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NOTES: Gathering Momentum

I1 has been several years since Kalloo in Baltimore and
Reddy and Rao in Hyderabad, India began accessing
the peritoneal cavity via a transgastric route. Though
initially greeted with skepticism some even called it
blasphemy- the idea that intraperitoneal surgery might
be performed without an abdominal incision appears to
be worth pursuing. In a relatively short time span, the
Hopkins group demonstrated the feasibility of per-
forming a gastrojcjunostomy via a totally endoscopie
transgastric route. Even more stunning are the reports
from Hyderabad of a series of 7 transgastric human
appendectomies with good results.

Acknowledging the potential of this novel approach,
the leadership of the Society of American Gastrointes-
tinal and Endoscopic Surgecons (SAGES) and the
American  Society for Gastrointestinal  Endoscopy
(ASGE) appointed a group of 14 members to study and
comment on this new technique. This group met in New
York City in July 2005 and published its deliberations as
the NOTES Working Group White Paper [1]. The White
Paper delineated the anticipated technical barriers to
further development of NOTES. emphasized the need
for development to be carried out by interdisciplinary
tecams of surgeons and gastroenterologists and empha-
sized that any human procedures be performed only
with IR approval. Since the White Paper was authored
by a small group. it also mandated that a next step
should be a larger and morc inclusive gathering of
interested parties to challenge the tenets put forth in the
White Paper and to creatc a roadmap for NOTES
development.

The first international confercnce on NOTES was
held in Seottsdale, Arizona March 9-11, 2006. One
hundred forty physicians from 11 countries came as
teams (cach team had at least one gastroenterologist and
one surgeon with access to animal lab facilities). After a
morning of lectures describing accomplishments to date
as well as the challenges anticipated to move the field
forward, participants were assigned to cight separate
working groups with the task of developing a detailed
roadmap for overcoming the cight technical barriers
that had been identified in the original White Paper. The
roadmaps from the Working Groups were presented at
the closing scssion the following day. These presenta-
tions as well as the White Paper and other related re-
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sources have been posted on a Web site,
www.noscar.org, for interested parties to sce. Equally
important was the launch of NOSCAR-the Natural
Orifice  Surgery Consortium for Assessment and
Research.

NOTES is an emerging transdiseiplinary therapy
based upon a disruptive technology. If NOTES 1is to
reach a stage of widespread clinical applicability there
will need to be further innovation and true collaboration
on multiple fronts. Experimental work needs to be done
to understand the physiologic disruption and infectious
complications of NOTES. Better devices are needed for
gastric closure. suturing, tissue grasping and manipula-
tion, and anastomosis. Further research is needed to
optimize procedure performance. Ultimately, there will
be a need for collaborative clinical trials to test the value
of NOTES. The establishment of NOSCAR represents a
collaborative vision built on the strength and leadership
of two strong innovative organizations- SAGES and
ASGE. 1t is our hope that NOSCAR can provide
leadership as well as a collaborative common ground to
prospectively shape this emerging therapeutic diseipline.
In short, The NOSCAR group is a rare attempt to
prospectively manage a disruptive technology.

We see NOSCAR as the appropriate vchicle for the
following tasks:

1} Produce White Papers that define the large challenges
needing thought and researeh.

2) Track portfolios - i.e. groups of similar research
projects that address challenges laid out in the White
Paper.

3) Provide organization for research projects in such a
way as to enhance collaboration and attract funding
to key areas of study.

4) Collect (and, in fact, require) submission of data to
build a robust outcomes database.

5) Foster collaborative elinical trials.

We anticipate that SAGES and ASGE will establish a
joint committee that will guide NOSCAR to identify and
foster necded research directions. NOSCAR. through its
parent societies is likely to establish a request for pro-
posal process, raise resecarch funds, vet grant applications
and oversee a consortium of labs and clinical study
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groups. In this fashion, NOSCAR should become the
repository for maintaining a portfolio of research pro-
jects from interested groups around the world.

As NOTES matures and enters clinical trials it is
envisioned that NOSCAR will create and maintain a
clinical case registry. Ad hoc NOTES meetings seem
likely in the future and NOSCAR, under societal guid-
ance, would organize such meetings. Down the road, if
NOTES is shown to be a beneficial technology, NO-
SCAR might help define scope of practice, competency
measures, and work with regulatory agencies on reim-
bursement issues.

All this is heady talk given the paucity of data cur-
rently available. However, the overwhelming sense
among the 140 physicians in Scottsdalc was that
NOTES will develop into a mainstream clinical capa-
bility in the near future. Times have changed since the
introduction of laparoscopic cholecystectomy nearly
two decades ago. The public and profession are no
longer willing to accept indiscriminate introduction of
new technology, and physicians are focused on keeping
quality patient care first. By creating NOSCAR, we

hope to introduce NOTES in a safe and responsible way
that will provide an even less invasive way of undergoing
surgical procedures.
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Abstract

Background: Surgery remains the standard for non-
mctastatic gastrointestinal stromal tumors (GISTs).
Laparoscopic surgery should be considered for these
tumors as their biologic behavior lends them to curative
resection without rcquiring large margins or extensive
lymphadcnectomies.

Methods: A retrospective review was performed of pa-
tients who underwent laparoscopic treatment of GISTs
by surgeons at the Mount Sinai Mcdical Center from
2000-2005. Records were reviewed with respect to pa-
tient demographics, medical history, diagnostic workup,
operative details, postoperative course, and pathologic
characteristics.

Results: Laparoscopic surgery was attempted in 43 pa-
tients with GISTs. The average age was 65 years and 21
were women. Fifty-six percent of paticnts presented with
anemia or gastrointestinal bleeding. The tumors were
located in the stomach (65%) and in the small bowel
(35%). The mean tumor sizes were 4.6 cm (stomach) and
3.7 em (small bowel). Gastric operations included lap-
aroscopic wedge (29%), sleeve (21%), and partial (29%)
gastrectomies. The three gastric conversions were duc to
local invasion of tumor into adjaccnt organs or prox-
imity to the gastroesophageal junction. Small bowel
operations included laparoscopic resections with extra-
corporeal (47%) and intracorporeal anastamoses (33%).
Conversion in small bowel opcrations was associated
with coincidental pathology in addition to the GIST.
This consisted of an assoctated bowel perforation and a
synchronous colonic carcinoma. There was one mor-
tality and a 9% morbidity rate, including an evisceration
requiring reoperation. All tumors were pathologically
conlirmed with CD117 immunohistochcmistry.
Conclusions: In light of their biologic behavior, GISTs
should be considered for laparoscopic resection. This
minimally invasive approach to these tumors can be
performed safely and reliably.

Correspondence to. C. M. Divino
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Although gastrointestinal stromal tumor (GIST) has
been recognized clinically for almost two dccades, recent
advances in understanding its molecular pathogenesis
have brought about rapid improvements in its man-
agement. The observation that almost all GISTs express
CD117 antigen has led to the use of Imatinib for tar-
geted systemic therapy. However, surgery still remains
the primary therapy for nonmetastatic GISTs. Total
excision of the tumor is the most significant lactor for
outcome, with S year survival rates of 40% to 55% after
complete resection [6, 9)].

Surgery for GIST 1nvolves en bloc resection of the
tumor along with any involved structures. Large margins
are unnecessary because thesc tumors usually grow out of
the primary organ instead of dilfusely infiltrating. Lym-
phadenectomy usually is unwarranted because nodal
involvement is rare {6, 9]. Typically, wedge resection of
the stomach or segmental rescction of the intestine is
adcquate therapy. Laparoscopic surgery may be consid-
ered ideal for thesc tumors becausc their biologic
behavior predisposes them to curative resection without
the requirement of large margins or extensive lympha-
denectomies. In addition, many of these tumors are
diagnosed at pathologic analysis after surgery. Therefore,
a diagnostic laparoscopic exploration with cxcisional
biopsy also can be a curative resection. Neverthcless,
there 1s a paucity of data in the literature on the use of
minimally invasive surgery for these tumors. This study
aimed to mnvestigate the feasibility and safety of laparo-
seopic surgery for the resection of GIST tumors.

Patients and methods

A retrospective review of patients who underwent laparoscopic surgery
for GISTs by surgeons at the Mount Sinai Medical Center from 2000
to 2005 was performed. Cases were identified through the use of a
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Table 1. Presenting symptoms

Anemia

Gastrointestinal bleeding
Dysphagia/gastrocsophagcal diseasc
Abdominal pain

Abdominal abscess perforation

Small bowel obstruction

Incidental finding at surgery

Incidental finding at workup for another illncss

hospital pathologic specimcn database. Rccords were reviewed with
respect to patient demographics, medical history, presenting symp-
toms, diagnostic workup, operative details, postoperative course, and
pathologic characteristics. Institutional review board approval was
obtained before the study was begun.

Results

Laparoscopic surgery was attempted for 43 patients
with GISTs during the study period. The average patient
age was 65 years (range, 41-92 years), and 22 of the
paticnts were men. Most of the patients presented with
signs or symptoms of anemia such as syncope, fatigue,
or light-headedness (Table 1). Onc patient had experi-
enced cryptogenic recurrent minor bleeding for many
years, but presented with an acute abdomen attributable
to tumor perforation. One-fifth of the GISTs were found
incidentally at the workup for other illnesses or at
exploration for other causes.

The diagnostic methods used to find the GISTs in
this study are outlined in Fig. 1. All the tumors were
located in the stomach (67%) or the small bowel (33%).
All GISTs originating from the stomach were found
using esophagogastroduodenoscopy or computed
tomography (CT) scan, except in two patients, whose
GISTs were found incidentally at surgery. Patients with
small bowel tumors typically underwent numerous
diagnostic procedures such as upper and lower endos-
copies, contrast studies, capsule studies, and endoscopic
ultrasound before thc tumors were ultimately found. In
two patients presenting with acute bleeding, small bowel
tumors were eventually found at urgent exploration
after a multitude of negative diagnostic examinations.

Laparoscopic resection was attempted for all the
patients (Table 2). The mean gastric tumor size was 4.6
cm (range, 0.4-11.5 cm). Most gastric tumors were re-
moved via laparoscopic wedge resection, partial gas-
trectomy, or sleeve gastrectomy. These tumors were
located at the fundus or along the greater curvature. The
largest tumor (11.5 cm), located at the greater curvature,
was removed successfully by laparoscopic sleeve resec-
tion. Three patients underwent laparoscopic subtotal
gastrectomy with gastrojejunostomy for antral tumors.
One patient with enlarged retroperitoneal lymph nodes
found during exploration underwent laparoscopic lym-
phadenectomy after gastric sleeve resection of a 8.5 cm
fundal tumor. A laparoscopic distal pancreatectomy
also was performed in a patient undergoing partial
gastrectomy for a tumor invading posteriorly into the
pancreas. One cardiac lesion was intraluminally resected
via a combined laparoscopic—endoscopic technique.

Stomach (n = 28)

Upper Endoscopy NG 7 5%

Computed Tomography I 65
Endoscopic Untrasound [l 11%

Magnetic Resonance Imaging I 7%

Found at Surgery 1l 7%

Small Bowel (n=15)

Push Enteroscopy I 33 %
Computed Tomography I 27 %
Capsule Endoscopy 1 13%
Small Bowel Series 1l 7%

Found at Surgery [l 7%

0% 20% 40% 60% 80%

Fig. 1. Diagnostic methods used to diagnose gastrointestinal stromal
tumors (GISTs). Multiple methods may have becn used to diagnose
each case.

Laparoscopic intragastric trocars were used to shell out
the tumor, and the mucosal defect was endoluminally
closed using suture with endoscopic assistance.

Three gastric operations were converted to open
surgery (11%). One patient had a cardiac lesion,
requiring conversion for an esophagogastrectomy. An-
other patient had a fundal tumor. Howecver, laparo-
scopic wedge resection was difficult because of the
tumor’s proximity to the gastroesophageal junction. The
last gastric conversion occurred in the case of a 10.5 cm
tumor that had locally invaded the transverse colon and
pancreas. After laparoscopic slecve resection, the case
was converted to a distal pancreatectomy, splenectomy,
and transverse colectomy.

Laparoscopic surgery was attempted in 15 patients
with small bowcl tumors (Tablc 2). The mean small bowel
GIST was 3.7 cm (range, 0.4-8.5 cm) in size. Most of the
patients underwent laparoscopic segmental bowel resec-
tion with intra- or cxtracorporeal anastamoses. The
largest small bowel tumor (8.5 cm) was successfully re-
movcd laparoscopically. One tumor in the proximal
ileum had a lengthy serosal stalk, and an excision at the
base was performed without bowel rcsection. Two con-
versions occurred for the patients with small bowel tu-
mors (13%). One patient underwent a converted ileocolic
resection for a colonic carcinoma, and an adjacent GIST
tumor was found at pathologic examination. The other
conversion involved a paticnt who undcrwent a laparo-
scopic exploration for a spontaneous intraabdominal
abscess. The source of the abscess was a perforated GIST,
and an open small bowel rescction was performed.

The operative and postoperative data are outlined in
Tablc 3. All the tumors were pathologically confirmed
to be GISTs by CDI117 immunohistochemistry. There
were no incidences of tumor rupture or spillage during
the laparoscopic operations. However, the large gastric
tumor involving the pancreas and colon could not be



‘Table 2. Operations performed
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Stomach (n 28) n (%) Small Bowel (1 15) n (%)

Laparoscopic 25 (89) Laparoscopic 13 (87)

Wedge resection 8 (29) SBR-extracorporeal anastamosis 7 (47)

Partial gastrectomy 8 (29 SBR-intracorporeal anastamosis 5(33)

Sleeve gastrectomy 6 (21) Excision at tumor stalk 1(7)

Subtotal gastrectomy 3

Esophagogastrectomy 1 (4)

Intraluminal excision at stalk 1 (4)

Converted 3(1 Converted 2(13)

Partial gastrectomy 1 fleocolic resection |

Sleeve gastrectomy 1 SBR |

Esophagogastrectomy 1

SBR = Small bowel resection

Table 3. Operative and postoperative characteristics not required l?ecau§c lymph n0§Ie involvement is rare (7.

11]. Gentle disscction and avoidance of tumor rupture

Range with subsequent peritoneal seeding are imperative.

