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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 Cronhach’s alpha was
tested on thc first test of the test retest data sct using SAS PROC
CORR (SAS for Windows. SAS Institute. Cary, NC. USA).

Intraclass correlation coeflicients (ICCs) were uscd to asscss in-
terrater and test-retest reliability of the MISTELS metrics. 1CCs were
calculated for each of the five tasks scparately. as well as for the total
score. Each ICC was performed using variance components from a
two-way random effect model derived from SAS PROC GLM (SAS
for Windows, SAS Institute). I'or interrater rcliahility, this model as-
sumes that the raters are randomly selected from a larger population,
and that cach ohserver scores cach participant. IFor test-rctest reli-
ability, it assumes that the two occasions of measurement represent a
random sample of all measurcment occasions. and that cach partici-
pant 1s assessed at each occasion. Wc calculated 95% confidence
intervals (Cls) according to Shrout and Fleiss [13] for each of the 1CCs
for the total scores.

Results

Cronbach’s alpha for the first assessment of the test
retest was of 0.86 (Table 1), which suggests that the
internal consistency of MISTELS s satisfactory [2].
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Table 2. Corrclation of each task with the total score and impact of
dcleting cach of 1hem separately on Cronbach’s alpha—first test of 1he
test-retest data set (n = 12)

Deleted task Correlation with total Cronbach’s alpha

1. Peg transfer 0.81 0.83
2. Pattern cutting 0.73 0.84
3. Endoloop 0.74 0.82
4. EC knot 0.77 0.83
5. 1C knot 0.62 0.86

EC, extracorporeal; 1C, intracorporeal

Each task correlated highly with the total score (corre-
lations, 0.62-0.81; Table 2), and internal consistency
could not be improved with the elimination of any task
(Table 2). Cronbach’s alphas corresponding to interr-
ater and retest data sets were all lower than the one
obtaincd with the first assessment of the test-retest, but
all remained acceptable (alpha = 0.77-0.78; Tables |
and 3).

The ICCs for interrater reliability were all above 0.95
(Table 3), which indicates that more than 95% of the
variance in scores can be attributed to a “‘true” differ-
ence between participants. The ICCs for test-retest
reliability (Table 1) were all lower than those for in-
terrater reliability. However, the ICCs for the total
scores for interrater and test-retest were both excellent
at 0.998 (95% C1, 0.985-1.00) and 0.892 (95% CI, 0.665—
0.968), respectively. It should be noted that three of the
12 subjects who performed the test-retest obtained a
score of zero in one of the tests for task 4 (extracorpo-
real knot) or task 5 (intracorporeal knot). Accordingly,
the analysis was also performed excluding these thrce
subjects, with even higher reliability (task 4: ICC = 0.88
vs 0.81; Task 5: ICC = 0.96 vs 0.58).

Discussion

There is an increasingly recognized need for tools to
objectively measure technical skills. Various systems
have been devised [10-12], which consist of structured
tasks and objective grading systems. The MISTELS
system has been devised in a similar fashion, with the
intent to assist trainees in the acquisition of laparoscopic
skills and to provide an objective way to mcasure those
skills. For an instrumcnt of measure to be used effec-
tively, it must be shown to be valid and reliable [9].
Validity, as defined by the 1985 Standards for Edu-
cational and Psychological Testing, is “‘the appropri-
ateness, meaningfulness, and usefulness of the specific
inferences made from test scores™ [1]. For a scale to be
valid, it must measure what it intends to measure. There
are various types of validity, including face, content,
construct, and criterion validity [9]. Demonstrating
validity is a complex undertaking, usually requiring a
series of experiments. Prior to embarking on such an
endeavor, it is necessary to show that the test is mea-
suring something in a reproducible fashion. There is no
point to painstakingly proving a system to be valid only
to recognizc later that it is not reliable. Reliability refers

Tablc 3. Internal consistency and interrater rcliability of the
MISTELS program (n = 10)
Rater 1 Rater 2
Task Mean SD Mean SD 1CC
1. Peg transfer 81.3 14.9 80.8 15.3 0.991
2. Pattern cutling 59.7 22.2 58.8 215 0.984
3. Endoloop 67.3 26,0 64.8 27.7 0.985
4. EC knol 68.1 877 67.8 374 0.999
5. 1C knot 66.9 30.3 67.1 30.3 1.000
Total scorc 3433 97.8 3393 100.4 0.998
Cronbuch’s alpha 0577 0.78

EC, extracorporcal; IC, intracorporeal; 1CC, intraclass correlation
coethcicnt

to the consistency, stability, and precision of test scores
[14]. It is an indication of the extent to which measure-
ments of individuals 1 different circumstances or by
different observers yield similar results. The necessity to
establish evidence for reliability arises from measure-
ment error, which is a characteristic of all instruments of
measure.

Types of measurement error can be grouped into
three general categories: those associated with the ob-
server (different observers using different methods or the
same observer using different methods), the test (vari-
ability in the materials used for the test), and the subject
(different performances by the subject on diffcrent
occasions caused by fatigue, distraction, or othcr rea-
sons). In the MISTELS system, differences in scoring
technique between observers could occur in the mea-
surement of time and/or precision. Both of these pro-
cedures have been standardized, and littlc variation is
expected between observers. The ICC for interrater
reliability for the total score was 0.998 (95% CI, 0.985-
1.00), which confirms our expectation of low variability
among observers.

Measurement of test-retest reliability is less
straightforward because the MISTELS system is also
conceived as an instructional tool. We have previously
shown that practice in the simulator improves perfor-
mance in the simulator [5, 6, 8]. Specifically, we have
shown that scores increase significantly after a single
repetition, and that the improvement is significantly
greater in the less experienced group. To evaluate test
retest reliability, the subject must repeat the test, and the
results can be biased toward the null when a less expe-
rienced subject improves significantly. To counterbal-
ance this bias, we chose subjects who had attained a
minimum total score of 230. MISTELS was designed as
a coherent system for the training and evaluation of a set
of laparoscopic skills. There may be some individuals
who are better at certain tasks than others, but
the overall performance carries the most practical
significance. The cutoff criterion allowed us to include
Junior-level trainees, such as medical students and junior
residents. We believe that if any bias would result from
the inclusion of inexperienced subjects, it would bc in
the direction of low reliability due to the effect of
practice on performance. We found that despite this



inclusion. the test retest reliability for the total i1
excellent, with an ICC of 0.892 (95% ClI, 0.665-0.968).

Conclusion

The MISTELS metrics meet the standards of reliability
for high-stakes examinations. The data for interrater and
test-retest reliability support the use of the MISTELS
system in any institution seeking to improve and measure
technical skills in trainees and practieing surgeons.
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Abstract

Background: Clinical manifestations of hereditary
spherocytosis can be controlled by splenectomy. The use
of this procedure has becn restricted due to concerns
regarding exposure of patients to a lifelong risk of
overwhelming infections. Subtotal splenectomy, which
removes 85-90% of the enlarged spleen, is a logical
alternative. In the first cases performed by laparoscopy
we have chosen to preserve the upper pole. However,
this technique showed some disadvantages, especially
concerning the correct intraoperative evaluation of the
splenic remnant volume. Therefore, we developed a new
variant of the procedure by preserving the lower pole of
the spleen.

Methods: Based on the authors’ experience in laparos-
copy (176 laparoscopic splenectomies), 10 laparoscopic
subtotal splenectomies were performed in patients with
hereditary microspherocytosis, preserving either the
upper or the lower splenic pole.

Results: Patient age ranged between 5 and 35 years. The
mean volume of the remnant spleen was 41.4 cm®. There
were no complications, and no transfusions were nee-
ded. Follow-up for 1-30 months was available.
Conclusion: Subtotal splenectomy appears to control
hemolysis while maintaining splenic function. The lap-
aroscopic approach is safe and effective and should be
considered the procedurc of choice in hereditary mi-
crospherocytosis. Laparoscopic subtotal splenectomy
presents an advantage over open subtotal splenectomy.
resulting in decreased blood loss, shorter hospital stay,
no conversions, fewer operative and postoperative

The paper is based on material presented at the 13th International
Congress of the European Association for Endoscopic Surgery
(EAES), Venice, 2005
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complications, and excellent remission rates. On the
basis of our experience, the preservation of the lower
pole of the spleen seems to be a first-linc option for the
optimal cvaluation of the residual splenic mass.

Key words: Subtotal splenectomy — Partial splenec-
tomy — Subtotal laparoscopic splenectomy — Hered-
itary spherocytosis — Laparoscopic splenectomy

Hereditary spherocytosis (HS) is the most common
inherited hemolytic anemia in which a primary defi-
ciency in an erythrocyte membrane skcleton protein
leads to surface area loss. Erythrocytes with decreased
surface area and impaired deformability are trapped in
the splenic pulp and phagocytized [19]. The result is
chronic hemolysis and an increased propensity for
gallstone formation.

The clinical severity of HS varies from symptom-free
carrier to severe hemolysis. Patients with HS should be
graded by their severity of disease (bascline hemoglobin,
reticulocyte count, and jaundice level of activity). This
predicts the clinical course and the need for
splenectomy [4].

Splencctomy is very cffective in reducing hemolysis,
leading to a significant prolongation of the red cell life
span. The clinical manifestations and complications
(anemia and gallstones) are much reduced in severe HS
and abolished in milder cases, but at the price of an
increased risk of life-threatening sepsis, usually caused
by pneumococcal species. This risk is age related, being
highest in the youngest children and within the first
years after surgery.

Current guidelines recommend pre-splenectomy
vaccination against pneumococcus, haemophilus, and
meningococcus together with long-term (lifelong)



postoperative penicilhin prophylaxis. These measures do
not completely chminate the risk beeause of the sero-
types that are not represented in vaeeines, penieillin-
resistant pneumococeal strains, and issues relating to
lifelong eompliance. Reeent studics have raised addi-
tional eoncerns regarding tong-term complications after
splenectomy. sueh as atheroselerotie events and
pulmonary hypertension 2, 19].

Overwhelming postsplenectomy infections (OPSI)
are primartly caused by Sweptococens  pnemoniae,
Neisseriae meningitides, or Haemophilus influenzae. De-
spite appropriate antibioties and intensive therapeutie
intervention, the overall mortality in published studies
for established cases of OPSI varies from 50 to 70%. Of
those patients who die, > 50% die within the first 48 h of
hospital admission. In those patients who survive, other
sequelae include guangrene leading to amputations,
deafness assoctated with meningitis, or mastoid osteo-
myelitis  and  aortic insufficieney  seeondary to
endocarditis [5].

Open subtotal splencctomy has been proven to be a
therapeutic altertative in HS. In order to add the
advantages of mintmally invasive surgery, we began to
perform this procedure by laparoscopy. Based on the
authors® experience in laparoseopie surgery (176 lapa-
roscopie splenectomies) and after performing five open
subtotal spleneetomies with good hematologieal out-
comes, we performed laparoscopie subtotal splencctomy
in 10 patients. In open surgery. subtotal splenectomy
was performed preserving either the upper [11] or the
lower pole of the spleen (2, 16, 18]. In the first eases [22]
performed by laparoscopy, we chose to preserve the
upper pole. However, this technique showed some dis-
advantages, espeeially eoneerning the eorreet intraop-
crative evaluation of the splenic remnant volume.
Therefore, we developed a new variant of the procedure
by preserving the lower pole of the spleen.

Patients and methods

Patients

Between June 2002 and January 2005, {0 consecutive patients under-
went laparoscopic subtotal splenectomy. The patients were six children
(four girls and two boys: age range, 512 years; mean age. 7.5 years)
and four young adults (age range, 19 35 years). The patients’ char-
acteristics are detailed in Table . The body mass index ranged be-
tween 17 and 3t The diagnosis was based on clinical features (variable
degree of anemia, jaundice, and splenomegaly) and laboratory findings
(spherocyies. raised red cell hemoglobin concentration, and an increase
in reticulocytes). Spleen size und volume were determined using ul-
trasounds. Spleen volume ranged between 243 and 760 em® (mean. 429
cm’). When small accessory spleens were detected they were preserved.
The indication for surgery was severe anemia with recurrent need lor
transtusions, and surgery was performed alter clinical monitoring ol a
number of variables (the degree of anemia, the impact of chronic Ta-
tigue on life quahity. and the presence of gallstones). Afler discussions
with 1be parents or the patients and after explaining the potential
benefits and risks, subtotal laparoscopic splenectomy was performed.
The procedure was feasible in all patients, and at the tme of the
intervention none required linal total splenectomy. The mean duration
of Tollow-up for the 10 patients was 13.1 months (range, 1-30).
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Surgical technigne

The objective ol the surgical procedure was to remove approximately
85% of 1he splenic tissue while preserving either the upper or the lower
pole of the spleen. Based on the authors’ expenience and standard
approach in laparoscopic splenectomy, the upper pole ol the spleen
was preserved in the first seven procedures according to the recom-
mendations of Petroianu et al. [13]. In the last three cascs. the lower
pole of the spleen was preserved based on our experience in open
surgery (five open subtotal splencctomies). Under general anesthesia,
the patient was placed in the right lateral decubitus position. Four
trocars were used, two 12 mm ports (one lor the laparoscope and the
other for the hemostalic instruments) and itwo S mm ports for
retractors. Trocar position was similarly utilized with any laparoscopic
splenectomy. A 30° laparoscope was imserted into the abdominal cavity
and a limied diagnosiic laparoscopy was performed in order to detect
aceessory spleens (an accessory spleen was observed in one case and
was preserved).

Subtotal laparoscopic splenectomy preserving the upper
pole

Initiatly, the splenocolic and phrenosplenic ligaments were parhally
incised using a harmonic scalpel, and the branches of the gastroepi-
ploic vessels to the lower pole were divided (Fig. 1A). The splenic
hilum was carelully dissected. preserving the pancreatic tail intact. The
branches of the splenic artery and vein were divided using Ligasure
Atlas Sealer/Divider (Tyco Healthcare, Boulder, CO. USA). The last
one or two short gastnic vessels were preserved by observing the size ol
the future splenic remnant, which provided a clear line of demarcation
on the spleen surface. Standard monopolar clectrocaulery was used to
transect the spleen. ensuring that a S mm rim of devascutarized spienic
tissue remained in situ. Monopolar electrocautery was used in lavor of
the Ligasure or the harmonic shears in order 10 visualize splenic
remnant vascularization. After that, tbe Ligasure Atlas Sealer/Divider
provided excellent hemostatic control. A TachoComb (Nycomed
GmbH, Linz, Austria) was used to complete hacmostasis. The splenic
Iragment was placed in an endobag lor removal. The most lateral
12 mm port site was used to extract the morcellated ussuc, or the
specimen was extracted via a Pfannenstiel incision. Two drains were
placed at the end ol the procedure. The postoperative courses were
uneventlul, and all patients were discharged within 1 week alter
surgery.

Subtotal laparoscopic splenectomy preserving the lower
pole

This techmque is similar to that used in the open approach (Fig. 1B).
After dividing the branches of the splenic hilum and the short gastric
vessels using Ligasure Atlas Sealer Divider, a small fragment of the
lower pole was preserved. The vascularization was based on the
ascending branch of the left gastroepiploie artery. The advantage ol
this technique was better visuahization of the remnant size.

Results

The mean surgery time was 95 min. The mean operative
bleeding was <70 ml. No intraoperative or postoperative
blood transfusions were required. 1n six eases, the speci-
men was extraeted using an endobag after moreellation.
In these cases, weight of the speeimen was caleulated
using the following formula: intaet weight (g) = mor-
eellated weight (g) x 1.34 + 45 [23]. In four eases, the
specimen was extraeted via a Pfannenstiel ineision. The
mean weight of the reseeted speeimen was 600 g.
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Table 1. Demographic data of patients and values of hemoglobin and reticuloeytes before und after surgery

Hemoglobin value (g dl)

Patient  Age at Transfusions  Spleen volumetry before Reticulocyte value, Postsurgical
No. surgery (yr) before surgery after surgery (em*) Pre-splenectomy  Post-splenectomy  post-splencctomy (%)  follow-up (mo)
1 16 Yes 664/71 8.4 11 16.2 32

2 19 Yes 760/79 Al 11 12.7 31

3 5 Yes 336/35 8.6 10.7 18.5 20

4 35 Yes 603/80 8 10.2 11.3 19

S 7 Yes 307/21 75 9.4 8.7 13

6 5 Yes 37389, 8 10.6 6.3 13

7 8 Yes 317/29 8.9 11.8 19.6 12

8 12 Ycs 278/21 7.4 10.4 8.7 4

9 22 Yes 408,26 8.9 12.1 9.8 4

10 10 Yes 24320 7.6 9.5 6.3 B

Fig. 1. (A) Surgical technique used for laparoscopic subtotal splence-
tomy: the remnant upper pole of tbe spleen with its vascular supply (a
short gastric vessel). (B) Surgical technique used for laparoscopic
subtotal splenectomy: the remnant lower pole of the spleen with its
vascular supply (a pediclc arising from the left gastroepiploic vessels).

In all patients, the hemoglobin values were increased
and thc reticulocytc number was decreased following
subtotal splenectomy (Table 1), as a direct consequence
of an increase in the life span of red blood cells. During a
follow-up period that ranged from | to 30 months, none of
the patients required blood transfusions to maintain
adequate hemoglobin levels. In all paticnts, a Doppler
ultrasound performed after surgery showed the vascu-

larization of the splenic remnant. Comparison of the
spleen volumetry before and after surgery showed that the
splenic remnant rcpresented 15% of the initial volume of
the spleen. Following Stoehr et al. [18], we assessed the
phagocytic activity of the remnant spleen by scintigraphy
with 99-technetium, which showed radionuclide uptake in
the splenic area. Also, the percentage of pitted erythro-
cyteswas < 2%. Howell- Jolly bodies appeared transicntly
after surgery in six of 10 patients. Onc patient required
splenic remnant removal 11 months after the initial sur-
gery due to persistent mild hemolytic ancmia. In this case,
due to the adhesions of the splenic remnant. conversion to
open Surgery was necessary.

Discussion

Indications for surgical treatment

Splenectomy should be performed in children with se-
vere transfusion-dependent HS. The clinical manifesta-
tions of HS include anemia, chronic jaundice, and
cholelithiasis. Total splenectomy that abrogates hemo-
lysis 1s thc most attractive treatment option, but this
exposes the patient to a life-long risk of potentially le-
thal infections. Splenectomy leads to a significant pro-
longation of the red cell life span (although this is not
necessarily extended to a normal life span). By elimi-
nating the need for regular blood transfusions in severe
cases, this surgical procedure also climinates the asso-
ciated risks of blood-borne viral infections and iron
overload [20]. In addition, the impact on the patient’s
quality of life is significant, with a major improvement in
the patient’s physical and professional abilities aftcr
surgery.

Unfortunately, spleen removal leads to many incon-
veniences because the spleen represents approximately
25% of the lymphatic tissue and is the major repository of
mononuclear phagocytic cells. As a result, it performs an
efficient filtration function for the bloodstream [14]. OPSI
1s a well-defined clinical condition resulting from the
inability of the splenectomized host to combat infections
with encapsulated bacteria. Becausc of this lethal com-
plication. a number of alternatives to splenectomy have
been studicd, including autotransplantation of the re-
moved spleen and partial splenectomy [1, 6, 14]. Partial



splenectomy is preferable to splenic autotransplantation
because it is associated with higher antibody titcrs after
immunization. better pneumococcal splenic uptake, and
improved survival rates.

Subtotal splenectomy provides a potentially effective
alternative to total splencctomy in patients with HS. 1t is
likely that contact between antigens and lymphoid cells
as well as maturation of the pre-B cells can proceed in
the remnant spleen.

In the study by Bader-Meunier et al. [2], approxi-
mately 15% of the enlarged spleen was preserved in or-
der to decrease the sequestration of red blood cells as
much as possible while at the same time maintaining an
adequatc amount of remnant spleen to preserve its
phagoeytic function.

Key points in the surgical technigue

Open subtotal splenectomy has been suggested as a
feasible alternative for scvere forms of HS [2, 16, 18].
The potential benefits of this method werc first proposed
by a group of French surgeons, who published between
1993 and 2001 a study based on 40 cases. Since then, the
technique has been applied by others, and additional
studies have shown that this method provides good re-
sults [16]. 1t has also recently been hypothesized that a
more radical approach to open resection could perma-
nently decrcase recurrent hemolysis and at the same time
conserve a remnant spleen of 10 cm? [18]. Seshadri et al.
[17] performed a partial laparoscopic splenectomy for a
2 cm splenie c¢yst. In the eurrent study, after five open
subtotal splenectomies were performed with good
hematological outcomes. the potential benefits of the
laparoscopic approach were analyzed because laparo-
scopic splenectomy is currently considered the best ap-
prouach in patients without splenomegaly [22].

The development of partial splenectomy is based on
the knowledge of the splenic vascular pattern [13, 21].
This surgical approach is feasible because of the unique
anatomical features of this organ, which is divided into a
variable number of almost independent vascular terri-
tories. Splenic vessels, including branches of the main
splenic pedicle. short gastric vessels, and left gastroepi-
ploic vessels, are divided outside the spleen before
entering the splenic hilum as terminal vessels. There arc
three types of anastomoses between the individual
branches of the splenic artery: hilar. intraparenchyma-
tous, and subcapsular [3. 7, 8]. The intraparenchymatous
anastomoscs do not maintain the viability of the exter-
nally devascularized regions of the spleen, a fact that
makcs it possible to obtam a safe hemostasis of the
splenic remnant. Subtotal splenectomy can be performed
after primary ligation of the main pedicle of the splenic
artery and vein, preserving either a short gastric artcry
[10] or a branch of the left gastroepiploic artery [20].

In order to cstablish the best therapeutic option, it 1s
essential to dctermine the amount of splenic parcn-
chyma that needs to be removed to effectively reduce red
blood ¢ell destruction. In addition, it is important to
evaluate the minimal amount of residual parenchyma
necessary for maintaining adequate phagocytic function
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[2, 19, 20]. Previous studies have shown that this goal
can be achieved by preserving approximately 15% of the
enlarged spleen. This is the key point of the surgical
procedure.

In the current study, the technique described by
Tchernia et al. [2, 19, 20] was uscd during open surgery
to preserve the ascending branch of the left gastroepi-
ploic artery. This solution was initially difhicult to apply
in the laparoscopic approach bccause in this case the
procedure is conducted after manipulation of the lower
splenic pole. As a result, Petroianu’s technique was ini-
tially used as a part of the laparoscopic approach. This
technique has been uscd successfully in a large numbcr
of operations to preserve the splenogastric vessels, which
arc considered to be enough for thc upper splenic pole
[9. 11, 12, 15]).

In the current study, the lower splenic pole was
preserved in the last three patients with good results. In
the first procedures, according to the recommendation
of Bader-Meunier et al. [2], approximately 15% of thc
enlarged spleen was preserved, a target that was more
difficult to achieve using the laparoscopic approach than
with open surgery. In the first procedures the main dif-
ficulty was to approximate 15% of the cnlarged splcen.
The evaluation of the splenic remnant volume was quite
difficult in the cases with preservation of the upper pole
of the spleen. Therefore. in the lust cases we chosc to
preserve the lower pole of the spleen. This technique
allowed us a better mobilization of the splenic remnant
and a more accurate evaluation of the volume. The
length of the remnant ranged between 3.5 and 6 cm,
depending on the initial size of the splecn, and was
measured using a 10-cm flexible band. Based on the 10
cases in this study and reccnt publications [I8], 1t ap-
pears that a smaller remnant spleen (a remnant volume
between 5 and 10%) is sufficient to preserve the splenic
immune and phagocytic functions. Laparoscopic sub-
total splenectomy combines the advantages of minimally
invasive surgery with the maintenance of phagocytic
function of the splenic remnant.

Hematologic results

The hemoglobin values increased and the reticulocyte
count decreuascd in the first several days after surgery.
This was the result of increased bone marrow produc-
tion, evidenced by 20% reticulocytes.

Studies published between 1993 and 2001 [2, 19, 20]
based on 40 cases that were followed for 14 years after
surgery showed that the mean increase in hemoglobin
value after partial splenectomy was 3 g/dl, whereas the
decreasc in the number of reticulocytes averaged
approximately 300 x 10°/L [2]. This occurred as a direct
rcsult of an inereasc in the red blood cell life span, with
an average increase of 6.5 + | days—a result far from
normal.

