-quadrant cannula, 
and the assistant surgeon (if right-handed) drives 
the needle holder through the left-upper-quadrant 
cannula. The surgeon places tension on the rec
turn so it is held cephalad and toward the right 
pelvis while the assistant places the sutures. Af
ter the second suture is placed through the tissue, 
it is drawn out through the left-lower-quadrant 
cannula site. The needle is cut off the suture. U s
ing a closed-end knot pusher, the left lower su
ture is tied down with aseries of simple knots. 
The suture tail is next cut using scissors passed 
from a right-sided cannula (Figure 11.8). The left 
upper suture is then tied similarly, after pulling 
both ends up through the cannula (this requires 
temporarily removing the cannula, grasping both 
suture ends with a gras per that has been passed 
through the cannula, then pulling the suture ends 
up through the cannula). After replacing the can
nula in the abdominal wall, the suture is tied 
down, then cut. 

The surgeon then ties the knots on the right 
side in a similar way. The assistant will need to 
reflect the rectum to the left side of the pelvis as 
the knots are being pushed down. A second as-

FIGURE 11.7. Placement of two sutures at the right side of the midline of the sacrum. A, B, C, and D denote the 
order in which the sutures are placed into the presacral fascia for the rectopexy. 
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FIGURE 11.8. Tying down the first knot CA) on the left side after placement of all four sutures CA, B, C, & D), 
using a closed-end knot pusher. 

sistant gently passes a rigid proctoscope up to 
and beyond the rectopexy site to be sure that the 
sutures do not cause any constriction on the 
bowel lumen as they are tied. As each of these 
two right-sided knots are tied, they are cut using 
scissors passed from the opposite side. 

The pelvis is copiously irrigated with warm 
sterile saline solution using a laparoscopic suctionl 
irrigator. The proctoscope is then used to inflate 
the rectum with air. The rectum is inspected via 
laparoscope to ensure that no inadvertent perfora
tions have occurred. The cannulas are removed in 
a routine fashion and the cannula sites are closed 
(Figure 11.9). 

Special Considerations 

Possible pelvic floor problems in the gyneco
logic or urinary systems should be fully evalu
ated before performing suture rectopexy because 
some of these conditions may require surgical 
treatment. Multiorgan laparoscopic pelvic proce

FIGURE 11.9. The mobilized rectum is seeured to the dures for patients with complex pelvic floor dis-
sacrum with four nonabsorbable sutures. orders are likely to evolve in the near future. 
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Other laparoscopic techniques for repair of 
complete rectal prolapse have been described. 
Ballantyne2 resected the sigmoid colon and the 
proximal rectum in one patient and reported 
short-term success during a 7-day postoperative 
period. Senagore et al. 3 described a similar pro
cedure; they also had successful short-term re
sults in six patients. Long-term results were not 
reported in these studies. 

Berman described tacking a polypropylene 
mesh to the presacral space by using a novel 
laparoscopic tacker device inserted through a 
vaginotomy; he used a hernia stapler to fasten 
the mesh to the mobilized rectum. The tacker 
resembled a screwdriver-shaped tool with a de
tachable titanium tack mounted on its end. l 

Darzi et a1.6 recently reported a modified sling 
technique whereby the sling and the rectal tis
sue were tacked together using a laparoscopic 
hernia stapler in 29 patients, with successful re
sults after a mean of 8 months reported in all 
but one patient who developed recurrent mu
cosal prolapse. Cuschieri et al. 5 have described 
a technique in five patients using a mesh su
tured to the presacral fascia and the rectum. 
They noted no recurrence after a median fol
low-up of 12 months. 

Our technique is simpler than a mesh inser
tion technique and has been efficacious in 
correcting the prolapse. We have had no re
currences with a median follow-up of 10 
months after performing the procedure in 11 
patients. We believe that some type of resec
tion may be reasonable in selected patients 
with intractable constipation. However, we 
have yet to encounter any patients who re
quired a resection. 

Adhesiolysis 

Although it would be uncommon to perform 
laparoscopic lysis of adhesions in patients with 
acute small-bowel obstruction because of the 
amount of intestinal distension likely to be 
present, patients who have either an early or 
partial small-bowel obstruction that requires 
surgical intervention may be candidates for 
laparoscopic adhesiolysis. Pneumoperitoneum 
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may exert abdominal wall traction on adhe
sions and actually allow for some facility in 
dissolving adhesions if they are uncompli
cated. Some patients with chronic abdominal 
pain following abdominal surgery may have 
adhesions as a cause of their pain. In rare in
stances, these adhesions can be lysed with re
lief of the symptoms. 

Position 

The patient is placed in the modified lithotomy 
position with the legs in padded adjustable stir
rups (we prefer Dan Allen stirrups). Surgery is 
begun in a steep Trendelenburg position (15° to 
20° head-down tilt). Selection of the initial can
nula si te (for the laparoscope) is dictated by the 
amount of distension as weIl as where previous 
abdominal incisions have been made. The right 
and left lower quadrants tend to be adhesion
free areas if they are free of incisions and may 
be optimal sites for an initial cannula insertion 
using an open technique. 

The surgeon usually stands on the patient's 
left side, with the first assistant standing on 
the patient's right and the second assistant just 
cephalad the first assistant. The nurse stands 
between the patient's legs. The surgeon and 
the assistants also may find standing between 
the patient's legs advantageous for part of the 
procedure. Both monitors are initially placed 
adjacent to the patient's knees. If the surgeon 
or the assistants do move to stand between the 
legs later in the procedure, the monitors then 
should be moved to shoulder level. (We only 
give general advice about the positions for the 
surgical team-in general, we recommend the 
surgeon stand with an assistant on the left 
side.) 

Instruments 

The instruments listed in Table 11.2 are the 
minimum necessary to perform this procedure. 
For extensive dissection, two additional cannu
las and two gras pers are needed. Other instru
ments probably will not be required except for 
the basic instruments needed for laparoscopic 
surgery. 



Adhesiolysis 

TABLE 11.2. Instruments required for adhesio1ysis. 

No. Type 

3 Cannulas (2 X 10 rnrn, 1 X 5 rnrn) including 
anchoring devices 

Endoscopic scissors 
Endoscopic dissector 

Cannulas 

Cannula positions will be dictated largely by 
the location of adhesions, but optimally will be 
in the left and right upper and lower quadrants 
of the abdomen lateral to the rectus sheath. The 
initial cannula should be inserted and pneu
moperitoneum should be established using open 
techniques, as described in the next section. 

Procedure 

A site for initial cannula is chosen in the lower 
abdomen, away from previously made incisions, 
and on the side opposite where adhesions are 
likely to be found. Thus, if a small-bowel ob
struction occurred after appendectomy, an ini
tial cannula would be inserted in the left lower 
quadrant. The cannula is inserted using an 
open technique. This technique is performed 
by initially incising the skin at the trocar site 
and then retracting the skin with small right
angled retractors so the fascia can be seen. A 
modest incision is made through each fascial 
layer (or by gently spreading the internal 
oblique and transversus abdominis layers). 
The peritoneum is then grasped with two con
ventional toothed (Kocher) clamps, and a size 
o polyglycolic acid or polypropylene suture is 
placed in the peritoneum using a purse-string 
or U-stitch suture. The peritoneum is incised 
carefully and the peritoneal cavity is entered. 
We advise using a fingertip to ensure the peri
tone al cavity is safely entered. The cannula is 
next inserted through this incision, and, once 
the anchoring device is passed to the peri
toneal level, the suture is tied or tightened us
ing a Rumel tourniquet. This requires a stiff 
14F catheter (approximately 10 to 12 cm in 
length) through which the fascial suture is 
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passed. This catheter is pushed down against 
the cannula, then it is used to hold the suture 
tightly around the cannula using a clamp at its 
distal end. 

Carbon dioxide pneumoperitoneum is then 
established through this cannula and a warmed 
laparoscope is inserted. The peritoneal cavity is 
carefully inspected, starting at the region where 
the cannula was inserted, to ascertain that no 
visceral injuries have occurred and to deter
mine the extent of the adhesions. If the adhe
sions are extensive, involving multiple loops, 
the retroperitoneum, and so on, or if the intes
tine is so distended that the peritoneal cavity 
cannot be safely visualized, then the procedure 
should be converted immediately to an open 
laparotomy. 

If laparoscopic adhesiolysis is feasible, then 
a site for at least one additional safe cannula 
insertion must be present. Ideally, two addi
tional cannulas would be inserted, allowing 
for two-handed work by a surgeon and an as
sistant. This may not be possible or even nec
essary, depending on the location and ex te nt 
of the adhesions. Once a second cannula is in
serted (under direct vision), some adhesioly
sis may be possible. Adhesiolysis must be 
performed systematically, as in open surgery; 
thus the goal of the procedure is to visualize 
and manipulate ("run") the entire small intes
tine from the ligament of Treitz to the ileoce
cal valve. A site for the third cannula is cho
sen as rapidly as possible because after the 
third cannula is inserted, the surgeon can be
gin to use two-handed dissection techniques. 
Once the abdominal wall is freed of adhe
sions, two additional cannulas may be placed 
through the abdominal wall opposite the sur
geon to allow the first assistant to work also. 
Applying strong upward traction on the ante
rior abdominal wall by using a towel clip on 
the skin will exert countertraction on adhe
sions and may facilitate the adhesiolysis. If 
the laparoscope initially could not be inserted 
at a point along the midline, once the anterior 
abdominal wall has been cleared of adhe
sions, then the laparoscope may be removed 
and re-inserted through a midline cannula. In 
this way, the surgeon and the first assistant 
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will each have two cannula sites through 
which to work. 

Few reports regarding laparoscopic adhesio
lysis have been published to date. This is be
cause of the relative infrequency of surgeons 
who feel comfortable aUempting laparoscopy 
on a patient with a bowel obstruction and ab
dominal distension. Franklin et aI.7 reported the 
use of laparoscopic techniques to treat acute 
small bowel obstruction in 23 patients. In 10 
patients the obstruction was due to adhesions, 
in 5 patients the cause was internal hernia (4 
were diaphragmatic), and in 6 patients the cause 
was abdominal wall hernia (3 femoral, 1 in
guinal, and 2 incisional). Only three patients 
had to be converted to open surgery due to ex
cessive adhesions. 

This remarkable series details that the aver
age operation time was 75 minutes and the av
erage hospital stay 2.5 daysJ This is possibly a 
highly selected group of patients because we do 
not recall seeing such a high percentage of pa
tients, even using open techniques, able to un
dergo such brief correction of intestinal obstruc
tion. Additionally, some of these patients had 
incarcerated abdominal wall hernias-it is dif
ficult to justify performing laparoscopy on such 
patients when a local procedure over the hernia 
site may be simpler and is the common method 
of treating such hernias. 
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Special Considerations 

In the instance of bowel obstruction, laparoscopic 
techniques may be indicated to treat the obstruc
tion if there is a simple isolated area of adhesions. 
As mentioned earlier, if extensive intra-abdominal 
adhesions are encountered, the procedure should 
be converted to an open one very early. Fusion of 
multiple intestinalloops, even if only with filmy 
adhesions, is another circumstance that also may 
signal a need for conversion. 
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Advantages and Disadvantages 
of Laparoscopic Colorectal Surgery 

A responsible approach to developing new sur
gical techniques must consider the risks and 
benefits of the techniques at every point so sur
gical outcome is constantly maximized for all 
patients undergoing the new surgical treatment. 
The simple fact that a surgical technique can be 
performed does not justify its use. Laparoscopic 
techniques in gallbladder surgery clearly benefit 
the patient: there is less reduction in pulmonary 
function,1-3 probably less postoperative pain,4-7 
and much faster recovery8 after laparoscopic 
cholecystectomy as compared with conven
tional cholecystectomy. These benefits are so 
evident that a prospective randomized trial to 
demonstrate them will probably never be per
formed. Despite the advantages of laparoscopic 
gallbladder surgery, it is not obvious why sur
geons should adopt these techniques for col
orectal surgery. Unlike surgery for gallbladder 
disease, surgical treatment of abdominopelvic 
disease often requires extensive mobilization 
and removal of a large section of intestine-it 
could be argued that the direct and wide expo
sure that the long abdominal incisions used in 
conventional surgery provides might outweigh 
other benefits of laparoscopic surgery. 