Median Blood loss
Mecdian Operative time
Median Length of Stay 4 days (1 50 days)
Morbidity 4 (9%)
Evisceration Pancreatic stump leak 1
Myocardial Infarction |
Pneumonia 1
Anastamotic bleed |
1
1

50 cc (201000 cc)
143 min (46-336 min)

Mortality
Reoperation

[N
R

R

(2%)
(2%)

completely removed en bloe, even after conversion to
open surgcry.

One death occurred in our group, giving a mortality
ratc of 2%. The paticnt who died had undergone a
partial gastrectomy for a 7 em GIST. Early in the
postoperative period. a colonic carcinoma was diag-
nosed, and the patient underwent a laparoscopic left
hemicolectomy. His recovery was complicated by renal
failure and scpsis, leading to death.

Four postoperative complications occurred, giving a
morbidity rate of 9%. An anastamotic bleed in a patient
with a midjejunal Icsion was controlled using push ent-
croscopy with cauterization. The paticnt who underwent
conversion for sleceve resection, colectomy, pancreatec-
tomy, and splencctomy had to return to the operating
room 7 days postoperatively after a coughing spell
causing evisceration. At exploration. a pancreatic stump
leak also was noted. Drains were placed, and the patient
was placed on total parenteral nutrition and bowel rest.
The patient cventually recovered and was discharged on
postoperative day 50.

Discussion

Every GIST is considered to have malignant potential,
and complete surgical resection is the primary treatment
method. The tumor should be removed cn bloc along
with any mvolved structures and organs. Even small
tumors (<2 cm) should bc approached with aggressive
management rather than watchful waiting. Wide mar-
gins are not necessary, and lymphadencctomy usually is

Therefore. some believe that traditional open surgery
should be the mainstay of operative therapy [3].

Our series comprised a group of patients successfully
trcated with laparoscopic surgery. We believe that lap-
aroscopic techniques may be ideal for GISTs becausc
wide reseetions and extensive lymphadcenectomies usu-
ally are not needed. Limited resections with negative
margins usually are adequatc. Most gastric tumors arc
in locations accessible by laparoscopic wedge resection
or partial gastrectomy. and nearly all small bowel le-
sions can be rcmoved via laparoscopie small bowel
resecction. The no-touch technique is impcrative to
minimize the risk of tumor rupturc. We had no cases of
tumor rupture, and only one tumor could not be re-
moved en bloe beeause of local invasion and size.

Few other reports of laparoscopic GIST manage-
ment exist in the literature. Our study represents the
largest series reported to date. Most other studies in-
volve case reports or small scries of gastric submucosal
tumors with a proportion of GISTs [2, 4, 5, 15, 17]. One
group used laparoscopic wedge resection for 34 gastric
submucosal tumors, 14 of which were GISTs [14]. In this
series, tumor size usually was small, but limited resec-
tions were suecessfully performed laparoscopically, and
there were no reports of tumor rupture. Matthews ct al.
[12], comparing laparoscopic and open resection of
gastric GIST. found equivalent operating time and
blood loss between the two groups, but shortcr hospital
stay in the former group.

Threc cases (11%) of gastric GISTs required con-
version. One of these cases required conversion be-
cause the aforementioned tumor was invading adjacent
organs. The remaining cases werce converted because of
the tumor’s proximity to the gastroesophageal junction
or because of local invasion of adjacent organs. This is
consistent with reports in the literature. which suggest
that laparoscopic resection without anastamosis should
be avoided near thc csophagogastric junction due to
the risk of clinieally significant dcformity or stenosis of
the area [l, 16]. Laparoscopic intraluminal resec-
tions have been described for tumors in this area,
limiting the necd for extensive resections. With this
technique. transgastric trocars and instruments arc
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used to enucleate submucosal lesions or excise stalked
tumors at their mucosal base [16, 18]. One GIST in
our series was successfully removed using this laparo-
scopic transgastric techniquc. For another patient who
underwent conversion, a gastrostomy was made, and
the stalked tumor was excised from its intraluminal
basc.

There is a paucity of literature regarding laparo-
scopic resection for small bowel GISTs. Furthermore,
only case report describes laparoscopic management of
small bowel tumors in general [10, 13]. In our series,
small bowel GISTs were resected laparoscopically in 15
cases, with only two conversions. These conversions
were not because of difficulty with laparoscopic resec-
tion. The one patient had an intestinal perforation of an
unknown cause, and the other GIST was found inci-
dentally during an operation for another malignancy. In
the remaining cases, laparoscopic small bowel resection
was performed without difficulty, even for tumors up to
8.5 cm in diameter. No small bowel tumors ruptured
intraoperatively. Despite the lack of data in the litera-
ture regarding laparoscopic surgery for small bowel
GISTs, our series suggests that laparoscopic resection is
feasible for these tumors.

There was acceptable morbidity and mortality in our
series. The one death actually was unrelated to the
operation for the GIST. It occurred after a secondary
operation for another malignancy found in the early
postoperative period. Most of the other morbidities
were managed conservatively, except in the case of one
patient requiring reoperation for evisceration.

Because GISTs usually are not confirmed until
pathologic analysis, a preoperative diagnosis is rare.
Therefore, clinicians must be suspicious of all gastroin-
testinal submucosal tumors. Recent consensus reports
have stated that these tumors are of uncertain malignant
potential, and that all tumors should be resected despite
an uncertain diagnosis [3, 8]. Therefore, laparoscopic
resection may be ideal in these cases because it prevents
morbidity when large laparotomies are performed for
lesions of unclear pathology. Limited resections can be
performed in a minimally invasive manner to achieve
both tissue diagnosis and curative resection. However,
little information i1s known regarding the long-term
safety of laparoscopic GIST resection. Longer follow-up
evaluation is needed to assess the recurrence rate and the
survival of patients undergoing laparoscopic surgery, as
compared with traditional opcn operations.

Conclusion

In light of their biologic behavior, GISTs may be good
candidates for minimally invasive surgery. Because large
margins and extensive lymphadenectomies are rarely
indicated, laparascopic resection usually is feasible and
can be performed safely. Conversion is associated with
proximity of the tumor to the gastroesophageal junc-

tion, local tumor invasion into adjacent organs, and
coincidental intraabdominal pathology.
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Abstract

Background: Although laparoscopie appendectomy has
some advantages over open appendeetomy, some re-
ports do show more postopcrative intraabdominal ab-
scesses.

Methods: A retrospective review of complicated appen-
dicitis managed surgically by eight surgieal groups from
six countries was undcrtaken. Among 3,433 patients
with appendieitis. 1,017 (29.5%) had eomplicated
appendicitis, which ineluded perforated or gangrenous
appendicitis with or without localized or disseminated
peritonitis. There were 74 preoperative abseesses (7.4%)
and 5 small bowel obstruetions.

Resudrs: One patient died. Therc were 29 postoperative
intraabdominal abscesses (2.8%) and 112 mostly minor
complieations. Conversion to laparotomy was neeessary
for 28 patients (2.7%). The surgical time ranged from 32
to 132 min (mean, 62 min), and the hospital stay ranged
from 1 to I8 days (mcan, 3.5 days).

Conclusions: The morbidity rates, particularly for in-
traabdominal abscesses, werc less for laparoseopic
appendcctomy i complicated appendicitis than those
rcported in thc literature for open appendcctomy,
whereis operating times and hospital stays were similar.
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Although not considcred the “gold-standard,” lapa-
roscopic appendectomy (LA) is widely used, and it is
generally accepted that it has several advantages over
the eonventional open appendectomy (OA). On the
other hand, some studies report that LA results in
increased costs, a longer operating time, and morc
intraabdominal abseesses (1AAs). but these issues re-
main eontroversial. In 1995, the European Assoeiation
for Endoscopic Surgery endorsed the proeedure and
stated that there was no cvidence of inereased preva-
lence of postoperative scptic complieations. and that
the results were direetly proportional to the expericnce
and skills of the surgieal group [I11]. Several recent
metaanalyses uand other reports agrec with those
statements and document the cfheacy and safcty of
LA [2. 69, 13. 14, 17-21. 23, 25-31, 33, 34, 36-38,
41, 42]. To doeument the morbidity of LA in com-
plicated appeundicitis (CA), an intcrnational retrospec-
tive study was undertaken.

Material and methods

Eight groups from six counlries participated in a retrospective review
of CA. Among 3.433 patients with appendicitis, 1,017 had CA (29.5%
of all appendectomies). Complicated appendicitis rates varied in the
series of the different contrihutors from 13% to 48% (Tablc 1). There
were 511 male and 506 femule paticnts. Complicaled appendicitis was
diagnosed a1 the time of operation, pathologic examination, or hoth as
gangrenous appendicilis, perforation with local peritonitis (purulent
malcrial in the periappendicular arca or in the sac of Douglas), or
diffusc peritonitis with or without ahscess. The complications reported
were mortality, residual 1AA, port-sitc ccllulilis, localized collections
(P1), and rcopcrations. Duration of the procedure und hospital stay
also were analyzed.
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Table 1. Results of laparoscopic appendectomy for complicated appendicitis (CA)

Total Abscess  OR time (min) Hospital stay (days)  Complications
Appys CA G LP DP  (preop)  n (range) Conversion  n (range) 1AA

D’Allemagne 574 154 52 54 48 0 5.8 9

Fajardo 445 121 21 65 35 11 52 (31-114) 8 2.3 (2-9) 3

Franklin 342 46 22 15 9 0 48 (38-128) 0 1.8 (1-3) I

Poggi 634 315 144 101 70 22 70 (40-130) 2 2 (2.5-13) 3

TEC’s group 537 94 38 40 16 0 57 (35-140) 0 26(14) 4

Delgado’s group 620 209 107 92 10 30 74 (40-120) 11 ) 7

Cucto 281 78 25 40 13 11 60 (30-132) 2 5(3-18) 2

Total 3,433 1.017 409 407 201 74 57.4 (30-140) 18 29

Appys, appendectomies; G, gangrene; LP, local peritonitis; DP, diffuse peritonitis; OR, operating room; IAA, intraabdominal abscesses

Results

Of the 1,017 CA patients, 409 had gangrcnous appen-
dicitis, 407 had local peritonitis, and 201 had diffuse
peritonitis. Preoperatively, 74 patients had an abscess
(7.4%) and 5 had small bowel obstruction.

A 92-year-old woman with diffuse peritonitis died of
multiple organ failure. Postoperatively, IAA developed
in 29 patients (2.8%). A total of 17 underwent reoper-
ation, with 8 undergoing laparoscopy, 8 requiring lap-
arotomy, and 1 undergoing transrectal drainage. Nine
absccsses were drained by CT-guided puncture, whereas
three patients with localized small collections received
only antibiotics. One fistula developed after percutane-
ous drainagc in a diabetic patient, which healed with
conscrvative trcatment.

A total of 112 minor complications (11%) were
found. 1In 78 paticnts, Pl developed, including port-site
cellulites and 11 small purulent collections, all of which
were treated successfully with drainage, antibiotics, and
local wound care on an outpatient basis. A prolonged
hospital stay for 13 patients was necessitated by ileus
(n = 9), pneumonitis (n = 3), and parenteral nutrition
{(n = 1). There was convcrsion to laparotomy for 28
patients (2.7%), and surgical time ranged from 32 to 132
min {mean, 62 min). The hospital stay ranged from 1 to
18 days (mean, 3.5 days), although it must be considered
that the criteria for discharge varies in different coun-
tries. For noncomplicated appendicitis managed by LA
(2,415 patients), the surgical groups reported 4 1AAs
that required relaparoscopy. This occurred at the
beginning of the laparoscopic experience in the surgical
groups.

Discussion

Although appendcctomy accounts for 6% of all surgical
procedures [10] and is among the most common surgical
emergency procedures, it has not yet become thc “gold-
standard™ as has laparoscopic cholecystectomy. This
might be attributable to the fact that laparoscopic
operating rooms, instruments, and nursing staff may not
be available or adequate at some hospitals during the
night or holiday shifts. As a matter of fact, in many
surgical teaching programs, appendectomy, tradition-
ally considered an “‘easy operation” by many, still 1s
practiced routinely by the conventional method. On the

other hand, LA is performed by surgical groups with
special interest in mini-invasive surgery, as mentioned
by Kazemier et al. [24]. Nevertheless, the procedure is
being used with increasing frequency. In scveral meta-
analysis and prospective studies [2, 6-9, 13, 14, 17-21,
23, 25-31, 33, 34, 36-38, 41], its advantages and benefits
have been objectively documented. The two main
objections cited for its acceptance are higher costs |5, 18]
and increased 1AA [12, 16, 35, 39, 43] in CA, as reported
by the Cochrane review [40]. In that rcport, the preva-
lence of IAA was 2.7% in OA, as compared with 4.7% in
LA. These data are in direct conflict with the afore-
mentioned studies.

The rcsults presented in this report support the
conclusions of Kazemeier et al. [23, 30], Ball et al. [3],
Guller et al. [17] and others [9, 19, 30, 42], showing that
1AA 1s less frequent after LA than after OA. It might be
said that our results are biased becausc the participating
surgical groups had special interest and expertise in
laparoscopic surgery, but they nevcrthelcess prove that if
the group is properly equipped and trained, LA in CA
can be used with extremely low morbidity, offering the
advantages already recognized with this approach.

In these scries, more abscesses (IAA) were found
preoperatively (n = 74, 7.4%) than postoperatively
(n =29, 28%) (p < 0.05). In the noncomphcated
appendicitis group, LA for 2,715 paticnts resulted in
only 4 postoperative 1AAs, and these reportedly oc-
curred at the beginning of the group’s laparoscopic
experience. There was one fecal fistula after a CT-guided
drainage for an IAA in a 62 year-old diabctic patient
with diffuse peritonitis and a pclvic absccss. This fistula
closed spontaneously with parenteral nutrition and
intravenous antibiotics.

It is precisely in CA that the well-known advantages
of LA can benefit a patient: thorough inspection of the
entire peritoneal cavity, debridement, irrigation and la-
vage under direct visualization, avoidancc of large
abdominal incisions, less immunologic compromisc, and
fewer pulmonary complications. In a recent review by
Novitsky et al. [32], the advantages of laparoscopic
surgery over laparotomy in terms of acute inflammatory
reaction as well as cell-mediated and pcritoncal immu-
nity are emphasized. Whether these advantages result
from avoidance of large abdominal incisions, minimal
organ manipulation and/or exposure of the abdominal
viscera to room air, or decreased postopcrative pain
and/or pulmonary morbidity remains to be elucidated.