Long-term postsurgical follow-up results show that
beneficial clinical effcets are sustainced over a long period.
However, in one study, onc patient experienccd compli-
cations that led to a secondary total splenectomy [2]. A
male patient who underwent surgery at the age of 5 years
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and maintained « hemolytic state after surgery required a
secondary splenectomy (clinical symptoms included
recurrence of jaundice, chronic fatigue, and mild ane-
mia). Laparoscopie surgery was attempted, but it was
necessary to convert to open surgery due to phrenosp-
lenic adhesions. Other complications that also require
secondary splenectomy include bleeding and torsion of
vascular pedicles.

Several studies found that secondary splenectomy was
required in 10% of patients at 5 years and in 33% at 10
years[2, 20]. The size of thc remnant spleen incrcased in all
cases. The growth was assessed by ultrasound and CT
scan. Significant regrowth of the splenic remnant was
noted during the first year after surgery, sometimes four
and a half times its postoperative sizc [18], which did not
correlate with the measured hemoglobin values or retic-
ulocyte counts [2]. Although the current study 1s based on
a small scries of patients and the follow-up is short, our
aim was to present a new approach in patients with HS. Of
course, long-term results are needed in order to prove that
thc effects are sustained over a long period.

The outcomc of patients with HS with total sple-
nectomy was compared to that of patients with subtotal
splenectomy [20] performed by open surgery. The results
showed that subtotal splenectomy appears to be the
first-line treatment option for patients with HS [2].
Regarding the phagocytic activity of the remnant, the
percentage of pitted cells after partial splenectomy was
similar to that seen in normal individuals, whereas after
total splenectomy their numbers were markedly in-
creased [20].

Conclusions

Subtotal splencctomy has been shown to provide a
persistent deerease in hemolytie rate while preserving the
intcgnty of splenie phagoeytic funetion. Subtotal sple-
ncctomy should be econsidered preferable in two situa-
tions. First, in children younger than 5 years of age who
need regular transfusions. subtotal splencetomy de-
ereases the risk of both severe sepsis and transfusion-
related viral infections. Second, subtotal splenectomy
should be considcred for cases in which mild or mod-
crate anemia is present and the patient has chronie
discomfort, significant splenic enlargement, or biliary
lithiasis but does not require transfusions or requires
them only sporadically. Laparoscopic subtotal splcnec-
tomy presents an advantage over open subtotal sple-
nectomy, resulting in decreased blood loss, shorter
hospital stay, no econversions, fewer operative and
postoperative complications, and excellent remission
ratcs. On the basis of our experience, the preservation of
the lower pole of the spleen seems to be a first-line op-
tion for the optimal evaluation of the residual splenic
mass. The laparosecopic approach is safe and effective,
with encouraging short-term results, but a much longer
follow-up (up to 20 years) is needed to be certain that
the beneficial effects will be sustained.
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Abstract

Background: Laparoscopic surgery has continucd to gain
popularity in almost all fields of abdominal surgery, and
robotic systems have been introduced in general surgery.
Naviot 1s a new remote-controlled laparoscope manip-
ulator system controlled by the operator’s hand. This
study assessed its introduction into clinical practicce.
Methods: A group of 10 consccutive patients with cho-
lelithiasis underwent laparoscopie cholecystectomy as-
sisted by the Naviot system (Naviot group). Another
group of 41 patients who underwent laparoscopic cho-
lecystectomy with a conventional human eamera holder
(human camera group) were selected for a comparison of
their operative results with those of the Naviot group.
Results: The operative time of 89.3 + 27.1 mm for the
Naviot group was significantly longer than that of
74.8 £ 28.1 min for the human camera group (p <
0.05). However, when the sctup time for the Naviot
system was excluded, the operative time was not signifi-
cantly different from that for the human camera group.
Other operative results showed no significant difference
between the two groups.

Conclusion: The authors believe that the new Naviot
system 1s feasible for clinical use, and that it enuables
surgeons to perform solo gastrointestinal surgery.

Key words: Laparoscopic cholecystectomy
scopic manipulator Naviot
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Correspondence 10: K. Tanoue

Laparoscopie surgery has continued to gain popularity
in almost all fields of abdominal surgery. Laparoscopic
choleeystectomy currently is the main standard treat-
ment for patients with cholelithiasis and polyp of the
gallbladder.

In conventional laparoscopic surgery. a human
assistant controls the laparoscopic image by directing
the laparoscope on the operative field as instructed by
the surgeon. The task requires ongoing active commu-
nication between the surgeon uand the assistant, and
confusion or physieal space conflicts may arise. Because
the surgeon must focus on directing the assistant, he or
shc is distraeted from performing the operation. Human
camera images may be suboptimal due to lack of control
beeause of tremor. off-eenter drift, or loss of horizontal
orientation. Therefore, frequent correction 1s required.
Also, inadvertent contact with tissue may result in the
need to elean the lens frequently. These problems tend to
diminish thc concentration of the surgeon and impede
the flow of the operation [5].

To alleviate such problems attributable to a human
camera assistant, robotic camera systems such as AE-
SOP (Computer Motion, Inc., Goleta, CA, USA) or
EndoAssist (Armstrong Healthcare Ltd.. Loudwater.,
United Kingdom) [I. 9] have been developed. Studies
eondueted to compare the differences between human
and robotic control of the laparoscope have shown the
robotic system to bc superior [1-3, 7].

We recently developed a new robotic laparoscope
manipulator that can follow a surgeon’s wishes without
obstructing his manipulation of the instruments [4, §].
Anticipating that the manipulator would enable us to
overcome such difficulties, we used it duning a laparo-
scopic cholecystectomy of patients with cholelithiasis.




754

Table 1. The operative data of thc Naviot and human camera groups

Naviot (n = 10) Human-camera (1 = 41) p value
Gender (M/F) 3/l 17/24 NS
Age (y.0) 61.1 + 148 569 + 12.6 NS
Operative time (min) 89.3 + 27.1 74.8 +£28.1 <0.05
Blood loss (g) 79 I RS 15.1 £+ 524 NS
Conversion to laparotomy 0 1 NS
Postopertive Hospital stay (day) Si7! E1. 1825 8l i 2.2 NS
Frequency of analgegia for pain 0.5+ 07 0.8 + 0.7 NS

Patients and methods

Patients

From October 2002 to March 2003 at Fukuoka City Hospital, 10
consecutive patients (3 men and 7 women with a mean age of
61.1 + 14.8 years) with cholelithiasis underwent laparoscopic chole-
cystectomy assisted by the new Naviot system (Hitachi Ltd., Tokyo,
Japan) (Naviot group) (Table 1). The details of the new system were
carefully explained to all the patients. and their informed consent was
obtained.

Another group of 41 patients who underwent laparoscopic cho-
lecystectomy with a conventional human camera holder at Fukuoka
City Hospital from May 2002 to October 2002 (human camera group)
were sclected for a comparison of their operative results with those of
the Naviot group.

The new system: NAVIOT

The Naviot system is a robotic laparoscope manipulator that consists
of a special laparoscope with an optical zoom, a flexible arm, an
actuator, 4 five-bar linkage mechanism, and a hand controller with two
buttons (Fig. 1). The flexible arm has thrce joints, and the actuator
contains a motor that enables the arm to move. A five-bar linkage
mechanism links the actuator and the arm. A specific laparoscope
(only about 15 cm long) and half of the conventional laparoscope (with
an optical zoom lens) are moved with the arm. The movement range is
45° in horizontal directions and 25° in vertical directions. The zoom
can provide 6.0 magnifications. A hand controller consisting of two
buttons (one for moving and the other for zooming) is attached to the
holding part of a laparoscopic forceps (Fig. 2A). By pressing these
buttons, the operator can control the zoom lens and move the lapa-
roscope in eight directions. This ncw system enables the operator to
move the operation field more quickly to the site he or she wants to see.
The mark of the moving direction and the zooming are superimposed
on the video image. Thus, the operator can always identify the
movemcnl of the laparoscope.

Operative procedure

All operations, including those using a conventional human camera
holder, were performed by one individual operator familiar with
endoscopic surgery and one or two assistants. The operations with
Naviot were performed as follows. First, the actuator and the five-bar
linkage mechanism were set up on the right side of the patient opposite
the operator so as not to prevent forceps movement by the operator.
The flexible arm was covered with a sterilized plastic bag, then con-
nccted to the five-bar linkage mechanism.

A skin incision about 12 mm long was made on the upper side of
the patient’s umbilicus. The laparoscope was inserted through a trocar
applied to the incision. Then the laparoscope was connected to the
flexible arm, and the arm was fixed. With the use of a 5 mm trocar in
the upper midline for the right hand of the operator and two 2 mm
trocars in the right upper quadrants for the left hands of the operator
and the assistant, the cholecystectomy was performed. The controller
of the Naviot was put on the 2 mm forceps close to the grip of the
operator’s left hand, and the operator controlled the direction or zoom
of the laparoscope by pushing the buttons with the left forefinger

Fig. 1. Outlook of the Naviot system.

(Fig. 2B). The trocars were inserted, and the surgical proccdurces, such
as clipping the cystic artery and duct and scparating the gallbludder
from the liver bed, were the same as in an operation with a conven-
tional human camera holder.

Clinical analysis

Each patient’s medical record was reviewed for the following infor-
mation: age; sex; datcs of admission, surgery, and discharge; surgical
procedure; operative timc; intraoperative blood loss; intraoperative
and postoperative complications; and postoperative clinical course.
The operative time was recorded in terms of minutes from incision to
closure. The patient’s postoperative physiologic state was evaluated as
the frequency of analgesia (pentazocine) used during the 48 h after
surgery, the duration of fever (> 38°C), the day liquid food was ini-
tiated, and the duration of the postoperative hospital stay.

During the operation, we measured the movement range of the
laparoscope (in both vertical and horizontal directions), thc movement
velocity, and the zoom magnification. We also measured the operating
time, which was divided into three phases: (A) the time from skin
incision to insertion of the laparoscope, (B) the time from insertion of
the laparoscope to fixation of the arm, and (C) the time from fixation
of the arm to the end of the operation.



Fig. 2. A The controller of Naviot. B The operator controlled the direction or zoom of the laparoscope by pushing the buttons with the left

forefinger.
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Fig. 3. The mean of the setup time and operative time for each patient
including (A) the time from skin incision to insertion of the lapuaro-
scope. (B) the time from insertion of 1he laparoscope to fixation of the
arm, and (C) the time from fixation of the arm to the end of the
operation.
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Statistical analysis

The Naviot group and the human camera holder group were compared
for significant differences in age, sex, intraoperative and postoperative
complications, length of hospitalization. operative time. intraoperative
blood loss. and postoperative physiologic state. Data are represented
as the mean + standard deviation. The Mann -Whitney U test was
used to calculuate statistical significance (p 0.05).

Results
Operative procedures

Between October 2002 and Mareh 2003, 10 patients
underwent laparosecopie choleeysteetomy with the
Naviot system at Fukuoka City Hospital. Each patient’s
mean setup and operative times for phases A, B, and C
are shown as Fig. 3.

At this writing, no major complications related to the
Naviot system have been encountered in any proeedures.
The patient in ease 5 with a severe history of eholeeystitis
had severe adhesion around the gallbladder. Because
sufficient vision, even with the highest zooming, could
not be obtained due to the long distanee between the

eamera and the gallbladder, we ehanged the camera of
the Naviot system to the human-held camera for safe
performanee of the operation. After this ease, we used
the new eamera of the Naviot system with improved
zooming. A eonversion lens was added to the eamera
between the zooming lens and the charged-coupled de-
vices (CCD), which enabled us to obtain a elear vision of
the objeet, whieh existed in the deeper place. In the first
four eases. the eontroller of the Naviot system, whieh
was lastened to the 2 mm foreeps with the elip elose to
the grip of the operator’s left hand, easily slipped down
during the operation. To remedy this problem, the eon-
troller was fixed at a comfortable position on the 2 mm
foreeps by driving sercws after case 4 (Fig. 3).

The operative time of 89.3 + 27.1 min in the Naviot
group was significantly longer for laparoscopic surgery
than the 74.8 = 28.1 min for the human eamera group
(p < 0.05). However, when the setup time (time ol B)
for the Naviot system was excluded, there was no
significant difference in opcrative time between the
Naviot group and the human eamera group. There also
was no significant differenee in estimated blood loss
between the Naviot group (7.1 £ 13.5 g) and the hu-
man camera group (15.1 £ 52.4 g).

Postoperative physiologic state

There were no stgnifieant differences in the frequency of
analgesia (pentazoeine 15 mg) administered for post-
operative abdominal pain during the 24 h after surgery,
the duration of postoperative fcver, the start of liquid
food. or the duration of postoperative hospital stay
between the two groups (Table 1).

Discussion

A new remote-eontrolled laparoseope manipulator sys-
tem (Naviot) was introdueed for 10 cases of laparo-
seopie eholeeystectomy. and all the proeedures were
performed safely and efficiently.
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The search to find an alternative to a human camera
holder for both economy and efliciency first led to the
development of mechanical manipulators such as
Omnitract, Bookwalter, Boonpong holder, and the like
[6]. With these manipulators, the operator must release
instruments and interrupt the procedure to make oper-
ating field adjustments. Robotic systems designed to
avoid this weakness have been introduced in general
surgery. A series of 20 patients undergoing laparoscopic
cholecystectomy using a self-guiding robot has been
reported by Omote et al. [7], who found no significant
difference in operating time between their series and
historical controls. Aiono et al. [1] reported that the
EndoAssist robotic camera holder performed effectively
and reduced operating time, as compared with a human
camera holder, during laparoscopic cholecystectomy.

With the Naviot system, the operator can move the
laparoscope in eight directions smoothly, and can obtain
a fine visual field to his or her satisfaction. The hand
control adopted as the man—-machine interface with this
system is superior to voice control in terms of intuitive
and delicate control of the laparoscope [4]. What is
more, the operator also can move the laparoscopic
forceps simultancously because the hand controller is
attached to the holding part of the forceps. Using this
system, we were able to perform the laparoscopic
cholecystectomy more efficiently.

A zoom lens control also can providc a fine view at
some distance from the target. Furthermore, a better
view of the surgical field was obtained after improve-
ment of the zooming function. The optical zoom with
the laparoscope also is very beneficial. The operator
does not need to insert the laparoscope deeply to see the
opcrative field. This means that there is less risk of
injuring the organs in the abdominal cavity. A wide
workspace also can be made in the abdominal cavity
because the laparoscopc is 15 ¢cm in the length, which is
half that of the conventional laparoscope. Because the
tip of this short laparoscope does not protrude from the
trocar in the pcritoneal cavity, accidental collision with
tissue can be avoided in the operation. Additionally, the
zoom lens used with the laparoscope is specially made
not to collect moisture. Becausc the operator does not
need to pull the laparoscope out to clean the lens so
often during the operation, time s saved.

We divided the total operation time into thrce pha-
ses: A, B, and C. Preparation of the system occurred in
phase B. Although the overall operative time for the
Naviot group was longer than for the human camera
group, the net operative time (overall operative time —
sctup time [B]) was not significantly longer. Further-
more, the setup time for the Naviot system could be
shorter with acquisition of more experiencc. Therc was
no significant difference in the postoperative physiologic
state (frequency of analgesia, duration of postoperative
fever, start of liquid food, and duration of postoperative
hospital stay) between the two groups. Accordingly, use

of the Naviot system for laparoscopic cholecystectomy
can be comparable with thc human-held camera.

In the first four cases, wc had some trouble with
insufficient zooming of the camera and frequent slipping
of the hand controller from the forceps. We resolved
these problems by adding a conversion lens between the
zooming lens and the CCD in the camera, and by fixing
the controller on the forceps with driving screws. After
these improvements, we could obtain a better surgical
view, and could be released from the irritation of
pushing the wrong buttons and of refixing the controller
on the forceps with interruption of surgery.

Conclusion

We managed 10 cases of laparoscopic cholecystectomy
using the Naviot, a remotc-controlled laparoscopic
manipulator system. Using the Naviot. we accomplished
all the procedures safely and efficiently. We believe this
new system is feasiblc for clinical use. It enables sur-
geons to perform “‘solo surgery” in the field of gastro-
intestinal surgery.
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Abstract

Background. The objective of this study was to evaluate
the feasibility and safety of modified needlescopie video-
assisted thoracic surgery (VATS) for treating primary
spontaneous pneumothorax. The efficacy between apical
pleurectomy and pleural abrasion through this tech-
nique was also compared.

Methods: Between 2001 and 2003, 65 patients with pri-
mary spontaneous pneumothorax underwent modified
needlescopic VATS procedures. The blebs were resected
with endoseopic linear staplers. Pleurodesis was achieved
by apical pleurcctomy before September 2002 (n = 30)
and by pleural abrasion for the remainder of the study
period (n 35).

Results: Mean operation time was 103 min in the pleur-
ectomy group and 78 min in the abrasion group
{(p = 0.001). Complications developed in four patients
{6.2%): prolonged air leaks in three patients and wound
infection in one patient. The mean postoperative hospital
stay was 3.8 £+ 1.8days. The two groups had comparable
doses of requested analgesics, complication rates, post-
operative chest tube and hospital stays, and postoperative
pulmonury function test. Ipsilateral reeurrence did not
occur in any of the pleurectomy group patients after a
mean follow-up of 31 months, but it occurred in three
patients (8.6%) in the abrasion group after a mean follow-
up of 19 months.

Conclusions: Moditied needlescopic VATS provides a
feasible and safe procedure for treating primary sponta-
neous pneumothorax. In tcrms of eflicaey, apieal pleur-
ectomy is more effective in preventing ipsilateral
recurrenee than pleural abrasion.

Correspondence 1o:1.-S. Chen

Key words: Needlescope Video-assisted  thoracic
surgery — Spontaneous pneumothorax — Pleurcctomy
Pleural abrasion

Optimal surgical management of primary spontaneous
pneumothorax has been a matter of debate, especially
regarding the type of surgical approach and the method
of pleurodesis [2, 8]. Reeent advances in video-assisted
thoraeic surgery (VATS) that combine bullectomy with
pleural abrasion or apical pleureetomy provide a feasi-
ble alternative for treatment of reeurrent primary
spontancous pneumothorax and have been chosen as
the preferred management by many physicians [11, 17].
However, after conventional VATS, postoperative chest
pain has not been completely alleviated [3, 13]. and
healing of the surgical wounds of conventional VATS
has not been cosmetieally excellent.

Needleseopic cquipment and instruments have been
applied to thoracic procedures. Initial reports suggested
that needleseopic VATS was feasible in treating primary
spontancous pneumothorax and resulted in better cos-
mesis and less postoperative pain [4, 9, 18]. However. the
number of patients in these studies is small, and the
long-term effeetiveness of this new technique remains
unknown. Because of the inferior vision of the needle-
scope and inadequate strength of the instruments,
pleurodcsis 1s usually not pcrformed or it is accom-
plished by pleural abrasion [4, 9, 18]. Therefore, the
recurrence rate of needleseopiec VATS could be higher
compared to that of eonventional VATS.

In previous studies, apical pleurectomy performed
by open thoracotomy or conventional VATS was shown
to be feasible and resulted in a very low ineidence of
reeurrence {1, 15]. However. apical pleurectomy has not
been performed using the needlescopiec VATS technique.



758

In this study, the technique and experience of mod-
tfied needlescopic VATS for the treatment of prumary
spontaneous pneumothorax are reported. Also, the
long-term effects and pulmonary functional results of
pleural abrasion and apical pleurectomy through this
minimally tnvasive approach are compared.

Materials and methods

From June 2001 to October 2003, consecutive patients undergoing a
modified needlescopic VATS proccdure for the treatment of sponta-
ncous pneumothorax were retrospectively identified through a review
of records at the Far Eastern Mcmorial Hospital, Taipei County,
Taiwan. The indications for operation included ipsilateral recurrence,
continuous air leaks for more than 72 h, and contralateral recurrence.
Paticnts older than 55 years of age or with preexisting pulmonary
discases were e¢xcluded from this study to avoid patients with sec-
ondary pneumothorax. In addition, patients who underwent a con-
ventional VATS technique or had previous VATS procedures on the
involved side were also cxcluded from the analyscs.

Operative techniques of modified needlescopic VATS

The operation techniques for modified needlescopic VATS have been
descrihed previously [4]. In brief, under general anesthesia using
intubation with a double-lumen endotracheal tube, patients wcre
placed in a latcral decubitus position and the ipsilateral lung was de-
flated. Two scts of independent videothoracoscopic equipment and
monitors (Karl Storz, Tuttlingen, Germany), one for necdlescopic
vidcothoracoscopy and the other for 10-mm videothoracoscopy, were
uscd simultaneously and placed near the patient’s head. The needle-
scopic procedurcs werc modified hy using the 10 mm videothoracos-
copy for most of the surgical steps. A needlescope was indicated only
when we nceded to use the chest tuhe wound to insert the endoscopic
stapler, to extract the specimen, or to perform apical pleurectomy or
pleural abrasion.

A 10-mm 30° telescope (Karl Storz) was first inserted through the
previous chest tube wound to examine the pleural cavity. If the chest
tuhc wound was not available, a 12 mm port was made at the sixth or
scventh intercostal space. Three small skin punctures were made, and
niini-ports were inserted for ncedlescopic instruments (3 mm instru-
ments, Olympus, Tokyo). The inferior mini-port for the needlescope
was located at the seventh or eighth intercostal space of the middle
axillary line, one intercostal space lower than the level of the chest tube
wound, to avoid a mirror image during surgical procedures. The two
supcrior mini-ports were located at the fourth and fifth intercostal

Fig. 1. Operative technique of apical pleurectomy
via modified needlescopic video-assisted thoracic
surgery. (A) Allocation of the skin incisions for
chest tube wound and mini-ports: a and b, 3-mm
superior mini-ports for mini-endograspers; ¢, 12-
mm chest tube wound for conventional or 10-mm
thoracoscopic instruments; and d, 3-mm inferior
mini-port for needlescope. (B) Under the vision of
the needlescope. a mini-endograsper was used to
lift the parietal pleura while it was hluntly stripped
off the inner chest wall by inserting the curved
dissector with a pledget through the chest tuhe
wound (R5, the fifth rib).

space of the anterior and posterior axillary lines, respectively. Initially,
the 10 mm telescope and two mini-cndograspers were uscd to identify
the blebs. When a bleb was identified, it was fixed by mini-endograsper
at one of the supcrior mini-ports. A 3 mm 30° nccdlescope was
introduced at the inferior mini-port to visualize the bleb. The 10-mm
telescopc was then withdrawn, and a 45 mm endoscopic linear stapler
was introduced to resect the bleb. If no air leakage was identificd,
apical stapling was routinely performed at the most suspicious arca.
The surgical specimen was retrieved from the chest tube wound. The 10
mm telescope was inserted again to check the stapling line. Electro-
cautery was used when bleeding from the stapling line was noted.

Apical pleurectomy or pleural abrasion was performed under the
vision of needlescope. Between June 2001 and September 2002, pleu-
rodesis was performed by apical pleurectomy. Between October 2002
and October 2003, pleural abrasion was performed bccausc of its
shorter operation time and easier operative technique. Informed con-
sent was obtained from each patient after thorough explanation of the
procedures.

For apical pleurectomy, a 3-mm 30° needlescope was introduced
through the inferior mini-port. The inferior border of the pleural strip
was marked by mini-endohook electrocautery at the upper margin of
the fifth or sixth rib, depending on the location of the blebs. The mini-
endograspers from the superior mini-ports were used to lift and stcady
the pleura while it was bluntly stripped off the inner chest wall by
inserting the curved dissector with a pledget through the chest tube
wound (Fig. 1). The dissection was madc in an apical direction. The
longitudinal limit of the resection ran along the sympathetic trunk
posteriorly and the internal mammary artery anteriorly to the height of
the left subclavian artery on the left side or the brachiocephalic trunk
on the right side.