The advantages and the disadvantages of lap
aroscopic colorectal surgery are not entirely 
known and will take years of concerted study to 
determine. However, given that the efficacies of 
laparoscopic and conventional surgery so far 
have been found to be similar, at least for be
nign disease, the primary goals of laparoscopic 
surgery should be a faster and a safer recovery 
compared with conventional surgery. Thus, in 

this chapter we discuss the immediate postoper
ative and long-term benefits and problems of 
laparoscopic colorectal surgery as they are cur
rently understood. Studies of similar aspects of 
laparoscopic gallbladder surgery are also re
ferred to because they may serve as models for 
future studies in this field. 

Early Postoperative Concems 

To determine if recovery is faster and safer after 
laparoscopic colorectal surgery, areduction in 
postoperative morbidity and mortality, and an 
improvement in quality of life are the immedi
ate advantages that should be most closely stud
ied and most readily apparent. The term mor
bidity encompasses not only surgical and 
general complications after colorectal surgery 
such as wound infection, anastomotic leakage, 
pneumonia, or urinary tract infection, but also 
other concerns such as pulmonary function, 
pain, paralytic ileus, adhesions, immunosup
pression, and catabolism. In this section, we 
discuss the most important aspects of postoper
ative morbidity after laparoscopic colorectal 
surgery. The final section discusses costs and 
other potential short-term advantages and prob
lems of laparoscopic colorectal surgery. 

Complications 

Because randomized studies comparing con
ventional and laparoscopic colorectal surgery 
have not been done, reliable data as to whether 
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laparoscopic surgery may reduce surgical or 
general complications are not available. How
ever, higher complication rates have not been 
reported, possibly because patients are carefully 
selected. 

Pulmonary Function 

Pulmonary function diminishes under general 
anesthesia because of the loss of inspiratory 
muscle tone, changes in intrathoracic blood vol
urne, and cephalad displacement of the di
aphragm (caused by the supine position). These 
factors decrease functional residual capacity, 
which results in a decline in P02• Atelectasis oc
curs with venous mixture and shunting of the 
blood through the pulmonary circulation, which 
further decreases P02• The functional residual 
capacity drops even more precipitously in pa
tients with restrictive or obstructive pulmonary 
disease, and elevating the inspiratory O2 content 
and positive end-expiratory pressure is neces
sary in these patients to compensate for im
paired pulmonary function during anesthesia. 

Postoperatively after conventional surgery, 
pulmonary function decreases to 50% to 60% of 
its preoperative value, so the most common and 
serious postoperative complications after con
ventional abdominal surgery relate to compro
mised pulmonary function. 9 Pulmonary compli
cations (including atelectasis, hypoventilation, 
pneumonia, hypoxemia, and death) correlate 
weIl with the degree of decline in pulmonary 
function after surgery.3.10 

Although no published studies compare post
operative pulmonary function after laparoscopic 
and conventional colorectal surgery, faster re
covery of pulmonary function with fewer conse
quent pulmonary complications may be a major 
advantage of laparoscopic surgery for colorectal 
disease. In studies comparing postoperative pul
monary function after laparoscopic and conven
tional cholecystectomy, the forced vital capacity 
and forced expiratory volume were significantly 
greater after laparoscopic than after conventional 
cholecystectomy.1-3,1l-13 Similarly, because a 
long abdominal incision is avoided in laparo
scopic colorectal surgery, with only a relatively 
small (5 to 10 cm) incision needed for specimen 
removal, it is reasonable to surmise that postop-

erative pulmonary function could be quantified 
and compared between laparoscopic and con
ventional colorectal surgery. 

Pain 

All patients undergoing conventional colorectal 
resection will endure moderate to severe pain 
for at least 3 to 5 days postoperatively unless 
treated with strong analgesic measures. The 
nearly universal need for strong opioid anal
gesics may further depress respiratory function 
and prolong the paralytic state of the intestine 
(ileus) that occurs after surgery. Because 
smaller incisions are used in laparoscopic col
orectal surgery, theoretically, analgesic require
ments may be decreased; this may lead to less 
pain, less pulmonary depression, and a shorter 
postoperative ileus. Several nonrandomized, 
uncontrolled studies have suggested pain is de
creased after laparoscopic compared with con
ventional colorectal surgery.14,15 Several studies 
also infer that pain may be less after laparo
scopic than conventional cholecystectomy.4-8,16 
It is unlikely that anyone will perform such a 
randomized study in laparoscopic gallbladder 
surgery to evaluate pain because of the very ap
parent reduced postoperative pain when mini
mal invasive techniques are used. 

Again, although a decrease in postoperative 
pain may be expected in laparoscopic compared 
with conventional colorectal surgery, and is a 
compelling short-term reason to consider adopt
ing laparoscopic techniques in colorectal surgery, 
it remains to be shown that pain is reduced. 

Intestinal Motility 

Postoperative ileus is a well-known transient 
event after abdominal surgery; it is clinically 
defined as a disturbance of intestinal motility 
with loss of peristaltic bowel sounds, abdominal 
distention, and lack of passage of flatus or 
stool, which sometimes results in vomiting and 
cramping pain. A clear understanding of the 
cause of postoperative ileus has yet to be estab
lished. Currently, the accepted theory is that 
sympathetic nervous system hyperreactivity in
hibits intestinal motility. Laparotomy activates 
sympathetic hyperreactivity, which is prolonged 
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by rough and unskilled operative manipulation 
in the intestine, long operative time, and exten
sive resection,l7-20 

Measurements of postoperative intestinal motil
ity in animals and humans using bipolar elec
trodes (to measure myoelectrical activity),17-20 
strain gauges (to measure muscle contrac
tions)17,18,21 or radiopaque markers (to measure 
intestinal transit time) have shown that postopera
tive ileus resolves in a regular pattern: the ileum 
returns to nonnal function after 6 to 12 hours, the 
stomach after 12 to 24 hours, and the colon after 
48 to 120 hours.22-24 Thus, colonic motility is the 
determining factor in the length of postoperative 
ileus. When the patient has passed flatus and fe
ces, it is assumed that colonic motility clinically is 
nonnal and oral nutrition can then be resumed. 

The possibility that ileus may resolve more 
quickly after laparoscopic colorectal surgery 
compared with conventional surgery is one of 
the most desirable reasons for pursuing laparo
scopic treatment of intestinal diseases. In a se
ries of 20 patients, Jacobs et al,25 reported that 
after laparoscopic bowel resection, 18 patients 
tolerated clear liquids on the first postoperative 
day and passed gas or stool by the third postop
erative day. Corbitt26 reported that after laparo
scopic-assisted colectomies in 15 patients, some 
patients tolerated oral intake as soon as the first 
postoperative day, whereas others had no oral 
intake for up to 72 hours. Franklin et al. 27 re
ported that all patients undergoing laparoscopic 
colorectal surgery were passing stool by 30 
hours after surgery. In a study of 43 patients 
who underwent laparoscopic-assisted or con
ventional colectomies, Schmitt et al,28 did not 
find any significant difference in the number of 
patients tolerating oral intake after laparoscopic 
surgery. However, the laparoscopic-assisted 
colectomy technique used in this study still re
quires perfonning a substantial amount of con
ventional surgery through an incision in the ab
dominal wall; it is possible that the benefit of 
faster intestinal recovery after laparoscopic pro
cedures is lost when both a laparotomy with ex
tracorporeal dissection and division of the 
bowel and the mesentery (laparoscopic-assisted 
surgery) are performed. Whether there are 
differences in postoperative results between 
completely laparoscopic versus laparoscopic-
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assisted surgery is unknown at this time. Fur
ther investigation of this problem is needed. 

To evaluate the duration of postoperative ileus 
after laparoscopic and conventional surgery, we 
conducted a canine study in which we placed 
bipolar electrodes subserosally to measure the 
myoelectrical activity of the stomach, the ileum, 
and the colon; the time to the first bowel move
ment was also measured. The effect of the lap
aroscopic and laparotomy incision alone, anes
thesia, and conventional or laparoscopic right 
colectomy on intestinal motility was evaluated. 
We clearly found that normal myoelectrical ac
tivity in the stomach, the small and large intes
tine, and the postoperative bowel movement re
turned more rapidly after laparoscopic right 
colectomy than after conventional colectomy, 
despite a significantly longer operative time 
(Table 12.1). Colonic motility recovered last in 
all animals and was in all cases present before 
the first bowel movement was noted. Lap
aroscopy by itself had almost no effect on bowel 
motility, whereas laparotomy significantly sup
pressed intestinal motility.29 Schippers et al. 30 
reported a study similar to ours that evaluated 
myoelectrical activity after laparoscopic and 
conventional cholecystectomy in a canine 
model. They also found a significant difference 
in the postoperative recovery of normal small
bowel myoelectrical activity between laparo
scopic and conventional surgery, with small
bowel phase III activity (the migrating motor 

TABLE 12.1. Return of myoelectrical activity to a 
normal interdigestive pattern following laparo
seopie or conventional right-sided colectomy in a 
dog model. 

Antrum 
Small intestine 
Sigmoid colon 
Bowel 

movement 

* h = hours. 

Median (range) time until return 
to normal pattern, h* 

Laparoscopic Conventional 
(n= 6) (n=6) pt 

14 (8-19) 25 (18-28) <.01 
15 (4-19) 25 (17-38) <.01 

19 (11-24) 31 (21-42) <.01 

26 (22-32) 36 (29-52) <.01 

t Wilcoxon rank-sum test. 
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complex) returning more quickly after laparo
scopic compared with open cholecystectomy 
(5.5 ± 1.0 hours versus 46 ± 5 hours, P value 
not given). 

Overall, current evidence suggests that laparo
scopic techniques may permit intestinal function 
to recover more quickly after colorectal surgery. 
Theoretically, a faster recovery would lead to re
duced postoperative discomfort, earlier resump
tion of normal oral nutrition, and shorter hospi
talization. Such advantages could substantially 
decrease hospital costs as well. 

Other Aspects 

Because laparoscopic colorectal surgery is a 
new technique and heavily depends on new 
technology, definite advantages in cost savings 
have thus far been difficult to demonstrate. In a 
multi-institutional study, Falk et al. noted in
creased operating room costs when using lap
aroscopic techniques but these increases were 
counterbalanced by a decreased length of hospi
tal stay.31 In a single-institution study, Monson 
et al. reported similar findings. 14 Any cost sav
ings in laparoscopic colorectal surgery related 
to an earlier ability to return to work have yet to 
be reported. 

The major quantifiable dis advantage relates 
to cost. Because nearly all steps of laparoscopic 
surgery require complex video equipment and 
novel instrumentation, the initial capital costs 
may be considerable compared with conven
tional surgical procedures. Additionally, be
cause many current laparoscopic instruments 
are disposable (cannulas, certain graspers, scis
sors, and stapling instruments), cost increases 
of up to $1,000 or more per case in equipment 
charges may occur. This is unique to laparo
scopic surgery. 

Because laparoscopic colorectal surgery usu
ally involves extensive mobilization of a long 
intestinal segment and ligation of major mesen
teric vascular structures with novel instruments, 
this surgery currently requires more time in the 
operating theater than comparable conventional 
surgery. For most procedures, this time is 1 or 2 
hours per procedure more than conventional 
surgery. In most hospitals in the Vnites States, 
operating room charges are based on minutes in 

the theater, so a considerable difference in cost 
may be seen in laparoscopic compared with 
conventional surgery. 

Length of stay has also been reported to de
crease after laparoscopic colorectal surgery 
compared with conventional colorectal surgery 
in several studies of carefully selected pa
tients.25,27,32,33 A major reduction in the length 
of stay could result in a major savings in health 
care expenditures, but this endpoint is ex
tremely subject to bias and is difficult to study 
scientifically because the decision to discharge 
a patient is complex and is based on multiple 
factors. 