The reoperation rate of 1.7% is very low. With regard to
postoperative 1AA, all the authors in this study prefer a
CT-guided drainage as the first line of treatment. If this
fails, a rclaparoseopy 1s the proeedure of choiee.

The prevalence of CA 1n this group of patients is
28% (13-48% range between the different groups), which
1s in agreement with elassieal and reeent studies sueh as
that of Al-Omran et al. [1]. The pereentage of patients
with CA presenting with gangrenous appendieitis, loeal
peritonitis, and diffuse peritonitis also appears to be in
line with the reports for this emergeney proeedure.

Some of the patients with CA may represent a for-
midable challenge for exposure, disseetion, suturing,
and thorough irrigation and lavage. Thus, the proeedure
cannot be ecalled an “‘easy operation.”” In the past 15
years, since the introduetion and popularization of
laparoscopie choleeysteetomy, we all have experieneed a
learning curve for complicated cndoscopic procedures.
Certainly, many eases of CA fit into this eategory. Ball
et al. [3] strongly emphasized the faet, supported by
observations made in teaching hospitals, that appen-
dectomies frequently are performed as an emergeney
proeedure during the night, and if the resident staft does
not have the experienee, skills, and guidanee to perform
sueh surgery, then residual sepsis will follow. Some-
times. when teehnieal difficulties appear, an inexperi-
eneed surgeon will opt for an “early eonversion,” and
then infection of the wounds may complicate the post-
operative period, with direet bearing on the expenses.

On the other hand, in the senies deseribed in this
report, very few Pls (loeal wound infeetions) oeeurred, a
faet eonsistently reported in all papers eomparing OA
and LA [2. 5. 15, 16- 18, 23, 24, 27, 30, 34, 39, 41, 42]. It
is important to retrieve the purulent/gangrenous ap-
pendieeal speeimens in a sterile bag [44], and to perform
troear-site lavage to prevent septie eomplieations.

In the Coehrane study [40]. the reviewers eoneluded
that “where surgieal expertise and equipment is avail-
able and affordable, LA seems to have various advan-
tages over OA." They also eoneluded that ““laparoseopie
surgery should routinely be employed at least in speeial
cases, for instanee, in young females and in obese pa-
tients.” An increasing number of surgeons. including the
authors of this report, already use LA routinely in all
cases of aeute appendieitis.

The duration of the operation was 14 min longer for
LA in the Cochrane review [40], but many reeent reports
show similar operating room times, and this finding af-
fects the direet eosts of the procedure. Although these may
be higher in some instanees, the hospital stay, the use of
analgesies. and the period of eonvaleseenee were less in
the eurrent series, all of whieh must also be eonsidered.

The diagnostie advantage of laparoseopy needs to be
stressed beeause the preoperative etiology eannot be
established in 15% to 35% of patients with acute abdo-
men, as shown in the Coehrane review [40] and in a
previous report from our group [7]. This is espeeially
true for women of reproduetive age, for individuals at
both extremes of life, and for patients eurrently reeeiving
antibioties, steroids, or ehemotherapy. A diagnostie
laparoseopy not only establishes or eonfirms the diag-
nosis, but also 1s a very effieient therapeutie tool.
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The hospital stay reported earlier must be seen in a
speeial eontext because the soeial seeurity systems of
some European eountries are at varianee with routine
praetiee in the United States. For example, patients in
those eountries are not required to eomply with a mited
hospital stay, but ean have what would be eonsidered a
long hospital stay in our praetiees. In a recent report [4].
LA in CA is followed by a very short hospital stay,
sometimes less than 24 h, a faet that our group considers
risky beeause it i1s our poliey to provide at least 48 to 72
h of intravenous antibioties. This is important because a
substantial number of OAs, whether performed for
noneomplieated appendieitis or CA, result in wound
infeetions and abseesses, which may delay the hospital
stay or require readmission and/or prolonged outpatient
eare, whieh must be taken into aecount when eosts are
analyzed.

The conversion rate for CA in this study was very
low, and this may reflect the experienee of the surgeons
involved. Before eonverting to laparotomy in CA, as
with any other eomplicated endoseopie proeedures, eli-
nielans must eonsider the insertion of one or more
troears for additional traetion, suetion, suturing instru-
ments, and the like. One example of this may be a
retroeeeal appendix, whieh frequently in OA requires
enlargement of the ineision, whieh subsequently may
become infeeted. Aneedotally, for one patient in our
group with an abscess and bowel obstruction, even after
placement of an additional troear, teehnieal diffieulties
persisted, and Katkhouda et al.’s [22] reeommendation
of a *“finger-assisted proeedure™ was earried out in a
troear site enlarged to 12 mm, avoiding a laparotomy.

Finally, the definitive proof of the statement that LA
in CA has as good if not better results than OA, par-
tieularly with regard to the development of 1AA, ean be
eonfirmed only in a prospeetive randomized study.

Conclusions

Laparoseopie appendeetomy has speeial advantages for
treating patients with CA. In this study, it is shown that
morbidity, particularly IAA, was less than that reported
for both OA and LA in other studies. Operating times
were similar to those for OA, but the hospital stay was
shorter. These findings have led many surgeons to adopt
LA beecause of its diagnostie and therapeutic advantages
over OA.
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Ultility of staging laparoscopy in subsets of biliary cancers

Laparoscopy is a powerful diagnostic tool in patients with intrahepatic and gallbladder

carcinoma
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Abstract

Background: The aim of this study was to evaluate the
utility of staging luparoscopy in patients with biliary
cancers in the era of modern diagnostic imaging.
Methods: From September 2002 through August 2004,
39 consecutive patients with potentially resectable cho-
langiocarcinoma underwent preoperative staging lapa-
roscopy before laparotomy. Preoperative imaging
included ultrasonography and triphasic computed
tomography for all patients and magnetic resonance
cholangiography in 35 patients (90%). Final pathologi-
eal diagnosis ineluded 20 hilar cholangiocarcinomas
(HC), 11 intrahepatic cholangiocarcinomas (FHC), and
eight gallbladder earcinomas (GBC).

Results: During laparoscopy, unresectable discase was
found in 14/39 patients (36%). The main causes of
unrescctability were peritoneal carcinomatosis (11/14)
and liver metastases (5/14). At laparotomy, nine pa-
tients (37%) were found to have advanced disease
precluding  resection.  Vascular invasion and nodal
metastases were the main causes of unresectability
during laparotomy (cight out of nine). In detecting
peritoneal metastases and liver metastases, laparoscopy
had an accuracy of 92 and 71%. respectively. All pa-
tients with vascular or nodal involvement were missed
by laparoscopy. For prediction of unresectability dis-
case, the yield and accuracy of laparoscopy were
highest for GBC (62% yield and 83% accuracy), fol-
lowed by THC (36% yield and 67% accuracy) and HC
(25% yield and 45% accuracy)

Conclusion: Staging laparoseopy ensured that unnee-
essary laparotomy was not performed in 36% of pa-
tients with potentially resectable biliary carcinoma after
extensive preoperative imaging. In patients with biliary
careinoma that appears resectable, staging laparoscopy

Correspondence to: J. Belghiti

allows detection of peritoneal and liver metastasis in
one third of patients. Both vascular and lymph nodes
invasions were not diagonsed by this procedure. Due to
these limitations, laparoscopy is more useful in ruling
out dissemination in GBC and THC than in HC.

Key words: Biliary carcinoma
Staging

Laparoscopy

Biliary cancers arec aggressive tumors with poor prog-
nosis, resulting in formidable diagnostic and therapeutic
challenges. Resection is the only potentially curative
treatment. Complete tumor extirpation is paramount for
long-term survival. The majority of patients have ad-
vaneed discase at presentation, precluding radical exei-
sion. Despite improvements in preoperative imaging
modalities. the resectability rate has not increased be-
yond 40-60% [6, 9, 13, 15, 18]. Laparoscopy has been
proposed as a staging modality to identify patients with
occult disseminated disease that is missed on preopera-
tive evaluation and thereby avoid the drawbacks of
performing unnecessary laparotomy [8, 14, 24]. Lapa-
roscopy resulted in decreased hospital stay and expenses
and reduces delay to referral for palliative care [7]. The
yield of laparoscopy could vary according to the type of
tumor and the preoperative investigations performed for
staging the disease. The aim of this study was to evaluate
the utility of staging laparoscopy in patients with biliary
cancers in the era of modern diagnostic imaging and to
identify patients with oecult advanced diseasc.

Materials and methods

From Scptember 2002 through August 2004, 39 consecutive patients
wilth polentially resectable biliary cancers underwent preoperalive
staging laparoscopy at our inslitution. Palients with potentially
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resectable intrahepatic cholangiocarcinoma (IHC), hilar cholangio-
carcinoma (HC), and gallhladder carcinoma (GBC) were included in
the study. There were 25 men and 14 women, with a median age of 56
years (range, 26-76). Chest and abdominal triphasic computed
tomography (CT) with vascular reconstruction was performed in all
patients. A magnetic resonance cholangiopancreatography (MRCP)
was obtained in most patients and in some cases allowed more precise
determination of the degree of biliary tree involvement than could be
obtaincd with CT. When a vascular invasion (vena porta. hepatic ar-
tery, and their proximal branches) was suspected on CT scan or MRI,
an angiography was performed. Cholangiography with biliary drain-
age (either endoscopic or percutaneous transhepatic) was performed in
patients with biliary obstruction to decrease the serum bilirubin level
below 50 umol/L. Preoperative portal embolization was performed in
patients who necded extensive liver rcsection (remnant liver volumc
<30% of total liver volume). Clinicopathological data and radiologi-
cal investigations were examined in a weekly multidisciplinary con-
ference, and only patients ascertained to have potentially resectable
discasc were included in the study. Pathological diagnosis was con-
firmed in all patients pre-, intra-, or postoperatively. Previous upper
abdominal surgery was not a contraindication for inclusion in the
study.

Staging laparoscopy was performed immediately prior to lapa-
rotomy in eight patients; for the other patients, laparotomy was
delayed until the biliribun level was <S50 umol/L. For patients in
whom portal vein embolization was planned as a preparation for
resection, laparoscopy was performed prior to embolization. Staging
laparoscopy was performed according to the standard described
technique. Pneumoperitoneum was performed with open technique
through an umbilical incision. Insufflation was performed with CO;
gas to a pressure of 1S mmHg. A 0 laparoscope was used. Addi-
tional ports werc placed to facilitate liver retraction and perform
adhesiolysis when necessary. A complete laparoscopic examination
entailed satisfactory assessment of all the greater sac structures: the
diaphragmatic and undersurface of the liver, the lesser and greater
omentum, the scrosal surface of the hollow viscera, and parietal
peritoneum of the pelvis and anterior abdominal wall. In the pres-
encc of ascites, peritoneal fluid was harvested for cytology. All
doubtful lesions located on the peritoneum or on the liver far away
from the main lcsion were biopsied and sent for frozen section
examination. If cytopathology confirmed malignancy. the procedure
was terminated. Peritoned cytology was not performed due to its
slight additional values [12].

Paticnts with no evidence of dissemination at laparoscopy
underwent laparotomy and resectability was confirmed. An aggressive
approach was adopted for rescctions to achieve a tumor-free resection
margin. Our surgical philosophy and approach toward patients with
IC and those undergoing liver resections have been previously reported
[2, 22).

Clinicopathological details, investigation records, operative find-
ings, and postoperative outcome in patients with unresectable diseases
were cntered prospectively in a database and analyzed. Yield of lap-
aroscopy was calculated as the ratio of patients identified by lapa-
roscopy harboring occult advanced disease to the number of patients
undergoing the procedure. Accuracy of laparoscopy was the propor-
tion of patients with unresectable disease who were diagnosed by
laparoscopy.

Results

Preoperative imaging and pathological diagnosis

Concerning preoperative imaging, all patients under-
went ultrasonography and chest and abdominal CTs.
Thirty-five patients (90%) had a MRCP. Vascular
examination was completed by arteriography in nine
patients (23%). Endoscopic or transhepatic biliary
opacification was performed in patients with HC and
GBC and was completed by a preoperative biliary
drainage (eight internal and 18 external) in 26 patients
(66%). The mean number of preoperative investigations
per patient was 3.9.

Final diagnosis was confirmed by pathology after
resection or by biopsy if palliative treatment was per-
formed and included 20 HCs, 11 IHCs, and eight GBCs.

Operative findings

Laparoscopic cxamination was completed in all except
one patient. This patient with HC, who had undergone
previous upper abdominal surgery, had dense adhesions
to the anterior abdominal wall hindering satisfactory
examination, and exploration was performed by limited
laparotomy. Findings at laparoscopy and laparotomy
are outlined in Fig. 1. Fourteen patients (36%) had
evidence of advanced disease on laparoscopy and 25
patients were eligible for laparotomy. One patient
without advanced disease on laparoscopy underwent
portal vein embolization before the planned laparot-
omy, but 4 weeks later ascites and an aspect of perito-
neal carcinomatosis were diagnosed by CT scan and
precluded laparotomy. The remaining 24 patients (63%)
underwent laparotomy. At laparotomy, nine patients
(37%) were found to have advanced disease precluding
resection, and 15 (63%) underwent resection of the tu-
mor. Finally, 23 patients had unresectable disease; lap-
aroscopy thus correctly identified 14/23 patients (61%)
who had unresectable disease.

The details of findings responsible for unresectability
are summarized in Table 1. Laparoscopy correctly
identified peritoneal metastases in all except one patient;
thus, the accuracy of laparoscopy in detecting peritoneal
metastases was 92%. The only patient in whom lapa-
roscopy failed had localized tumor deposits in the pelvis.
In identifying liver metastases, laparoscopy had an
accuracy of 71% (five out of seven patients). One patient
with a large IC in the right liver underwent right portal
vein embolization to induce hypertrophy in the remnant
liver after staging laparoscopy ruled out dissemination.
However, at exploration 40 days latcr, he had metasta-
ses in the left lobe of the liver and regional lymph nodes.
Although laparoscopy was not repeated prior to explo-
ration, this was considered a failure of diagnostic lapa-
roscopy (by intent-to-treat analysis). Laparoscopy also
failed to detect liver metastases in the patient in whom
dense adhesions required conversion to laparotomy for
exploration. All patients with vascular invasion or
metastases to distant lymph nodes were missed on lap-
aroscopy. Vascular invasion was diagnosed during lap-
arotomy in five patients. In two of these patients,
vascular invasion was suspected during laparoscopy, but
laparotomy was necessary to obtain a pathological
diagnosis.