Plcural abrasion was also performed under the vision of needle-
scope. The upper half of the parietal surface was abraded hy inserting
the curved dissector with a diathermy scratch pad through the chest
tube wound. We used the 10 mm videothoracoscope intermittently to
ascertain that the upper half of the pleural surface was thoroughly and
evenly rubbed.

After the operation, normal saline solution was instilled, and the
10-mm videothoracoscope was introduced to check for air leaks and
bleeding. A chest tube was placed in the apex through the chest tuhc
wound. The punctures sites of the 3 mm port were closed with a 4-0
nylon suture. The wounds were then secured with adhesive tape (Steri-
Strips). The surgical specimens were routinely sent for pathological
examination.

Postoperative care

The patients were extubated in the operating theater and obscrved for
1 or 2 h in the recovery room. The tuhe was connected to a low-
pressure suction system of approximately —10 to =20 cm H,O. Post-
operative analgesics included routine oral nonsteroid analgesics and
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‘Table 1. Clinical cbaractenstics of patients treated by needlescopic apical pleurectomy or pleural abrasion

Apical pleurectomy (n = 30)

Pleural abrasion (n = 35) p value

Age (vr)! 275 £ 11.0
Gender (male) 27 (90%)
Smoker 11 (37%)
Side involved (lett) 13 (43%)
Surgical indications

Ipsilateral recurrence 17 (57%)

Persistent ar leaks 10 (33%)

Contralateral recurrence 3(10%)
Bleb number

No bleb 4 (13%)

One or two blebs 17 (57%)

Multiple blebs (23 blebs) 9 (30%)
Blood loss" 94.1 £ 239
Surgery duration (min)* 102.5 + 31.5

242 + 7.0 0.165
33 (94%) 0.655
13 (37%) 1.000
22 (63%) 0.140
0.391°
17 (49%)
14 (40%)
3 (11%)
0,391"
4 (11%)
23 (66%)
8 (23%)
85.0 + 35.1 0.236
77.5 + 28.3 0.001

* Mean + standard deviation
" Analyzed by Pearson chi-square tesl

acctaminophen. Intramuscular meperidine hydrocbloride (Demerol, 50
mg ampule) was administered every 4-6 h according to the patient’s
request 1f the pain became intolerable or could not be relieved by oral
analgesics. Tbe tube was removed when the lung was fully expanded
and no air leaks could be noted in a 24-b period. Patients were dis-
cbarged 1 day after 1bc removal ol 1be drainage 1ube if no complica-
tions occurred.

Postoperative pulmonary function

Postoperative pulmonary Tunction tests were performed Tor patients
able to attend a hospital outpatient appointment at least 6 months
after surgery. Forced vital capacity (FVC) and foreed expiratory vol-
ume in | s (FEV, o) were measured using a Microspiro H1-298 spi-
rometer (Chest Corporation, Tokyo) with 1he patients sealed.

Data collection and analyses

I'be clinical data. operative findings, operation time, duration of
postoperative cbest drainage, length of bospital stay, and complica-
tions werc collected from the medical records. The requested doses of
meperidine were collected from tbe nursing records. Patients were
followed up by clinical visits for at least 12 montbs and by telepbone
conversation tbereafter. Continuous variables such as age or weigbt
were expressed as mean + standard deviation and analyzed by tbe
two-sample 7-test. Calegorical variables such as gender or smoking
slatus were presented by [requency (%) and were analyzed by IFisher’s
exict test or by Pecarson’s chi-square test. The rates of freedom from
recurrence were eslimated using the Kaplan-Mcier melbod. The log-
rank test was used to analvze dillerences in recurrence. Statistical
analyses were performed using SPSS 10.0 software. A p value of less
than 0.05 was considered signilicanl.

Results

Sixty-five patients who had undergone a needleseopie
VATS procedure for primary spontaneous pneumotho-
rax were identified at our institution. The mean age was
25.5 years (range. 16-52: 60 males and five females); 24
patients (37%) werc smokers. The indications for oper-
ation were tpsilateral reeurrence in 34 (52.3%), persistent
air Icaks in 24 (36.9%). and contralateral reeurrcnee in
seven (10.8%). Ncedlescopie VATS was unilateral in all
eases. Blebs or bullae were identified in 57 patients

(87.7%), and multiple blebs (=3 blebs) were visualized in
17 of these patients (26.2%). The most eommon site for
blebs was the upper lobe (51 patients, 78.5%).

The operative findings and managcment are sum-
marized in Table 1. The two groups of patients had
eomparable elinical characteristics in terms of age. sex,
smoking status, surgieal indication, bleb number, and
estimated blood loss. The mean operation time was 103
min in the pleureetomy group and 78 min in the abra-
sion group (p = 0.001). The results of treatment are
summarized in Table 2. Intramuscular meperidine was
rcquested by 58% of the paticnts, mainly on postoper-
ative day 1. the mean aeeumulated dosage of injeetion
was eomparable for both groups. No operative deaths
and no major complications were reported. Three pa-
tients (4.7%) had air leaks lasting longer than S days;
one patient had infection of the ehest tube wound. These
patients were managed eonservatively. The eomplication
rate for both groups was eomparable. The mcan post-
operative hospital stay was 3.9 days (range, 2-10) in the
pleurectomy group and 3.8 days (range. 2-12) in the
abrasion group.

The patients underwent a postoperative follow-up
ranging from 12 to 39 months, with a median follow-up
of 25.4 months. Patients in the pleurectomy group had a
signifieantly longer mean follow-up than the abrasion
group (31.2 vs 19.4 months). Ipsilateral recurrence of
pneumothorax occurred in three patients (8.6%) treated
by pleural abrasion but in none of the patients treated
by apieal pleureetomy. The rccurrcnces occurred 4. 0,
and 24 months after the operation, respectively. The
rates of freedom from recurrence aftcr the operation for
both groups were determined using the Kaplan-Meyer
method and are plotted in Fig. 2 and compared by the
log-rank test. Patients who underwent apical pleurec-
tomy had a signifieantly lower rate of ipsilateral recur-
rence (p = 0.024). When thc operative findings were
reviewed. no leaking site could be identified in one pa-
tient, and multiple small blebs were noted in two other
patients. Two of three reeurrcnt patients underwent a
reoperation by eonventional VATS. Misscd blebs were
identified in the vieinity of the previous staple line. No
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Table 2. Results of paticnts trcated by ncedlescopic apical pleurectomy or pleural abrasion

Apical pleurectomy (n = 30) Pleural abrasion (n = 35) p value
Meperidine hydrochloride (mg)* 56 £ 56 51 £ 69 0.746
Postoperative chest tube duration (d)* 3.2 £ 1.6 3.1 &£ 1) 0.812
Postoperative hospital stay (d)* 39 + 1.7 38 £:.5 0.860
Comphcations
Air leaks >5d 2(6.7%) 1 (2.9%) 0.591
Wound infection 0 (0%) 1(2.9%) 1.000
Follow-up (mo)* 312 £ 5.3 19.4 + 3.2 <0.001
Recurrence 0 (0%) 3 (8.6%) 0.243
Pulmonary function test®
FVC (%)* 86.3 + 9.8 88.5 £ 11.8 0.574
FEV, (%)° 949 + 11.2 99.0 £ 139 0.378

FVC, forced vital capucity; FEV . forced expiratory volume in 1 s
# Mean + standard deviation

® Fifteen patients in the pleurectomy group and 25 patients in the abrasion group were available for pulmonary function test.

“ Represented as percentage of predicted value
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Time Since Operation (months)

Number of patients at risk
Pleurectomy 30 30 30 29 28 19
Abrasion 35 33 32 22 4

obvious adhesions were noted in thc whole pleural
cavity, even in the areas of previous pleural abrasion.
The blebs werc cxcised, and plcurodesis was accom-
plished by apical plecurcctomy. The rcmaining patient
was treated by chest tube insertion.

Discussion

This study demonstrates that modified needleseopie
VATS is a feasible and safe procedure for treating pri-
mary spontaneous pneumothorax. The results also show
that apieal pleurectomy ts more cffeetive than pleural
abrasion in obtaining pleural symphysis and freedom
from recurrence without inercased pain, complications,
or comorbidities.

Fig. 2. Frcedom from recurrent pneumothorax in
cach group after modified needlescopic video-
assisted thoracic surgery (p = 0.024 by log-rank

5 test). The number of patients at risk for each 6-
month period is indicated under the corresponding
time.

Needlescopic surgery generally refers to procedures
that use instruments with an external diameter < 3 mm
[6, 10]. Although ncedlescopic surgery represents the
next logical step in the evolution of VATS, there are
technical limitations assoctated with the needlcscopic
instruments [12, 18]. Seopes with a small needle size
provide poor visibility. Furthermore, the mini-instru-
ments are inconvenient for grasping the bulky lung
parenchyma and performing pleurodesis because of
their small jaws and inadequate strength.

For patients with spontaneous pneumothorax, an
incision of at least 10-12 mm for a chest tube was
usually present before the operation or indieated after
the operation. This incision made it possible for us to
use a 10-mm thoracoscope for most of the surgical steps.
In addition, the endoscopic linear stapler for pulmonary



rescction and the curved ring forceps or dissector for
pleural abrasion and pleurectomy can be introduced
through this wound. Taking advantage of this wound,
modificd needlescopic VATS can be safely and easily
performed with no compromise of the surgical proce-
dures [4].

Although modified needlescopic VATS is feasible
and safc. our experience showed that necdlescopie bul-
lectomy and pleural abrasion carry a higher rate of
recurrence (8.6%) compared to the samc procedures
performed by conventional VATS [I1, 17]. The early
postopcrative recurrences of pneumothorax are gener-
ally thought to be duc to overlooked existing pulmonary
blebs. 1t is possible that needlescopic VATS lIcads to a
higher risk of missing blebs than conventional VATS. In
this situation, a strong and adequate pleural adhesion is
indicated to prevent recurrence of the pneumothorax.
Our long-term recurrence rate is 0 in the pleurectomy
group. indicating that apical pleurectomy can provide
rcliable and durable pleural symphysis to prevent fur-
ther recurrence, even using necdlescopic procedures.

Since the introduction of surgieal intervention for
spontancous pneumothorax, pleurectomy has been a
reliable method for pleurodesis. The procedure has a
very low ineidence of recurrence, ranging from 0 to 1%,
by open thoracotomy, transaxillary minithoracotomy,
or VATS [l. 15]. British Thoracic Socicty guidelines
suggest that pleural abrasion is associated with a higher
ratc of recurrence than pleurectomy [8]. Compared to
pleurectomy, pleural abrasion is a procedure that has
problems associated with standardization of the mate-
rial used as well as the foree and timc needed for abra-
sion. Postoperatively, we usually found that the parictal
pleura werc unevenly abraded. In the two patients who
undcrwent reoperation after recurrence, only scanty
adhesions were noted in the pleural eavity. In contrast,
parietal pleurectomy created a dense and even inflam-
matory surface between the pleura and the chest wall [6].
Several authors have since described pleurectomy as the
most sccure procedure to obtain permanent plcurodcsis
[6, 14]. Since the disease 1s almost always located at the
apex of the lung, we believe that in young people a
limited apical plcurectomy combined with local excision
of the discased lung is sufticient for dcfinitive control of
recurrences. In addition. if lung blcbs are found and
resected in the middle or lower lobes, pleurectomy can
also be extended to a lower level.

Although dense plcurodesis may limit the expansion
of the lungs, there is no evidence that apical pleurectomy
significantly affects pulmonary function. Previous stud-
ics showed that the mcan vital capacity of patients with
previously documented pncumothorax who did not have
surgery was 87 or 88% of the normal predicted values [S.
16]. By comparison, our data showed that the wvital
capacity following etther pleural abrasion or apical
pleurectomy did not alter significantly. In addition, FVC
and FEV,, were comparable for both groups of pa-
tients.

The intensity of postoperative pain causcd by apical
pleurcetomy or pleural abrasion was also cvaluated by
comparing the requested doses of meperidine. Our data
showed that the incidence and mean doses of mepceridine
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injection werc comparable for both groups. This sug-
gests that apical pleurectomy may not induce stronger
pain than pleural abrasion.

Some researchers do not favor pleurectomy as u
routine pleurodesis procedure due to the following pit-
falls. The surgery is more technically demanding, and
the operation time 1s significantly longer. Thus, the cost
associated with the operation is higher. In addition,
apical pleurectomy makes further operations more dif-
ficult. In our cxperience, the operation time can be sig-
nificantly shortened after the learning curve, and the
cxpense of difficult further operations ¢an be compen-
sated by the dcereasc in short-term recurrence.

We acknowledge that this is a retrospective study
and thc comparison was bascd on a historical control.
However, our results suggest that needlescopic VATS 1s
fcasible and safe, and it may provide satisfactory results
il apical pleurectomy is used. Further prospeetive re-
search that includes randomized design is necded to
rigorously test the cffects of this trcatment.
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Abstraet

Background: Capnoperitoneum (CP) compromises he-
modynamic funetion during laparoseopy. Three thera-
peutic coneepts were evaluated with an aim to minimize
the hemodynamie reaction to CP: First, a controlled
increase of intrathoracic blood volume (ITBV) by
intravenous fluids; second, partially reduced sympa-
thetic activity by the f;-blocker esmolol; and third, a
decrease in mean arterial pressure (MAP) by the vaso-
dilator sodium nitroprusside.

Methods: For this study. 43 pigs were assigned to
treatment with fluid and sodium nitroprusside (group A)
or with esmolol (group B). In both groups, the pigs were
assigned to head-up, head-down, or supine position,
resulting in three different subgroups. Invasive hemo-
dynamic monitoring was established ineluding left heart
catheter and cardiac oxygen lung water determination
(COLD) measurements. Measurements were docu-
mented before CP with the animals in supine position,
after induction of a 14-mmHg CP with the animals in
cach body position, after a 10% reduction in MAP by
vasodilation, and after an increase in 1TBV of about
30% by infusion of 6% hydroxyethylstarch solution.
Results:  Increasing ITBV  improved hemodynamic
function in all body positions during CP. Esmolol
redueed eardiae output and myoeardial contraetility.
Sodium nitroprusside did not improve hemodynamic
function 1n any body position.
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Conclusions: Optimizing volume load is cffective for
minimizing hemodynamic changes during CP in the
head-up and in head-down positions. In general, B;-
blockers cannot be reeommended because they might
additionally compromise myocardial contractility and
suppress eompensatory reaction of the sympathetie
ncrve system. Vasodilation has not improved hemody-
namie parameters during CP.

Key words: Fluid Management Hemodynamic
Laparoseopy — Pathophysiology — Penumopceritone-
um — Therapy

Capnoperitoncum (CP) during laparoseopie surgery
eauses speeifie hemodynamic ehanges. Furthermore,
eardiac funetion during laparoseopy might be addi-
tionally impaircd in patients with preexisting cardio-
vascular diseases. With knowledge of the physiologic
background and the therapeutic approachces available to
minimize hemodynamic changes, the number of patients
excluded from laparoseopic surgery can be reduced to a
minimum.

During CP, a decrease in eardiae stroke volume and
cardiac output often has been deseribed as well as an
inerease in mean arterial pressure or heart rate [2, 6, 9,
11, 17, 24]. These changes are caused by an increase 1n
the intraabdominal pressure (1AP), which is supposed to
reduee venous blood return to the heart [4, 7, 18-20]
followed by a decrease in intrathoracic blood volume
(ITBV) or left ventricular end diastolic volume
(LVEDV) [5, 14, 16, 25). Either ITBV or LVEDV is
useful for assessing eardiac preload. Cardiae preload
determines cardiae function aceording to thc Frank
Starling mechanism. A lower eardiae preload results in
less filling of the ventrieles, with a consceutively de-
ereased cardiac stroke volume. The reduction in stroke




764

volume 1s recognized by receptors in the carotid sinus,
increasing sympathetic nerve activity. Thus, mean arte-
rial pressure or heart ratc is increased during CP.

Experimental and clinical studies have suggestcd that
hemodynamic function during laparoscopy might be
improved by increasing intravascular volume or medi-
cation with esmolol or nitroglycerine [3, 10. 13]. but
these diffcrent therapeutic strategies have never becn
evaluated systematic. Thus, according to the physiologic
causality, diffcrent therapeutic approaches were com-
pared. In this animal trial, an incrcase in intrathoracic
blood volume by infusion therapy, a reduction in mean
arterial pressurc or heart rate by B;-blockers, or vaso-
dilation by sodium nitroprussidc was mduced during
CP. Because body position is well known to influence
hemodynamic function during CP, the animals were
divided into different groups to represent head-up, head-
down, and supine positions.

Materials and methods

The hemodynamie reactions of 43 pigs with a body weight of 30 + 2.6
kg were observed during CP with an 1AP of 14 mmHg. The pigs were
assigned randomly to treatment with fluid and sodium nitroprusside
{group A) or with esmolol {(group B). In botb groups. tbe animals were
divided according to tbree different body positions: 30° head-up, 30°
head-down, and supine. Cardiovascular monitoring included mea-
surement of parameters to assess cardiac preload, cardiac afterload,
and myocardial eontractilily. Tbe study was approved by tbe animal
welfare committec of tbe city of Berlin, Germany (Reg.Nr. 0026/00).

Anesthetic regimen

Tbe day before the experiment, the pigs were allowed to drink water ad
libitum. The animals were premedicated witb a 400-mg intramuscular
metomidate (bypnodil). Witb tbe animals in supine position general
anesthesia was induced with etomidate 6 mg, fentanyl dihydrogencitrat
0.1 mg. and cisatracurium 10 mg. Anestbesia was maintained by
ventilation with 1% to 2% isofluran and by intermittent injections witb
cisatracurium and fentanyl. Blood gases were analyzed during every
measurement as well as end-tidal carbon dioxide (CO-). Tbe frequency
of meebanical ventilation was adjusted to end-tidal CO; to maintain
normocapnia. No hyperventilation was necessary during tbe mea-
surements. Tbe animals received 0.2 ml/min kg of elecirolyte solulion.
To avoid blood clotting around the vascular catheters, a bolus witb
5.000 1.U. heparin followed by a continuous rate of 1.000 1.U, per
hour was given intravenously. After all the measurcments, the antmals
were killed by intravenous injection of T61 (0.3 ml'kg).

Mounitoring

After induction of general anestbesia, a central venous catbeter was
placed in tbe superior cava vein to measure cenlral venous pressure
(CVP). Heart rate was counted by electrocardiogram (ECG). A 4-F
oximetry-tbermodye-dilution catbeter (Pulsion Medical Systems Inc,
Minieb, Germany) was placed in the deseending aorta to measure
mean arterial pressure MAP. Tbe catheters were connected 1o the
cardiae oxygenation lung water determination (COLD) monitoring
system (PULSION COLD Z-021; Pulsion Medical Systems Inc). The
ITBV which mainly influences cardiac preload was calculated by the
monitoring system as well as cardiac output (CO) and cardiac siroke
volume. Systemic vascular resistance (SVR) was calculated as
SVR = (MAP - CVP) x 79.9 | CO. Myocardial contractility, inde-
pendent of load conditions and heart rate, is best described by
myocardial contractihty (Emax) {21, 22]. and was mecasured via left
beart conductance catheter (SPC 572 Millar Mikro-Tip catbeter:

Krauth Medical Cardiovascular, Hamburg, Germany). Tbe catheter
consists of two pressure sensors placed in the left ventricle and tbe
ascending aorta via carotid arteriotomy. Volumes were calculated by
12 electrodes using the technique of conductance. Emax is cbarac-
terized as tbe slope of tbe straigbt line that represents the relation
between intraventricular pressure and volume at tbe end of the
systole after different loaded cardiac cycles. Tbe pressure volume
relation was modified using transienl vena caval and descending
aortic occlusion to imitate acute cbanges of cardiac pre- and after-
load.

Measurements

Before all measurcments, the animals received 1.000 ml of 0.9% NaCl
solution intravenously to avoid bypovolemia. After placement of all
the catheters and an adaptation of 20 min, bascline values were re-
corded. The animals were assigned randomly to be placed in supine,
30° head-up, or 30° head-down position. In group A, a CP of 14
mmHg wus establisbed and kept by an insufllator (Thermoflator,
Storz, Germany) via a port in the right abdomen. Values during CP
were recorded after anotber adaptation of 15 min. Tbe following
measuremcnt of lemodynamic parameters was conducted after a 10%
decrease in MAP by continuous infusion witb tbe vasodilatator so-
dium nitroprusside. The vasodilalion was stopped after tbe measure-
ment. The CP was released. and tbe animals were placed back in supine
position.

After 30 min of adaptation, ITBV was increased by 30% up to a
maximum infusion of 1.5 1 6% bydroxyetbyl stareb solution. Tbe
animals were again placed in their previous position combined with a
CP of 14 mmHg. Measurements were repeated after another adap-
tation of 15 min. In group B, a bolus with lmg kg of 1be ultrasbort
effective B,-blocker esmolol was given intravenously after tbe baseline
measurements just before CP was established. Esmolol medication
was adjusted to a rate of 200 pg/kg/min related to tbe balf-life per-
iod. Values during CP were recorded alter another adaptation of 15
min.

Statistical analysis

The hypothesis was that increasing intravascular volume during CP
improves tbe bemodynamic function. Tbe main end point regarding
bemodynamic funection was stroke volume. Tbe number of animals
was restricted to a maximum of nine animals per group by tbe animal
welfare committee. Eight animals were excluded from the study be-
cause of bemodynamie decompensation (# = 5). bleeding (n = 2), or
embolic complication (7 = 2) in the intial phase of the experiment.
Because completion of eigbt animals per group was not possible wilb
the remaining animals, the trial was closed with seven animals per
group except for cight animals in group A (bead-down).

Periodically calculated parameters are given as the mean of three
measurcments. Values arc presented as median and S to 95 percentile,
Tbe Wilcoxon test was used to assess differences between tbe mea-
surements. Tbe relative differences between tbe baseline values and tbe
measurements were compared between the three body positions using
the Kruskal-Wallis-test. Differences between group A and B are pre-
sented as box and whisker plots, and were compared using tbe Mann-
Whbitney-U test (Figs. 1-5). All p values less tban 0.05 were considered
significant. For statistical analysis. the SPSS 11.0 (Cbicago. lllinois,
USA) software was used.

Results

Baseline measurements were not different between the
three body positions. In the supine position, CP was well
tolerated (Table 1), whereas CP in the head-down po-
sition causcd some negative effects. Intrathoracic blood
volume and stroke volume decrcascd, whereas systemic
vascular resistance increascd (Table 2). The negative
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regard to changes in heart rate during
capnoperitoneum. as compared with baseline
values.

Table 1. Hemodynamic changes during capnoperitoneum (CP) in group A supine position. median (5-95 percentile)

baseline M1 CP M2

CP + nipruss M3 CP + fluids M4

HR per min 101 (73-127) 97 (73-139) 87 (72-135) 91 (73-104)
CO (I'min) 42857 4(28-49) 322439 5(4.3-6.4)
SV (ml) 49 (36-65) 48 (27-58) 38 (255" 63 (58-78)°

ITBV (ml)

SVR (dyn's em )
MAP (mmHg)

I:max mm Hg per ml

557 (485 -670)
1370 (926 1876)
78 (67-109)
3929 44

575 (477-597)

1537 (1.078-1.602)
78 (65-99)
362743

491 (411-534)"

1388 (1,047-1.710)
62 (54-72)*
38264

718 (612-811)*
999 (742-1162)
84 (78-107)"

322274

nipruss, nitroprusside; HR. heart rate; CO. cardiac output; SV, stroke volume: ITBV, intrathoracic blood volume: SVR. systemic vascular

resistance; MAP, mean arterial pressure: Emax, myocardial contractilily:

*p < 0.05 compared with M2, Wilcoxontest

Hg. mercury; M. measurement

Table 2. Hemodynamic changes during capnoperitoncum (CP) in group A head-down position. median (5-95 percentile)

buseline M CP M2

CP + nipruss M3 CP + Nuids M4

90 (83-115)
42 (3.9 5.0)
56 (48-73)
624 (597-906)
1034 (788-1,259)
69 (51-78)
4(3.14.3)

HR per min

CO (I'min)

SV (ml)

ITBV (ml)

SVR (dyn's'em )
MAP (mmHg)

Emax mm Hg per ml

95 (78-119)

3.9 (3.3 °58)

49 (37-69)"
584 (519-833)
1199 (936-1,572)°

77 (61 88)
1132 4.6)

111 (73-126)
3.5 (29-5.4°
43 (3151
520 (470-747y
1045 (791 -1455)
02 (45-70)°
453148

105 (85-168)
5.2 (4.4-9.3)
61 (58-67)°
756 (721-945)
774 (608-1,010)*
81 (73 96)
4.2 (3-5.4)

nipruss. nitroprusside; HR. heart rate; CO, cardiac output; SV, stroke volume; ITBV. intrathoracic blood volume; SVR, systemic vascular
resistance, MAP, mean arterial pressure: Emax. myocardial contractility; Hg, mercury: M. measurement

< 0.05 compared with M2, Wilcoxontest
0.05 compared with M 1. Wilcoxontesi

L&
P

mfluences were more pronounced during CP in the
head-up position (Table 3).