Because laparoscopic colorectal techniques 
are in the earliest phases of development, sev
eral disadvantages are related to the novelty of 
this approach. However, these problems should 
diminish with time and surgical experience. In 
particular, the training necessary to set up and 
accomplish laparoscopic colorectal surgery con
cerns many practicing surgeons. Because there 
are currently few training centers in this field, a 
laparoscopic colorectal surgical team must be 
created, organized, and trained, and new rou
tines must be established with few models to 
rely on. This problem is typical of most new 
surgical disciplines, but it does require extra 
time and energy that may severely strain the re
sources of most busy surgical units. Addition
ally, the training necessary for laparoscopic 
colorectal surgery does not necessarily follow 
from laparoscopic cholecystectomy or upper 
gastrointestinal surgery. Months are required to 
learn to skillfully perform laparoscopic intesti
nal resection. Thus, a major commitment is nec
essary from many individuals (surgeons, nurses, 
trainees, administrators, and other operating 
room personnei) to successfully accomplish 
laparoscopic colorectal surgery. 

Several reports have questioned whether 
laparoscopic colorectal surgery has any advan
tage. In a group of 74 patients undergoing lap
aroscopic or laparoscopic-assisted colorectal 
surgery, Wexner et al,34 found no apparent ad
vantages regarding operating time, length of 
ileus, or length of hospitalization compared with 
conventional procedures. However, the study 
does not state how many procedures were done 
using laparoscopic-assisted methods, meaning 
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that only colonic mobilization was carried out 
laparoscopically, and that mesenteric division 
and anastomosis formation were nearly always 
done through a laparotomy. Thus, it may have 
been that the most difficult portions of the 
surgery were actually performed convention
ally. In addition, there was no true control 
group of conventional surgical patients, and no 
data for conventional surgery patients were 
provided in the article. Although no human 
studies have substantiated that surgery per
formed entirely laparoscopically, including 
mesenteric division and anastomosis formation, 
results in faster recover than laparoscopic
assisted surgery, one of our animal studies29 
clearly showed an earlier return of bowel myo
electrical activity and normal bowel movement 
in laparoscopic as compared with conventional 
right colectomy. Corroborating well-designed 
human studies are clearly needed to answer the 
important questions concerning short-term ad
vantages and disadvantages, and how they re
late to the costs of laparoscopic and conven
tional colorectal surgery. 

Long-term Concerns 

If the endpoints discussed so far are deter
mined to be similar between laparoscopic and 
conventional colorectal surgery, quality of life 
measurements may become extremely impor
tant in determining the advantages of one 
approach versus the other. This type of assess
ment seldomly has been applied to laparo
scopic surgery but should be because quality of 
life is a major concern of all medical treat
ment, especially when evaluating new treat
ment approaches.35 

LittIe is known about the potential for laparo
scopic colorectal surgery to influence the long
term outcome of patients. If patients are able to 
recover more rapidly from major intestinal 
surgery, this may improve such measurable in
dicators such as earlier return to work, in
creased productivity, and decreased disability, 
as weIl as other semiquantifiable variables such 
as quality of life. No studies have been done 
that actually address these issues in any scien
tific manner. Other theoretical long-term advan-
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tages of laparoscopic colorectal surgery include 
the possibility of earlier postoperative adjuvant 
chemotherapy and radiotherapy if recovery is 
quicker. 

Whether survival or recurrence differs be
tween patients who undergo laparoscopic colo
rectal surgery and those who undergo conven
tional procedures for cancer remains to be 
determined, and the main long-term concern 
about laparoscopic colorectal surgery centers on 
its adequacy for colorectal cancer operations. 
Because of the limited exposure and lack of ba
sic concepts about oncologic surgery using lap
aroscopic techniques, many surgeons fear that 
laparoscopic resection will be inadequate for 
colon or rectal cancers. Anecdotal reports of ab
dominal wall metastases occurring in the laparo
scopic cannula sites within months of curative 
laparoscopic resections36-38 have heightened 
concerns about laparoscopic oncologic surgery. 
The occurrence of wound seeding after open 
surgery for colorectal cancer has been reported 
to be exceedingly low-Hughes et al. found an 
incidence of 0.7% in 2,603 potentially curative 
resections for colon cancer.39 

The mechanism underlying rapid recurrence 
in cannula sites is debatable but likely relates to 
the abdominal wall trauma imposed during the 
cannula insertion coupled with implantation of 
cells exfoliated during the laparoscopic proce
dure.40-45 In 1984, Umpleby et al. reported that 
large numbers of viable tumor cells were pre
sent in the peritoneal cavity in patients with 
colorectal cancer.46 In 1994, Leather et al. iden
tified malignant cells in the peritoneal washing 
of 15 of 35 patients undergoing conventional 
colorectal cancer resection before resection, in 
8 patients both preresection and postresection, 
and in 4 patients postresection only.47 Nduka et 
a1.48 proposed that the following three aspects 
of laparoscopy may lead to an increased likeli
hood of wound implantation compared with 
conventional surgery: 

1. increased exfoliation of malignant cells after 
tissue manipulation with laparoscopic instru
ments 

2. increased contact between the skin incisions 
and any malignant cells on the surface of in
struments and resected tissue 
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3. the possible influence of the pneumoperi
toneum itself and the presence of CO2 gas in 
high concentration may potentiate malignant 
cell growth and spread 

None of these are proven factors and no studies 
exist that allow the incidence of wound implanta
tion after open surgery to be compared with lap
aroscopic procedures. We believe the concepts 
presented regarding laparoscopic oncologic tech
niques (chapters 8 and 9) for colorectal cancer 
surgery (early vascular ligation, minimal tumor 
handling, and transabdominal removal of all speci
mens in an impermeable sealed bag) should be ad
hered to because they are simple, relatively inex
pensive, and may diminish the risks of cannula site 
implantation. Meanwhile, all surgeons performing 
laparoscopic surgery for colorectal cancer must 
continue to investigate and assess this problem. 
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13 
Educating the Surgical Team 
in Laparoscopic Colorectal Surgery 

Developing formal educational pro grams is es
sential in establishing standardized laparoscopic 
colorectal techniques as safe and standard proce
dures. 1•2 Despite the critical nature of such pro
grams, little information exists regarding educa
tional concepts in laparoscopic colorectal surgery 
and such surgery is not a standard part of any 
surgical training program. The American Col
lege of Surgeons (ACS) and the Society of 
American Gastrointestinal Endoscopic Surgeons 
(SAGES) have both published some general rec
ommendations regarding training, credentialing, 
and awarding surgical privileges in new tech
nologies.3,4 The ACS states, "A defined educa
tional program in the technology, induding di
dactic and practical elements, must be completed 
and documented either as a post-residency 
course of instruction or as a component of an ap
proved residency program." Additionally, the 
ACS guidelines state, "The surgeon must be 
qualified, experienced, and knowledgeable in the 
management of the diseases for which the tech
nology is applied-for example, laparoscopic 
instrumentation would be applied by surgeons 
with abdominal or pelvic surgical experience 
and credentials." Furthermore, "The qualifica
tions of the surgeon to apply the new technology 
must be assessed by a surgeon who is qualified 
and experienced in the technology and should 
result in a written recommendation to the depart
ment or service head."4 Both the ACS and the 
SAGES recommend that maintenance of skills 
be documented through periodic outcomes as
sessment and evaluation in association with the 
regular renewal of surgical privileges. 

We believe that recommendations should 
distinguish between experienced colorectal 
surgeons who want to learn new techniques, 
fellows (advanced trainees) and residents who 
are completing their surgical education, and 
operating room nursing staff who will work 
with the surgeons in laparoscopic surgery. At 
present, most experienced surgeons have per
formed little or no laparoscopic colorectal sur
gery. Because laparoscopic colorectal surgery 
appears to be much more difficult to learn 
than laparoscopic cholecystectomy, practicing 
colorectal surgeons naturally have had signifi
cant difficulty finding enough time to learn 
laparoscopic colorectal techniques. Fellows 
and residents who have some experience with 
other laparoscopic techniques may adjust 
faster to laparoscopic colorectal surgery, but 
they still must learn and practice many new 
techniques. 

Therefore, we recommend the following 
three-tiered educational program, designed to 
instruct an operating team (surgeons, assistants, 
and nurses). This program is based, in part, on 
our own detailed experiences and frustrations, 
as weIl as the latest recommendations of the 
SAGES and the ACS. We strongly believe all 
laparoscopic surgical teams should pass through 
the following three phases before embarking on 
independent laparoscopic colorectal surgery: 

1. acquiring basic laparoscopic colorectal surgi
cal skills in inanimate models 

2. practicing basic laparoscopic colorectal sur
gical techniques in animal models 
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3. assisting an experienced preceptor in per
forming laparoscopic colorectal surgery in 
patients 

The basic premise of these guidelines is that 
the surgeon must possess the judgment, train
ing, and capability to proceed immediately to a 
traditional open abdominal procedure "when 
circumstances so indicate,"3 presumably when 
this is in the best interests of the patient. 

SAGES advises a formal fellowship or 
training in general surgery, plus structured ex
perience in laparoscopic surgery. Their rec
ommendations for structured experience in
clude "didactics, hands-on animal experience, 
participation as a first assistant, and perfor
mance of the operation under proctorship."3 
The animal surgical experience they recom
mend should be "in specific categories of pro
cedures for which the applicant desires privi
leges." Proctoring specifically implies that an 
unbiased, experienced laparoscopic surgeon, 
"responsible to the privileging committee, 
and not to the patient or to the individual be
ing proctored," will evaluate the surgical per
formance of the surgeon attempting to qualify 
for privileges. The proctoring concept, es
poused by SAGES, underlies this society's 
concern that individual surgeons must demon
strate a certain level of expertise, although 
this society shies away from recommending 
specific numbers of cases needed to establish 
competency. Later in this chapter we will dis
cuss our ideas about the extent of training 
needed to adequately perform laparoscopic 
colorectal surgery. 

Team Approach 

A team approach must be emphasized early in 
the educational process because without a 
skilled team (surgeon, assistants, and nursing 
staff), laparoscopic colorectal surgical efforts 
will fail. Because there are so many new con
cepts and tools, the team cannot have any weak 
links. The team must learn the proper function 
of each laparoscopic instrument and each piece 
of basic equipment (laparoscope, video equip
ment, suction irrigator, and insufflator). All 

team members should be able to troubleshoot 
most problems related to the equipment. 

The surgeon should choose assistants who 
will train and work closely with the surgeon 
throughout all phases of the educational pro
gram; selected surgical nurses should have an 
ability and an interest in acquiring new con
cepts. Nursing supervisors must allow individ
ual nurses to commit themselves to intensive 
education in the technology and techniques of 
laparoscopic colorectal surgery. Once this core 
team is established, they can beg in to instruct 
other surgeons, residents, and nurses at the in
stitution. 

Although there are only a few formal educa
tional pro grams for laparoscopic colorectal 
surgery, in time such programs should become 
incorporated into the surgical education pro
grams of departments of surgery and operating 
room nursing.! Until such time, we believe the 
following educational pro gram can thoroughly 
develop the skills and the teamwork required 
for laparoscopic colorectal surgery. 

Preliminary Training 
in Inanimate Models 

The first phase in learning laparoscopic col
orectal surgery involves acquiring skills using a 
risk-free inanimate model. The purposes of this 
preliminary training are as follows: 

• to become comfortable working with both 
hands using laparoscopic instruments 

• to become familiar with the video and lap
aroscopic equipment 

• to begin learning basic laparoscopic tech
niques 

Beginners in laparoscopic surgery need initial 
experience in inanimate models to become ac
customed to the laparoscopic environment. This 
is a novel environment, where, unlike conven
tional surgery, the surgeon and the assistant may 
no longer focus on hand and instrument move
ments inside the abdominal cavity. Rather, the 
surgical team must rely on the two-dimensional 
visual clues of the video monitor coupled with 
some tactile feedback. Additionally, surgeons 
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must acclimate themselves to instruments that 
are limited in their range of motion by the fixa
tion of the cannulas to the abdominal walL Sur
geons with some expertise in laparoscopic 
surgery should still train on inanimate models at 
first because of the need for many new skills of 
laparoscopic colorectal surgery (e.g., mesen
teric division, "running" of the intestine, cre
ation of anastomoses) not encountered in gall
bladder or upper gastrointestinal surgery. 