The yield and accuracy of laparoscopy werc highest
for GBC (62% yield and 83% accuracy), followed by
IHC (36% yield and 67% accuracy) and HC (25% yield
and 45% accuracy), as listed in Table 2.

Before laparoscopy, portal vein embolization was
scheduled to prepare the resection in 10 patients. Among
these patients, unresectable disease was diagnosed by
laparoscopy in five; five patients had a preopcrative
portal vein embolization and threc underwent liver
resection.
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Unresectable on reevaluation
by imaging n=1 *

)

Laparotomy
n=24/39 (62%)

Unresectable
n=9/24 (38%)

Table 1. Factors precluding resection identified by laparoscopy or by
laparotomy”

I Fig. 1. Flowchart showing findings at

[

Resected

laparoscopy and laparotomy. *The delay
n=15/24 (62%)

vein embolization was 4 weeks.,

between staging laparoscopy and
rcevaluation by imaging after a portal

Table 2. Yicld and accuracy of laparoscopy in detecting unresectable

discase n individual cancers

Factors precluding ldentified at Identified only Accuracy of

resection laparoscopy at laparotomy laparoscopy (%)
Cirrhosis 1 0 1/1 (100)
Peritoneal metastases 11 1 11/12 (92)
Liver metastases 5 2 517 (71)
Adjacent organ 1 { £/2 (50)
infiltration
Advanced nodal 0 3 0/3(0)
spread
Vascular mvasion 0 5 0/5(0)

* Some patients had muluple factors responsible for unresectability

Postoperative stay and complications

For the 15 patients undergoing only laparoscopy, the
median postoperative stay was 4 days (range, 2-24). One
paticnt with IC and advanced disease diagnosed by
laparoscopy developed postoperative aspiration pneu-
monia resulting i a hospital stay of 24 days. For the
nine patients with unrcsectable disease diagnosed at
laparotomy, the median stay was 11 days (range, 7 23).
There were no procedural complications attributable to
laparoscopy.

Discussion

In the current study, the overall accuracy of laparoscopy
in correctly identifying patients with unresectable dis-
case was 601%. This result was obtained despitc an
cxtensive and homogeneous preoperative assessment
including a mean of 3.9 imaging proccdures per paticnt.
Both yield and accuracy of laparoscopy varied markedly
among the subgroups of biliary cancers. 1t was highest
for GBC. followed by ITHC and HC. Laparoscopy
identified all but one case of pcritoneal dissemination
(92% accuracy), and it identified 71% of patients with
liver metastases. The ability to identify unrescctable
disease due to lymph nodal and vascular invasion was
more hmited with laparoscopy.

Type of tumor n Overall yield (%) Accuracy (%)
GBC 8 62 (5/8) 83 (5/6)

IHC I 36 41D 67 (4/6)

HC 20 25 (5/20) 45 (5/11)
Entire series 39 38 (14/39) 61 (14/23)

GBC, gallbladder carcinoma: IHC, intrahepatic cholangiocarcinoma;
HC. hilar cholangiocarcinoma

A large number of patients with biliary cancers have
advanced disease at presentation. Survival in patients
who have incomplete tumor extirpation is identical to
that in patients who do not undergo surgery and receive
only palliative therapies [5. 13. 15]. Hence, the impor-
tance of avoiding a nontherapeutic laparotomy cannot
be overemphasized. Despite improvements in imaging
modalities, the incidence of nontherapeutic laparotomy
in patients with proximal biliary cancers remains high,
from 25 to 46% in the most recent series, and results in
increased hospital stay and potential morbidity in
addition to greater treatment expenses [9, 13, 18]
Staging laparoscopy has been proposed as an important
tool to identify occult dissemination that can be missed
on preoperative imaging and avoid unnecessary
explorations.

The yield and accuracy of staging laparoscopy de-
pend on the type of cancer. Gallbladder carcinoma has
a propensity for peritoneal spread and liver metastascs
that can be easily identified by laparoscopy. In an
analysis of 100 patients with biliary cancers, almost
half of the GBC patients had advanced disease on
laparoscopy [25]. Vascular invasion and lymph node
metastases of HC. which represent the major causc of
unresectability, are often missed during staging lapa-
roscopy. In the study of the Memonial Sloan-Kettering
Cancer Center, the overall yield for dctecting un-
resectable disease in HB was significantly lower than
that obtained for GBC. Therefore these authors sug-
gested performing laparoscopy only in patients with
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HC with a high risk of unresectable disease, such as T2
or T3 lesions [25]. There are few data in the literature
on the role of laparoscopy in patients with IHC, a less
common bihary cancer but with an increasing inci-
dence. In our study, more than one-third of patients
with THC had advanced disease at laparoscopy and
were spared an unnecessary laparotomy. Laparoscopy
had an accuracy of 67% in identifying advanced dis-
ease. Staging laparoscopy should be integral in the
management protocol of patients with 1HC. Groups
advocating aggressive surgery in cases of IHC have
also changed their policy and started using laparoscopy
to assess the rescctability [18].

Laparoscopic ultrasound (LUS) has been proposed
as a complementary investigation to obviate some of the
limitations of laparoscopy and has added to the yield in
patients with pancreatic and liver tumors [4, 6, 19, 21,
23]. In the current series, LUS was not routinely used
and would not have been helpful in the diagnosis of hver
metastases. Indeed, in two cases liver metastases were
diagnosed by laparotomy performed because of adhe-
sions in one case and 40 days after laparoscopy in the
other. Also, it is difficult to identify vascular invasion
and lymph nodal involvement on LUS. In the series of
van Delden et al. [23], who were the first to study the use
of LUS in proximal biliary cancers, nine of 31 patients
(28%) had occult disease at laparoscopy and only one
patient with unresectable disease was detected solely on
the basis of LUS. Tumor adherence to major vascular
structures and extensive biliary involvement by cancer
are often difficult to determine radiographically. Accu-
racy may be further limited by the presence of biliary
stents and secondary inflammation [25]. Furthermore,
metastatic lymph nodes are difficult to diagnose based
on ultrasound findings and mandate biopsy. Conversely,
in a study from Edinburgh, UK, the yield of staging
laparoscopy in HC was considerably increased by LUS,
from 24 to 42%, by detecting local advanced disease,
whereas accuracy in detecting liver metastases was not
increased [6]. Also, the authors emphasized the long
period (from 1992 to 2003) during which this study was
conducted and advancements of preoperative imaging
during this time, which could explain the considerable
yield of LUS observed.

The strategy of preoperative external biliary drain-
age and portal vein embolization is increasingly being
adopted in jaundiced patients who need major liver
resection to reduce the risk of postoperative liver failure
and improve surgical outcome [17]. The high incidence
of occult advanced disease in potentially resectable pa-
tients highlights the need to perform laparoscopy before
preoperative intervention for optimization is performed.
Our study shows that early detection of dissemination
by laparoscopy can avoid unnecessary invasive proce-
dures and lead to immediate institution of palliative
care.

Detection of advanced disease by laparoscopy not
only helped in avoiding the pain and morbidity of an
unnecessary laparotomy but also resulted in a shorter
hospital stay. This is important for patients with unre-
sectable biliary cancers, for whom the median survival is
only a few months. Early discharge from the hospital

improves quality of life and helps in an earlier institution
of systemic chemotherapy [1, 11, 20]. Also, pathological
malignancy is easier to confirm by harvesting an
unsuspected liver metastases during laparoscopy than by
obtaining tissue samples of HC by either transhepatic or
endoscopic maneuvers [10, 16].

In summary, laparoscopy helped avoid unnecessary
laparotomy in more than one-third of patients, resulting
in significantly shorter hospital stay. Laparoscopy is
accurate in detecting peritoneal and liver metastases but
misses the majority of patients with vascular invasion
and lymph nodal disease. Due to these limitations,
laparoscopy is more useful in ruling out dissemination in
GBC and IHC than in HC. We recommend the routine
use of laparoscopy in all patients with potentially
resectable GBC and IHC and selectively in patients with
large HC, or when prior invasive procedures for opti-
mization, such as portal vein embolization, are con-
templated.
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Abstract

The functional-anatomic structure of the liver
according to Couinaud classification based on the in-
trahepatical course of the vascular structures is the
basis of all modern liver surgery. Consequently, the
use of intraoperative ultrasound is an undisputed
requirement for every liver resection. Exact following
of the planned resection plane can be realized only
with the application of permanent online navigation
based on intraoperative ultrasound during thc dissec-
tion of the hepatical tissue. Now that the authors have
established ultrasound navigated resection in open li-
ver surgery using a navigatcd parenchymal dissecting
instrument, they intend to transfer this technique from
open to laparoscopic liver surgery. A special adapter
was developed to connect an ultrasound-based navi-
gation system to laparoscopic instruments. The au-
thors present the first results in terms of technical
aspects and feasibility.

Key words: Laparoscopic
ultrasound — Liver

surgery Laparoscopic

Navigation

Despite recent advances in laparoscopic techniques
and instrumentation, laparoscopic liver surgery still is
limited to a select patient population. One major
reason may be the lack of tactile scnsation and ori-
cntation during dissection of the liver parenchyma.
Laparoscopic fenestration of solitary giant liver cysts
has been reported [4]. Laparoscopic resections are
feasible and safe for selected patients with left-sided or
right peripheral lesions requiring limited resection [2]
(Table 1).

Correspondence to: M. Klcemann

Although laparoscopic resection of metastatic liver
diseasc seems feasible. this approach still is debated [7].
The safe anterolateral segments according Couinaud
classification are shown in Fig. 1. However, direct
translation of the information rcceived sonographically
into the resection procedure can cause difficulties,
especially with segment/sector ectomies. After the course
of thc vessels has been projected onto the liver capsule in
accordance with the ultrasound picture, dissection of the
hepatic tissue itself is performed currently without the
support of pictures. As a result, there could be signifi-
cant deviations in the planned resection plane (Fig. 2).
Exact following of the planned resection plane can be
realized only by application of a permanent online
navigation based on intraoperative ultrasound during
dissection of the hepatic tissue.

Now that we have establishcd an ultrasound-navi-
gated system for open liver surgery with online naviga-
tion of the dissection instrument, we will use this
technique also in laparoscopic surgery to navigate under
laparoscopic ultrasound control (e.g., during interven-
tional ablation procedures or liver resections).

Materials and methods

The US-Guide 2000 is an independent navigation system compatible
with all ultrasound machines. It is based on an electromagnetic
tracking system with six degrecs of freedom [S]. On the system moni-
tor, the ultrasound B-picture, overlaid by the navigation data in real
time received from the ultrasound and transferred into the navigation
system, is displayed. The position finding necessary for the navigation
is based on a calculation of distance and angle in accordance with the
common satellite navigation. A newly developed adapter allows the
navigation system to be combined with a laparoscopic ultrasound
probe (B-K Medical 8566. Dcnmark, Fig. 3a and b). The computer 1s
connccted to a transmitter and two magnctic sensors. The weak
magnctic field created by the transmitter has to cover the abdominal
part in which the intervention is performcd. At thc same time, the
sensors fixed to the head of the laparoscopic ultrasound probe, the
interventional or dissection instrument. must remain within the mag-
netic field throughout the whole procedure. The navigation system



Table 1. Litcrature overview of laparoscopic liver surgery
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Patients Duration Conversion rate

Complication rate

Hospital duration

Autbor (n) (min) (%) (%) (days)
Rau 1998 [10] 17 183.5 59 1.8 7.8
Cherqui 2000 (2] 30 214 6.6 20 9.6
Mouicl 2000 [9] 30 79 10 20

I“ong 2000 [6] 11 248 55 40 9.2
Berends 2001 (1] 10 180 20 0 6
Tang 2002 [11] 11 190 9 9 IR
Gigot 2002 [7) 37 13.5 22 7
Descottes 2003 (3] 87 10 S 3

Fig. 1. Anterolateral scgments 11, 111, IVb, V, and VI (sbaded grey)
according to Couinaud classification. Adapted from Gigot et al. (8].

recognizes the position and anterograde orientation of the needle in
relation to the laparoscopic ultrasound head and target structure, tben
projects  this virtually onto the ultrasound picture. Additional
functions of tbc ultrasound machine (e.g.. duplex sonograpby) arc
available during tbe intervention and can be used to recognize and
avoid vessels.

First. the adapter is placed at the bead of tbe laparoscopic
ultrasound probe 10 connect tbhe electromagnetic tracker to tbe
adapter. The nearer the adapter can he placed to the tip of the
wsttument, the bigher tbe accuracy of the system. For calibration
with an ultrasound pbantom, the distance betwecn tbe adapter and
the ultrasound probe must be determined and calibrated with the
software of the navigation system. Then tbe otber tracker is placed
at a laparoscopic dissection instrument huilt for lascr dissection and
calibrated as mentioned carlier. In pbantom testing and in a lver
organ model, the virtual resection line then is overlaid to tbe lap-
aroscopic ultrasound B-mode picture. offering the possibility of
navigated ablation or rescction. Second, tbe system is integrated in a
liver organ modcl to detect disturhances attrihutahle to trocar and
camera instruments,

Results
For transmission of the ultrasound picture data, the

ultrasound machine and the navigation system must be
connccted by an interface. For correct calculation and

display of the course followed by the resection line, it is
necessary to define the length of the hepatic dissection
mstrument (i.e., distance from the instrument tip to the
sensor position). For the navigated resection, the US-
Guide 2000 1s positioned closc to the area of interven-
tion. The two magnetic sensors. connected by cable to
the navigation system, are then attached to thc laparo-
scopic ultrasound head with special adapters. The
transformer adapter that takes on the transformer sen-
sor is a small plastic mount connccted to the ultrasound
head. The transformer sensor is attachcd to it in the
same manner as a connecting clamp. The ultrasound B-
mode picture is then presented with the overlaid navi-
gation data (Fig. 4a). We used metal troears up to 25
mm in size to bring the system into the abdominal cavity
(Fig. 4b).

Laparoscopic navigation under ultrasound guidance
is technically feasible in this model. Even when the tip of
the ultrasound probe was angulated. no disturbances of
the navigation system were obvious, due to the closc
approximation of the laparoscopic ultrasound head and
electromagnetic sensor. Anatomic landmarks in liver
tissue could be safely reached. No interaction of the
electromagnetic tracking system and the laparoscopic
equipment (e.g., trocar and laparoscopic camera) could
be seen.