Duning CP in the head-down position, intrathoracie
blood volume was redueed about 7%, with a eonsecutive
decrease in stroke volume of about 13%, whercas sys-
temie vascular resistanee increased about 16%. In spite of
the redueed stroke volume in combination with an un-
changed heart rate. eardiac output remained unchanged
as compared with base line measurements (Table 2).

During CP in the head-up position, intrathoraeie
blood volume was decreased by 16% and stroke volume
by 29%. Systemic vaseular resistance inereased by 12%,
and MAP slightly decreased by 6%. Cardiac output also
was redueed by 23% (Table 3). The following parame-

ters were different between the body positions during
CP:intrathoracic blood volume (p < 0.01), MAP (p <
0.05). stroke volume (p < 0.05). and eardiac output
(p < 0.05). All these parameters were significantly im-
proved by an inerease in intrathoracie blood volume
during CP in all body positions because MAP inereased
to normal ranges and stroke volume as well as eardiae
output were elevated. With the better hemodynamie
function, systcmie vaseular resistance decreased (CP +
fluids in Tables 1-3).

The reduction in MAP during CP by infusion of
sodium nitroprusside did not improve hemodynamic
parameters independently of the body position. Mean
arterial pressure was deereased without differenees be-
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Table 3. Hemodynamic changes during capnopcriloneum (CP) in group A head-up position

., median (595 percentile)

baseline M1 CP M2 CP + nipruss M3 CP + flmids M4
HR per min 95 (56-110) 99 (76-131) 95 (86-151) 107 (82-144)
CO (I/min) 4.7 (3.4-5.5) 3.6 (2.74.4)" 2.9 (2.5-3.9) 6.1 (52 7.3)°
SV ml 55 (45-69) 39 (30-59)* 33(23-44) 55 (34-86)°
ITBV ml 630 (542-843) 527 (439-769)" 497 (397-685) 755 (669 937)°

SVR(dyn/s/'cm %)
MAP (mmHg)
Emax mm Hg per ml

1135 (944-1454)
71 (60-85)
3.9(2.84.8)

1274 (1,042-1,762)"
67 (55-76)
3.6 (2.9-4.6)

1324 (983-1,690)
58 (47-69)°
3.2(2.6-4.7)°

1053 (912-1,173)°
96 (80-101)°
3.5(3 4.3)

nipruss, nilroprusside; HR. heart rate; CO, cardiac output; SV, stroke volume; 1TBV, intrathoracic blood volumc; SVR. systemic vascular

resistunce; MAP, mean arterial pressure; Emax, myocardial contractility; Hg, mercury; M, mcasurement

* p < 0.05 compared with M1, Wilcoxontest
P p < 0.05 compared with M2, Wilcoxontest

cardiac output [CO]
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» o R R - 92 9 — Fig. 3. Differences belween groups A and B with
oo rcgard to changes in stroke volumc during
group A

(O_lj group B = esmolol group

tween the body positions (p = 0.17). Vasodilation in-
duced a reduction in intrathoracic blood volume dur-
ing CP in the supine and in head-down positions, as
compared with CP alone. The increased rcduction in
intrathoracic blood volume caused a greater fall in
stroke volume and cardiac output in thesc positions.
Changes in intrathoracic blood volumc, systemic vas-
cular resistance, or cardiac output did not occur in the
head-up position (CP + nitroprusside in Table 1-3).

capnopcritoneum, as compared with baseline
values.

The medication with the B,-blocker esmolol had
negative effects on hemodynamic parametcrs during CP
m all body positions because heart rate (Fig. 1) and
consecutively cardiac output (Fig. 2) decrcascd, whereas
stroke volume (Fig. 3) and mean arterial pressure (Fig. 4)
remained unchanged. Emax was compromised during CP
in the head-up and in head-down positions (Fig. 5). With
the decreasc in cardiac output, systemic vascular resis-
tance increased in the head-up position (Fig. 6).
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Discussion

Increasing intrathoracic blood volume

Intrathoracic blood volume decreased during CP in the
head-up and in head-down positions. An increase in
intrathoracic blood volume by infusion of colloidal
fluids improved hemodynamic function in all the body
positions. This therapeutic approach was suitable for
counteracting the decrease in stroke volume during CP

Fig. 6. Differences between groups A and B with
regard to changes in systemic vascular resistance
during capnoperitoneum as compared with
baseline values.

caused by a compromised venous blood return and
consecutively reduced intrathoracic blood volume.
These mechanisms seem to be the most predominant
determining factors of hemodynamic function during
laparoscopic procedures. Thus, sympathetic reactions
such as an increase in MAP or heart rate above normal
values were avoided and stroke volume as well as car-
diac output were improved. An earlier experimental
study from our group showed that all the following
conditions during laparoscopy independently influence
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cardiac output and stroke volume: the increase in
intravascular volume, the body position. and the IAP
[10].

In the current trial, the hcmodynamic system was
negatively influenced only in the head-up and in head-
down positions, but not in thc supine position. How-
cver, during almost all laparoscopic procedures, head-
up or head-down positioning is necessary to optimize
the intraperitoneal view, so the exact combination of
IAP and body position is of major importance regarding
hemodynamic changes. Therefore, the interpretation of
different hemodynamic data during laparoscopy must
always consider body position, amount of IAP, and
presumed vascular volume load.

Although 1 I saline solutions were infused preoper-
atively, animal hypovolemia during the measurcments
without an additionally increased preload cannot be
excluded because normal ranges of intravascular vol-
umes in pigs are not defined. Nevertheless, such a slight
hypovolemia may very well reflect the clinical preoper-
ative volume status in patients after preoperative fasting
in combination with bowel-cleaning procedures.

The positive effect of increased venous blood return
during laparoscopic surgery in the head-up position also
was described in a clinical observational study. These
authors of the study used intermittent pneumatic com-
pression devices of the lower extremities to improve
venous blood return by calf muscle compression. Usu-
ally, these devices, are used for prophylaxis of deep vein
thrombosis. With the use of these devices venous blood
return and cardiac index increased significantly during
CP in the head-up position [1]. Increasing intravascular
volume by infusing of 500 ml of hydroxyethyl starch
increased cardiac output in another nonrandomized
clinical trial during gynecologic laparoscopy in the case
of presumed decrcased volume preload [23].

Reducing sympathetic nerve activity

Medication with esmolol during CP decreased cardiac
output in all body positions, as compared with CP
alone. Because stroke volume remaincd unchanged, two
cffects of esmolol contributcd to that reduction: the
decrease in heart rate and myocardial contractility. Only
in the head-up position, did systcmic vascular resistance
increase. 1f the sympathetic reaction during CP is con-
sidered to compensate for some negative hemodynamic
cffects such as the fall in stroke volume, esmolol might
additionally compromise the hemodynamic system by
locking this compensatory effect. However, the effects of
esmolol during CP were interpreted differently in a
blinded randomized clinical trial. Perioperative medi-
cation with csmolol reduced both heart rate and MAP
during laparoscopic cholecystectomy in the head-up
position. With the decrease in MAP, both the adrenaline
and the antidiuretic hormone release were increased in
the esmolol group [13]. Although the authors interpreted
the fall in MAP and heart rate as improvement in the
hemodynamic function they could not exclude, the
possibility that esmolol compromises an increased
sympathetic activity during CP. Medication with cloni-

dinc during CP may have effects comparable with those
of esmolol. During laparoscopic cholecystectomy in
head-up position, the catecholamine release decreased
after medication with clonidine whercas both vasopres-
sin and cortisol levels remained unchanged. Hemody-
namic parameters were presumed to be improved
because MAP, heart rate, and systemic vascular rcsis-
tance were decreased. Cardiac output was not changed
in the clonidine group during CP, but decreased after
release of CP [8]. Clonidine also was effective in reducing
MAP and heart rate during laparoscopic cholecystec-
tomy in the head-up position in another clinical trial,
but no data were given regarding stroke volume or
cardiac output [15]. Again, the possibility cannot be
excluded that both esmolol as well as clonidine com-
promise physiologic reaction to compensate for hemo-
dynamic changes of CP.

Effect of vasodilation during CP

An increased MAP also was reduced during laparo-
scopic surgery by the administration of nitroglycerine to
patients at cardiac risk of American Society of Anes-
thesiology (ASA) 3 and 4. Simultaneously with the fall
in MAP, the systemic vascular resistance and the cardiac
index were significantly improved in the aforementioned
clinical study. These patients were monitored by inva-
sive measurement using the pulmonary artery catheter
[3]. In the current animal study, the hemodynamic
parameters were not improved by vasodilation, perhaps
because MAP was relatively low and did not increase
during CP. Thus, the trial did not reflect the clinical
situation of patients with a high MAP during CP. In
healthy patients vasodilation during CP might addi-
tionally compromise venous blood return becausc of
peripheral pooling. This effect was shown 1n the current
study because intrathoracic blood volume was more
decreased during CP in the head-down and supine
positions after medication with sodium nitroprusside. as
compared with CP alone.

Conclusions

Intraoperative normovolemia and fluid management
seem to be most important for minimizing the hemo-
dynamic side effects of CP. However, with standard
hemodynamic monitoring, it is difficult to assess intra-
vascular volume status [12]. On the basis of experi-
mental data, no recommendation can be given about the
amount of volume that might be necessary to avoid the
negative hemodynamic cfiects of CP. However, invasive
monitoring is not required for healthy patients under-
going laparoscopic surgery because they usually toleratc
CP without major problems. Medication with f;-
blockers or vasodilators may compromise the compen-
satory effects of CP, but also may be helpful for patients
with severe cardiac comorbidity. For these patients,
invasive monitoring should be considered. Further re-
scarch investigating the influence of CP on cardiovas-



cular changes and the effects of B; blockade. vasodila-
tion, or volume loading must be performed using animal
models of chronic heart failure to simulate the clinical
situation of elderly multimorbid patients undergoing
laparoscopic surgery.
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Abstract

Background: Increased operative blood loss, blood
transfusion and nontherapeutic splenectomy negatively
influence postoperative morbidity and mortality fol-
lowing esophageal or gastric resection. A critical point
at which blood loss and iatrogenic splenic injury occurs
is at the time of division of the short gastric vessels. We
examined the efficacy of using a laparoscopic linear
cutting stapler (developed for minimal access surgery) to
divide with the short gastric vessels at open surgery.
Methods: Fifty-six patients were included. In 28 con-
secutive patients the linear stapler was used when
dividing the short gastric vessels. These were compared
to 28 matched controls (short gastric vessels were di-
vided between hemostats and ligated). In the two patient
groups, patient age, body mass index, and preoperative
hemoglobin levels were similar.

Results: Operation time, splenectomy rates, blood
transfusion, and mean transfusion volume were all sig-
nificantly reduced in the group where the stapler was
used.

Conclusions: Use of a linear cutting stapler reduced
operation time. blood product use, and incidental sple-
nectomy in patients undergoing radical open esophageal
and gastric surgery.

Key words: Spleen conservation -
Transfusion requirements

Short gastric vessels

Resection of the stomach or esophagus for malignant
disease is associated with significant postoperative
morbidity and mortality. It has been suggested that
performing extended lymphadenectomy may contribute
to this [6], but at gastrectomy D2 dissection remains the
standard of care (> 20% of patients with ““early” gastric
cancer have involved nodes) [3]. Similarly for types II

Correspondence to: O.J. McAnena

(cardia) and I (subcardia) cancers of thc esophago-
gastric junction, regional nodal dissection (celiac axis,
splenic hilum and uppcr pancreas) is required [5]. The
significant factors associated with perioperative com-
plications are intra-operative blood loss, blood trans-
fusion, splenectomy, and prolonged operation time
rather than the extent of nodal dissection [, 3, 5, 8, 9].
Extended nodal dissection in itself contributes to oper-
ation time and blood loss, but so too does inadvertent
splenic injury. As the latter is theoretically avoidable,
there is potential for reducing perioperative morbidity
by avoiding incidental splenectomy. In our own expe-
rience, a critical point at which splenic injury occurs is
when the short gastric vessels are divided. The principal
difficulty when dividing the vasa brevia is the limited
access created by the overhanging costal margin and
diaphragm, especially in obese patients and in those with
an acute subcostal angle.

With the advent of minimally invasive surgery,
technology has been developed to overcome the diffi-
culties due to limited access. We have previously de-
scribed a technique to divide the short gastric vessels at
gastric and esophageal surgery using a linear vascular
cutting stapler developed for laparoscopic surgery [7].
We assessed whether use of the linear vascular cutting
stapler could facilitate division of the short gastric ves-
sels at conventional gastrectomy/esophagectomy and
reduce operation time. blood loss, and the need for
splenectomy.

Methods

Patients

Fifty-six patients are included in this report. In 28 consecutive patients
the linear stapler was used when dividing the short gastric vessels, and
these are matched to the previous 28 consecutive patients who
underwent identical operations (the short gastric vessels were divided
by the conventional technique between hemostats). In the two patient
groups, patient age, body mass index, and preoperative haemoglobin
levels were not significantly different (data not shown). The distribu-
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Table 1. Transfusion and splencctomy rates broken down by operation type

Lincar stapler used

Linear stapler not used

Number of Units Number of

patients transfused patients Units transfused
Procedure n Splenectomy Transfused (mean + SEM) n Splenectomy transfused (mean + SEM)
Transhiatal 13 0 3 (-5 £10°3 13 1 10 2208k (045
Three-sluge 8 0 4 i1+ 04 8 1 7 30 £ 06
Gastrectomy 7 0 2 07 1075 7 2 S 30 £ 09
Total 28 0" 9* 0.8 + 0.6 28 4 22 24 + 07
* Signilicant versus group where slapler was not used (p < 0.05)

tion of procedures performed was as shown in Table 1. Data recorded
included anesthesia time, transfusion requirements. incidental sple-
nectomy rate (no therapeutic splnectomics were performed). and the
rate of postoperative respiratory scpsis (delined as positive sputum
cullure or chest x-ray changes consistent with pneumonia).

Operative Technique

All patients who underwent gastrectomy had standard 12 dissection,
while those with type 11 (cardia) and 111 (subcardia) cancers of the
esophago-gastric junction underwent nodal dissection of the celiac
axis, splenic hilum, and upper pancreas. In those patients where the
lincar stapler was used, the operative technique was altered slightly.
Following detachment of the greater omentum from colonic and
parietat attachments, the operator’s lelt hand was placed on the greater
curve of the stomach, with the gastrosplenic omentum sandwiched
between the index and middle fingers. This allowed placement of the
hnear stapler (Endo-GIA; Autosuture, U.S. Surgical. Norwalk, CT)
across the gastrosplenic ligament as previously described [7]. Two 1o
three applications were usually sullicient.

Results

The male:female ratio was 1.15:1. The mean age was 67
years (range 43-86 years). There was one perioperative
(30-day) mortality i each group (no difference between
groups).

In the group where the conventional teehnique was
used to divide the short gastries, there were four inei-
dental splenectomies (14.3%). This was redueed 1o zero
in the group in whieh the stapler was used (p < 0.05,
paired-sample t-test). The number of patients transfused
in the nonstapled group was significantly higher (22 of
28) than in the stapled group (nine of 28) (p < 0.05,
paired-sample r-test). The total number of units trans-
fused was also significantly higher (2.4 £ 0.7 units
versus 0.8 + 0.6 units, p < 0.05, ANOVA, Tukey post
hoe) (Table 1).

Anesthesia time was also shorter in the stapled ver-
sus  the nonstapled group (174 + 42 versus
228 + 48 min, p < 0.05). The incidence of postopera-
tive respiratory sepsis was also significantly lower in the
stapled group (S versus 12, p < 0.05, paired-sample ¢-
test).

Diseussion

Prolonged operating time. excessive blood loss, and
spleneetomy eontribute to the morbidity assoeiated with
gastroesophageal surgery [3. 5. 9]. A recent analysis of

more than 12,000 gastreetomies for gastrie earcinoma
demonstrated signifieantly poorer outeomes in patients
who had nontherapeutie splenectomy [8]. In our expe-
rienee, injury to the spleen oeeurred most frequently
when ligating and dividing the short gastric vessels.
Anatomieally. the intimate relationship between the
gastrie fundus and the eephalad portion of the spleen
contributes, while the friable and vaseular nature of the
spleen 1tself 1s also a faetor. In the 28 cases where the
short gastrie vessels were dealt with by standard ligation
and division, four nontherapeutie splenectomies were
performed. Patient faetors are unlikely to have playved a
role, as individual body mass indiees were similar in
both groups. When the vasa brevia were divided by
stapling, the need for splencetomy was obviated in all
eases.

With the advent of minimally invasive surgery. sta-
pling deviees were developed speeifically to overcome
limited aeeess. Our premise was that such a deviee would
have signifieant application at open surgery. The longer
instrument shaft length allowed for ease of placement,
while the overlapping rows of staples effeetively sealed
vessels. Operation time was signifieantly shorter as
ecompared to the eonventional approach. Another factor
that is undoubtedly involved in the reduection of opera-
tion time is the lesser number of splencetomies per-
formed. The lower ineidence of respiratory morbidity in
the stapled group was an interesting and unexpeeted
finding. Presumably shorter operating time and lower
ineidenee of transfusion eontributed to this.

We found the technique partieularly helpful in the
obese and those with a narrow substernal angle. In
these, patients gastroesophageal surgery 1s technieally
more demanding. as the vasa brevia to the upper pole
of the spleen are obscured by overhanging of the
eostal margin, and also beeause of the diflieulty in
identifying the wvessels through the fat of the ga-
strospleniec omentum uand where intraoperative blood
loss and transfusion requirements are traditionally
greater [8].

Hemorrhage either from the vasa brevia themselves
or from 1atrogenie splenic injury (oeeurring at the time
of division) 1s diffieult to eontrol, adds significantly 1o
the operating time, and may inerease perioperative
blood produet requirements as demonstrated by the
results. Although perioperative allogeneie blood trans-
fusion does not affeet long-term survival after eso-
phagogastreetomy for eareinoma, it does have a
signifiecant association with short-term survival in a
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group whose overall survival is often limited after
resection [2].

The current cost of the stapler in Ireland is €270.
This rises to €560 when two refills are used. This is
considerably more expensive than the use of hemostats
and ties. However, we feel that this additional cost could
be offset by operating-room time saved, blood products
saved, and reduced bed days used as a result of a lower
rate of respiratory complications.

One might suggest that the patients in the control
group used for comparison were historical and there-
fore open to criticism. However, they were procedure
matched and taken consecutively from those patients
who had surgery performed immediately beforc the
introduction of the stapling device. There were no
differenccs in demographics, body mass indcx, or
perioperative mortality between the groups. Therefore,
although the comparison is not a randomized one, it
is legitimate as a representative control group was
used. As incidental splenectomy confers no oncologi-
cal benefit [9] but does result in long-term immune
compromise [2, 4, 8], it is reasonable to suggest that
the use of the linear stapler may influence patient
outcome.

References

1.

9]

Brady MS. Rogatko A, Dent LL. Shiu MH (1991) Effects of sple-
neetomy on morbidity and survival following curative gastrectomy
for carcinoma. Arch Surg 126: 359-364

. Craig SR. Adam DIJ. Yap PL. Leaver HA, Elton RA, Cameron

EW, Sang CT, Walker WS (1998) Effect of blood transfusion on
survival after esophagogastrectomy for carcanoma. Ann Thorac
Surg 66(2): 356-361

. Cuscheri A, Fayers P, Fielding J, Craven J, Bancewicz J, Joypaul V,

Cook P (1996) Postoperative morbidity and mortality after D1 and
D2 resections for gastric cancer: preliminary results of the MRC
randomised controlled surgical trial. Lancet 347; 995999

. Fughs CS, Mayer RJ (1995) Gastric eareinoma. N Engl J Med 333:

32-41

. Griffith JP, Sue-Ling HM, Martin 1, Dixon MF, McMahon MJ,

Axon AT, Johnston D (1995) Preservation of the spleen improves
survival after radical surgery for gastric cancer. Gut 36: 684-690

. Kranenbarg EK, van de Velde CJ (1998) Gastric cancer in the cl-

derly. Eur J Surg Oncol 24(5): 384-390

. Power C, Maguire D, McAnena OJ (2000) A technique for dealing

with the short gastric vessels during gastric surgery. Eur J Surg
Oncol 26(1): 80-81

. Wanebo HJ. Kennedy BJ. Winchester DP, Stewart AK, Fremjen

AM (1997) Role of splenectomy in gastrie cancer surgery: adverse
eflect of elective splenectomy on long-term survival. J Am Coll Surg
185: 177-184

. Whiting JL, Fielding JWL (1998) Radical surgery for carly gastrie

cancer. Eur J Surg Oncol 24: 263- 268




Surg Endose (2006) 20: 773782
DO 10,1007 s00464-005-0331-2

© Springer Science+ Business Media, Ine. 2006

Wilgy

/BN

and Other Interventional Techniques

Vi1,
v

A

Z.oom endoscopic monitoring of small bowel allograft rejection

T. Kato,' J. J. Gaynor,' S. Nishida,' N. Mittal,> G. Selvaggi,' D. Levi,' J. Moon,' J. Thompson,> P. Ruiz.?

J. Madariaga,' A. G. Tzakis'

" Department ol Surgery. University of Miami, Schoo! ol Medicine, 1801 NW 9th Avenue. Sth Floor, Miami. FL 33136, USA
* Department ol Pediatrics. University of Miami, School of Medicine, Miami, FL 33136. USA
' Department of Pathology, University of Miami, Schoo! ol Medicine, Miami, FL 33136. USA

Received: 29 Aprit 2005 Accepted: 8 November 2005 Online publication: 16 March 2006

Abstract

Background: The small bowel has been suecesslully
transplanted in patients with irreversible intestinal fail-
ure. This report aims to deseribe endoseopie monitoring
ol small bowel rejection.

Methods: A magnifieation endoseope (zoom cndoseope)
was used in this study. In the first part of the study
(October 1998 1o Mareh 2000, 271 endoseopy sessions),
the specifie endoscopic findings that eorrelated with
rejection were determined. An analysis then was per-
lormed on data from the second period (Mareh 2001 to
November 2002, 499 sessions) to evaluate the zoom
endoseope’s aeeuracy in monitoring rejeetion.

Resulrs: Specifie endoscopie findings of rejeetion found
in the first period ineluded baekground erythema, vil-
lous congestion, blunted villous tip, and shortened vil-
lous height. When the rejeetion was suceessfully treated,
endoscopie appearanee returned to normal. On the basis
of these findings, five endoscopie criteria (villous short-
ening. villous blunting. baekground erythema. villous
congestion, and mueosal (riability) were used to seore
endoscopic sessions in the second period. Endoscopie
diagnosis of rejection was compared with histology.
Adult patients showed a sensitivity of 45%. a specifieity
of 98%. a positive predictive value of 82%, and a neg-
ative predietive value of 88%. In pediatrie patients, these
values were, respectively, 61%, 84%, 57%, and 86%. On
59 distinct oeeasions (30 1n period 1 and 29 in period 2)
in which the results were endoscopy negative yet biopsy
positive (mild) for rejeetion, we eleeted not to treat these
rejections on the basis of elinical evaluation, and 58
(98%) resolved without further therapy.

Conclusions: With the use of magnification, endoscopy is
a useful tool for monitoring acute rejection in the small
bowel allograft.