The inanimate model is basically a clear plas
tic box that may initially be used with direct vi
sualization (without using a video camera) of 
instruments and intestinal models of soft rubber 
tubing and foam. Thus, the initial use of a 
pelvic training model will help the surgeon 
adapt to the laparoscopic environment. Tech
niques such as cannula insertion, two-handed 
videoscopic coordination, running (manipulat
ing) the small bowel, suturing, knot tying, and 
applying endoscopic clips and staplers may be 
learned and practiced under direct vision in 
inanimate laparoscopic training models. Once 
the surgeon is comfortable performing these 
techniques under direct vision, the clear plastic 
top of the pelvic training model is covered with 
an opaque material and the surgeon performs 
the same tasks under laparoscopic visualization 
with the video camera. To take these first steps 
in leaming basic laparoscopic skills, the sophis
ticated inanimate models currently used in 
some training centers are not absolutely manda
tory. Nearly all the techniques and the concepts 
valuable to laparoscopic surgery may be leamed 
in a simple setting with a minimal amount of 
equipment and space. 

While the surgeon focuses on primary skills 
of surgery, the assistant surgeon should simulta
neously practice similar skills on aseparate 
trainer, or hold the video camera for the sur
geon. The operating room nurses should use 
this time to familiarize themselves with equip
ment, assisting the surgeon, and learning the 
techniques to promote maximal efficiency in 
the operating environment. This initial phase 
will require at least 6 to 8 hours of concentrated 
effort. The team must be capable of performing 
accurate and precise work in the inanimate 
model before graduating to the animal modeL 
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Training in Animal Models 

Using animal models to leam laparoscopic col
orectal surgery is justified because certain skills 
cannot currently be acquired in inanimate mod
els such as the following: avoiding tissue injury 
while grasping tissue with instruments; control
ling bleeding vessels with coagulation, ligation, 
or clips; and accomplishing intestinal anasto
moses, especially those performed intraperi
toneally.5 The following laparoscopic skills and 
techniques may be leamed in animal models: 

• the atraumatic intraoperative manipulation of 
intestine (running the small bowel, placing 
umbilical tapes around the small and large 
bowel) 

• the performance of hemostasis of mesenteric 
vessels by coagulation, ligature, and clips 

• small- and large-bowel resection 
• oncologic en bloc resection of the colon with 

high ligation and excision of the lymphovas
cular pedicles 

• intracorporeal function end-to-end anasto
mosis of the small and large bowel using lin
ear endoscopic staplers and colorectal anas
tomosis using transanal circular staplers 

These skills, practiced and perfected in animal 
models, are essential for safety and success in 
human laparoscopic colorectal surgery. Further
more, practicing intestinal resection techniques 
in animal models is necessary because accom
plishing such surgery requires many new skills: 

• most intestinal surgery involves removal of a 
section of a continuous organ with the neces
sity for precise reestablishment of intestinal 
continuity 

• multiple major mesenteric blood vessels 
must be ligated 

• most dissection must be accomplished over 
several quadrants of the abdominal cavity 

• contamination by bowel contents must be 
avoided 

• all laparoscopic instruments may damage the 
mesentery or the bowel wall if they are used 
improperly, thus one must learn their atrau
matic use under the laparoscope before per
forming patient procedures 
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Coagulation of minor blood vessels with liga
tion or clipping of major vessels are skills that 
are mandatory for achieving hemostasis. The 
control of major bleeding should also be prac
ticed because major bleeding can be one of the 
most significant limitations of laparoscopic 
surgery and a primary reason for conversion to 
open surgery. 

Several studies have shown that porcine6- 10 

and canine l1 ,12 models can be successfully used 
to perform laparoscopic intestinal resections 
and to develop intraperitoneal anastomotic tech
niques. Although there is active opposition in 
the United States and other countries to using 
live animals for teaching and research (argu
ments include that animals cannot exactly du
plicate human conditions, are expensive, and 
lack the pathologic processes of humans), we 
believe the use of large animals in laparoscopic 
colorectal surgery currently is an indispensable 
second step toward successfully performing 
such surgery in patients. Learning laparoscopic 
surgical skills in animals may substantially flat
ten the steep learning curve of laparoscopic col
orectal surgery often experienced when learning 
such skills in patients. 

For the surgical team to become comfortable 
performing laparoscopic procedures in animals, 
they should plan to use at least 6 to 10 animals 
for the procedures outlined as follows. At least 
half the animals on which any surgeon trains 
should be allowed to survive for I to 2 weeks, 
and then undergo zoopsy to evaluate the surgi
cal results. This approach requires the surgical 
team to set aside a considerable amount of time 
(at least 2 weeks of full-time attention to ani
mals and procedures), and to have access to a 
facility that is licensed and equipped to handle 
large animals in the preoperative, intraopera
tive, and postoperative periods. 

Preparation of the Animal 

All animals used for experimental purposes in 
the United States must be cared for in accor
dan ce with the regulations of the National Insti
tutes of Health's Principles for Use of Animals 
and Guide for the Care and Use of Laboratory 
Animals. The facility in which the animals are 
housed should be approved by the American 

Association for the Accreditation of Laboratory 
Animal Care (or a similar regulatory body in 
countries outside the United States). 

Animals should undergo preoperative bowel 
preparation consisting of clear liquids for 2 
days before surgery with 8 oz (240 mL) of mag
nesium citrate added to the drinking water 24 
hours before surgery and tap water enemas ad
ministered immediately before surgery. Cleans
ing tap water enemas administered immediately 
before surgery are important to empty the left 
colon. Care should be taken, however, to not 
give too much enema fluid, especially in pigs, 
because the water will collect in the proximal 
colon, distend the bowel, and impair the laparo
scopic view. 

U se of the Porcine Model 
in Laparoseopie Colorectal Surgery 

Female pigs with a body weight of 30 to 35 kg 
should be used. This size pig has intestinal and 
peritoneal dimensions similar to those of hu
mans. Females are more docile and thus are 
easier to care for than males in the laboratory 
environment. 

This section will outline normal porcine in
testinal anatomy, then give a step-by-step ap
proach to two procedures readily performed in 
the porcine intestine: (1) small-bowel resection 
with intraperitoneal ileoileal anastomosis, and 
(2) segmental large-bowel resection with in
traperitoneal circular colorectal anastomosis. 

Intestinal Anatomy of the Pig 

Porcine intestinal anatomy differs from humans 
in that the blood supply of the small intestine is 
strictly radial and the proximal colon is spirally 
coiled. The superior mesenteric vessels are 
short and run close to the base of the mesentery. 
They are covered by numerous 1- to 2-cm di
ameter lymph nodes. The blood supply of the 
small intestine consists of direct radial branches 
from the superior mesenteric vessels (Figure 
13.1). The direct small arteries from the supe
rior mesenteric artery supply 1- to 3-cm seg
ments of the small intestine. Vascular anasto
moses between the radial vessels are present in 
the intestinal submucosa, but true marginal ves
sels as found in humans do not exist. 
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FIGURE 13.1. Anatomy of the small intestine and its 
mesenteric vasculature in pigs. 

The anatomy of the left colon and the rectum 
is similar to humans and allows a segmental re
seetion with anastomosis. The arterial supply 
comes from the inferior mesenteric artery and 
its branches, the left colic artery, and the supe
rior rectal artery (Figure 13 .2). The arteries run 
parallel to the left colic vein and are easily seen 
in the thin mesentery. The terminal ileum and 
right colon of the pig are not suitable for laparo
seopie colon resections because they are coiled 

FIGURE 13.2. Anatomy of the left colon and its 
mesenteric vasculature in pigs. 
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and fused by adhesions. Extensive adhesiolysis 
would be necessary to accomplish right colon 
resections. 

Porcine Small-bowel Resection with 
Intraperitoneal Ileoileal Anastomosis 

After insertion of a Veress needle in the midline 
between the umbilicus and the symphysis, pneu
mo peritoneum (C02, to 12 mm Hg) is estab
lished and the peritoneal cavity is inspected. Four 
additional trocars are inserted under direct visual 
control, one in each of the four abdominal quad
rants lateral to the rectus sheath (Figure 13.3). 

The small intestine is identified and is care
fully grasped at a random location with atrau
matic bowel graspers. The operating surgeon 
should then practice running the small intestine 
proximally and distally using agende hand
over-hand technique. This means that the sur
geon should grasp the small intestine at the 
ileocolic junction gently but firmly with one 
grasping instrument, then with the other hand 
grasp 5 to 10 cm upstream of this area before 
releasing with the first hand. This action is re
peated for the length of the small intestine. This 
requires practice hut will help to develop video
scopie hand-eye coordination and atraumatic 
handling of the intestine necessary in human in
testinal surgery. 

A proximal resection li ne is then chosen at a 
convenient location, the thin mesentery is in
cised next to the bowel with scissors, and a dis
secting instrument is gently pushed through the 

FIGURE 13.3. Trocar placement in a porcine model. 
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mesentery. The bowel is encircled with an um
bilical tape at this location by pulling the tape 
through the mesentery with the graspers, and 
the two tape ends are clipped together with two 
endoscopic clips. 13 A second umbilical tape is 
placed at a distal resection li ne (10 to 15 cm 
downstream) so the bowel can be handled with
out grasping it directly with graspers. All ves
sels supplying the segment to be resected are 
isolated; then coagulated, ligated, or clipped; 
and finally transected. 

To perform an intraperitoneal anastomosis us
ing linear endoscopic staplers,14 the afferent 
and efferent limbs of the bowel to be anasto
mosed must be placed parallel to each other. 
This can easily be done by simultaneously 
grasping the two tapes marking the resection 
lines. Both limbs of the intestine are then 
brought together and encircled by a third umbil
ical tape at the resection lines. This third tape is 
fixed with endoscopic clips at the antimesen
teric site of the bowel wall (Figure 13.4). If the 
clips are placed tightly against the bowel wall, 
they will occlude the intestinal lumen of the 
devascularized specimen and prevent spillage 
from this site. The first two tapes are then re
moved. 

Enterotomies are made on the antimesenteric 
borders of the adjacent loops of the small intes-

tine that are to be anastomosed, and the linear 
stapler is inserted in the enterotomies to create a 
functional end-to-end anastomosis (Figure 
13.4). The afferent and efferent loops are placed 
parallel to each other to facilitate the insertion 
of an endoscopic stapler. The stapler is fired 
twice intraluminally to create a wide anastomo
sis. A 30-mm stapler should be used first be
cause its small size facilitates entry into the en
terotomies. If desired, the second stapler may 
be a 60-mm linear endoscopic stapler, but this 
requires inserting a 15-mm trocar. The anasto
mosis is completed by stapling across the two 
loops just below the two enterotomies (Figure 
13.5) so the specimen is resected and the anas
tomosis is closed with minimal or no spillage in 
the peritoneal cavity. 

The specimen is placed in the upper part of 
the abdomen and is removed after all surgery is 
completed in the animal. The anastomosis is 
carefully inspected to check whether bleeding 
from the staple line has occurred or whether the 
endoscopic stapler was fired over a mesenteric 
clip, which could result in an anastomotic leak 
because the staples would not seal the anasto
mosis. Intracorporeal anastomoses using linear 
endoscopic staplers or circular staplers can be 
accomplished using various techniques. Both 
Pietrafitta et al. 7 and Soper et al. 9 have de-

FrGURE 13.4. Linear endoscopic stapler inserted in both limbs of the intestine to begin a functional ileoileal 
anastomosis in the pig. 
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FIGURE 13.5. Porcine anastomosis is completed by 
firing a linear stapler across the intestine below the 
enterotomies. 

scribed techniques slightly different from ours 
to achieve a functional end-to-end anastomosis 
using linear endoscopic staplers. 

Po reine Large-bowel Reseetion with 
Intraperitoneal Cireular Anastomosis 

Because the spiral colon of the pig for anatomic 
reasons is not suitable for laparoscopic resection, 
only the left colon and the rectum can be used to 
practice a segmentallarge-bowel resection with 
intraperitoneal anastomosis. Cannula placement 
and pneumoperitoneum are basically the same as 
described for small-bowel resection. 

The bladder is first drained with a percuta
neously placed Veress needle hooked to a suc
tion; then, the bladder and the uterus are fas
tened anteriorly to the abdominal wall with 
percutaneously placed sutures around the uter
ine horns or with an endoscopic hernia stapler. 
The left colon is identified, and the peritoneal 
ret1ection is dissected to the right and left of the 
mesentery, avoiding the ureter and the gonadal 
vessels. The inferior mesenteric vessels are lig
ated with clips and transected. The mesenteric 
dissection is continued into the pelvis to the 
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level of the levator ani muscle so the rectum is 
completely mobilized. 