Conclusion

In this report, we describe the usc of a laparoscopic
navigation system with permancnt sonographically
guidance. Thercforc, the cxact following of a planned
resection level can be transferred online to the liver or-
gan. This improves the precision of laparoscopic liver
dissection and may lead to an improvement in the
quality of the opcration. Laparoscopic navigation under
ultrasound guidance offers a new techniquc and tool for
the visceral surgeon. Especially in laparoscopic surgery,
this method may improve orientation in interventions or
resections in liver surgery. Our preliminary results show
the feasibility of this technique in the field of laparo-
scopic surgery. To date. the size of the clectromagnetic
sensors are limiting the minimally invasive usc of navi-
gation because the sensors in our studies still measure §
x 8 x 6 mm. Further studies investigating accuracy and
reproducibility in the laparoscopic operation field arc
necessary for cvaluation of this ncw technique.
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Abstract

Background: Conventional laparoscopy offers great
benefits to our patients, but suffers from major technical
drawbacks. Advanced laparoscopic systems are being
developed adressing some of these drawbacks.
Methods: We performed a training-box based study,
performing laparoscopic tasks using conventional lapa-
roscopy and advanced laparoscopic systems in order to
assess the influence of these technical drawbacks in or-
der to predict where the biggest advantages of newly
developed surgical systems can be expected.

Results: The most significant technical drawbacks were
two-dimensional vision, disturbed cye-hand target axis
and (possibly to a lesser extent) the rigid instruments
with a limited five degrees of freedom.

Conclusion: Major advances in advanced laparoscopy
might only be expected using console-based robot-arm
manipulated systems like the daVinci surgical system, or
a combination of a high-quality 3-dimensional vision
system, restoration of the eye-hand-target axis and the
use of an advanced handheld instrument offering seven
degrees of freedom such as the Radius surgical system.

Key words: Advanced laparoscopy — Degrees of free-
dom Robot — Da Vinci Fulcrum — Radius —
Stereoscopy

Minimal invasive surgery is one of the great advances in
medicine in recent decades, aiming at maximal reduction
of surgical trauma. However, laparoscopic surgeons sac-
rifice dexterity to provide patients with less invasive sur-
gery. The following are major drawbacks of laparoscopy:

1. Two-dimensional (2D) vision using a conventional
monitor reduces perception of depth.

2. A disturbed eye-hand-target axis decreases ergo-
nomics and dexterity.

Correspondence to: J. Heemskerk

3. The long, inflexible instruments used in laparoscopic
surgery magnify the surgeon’s natural hand tremor.

4. The rigid instruments with five degrees of freedom
limit the surgeon’s natural range of motion,
decreasing dexterity.

5. Fixed abdominal entry points result in limited free-
dom of motion and movement of the tip of the
instrument to the opposite direction of the outer part
of the instrument, a technical drawback known as the
fulcrum effect.

6. Camera instability increases fatigue.

7. Limited tactile feedback decreases dexterity.

These factors probably all contribute to the relatively
long learning curve in laparoscopic surgery [15].

Advanced stereoscopic and instrument manipulating
surgical systems are being developed in order to address
some of the shortcomings related to conventional lapa-
roscopy, potentially leading to faster and more accurate
laparoscopy [6, 7]

1. A variety of stereoscopic systems are being devel-
oped. Although stereoscopy rarely offers convincing
depth perception [9], its use might improve laparo-
scopic performance [2. &, 12, 16, 18].

2. The disturbed eye-hand—target axis is difficult to re-
store using conventional laparoscopic equipment.
Although ergonomic monitor placement is crucial,
the ideal situation of projecting the image exactly
where the operation takes place is difficult to achieve
without a console-based surgical system [1, 4].

3. Tremor can be diminished using a robot arm
manipulated system with tremor filtration [11].

4. Both handheld and console-based surgical systems
offcr the full seven degrees of freedom, increasing
dexterity [11, 17].

5. The fulcrum effect is difficult to address using con-
ventional laparoscopic instruments. Although exten-
sive training leads to faster automation to the
fulcrum effect [3, 10], only robot arm manipulated



systems can restore tatuttive movement of the
mstrument’s tip in the direction of the surgeon’s
hand, tncreasing dexterity.

6. Camera instability due to exhausting camera holding
can be restored using a vareety of mechanical or ro-
bot arm manipuliated systems.

7. No commerctally available surgical systems have
been able to restore normal sensitivity in tactile
feedback.

We performed a training box-based study, describing
time consumption and accuracy tn both tnexperienced
users and expert laparoscopic surgeous performing
laparoscopic tasks using conventional laparoscopy, the
Radius Surgical System (Tuebingen Scientific, Tuebtn-
gen, Germany), and the da Vinci Surgical System
(Intuitive Surgical, Mountain View, CA, USA) tn a
variety ol settings. The aim of the study was to assess the
significance of the previously described technical draw-
backs for laparoscopic surgery in order to predict wherc
the major advantages of newly developed surgical sys-
tems can be expected.

Materials and methods

Participants

Ten incxperienced and 10 experienced volunteers were selected to
perform laparoscopic tasks using various laparoscopic systems. The
inexperienced group consisted of 10 volunleers withoul any previous
laparoscopic experience. The experienced group consisted of 10 expert
laparoscopic and thoracoscopic surgeons from the Departments of
Surgery und Cardio-Thoracic Surgery of Maastricht University Hos-
pital. All of them had extensive experience in laparoscopy or thora-
coscopy, having performed more than 100 laparoscopic or
thoracoscopic procedures.

Conventional laparoscopy

All conventional lapuroscopic tasks were performed using a pelvic
trainer with one 12 mm video port and two 12 mm trocar ports
(Versaport, US Surgical Corporation, Norwalk, CT, USA). A 10 mm,
0° digital video camera (Endoeye, Olympus, Hamhurg, Germany) was
used, and the image was displayed on a 14-in. high-resolution 100 Hz
monitor. Camera handling was done using a simple rigid standard.
Manual laparoscopic drills were performed using disposable 5 mm
laparoscopic instruments (Endo Clinch 11, AutoSuture, Norwalk, CT,
USA) and a 5 mm laparoscopic needle driver (Storz 26173SC lapa-
roscopic needle driver, Karl Storz Endoskope, Tuttlingen, Germany).

Radius surgical system

All Radius-assisted laparoscopic tasks were performed in the same
pelvie trainer using the same trocars described previously. The Radius
handheld manipulator (Radius Surgical System) was used instead of
conventional laparoscopic instruments. This laparoscopic instrument
enables the surgeon to perform laparoscopic tasks offering the full
seven degrees of frecdom instead of the five degrees of freedom in
conventional laparoscopy, potentially increasing dexterity and
improving performance. Unfortunately, the tip of the Radius
instrument was not suitahle to grasp the heads used in task I
Therefore, this task was not done using the Radius Surgical System.

da vinei surgical system

All da Vinci-assisted laparoscopic tasks were perlormed in the same
pelvic trainer as described previously using a 12 mm video port and
two 7 mm trocars. We used three arms of the four-armed da Vinci
Surgica!l System. This robotic surgical system consists of a surgeon’s
console, patient side carl, Endowrist instruments, and InSite Vision
System. The surgeon’s console offers an ergonomic position to the
surgeon, translating the surgeon’s intuitive movements into precise,
real-time movements of the instruments. The patient side cart offers
four robot arms, executing lhe surgeon’s commands while offering
tremor filtration and movement downscaling if desired. The Endowrist
instruments attached to the patient side cart offer the full seven degrees
of freedom. The InSite Vision System provides high-quality stereo-
scopic stable vision, projecting the tips of the instruments where the
fingertips of the surgeon are located.

Three arms of the four-armed da Vinei system were used. One arm
handled the camera and the other two arms manipulated two da Vinci
laparoscopic Dehuakey forceps. The da Vinci tasks were performed
using lhe da Vinci Surgical System in slereoscopic 3D InSite vision, in
2D InSite vision, and in a conventional monitor-viewed modus.

Tasks

Three laparoscopic tasks were devised to test dexterily, two-handed
coordination, and suturing. Each participant was instructed ahout the
main features of the endoscopic tasks to be performed and on how to
use the surgical systems. The participants were allowed to manipulate
each surgical system for 5 min to become familiar with the controls and
setup. Questions were allowed before and during the tests. hut no
assistance was provided. The same order of tasks was performed for
every participant, hut the sequence of the use of the different surgical
systems changed in order to prevent a learning curve from interfering
with the resulls.

Task I: pick up and drop

A comparable laparoscopic drill was used in other studies [5. 13, 14], in
which a receptacle (40 mm opening and 10 mm high) containing five
beads was used. The task wus 1o pick up a bead from the receptacle
with the right-handed instrument and transfer it halfway to a second
receptacle. The bead had to be taken over with the left-handed
instrument and dropped inside the second receptacle. Time was re-
corded from starting position with the instrument in focus hut outside
the initial receptacle to the fifth bead dropped into the final receptacle.
Inaccuracy was defined as 10 poinls for every head accidentally
dropped outside the receptacle . The task was performed eight times

twice per suitahle instrument. The tip of the Radius instrument was
unfit for this task.

Task 2: cap the needle

This task was performed as described previously [S] using a 19-gauge x
1.5-in. aspiration needle with Luer Lock (Terumo Europe NV, Leuven,
Belgium) and its cap. The task was to cap the needle after grasping
both pieces from the floor of the training hox, keeping both cap and
needle above the box floor. Time was recorded from starting position
with the instruments in focus bul 5 cm from the needle and its cap to
the momenl when the needle and cap were securely coupled and held
by one instrument. Inaccuracy was defined as 10 points for every cap
or needle accidentally dropped or touching the box floor. The task was
performed 10 times - twice per instrument.

Task 3: suturing and knot tying

This task has previously heen described [5, 14. 19], and it consists of
using a size 8 latex glove and a Vicryl 3-0 polyglactin suture with FS-1
24 mm 3/8 arcular needle (Johnson & Johnson, New Brunswick, NJ,
USA). The task was to pass the needle through two separated § mm
dols on the glove and then tie a double knot. Time was recorded from
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Table 1. Mean lime consumption and inaccuracy scores in the total group (inexperienced, experienced subgroups)

Task Conventional Radius daVina 3-D daViner 2-D daVinci-M
Time Task 1, first 1nal 171 (233,108) 85 (108,62) 96 (111,82) 140 (189,90)
Task 1. second trial 121 (167.74) 65 (74.56) 92 (107.76) 118 (143.94)
Task 2, first trial 138 (220,55) 100 (156,43) 40 (44,35) 64 (74,55) 105 (121,89)
Task 2, second tnal 103 (158.49) 62 (80,44) 55 (40.70) 64 (52.77) 109 (137.80)
Task 3, first 1rial 332 (500,164) 304 (477.132) 122 (165,79) 158 (192,124) 182 (238,127)
Task 3. sccond trial 323 (515,132) 240 (335,148) 87 (105.69) 155 (200,110) 186 (251,120)
Inaccuracy Task 1, first trial 18 (28,7) 9(13,4) 10 (16.3) 24 (44.4)
Task 1. second 1rial 11 (17.5) 6 (6.5) 9 (16.2) 14 (26,2)
Task 2, first trial 23 (37.9) 14 (20.8) 15 (10,20) 23 (21.24) 30 (26,34)
Task 2, second trial 16 (27.4) 9 (9.8) 17 (12,22) 24 (19,28) 37 (37.36)
Task 3, first trial 23 (44.2) 27 (41,13) 0 (0.0) 4(7.1) 7N 2)
Task 3. second trial 27 (46.7) 24 (45.2) 2(3.0) 5(9.0) 12 (24.0)

starling position with the instruments in focus but 5 cm away from the
needle 1o the moment when the suture was securely tied. Inaccuracy
was defined as 10 points per millimeter distance between the black dot
and the needle entry through the glove. Twenty points was added if the
knot was too loose or the suture broke. The task was performed
10 times—1Iwice per setup.

Statistical analysis

Data were stored in an Excel XP database (Microsoft, Redmond, WA,
USA) and analyzed using SPSS version 11.0.1 (SPSS. Chicago, IL.
USA). Comparison of groups was done using Pearson’s chi-square
1est. Comparison of two related samples was done using a nonpara-
metric Wilcoxon signed rank test. A p value < 0.05 was defined as
statistically significant.

Results

Study population

The median age of the study population was 32 years
(range, 21-52), 36 years in the experienced group (range.
32-52) and 23 years in the inexperienced group (range,
21-35). In total, 20 participants performed two tasks
twice using five different setups. One task was pcrformed
twice using four setups, leading to a total of 560 tasks.
Performing every task, time consumption, and accuracy
were registercd, leading to a total of 1,120 analyzable
data points.

Time and accuracy

Time consumption was compared by performing dif-
ferent tasks using various instruments and setups.
Inexpericneed participants took substantially more time
to complcte a task than the experienced surgeons.
Conventional surgery was most time-consuming,
whereas the da Vinci system with stereoscopy was the
fastcst. Task 3 was far more time-consuming than tasks
1 and 2. The benefit of using advanced surgical systems
scemed lIcss for experienced users compared to inexpe-
rienced users.

Accuracy was compared using the different surgical
systems. Higher numbers of failures and mistakes re-
sulted in higher inaccuracy scores. Inexperienced par-
ticipants had higher inaccuracy scores than expert

surgeons. Conventional laparoscopy and the use of the
da Vinai system with monitor-viewed vision resulted in
the highest inaccuracy scores. whereas use of the da
Vinci system with stereoscopic InSite vision resulted in
the lowest inaccuracy scores and thus the best results.
Table 1 shows mean time consumption and inaccuracy
scores for the total group and for the inexperienced and
experienced subgroups separately.

Comparing instruments

Using the Radius Surgical System, two tasks wcre per-
formed twice each. describing time consumption, accu-
racy, and score. This resulted in 12 data samplcs. The
other instruments were used to perform threc tasks twice
each, describing time, accuracy and score. This resulted
in 18 data samples. Using a nonparametric Wilcoxon
signed rank test, related samples could be compared in
order to assess significant superiority of one setup or the
other. Results are depicted in Table 2.

Diseussion

Conventional laparoscopy suffers from scven technical
drawbacks as described previously. This study was
conducted in order to assess these drawbacks.