Part of this work wus presented during the annual meeting of the
Society of  American  Gastrointestinal and  Endoscopic Surgeons
(SAGES). 29 March to | April 2000, Atlanta, GA

Correspondence to: T. Kato

Key words: Small bowel allogralt rejeetion Small
bowel transplantation — Zoom endoscopic monitoring

With reeent improvements in surgical techniques and
immunosuppressive regimens, small bowel transplanta-
tion has beecome a desirable and potentially life-saving
alternative for patients with short gut syndrome or other
problems eausing intestinal failure. Worldwide experi-
enee with this proeedure has grown relatively fast be-
eause elinieal outeomes after intestinal transplantation
have been improving over time [1. 5. 7, 17, 21]. How-
ever, the teehnology and clinical protoeols for moni-
toring gralt [unetion and treating acute rejection still are
in the early stages of evolution. In contrast to known
serum markers routinely used for monitoring liver or
kidney transplant reeipients, serum makers for bowel
gralt rejection still are under investigation [1, 5, 7. 17,
21, 22]. Thercefore, frequent biopsies of the small bowel
graft are erttical for detecting the presence of acute
cellular rejection. Early detection of rejeetion also is
extremely important beeause rapid progression to severe
rejeetion ean oceur without proper treatment, and ad-
vaneed stages of rejection are associated with poorer
outeomes [I1, 14]. Whercas random mucosal biopsy
provides detailed information about a very small area,
the endoscopie view can provide information about
large areas. Endoseopy provides the quickest method for
assessing the overall health of graft mucosa and is
essential in obtaining speeimens for histologic evalua-
tion [6. 9, 13. 26]. Unfortunately, surveillanee with
standard endoscopy has not been sulticiently eapable of
monitoring rejection [8, 29-31]. Stundard endoseopy is
just not powerful enough to provide an aceurate view of
the mild changes that oeeur in the ecarly phase of small
bowel rejeetion.

The use of magnification endoscopy has been re-
ported for evaluation of Barrett’s esophagus and celiac
disease [25. 28]. Subsequently. in 1999. we published the
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first case report featuring magnification with a zoom
video endoscope (ZVE) for evaluation of intestinal graft
mucosa [16]. In this initial experience, the ZVE enabled
us to visualize the villi and crypt areas directly in almost
microscopic detail, thereby providing a more accurate
overall assessment of graft mucosa health than with a
standard endoscope. In addition, the ZVE enabled us to
take a biopsy from the most representative area of the
graft. We describe our experience using zoom endoscopy
to monitor patients for small bowel rejection.

Patients and methods

We used zoom endoscopes (Pentax EC-3830LZ, EG 3430Z; Pentax
Precision Instrument, Inc, Orangeburg, NY; and Olympus GIFQ160Z;
Olympus America, Inc, Melville, NY, USA) for this study. Pentax
equipment was used during the first period of the study, and Olympus
equipment was used during the second period (see below). The reason for
the change in equipment was solely administrative. With either zoom
endoscope, the operator has the capability to change the image on a
standard 14-in. video monitor from the standard endoscopic view
{magnification x12.5) to a highly magnified view (magnification x105).
This versatilityis clearly seenin Fig. 1A through D, which shows normal
through near maximum ZVE views of normal small intestinal mucosa.
The degree of magnification available with this scope allows the endo-
scopist to visualize both the entire length of villi and the surrounding
crypt area. Normal villous architecture seen on ZVE was similarly found
in the histologic specimen taken at the same time (Fig. 1E and F).

During the first period of the study, a total of 271 endoscopic
sessions involving 16 intestinal transplant recipients were evaluated
over a 17-month period (October 1998 to March 2000). As a pilot
study, we retrospectively analyzed our experience using the zoom
endoscope to perform surveillance for rejection among these 16 pa-
tients. For each patient, the endoscopic procedure was performed
through a surgically created ileostomy. The endoscope was advanced
at least S cm from the ostomy outlet to avoid changes related to the
ostomy site. In most cases, ZVE surveillance was performed 10 to 20
cm from the ostomy.

All procedures were performed at the patient’s bedside without
sedation. To correlate the visual impression of the villi and crypts
under high magnification with the histology of the small bowel mu-
cosa, the endoscopist obtained biopsies through the working channel
of the endoscope during each endoscopic session. All endoscopies were
performed hy a single endoscopist (T.K.) during this period.

The demographics of the patients during the two study periods are
summarized in Table 1. The transplantations were performed as pre-
viously described [17]. All the patients during the first period received
daclizumab (Zenapax; Roche Laboratories, Nutley, NJ, USA) for
induction immunosuppression along with standard doses of tacrolimus
and corticosteroids for maintenance. Steroid bolus injection (1 g of
methylprednisolonc) and or cycle (200 mg of methylprednisolonc per
day followed by a tapered schedule of 160 mg, 120 mg, 80 mg, 40 mg,
and 20 mg per day for a total of 5 days) or OKT3 (Muromonab-CD3;
Ortho Biotech Inc., Raritan, NJ, USA) was used to treat rejection.
Sirolimus (Rapamycin; Wyeth Avyerst Research, Philadelpha, PA.
USA) was added in most cases to the baseline immunosuppressive
regimen after treatment of refractory rejection (usually recurrent
rejection after the use of OKT3).

During the second period of the study (March 2001 to Novemher
2002). we evaluated the capability of the zoom endoscope to provide
surveillance for small bowel rejection. Specifically, a scoring system to
identify rejection was defined from the results of the pilot study in the
first period. A total of five criteria were chosen for endoscopic scoring
of bowel rejection. Four of these criteria were based on the mucosal
imaging results of the first period: shortening of the villous length,
blunting of the villous tip, erythema at the background of the mucosa,
and villous congestion. A fifth criterion, mucosal friability, represent-
ing the intestinal tissue’s sensitivity to the actual use of the ZVE
equipment (not its visualized imagery), was selected because our
experience showed that it also provided a strong diagnostic sign for
acute bowel rcjection.

In keeping with the international criteria established for scoring
individual histologic components of acute rejection in both kidney and
liver transplantation [4, 27]. a scoring system of 0 to 3 (0, normal; 1,
mildly abnormal; 2, moderately abnormal; 3, severely abnormal) was
chosen for each of the five endoscopic criteria, with a higher score
denoting worse appearance. An overall ZVE small bowel rejection
score was defined as the sum of the five individual component scorcs.
Thus, a total ZVE score of 0 to 15 was possible. Scoring guidelines for
cach criterion are summarized in Table 2.

Next. the total score was categorized to define a ZVE grading
scheme as follows: a total score of 0 was normal (grade 0). 1 to 5 was
indeterminate for rejection (grade 1). 6 to 10 was mild (grade 2), 11 to
14 implied moderate rcjection (grade 3). and 15 implied severe rcjection
(grade 4). Finally, for each sample, the ZVE grade of rejection was
compared with the histologic grade of rejection: 0 (no rejection), |
(indeterminate for rejection). 2 (mild rejection), 3 (moderate rejection),
and 4 (severe rejection). Because we do not treat histologic grade |
rejection, histologic grades 0 and 1 were considered negative for
rejection. 1t must be noted that according to the recently revised his-
tologic criteria of the Eighth International Small Bowel Transplant
Symposium held in September, 2003 in Miami, Florida, code grade 1
denotes mild rejection (previously grade 2), and the code IND denotes
an indeterminate grade (previously grade 1) [23]. However, because we
were using the previous grading scale throughout the study, we are
reporting the results as such in this article.

The planned schedule for performing endoscopies (along with
histologic surveillance) during hoth periods of the study was as fol-
lows: once every 2 to 4 days during the first 2 weeks after transplan-
tation, once weckly during the next 3 to 8 wecks after transplantation,
and once a month during months 3 to 6 (or until stoma closure).
During the course of any rejection episode, endoscopies were per-
formed for the patient every 2 to 4 days.

The ZVE evaluations were performed by a total of four endos-
copists (T.K., S.N., and G.S. for adults; T.K., G.S., and N.M. for
children). Each endoscopist had a large cxperience in transplant
endoscopy, and each had experience using the ZVE before the begin-
ning of the second study period. Each biopsy was taken from the most
representative area of the graft.

The ZVE evaluation and scorc were recorded at the time of
cndoscopy before histologic evaluation. The hiopsy tissue was embed-
ded in formalin, then proeessed and stained in a standard hematoxylin-
eosin stain. Each biopsy was rcad by a single, expert pathologist (P.R.),
who was blinded to the cndoscopic score whilc reading the biopsy. Data
were obtained from the following 47 patients who received intestinal
transplants at the University of Miami and agreed to participate during
the second period of the study: 26 adults (median age, 33 years; rangc,
20-59 years) and 21 children (median age. 6 years: range, 0.8-15 years).
Because of technical limitations with the use of zoom endoscopy on
very small intestines, the recipients of transplants from donors younger
than 2 years were not included in the study.

A total of 499 ZVE sessions involved the 47 patients (308 in adults
and 191 in children). For 20 patents (15 adults and 5 children), an
induction protocol with Alemtuzumab (Campath-1H, 1LEX Oncol-
ogy, Inc., San Antonio, TX, USA) was used {34, 35). The remaining 27
patients received the same immunosuppression protocol as those in the
first period.

Institutional review board approval was obtained for this study
along with written consent from each subject who chose to participate.
Tests of association werc performed using the (uncorrected) Pearson
chi-squared test. A p value less than 0.05 was considercd to indicate a
statistically significant finding.

Results

Period 1

Figure 2 illustrates crypt erythema seen during the
course of mild acute rejection. The space between villi
has expanded and appears erythematous (Fig. 2B and
C). In the standard, unmagaified endoscopic view, it is
not clear whether this same area appears normal or
displays minimal to mild mucosal erythema (Fig. 2A).



Villi were relatively preserved at this mild rejection
stage. Histologic examination of the mucosal biopsics
taken at the same time confirmed the morphologie
changes visualized by ZVE. Typically, the pathology
demonstrated the presence of a mild lymphoeytic infil-
trate in the lamina propria. the presence of activated

lymphocytes, and scattered single cell  apoptosis
(Fig. 2D and E). Villi may have been mildly edematous,
but were otherwise morphologically normal.

As rejection progressed to a moderate grade. the
blunting and shortening of villi became more obvious
and were accompanied by a mild to moderate degree

Fig. 1. Zoom videoendoscopic view of normal
small bowel grafl mucosa (standard [A], moderate
[B]. and maximum [C, D} magnification). along
with corresponding histology laken at the same
time (E, F). showing a well-preserved villous
architeclure wilh sparse cellularity present in the
lamina propria. (hematoxylin-cosin; £
magnification x100. F magnification x400)

of erythema (Fig. 3A and B). Some of the wvilli
Fig. 3A and B appear considerably shorter and irreg-
ular in length, as compared with the villi of the mild
rejection case seen in Fig. 2A to C. Such distinctions
were not possible with standard magnification. Path-
ologic examnation of mucosal biopsies taken simul-
tancously during ZVE demonstrated that the cellular
infiltrate in the lamina propria had markedly in-
creased, and the villi had become even more blunted
(Fig. 3C and D). Crypt injury was increasingly
prominent. with multple clusters of apoptotic cells
and crypt abscesses.
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Table 1. Patient demographics

Period | (n 16)

Period 2 (n = 47)

Age (years)

Children (n = 1, 15)

Gender Male (n = 7)
Female (1 = 9)
Diagnosis Mesenterie thrombosis (n = 6)

Gardner’s syndrome (1 = 2)
Pscudoobstruction (n = 2)
Trauma (n = 2)

Others (n = 4)

Grafl types Isolated intestine graft (1 = 7)
Liver and intestine graft (# 0)

Multiviseeral graft (n = 8)

Modified without the liver (n = 1)

Immunosuppression Daclizumab N=16

protocols

Adults (n = 15; range, 21-48; median, 37)

Adults (n = 26; range, 20 -59; median 33)
Children (n = 21; range, 0.77-15; median, 6)
Male (n = 28)

Female (1 19)

Mesenterie thromhosis (11 = 8)
Pseudoobstruction (1 = 7)

Gastrosehisis (1 = 6)

Trauma (n = 6)

Volvulus (n = 4)

Intestinal atresia (1 = 4)

Crohn’s disease (n = 3)

Others (1 = 9)

Isolated intesline grafl (n = 22)

Liver and intestine graft (n = 4)
Multiviseeral graft (n = 18)

Modified without the liver (n = 3)
Daclizumab (1 = 27)

Alemtuzumah (1 = 20)

Table 2. Zoom endoscopie seores

Score
Height of villi Normal 0
Mildly shortened 1
Moderately shortened 2
Flat 3
Villous blunting Normal 0
Mildly blunted 1
Moderately blunted 2
Flat 3
Background
mueosal erythema  No erythema 0
Mild erythema 1
Moderate erythema 2
Severe erythema 3
Villus eongestion Normal vaseular pattern 0
Mildly eongested 1
Moderately congested 2
Severely eongested 3
Friahility Normal 0
Easily bleeds with biopsy foreeps 1
Easily bleeds with endoseopie trauma 2
Continuous oozing or ulceration 3

The sevcre form of acute rcjection was manifested
by complcte denudation (i.e.. loss of surface epithe-
lium). Although easily recognized in the standard
endoscopic view (Fig. 4A), the change was even morc
clearly identified in the magnified ZVE image (Fig. 4B).
The biopsy takcn at the samc time showed histologic
changes of severe cellular infiltrate, destruction of
crypts, and disappearance of surface epithelium
(Fig. 4C and D).

Among thc 271 endoscopic and histologic examina-
tions performed on these patients were 58 histologic
diagnoses of rejection (1 to 6 diagnoses per patient;
average, 3.6) including mild (n = 46), moderate
(n = 8), severe (n = 3), and vascular rejection (n = 1).
Mucosal changes observed by ZVE at the same time
included background erythcma and blunted and/or
shortened villi (n = 8), crypt erythema only (n = 7),

blunted and/or shortened villi only (# = 3), flattened
villi/denuded mucosa (n = 3), villus congestion
(n = 1), and no noteworthy changes (n = 36). Each of
the three histologic diagnoses of severe rejection corre-
sponded with a ZVE reading of flattened villi/denuded
mucosa, and the single case of histologic vascular
rejection coincided with a ZVE reading of villus con-
gestion. In fact. the single episode of vascular rejection
occurred in a patient with a positive cytoloxic cross-
match. Histologic examination showed diffuse submu-
cosal hemorrhage in hematoxylin-cosin stain. The
immunofluorescent stain for complement and immune
complex yielded positive results {12, 24]. 1t should be
noted that 18 of the 58 rejection diagnoses werc based
on repeat endoscopies and biopsics performed on the
same patient during the same rejection episode and
during the same course of therapy. Figurc S compares
the ZVE picture of moderate rejection seen in one pa-
tient 13 days after transplantation (A) and the normal
ZVE picture 1 month later in this same patient after
treatment for the rejection (B). In all cases, when the
histologic appcarancc became normal after treatment
for rejection, the mucosal abnormalities visualized by
the ZVE also disappeared.

Normal mucosal appcarance on ZVE was found for
78% (36/46) of the biopsies histologically diagnoscd as
mild rejection. In 30 of these instances, endoscopy and
biopsy had bcen performed as routine surveillancc
without clinical symptoms. Despitc the mild rejection
present on the histologic examination of the mucosal
biopsies, we elected to withhold additional immuno-
suppressive treatment, because 1) the mucosal villi and
crypt appeared normal on ZVE, and ii) thcre wcre no
clinical symptoms. All these 30 instances of rejection
reversed without treatment. Conversely, on thc basis of
clinical judgment, six histologically indicated instances
of mild rejection were treated despitc their relatively
normal appearancc on ZVE. All these rejections re-
versed with steroid treatment.



On all but one occasion, positive findings on ZVE
were supported by histologic readings of rejection. In

the one exception, ZVE showed ecrypt erythema,
whercas histologic  readings were inconclusive for
rcjection. Given our confidence i the ZVE findings
together with a clinical symptom of rejection (fever),
we administered  treatment  for rejection. After the
treatment, the ZVE-visuahzed appearance of erypt
erythema reversed.

With the exception of acute eellular rejection, no
pathologic conditions, such as cytomegalovirus enter-
itts or posttransplant lymphoproliferative discase, were
encountered in these patients. There were no compli-
cations associated with ZVE and biopsies.
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Fig. 2. Zoom videoendoscopic (ZVE) view along
with corresponding histology of the forceps biopsy
taken at the same time showing mild acute
allograft rejection in a multivisceral grafl recipient
6 days after transplantation. Standard (A) and
moderate (B, C) ZVE magnification shows
relatively well-preserved villus stalk with increased
erythema visible in the background between villi.
The histologic specimens show minimal blunting of
villi with mildly inereased inflammatory infiltrate
in the lamina propria correlating with ZVE
findings (D) and mild cryptitis with scattered
apoptotic bodies at high power (E). (hematoxylin-
cosin; D magnification x100, E magnification
x400)

Period 2

A comparison between the ZVE and histologic grades is
shown in Tables 3 to 5. During 499 overall ZVE ses-
sions, 87 were positive for rejection (grade 2 or greater),
and 412 were negative (grades 0 to 1). By histology. 111
were positive for rcjection, and 388 were negative (Ta-
ble 3). When ZVE was correlated with histology scores
in adults, 28 were both endoscopy and histology positive
for rejection, 6 were endoscopy positive but histology
negative, 34 were endoscopy negative but histology po-
sitive. and 240 were both endoscopy and histology
negative (Table 4). For children, 30 were both endos-
copy and histology positve for repection, 23 were
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endoscopy positive but histology negative, 19 were
endoscopy negative but histology positive, and 119 were
both endoscopy and histology negative (Table 4). The
condition of endoscopy positive but histology negative
for rejection was significantly higher for children than
for adults (12% vs 2% p < 0.00001). Therefore, positive
predictive value and spccificity were lower for children.
For adults, there was an estimated sensitivity of 45%, a
specificity of 98%. a positive predictive value of 82%,
and a ncgative predictive value of 88%. The corre-
sponding values for children were, respectively, 61%.
84%, 57%, and 86%. The overall estimates were 52% for
sensitivity, 93% for specificity, 67% for positive predic-
tive value. and 87% for negative predictive value.

In 29 cases that were endoscopically negative but
histologically positive for rejection (17 among adults
and 12 among children), treatment was withhcld because
the patient lacked clinical symptoms of rejection such as
diarrhea or fever. This approach was based on our
expericnce during period 1, in which all these cpisodes
resolved spontaneously. Actually, in 28 (97%) of 29
cases during period 2, the subsequent biopsy also turned
negative for rcjection without therapy. Only one case
was persistently read as rejection, with subsequent
treatment given. Thus, if we cxclude these 28 histologi-
cally false-positive cases (16 among adults and 12 among
children) from the calculations, then the estimated sen-
sitivity and negative predictive value increasc, respec-

Fig. 3. Zoom vidcoendoscopic (ZVE) view along
with corresponding histology of the forceps biopsy
taken at the same lime showing moderate allograft
rejection in an isolated bowel graft recipient 9 days
after transplantation. Low (A) and near maximum
(B) ZVE magnification of increased erythema with
villi of irregular length. Some villi are markedly
shortencd. Low-power histologic examination (C)
demonsirates a notable inflammatory infilirate in
the lamina propria with obviously bluntcd villi,
and high-power histologic examination (I)) shows
advanced stage of crypt injury with numcrous
apoptotic bodics involving the crypis.
(hematoxylin-cosin; C magnification x100,

D magnification x400)

tively, to 61% and 93% in adults, and to 81% and 94% in
children (Table 5).

Discussion

Control of acute allograft rcjection has becn one of the
most important and challenging dilemmas in clinical
intestinal transplantation [1. 5, 7. 11, 14, 17, 21]. Endo-
scopic surveillance with multiple biopsies has been per-
formed as the primary tool for detecting rejection and
instituting timcly and appropriate trcatment [6, 9, 13, 26].
An ileostomy normally 1s created at the time of trans-
plantation to facilitate endoscopic access to the graft
mucosa [17]. Theoretically, the endoscopic examination
allows quick assessment of a large area of graft, as com-
pared with a histologic specimen that includes an ex-
tremely himited area of mucosa. Despite this advantage,
standard endoscopy alone is not reliable in determining
the degree of rejection and has been used primarily for
sampling.

Mucosal changes in intestinal allograft rejection
observed with standard endoscopy consist of erythema,
granularity, and friable hemorrhagic mucosa during
episodes of mild to moderate rejection, and deepitheli-
alized, so-called “*denuded,” mucosa with scvere rcjec-
tion. The loss of the mucosal surface epithelium is casily



recognized during standard endoscopy. However, once
the rejection has progressed to this stage, 1t has rarely
been reversible [11, 14]. Therefore, inttiation of appro-
priate treatment is essential before the rejection pro-
gresses to this very likely mrreversible stage. Given
standard endoscopy’s luck of accuracy in suecessfully
diagnosing mild to moderate rejeetion [8, 29-31]. elini-
cians have not relied on it as a surveillance tool.

The histologie ehanges that oceur in the intestinal
mueosa duning the course of rejection have been well
deseribed m both experimental and clinical intestinal
transplantation [3, 10, 18, 19, 36]. At an early stage of
rejection, the villi become edematous, slightly shortened,
or both, and crypt areas expand with a mildly inereased
cellular mfiltrate in the lamina propria. As the rejection
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Fig. 4. Zoom videoendoscopic (ZVE) view along
with corresponding histology of the forceps biopsy
laken al the same 1ime showing severe allografl
rejection in the same patient whose ZVE and
biopsy results just 3 days before had displayed
moderate rejection (Fig. 3). Standard (A) and near
maximum (B) ZVE magnificalion of 1olally
denuded mucosa with the loss of villi. Histology
shows severe transmural inflammatory cellular
mfiltrales with the loss of surface epithelium (C).
Severe destruction of crypls 1s observed at high
power. (ID). (hematoxyhn-eosin; C magnilicahon
x100, D magnilication x400)

Fig. 5. Zoom endoscopic picture of moderate
rejeclion seen in a patienl 13 days afier
transplantation (A). Zoom endoscopic picture in
the same patient 1 month later after treatment for
rejection (B).

progresses, the villi become more obviously blunted as
cellular infiltrate in the lamina propria inereases, leading
to a total loss of surface epithelium and severe cellular
infiltrates at the end stage of severe rejection. These
changes in the microscopic architecture of the mucosa
ave more easily recognized in whole-thickness biopsy.
Howecver, they can be difficult to assess in a standard
forceps biopsy because this type of biopsy includes only
a limited number of vill and crypts.

The use of vidcomicroscopic monitoring was re-
cently demonstrated to be effcctive in detecting rejection
in an ammal model {32]. We also published the first case
study describing the use of ZVE for evaluation of
intestinal gralt mucosa [16]. Magnification endoscopy
(ZVE) enabled us to see the microscopic architecture ol
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Table 3. Zoom video endoscope (ZVE) and histologic scores in period 2

ZVE grade Adulis Children Histologic grade Adults Children
Grade 0-1 (score 0-5) 274 138 Grade 0-1 246 142
Grade 1 (score 6-10) 28 51 Grade 2 51 37
Grade 111V (score 11 -15) 6 2 Grade 34 11 112
Total 308 191 Tolal 308 191

Table 4. Cross-lubulation of the zoom video endoscope and histology scores in period 2

Adults Children Adulis Children
Endoscopy +. pathology + 28 30 Endoscopy +, pathology + 28 30
Endoscopy +. pathology — 6 23 Endoscopy +. pathology — 6 23
Endoscopy —. pathology + 34 19 Endoscopy ~, pathology + (excluding 18 7
clinically insignificant rejection)
Endoscopy —. pathology — 240 119 Endoscopy —. pathology - 240 119
Total 308 191 Total 292 179

Table 5. Sensitivity. specificity. positive and negative predictive values for ZVE as a predictor of histologic grade. by patienl age

Adulis Children Overall Adults (adjusted)* Children (adjusted)*
Sensitivity 45% 61% 52% 61% 81%
Specificity 98% 84% 93% 98% 84%
Posilive predictive value 82% 57% 67% 82% 57%
Negalive prediclive value 88% 86% 87% 93% 94%

* Adjusted by removing the 28 histologically false positive cases from 1he calculations

the intestinal mucosa in this paticnt, who experienced a
mild acute rejection. Our current report describes a
series of 16 consecutive patients in whom ZVE was used
to cvaluatc the small bowel graft mucosa followed by a
prospective study that demonstratcd reasonable accu-
racy of ZVE for 47 additional patients.