The proximal resection line is chosen near the 
level of the mesenteric vessel ligatures and 
smaller vessels are ligated up to the bowel edge. 
The rectum is divided at the distal resection li ne 
by firing one or two 30-mm endoscopic staplers 
placed obliquely across the rectum from the 
right-Iower-quadrant 12-mm cannula. The left
lower-quadrant cannula is removed, then the 
abdominal incision there is widened to 3 to 4 
cm, pneumoperitoneum is released, and the 
small-bowel specimen is delivered at this site. 
Next, the large-bowel specimen is delivered 
first distally, then transected at the proximal re
section li ne extracorporeally. A size 0 polypro
pylene purse-string suture is placed into the cut 
edges of the proximal colon; the low-profile 
anvil and modified center rod (meaning one that 
has a groove placed in its shaft for endoscopic 
grasping) of a 25-mm CEEA stapler instrument 
(Premium CEEA Stapler, US Surgical Corpora
tion, Norwalk, Conn.) are placed in the bowel 
lumen, the purse-string is tied, and the colon is 
replaced intraperitoneally. The small abdomi
nal-wall incision is closed with size 0 polygly
colic acid figure-of-eight sutures and pneu
moperitoneum is reestablished. 

Next, a polyglycolic acid suture is placed 
through the small hole near the tip of the de
tachable plastic spike of the stapler and is tied 
to form a 3- to 4-cm-diameter loop. This spike 
is placed in the center post of the stapler and the 
spike tip is drawn below the top of the stapler. 
The circular stapler is inserted transanally. The 
plastic spike is perforated through the rectal 
wall adjacent to the previously placed staple 
line. The suture at the spike tip is grasped, then 
the spike is detached from the stapler and is re
moved through the right-upper-quadrant can
nula. The modified center rod is next grasped 
with an endoscopic instrument and is docked in 
the center post of the stapler. The surgeon must 
check that the bowel is not twisted on its 
mesentery. The anastomosis is performed and 
the donuts are checked for completeness. De
pending on the study being performed, the ani
mal at this juncture is then euthanized with sub
sequent zoopsy to carefully inspect all surgical 
sites, or is allowed to awake from anesthesia af-
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ter inspection for bleeding, removal of laparo
scopic cannulas, peritoneal irrigation with 
warm saline, and cannula site closure with size 
2-0 absorbable suture to the fascia and 3-0 ab
sorbable suture to the skin. 

U se of the Canine Model 
in Laparoscopic Colorectal Surgery 

We actually prefer using a dog model versus a 
pig model for training in laparoscopic intestinal 
surgery. Overall, the dog intestinal anatomy is 
more analogous to the human intestine, and 
dogs are generally more docile and easy to care 
for in the perioperative period. Female mongrel 
dogs with a body weight of at least 25 to 30 kg 
should be used. The intestinal and peritoneal di
mensions in this size dog are similar but 
slightly smaller than those in humans. The fol
lowing three laparoscopic intestinal procedures 
can be carried out sequentially in each dog, de
pending on the aims of the surgical team: 

1. small-bowel resection with functional ileoileal 
anastomosis 

2. right colectomy (oncologic) with intraperi
toneal ileocolic anastomosis ll 

3. subtotal colectomy with ileorectal anastomo
SiS l2 

An en bloc resection or segmental resection 
of the colon or the small bowel allows the sur
geon to practice dissecting the mesentery, 
which is difficult in the right mesocolon in the 
canine model. It requires careful use of scissors 
and other cutting devices, dissectors, graspers, 
and electrosurgery or laser application for 
hemostasis and dissection. 

Intestinal Anatomy of the Dog 

The anatomy of the dog intestine, including the 
blood supply and mesentery of the right colon, 
is remarkably similar to the human anatomy 
(Figure 13.6). The right colic artery, which is 
the first branch of the ileocolic artery, supplies 
blood to the distal terminal ileum, the cecum, 
the ascending colon, and the proximal trans
verse colon. The middle colic artery, which is 
the main branch of the ileocolic artery, supplies 
the distal trans verse colon and the descending 
colon. It passes parallel to the left colon and 

Middle 
colic a. 

Superior 
mesenteric a. 

Descending 
colon 

Left collca. 

Superior 
re<:tal a. 

FIGURE 13.6. Anatomy of the intestine in a canine 
model. 

anastomoses with the left colic artery, which 
arises from the inferior mesenteric artery. The 
blood supply of the sigmoid colon and the rec
turn comes from the cranial rectal artery, which 
arises from the inferior mesenteric artery. This 
inferior artery may be hypoplastic in some ani
mals. In these cases, the left colon and the rec
turn receive their blood from the middle colic 
artery. Therefore, the middle colic artery must 
be preserved in right colon resections. 

All vessels of the small bowel and the left 
colon as weIl as the lymph nodes are easily visu
alized in a thin mesentery. In contrast, the right 
mesocolon is thick and consists of fatty tissue, 
vessels, and lymph nodes covered by peri
toneum. This area closely resembles the human 
right mesocolon. The vessels of the canine right 
mesocolon are thickly invested beneath the peri
toneum and the fatty tissue so a careful and 
somewhat tedious dissection must be carried out 
to safely expose and ligate these vessels. 

The lymphatic flow in dogs is similar to that 
in humans and is chiefly along the mesenteric 
vessels. Only one to three large lymph nodes (1 
to 3 cm in diameter and 4 to 10 cm in length) 
are in the small intestinal mesentery; they can 
be seen along the superior mesenteric vessels. 
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The two to four lymph nodes found in the base 
of the right mesocolon adjacent to the right 
colic vessels receive lymphatics from the ce
cum and the ascending and the transverse 
colon. Along the inferior mesenteric artery 
dose to the bowel wall are three to six lymph 
nodes (0.5 to 2 cm in diameter) that receive 
lymphatics from the left colon and the rectum. 

Canine Small-bowel Resection with 
Functional Ileoileal Anastomosis 

In a 20° to 30° head-down (Trendelenburg) po
sition, pneumoperitoneum (C02, to 12 mm Hg) 
is established using a Veress needle inserted 
through an incision 6 cm above the symphysis. 
The Veress needle is replaced by a 10-mm can
nula and the laparoscope is inserted through this 
cannula. Four accessory cannulas are inserted 
under direct vision in each of the four abdomi
nal quadrants lateral to the rectus sheath (Figure 
13.7). A fifth accessory lO-mm cannula is 
placed in the upper midline for later laparo
scope placement. 

The spleen and the greater omenturn are 
placed in the upper part of the peritoneal cavity. 
If the bladder is full, it is punctured and emp-

FIGURE l3.7. Trocar placement in a canine model. 

241 

tied with a Veress needle attached to a suction. 
Even if the animal is to survive, this is a safe 
maneuver and will not result in postoperative 
bladder leakage. The small intestine is grasped 
and run in a manner similar to that described in 
the pig model. The blood vessels of the small 
bowel are easily identified. An ileal resection 
with ileoileal anastomosis is performed accord
ing to the previously described technique in 
pigs (see previous section, Porcine Small-bowel 
Resection with Intraperitoneal Ileoileal Anasto
mosis), although the resection should be per
formed at least 30 to 40 cm proximal to the 
ileocecal valve to avoid interfering with an ileo
colic resection as described in the next section. 

Canine Right Colectomy with 
Intraperitoneal Ileocolic Anastomosis 

After the previously described small-bowel re
section is completed, the left colon is identified 
and its marginal mesenteric vessels are traced 
cephalad to the origin of the middle colic artery. 
The distal resection line at the trans verse colon 
is chosen to preserve the middle colic artery. Be
cause the inferior mesenteric artery is diminutive 
in some dogs, the middle colic artery cannot be 
transected without risking ischemia to the re
maining left colon. 

Before dissecting the mesentery, the distal re
section line is marked with an encircling umbili
cal tape passed through a defect created in the 
mesenteric edge. This tape is also used for ma
nipulating the intestine without directly grasping 
the bowel with graspers. The right colon, the ce
cum, and the ileum are then exposed, and the 
mesentery is dissected from the dorsal side. Ves
sels smaller than 3 mm can be coagulated but 
larger vessels should be clipped with endoscopic 
clip appliers. The ileal resection line is then 
identified about 10 cm proximal to the cecum 
and is also marked with a tape. The ascending 
colon is then carefully dissected dorsally up to 
and along a large mesenteric lymph node present 
in the ileal mesentery. This node lies directly ad
jacent to the superior mesenteric artery and 
should not be resected with the specimen. 

The right mesocolon is then dissected from 
the ventral side (Figure 13.8). It contains the 
right colic artery, veins, and lymph nodes near 
the origin of the right colic vessels. To remove 
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FIOURE 13.8. Anatomy of the canine right colon during laparoscopic resection. 

all lymph nodes of the right mesocolon, the 
right colic vessels must be ligated at their ori
gin. This ligation is performed by incising the 
peritoneum, then carefully using blunt and 
sharp dissection to sweep the lymph nodes of 
the right colon up onto the specimen, exposing 
the vessels. This maneuver can be tedious and 
requires some practice. The dissected vessels 
are then clipped and divided. The devascular
ized bowel segment is then completely encir
cled with an umbilical tape at the proximal and 
distal resection lines, and an ileocolic anasto
mosis is carried out according to the same prin
ciples used in small-bowel resection (see previ
ous section, Porcine Small-bowel Resection 
with Intraperitoneal Ileoileal Anastomosis). 

Canine Subtotal Colectomy 
with Ileorectal Anastomosis 

To complete the colectomy, the ileocolic anas
tomosis is lifted with graspers, and then the 
middle colic artery is identified, clipped, and di
vided at the level of the duodenum so all adja
cent lymph nodes are removed. The mesocolon 

of the left colon is mobile and thin, and next 
can be transected easily down to the inferior 
mesenteric artery, which is also clipped using 
large endoscopic clips and then is transected. 

The laparoscope is removed from the lower 
midline cannula, and is placed in a newly placed 
upper midline 10-mm trocar site oriented to
ward the pelvis. The bladder (with the uterus in 
females) is sutured to the abdominal wall using 
a percutaneously placed suture or endoscopic 
hernia stapler as described earlier. This allows 
better overall visualization of the pelvis. A 30-
mm endoscopic stapler is placed (but not fired) 
through the left-Iower-quadrant cannula across 
the descending colon and is used to pull cra
nially on the rectum to facilitate a low transec
tion of the rectum before the ileorectal anasto
mosis. The thin filmy mesorectum is freed from 
surrounding structures down to the pelvic floor. 

The rectum is then divided at or below the 
pelvic brim by firing a 30-mm endoscopic stapler 
once or twice across it. A left-lower-quadrant tro
car site is enlarged to approximately 4 cm. The 
small-bowel specimen is delivered through this 
site, then the distal colon is brought out through 
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the wound, slowly delivering the ileocolic anas
tomosis as weIl. The anastomosis is inspected 
and may later be inflated to check for leaks. The 
ileum is incised at the area of previous mesen
teric clearing proximal to the ileocolic anastomo
sis and a size 0 polypropylene purse-string su
ture is placed on the cut edge. The low-profile 
anvil of a 25-mm CEEA stapler instrument is 
placed in the terminal ileum, the purse-string is 
tied, and the colon is replaced intraperitoneaIly. 
The small incision in the abdominal wall is 
closed with size 0 polyglycolic acid figure-of
eight sutures, pneumoperitoneum is reestab
lished, and the peritoneal cavity is irrigated. 

The ileorectal anastomosis is carried out using 
a double stapling technique according to the pre
viously described principles (section titled 
Porcine Large-bowel Resection with Intraperi
toneal Circular Anastomosis). The ileorectal 
anastomosis can be tested for leaks by filling the 
pelvis with saline and insufflating the rectum 
with air using a rigid proctoscope. After careful 
inspection and irrigation of the peritoneal cavity, 
aIl fascia and skin incisions are closed using 3-0 
polyglycolic acid sutures (survival animals), or 
laparotomy with thorough inspection of the ab
dominal cavity is conducted to evaluate the sur
gical results (nonsurvival animals). 