The role of 2D vision was assesscd by comparing
results of da Vinci in 2D InSite vision mode with da
Vinci in stereoscopic InSite vision mode. The da Vinci
system in 3D mode seemed faster and more accurate
in all 12 data samples (Table 1). This difference was
significant in five of 12 data samples (Table 2), sug-
gesting high-definition stereoscopic vision does indeed
lead to faster and better performance of laparoscopic
tasks.

The role of the disturbed eye-hand-target axis was
assessed by comparing the results of da Vinci in the 2D
InSite vision mode with da Vinci in the monitor-vicwed
mode. Two-dimensional InSite vision seemed faster and
more accurate in all 12 data samples (Table 1). This
difference was significant in five of 12 data samples
(Table 2), suggesting restoration of the disturbed eyc—
hand-target axis does improve performance of laparo-
scopic tasks.



Table 2. Number of signilicantly better results comparing first instrument versus second instrument (number of comparing data samples)

Total group Inexperienced Expcrienced
Conventional vs Radius 0vs 1(8) 0vs2(8) 0vs 0(8)
Conventional vs daVinei 3-D 0vs 9(12) 0 vs 10 (12) 0Ovs 1(12)
Conventional vs daVinci 2-D 0wvs 5(12) 0vs 8(12) 1 vs0(12)
Conventional vs daVinci-M 1vs0(12) 0vs 2(12) 2vs 0 (12)
Radius vs daVinet 3-D 0vs 5(8) 0 vs 7 (8) 0vs 2(8)
Radius vs daVina 2-D 1 vs 4(8) 0vs S(8) 1 vs 0 (R)
Radius vs daVinci-M 1vs1(8) 1 vs1(8) 3vs 0(8)
daVinci 3-D vs daVinei 2-D Svs0(12) 3Ivs0(12) 4vs0(12)
daVinci 3-D vs daVinci-M 12 vs 0 (12) 10 vs 0 (12) 6vs 0(12)
daVinci 2-D vs daVinci-M Svs0(12) 4vs0(12) 0Ovs 0(12)

The role of limited degrees of freedom in conven-
tional laparosecopy was assessed by ecomparing conven-
tional laparoscopy with the Radius Surgical System.
Although the tip of the Radius instrument was not fit for
task 1, thc other two tasks scemed to be performed
faster and more aceurate using the Radius instrument in
seven of eight data sumples (Table 1). This suggests that
offering seven degrees of freedom might improve lapa-
roscopic performance.

The roles of tremor enhancement, fulerum effeet,
and limited tactile feedback could not be assessed sep-
arately in this study. However, comparing the Radius
system, which suffers from tremor enhancement, ful-
crum effeet. and limited taetile feedback, with the da
Vinci system in monitor-viewed mode, no significant
difference was prescnt (Tables | and 2). This suggests
these three drawbacks do not play an important role and
might not require a technical solution.

The role of camera instability was not asscssed in
this study sinee camcra holding was done by a rigid
standard or robot arm.

Analysis of the experienced and inexperienced sub-
groups showed a more significant advantage of the use
of advanced laparoscopic systems in the inexperienced
group. This suggests that extensive training in
laparoscopy may rcduce the need for advanced stereo-
scopic or manipulating laparoseopic systems.

We conelude that the most significant improvements
with regard to the previously mentioned technical
drawbacks in conventional laparoscopy are high-defi-
nition 3D vision, restoration of the disturbed
eye hund-target axis, and (possibly to a lesser extent)
the usc of instruments offering the full seven degrees of
freedom. Major improvements in laparoscopic surgery
may only be expected from either a console-based sur-
gical system, such as the da Vinei Surgical System, or a
combination of a high-definition 3D vision system with
crgonomie monitor placement (or a head-mounted dis-
play). with a handheld. seven degrees of freedom
mnstrument. such as the Radius Surgieal System.

Advanced laparoscopic surgery is in its infaney, and
major improvements in the availability of specifically
designed surgical systems are expected soon, offering
great opportunities for the future. However, more re-
scarch 15 needed in order to develop affordable and
feasible instruments offering high-quality 3D vision, a
restoration of the eye-hand-target axis, and seven
degrees of freedom.
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Abstract

Background: Because there are difficulties associated
with the technique of laparoscopic colorectal surgery,
thorough knowledge of the anatomy is particularly
important. We pay close attention to anatomical fea-
tures during laparoscopic rectal surgery. In this study.
we analyze the association of the anatomy with the
operative procedure.

Methods: Laparoscopic rectal surgery was performed on
117 patients (66 men) with benign and malignant dis-
eases in the rectum by the complete laparoscopy or
hand-assisted tcchnique. All operations werc mainly
performed by the first author. The association bctween
anatomy and the operation was analyzed.

Resudts: The mean operative time was 144 min (range,
87-235). The hand-assisted technique was performed in
two patients. Four patients required conversion to lap-
arotomy due to the amount of fat in three patients and
disruption of the Endo-stapler in onc patient, for a
conversion rate of 1.7%. Operative blood loss was small,
averaging 126 ml (range. 50-350). No injury of the
ureters, major bleeding in front of the sacrum, or other
operation-related severe complications occurred during
or after operation. In one casc, dissecting disrupted the
anterior left wall of the rectum.

Conclusion: By mastering the anatomical features of
laparoscopic rectum surgery, operative mistakes and
complications can be reduced. Particular attention must
be paid to the anatomy of the obese patient undergoing
laparoscopy. It is very convenient that the correspond-
ing skills can be applied in the course of dissection and
exposure.

Key words: Rectum Surgical procedure

roscopy —— Anatomy
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Laparoscopic colon surgery was successfully applied by
Fowler and Jacobs in 1990. Since then, the technique
has developed rapidly, and the feasibility of laparo-
scopic colorectal surgery has been demonstrated.

Prospective and retrospective studies have shown the
safety and feasibility of the operation. However, the
opcrative range for the colorectum is extensive, not just
cholystectomy, which is rather limited in some regions.
The blood supply and adjacent tissucs of the colorectum
are complicated and often variable. The operation of the
colorectum involves not only simple resection but also
reconstruction of the intestinal tract. Moreover, it in-
volves the radical problem of malignancy. These factors
result in technical difficulties of laparoscopic colorectum
surgery [3, 6, 10]. Therefore, a detailed undcrstanding of
the anatomy is very important. A total of 117 patients
with benign and malignant diseases of the rectum were
laparoscopically operated on by us since 2001. We
gaincd detailed knowledge of the anatomical features
and their association with the operative procedure.

Materials and methods

One hundred and seventeen patients with rectal discases underwent
laparoscopic surgery. All operations were mainly performed by the
first author. There were 66 men and 51 women, with a median age of
50.4 years (range, 17-76). There were four rectal tubulovillous ade-
nomas with severe atypical hyperplasia and three rectal tubulovillous
adenomas with severe atypical hyperplasia and focal cancer certified by
histologic examination. We used the GEN 300 ultrasonic knife
(Johnson & Johnson) and Ligasure vessel scaling system (Valleylab).
Hand-assisted kits were the hand-port (Smith & Nephew)and Lap Dise
(Johnson & Johnson).

Results

The operative period ranged from 87 to 235 min, with an
average of 144 min. The hand-assisted kits were used in
two operations. Four patients were converted to open
operation; thus, the conversion rate was 1.7%. Obesity



Fig. 1. The lef1 ureter lies luleral 1o the ovarian vessel above the pelvic
enlrance

resulted in three operative conversions, and one con-
version was due to the breakdown of the laparoscopic
Endo-stapler so that the lower reetum could not be
transected.

Blood loss during the operation was minimal, with
an average of 126 ml (range, 50--350). No injury of the
ureter or major bleeding in front of the sacrum and
other operation-related complications occurred during
or after the operations. Only in one case did dissection
disrupt the anterior left wall of the rectum.

An anastomatic leak oceurred in one patient 5 days
after opcration, and it was treated by intcrmittent
washing and continuous suction through a drainage
tube. This patient with rectal cancer and liver metastasis
(a 64-year-old male) had been treated by interventional
therapy of the liver and general chemotherapy for more
than 3 months. Then, he was transferred to surgery for
operation.

One patient (a 76-year-old male) died due to major
bleeding of a stress ulcer. The bleeding continued even
though multiple treatments were performed. His family
decided to stop treatment on day 8 after the operation.
This patient had had blood hypertension discase for
more than 20 years. He took enterie-coated aspirin for
approximately 3 vears. but it was stopped 1 week before
the operation.

There were also two cases of pneumonia, one ease of
deep vein thrombosis in the lower limb. and one case of
heart failure after operation. However, they were all
cured by corresponding treatments.

Discussion

Laparoseopic colorectal surgery has beecome more
standardized in the course of continuous praeticc. Ten
of thousands of procedures have been performed and
followed up for more than 10 years. The standardized
operative procedure is sufficient to reach the surgical
aim. Moreover, its minimally invasive advantages can-
not be obtained by open operation [I. 2. 5, 8].
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Fig. 2. The lefl ureler runs across the end of the common iliac artery al
the pelvic entrance.

Laparoscopic colorectal surgery was first performed
in 1993 in Chimna [10, 11]. To date. it has been used in
approximately 50 large hospitals, mainly on malignant
tumors. Due to eontinuous improvements in the oper-
ative technique and the application of the ultrasonie
knife and Ligasure vessel sealing system. inexperienced
surgeons can make full use of the experience of others
and skip the “learning curve™ of laparoscopic colorectal
surgery. The faet that there were no operative technique-
related complications in our 117 patients further proves
the clinical feasibility of this kind of operation.

Identifying the urcter is the first important step in
laparoseopie reetal surgery. We conventionally cxposc
the left ureter. First, the white filmy adhesion between the
lateral leaf of the mesosigmoid and the peritoneum in the
left iliac gutter is snipped. Then, the lower loosely con-
nective tissuc 1s further disseeted. The testicular (ovarian)
vessel passes lateral to the ureter. The left ureter is often
near the root part of thc mesosigmoid. The lcft and right
ureters go across the end of the common iliac artery and
the origin of lateral iliac artery, respectively. at the pelvie
entrance. Its peristalsis can be seen while the ureter is
poked by dissccting forceps (Figs. 1-3). After entering
the pelvis, it first deseends along the lateral wall and then
turns anteromedially at the level of the seiatie thorn. In
the male, the ureter reaches the fundus of the bladder
posteroinferior to the deferent duct. In the female, the
urcter runs antertomedially in the base of the broad lig-
ament, crossing the uterine artery beneath the artery 2 em
lateral to the uterine cervix and then reaches the bladder
wall. Because the right ureter is more lateral, it does not
need to be exposed. In most circumstances, the right
urcter can be seen going down at the pelvie entrance
through the peritoneum, especially in nonobese patients
(Figs. 4 and 5).

The inferior mesenteric artery originates from the
anterior wall of the lower part of the aorta at approx-
imately the level of L3, 3 or 4 cm bcelow the aortic
bifurcation, and then running in a lower lcft direction.
It divides into the left colie artery superiolateral. the
sigmoid artery lateral, and superior rectal artery
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Fig. 3. The left external iliac artery which is variable presses over the
ureter.

Fig. 4. The right ureter can be seen through the peritoneum.

downward. When the assistant or the left hand of the
opcrator elcvates the upper part of the mesosigmoid
using the grasper in the lcft superior direction, the
inferior mcsenteric artery will be drawn straight. Then,
the pedicle of the inferior mesenteric artery can be
generally secn. The root of the infcrior mescnteric artery
can easily be dissected at the base of the pedicle and
then cut (Fig. 6).

The superior rectal artery enters the pelvic cavity
through the mesosigmoid and descends left and anterior
to the sacral promontory. It divides the left and right
branches in the upper part of the rectum at the level of
S3, and then runs down to the rcctum posteriorly to
laterally (Fig. 7). Although the mesorectum is cut with
the ultrasonic knife, the branches in the mesorectum
bleed easily, especially in patients who are older and
those with blood hypcrtension, coronary heart disease,
and arteriosclerosis whose vessels are hard and fragile.
The cut end of the bleeding vessels can be clamped with
the dissecting forceps to stop the bleeding by electric
coagulation. If Ligasure is used, the chance that major
bleeding will occur is largely reduced.

Fig. 5. The right ureter can be seen through the peritoneum in another
patient.

Fig. 6. The inferior mesenteric artery is drawn straight. The pedicle of
the inferior mesenteric artery can be seen.

The middle rectal artcry originates from the anterior
branch of the internal iliac artcry and enters into the
lower part of the rcctum through the rectal lateral lig-
ament. It can be cut near the rectal wall with the
ultrasonic knife or Ligasure.

In obese women, especially those who are short, the
fat accumulation makes the mesorectum thick and the
peritoneum at the anterior and lateral walls hangs loosely
into the pelvic cavity. Therefore, the pclvic cavity in these
patients becomes smallcr and narrow so that exposure to
the pclvic cavity is more difficult to obtain (Fig. 8). Per-
forming the anus-preserving procedure in low rectal
cancer is very difficult. Use of the hand-assisted proce-
dure for keeping off the fat blockagc or the immediate
conversion to open operation must often be performed,
and these do not represent failurc of the operation.

After the peritoneal reflection before the rectum is
incised, there are the bladder, thc ampulla of the
deferent duct, and the seminal vesicle in the upper part
and the prostatc in the lower part in this rectovesical
septum in the male. In the female, the plane called the



Fig. 7. The inferior mesenteric arlery runs down into lhe superior
rectal artery.

Fig. 9. The posterior wall of the vagina can be seen by the guiding
method through the vagina.

Fig. 8. In a short, obese woman. the mesorectum is thick, and the
peritoneum of the pelvic cavity at the anterior and lLateral walls hangs
loosely into the pelvic cavily.

rectovaginal septum s looser than the male’s, so it is
casily dissected. The guiding method through the anus

ot vagina can often achieve twice the results with half

the elfort (Fig. 9). The assistant should place one hinger
tnto the anus or vagina or both (bimanual examination).
The primary operator touches the wall of the rectum or
vagina with the head of the dissecting Torceps. meeting
the assistant’s fingers in the anus or vagina, to seck the
dissecting plane indirectly. The disruption of the left
anterior wall ol the rectum in one case by dissecting
oceurred due to the faulty assistant’s guide at the peri-
neum in the early stage of the operation.