Given our experience with the scries of 16 patients,
we werc able to correlate the visual morphologic chan-
ges seen on the ZVE with the various histologically
determined grades of rejection. The use of ZVE rather
than standard endoscopy permits greater recognition of
changes in the villi and crypt areas. It more clearly
identifies the mucosal changes that occur as the rejection
progresses. We now believe that the cndoscopic assess-
ment of mucosa afforded by ZVE provides a fast and
reliable confirmation of the histologic diagnosis.

The patchy, segmental naturc of intestinal rejection
warrants multiple random sampling [1, 5, 7, 21, 37].
Such random sampling may no longer be required be-
cause the visualization provided by the ZVE allows
biopsy of the most represcntative arca of the intestinal
mucosa. Additionally, graft intcstinal mucosa often
shows inflammatory changes attributable to surgical
trauma. Biopsy of thesc inflamed areas of the stoma can
distort the histologic diagnosis [36]. We believe that by
using the ZVE as a tool to identify appropriate areas for
biopsy, inaccurate diagnoses of rejection attributable to
sampling error will be minimized.

In a total of 59 instances (30 in period 1 and 29 in
period 2), histologically diagnoscd mild rejection was
not treated because there were no clinical symptoms of

rejection and the mucosa appeared normal on ZVE. All
but one of these instances of rejection reversed without
treatment. These may have been subclinical rejection
episodes that occur in the graft mucosa. Another pos-
sible explanation is that an overdiagnosis of changcs in
limited sampling areas tends to occur. The changes seen
in a small sampled arca from a biopsy may not always
represent the status of the entire graft. Rathcr, these
focal changes may be self-limited. The ZVE, along with
the concurrent clinical status of the patient, appears to
provide reliable support for deciding whether to treat
such histologic diagnoses of rejection or not.

The specificity and negative predictive value of the
ZVE score were very high (respectively, 93% and 87%
ovcrall). However, the sensitivity was low for both
children (61%) and adults (45%), and the positive pre-
dictive value was low for children (57%). The low sen-
sitivity appeared to be attributable, in part, to histologic
rejection that does not require treatment. When we cx-
cluded these (histologically false-positive) rejection epi-
sodes, the scnsitivity increased for both children (81%)
and adults (61%). The reason for a low positive pre-
dictive value for children is not clear. However, childrcn
are more likely to have infectious enteritis. It is possible
that enteritis mimics rejection in endoscopic appcarance,
and that some cases were undocumented.

We did not encounter apparent infectious cnteritis
during these ZVE sessions. Cytomegalovirus (CMYV)
enteritis has been previously reported to cause signifi-
cant morbidity in clinical intcstinal transplantation [20,
33). The initial preference for CMV-ncgative grafts



along with the subsequent improvement in CMV pro-
phylaxis with the use ol gangeiclovir has reduced the
incidence of CMV enteritis. In our series of more than
150 clinical intestinal transplantations performed since
1994, CMV enteritis was encountered in only two cases.
Even if we include other types of infectious enteritis such
as those attributable to adenovirus and nontuberculous
mycobacterium-associated enterocolitis, the incidence
still 1s Iimited to less than 10% of all cases, as compared
with rejection, which has a distinet possibility of
oceurring in nearly every case after intestinal trans-
plantation [2, 15. 17}, Thus. none of these types of
infections can explain completely via differential diag-
nosis the large number ol histologically false-positive
ZVE rcadings observed in this study.

Posttransplant lymphoproliferative discase (PTLD)
is known to occur rather lrequently in the intestinal
transplant recipient [1. 5. 7, 21]. Specifically, PTLD can
occur in the submucosal lymphoid tissue of the bowel
allogralt. Although we did not encounter any gastro-
intestinal-related PTLD during the Tollow-up period of
the patients enrolled in this study, we have seen cases
ol PTLD ocecurring in the intestinal allografts of other
patients. The appearance of PTLD in intestinal allo-
gralt can be clearly distinguished from that ol rejec-
tion. because it shows a distinetive area ol abnormality
(ulcer, lesion) with the surrounding mucosa appearing
normal.

As we collect prospective data using the ZVE in
combination with histologic study, we plan to use
standard stepwise and logistic regression techniques for
cach of the five criteria defined in this report (villous
length. villous blunting. background erythema. villous
congestion. and friability) to investigate whether they
contain equal or dissimilar predictive value for the his-
tologie diagnosis of rejection. We also will investigate
whether the individual component scoring of 0 to 3 used
in this study is optimal for predicting the histologic
diagnosis, or whether another set ol numeric seores used
Tor the normal. mild, moderate, and severe categories
would provide greater predictive value. In addition,
measurement of inter- and intraobserver variability also
will require Tuture investigation.

ln conclusion, histologic examination continues to
remain the gold standard Tor a diagnosis of rejection.
However, the ZVE provides inlormation on a larger
mucosal surface arca than can be evaluated with a for-
ceps biopsy, and we currently beheve that ZVE as a
diagnostic tool should be used concomitantly with the
biopsy. The enhanced ability afforded by ZVE to assess
the health of graft mucosa has been shown in this study
to provide useful information toward a rapid diagnosis
and, along with the presenting clinical symptoms, to
help in deciding whether to treat histologically diag-
nosed mild rejection. Clearly, the important question
about whether to withhold treatment in all cases
mvolving histologic diagnosis of mild rejection. but
without corresponding clinical symptoms, must await
conlirmation by lurther studies. Finally, as a sampling
tool, ZVE will help in identilying the most appropriate
areas lor biopsy.
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Abstract

Background: The Bravo catheter-free pH monitoring
system uses a capsule attached to the esophageal mucosa
to detect acid exposure. Placement of the Bravo capsule
1s associated with intermittent chest pain in 50% of
normal volunteers. The authors hypothesized that chest
pain in this setting may be attributable to hypertensive
esophageal contractions induced by the Bravo eapsule.
Methods: The study population consisted of 40 consee-
utive patients with reflux symptoms who had stationary
esophageal manometry within 1 h after Bravo capsule
placement. The control group consisted of 40 patients
with symptomatic gastroesophageal reflux disease
(GERD) from a population of patients with foregut
symptoms who werc computer matched to the study
group for age, sex, lower esophageal sphineter (LES)
pressure, LES length, and 24-h pH composite score. The
patients in the control group had manometry before
Bravo eapsule placement. The oceurrence of chest pain
was asscssed before and during the monitoring period
by interview and review of the patient’s diary. Mean
contraction amplitudes in the distal third of the csoph-
agus after 10 wet swallows were averaged. The preva-
lence of paticnts with esophageal contraction amplitudes
in the distal third that cxceeded the 95th percentile of
normal (180 mmHg) and the mean amplitude of distal
third esophageal contractions in the study and eontrol
populations were compared. In the study group, the
incidence of chest pain among the patients with hyper-
contractility of the esophagus was comparcd with the
incidence among those without hypercontractility.
Results: The meun contraction amplitude was higher in
the study group (144.7 vs 105.5 mmHg; p = 0.002). The

Presenled al the Sociely of American Gaslrointeslinal and Endoscopic
Surgeons (SAGES) mecting, Hollywood, IFL, USA, 13-16 April 2005
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number of patients with a mean distal esophageal con-
traction amplitude exceeding thce 95th pereentile of
normal also was significantly higher in the study group
(13/40 vs 5/40; p = 0.03). A total of 10 patients expe-
rienced new onset of chest pain with the Bravo eapsule
in place, and 6 patients experienced hypertensive
esophageal contractions.

Conclusions: The 1ntraesophageal Bravo capsule can
cause hypertensive esophageal contractions, which may
lead to chest pain.

Key words: Bravo capsule
toring system
geal contraction

Catheter-free pH moni-
Chest pain — Hypertensive esopha-

Until reeently, the standard method for measuring
esophagcal acid exposure has becn the catheter-based
ambulatory 24-h pH test. Although this test is the ““gold
standard™ for assessing mtraesophageal pH. it has lim-
itations such as discomfort, inconvenicnee, and inter-
ference with normal activity [1]. These limitations lead
patients to modify their diet and daily activities, which
may indirectly affect the results of the test [2].

Reeently. the Bravo catheter-free pH monitoring
system was introduced to overcome these shortcomings.
A randomized trial has shown that the Bravo pH
monitoring system is more convenient for the patient
and interferes less with normal activity than thc con-
ventional catheter based system [3]. It also allows eom-
fortable recording as long as 48 h for 89% of patients [2].
As a result, the new Bravo system is gaining popularity
as an alternative to the catheter technique.

We and others noted that chest pain is frequently
reported during the Bravo pH monitoring period,
especially during swallowing. This led us to hypothesize
that the Bravo capsule may cause chest pain by inducing
esophageal dysmotility.
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Materials and methods

Patient population

From January 2003 to IF'ehruary 2004, 40 consecutive patients (median
age, 45.5 ycars; rangc, 25-74 years) with gastroesophageal reflux
symptoms had stationary csophageal manometry within 1 h after
endoscopic Bravo capsulc placcment. This study group was compared
with a control group consisting of 40 patients (median age, 49 years;
range, 25-86 years) who had csophageal manometry 1 h before Bravo
capsule placement. The control patients were matched to the study
group for age, gender, lower esophageal sphincter (LES) pressure, LES
length, and pH composite score. Patients with a history of achalasia,
benign or malignant stricture, or a previous antireflux esophageal or
gastric surgery were excluded from the study.

Esophageal manownetry

Standard esophageal motihty studies were performed after an over-
night fast. A 12-Fr. 8-lumen water-perfused motility catheter was
passed through the anesthetized nostril into the stomach. The catheter
had side holes located at 5-cm intcrvals, with 4 holes arranged radially
(90° apart) at one level (Arndorfer Medical Specialties. Greendale, WI,
USA). Each channel was connected to a pressure transducer, which
was constantly perfused with hubble-free distilled water at 0.6 mL/min
by a low-compliance pncumohydraulic pump (Arndorfer Medical
Specialties).

The LES parameters including the resting pressure at the respi-
ratory inversion point (RIP), the total LES length, and the length
below the RIP (abdominal LES length) were measured using the sta-
tioned pull-through technique. Esophageal hody motility was assessed
by positioning the catheter with the most proximal side hole 1 cm
below the lowcr border of the upper esophageal sphincter and the
other four side holcs trailing at § cm intervals.

To assess esophageal hody contractility, 10 swallows of water (5
ml) werc given at 25-s intervals. Data regarding wave progression,
morphology. and contraction amplitude were recorded and analyzed
using Polygram software version 4.2 (Mcdtronics, Inc., Shoreview,
MN, USA). The amplitude of contraction in the distal third of the
esophagus was defined as the mean amplitude in the lower two chan-
nels. Hypertensive esophageal contractions were defined as a mean
amplitude above the 95th percentile determincd in normal subjects
(> 180 mmHg).

Bravo capsule and pH monitoring system

The Bravo capsule (6 x 5.5 x 25 mm) was attached to the csophageal
mucosa using a prepackaged assemhly (Fig. 1). The capsule has a well
(diameter. 4 mm: depth, 3.5 mm) connected to an external vacuum unit
during placement for attaching a small pin to the esophageal mucosa.
The capsule contains antimony pH and reference electrodes located at
the distal cnd. By means of radiotelemetry, pH data are transmitted to
a rcceiver worn on the belt. Aftcr 48 h, the patient returned the rc-
ceiver, and the data were uploaded to a computer for analysis.

Placeent of the Bravo capsule

Study group

The Bravo capsule was placed during endoscopy with the paticnt
under conscious sedation using intravenous Demcrol and Versed. The
distance between the upper limit of thc gastric rugal folds (the gas-
trocsophageal junction) and the incisor tecth was measured. The
endoscope was removed, and the delivery system was passed
transorally into the csophagus. There it was advanced until the pH
sensor of the capsule was located at a point 6 ¢cm above the upper
limit of the rugal folds [4]. Capsule attachment was confirmed by
reintroduction of the endoscope (Fig. 2). A motility catheter then was
passcd into the stomach. and esophageal motility was performed as
descrihed earlier.

Fig. 2. Endoscopic view of an attached Bravo capsulc.

Control group

After standard esophageal manometry, the position of the upper
border of the LES was identificd. The Bravo delivery system was
passcd transnasally, and thc capsule was attached 5 cm above the
upper border of the LES. A chest x-ray was obtaincd to confirm
attachment of the capsule.

Chest pain syniptom assessietit

Chest pain was assessed in the study group by interview heforc
placement of the Bravo capsule. After placement, each patient was
given a standardized symptom questionnaire. The presence or absence
of chest pain before and during the monitoring period was rccorded.
Patients with a history of chest pain before the Bravo study and those
with incomplete self-reported questionnaires were excluded from the
chest pain assessment analysis.

Ethical considerations

This study protocol was approved hy Health Scicnces Campus, the
Institution Review Board of the University of Southcrn California.

Statistical analyvsis

Chi-squarc and Fisher's cxact tests were used to compare categorical
variables, and the Student’s r-test was uscd for continuous variahles.
Significant differences were assumed at a p value lcss than 0.05.



Table 1. Charucleristics of the study and conirol groups

Study group Control group

(n = 40) (n = 40) p Value
Age (years): n (range) 45,5 (40-53)" 49 (44-63)" 0.18
Gender (M'F) 15/25 15/25 1.0

9527 =k 2:80°  19:21 £ 3] 0.99
304 + 016 294 + 0.2 0.62
177 = 0013 1.62 + 0.10 0.38
1695 + 1.44 1796 + 1.64 0.64

Composile pH score
Total length (cm)
Ahdominal length (cm)
LES pressure (mmHg)

LES. lower esophageal sphincier
* Inlerquartile range (1QR)

3004

148 vs105 mmHg
p=0.002

200+ AR

mmHg

1004 .

0

study conlrol

Fig. 3. Compurison of mean distal esophageal contraction amplitude
(DEA) between groups. The mean DEA was significantly higher in the
study group (147.7 + 9.9 vs 105.5 + 8.8 mmHg: p = 0.002).

Results

Each group consisted of 15 male and 25 female patients,
There were no significant differences in demographic
data, LES parameters, and pH composite score between
the two groups (Table 1).

The distal esophageal contraction amplitude was
significantly higher in patients with a Bravo capsule in
place (147.7 + 998 vs 105.5 £ 8.84 mmHg: p = 0.002)
(Fig. 3). A total of 13 patients (33%) in the study group
had distal esophageal contraction amplitudes exceeding
the 95th percentile of normal. as eompared with only 4
patients (10%) in the control group (Fig. 4). The total
number of hypertensive esophageal eontractions also was
significantly higher among the patients with the Bravo
capsule in place (134,400 vs 55/400; p < 0.0001) (Fig. 5).

The self-report questionnaire was completed by 20
patients in the study group who had no history of chest
pain. New onsct chest pain developed in 10 of these
patients (50%) after Bravo capsule placement. In 6 of
these patients, the pain was associated with hypertensive
esophageal contractions. All the patients with new onset
chest pain had hypertensive esophageal contractions. In
contrast, hypertensive contractions were present in only
4 of the 14 patients (29%) without chest pain
(p = 0.003) (Fig. 6).

Discussion

A recent randomized control trial has shown that the
Bravo catheter-free pH monitoring system 1s better tol-
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Fig. 4. Comparison of the numher of pantients with distal esophageat
contraction amplitude (DEA) exceeding 180 mmHg helween groups.
The number of patients with DEA exceeding 180 mmHg was higher in

the study group (1340 vs. 540: p = 0.03).
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Iig. 5. Comparison of the number of swallows with distul esophageal
contraction amplitude (DEA) exceeding 180 mmHg hetween 1he
groups. The 1otal numher of wel swallows in ¢ach group was 400. The
number of swallows with a DEA exceeding 180 mmHg was higher in
the study group (134/400 vs 55/400; p < 0.0001).

1004

p<0.003

50

Prevalence of new onset of chest
pain

DEA>180
mmHg

DEA<180

mmHg

Fig. 6. Comparison of the previlence of new chest pain helween pa-
lients with (7 = 6) and those without (1 14) hyperlensive esopha-
geal contractions. The prevalence of new chest pain was higher among
the patients with hypertensive contractions [6/6 (100%) vs 4/14
(28.5%). p = 0.003].

crated by patients and allows more normal activity than
the conventional catheter-based system. As a result, it is
rapidly gaining popularity among patients with GERD.
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As experience with this technique has grown, it has be-
come evident that patients commonly report chest pain
with the Bravo capsule in place. In a recent randomized
trial comparing Bravo and conventional pH monitoring
systems [3], chest pain was experienced by 60% of the
patients monitored with the Bravo capsule. Pandolfino
et al. [2] also have reported a significant frequency of
chest pain after Bravo placement. In this smaller series,
34.5% of the patients experienced chest pain, and in 2 of
10 patients, the chest pain was severe enough for the
patient to request immediate capsule removal. The
mechanism of chest pain in these patients is not clear.

We hypothesized that esophageal motility abnor-
malities may be the cause of this chest pain. This
hypothesis was based on previous studies demonstrating
the strong relationship between esophageal motor
abnormalities and the symptom of chest pain [5]. In
particular, esophageal hypercontractility has been re-
ported in 27% to 59% of patients with (noncardiac)
chest pain [6-9].

We recently completed a study to assess the clinical
utility of the Bravo system. This study included patients
evaluated at two clinical sites. At one site, the Bravo
capsule was placed transnasally at a location determined
by manometry performed before Bravo placement. At
the other site, the majority of patients had the Bravo
capsule placed transorally at a location determined by
endoscopy. In these patients, esophageal manometry
often was performed after Bravo placement. This al-
lowed us to identify the study and control groups in-
cluded in this report. These patients, matched for age,
sex, LES charactenistics, and composite pH score, pro-
vided comparable groups for studying the possible ef-
fects of a Bravo capsule on motility.

Our results confirm previous observations regarding
the common occurrence of new onset chest pain after
Bravo insertion. In our experience, this symptom
develops after Bravo placement in 50% of patients pre-
viously free of chest pain. We also have shown that 60%
of the patients in whom chest pain develops will have
esophageal hypercontractility when motility 1s per-
formed with a Bravo capsule in place. Furthermore,
even in patients without a new onset chest pain, hyper-
tensive contractions frequently occur in the distal
esophagus. One-third of all patients studied with the
Bravo capsule in place had hypertensive contractions,
which was more than three times the frequency in the
control group. In addition, more than one-third of all
contractions measured in the Bravo group were in the
hypertensive range. Together, these observations sup-
port our hypothesis, suggesting that the Bravo capsule
may indeed induce contraction abnormalities in the
esophagus known to be associated with chest pain.

For the patients in the study group, the motility
studies were performed after Bravo capsule insertion for
the purposes of patient comfort and convenience. This

approach not only allowed the endoscopy, motility
study, and Bravo monitoring all to be accomplished in
one session, but it also allowed placement of the Bravo
capsule with the patient under sedation. Clearly, this
strategy is attractive to patients. The results of this study
suggest the need for caution in using this approach be-
cause assessment of esophageal motility can be compli-
cated. The duration of the contraction abnormalities
associated with Bravo placement i1s unknown, but it
seems prudent to allow sufficient time to pass between
Bravo monitoring and esophageal manometry for
detachment of the capsule. In the largest study on Bravo
monitoring reported to date, capsule detachment oc-
curred within 14 days for 99% of those studied [10].

Conclusion

In conclusion, the Bravo capsule frequently causes
hypertensive contractions in the distal esophagus, and
these contractions are commonly associated with chest
pain. Consequently, manometry should not be per-
formed with a Bravo capsule in place, and patients
scheduled for Bravo pH monitoring should be informed
that chest pain may develop.
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Abstract

Background: Although laparoscopy in general surgery is
inereasingly being performed. only rccently has liver
surgery been performed with laparoscopy. We critically
rcview our expcrience with laparoseopie liver reseetions.
Methods: From January 2000 to April 2004, we per-
formed laparoseopie hepatic resection in 16 patients
with 18 hepatic Icsions. Nine Iesions werc benign in se-
ven patients (five hydatid eysts, threc hemangiomas, and
onc simple eyst). five were malignant in five patients (five
hepatoearcinoma). and four patients had an uncertain
preoperative diagnosis (one suspected hemangioma and
threc suspected adenomas). The mean lesion sizc was
5.2 em (range, 1-12). Twelve lesions were located in the
left lobc, thrce werc in segment VI, onc was in scgment
V., onc was in segment 1V, and onc was in the subcap-
sular part of scgment VIIIL.

Results: The conversion rate was 6.2%; intraopcrative
bleeding requiring blood transfusions occurred i two
patients. Mcun operative time was 120 nin. Mcan hos-
pital stay was 4 days (range, 2-7). There were no major
postopcrative comphications and no mortality.
Couclusions: Hepatie resection with laparoscopy is fea-
siblc in malignant and benign hepatic lesions loeated in
the lcft lobe and antcrior inferior right lobe segments
(1V, V, and V1). Results are similar to those of thc open
surgical technique in carcfully sclected cascs, although
studics with large numbers of patients are neeessary to
drawn definite conclusions.

Key words: Laparoscopy — Liver resection

During the past few decades, the acquisition of new
technology and the improved surgical experience have
incrcased indications for laparoscopic abdominal sur-
gery. In hepatie surgery, laparoscopy has been confincd
to the staging of tumors, biopsy. and the trcatment of
simple scrous cysts. Only recently has laparoscopic he-
patic reseetion been successfully performed. A review of
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the literature reports only 200 cases of hepatie reseetion
published up to 2001 [3].

Surgieal skills in both liver open surgery and lapa-
roseopie surgery are required. Moreover, prcopcrative
and intraoperative asscssiment is nceessary to define the
loeation of the tumor and its relationships with vascular
structures. Proper technological support is required for
the dissection of the parenchyma for adequate control of
hemostasis [6].

This article reports our expericnec with laparoseopie
hepatie reseetion and critically reviews indications and
results.

Materials and methods

FFrom January 2000 to April 2004, 16 patients underwent luparoscopic
hepatic resection for 18 lesions. Patients werc positioned in the supine
position, with the legs abducted, and the surgcon s1ood hetween the
legs with the first assistant to the patient’s right. The first 10 mm trocar
was inserted mn the umbilical site after creating pneumopcriloneum.
After exploration of the abdominal cavity, three trocars were posi-
tioned: one in the epigastrium; one in the right hypochondrium for
retraction of the liver and aspiration; and one 10 mm trocar in the left
hypochondrium for dissection, coagulation, and positioning of clips.

Intraoperative ultrasonographic evaluation of the hepatic lesion
and its relations with vessels was performed in all cases. For lesions
located in segments [1 and 111, the left lobe was completely mobilized.
In lesions localed in segments V and VI, we performed a mobilization
of the righi lobe when necessary.

In patients with hydatid cysts. removal of 1he cysts was achieved
by cystopericystectomy in all cases. In one case with an 8 cm cysl, we
used intraoperative PAIR (puncture, aspiration. injection, reaspiri-
tion) under laparoscopic control before cystopericystectomy.

IFor patients with malignant lesions. we performed atypical
resection in one patient with a peripheral exophyiic lesion and 1ypical
segmentcctomy or bisegmentectomy in four patients with lesions lo-
cated deeper in the parenchyma. In all cases of malignant lesions,
surgical margins were larger than 2 cm.

Laparoscopic liver resection was also indicated in three patients
with unccrtain diagnosis (hepatic adenoma vs focal nodular hyper-
plasia) and in another case for atypical hemangioma in a patient with
previous breuast cancer.

In the first three cases [hepatocarcinoma (HCC) of segment 11,
hydatid cyst of segment VI, and hemangioma of segment 11], we used
the Kellyclasia  technique for hepatic  parenchymal dissection,
monopolar cautery, and/or application of vascular clips for hemosta-
sis. In other patients, ultrasound scalpel was wiilized for parenchymal
section.
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For extraction of the surgical specimen, we performed a sup-
rapubic transverse § ¢cm incision for solid lesions or enlargement of 1he
periumbilical incision in cystic lesions. In all cases. a plastic bag was
used.