Human Laparoscopic 
Colorectal Surgery 

Once proficiency has been achieved in inanimate 
trainers and animal models, the surgical laparo
scopic team may begin to consider human laparo
scopic colorecta1 surgery. Because only a few sur
gical training programs currently have formal 
training in laparoscopic colorectal surgery, sur
geons experienced in this area must act as precep
tors for other established surgeons or surgical 
departments. Preceptors should have surgieal priv
ileges at the hospital so they may perform at least 
some of the operative technique if necessary. Al
though the described large animal models are 
valuable, human tissue dissection and anatomy 
may be different, particularly in pathologie states. 

Initially, the beginner in laparoscopic col
orectal surgery should choose simple, uncom-
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plicated cases (such as diagnostic laparoscopy, 
biopsy, or loop ileostomy or colostomy) in thin 
patients who have not undergone previous ab
dominal surgery. Next, the surgeon should pro
ceed to limited resections for benign disease 
with or without intraperitoneal mesenteric dis
section or anastomosis. More demanding pro
cedures, such as resection for inflammatory 
bowel disease (such patients often have a 
thickened mesentery and inflamed fragile tis
sue) or oncologic resections, should be per
formed only if the surgeon is comfortable with 
laparoscopic colorectal techniques. In 1995, 
we believe that curative colorectal cancer 
surgery should only be performed in the con
text of prospective trials. 

The entire laparoscopic team must be in
volved in learning from the preceptor, be
cause the skills of the entire team must be de
veloped. This should involve preliminary 
discussions of every step of the procedure, 
from setup of the operating room, to place
ment of the last suture, to postoperative care. 
The procedure should be standardized as 
much as possible so all members of the lap
aroscopic team can predict what the next step 
will be. Standardization will increase safety 
and efficacy of laparoscopic procedures and 
minimize frustration. Although for each la
paroscopic team it is impossible to define 
how many colon or rectal procedures should 
be performed under a preceptor before operat
ing independently,3 we recommend at least 10 
colorectal resections. Thus, a preceptor may 
need to visit the trainee's operating room for 
several weeks (if the trainee is an established 
surgeon calling on outside expertise). 

The long-term success and development of 
laparoscopic colorectal surgery (and all lap
aroscopic surgery, for that matter) rests on in
corporating laparoscopic training into current 
surgical education programs. As the cadre of 
experienced laparoscopic colorectal surgeons 
grows over the next 3 to 5 years and the rela
tive indications and merits of such surgery 
become more apparent, training pro grams in 
abdominal surgery will likely devote an in
creasing proportion of their curricula to lap
aroscopic methods. 
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Virtual Reality 

The educational program we have outlined is 
based on currently available educational tools 
and techniques. A pelvic trainer for learning and 
practicing basic skills can easily be built with 
materials available in the hospital. Although an
imal facilities that include operating rooms are 
not available everywhere, it should be possible 
for most surgeons at specialized institutions or 
universities in the United States to perform 
some laparoscopic procedures in animals. 

In the future, computer simulations might be 
able to create an environment so pelvic trainer 

and animal models are not necessary. Such com
puter simulation is called virtual reality, and in
volves creating the human experiences of per
ception and interaction through the use of 
sensors and effectors in a computer-modeled 
environment. In a virtual world, all experiences of 
the real world are excluded and only a computer
generated environment affects the senses. The 
computer not only generates a "world" that can 
be passively perceived with head-mounted dis
plays or monitors, but it also allows a person to 
interact with the generated environment using 
specially designed sensory devices such as data 
gloves or exoskeletons (Figure 13.9). 

FrGURE l3.9. Virtual reality as a training model in laparoseopie surgery. 
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Currently, virtual reality is used successfully 
in flight simulators and other industrial training 
to leam and practice complex activities in a vir
tual, nonexistent world. Thus, pilots leaming to 
fly in a virtual world can be educated to a high 
skill level without risking damage to them
selves or an expensive airplane. After develop
ing sufficient skills to fly a plane, pilots move 
from the virtual to "true" reality. 

Laparoscopic surgery consists mainly of hand 
movements that have an impact on tissue that is 
visualized on a video monitor with no direct vi
sualization of the contact. Consequently, using 
virtual reality for laparoscopic surgical training 
seems feasible. In theory, a model of the ab
dominal cavity would be generated by the com
puter and specially designed devices attached to 
the hand would translate real movements into 
the virtual movements of endoscopic instru
ments on the video monitor. Entire laparoscopic 
procedures may be simulated and young sur
geons could practice in this environment until 
they acquire sufficient skills to commence 
"real" laparoscopic surgery. Although simple 
models of laparoscopic virtual reality are avail
able and may improve and replace inanimate 
models (e.g., the pelvic trainer) in leaming and 
practicing basic laparoscopic skills in the next 
years, much better hardware and software will 
be needed to replace living models with virtual 
reality models. 
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in ileocolectomy, 130-33 
ileorectal, 191-92 
porcine model of, 237-40 
in proctosigmoidectomy, 160-62 

in right colectomy, 140-44, 146 
in small-bowel resection, 121-22 

Anesthesia 
hemodynamic function and, 101-3 
pulmonary function and, 100-101,226 

Animal model, far training, 235-43 
canine, 240-43 
porcine, 236-40 
preparation of animal, 236 

Antibiotics, preoperative, 97 
Argon, as insufflating gas, 16 
Argon-beam coagulator, 51 
Argon laser, 59 
Arrhythmia, during pneumoperitoneum, 102 
Arterial pressure, during pneumoperitoneum, 102 
Arteriovenous malfarmation, 209 
Aspirator, ultrasonic, 61-62 
Assistant gras per, 71, 78 
Atelectasis, 100 
Atraumatic gras per, 29 
Autoclave, 19 

B 
Babcock-like clamp, 29-31 
Bacterial endospores, 19-20 
Bag 

endoscopic 
See Specimen bag 

specimen 
See Specimen bag 

Bernheim, B.M., 2 
Binocular disparity, 8 

horizontal, 7 
vertical,9-1O 

Biopsy, laparoscopic, 113 
Bipolar electrosurgery, 48-49, 52-53 

short circuit of current, 49 
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Blade tip, of grasper, 29 
Bleeding 

during dissection of mesentery, 65 
pedicle, suture ligatures for, 79 
from trocar insertion, 108-9 

Blood vessel, injury during laparoscopie surgery, 65, 
105 

Blunt trocar, 108 
Body mass index, 88 
Bowel 

See Intestine 
Bozzini, P., 1-2 
Bradycardia, with pneumoperitoneum, 102 

C 
Camera, 10-12 

single-chip, 11 
sterilization of, 19 
three-chip, 11-12 

Cancer surgery 
abdominoperineal resection, 174 
ileocolectomy, 133 
proctosigmoidectomy, 165-66 
recurrence at cannula site, 229-30 
resection of colorectal cancer, 89-92 

extent of, 91-92 
video review of, 92 

right colectomy, 146-48 
small-bowel resection, 123 
total abdominal colectomy, 193 
See also Specimen bag; Specimen retrieval; Tumor 

seeding 
Canine model, 240-43 

intestinal anatomy of dog, 240-41 
right colectomy with ileocolic anastomosis, 241-42 
small-bowel resection with ileoileal anastomosis, 241 
subtotal colectomy with ileorectal anastomosis, 

242-43 
Cannula, 23-29 

abdominal wall anchoring mechanisms, 25-26 
with adaptor valve for accommodating instruments, 

25 
in electrosurgery, 24 
with flapper valve, 24-25 
Hasson-Eder,27 
insertion of, 27-28, 106-8 

complications of, 108-10 
without pneumoperitoneum, 108 
selection of insertion site, 106 

removal of, 110-11 
with trumpet valve, 24-25 

Cannula placement 
for abdominoperineal resection, 166, 168 
for adhesiolysis, 223 

for closure of divided stoma, 210 
for feeding jejunostomy, 201 
for ileoco1ectomy, 125 
for ileostomy or jejunostomy, 197 
for proctosigmoidectomy, 150 
for reversal of Hartmann procedure, 212-13 
for right colectomy, 135 
for sigmoid colostomy, 206 
for small-bowel resection, 119 
for suture rectopexy, 217 
for total abdominal colectomy, 178 
for transverse colostomy, 204 

Cannula site 
cancer recurrence at, 229-30 
closure of, 110-11 
selection of, 106 

Capacitive coupling, 53-55 
Capacitive electrode, 55 
Capillary bleeding, sealing large areas of, 51 

Index 

Carbon dioxide, as insufflating gas, 15-16, 101-2, 106 
Carbon dioxide laser, 56-57, 59 
Cardiac disease, contraindieation for laparoscopic 

surgery,87 
Cardiac function, with pneumoperitoneum, 101-3 
Carts, for laparoscopie equipment in operating room, 

99-100 
Cecal carcinoma, 133 
Charge-coupled device, 10-12 
Charge separation, of charge-coupled deviee, 12 
Chronie obstructive pulmonary disease, contraindieation 

for laparoscopic surgery, 87 
Circu1ar anastomosis, porcine model of, 239-40 
Circular stapler, 39 
Clip 

endoscopie, 65 
intra-abdominal 

See Intra-abdominal clip 
Clip applicator, 36-38 

automatie, 36-37 
Coagulation devices, 24 
Coagulation modality 

of electrosurgery, 43-44, 49-52 
of laser systems, 56, 59-60 
of ultrasonic systems, 62 

Coagulator, argon-beam, 51 
Coagulopathy, 87 
Colectomy 

abdominal, 94 
right 

See Right colectomy 
subtotal 

canine model of, 242-43 
with ileorectal anastomosis, 95 

total abdominal 
See Total abdominal colectomy 
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Colic artery, 145 
left, 163-65, 192 

Colic vessels, anatomic arrangements of, 136, 145-47, 
163, 192 

Colitis, uJcerative, 93-94 
Colon 

cancer of, 146-48 
dissection of lateral and dorsal attachments, 65-66 
gangrene of, 95 

Colonoscopy 
intraoperative, 88 
under laparoscopic guidance, 113 

Colorectal anastomosis, 80 
Colorectal cancer 

10cal recurrences in cannula sites, 91 
oncologic resection of, 89-92 

extent of, 91-92 
video review of, 92 

palliative and curative therapy in, 89-92 
See also Cancer surgery 

Colorectal tumor 
indication for laparoscopic surgery, 88-92 
location of, 88 

Colored image, 11 
Colosigmoid artery, 163 
Colostomy, 95 

in abdominoperineal resection, 173-74 
sigmoid 

See Sigmoid colostomy 
transverse 

See Transverse colostomy 
Computer simulation, training in laparoscopic surgery, 

244-45 
Constipation, intractable, 95, 215 
Contact quality monitoring, 55 
Contact scalpel, 60 
Continuous wave laser system, 58 
Contraindications for laparoscopic surgery, 87-95 
Cook Tissue Morcellator, 81-82 
Costs, of laparoscopic surgery, 228 
Coupling capacitor, 48 
Critical items, 19 
Critically ill patient, diagnostic laparoscopy in, 113 
Crohn's disease, 94, 133, 145, 199,209 
Current, 44-45 
Cutting modality 

of electrosurgery, 44, 49-51 
of laser systems, 56, 59-60 
of ultrasonic systems, 62-63 