While dissecting the presacral space. the spacious
and bright field ol viston under laparoscopy significantly
tmproves the situation of the narrow and dillicult to
expose postrectal space in the conventional open oper-
ation. The blunt dissection by the operator’s fingers is
olten needed in the conventional open operation, and it
ts sometimes performed in a semiblinded condition. The

Fig. 10. The spacious and bright field of vision in fronl of the sacrum
under laparoscopy.

clear plane for dissecting under laparoscopy largely re-
duces the dangerous occurrence of major bleeding of the
presacrum (Fig. 10). On the other hand. the two bundles
ol the hypogastric nerve plexus can be much more easily
seen in laparoscopy than in the open operation, which is
very helplul for preserving the autonomic nerve and the
bludder, and thus preserving sexual function after the
operation.

The superior hypogastric nerve plexus Trom the
aortic plexus sends out a couple of hypogastric nerves at
approximately the level of the saeral promontory, 3 cm
below the aortie bifurcation. one on each side so that it
is shaped like a “moustachio™(Fig. 11). The hypogastric
nerve descends on either side between the mternal thac
artery and the reetal inherent faseta and converges with
the anterosuperior part of the pelvic nerve plexus lateral
to the rectum beneath the peritoneal reflection. The
hypogastric nerves often seem to be “put™ in front of
the sacrum after dissection under laparoscopy. If the
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Fig. 11. A couple of hypogastric nerves, shaped like a “moustachio,™
secem to be “put” in front of the sacrum.

distribution and course of the hypogastric nerve are
clear, it usually is not injured, unless the tumor has in-
vaded the rectal inherent fascia [4, 7]. In this condition,
preservation of the autonomic nerve is no longer
considered.

The tiny pelvic splanchnic plexus comes from the
anterior foramen of S2-S4, crossing with the middlc
rectal artery at approxtmately the central part of the
rectal lateral ligament. This plexus is difficult to dissect
in any kind of operation (open or laparoscoptc). In or-
der to preserve this plexus, dissecting and cutting should
be done near the rectal wall (Fig. 12) {7, 9].

Anatomy is the cornerstone of any surgieal opera-
tion. A thorough knowledge of the anatomic features of
laparoscopic rectal surgery can reduce operative mis-
takes and complications.
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Abstract

Background: Morbid obesity is associated with gastro-
esophagcal reflux disease (GERD), and both have an
independent association with motility disorders. Im-
paired esophageal function is thought to play a role in
the development of dysphagia after fundoplieation and
bariatric proeedures (especially restrictive proeedures).
The authors aimed to dcfine both the physiology and the
underlying pathophysiology of swallowing using a novel
teehnique, multichanncl intraluminal impedance (MII),
which ean aecurately determine the elearance of a
swallowed bolus through the esophagus, in eombination
with traditional manometry. which ean measure peri-
stalsts.

Methods: Simultaneous MIL, manometry, and pH
monitoring were performed for 10 asymptomatie sub-
jeets, 22 eonsecutive nonobese patients with GERD
(GERD). and 22 consecutive morbidly obese patients
with GERD (MO-GERD) who were under evaluation
for antireflux and bariatrie surgery at the University of
Washington. In this study. MII was defined as abnormal
if less than 80% of swallowed liquid boluses cleared the
csophagus completely.

Results: All GERD and MO-GERD patients had
abnormal pH monitoring. The manometric findings
were similar for the GERD and MO-GERD patients.All
the asymptomatic subjects had normal manometry and
impedanee test results. Abnormal manometry would
have predicted that approximately 23% of GERD and
MO-GERD patients had defeetive emptying. However,
when measured with impedance. esophageal clearance
was found to be defeetive in two times as many GERD
and nearly three times as many MO-GERD paticnts.
Conclusions: In patients with GERD. impedanee often
detcets impairments in esophageal moutlity not identified
by manometry. Morbidly obese patients with GERD

Correspondence to: B. K. Oelschlager

have a higher incidenee of impaired esophageal motility
than nonobese patients with GERD. This may have
implications for bariatric procedures, cspecially those
that are restrictive.

Key words: GERD
Esophagcal manometry
Morbid obesity

Esophageal 1mpedance
Esophageal motility

Gastroesophageal reflux disease (GERD) and morbid
obesily are among the most eommon diseases in the
United States. More than 30% of the U.S. population
experiences regular symptoms or manifestations of
GERD [4. 15]. More than 50% of U.S. adults are obese,
and more than 5% are severely obesc [13]. Surgical
intervention plays prominently in thc management of
each disease. Fundoplication 1s an excellent alternative
to antisecretory therapy for GERD. Currently, the only
reliable and effective method of long-term weight loss
for morbidly obese patients is baratrie surgery [7].
Moreover, GERD is commonly associated with obesity
[16]. oceurring in as many as 50% to 70% of patients
undergoing barniatric surgery [6, 14]. Thus, thecre arc
common eonsidcrations between antireflux and bariatrie
surgery.

Esophageal motility may be important in the ctiol-
ogy and pathophysiology ol GERD. It potentially
determines the type of antireflux proeedure a patient
may be able to tolerate without dysphagia. This is onc
reason why esophageal manometry is recommended
before a restrietive antireflux proeedure is performed [8].
Although most bariatric proeedurcs also incrcasc resis-
tanee to flow through the gastroesophageal junction,
manomctry 1s rarely performed preoperatively. Thus,
our knowledge coneerning the prcvalence and nature of
esophageal motility disorders in obese patients with
GERD is limited.
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Manometry measures the presence and strength of
peristalsis, and thus provides information about clear-
ance only indirectly. Multichannel intraluminal imped-
ance (MII) is a new technology that allows the transit
and clearance of swallowed material within the esoph-
ageal lumen to be evaluated. It can therefore directly
measure the effectiveness of esophageal transit and
clearance.

In this study, we sought to determine the indepen-
dent effects of GERD and obesity on esophageal func-
tion, as measured by manometry and impedance. The
results may provide insights about the development of
postoperative dysphagia after bariatric restrictive pro-
cedures, and may help tailor approaches and procedures
to avoid this complication.

Methods

Between April 2002 and Augusl 2004, we performed manometry,
impedance, and 24-h pH monitoring for patients presenting with
GERD for fundoplication or bariatric surgery, as well as for
asymptomatic volunteers (with no GERD symploms). Acid sup-
pression therapy was slopped S to 7 days before testing. No patients
were taking narcotics, anticholincrgics, or promotility agents. Tests
were performed in the morning afler al least 8 h of fasling. Each
participant also completed a standardized GERD symptom ques-
tionnaire,

Symptom questionnaire

Symptoms were rated by patients and subjects on both frcquency and
severity scales. The frequency scale had the following range of
choices: 0 (never), | (once per month), 2 (once per week). 3 (once per
day), and 4 (several times per day). Any frequency that fell between
two numbers was upgraded to thc higher numhcr. The scverity scorc
was a visual analog scale from 0 to 10 as follows: 0 (never), 2 (mild),
S (modcrate), 8 (severe), and 10 (worst imaginable). We posed
queslions on 22 symptoms: 11 gastrointestinal symptoms (heartburn,
regurgitation, abdominal pain, belching, dysphagia to liquids and
solids, bloating, nausea, chest pain. odynophagia, globus) and 11
extraesophageal symptoms (coughing, hoarsencss, wheezing, laryngi-
tis, aspiration, choking, dyspnea, sore throat, asthma, bronchitis,
pneumonia).

Study groups

Asymptomatic subjects

Volunteers were recruited using the Web advertising site for University
of Washinglon research recruitment. The control group consisted of 10
volunteers who, when questioned, answered "0 for each of the 22
symptoms on the queslionnaire. This portion of the study was ap-
proved separately hy the University of Washington’s Human Subjecls
review board (HSD-02-4684-D02).

GERD (nonobese) group (GERD)

The study enrolled 22 consecutive nonobesc patients (body mass index
[BMI] Icss than 35) referred to our esophageal function laboralory with
symptomatic GERD under evaluation for an antireflux operation. We
excluded patients with potential anatomic esophageal obstructions:
peptic strictures, previous antireflux operations, or paraesophageal
hernias. All these patients had abnormal distal esophageal (5 cm above
the lower esophageal sphincter [LES]) acid cxposure on 24-h pH
monitoring (> 4%).

Morbidly obese patients with GERD (MO-GERD)

The study enrolled 22 consecutive morbidly obcse patients with
symptomatic GERD under evaluation for bariatric surgery at the
University of Washington and referred 10 our esophageal function
laboratory for esophageal molilil; and acid exposure evaluation. All
these patients had a BMI (kg/cm?) grealer than 35. We excluded pa-
tients with potential anatomic esophageal obstructions: peptic stric-
tures, previous antireflux operations, or paraesophageal hernias. All
the patients had abnormal dislal esophageal (5 cm above 1he LES) acid
exposure on 24-h pH monitoring (> 4%).

Esophageal function testing

A specially designed solid state catheter with five manometric sensors
and four pairs of impedance sensors separated by S-cm intcrvals was
used to assess esophageal pressures and impedance with the patient in
the supine position (Sandhill Scientific Inc, Highlands Ranch, CO,
USA). The LES was examined with the distal circumferential mano-
metric sensor. A station pull-through measurement of the LES pres-
sure (LESP) determined the length and proximal position of the
sphincter. The catheter then was placed with impedance and
manometry sensors 5, 10, 15, and 20 cm above the LES. The esoph-
ageal body was assessed over 10 episodes of deglutition with 5-ml
aliquols of water, followed by 10 additional swallows of viscous
material (Sandhill Scientific Inc).

Impedance definitions

A pair of impedance sensors detected the presence and exit of the bolus
in a small segment of the esophagus at each of four levels. A bolus was
considered to have entered a pair of impedance sensors when 1he
esophageal impedance (in ohms) dropped 50% from its baseline. Exit
of the bolus occurred if and when the impedance rose above this 50%
drop. Data were analyzed using BioVicw analysis software (Sandhill
Scientific Inc), and each 1racing was personally reviewed by thc
invesligators. For each swallow, complete (effectivc) bolus transit had
occurred when the holus enlered the first pair of sensors and exited the
second, third, and fourth pairs of sensors. The study was considered
abnormal if complete bolus transit (CBT) occurred less than 80% of
the time. Bolus 1ransit time is the timc in seconds from the entrance of
the bolus in the proximal most channel (channel 1) to its exit in the
distal most channel (channel 4). These definitions are accepted on the
basis of multi-institutional trials [17].

Manometry definitions

Ineffective esophageal molility was defined to mean that more than
30% of swallows were either nonperistaltic or had disial esophageal
amplitudes less than 30 mmHg. Nutcracker csophagus was defined as
peristaltic contractions with average distal esophageal amplitudes
exceeding 180 mmHg.

This study was approved by thc University of Washington's Hu-
man Subject’s Division review board (HSD- #02-2447-D 03).

Results

Symptoms

The GERD and MO-GERD groups reported similar
symptoms. Heartburn was present daily for all patients.
There was no difference in the median severity scores
between the GERD (8, range, 5-10) and MO-GERD (8;
range, 6-10) groups. At prescntation, 8 GERD patients
and 7 MO-GERD patients demonstrated dysphagia.
The mean frequency and severity scores are shown in
Table 1.



Table 1. Presenting symptom lrequency and severity
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Heartburn Hcartburn Regurgitation Regurgitation Dysphagia Dysphagia
frequency” severity® frequency” severily” frequency” seventy
Asymptomatic 0 0 0 0 0 U
GERD 34 7.6 2.2 5.6 22 4.8
MO-GERD 38 8 3.6 8.6 2.0 2.0

GERD, gastroesophageal retlux discase; MO-GERD, morbidly obese patients with GERD
! Frequency: 0 (never), 1 (once a month)., 2 (once a week), 3 (once a day). 4 (severul times per day)

® Severity: 0 {never). 10 (worse)

Table 2. 24-h pH monitoring

DeMcester Distal acid Distal acid exposure Distal acid Exposure Proximal acid
score exposure” supine %" upright %" exposure %
Asymptomatic .76 819, 22 = 12 165, d 1S 0.9 + 1 0
GERD 64.5 £ 49 16 + 14 13 £ 13 16 £ 16 48 + 47
MO-GERD 468 + 339 13 £ 10¢ 13 + 8 11+ 11 6+ 7

Values expressed as mean + standard deviation
* Normal < 14.7

"5 ¢m above the LES

“ 15 ¢m above the LES

&S, Asymptomatic p < 0.01 vs GERD p
vs. Asymptomatic p = 0.011 vs GERD p

0.09
0.25

€

24-h pH monitoring

Aeid exposure was normal for all asymptomatie subjeets
and abnormal for all GERD and MO-GERD patients.
There was no statistical difference m esophageal aeid
exposure between the GERD and MO-GERD groups
(Table 2).

Manometry

The median LESP was 20.2 mmHg (range, 12-33.9
mmHg) in the asymptomatic group; 13.2 mmHg (range,
4.2-53.4 mmHg) for the GERD patients, and 16.7
mmHg (range, 043 mmHg) for the MO-GERD pa-
tients. All the asymptomatie subjeets had normal peri-
stalsis. Five patients in the GERD group had abnormal
manometry: two had ineffeetive esophageal motility,
two had nuteraeker esophagus, and one had a hyper-
tensive LES (>S50 mmHg). Five patients in the MO-
GERD group had abnormal manometry: two had
ineffective esophageal motility, two had nuteracker
esophagus, and one had diffuse esophageal spasm (Ta-
ble 3).

Impedance data

The asymptomatic subjeets had CBT for 98% of
swallows. The GERD patients had CBT for 88% of
swallows. Effective CBT was experienced by 66% of the
MO-GERD patients, a rate significantly lower than that
observed for the asymptomatie subjects (p < 0.01) or
the GERD patients (p = 0.01) (Table 4).

We then analyzed eaeh patient aceording to whether
he or she could be eonsidered to have normal bolus
transit, defined as CBT for at least 80% of swallows. By
this enteria, 9 GERD (41%) and 13 MO-GERD (59%)

Table 3. Manometry results

LES pressure Distal esophageal

(mmHg) amplitude (mmHg) Normal®
Asymptomatic 202 £ 7 70.7 £ 189 100%
GERD 132 + 10 749 +£494 82%
MO-GERD 16.7 + 11° 91.9 + 46° 82%

Values expressed as mean = standard deviation
1 G of patients with normal peristalsis

® vs. asymptomatic p = 0.45 vs GERD p
© vs. asymptomatic p = 0.08 vs GERD p

0.88
= 0.26

Table 4. Impedance results

CBT (%) Bolus transit time (s)
Asymptomalic 98 70 £ 1.4
GERD 88 6.75 + 1
MO-GERD 66" 6.87 + 1.8°

CBT. complete bolus transit; GERD, gastroesophageal reflux disease:
MO-GERD. morbidly obese patients with GERD

* vs. Asymplomatic p<0.01 vs GERD p = 0.01

®ys. Asymptomatic p = 0.85 vs GERD p=0.47

patients had abnormal impedance (< 80% CBT). All the
patients that showed ineffeetive esophageal motility on
manometry had abnormal impedance results. There
were 7 GERD and 8 MO-GERD patients with abnor-
mal impedanee despite normal manometry (Table 5).