Results

During the study period, we perlormed laparoscopic li-
ver resection in 16 patients (five male and 11 female) with
an average age of 51 years (range, 28-74). Indications for
laparoscopic resection, the charactcristics of the lesions,
and their locations arc summarized in Table 1.

Among 18 resected lesions, ninc werc benign (five
hydatid cysts, two symptomatic hemangiomas, one
hemangioma associated with cholclithiasis, and onc
simple cyst), five were malignant (HCC in Child-Pugh
class A eirrhosis), and Tour had uncertain preoperative
diagnosis (one atypical hemangioma and three suspected
adcnomas).

As shown in Table 1, lesions were mainly located in
left segments Il and III and right inferior segments V
and VI. Only in one case was the lesion located at the
surface of the anterior part of segment VI1I11.

Surgery was performed using the laparoscopic ap-
proach in 15 of 16 patients, with a 6.2% of conversion
rate (one case of hemangioma of segment II). Intraop-
erative hemorrhage requiring blood transfusion (2 units)
occurred in two cases. In the first case, hemorrhage was
successfully managed by laparoscopy, and in the second
easc it resulted in eonversion to open surgery. The two
eases of itraoperative hemorrhage oceurred during the
first period when the Kelly-clasia technique was utilized
for dissection of parenchyma. Usc of the ultrasonic
sealpel improved results in the following patients, with a
mean blood loss of 150 ml (range, 50-200). Resection
was performed without vaseular clamping in all cases.

The mean opcrative time was 120 min (range, 60—
180). Mean hospital stay after surgery was 4 days
(range, 2-7). Therc were no major surgical complica-
tions and no operative mortality. In two patients, minor
surgical complications occurred (surgical wound infec-
tion mn one and persistent abdominal pain in another).

Discussion

Among paticnts for whom liver surgery is indicated.
those for which a laparoscopic approach can be pro-
posed are yet limited [3. 10, I3]. Only a few can be
submitted to laparoscopic liver rescction. In our expe-
rience of 187 liver resections performed during the study
period, we chose the laparoscopie approach for only 16
patients. Decspitc the small number of paticnts, our
experience confirms the feasibility of laparoscopic hc-
patic resection, with results similar to those reported in
the literature.

Berthio et al. [3] reviewed 200 cases of resection for
both benign and malignant lesions and reported a con-
version rate of 7%, mcan hospital stay of 7.7 days,
postsurgieal morbidity of 16%. and mortality of 0.5%.
Two different studies on laparoseopic hepatic resection,

one for benign Icsions and onc for malignant lesions,
reported similar results in terms of conversion rates (10
and 13.5%, respectively), mean hospital stay (5 and 7
days, respectively). and mortality (0% in both studics).
On the contrary, morbidity was 5% for patients with
resection for benign lesions and 22% for malignant
Icsions.

In comparative studies of open liver surgery, mor-
tality and morbidity were not increascd in laparoscopy,
operative time was similar or slightly longer, blood loss
was similar or lower, and mean hospital stay was shorter
for the laparoscopy group [12, 15, 20, 23, 25].

Control of hemostasis is one of the major topics of
liver surgery and use of ultrasonic or radiofrequency
scalpels, used more commonly during laparoscopic
resection, helps to reduce blood loss, as reported in
eomparative studies between laparoseopie and open
hepatic surgery. However, failure to control bleeding
during laparoscopic surgery is onc of the most impor-
tant eauses of conversion to the open technique [2, 7, 9.
10, 13, 15, 22]. In our experience, aftcr introduction of
ultrasound scissors blood loss was reduecd to a mean of
150 ml and the conversion rate was reduced to 0%.

Argon beam coagulation is cffective for hemostasis,
but gas embolism is reported in the literature and it has
been related to the increase in intraabdominal pressure
[8, 14]. For this reason, the use of argon bean coagulation
is not recommended for laparoscopic liver resections.

The most important factor for laparoscopic resection
is selection of patients. Size and site of lesion and its
relationship with a major vessel must be accurately
evaluated during preoperative staging.

Benign lcsions are generally refcrred for surgical
resection for the presence of symptoms or for uncertain
diagnosis. Hemangiomas and nodular focal hyperplasia
are rarely submitted to surgical resection, and few cases
have been reported in the literaturc [10, 16, 17, 19, 22].

In our expericncc, hemangiomas were referred for
surgical resection for preoperative uncertain diagnosis in
one ease, whereas in the other case, the patient sulfered
from cholelithiasis and the hemangioma, located on the
surface of segment V, was resectcd during laparoscopic
cholecystectomy.

The role of hepatic resection for hydaud cysts is
controversial, and the introduction of laparoscopy has
only added a new element to thec debate. The trcatment
of choice is still total cystopericystcctomy, which re-
duces the frequency of intraoperative anaphylactic
reactions and relapses [5]. Laparoscopic partial cystec-
tomy or PAIR lead to results similar to those of open
surgical and pcrcutaneous techniques: anaphylactic
reactions in 3% of cascs and relapse in 3-10% of patients
after a follow-up of 17 or 18 months [4, 11, 24). Man-
terola et al. [21] published a series of eight cases of
laparoscopic total cystopericystectomy, with anaphy-
lactic reactions and relapse in nonc of the paticnts after
a mean follow-up of 30 months.

Laparoscopic treatment of malignant lesions is still a
matter of debate, even though laparoscopie liver resee-
tion was successfully applied in cirrhotic patients with
primary tumors [7]. Comparative studies with open
surgery have shown a shorter hospital stay with the
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Preoperative diagnosis No. ol patients Site (segment) Size (¢m) Histological Teatures
Benign lesions 7

I1-111 8 Hydaud cysi

Vi 4 Hydaud cysi

VI IV VI 3. 225 Hydaud cyst

VI 9 Hemangioma

11 8 Hemangioma

\% 4.5 Hemangioma®

11111 12 Simple cyst
Mulignant lesions S

111 6 HCC

1 S HCC

-1 3 HCC

11 2} HCC

1 2 HCC
Uneertain diagnosis 4

I-111 i Hemangioma®

[ 111 3 I'NH vs adenoma

11111 7.9 IFNH vs adenoma

[1-111 6 FNH vs adenoma

['HIN, Tocal nodular hyperplasia; HCC. hepatocarcinoma
! Associated with cholelivasis
" Patients with previous breast cancer

laparoscopic approach, with similar morbidity. mortal-
ity. and long-term results [20. 25]). However, a multi-
center study reported discouraging results, with surgical
margins < 1 ¢cm 1 30% of resected HCC and in 20% of
resected metastasis: moreover, positive surgical margins
were found in 6.7% of patients [13].

In cirrhotic patients. laparoscopic liver resection has
been performed with good results also with coexisting
poor hepatic function [1, 18, 26]. The authors concluded
that saving the abdominal wall vascular collaterals in
the laparoscopic approach reduced postoperative
decompensation in patients with portal hypertension [7].
These preliminary data suggest an extension of indica-
tions for surgery of primary malignancy in cirrhotic
paticuts, but comparative studies with less invasive
treatments are necessary.

Currently, the laparoscopy approach is employed
mainly for minor hepatic resections. wedge resections.
segmentectomy. and bisegmentectomy. Experience in
laparoscopic major liver resections is limited to sporadic
cases n the literature, and usually the approach is not
fully laparoscopic [3. 10, 15].

In conclusion, laparoscopic hepatic resection s
technically fcasible 1 properly sclected cases. Indica-
tions for benign lesions are himited, and the role of
laparoscopic liver resection in malignant lesions is still
controversial. Studies with large numbers of paticnts
and long-term follow-up must be performed before
more precise conclusions on the role of laparoscopy in
liver surgery can be drawn.
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Abstract

Background: The aim of this study was to develop a
simple method for closurc of a perforated peptic uleer,
making 1t more accessible for laparoscopic surgery.
Methods: An experimental pilot study was performed
using five male Wistar rats. The perforation was closed
by a bioabsorbable pateh made of lactide glyeolid-
caprolactone fixed with glue onto the outside of the
stomach.

Results: Postoperatively, there were no signs of lcakage
or other complications. Histologically, there were no
signs of inflammation on the inside of the stomach, and
there was a 50% reduction of the perforation each suc-
cessive postoperative week. No adverse reaections be-
eause of the degradable material or gluc were observed.
Conclusions: Treatment of a perforated peptie ulcer by
placing a patch of biodegradable material like a
“stamp” on the outside of the stomach is a feasible
option.

Key words: Perforated peptic ulcer
Biodegradable patch — Glue

Laparoscopy —

Introduction

Laparoscopic correction still is not the gold standard for
management of a perforated peptic uleer [4] although
many advantages of laparoseopie proeedures have been
demonstrated during the reeent ycars with regard to
postoperative morbidity and pain [I, 8, 9]. During a
multicenter Dutch trial (LAMA trial), we eompared

Correspondence 1o: M. 1. O. E. Bertleft

laparoseopie elosure of perforated peptie uleer with the
conventional method using laparotomy. It seemed that
one of the problems with the laparoscopic procedure
involves the suturing technique [2]. 1t is espeeially diffi-
cult for surgeons to take big bites, to prevent cutting out
of the sutures [9], and to exert sufficient tension on the
knot during intra- or extracorporal knotting.

The operation time for laparoscopic correction often
1s prolonged [2. 6], which i1s mainly due to the learning
curve with regard to suturing technique. This may be the
reason why many surgeons (espeeially during the night)
are not even starting up laparoscopically or soon convert
to laparotomy. A new mcthod has been developed in
which perforation of the stomaeh in rats was closed with
a biodegradable pateh fixed with glue, similar to putting
a “'stamp” on the outside of the stomach. In the current
eurrent experiment. this ““stamp™ method was evaluated.

Methods

Five adult male Wistar rats with an average weight of 255 were used in
this trial. With the rats general anesthesia (isofturangas 2% with oxy-
gen), a median laparotomy was performed. At a tixed point on 1he
ventral side of the stomach, a perforation was crealed with a diameter
of 0.5 cm. A patch. made of lactide-glycolid-caprolactone (LGC)
(Polyganics., B.V., Groningen, The Netherlands) was cut into a ciecle
with a diameter of 1 em and an overlap of 0.5 cm all around the
perforation. The patch was glucd on the outside of the stomach with
Gluhran 2 (n-hutyl [2] cyanoacrylate, methaeryloxysulfolane). The
ahdomen was elosed i two layers with Polysorh 4-0.

After Iweek, the first rat underwent relaparotomy wnder general
anesthesia. Afterinspection of the ahdomen, the patch, including the full
thickness of the stomach wall., was resected and sent for histology. Fach
successive posloperative week, one rat underwent the same procedure,
resulting in a total elinical and histologie follow-up period of § weeks.

For histology. tissue specimens were rinsed in saline and placed
into a fixative conlaining 2% glutardialdehyde hutfercd with 0.1 mol
phosphate huffer, pH 7.4, Then the spccimens were dehydrated
through a graded concentration of cthanol and emhedded in glyeol
methaerylale. From all samples, 2-pan-thick scclions were prepared
using a disposahlc histoknife and a Reichert-Jung 2050 supercut™
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microtome. The sections were mounted on glass slides and stained with
toluidine blue and alkaline fuchsin (Merck, Darmstadt, Germany). All
the sections were evaluated and photomicrographed using a Olympus
BX-50 microscope (Olympus Oplical Co., Japan)

Results

All the rats survived the first operation without com-
plications. The mean operating timc was 10 min. At re-
laparotomy, therc were neither signs of leakage nor
evidence of peritonitis. There were small adhcsions,
mainly to the liver, and in the first two rats there also
were small adhcsions between the spleen and the stom-
ach. From wcek 1. the patch was covered by omentum.
Biodegradation of the patch was visible at week 5. The
diameter of the perforation, as observed from the insidc
of the stomach, decreased by 50% cvery week. After 5
weeks, only a pinpoint perforation could be found. All
the rats gaincd weight during their weeks of follow-up
evaluation, with an average weight of 348 g (range, 313
392 g), on the day of re-operation mcaning they werc in
good condition.

Histology

At 1 weck postoperatively, no inflammatory cells were
detected on the inside of the stomach. Bacteria were

Fig. 1. Histology at weck 1.

Fibrotic layer

Muscle layer
Fig. 2. Histology at week 5.

found in the superficial mucous layer of the epithelium,
and among the microvilli of cpithelial cells. They were
distributed irregularly, patchy and with heavy coloni-
zation, in some areas but did not invade thc epithelium.
The mucosa consisted of dense connective tissue and
numerous blood vessels. The basement membrane
underlying the epithelial basal cells was clearly visible.
The muscular layer and submucosal glands were pres-
ent, but did not continue, as was to be expected.

At 2 weeks postoperatively, cellular ingrowth of
inflammatory cells, especially granulocytes, was seen
lying against the LGC patches. Multinucleated giant
cells also were scen at the interface of the patches.

At 3 weeks postoperatively, the LGC patches were
covered by a capsule of fibrotic tissue. This capsule
consisted of 14 to 15 layers of fibroblasts, collagen fi-
bers, extracellular matrix, and numerous blood vessels.
Still, some multinucleated giant cells were observed in
the patches, and degradation of the LGC patches had
begun.

At 4 weeks postoperatively, the amount of inflam-
matory infiltrate had incrcascd. while other cells such as
macrophages and multinuclcated giant cells were seen
infiltrating the LGC-patches. The capsule of fibrotic
layer became ticker. Fibroblasts as well as collagen fi-
bers and blood vessels were found more frequently and
denser, as compared with findings 3 weeks postopera-
tively.



At 5 weeks postoperatively, the fibrotie layer on the
pateh had inereased Maerophages and giant eells still
were found mnfiltrating and phagoeytosing the LGC
patehes. There were epithelial eells close to the perfo-
ration. The muscular layer stll showed perforation.
There were no signs of rejection (Figs. 1 and 2).

Discussion

A new method for closure of peptie uleer perforation
was tested in rats, and the first results seem promising.
Sealing of the perforation with a glued biodegradable
pateh seemed sufficient because no leakage occurred.
Furthermore. no inflammation or other side effeets to
the abdominal wall were observed. It was deeided that at
this phase, the use of an iatrogenieally made perforation
would be sufficient, because we wanted only to evaluate
whether this new technique would work.

Of course. this test did not eompletely mimie the
climical situation. There was no edema, no fibrin depo-
sition, and no inflammation of surrounding ussue.
However, no ¢linieal evidenee so far had proved that a
perforation of any longer duration with fibrin deposi-
tion has a worse outeome with regard to healing of the
perforation itself and a higher risk for reperforation. It
eould even be suggested that fibrin deposition helps in
sealing the perforation, but more research on this topie
1s needed.

Closure of a perforated peptie uleer by a Graham
omental pateh or mere sutures has been performed for
many years [7. 8]. Several alternative teehniques have
been tried [7. 9]. The ineentive for introdueing these new
operations was to simplify the procedure and make it
suitable for minimal invasive therapy [9]. A few proee-
dures ean be accomplished by endoseopy. but often it
still 1s neeessary to eombine it with laparotomy or lap-
aroscopy [3. 6]. Lau et al. [5] described a method for
closing the perforation using spongostan fixed with fi-
brin glue. This seemed to be suitable only for smaller
perforations. The pateh used in this study can be
introduced through a troear and unfolded with ease
beeause it has no memory. Glubran 2, the glue used in
this trial, is a synthetie surgieal glue european eon-
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formity (CE) eertified for internal use. It 1s hquid, does
not need any preparation and ean be applied to the
pateh inside the abdomen using a laparoseopic needle.
The size of the perforation does not matter because the
patehes ecan be cut easily into any desired size.

In conelusion we propose a simple teehnique for
elosure of a perforated peptie uleer, making laparo-
scopie correction of a perforated peptic uleer more
aecessible. A randomized ehnieal trial will be initiated in
due eourse.
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Abstract

Introduction:  Pneumoperitoneum is associated with a
well-described decrease in renal blood flow, but it re-
mains unclear whether a decrease in cardiac preload is
responsible. Our aim was to characterize the relation-
ship between cardiac preload and renal perfusion during
pneumoperitoneum.

Methods: Eleven pigs werc submitted to three 30 minute
study periods: 1) Baseline (2= 11): no interventions, 2)
Pneumoperitoneum (7=11): 12 mmHg CO2 pneumo-
peritoneum, 3) Preload Reduction: pneumoperitoneum
and nitroglycerin infusion (n=8); or pneumoperitoneum
and hemorrhage to a mean arterial pressure (MAP) of
40 mmHg (n=23). Echocardiographic measurements of
left ventricular end-diastolic diamcter (LVEDD) were
used as an index of preload. Renal cortical perfusion
(RCP) was measured using laser doppler flowmetry.
Results: LVEDD decreased from4.2 £ 0.5to 4.1 + 0.6
cm (p =0.02) with pneumoperitoneum and then to 4.0 +
0.5 em (p=0.03) with the addition of nitroglycerin.
There was no statistically significant change in RCP
with pneumoperitoneum (33.5 + 8.4 to 28.5 = 8.4 ml/
min/100g tissue, p=0.2), but it decreased to 18.5 + 11.3
ml/min/100g tissue (p=0.001) with the addition of
nitroglycerin. The correlation betwcen RCP and
LVEDD was weak (0.35, p=0.003), whereas correlation
between RCP and MAP was superior (R=0.59,
p<0.0001).

Conclusion: While decreasing preload under extreme lab
conditions also decreases RCP, simply creating a
pneumoperitoneum of 12 mmHg does not. The decrease
in renal blood flow associated with pneumoperitoneum
is likely not solely a function of preload.

Correspondence to: Liane S. Feldman
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The elevated intraabdominal pressure needed to create a
laparoscopic workspace causes a varying degree of
physiologic impairment unique to the field of minimally
invasive surgery. Becausc this approach has become
increasingly complex and currently is performed for
patients with diminished cardiorespiratory reserve and
renal disease, it is essential that we understand and
minimize this impairment.

Multiple animal and human studies have well de-
scribed the classic systemic hemodynamic effects of in-
creased intraabdominal pressure: tachycardia, increased
arterial blood pressure, peripheral vasoconstriction, and
decreased stroke volume and cardiac output [19, 26]. It
is thought that by virtue of the Frank-Starling mecha-
nism, a decrease in venous return to the heart caused by
inferior vena cava compression is responsible for a fall in
cardiac preload and subscquent reduction in cardiac
output [30]. Oliguria also is a common clinical renal
manifestation of pneumoperitoneum. As shown in sev-
eral animal studics, glomerular filtration rate is de-
creased in association with a drop in renal blood flow
and rcnal cortical perfusion (RCP) [4], particularly when
intraabdominal pressurcs exceed 15 mmHg.

Many factors are thought to contribute to the
modulation of renal blood flow under pneumoperito-
neum, including direct compression of the renal vessels
and parenchyma, neurohumoral factors, and changes in
systemic hemodynamics [9, 29]. According to one theory
that has had an impact on clinical practice, the decrease
in cardiac preload caused by pneumoperitoneum
induces a relative hypovolemic state and subsequent



renal hypoperfusion, even if there 1s no drop in cardiac
index. This view is supported by a porcine study show-
ing that aggressive intravenous hydration reverses the
impaired renal blood flow caused by 4 pneumoperito-
ncum of 15 mmHg [23]. Accordingly, vigorous intrave-
nous hydration during laparoscopic live donor
nephrectomy has been recommended by many authors
because of its presumed ability to maintain preload and
thereby maintain renal perfusion {11]. However, in a
pilot study with humans undcrgoing laparoscopic donor
nephrectomy., we previously found that preload, as
estimatcd by esophageal Doppler measurement of flow
time, did not in fact decreasc with a carbon dioxide
(CO») pneumoperitoneum of 12 to 15 mmHg [10].

Becuuse of the difficulty measuring cardiac preload,
the exuct relationship between preload and renal blood
flow during pncumoperitoneum has never been studied
dircctly and remains unclear. There exists no gold
standard for measuring cardiac preload. Pulmonary
capillary wedge pressure is & rcliable index only when
cardiac compliance is normal and not subject to trans-
mitted abdominal pressurcs to the chest, as is the case
during laparoscopy {28]. In the laboratory setting, pre-
load may be assessed with cchocardiography by mea-
surement of the left ventricular end-diastolic diameter.
Findings have shown echographic cardiac chambcr
measurcments to be reliablc measures of blood loss,
suggesting that this technique is a good index of preload
[6].

This study aimed to elucidate, in an animal model,
the relationship between renal perfusion and cardiac
preload, as measured by left ventricular end-diastolic
diameter during pneumoperitoneum alone and during
an cxperimentally induced fall in preload in this same
context. We hypothesized that although renal blood
flow decreases with pneumoperitoncum, and further
with thc addition of nitroglycerin, there is not a signif-
icant relationship between it and cardiac preload.

Methods

Anesthesia and the animal model

For this study. 11 lemale Landrace pigs (weight, 20-30 kg) were fasted
overnight with unrestricted access to free water. Throughout the
experiment. the animals received normal saline at a maintenance rate
of 20 ml'h via an auricular vein. The induction protocol consisted of a
BAG premix (butorphanol 0.25 mgkg, acepromazine 0.18 mg kg,
glyeopyrrolate 0.009 mg'kg). followed by kctamine 14 mgkg and
variahle doses of sodium pentothal 25 mg/’kg to maintain adequate
sedation and analgesia. During the experimental period, anesthesia
wis maintained with 2% to 3% isoflurane and paralysis with pancu-
ronium 2 mg, administered every 30 min.

The animals were intuhated and ventilated with a Newffield ven-
tilator (Penlon, Abingdon, UK), set at a fraction of inspired oxygen
(F10,) ol 40%, which was inereased as needed to keep the oxygen
saturation ahove 95%. Fresh gas flow was set at 0.3 to 0.4 I/s, with an
ispiration-to-expiration ratio of 1:2. These scttings were modified
depending on end-tidal carbon dioxide levels using a sensor attached to
the cndotracheal tube at the mouth (Nellcor, Tyco Healtheare,
Manslield, MA, USA) in an attempt to avoid hyperearbia. To mcasure
the acid-base status, arterial blood gas samples were drawn once he-
fore the start ol the experiment and cvery 30 min thereafter. A rectal
thermometer was inserted, and normothermia was maintained with the
use of a heating lamp and warming pad.
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This animal model is o modified version of that deseribed hy Chiu
et al. [4] for the study of renal hemodynamices during laparoscopy. The
animals were placed in the left lateral decubitus position, and a neck
cut-down was performed exposing the common carotid artery and
external jugular vein, with care taken not to injure the vagus nerve, An
18-gauge vascular catheter was inserted in the carotid artery und
connected to a transducer to measure heart rate and mean arterial
pressure (MAP). A Swan-Ganz pulmonary artery catheter (Biosensors
International, Singapore) was introduced via an introducer catheter
(Arrow International. Reading, PA. USA) pluced in the jugular vein
and positioned in the pulmonary artery under fluoroscopie guidance
(Stenoscop: GE HealthCare Technologies, Waukesha, W1, USA), for
cardiac output, central venous pressure (CVP), and pulmonary capil-
lary wedge pressure (PCWP) measurements. A Veress needle was used
to crcate a CO; pneumoperitoneum of 12 mmHg. Gerota’s fascia of
the right kidney was incised laparoscopically, und a superlicial laser
Doppler How prohe (Transonie, Ithaca, NY, USA) was positioned
over the renal parenchyma.

Experimental protocol

The animals underwent three experimental phases of 30 min cach. All
11 animals underwent the baseline phase followed by the pneumo-
peritoneum phase. Finally, in the preload reduction phase, preload was
decreased using either a nitroglyeerin infusion (n = 8) or controlled
hemorrhage (n = 3).

Phase 1 (bascline): For 30 min, the animal did not have a pneumo-
peritoneum and did not undergo any interventions.

Phase 2 (pneumoperitoneum): A CO> pneumoperitoncum of 12 mmHg
was generdated and maintained for 30 min.