Cystoscope, history of, 1-2 

D 
Depth perception, 7 
de Rocher, B., 2 

Desiccation, electrosurgical modality of, 51-52 
Desmoid tumor, abdominal, 89 
Diagnostic laparoscopy, 112-13 
2-D imaging, 7-10 
3-D imaging, 7-10 
Direct coupling, 53-55 
Disadvantages oflaparoscopic surgery, 225-30 
Disinfection, 19-21 

high-level, 19-20 
intermediate-Ievel, 19 
low-Ievel, 19 

Dissector, 29-30 
Diverticular disease, 209 
Diverticular phlegmon, 93 
Diverticulitis, 93, 163 
Divided stoma, c10sure of 

cannula placement for, 210 
instruments for, 210 
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position of patient, surgical team, and equipment for, 
209-10 

procedure for, 210-11 
special considerations in, 211 

Documentation 
dynamic,15 
photo, 14-15 

Doppler probe, 82 
Draping,98 
Duncan knot, 71 
Dundeeknot 

See Jamming slip knot 

E 
Education 

See Training in laparoscopic surgery 
Electrical current 

arc-induced low-frequency, 48 
high-frequency,48 

Electrocautery, 44 
Electrode 

capacitive, 55 
resistive, 55 
return grounding, 55 

Electrolyte content, of tissue, 45 
Electronic insufflator, 16-18 
Electroshield, 55 
Electrosurgery, 43-55 

applied to duct-like structures, 45-46, 53 
basic concepts in, 44-45 
bipolar, 48-49, 52-53 
cannulas for, 24 
capacitive coupling in, 53-55 
coagulation modality of, 43-44, 49-52 
contact quality monitoring in, 55 
cutting modality of, 49 -51 
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Electrosurgery, (cant.) 
definition of, 44 
desiccation modality of, 51-52 
direct coupling in, 53-55 
extent of tissue damage in, 52-53 
fulguration modality of, 50-51 
insulation failure in, 53-54 
monopolar, 48, 52-53, 55, 63-64 
potential injuries related to, 53-55 
relationship between cutting and coagulation 

qualities, 44 
smoke development in, 52 
stray current in, 54-55 
techniques in, 48-52 

Electrosurgical generator, 45-47 
solid-state,46-47 
spark gap, 46 
vacuum tube, 46 

Electrosurgical unit 
arc-induced low-frequency current, 48 
coupling capacitors, 48 
grounded,47 
ground-referenced,47 
high-frequency electrical current, 48 
radio-frequency isolated, 47 

Emergency laparoscopy, 113 
Emphysema 

mediastinal, 105 
scrotal, 105 
subcutaneous, 104-5, 112 
subfascial, 104-5 

EndoCatch, 32 
EndoClose, 110-11 
Endo GIA 30-V, 65 
Endoscopic bag, 

See Specimen bag 
Endoscopic clips, 65 
Endoscopic stapler 

See Stapler 
Endospores, bacterial, 19-20 
Endo TA device, 38 
Epidural anesthesia, 101 
Epigastric vessels, bleeding from, 108-9 
Ethylene oxide sterilization, 19 
Eyeglasses, polarizing, 9 

F 
Familial polyposis, 88-89 
Fan retractor, 32-33 
Fat aspiration, 62 
Fatty mesentery, dissection of, 64-65 
Fecal diversion, 95 
Fecal incontinence, 95, 199,205 

Feeding jejunostomy, 200-202 
cannula placement for, 201 
instruments for, 200 

Index 

position of patient, surgical team, and equipment for, 
200 

procedure for, 201-2 
special considerations in, 202 

Fervers, c., 3-4 
Field sequential video (FSV), 8-10 
Fistula, 93 

rectovaginal, 199 
Flapper valve, cannula with, 24-25 
Flexible laparoscope, 13-14 
Fluid cable, light transmitted by, 14-15 
Fogging oflens, 13 
Foley urinary catheter, 98, 110 
FSV 

See Field sequential video 
Fulguration modality, of electrosurgery, 45, 50-51 
Functional diseases, of intestine, 94-95 
Functional residual capacity, 100-101,226 

G 
Gangrene, of colon, 95 
Gas embolism, 15-16, 104-5 
Generator, electrosurgical 

See Electrosurgical generator 
Gerrnicide, 19 
Glass cable, light transmitted by, 14-15 
Glutaraldehyde sterilization, 19-20 
Goetze, 0., 3 
Grasper, 24, 29-31 

assistant, 71, 78 
atraumatic, 29 
blade tip of, 29 
traumatic, 29 

Greater omentum, separating from transverse colon, 65 

H 
HAD sensor 

See Hole accumulation diode sensor 
Halogen bulb, 14 
Hanging drop test, 103 
Harmonic Scalpel, 61-62 
Hartrnann procedure, reversal of, 211-14 

cannula placement for, 212-13 
instruments for, 212 
position of patient, surgical team, and equipment for, 

211-12 
procedure for, 213-14 
special considerations in, 214 

Hasson-Eder cannula, 27 
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Head-up position, 102 
Heart rate, during pneumoperitoneum, 102 
Helium, as insufflating gas, 16, 101-2 
Hemodynamic function, under general anesthesia, 10 1-3 
Hemostasis, 65 
Hemia 

abdominal wall, 224 
in cannula incisions, 110 
Richter's, 110 
in trocar incisions, 107 

Histology, of morcellated specimen, 82 
History, oflaparoscopic surgery, 1-5 
HIV 

See Human immunodeficiency virus 
Hole accumulation diode (HAD) sensor, 10-11 
Hollow push rod, 71 
Human immunodeficiency virus (HIV), in laser plume, 52 
Hydrogen peroxide disinfection, 20 
Hypercarbia, 101, 112 
Hypothermia, 17, 106 
Hypoxemia, during laparoscopy, 101 

I 
Ileal resection 

See Small-bowel resection 
Ileitis, Crohn's, 93 
Ileocolectomy, 124-33 

cancer surgery, 133 
cannula placement for, 125 
instruments for, 125 
position of patient, surgical team, and equipment for, 

124-25 
procedure for, 125-33 
special considerations in, 133 

Ileocolic anastomosis, canine model of, 241-42 
Ileocolic artery, 145, 147 
Ileocolitis, Crohn's, 94 
Ileoileal anastomosis 

canine model of, 241 
porcine model of, 237-39 

Ileorectal anastomosis, canine model of, 242-43 
Ileostomy, 95, 195-99 

cannula placement for, 197 
instruments for, 197 
position of patient, surgical team, and equipment for, 

196-97 
procedure for, 197-99 
special considerations in, 199 

Ileus, postoperative, 226-28 
Iliac vessel, injury to, 105 
Image technology, 7-10 
Inanimate model, for training in laparoscopic surgery, 

234-35 

Indications for 1aparoscopic surgery, 87-95 
co1orecta1 tumors, 88-92 
functiona1 diseases, 94-95 
inflarnmatory disease of intestine, 92-95 

Inferior mesenteric artery, 150-52, 164, 167-69 
Inferior mesenteric vein, 150-52 
Inflammatory disease, of intestine, 92-95 
Instruments 

for abdominoperineal resection, 166, 168 
for adhesiolysis, 222-23 
for closure of divided stoma, 210 
cost of, 228 
for feeding jejunostomy, 200 
for ileoco!ectomy, 125 
for ileostomy or jejunostomy, 197 
for proctosigmoidectomy, 150 
reusable, 19-21 
for reversal of Hartmann procedure, 212 
for right colectomy, 135 
for sigmoid colostomy, 206 
for small-bowel resection, 119 
sterilization of, 19-21 
for suture rectopexy, 216-17 
for total abdominal colectomy, 178 
for transverse colostomy, 203 
See also specific instruments 

Insufflation, history of, 3 
Insufflation needle, 23-24 
Insufflator, 15-18 

choice of gas, 15-16 
electronic, 16-18 
flow rate of, 17 
maintenance of, 17 
overinflation alarm, 17 
pneumatic, 16 -17 
recirculating gas, 17, 52 

Interrupted sutures, 79 
Intestine 

anatomy of 
of dog, 240-41 
of pig, 236-37 

dilated,88-89 
effects of pneumoperitoneum on function of, 105 
functional diseases of, 94-95 
inflammatory disease of, 92-95 
injury during laparoscopic surgery, 105-6 
postoperative motility of, 226-28 
preoperative cleansing of, 97 
trocar injury to, 109-10 

Intra-abdominal abscess, 93 
Intra-abdominal clip, 36-38 

stainless steel, 36 
titanium, 36, 38 

Intra-abdominal pressure, 17 

251 



252 

Intractable constipation, 95, 215 
Intraoperative colonoscopy, 88 
Intraoperative monitoring, 103 
Intraperitoneal adhesions, 108 
Intraperitoneal pressure, 101-3 
Irrigation channel, 12-13 
Irrigation-suction system, 18-19 

J 
Jacobeus, H.C., 2 
Jamming slip knot, 72-73, 75, 77,80 
Jejunal resection 

See Small-bowel resection 
Jejunostomy,195-99 

K 

cannula placement for, 197 
feeding 

See Feeding jejunostomy 
instruments for, 197 
position of patient, surgical team, and equipment for, 

196-97 
procedure for, 197-99 
special considerations in, 199 

Kalk, H., 3 
Knot 

Aberdeen, 75-76, 80 
Duncan,71 
jamming slip, 72-73, 75, 77, 80 
Melzer, 71, 77, 79 
Röder, 71, 76-79 
sliding, 72, 74 
square, 71-74, 79 

Knot pusher, 71-72 
hollow,71 
slit -and-circ1e, 71 

Knot strength, of suture material, 67-68 
Kölioskopie, 2 
KTP laser, 56-57, 59 

L 
LaparoLith, 81 
Laparoscope, 12-14 

angles of visualization, 12 
diameter of, 12 
flexible, 13-14 
warming before insertion, 13 

Laparoscopic colorectal surgery 
advantages and disadvantages of, 225-30 
ancillary equipment and techniques in, 81-85 
basic techniques in, 67-80 
contraindications to, 87-95 

costs of, 228 
equipment needs in, 7-21 
general aspects of, 97-113 
history of, 1-5 
indications for, 87-95 
infrequently perforrned procedures, 215-24 
initiation ofprocedures, 110-12 
instruments for, 23-40 
length of stay in, 228 
major operative procedures in, 117-93 
quality of life issues in, 229 
stoma construction and c1osure, 195-214 
tissue dissection in, 43-66 
training in 

See Training in laparoscopic surgery 
without pneumoperitoneum, 33-34 

Laparoscopic team, 98-100, 234 
Lapro-Clip, 36-38 
Large-bowel resection, porcine model of, 239-40 
Large EndoClip Applier, 65 
Laser 

argon, 59 
carbon dioxide, 56-57, 59 
KTP, 56-57, 59 
Nd:YAG, 56-60, 63 

Laser systems, 56-60 
coagulation modality of, 56, 59-60 
continuous wave, 58 
cutting modality of, 56, 59-60 
in laparoscopic colorectal surgery, 58-60 
photo thermal effect of, 56 
power density applied to tissue, 58 
pulsed,58 
Q-switched, 58 
for tissue dissection, 43 
wavelengths, 56-58 

Left colic artery, 163, 165 
accessory, 163-64 
connections to middle colic artery, 192 

Length of hospital stay, 228 
Lichtleiter, 1-2 
Light absorption, by tissue, 56-57 
Light source, 14-15 

halogen bulb, 14 
history of, 1 
xenon, 14 

Liver 
preoperative examination of, 97 
ultrasonography of, 83, 112, 148 

Luer lock system, 17, 24 

M 
Mediastinal emphysema, 105 
Melzer knot, 71, 77, 79 

Index 
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Memory, of suture material, 68 
Mesenteric Iymph nodes, removal of, 90 
Mesenteric mobilization, 125-26, 135-37 
Metastatic dissemination, during surgery, 34-35 
Middle colic artery, 145-47 

connections to left colic artery, 192 
Moist heat sterilization, 19 
Monitoring, intraoperative, 103 
Monoclonal antibody, anti-TAG-72, 83-84 
Monopolar electrosurgery, 48, 52-53, 55, 63-64 
Morbidity, in laparoscopic co10rectal surgery, 225-29 
Morbid obesity, 88, 95, 108 
Morcellator, 81-82 
Mucosal ulcerative colitis, 93-94 
Multifire Endo GIA 30,38-39 
Muscle stimulation, by electrosurgica1 unit, 48 
Mycobacterium tuberculosis, sterilization of equipment, 20 

N 
Nasogastric tube, 98, 106 
Nd:YAG laser, 56-60, 63 

sapphire tips for, 59-60 
Need1e, 68-69 

curved,68-69 
insufflation, 23-24 
ski-needle, 68-69 
straight, 68 -69 
Veress, 4, 23, 103 

Needle holder, 68-71 
jaw design in, 71 
piston-action, 70-71 
Szabo-Berci, 70-71 

Neodymium-doped:yttrium a1uminum gamet laser 
See Nd:YAG laser 

Nerve stimulation, by electrosurgical unit, 48 
Nitrous oxide, as insufflating gas, 15-16 
Nitze, M., 1-2 
Noncritical items, 19 

o 
Obesity, morbid, 88, 95, 108 
Ohm's 1aw, 45 
On-chip lens, 10 
One-finger retractor, 32-33 
Operating room charges, 228 
Operating room setup, 97-99 

assembling instrumentation, 97-98 
positioning patient, 98-99 
positioning personnel and laparoscopic equipment, 