For the swallows with CBT, there was no significant
differenee 1n bolus transit time (from ehannel 1 to 4) for
the three groups: asymptomatie subjeets, 7.0 s; GERD.
6.75 s MO- GERD. 6.87 s.

—
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Table 5. Patient motility results: impedance (MII) vs manometry

GERD MO-GERD
Manometry Manometry
Normal Abnormal Normal Abnormal
MII Normal 10 3 MII Normal 9 0
2 nutcracker
[ hypertensive LES
Abnormal 7 2 Abnormal 8 S
2 IEM 2 IEM

2 nutcracker
| esophageal spasm

GERD, gastroesophageal reflux disease; MO-GERD, morbidly obese patients with GERD; LES, lower esophageal sphincter; IEM, ineffective

esophageal motility

Correlation between dysplagia and motility

To determine the relationship between dysphagia and
esophageal motility in patients without an anatomic
restriction, we analyzed the relationship between dys-
phagia and manometry/impedance. At presentation,
8 GERD patients and 7 MO-GERD patients demon-
strated dysphagia. There was no correlation between
dysphagia and the presence of abnormal esophageal
motility in either group. Among the 8 GERD patients
with dysphagia, 3 (38%) had abnormal manometry and
3 (38%) had abnormal impedance, whereas among the
14 patients without dysphagia, 2 (14%) had abnormal
manometry and 8 (57%) had abnormal impedance.

Among the 7 MO-GERD patients with dysphagia, |
(17%) had abnormal manometry and 4 (57%) had
abnormal impedance, whereas among the 15 patients
without dysphagia, 4 (27%) had abnormal manometry
and 9 (60%) had abnormal impedance.

Discussion

This study confirmed previous reports [11] that patients
with  GERD have a relatively high prevalence of
abnormal motor function, as defined by manometry.
Using a new technique (impedance), we showed that for
patients with GERD, these abnormalities (and others
not detected with traditional manometry) lead to sub-
stantial impairments in esophageal clearance. In fact,
impedance demonstrated that 41% of patients with
GERD had defective bolus transit through the esopha-
gus, and 1n that sense, impedance proved to be a more
sensitive test than manometry. Finally, we were able to
show, for the first time, that the defective motor func-
tion seen in patients with GERD is significantly worse
when GERD is associated with morbid obesity.

Dysmotilty and GERD
The association between GERD and motility disorders

is well described, because both ineffective esophageal
motility [11] and hypermotility disorders [1] have been

detailed. Indeed, in this investigation, we found both
types of disorders in our patients with GERD. The role
that this abnormal motor function plays in the patho-
genesis of reflux disease still is unclear. On the other
hand, considering that most antireflux operations in-
crease the resistance to flow through the gastroesopha-
geal junction, the test has been recommended bccause it
identifies, albeit indirectly, patients in whom dysphagia
may develop postoperatively. Several studies have
shown, however, that abnormal motility, as documented
by manometry, does not predict the development of
dysphagia after Nissen fundoplication [2, 5]. One reason
may be that manometry, by measuring only the char-
acter and strength of peristalsis, may not adequately
define the sufficiency of esophageal motility.

In the search for a more reliable tool to assess
esophageal function, esophageal impedance was devel-
oped and recently been validated [17]. Impedance 1s thc
measurement of electrical resistance. By attaching pairs
of electrical sensors to a manometry catheter, impedance
can detect the presence of gas, liquid, or mixed sub-
stances in the esophageal lumen. When these sensors are
placed sequentially on a catheter that spans the esoph-
agus, impedance can measure the clearance of a swal-
lowed bolus through the esophagus and estimate the
effectiveness of the esophagus to clear in a more direct
fashion than manometry. Moreover, it can be combined
with manometric sensors on the same catheter, provid-
ing a more comprehensive assessment of esophageal
function.

We were pleasantly surprised to find that whereas
manometry identified motility abnormalities in
approximately one-fourth of GERD patients, imped-
ance found that all these, as well as some additional
patients in whom manometry results appeared normal,
had defective bolus clearance. The fact that none of
our asymptomatic subjects had any abnormalities de-
tected in the transit or clearance of the bolus strongly
suggests that the abnormalities we found are real. The
ultimate significance of this relatively high prevalence
of defective clearance in the pathogenesis of dysphagia
or GERD as well as its potential impact on patients
who undergo operations at the cardia remains to be
determined.



Dysmotility and Obesiry

A major finding of this study was that morbid obesity is
an mdependent risk factor of impaired esophageal
function for patients with GERD. The assoctation of
obestty and esophageal dysmotility has been deseribed
previously using manometry [9, 10. 12]. Our study
confirmed the existence of manometric abnormalitics in
about 25% of patients with MO-GERD. Howcver, un-
quc to our study 1s the finding that morc than half of
these patients present with substantial abnormalitics in
the transit of a bolus through the esophagus, and that
this abnormality 1s significantly worse in morbidly obese
than in nonobese GERD patients. Whether GERD s
aggravated by the morbid discase state, resulting in a
greater incidence of esophageal motor dysfunetion, or
whether obesity has an independent impaet on esopha-
geal funetion is unelear. However, given the inerease in
obesity and the inereasc in gastric restrictive procedures,
which increase resistance to flow through the gastro-
esophageal junction. it appears that this should be the
focus of greater attention.

Currently. esophageal motility testing 1s not rou-
tincly performed before bartatnie operations. This is
surprising beeause motility testing i1s routinely recom-
mended before antireflux surgery, and most bariatric
operations impose an increased resistance to flow at
least to the same extent as antireflux surgery. Although
this restriction is mmportant to the desired outcome of
bariatric procedures (i.c.. restriction of food intake), in
some patients there can be a pathologic degree of im-
paired clearanee. This is especially true for purely
restrictive procedures such as the LapBand (BioEnter-
ics/ Inamed Corp., Santa Barbara, CA, USA) technique.
Esophageal dilation and even pseudoachalasia after
these proeedures have been described [3]. The results of
our study suggest that impaired csophageal clearance
may. at least to some degree. play a role in the devel-
opmeat of these complications. In fact, our data suggest
that because the incidence of dysmotility is so high in
these patients (nearly 60%), there may be a place for
measuring esophageal funetion before bartatrie surgery:
at least for patients with GERD.

Conclusion

Complete esophageal motility testing with manometry
and impedance shows a high incidenee of esophageal
motility abnormalities in patients with GERD. Many of
the abnormalities are identified by impedance only.
These motility impairments are even more severe in
morbidly obese patients with GERD. Although more
investigation is needed. these data suggest that patients
with GERD, espeeially the obese, may be at risk for
clinically significant impatrments in esophageal clear-
ance after restrictive operations of the cardia.
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Abstraet

Background: The McGill Inammate System for Train-
ing and Evaluation of Laparoscopic Skills (MISTELS)
is a series of five tasks with an objective scoring system.
The purpose of this study was to estimate the interrater
and test-retest reliability of the MISTELS metrics and
to assess their internal consistency.

Methods: To determine interrater reliability, two trained
observers scored 10 subjects, either live or on tape. Test—
retest reliability was assessed by having 12 subjects
perform two tests, the second immediately following the
first. Interrater and test-retest reliability were assessed
using intraclass correlation coefficients. Internal consis-
tency between tasks was estimated using Cronbach’s
alpha.

Results: The interrater and test-retcst reliabilities for the
total scores were both excellent at 0.998 [95% confidence
interval (CI), 0.985-1.00] and 0.892 (95% Cl, 0.665
0.968), respectively. Cronbach’s alpha for the first
assessment of the test-retest was 0.86.

Conclusions: The MISTELS metrics have excellent reli-
ability, which exceeds the threshold level of 0.8 required
for high-stakes evaluations. These findings support the
use of MISTELS for evaluation in many different set-
tings, including residency training programs.

Key words: Laparoscopic training Simulation -
Education — Evaluation — Reliability
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The current method of evaluating technical skill in sur-
gical trainees is a subjective assessment performed by
practicing surgeons. This is relied on during the licensing
process and in the selection of medical students for entry
into surgical residency programs. Acquisition of skill has
traditionally taken place almost exclusively in the oper-
ating room, where resources are limited. Recently, the
widespread acceptance of minimally invasive techniques
has required the development of new and complex
technical skills. Important skills required in the practice
of laparoscopic surgery, such as hand-eye coordination
and three-dimensional visual spatial perception while
viewing through a monocular viewing system, are easily
reproduced in an inanimate system. In addition, inani-
mate systems allow practice with the sume instruments
used in the operating room but in a more relaxed setting
without the time constraints present in the operating
room. Various inanimate and virtual reality systems
have becn designed to facilitatc improvement of lapa-
roscopic techniques as well as evaluation of skill in
trainees and surgeons [10-12]. We have previously de-
scribed the McGill Inanimate System for Training and
Evaluation of Laparoscopic Skills (MISTELS) program
[4, B]. 1t consists of a series of standardized tasks per-
formed in a trainer box using a laparoscopic optical
system and scored for speed and precision.

For an instrument of measure to become a useful
tool in the selection and monitoring of trainees, it must
show reproducibility of results when assessed by differ-
ent testers (interrater reliability) and consistency of
performance when the same trainec is evaluated on
different occasions in similar conditions (test retest
reliability). It is also useful to havc information about
the internal consistency of a test in order to ensure that
all of thc components are measuring the same thing.
The aim of the current study is to provide evidence for
interrater and test-retest reliability and internal consis-



teacy of thc MISTELS system. This would allow use of
MISTELS tn multiple wnstitutions and for assessment of
& tratnee’s progress over time.

Materials and methods

Subjects

Twelve volunteers from McGill University, including medical students,
surgical residents. and attending surgeons, were tested. Each participant
was required to view an instructional vidco dcmonstrating proper
performance of cach of the five tasks prior to being examined. Each
participant performed the cntire series of tasks twice on the same day.
lor interrater reliahility, 10 subjects were scored by one of two
ohservers during the live performance and vidcotaped. The second
blinded ohserver then scored the performances on vidcotape using the
same materials as the first observer. The materials were kept intact
during the first measurement so as not to hias the second rater. For test
retest reliability, subjects were chosen on the hasis that their perfor-
mancc had reached a plateau after prior practice, and each had achieved
a total score of more than 230 when tested. Each of these volunteers was
asked to perform the five MISTELS tasks twice on the same day.
Twelve pairs of scores were used to asscss test-retest reliability.

MISTELS

The MISTELS system has been previously described in detail {7].
Briefly, the simulator consists of a laparoscopic trainer box with two
12-mm trocars placed at convenient and standard working angles on
either side of a zero-degree laparoscope. A large plastic clip and two
alligator clips were used to suspend materials in standardized positions
for the exercises. The laparoscope and camera (Storz endoskope;
telecam) were mounted on a stand at a fixed focal length, thus allowing
the examinee to work independently. The optical system consists of the
laparoscope, camera. light source, and video monitor (19 in. Sony
Trinitron). The vidco monitor was placed in line with the operator.
Some suhjects were tested with a gooseneck camera attached directly
to a 21-in. television monitor or to a video-digitizing card inscrted into
the PCMCIA slot of a laptop computer allowing the image to be
displayed on the screen.

Performance of cuch task is graded objectively, taking into ae-
count hoth precision and speed. The score for an indwidual task is
calculated hy subtracting the time required (seconds) from a preset
cutoff time. A penalty score for inaccuracy is also deducted according
to a predetermined system.

Tasks

Task |: peg transfer

Using two graspers, the operator is required to lift each of six pegs
from one hoard. transfer it to the other grasper, and then place it on
the second board. The procedure is then reversed. Cutoff time is 300
sec.

Task 2: pattcrn cutting

The participant 1s required to cut a 4 em predrawn circular pattern out
of a 10 x 10 cm picee of douhle-ply suspended gauze. Cutoff time is 300
sec.

Task 3: placement of ligating loop (Endoloop)

A pretied slip knot (Surgitie, US Surgical Corporation, Norwalk, CT,
USA) is placed on a circumferential line marked on a tuhular foum
appendage. Cutoff time is 180 sec.
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Table 1. Internal consistency and  test retest

MISTELS program (n = 12)

reliability  of  the

Test Retest

Task Mean SD Mean SD 1CC
1. Peg transfer 82.6 16.5 84.1 15.6 0.591
2. Pattern cutting 60.1 18.9 66.7 20.5 0.657
3. Endoloop 70.0 241 85.4 17.4 0.374
4. EC knot 78.4 49 80.2 4.7 0.806
5. 1C knot 69.6 37 70.6 RIN| 0.577

Total score 366.9 105.6 387.7 89.7 0.892

Cronbach’s alpha 0.86 0.77

EC, extracorporeal; 1C. itracorporcal; 1CC, intraclass correlation
cocthicient

Task 4: extracorporeal knot

A simple suture 120 cm in length is placed through two premarked
points in a longitudinally slit Penrose drain. The suture is then tied
with an extracorporeal technique using a knot pusher. The cutoft time
is 420 sec.

Task 5: intracorporeal knot

This is similar to the previous task, cxcept that the suture is 12 cm and
an intracorporeal knot is uscd. The cutoff time is 600 sec.

Normalization

The score for each task was normalized by dividing the score obtained
by a predetermined standard value that was derived from the maxi-
mum score achieved by a chief resident for that task (task 1 = 237,
task 2 = 280, task 3 = 142, task 4 = 297, and task 5 = 520) and
then multiplying by 100.

Statistical analysis

Internal consistency of the MISTELS system was estimated using
Cronhach’s alpha [3]. Cronhach’s alpha was calculated for cach of the
four data sets corrcsponding to interrater (n = 10, rater | and rater 2)
and test-retest (1 = 12, test 1 and test 2). In addition, the impact of
deleting each of the five MISTELS tasks on C