98-100 
Omdoff, B.H., 3 
Ott, D., 2 
Overinflation alarm, 17 

p 

Pacemaker, cardiac, 47 
Pad bums, 55 
Pain, postoperative, 226 
Palliative therapy, in colorecta1 cancer, 89-91 
Palpation, of abdominal cavity, 82 
Pelvic perineal sepsis, 205 
Pelvis, irrigation of, 161, 173 
Peracetic acid sterilization, 19-20 
Perineal resection 

See Abdominoperineal resection 
Peripheral vascular resistance, during 

pneumoperitoneum, 102 
Peritoneal cavity, systematic inspection of, 112 
Peritoneum, incising of, 65 
Persufflator, 17 
Phlegmon 

diverticular, 93 
retroperitonea1, 133 

Photo documentation, 14-15 
Photothermal effect, 56 
Piston-action need1e holder, 70-71 
Pixel, 10 
Pneumatic compression stockings, 98 
Pneumatic insufflator, 16-17 
Pneumoperitoneum, 87 

complications of, 104-6 
establishment of, 103-6 
1aparoscopic surgery without, 33-34 
See also Insufflator 

Pneumothorax, 105 
Polyethylene glyco1, bowe1 cleansing, 97 
Po1yposis, fami1ia1, 88-89 
Porcine model, 236-40 

intestinal anatomy of pig, 236-37 
large-bowel resection with circu1ar anastomosis, 

239-40 
small-bowel resection with i1eoilea1 anastomosis, 

237-39 
Portal hypertension, 87 
Positioning of patient, 98 -102 

for abdominoperineal resection, 166-67 
for adhesiolysis, 222 
for closure of divided stoma, 209-10 
for feeding jejunostomy, 200 
for i1eoco1ectomy, 124-25 
for ileostomy or jejunostomy, 196-97 
for proctosigmoidectomy, 148-50 
for reversal of Hartmann procedure, 211-12 
for right colectomy, 134-35 
for sigmoid co10stomy, 205 
for small-bowel resection, 117-18 
for suture rectopexy, 215-16 
for total abdominal colectomy, 174-77 
for transverse colostomy, 202-3 
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Postoperative care, 112 
Postoperative concerns 

complications, 225-26 
early, 225-29 
intestinal motility, 226-28 
long-term, 229-30 
pain, 226 
pulmonary function, 226 

Potassium titanyl phosphate laser 
See KTP laser 

Power, 45 
Powered Multifire Endo GIA 60, 38, 40 
Powered Multifire TA device, 39 
Preceptor, 243 
Pregnancy, contraindication for laparoscopic surgery, 

88 
Preoperative preparation, 97 
Proctitis, Crohn's, 94 
Proctocolectomy, 93-94 
Proctoring concept, 234 
Proctosigmoidectomy, 148 -66 

cancer surgery, 165-66 
cannula placement for, 150 
instruments for, 150 
position of patient, surgical team, and equipment for, 

148-50 
procedure for, 150-62 
special considerations in, 163-65 

Pulmonary disease 
concurrent, insufflating gas for, 101 
contraindication for laparoscopic surgery, 87 

Pulmonary function 
during anesthesia, 100-101,226 
postoperative, 226 

Pulsed laser system, 58 

Q 
Q-switched laser system, 58 
Quality of Iife, issues in laparoscopic surgery, 229 

R 
Radioimmunoguided surgery (RIGS), 83-84 
Recording device, 15 
Rectal cancer, 89 
Rectal irrigation, 98 
Rectal prolapse, 94-95 

alternate procedures in, 221-22 
mesh insertion technique in, 222 
sling repair of, 222 
suture rectopexy for, 215-22 

Rectal washout, 160, 165 
Rectopexy, 94-95 

suture 
See Suture rectopexy 

Rectosigmoid artery, 164 
Rectovaginal fistula, 199 
Rectum, posterior mobilization of, 65-66 
Renal blood flow, during pneumoperitoneum, 105 
Resection 

abdominoperineal 
See Abdominoperineal resection 

of small-bowel 
See Small-bowel resection 

Resistance (electrical), 45 
Resistive electrode, 55 
Retracting devices, 24 
Retractor, 32-34 

abdominal wall, 32-34 
fan,32-33 
one-finger, 32-33 

Retroperitoneal phlegmon, 133 
Return grounding electrode, 55 
Reusable instruments, 19-21 
Richter's hernia, 110 
Right colectomy, 134-48 

cancer surgery, 146-48 
canine model of, 241-42 
cannula placement for, 135 
instruments for, 135 

Index 

position of patient, surgical team, and equipment for, 
134-35 

procedure for, 135-45 
special considerations in, 145-46 

RIGS 
See Radioimmunoguided surgery 

Röderknot, 71, 76-79 
Room air, as insufflating gas, 15-16 
Ruddock, J.C., 4 
Rumel tourniquet, 197, 206, 223 
Running, of small bowel, 112 
Running sutures, 80 

S 
Scalpel 

contact,60 
ultrasonic, 61-62, 65 

Scissors, 24, 31 
Scrotal emphysema, 105 
Semicritical items, 19 
Semm,K.,4 
Shears, ultrasonic, 61-63, 66 
Short, A.R., 3 
Sigmoid colonic volvulus, 95 
Sigmoid colostomy, 205-8 

cannula placement for, 206 
instruments for, 206 
position of patient, surgical team, and equipment for, 

205 
procedure for, 206-7 
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special considerations in, 207-8 
Single-chip camera, 11 
Skin, preparation for surgery, 98 
Ski-needle,68-69 
Sliding knot, 72, 74 
Sling,32 
Slit-and-circle knot pusher, 71 
Small bowel, running of, ll2 
Small-bowel obstruction, 224 
Small-bowel resection, 117-23 

cancer surgery, 123 
canine model of, 241 
cannula placement for, 119 
instruments for, 119 
laparoscopic-guided, 123 
porcine model of, 237-39 
position of patient, surgical team, and equipment for, 

ll7-18 
procedure for, llO-22 
special considerations in, 122-23 

Smoke development, 52, 64 
Smoke inhalation hazard, 52 
Smoke removal, 17-18,52,106 
Snare device, 32 
Society of American Gastrointestinal Endoscopic 

Surgeons, guidelines for training in 
laparoscopic surgery, 233-34 

Solid-state generator, 46-47 
Spark gap generator, 46 
Specimen bag, 34-35, 81,122-23, l31, 143, 146-47, 

160, 165, 193 
Specimen retrieval 

in abdominoperineal resection, 173-74 
in ileocolectomy, l31 
morcellator and, 81-82 
in proctosigmoidectomy, 160, 163, 165 
in right colectomy, 143, 146-47 
in small-bowel resection, 122-23 
in total abdominal colectomy, 190, 193 
transanal, 81 

Square knot, 71-74, 79 
Stainless steel clip, 36 
Stapler, 38-40,65 

circular, 39 
Stapling devices, 24 
Steiner, O.P., 3 
Stereoscopic imaging, 7-10 

active,9 
passive, 9 

Sterilization, 19-21 
STERIS system, 20 
Stomach, perforation during laparoscopic surgery, 

106 
Stoma closure 

divided small- or large-bowel stoma, 209-ll 
reversal of Hartmann procedure, 211-14 

Stoma construction 
feeding jejunostomy, 200-202 
ileostomy or jejunostomy, 195-99 
sigmoid colostomy, 205-8 
transverse colostomy, 202-4 

Stone, W.E., 3 
Stray current, 54-55 
Stricturoplasty, 94 
Subcutaneous emphysema, 104-5, 112 
Subfascial emphysema, 104-5 
Subtotal colectomy, canine model of, 242-43 
Suction 

See Irrigation-suction system 
Superior rectal arteries, 163 
Surgical techniques, 67-80 
Suture 

absorbable, 67 
indications for use of, 78 
interrupted, 79 
monofilamentous vs. multifilamentous, 67 
nonabsorbable,67 
running,80 
stapler, 38-40 
suturing technique, 78-80 

Suture material, 67-68 
knot strength of, 67-68 
memory, 68 
tensile strength of, 67-68 
tissue reactivity to, 68 

Suture rectopexy, 79, 94-95, 215-22 
cannula placement for, 217 
instruments for, 216-17 
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position of patient, surgical team, and equipment for, 
215-16 

procedure for, 217-21 
special considerations in, 221-22 

Szabo-Berci needle holder, 70-71 

T 
Tachycardia, with pneumoperitoneum, 102 
TAG-72, monoclonal antibody targeting, 

83-84 
Teaching scope, 4 
Tensile strength, of suture material, 67-68 
T-fasteners, 32 
Thermal in jury, to tissue, 43-45 
Three-chip camera, ll-12 
Tissue, light absorption by, 56-57 
Tissue dissection, 43-66 

with electrosurgery, 43-55 
in laparoscopic colorectal surgery, 62-66 
with laser, 43, 56-60 
triangulation method of, 64-65 
ultrasonic, 43, 60-62 

Tissue fragmentation, 61 



256 

Tissue reaction 
to suture material, 68 
to thermal injury, 43-45 

Tissue resistance, 45 
Tissue temperature, 53 
Tissue vaporization, 43-44, 49, 58 
Titanium clip, 36, 38 
Total abdominal colectomy, 89, 93-94, 173-93 

cancersurgery, 193 
cannula placement for, 178 
instruments for, 178 
position of patient, surgical team, and equipment for, 

174-77 
procedure for, 178-92 
special considerations in, 192-93 

Training in laparoscopic surgery, 228, 233-45 
ACS and SAGES guidelines for, 233-34 
in animal models, 235-43 
in inanimate models, 234-35 
preceptors, 243 
team approach in, 234 
virtual reality in, 244-45 

Transverse colon, separating from greater omentum, 65 
Transverse colostomy, 202-4 

cannula placement for, 204 
instruments for, 203 
position of patient, surgical team, and equipment for, 

202-3 
procedure for, 204 
special considerations in, 204 

Traumatic grasper, 29 
Trendelenburg position, 100-102 
Triangulation method, of tissue dissection, 64-65 
Trocar, 23-29 

blunt,108 
disposable vs. nondisposable, 27 
insertion of, 106-8 

complications of, 108-10 
force necessary for, 27 
without pneumoperitoneum, 108 

safety shield on, 27-28 
selection of insertion site, 106 
tip of, 27-28 

Trumpet valve, cannula with, 24-25 
Tumor seeding, 34-35, 81,91,146-47,160,163, 

165-66, 229-30 
See also Specimen retrieval 

U 
Ulcerative colitis, mucosal, 93-94 
UltraCision, 62 

Ultrasonic aspirator, 61-62 
Ultrasonic dissection, 43, 60-62 

coagulation modality of, 62 
cutting modality of, 62-63 

Ultrasonic scalpel, 43, 61-62, 65 
Ultrasonic shears, 61-63, 66 
Ultrasonography, intraoperative 

cannula location, 83 
to explore abdomen, 82-83 
ofliver, 83,112,148 
patient position and equipment for, 82-83 

Umbilical tapes, 119-21, 129-30, 140-41 
Urinary tract, injury during laparoscopic surgery, 

110 
Uterine manipulator, 174 

V 
Vacuum tube generator, 46 
Vascular disease, contraindication for laparoscopic 

surgery,87 
Vena cava, injury to, 105 
Veress needle, 4, 23, 103 
Vessel skeletonization, 62 
Video equipment 

cameras, 10-12 
ideal, 15 
image technology, 7-10 
laparoscopes, 12-14 
light sources, 14-15 
monitors, 15 
recording devices, 15 

Video review, of oncologic colorectal resection, 
92 

Virtual reality, training in laparoscopic surgery, 
244-45 

VisiPort, 28-29 
Voltage, 44-45 
Volvulus, sigmoid colonic, 95 

W 
VVarmup,oflaparoscope,13 
VVhite balancing, 11 
VVound healing 

phases of, 67 
suture and, 67 

VVoundinfection,19 

X 
Xenon light source, 14 

Index 
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