Phase 3 (preload reduction): The animals in the nitro group remained
under pneumoperitoneum and received an intravenous nitroglycerin
drip started at 5 meg/min, with 5-meg ineremental increases every 5
min for 30 min. Several human studies have shown that nitroglycerin
reduces preload with hemodynamic clfeets similar to hemorrhage or
vena caval ocelusion [1]. To demonstrate that infusion of nitroglyc-
erin in this pneumoperitoneum model has effects similar to those of
acute blood loss, a more clinically relevant preload redueer, three
animals under the same pneumoperitoneum were hled down to a
mean arterial pressure of 40 mmHg and then studied over 30 min
[31].

Hemodynamie measurements were taken every 10 min through-
out the three experimental phases. Using a Spaccelabs (Issaquah. WA,
USA) anesthesia monitor, hcart rate, MAP, CVP. PCWP, and car-
diac output (thermodilution technique that averages three measure-
ments taken at end-expiration) were recorded. Systemic vascular
resistance was caleulated using the lollowing formula: (MAP-CVP) x
80/eardiac output. Left ventricular end-diastolic diameter (LVEDD),
recorded threc times and averaged cvery 10 min. was measured hy
M-mode in the parasternal short-axis plane using transthoracic
echocardiography equipment with a 3-Mhz transdueer (Philips Sonos
1500. Andover, MA, USA). Finally, RCP was measured using a laser
Doppler flowmeter (Transonie, lthaca, NY, USA), which measures
perfusion in the underlying 1-mm® volume of renal parenchyma.
Findings have shown that RCP has an excellent correlation with
direct flow measurements from the renal artery and is easier to place

(4.

Statistical analysis

Data are expressed as means + standard deviation. All hemodynamic
measurements were recorded every 10 min and averaged over cach
experimental phase. They were analyzed using the paired Student’s (-
test. Univariate linear regression analysis was used to assess individual
associations between RCP and the other hemodynamic parameters, A
p value less than 5% was set as the criterion lor statistical significance.
Analysis was performed using GB-Stat 6.5.4 (Dynamic Microsystems
Inc., Silver Spring, MD, USA).

We estimated the size of the sample assuming that insulllation of
the abdomen to a pressure ol' 12 mmHg would decrease renal perfusion
by 30%. from 50 + 18 to 35 ml/min/100 g tissue, according to the
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results of Chiu et al. [4] To demonstrale this difference at a 5% level of
significance would require 11 pigs for 80% power.

Results

The mean weight of the animals was 255 + 2 kg.
Two of the animals were accidentally given one sup-
plemental dose of thiopental at the beginning of the
first experimental phase. The hcmodynamic changes
that occurred arc summarized in Fig. 1. Heart rate,
MAP, CVP, and PCWP all increased, respectively, by
54% (p = 0.008), 8.6% (p < 0.001), 52% (p <
0.001), and 14.2% (p = 0.03) during the pneumo-
peritoneum phase. During the nitroglycerin infusion,
MAP, CVP, and PCWP fell, respectively, by 16.3% (p
< 0.001), 30.0% (p < 0.001), and 21.8% (p = 0.03),
whereas heart rate incrcased by 11% (p < 0.001)
(Fig. 1a to 1d). There was no statistically significant
change 1n cardiac output during the pneumoperitone-
um phase (p = 0.2) or during the nitroglycerin infu-
sion (p = 0.2) (Fig. le). Systemic vascular resistancc
(SVR) did not incrcase significantly with pneumo-
peritoneum, but decreased from 1,132 £ 312 to
961 + 310 dynes - sec/em’ with the addition of the
nitroglycerin infusion (p < 0.0001). During pneumo-
peritoneum, LVEDD decreased by 2.4% (p = 0.02),
and during the nitroglycerin infusion, it decreased by
5.6% (p = 0.04) (Fig. 1f). Finally, therc was no sig-
nificant change in RCP from baseline to the pneu-
mopcritoneum phase (p = 0.2), but it decreased by
338% (p < 0.001) with the nitroglycerin infusion
(Fig. 1g). In the preload reduction phase, only the
trends in heart rate, cardiac output, and SVR differed
between the nitroglycerin and the hemorrhage groups.
The animals in the latter group showed a significant
decrease in heart rate (p = 0.01) and cardiac output
(p = 0.003), but SVR was unchanged.

There was a poor correlation betwcen RCP uand
LVEDD (R = 0.35; p = 0.003), as shown on the
scatterplot in Fig. 2. The correlation between RCP and
cardiac output also was poor (R = 0.37; p = 0.001).
Renal cortical perfusion correlated better with PCWP
(R =048; p < 0.0001) and best with MAP
(R = 0.62; p < 0.0001). Finally, the correlation be-
tween RCP and CVP was not significant. When the
animals were stratified into thosc with a baseline
LVEDD equal to or lower than the median baseline
LVEDD of 4.1 cm (1 = 4) and those with a baseline
greater than 4.1 cm (n = 4), the former group showed
a significant drop in RCP, whereas the latter group did
not (Fig. 3).

The partal pressure of CO, (PaCO5) was 59 £ 12
and the arterial pH was 7.33 + 0.08 at the start of the
baseline period and had remained constant, respectively,
at 57 £ 15(p = 0.4)and 7.35 + 0.08 (p = 0.1) by the
end of the period. After 30 min of pneumopcritoneum,
the PaCO> had increascd to 67 + 11 (p = 0.01), and
the pH had decreased to 7.28 + 0.09 (p = 0.01). Both
remained constant by the end of the preload reduction
phase, with the PaCO, at 68 + 10 (p = 0.8) and the
arterial pH at 7.29 + 0.09 (p = 0.6).

Discussion

To our knowledge, this is the first study to directly
assess the physiologic effects of pneumoperitoneum on
both cardiac preload and renal perfusion. As expected.
MAP, CVP and PCWP all increased with a CO,
pneumoperitoneum of 12 mmHg. Despite a very slight
decrease in LVEDD, used as an index of preload, there
was no significant change in cardiac output or RCP
overall during pneumoperitoneum. When stratified
according to baseline preload, however, those animals
with underfilling at baseline demonstrated decreased
RCP under pneumoperitoneum. When preload was
then further reduced, using nitroglyccrin administra-
tion or hemorrhage, LVEDD dropped further and re-
nal perfusion decreased significantly. After acute
hemorrhage, the direction of change in all the param-
eters except cardiac output followed that of the animals
that had received nitroglycerin. Although nitroglycerin
is primarily a prcload reducer. the expected drop in
cardiac output may have been offset by nitroglycerin’s
afterload-reducing properties, as evidenced by the de-
crease in SVR during the infusion. This had been noted
previously in anmimals with elevated baseline arterial
elastance or abnormal baseline ventricular function
[13]. In this study, SVR decreased significantly during
the nitroglycerin infusion. Systemic vascular resistance,
known to increase under pneumoperitoneum, is
thought to contribute to the decrease in cardiac output
that may be seen with high-pressure pneumoperitonc-
um [29].

The impact of pneumoperitoneum on preload and its
relationship with cardiac output is complex and not yet
fully elucidated. The classical response to pneumopcri-
toneum is believed to be a decrease in venous return
secondary to inferior vena cava compression. This is
based on clinical studies demonstrating a drop in cardiac
output and a hemodynamic response to pneumoperito-
neum similar to that of hypovolemic shock [26]. How-
ever, several other studies have demonstrated no change
in cardiac output [21], and have even shown increases in
cardiac output after pneumoperitoneum [16].

The study examining the impact that pneumoperi-
toneum has on preload 1s complicated by the fact that
the usual clinical measures of ventricular filling, such as
PCWP and CVP, are unreliable during pneumoperito-
neum. As the elevated abdominal pressures are trans-
mitted to the chest, pressure mcasurements taken in the
chest risc regardlcss of true volume status [7, 28].
Transthoracic echocardiography has been used experi-
mentally to evaluate preload by measurement of left
ventricular end-diastolic diameter, area, or volume. The
only limitation to echocardiographic preload assessment
during pneumoperitoneum is the change in cardiac
geometry that may occur with upward displacement of
the diaphragm [24]. Larsen et al. [21] found LVEDD to
be increased with the onset of a 12-mmHg pneumo-
pcritoneum in adults undergoing laparoscopic chole-
cystectomy. In the same patient population, Gannedahl
et al. [12] also found left ventricular end-diastolic area to
be increased. In healthy women undergoing exploratory
laparoscopic surgery of the lower abdomen. left ven-
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tricular end-diastolic area was increased at a pneumo-
peritoneum of 10 mmHg, and further increased when
the mtraabdominal pressure was raised to 15 mmHg
[34].

In contrast, Cunningham ct al. [5] and Dorsay et al.
[8] reported no change i left ventricular end-diastolic
area during pneumoperitoneum in healthy patients [5,
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8]. and one study found no change in atrial natiuretic
peptide released in response to increased atrial pressure
in healthy patients undergoing laparoscopic surgery [18].
The only study to demonstrate a reduction in left ven-
tricular end-diastolic dimensions also was the only study
to include patients with an Awmerican Society of
Anesthesia (ASA) index above 2 [36].
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The findings in these studies seem to suggest that in
healthy individuals, preload is in fact increased with
induction of pneumoperitoncum, perhaps because of
splanchnic blood flow redistribution to the chest. In the
current animal study, LVEDD decreased only slightly
with the onset of pneumoperitoneum, to a degree of
questionable clinical significance, and cardiac output did
not decline.

Under a CO, pneumoperitoneum of 12 mmHg, we
found no significant decline in RCP, which is consistent
with what has been reported by others for that pneu-
moperitoneum level [20, 22]. A pneumoperitoneum of at
least 15 mmHg was necessary in most studies to dem-
onstrate a decrease in renal blood flow [4, 23]. On the
other hand, during the nitroglycerin infusion, RCP
diminished by one-third of its previous value, but
LVEDD decreased by only about 6%. Hence, the overall
correlation between LVEDD and RCP was poor. The
correlation of RCP with PCWP and CVP also was poor,
which was expected given the limitations of these mea-
sures during pneumoperitoneum.

Pneumoperitoneum

n = 4 for both groups. *p < 0.05 within group;
tp < 0.05 between groups.

On the other hand, MAP and cardiac output seemed
to be moderately well associated with the changes in renal
perfusion. Thisisin keeping with the findings of Chiuetal.
[2], who showed that inferior vena cava compression in a
dog model led to a significant decrease in cardiac output,
but only a mild decrease in renal blood flow. Left ventricle
compression caused the same decrement in cardiac output
and renal blood flow. Hence, if a drop in preload is pos-
tulated to play a significant role in the decreasc in renal
perfusion under pneumoperitoneum, it would be mainly
through its ability to decrcase cardiac output. A decrease
in cardiac output, however, is clearly not the principal
factor involved in renal blood flow modulation. In fact,
findings have shown that normalizing cardiac output with
plasma expanders at a pneumoperitoneum of 20 mmHg
failed to improve renal blood flow and glomerular filtra-
tion rate [15]. In addition, several studies have demon-
strated decreases in renal perfusion and function without
a change in cardiac output [3, 23].

Despite the poor correlation between RCP and
LVEDD, the amimals with higher baseline preloads did



not drop their renal perfusion, as compared with those
that had lower baseline preload values. London et al.
[23] showed that intravaseular volume expansion in a
pig model reversed the drop in renal blood flow that
occurred with a 15-mmHg CO, pneumoperitoneum,
although creatinine elearanee was not improved. The
solution may be goal-direeted fluid optimization during
pneumoperitoneum, taking baseline fluid status into
account, as long as clinically relevant, reliable. and
easy-to-measure parameters are sought [35].

Another factor for explaining the changes in renal
hemodynamics and function seen under pneumoperi-
toneum 1s parenchymal compression, as demonstrated
by Razvi et al. [32]. These authors inllated a 15-mmHg
pressure eufl around one kidney and showed a de-
crease in renal blood Now, glomerular filtration rate,
and urine output similar to that seen with pnecumo-
peritoncum. Renal vein compression by increased in-
traabdominal pressure also may eontribute to renal
ischemia by elevating back pressure mto the renal
glomeruli [25]. Finally, neurohormonal effects are
being studied as potential factors contributing to de-
creased renal blood flow during pneumoperitoneum
[14, 17, 27].

Some limitations to this study must be addressed.
First, respiratory gas exchange was signifieantly affeeted
during this study. Although oxygen saturation was
casily maintained above 95% in all the animals. venti-
lation was more problematie. The animals were hyper-
carbic and acidotic at baseline, most likely because of
suboptimal anesthetie management. Despite inereasing
minute ventilation during the pneumoperitoneum and
nitro/bleed phases, the animals reached a mean pH of
7.28 and a PaCO, of 68 mmHg. Hypercarbia is known
to stimulate the sympathetic nervous system, but aci-
dosis also may depress cardiac function. This may be a
confounding factor in the interpretation of the physio-
logic ehanges that oecurred from baseline to the pnecu-
moperitoneum phase, although signifieant ehanges in
cardiae output and RCP were not seen with pneumo-
peritoneum alone. In addition, when argon and helium
arc usced for insufflation, although hypercarbia and aci-
dosis are minimized. the systemie hemodynamie effeets
are unchanged. These data suggest that it 1s the elevated
intraabdominal pressure rather than the aeid-base
mmbalance that econtributes most to the physiologic
changes [20].

Finally. the most important limitation of this study
lies in the e¢hoiee ol the model. Although pigs are cur-
rently the best and most commonly used species for
simulating human physiology, there are nevertheless
significant interspecies differenees. Pigs seem to have a
higher basal adrenergic drive, and their hemodynamics
arc highly sensitive to fluid status, analgesia, and acid
base status [33]. Furthermore, considering that baseline
health status 1s difficult if not impossible to ascertain
and control for, pigs. depending on how they are bred,
fed, and raised. will be more susceptible to eongenital
cardiac abnormalities and to illness. This may explain
the degree of baseline physiologic variability noted in
this study. As an example, although the pigs all were
treated the same in terms of access to fluids in the pre-
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operative period, baseline CVP varied 4 to 15 mmHg,
and PCWP varied 8 to 16 mmHg. This has led some
authors to state that changes observed in pig models
eannot reliably prediet ehanges oceurring in humans.
Therefore, these data, as in all animal studies, should be
interpreted with eaution and simply eonsidered a means
for hypothesis generation.

In conelusion, we found that whereas decreasing
preload under extreme laboratory eonditions also
deereased renal perfusion, simply ereating a pncumo-
peritoneum to 12 mmHg did not. Because a pneumo-
peritoneum of 12 mmHg deereased renal blood flow
only in animals with a low baseline preload. vigorous
intravenous hydration, as reecommended during laparo-
scopiec donor nephrectomy, may benefit only patients
who are volume depleted at baseline.
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Abstract

Background: Endoscopic retrograde cholangiopancrea-
tography (ERCP) 1s commonly used lor postoperative
evaluation of an abnormal intraoperative cholangio-
gram (FOC). Although a normal 10C is very suggestive
of a disease-Iree common bile duct (CBD), abnormal
studies are assoelated with high false-positive rates. This
study aimed to identify a subset of patients with
abnormal 10C who would benefit from a postoperative
ERCP.

Methods: This prospective study investigated SI patients
with abnormul 10C at laparoscopic choleeystectomy
who underwent postoperative ERCP at two tertiary
relerral centers over a 3-year period. Univariate and
multivariate logistic regression analyses were performed
to determine predictors of CBD stones at postoperative
ERCP.

Resudts: For all S1 patients, ERCP was successful. The
ERCP showed CBD stones in 33 cases (64.7%). and
normal results in 18 eases (35.2%). On univariate anal-
ysis, abnormal liver funetion tests (p < 0.0001) as well
as 10C findings of a large CBD stone (p = 0.03), mul-
tiple stones (p = 0.01), and a dilated CBD (p = 0.07)
predieted the presence of retained stones at postopera-
tive ERCP. However, on multivariable analysis, only
abnormal liver function tests correlated with the pres-
ence of CBD stones (p < 0.0001).

Conclusions: One-third of patients with an abnormal
10C have a normal postoperative ERCP. Elevated liver
function tests can help to identify patients who merit
further evaluation by ERCP. The use ol less invasive
methods such as endoscopic ultrusound or magnetic
resonance eholangiopanereatography should be consid-
ered for patients with normal hver funetion tests to
minimize unnecessary ERCPs.
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Predietors
Laparoscopic  cholecystectomy has replaced open

choleeystectomy uas the proeedure of choice for the
vast majority of individuals with symptomatic chole-
lithiasis. The advantages of the laparoseopie technique
include reduced pain, carly diseharge from the hospi-
tal, rapid return to normal activity, and improved
cosmetic appearance [26]. The increasing popularity of
this minimally invasive proeedure has resulted in an
increased demand lor endoscopic retrograde cholan-
giopancreatography (ERCP) for CBD stone extraction
[21].

Predominantly secondary in origin. most CBD
stones are thought to have migrated through the cystic
duet from their primary site of origin in the gallbladder.
The incidence ol CBD stones detected at the time of
cholecystectomy ranges from 8% to 15% [1. 4, 8, 14, 15].
Intraoperative chlangiography (10C) is performed dur-
ing laparoscopic choleeystectomy to evaluate the CBD
for stones using contrast injection through a catheter
introduced nto the eystic duct. Retained CBD stones
then are extracted by postoperative ERCP or laparo-
scopic CBD exploration.

Laparoscopic CBD exploration is not widely avail-
able because the proeedure requires special equipment,
advanced training, and signifieant expertise on the part
of the surgeon [33]. On the other hand, because ERCP is
readily available at most hospitals. it is the method most
commonly used to evaluate abnormal 1OC findings. The
disadvantages of this approach are twofold. First, 10C
1s assoeiated with a false-positive rate ranging from 2%
to 60% [16. 20. 22, 33]. Second. ERCP is an invasive
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procedure associated with a complication rate of 2.5%
to 11% [10, 25].

The purpose of this study was to identify a subset of
patients with abnormal IOC who are most likely to
benefit from a postoperative ERCP: This includes those
patients more likely to have residual stones in the CBD.

Materials and methods

This prospective study investigated all patients referred for postoper-
ative ERCP after laparoscopic cholecystectomy for evaluation of
abnormal fluorocholangiography findings at two tertiary referral
centers over a 3-year period (2001-2004). The patients were referred
for ERCP by gastrointestinal surgeons from within the hospital or
from outside facilities.

Before ERCP, patient demographic information and indications
for laparoscopic cholecystectomy were documented. A white cell count
and a liver function panel were drawn on all patients 1 to 2 h before
ERCP. Any deviation above the normal reference range was consid-
ered abnormal for both liver function tests (LFTs) and white cell
count. The interval between laparoscopic cholecystectomy and pre-
sentation for ERCP was documented.

The IOC findings were reviewed before ERCP, and the indications
were divided into the following seven categories: (a) nonpassage of
contrast into the duodenum, (b) isolated CBD filling defect suggestive
of small stoncs ( < 4 mm), (c¢) isolated CBD filling defect suggestive of
large stones (25mm), (d) multiple CBD filling defects suggestive of
stones, (¢) CBD dilation (= 8mm), (f) nonvisualization of distal CBD,
and (g) palpable CBD stones at surgery. A cutoff value of 5 mm was
chosen to distinguish between small and large CBD stones [1, 11, 39],
and a CBD diameter of 8 mm or more was chosen as the definition for
biliary dilation [31], on the basis of published data.

The endoscopist evaluated the radiographs to determine the size of
the CBD stones, the diameter of the CBD, and other 10C findings. A
radiologist was consulted when necessary to confirm the interpretation
and to correct any fluoroscopic magnification. Patients who presented
for ERCP without 10C radiographs and those who had undergone
prior endoscopic biliary interventions were excluded from the study.
Also, patients with an abnormal 10C but with a diagnosis of other
diseases such as pancreatic cancer or cholangiocarcinoma by computed
tomography (CT) scan or endoscopic ultrasound (EUS) were excluded
from the study.

The ERCPs were performed in the hospital endoscopy suites of
the two centers with the patient under conscious sedation induced by
combinations of midazolam, meperidine, and droperidol administered
by the endoscopist. All the procedures were performed by four
attending endoscopists or by gastroenterology fellows under the
supervision of attending physicians. The ERCP was performed with a
standard “‘therapeutic”’ duodenoscope (Olympus TJF-100/130/140,
160, Olympus America Corporation, Inc., Melville, NY) with an outer
diameter of 12.5 mm and an accessory channel diameter of 4.2 mm.
Successful ERCP was defined as cannulation of the bile duct along
with satisfactory performance of a planned diagnostic study or thcr-
apeutic intervention. All CBD stones seen at ERCP were extracted
using a retrieval balloon or basket after performance of a biliary
sphincterotomy. An occlusion cholangiogram then was performed to
ensure clearance of the bilc duct. Absence of CBD stones at ERCP was
attributed to spontaneous stone passage or a false-positive 10C. The
fluoroscopic findings, therapeutic interventions, and complications, if
any, were recorded for each patient.

Patient follow-up assessment was through discussions of the pa-
tients at fortmghtly pancreaticobiliary meetings with nurse coordina-
tors, who called patients after ERCP, or through reference to
outpatient clinic visits. Patients were called 6 months after ERCP for
clinical follow-up information.

Statistical analysis

Continuous variables were reported as medians and ranges because
data were not normally distributed. Continuous variables were com-

Table 1. Indications for endoscopic retrograde cholangiopancreatog-
raphy (ERCP) based on intraoperative cholangiogram (10C) findings

10C finding* n

Nonpassage of contrast into the duodenum 17
Small stones 17
Large stones 12
Multiple stones 9
Dilated CBD 11
Nonvisualization of distal CBD 3
Palpable CBD stones 1

CBD, common bile duct
* Individual patients may havc more than one 10C finding

pared using the Wilcoxon rank sum test. Categorical variables were
compared using the chi-square test. To determince predictors of CBD
stones at postoperative ERCP, univariate and multivariable logistic
regression analyses were performed. Both stepwise and best model
selections were used, providing similar results. Adjusted odds ratios
and their corresponding 95% confidence intervals (CI) were reported.
All statistical analyses were performed using thc SAS (Cary, NC,
USA) software version 6.12. A two-sided type 1 error of 0.05 was uscd
for all statistical tests.

All participating patients provided informed consent. The study
was approved by the institutional review board of both centers.

Results

The indications for laparoscopic cholecystectomy in the
51 patients (33 women) (mean age, 51.9 years; range,
21-85 years) were symptomatic cholelithiasis in 26
(51%), gallstone pancreatitis in 12 (24%), cholecystitis in
10 (20%), and biliary dyskinesia in 3 (5%) patients.
Preprocedural LFTs were abnormal in 32 patients
(62.7%), and the white blood cell count level was high in
18 patients (35%). The IOC findings that prompted an
ERCP are shown in Table 1. Because IOC was per-
formed at multiple centers, procedural technique for
I0OC was not standardized. For one patient, the lapa-
roscopic approach was converted to open cholecystec-
tomy: This patient had a large palpable CBD stone, but
a bile duct exploration was not undertaken, and he was
referred for postoperative ERCP. The median time to
ERCP after surgery was 2 days (range, 1-7 days).

For all 51 patients (100%), ERCP was successful.
The ERCP showed CBD stones in 33 of the 51 patients
(64.7%), and no stones in the remaining patients
(Table 2). Whereas CBD stones were seen in 29 of 33
patients (87.8%) with abnormal LFTs, only 3 of 18
patients (16.6%) with normal LFTs had CBD stones
(p < 0.0001). Sphincterotomy was performed using a
pull-type papillotome in 30 patients and a needle-knife
in 3 patients. Temporary pancreatic stents to facilitate
biliary access were placed in two of three patients who
underwent needle-knife sphincterotomy. Stones were
extracted using a balloon for 26 patients and a combi-
nation of balloon and retrieval basket for 7 patients. All
stones were retrieved in a single ERCP session for all
patients. No immediate or late complications were
encountered 1n any patient.

On univariate analysis, abnormal liver LFTs
(p < 0.0001) as well as IOC findings of large stones
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Table 2. Companison of demographics, laparoscopic cholecystectomy indications, laboratory investigations, and intraoperative cholangiogram
(10C) findings in patients with and without common bile duct (CBD) stones at endoscopic retrograde cholangiopancreatography (ERCP) (results

of univariate analysis)

Variables Stones at ERCP (n = 33) No stones at ERCP (n = 18) p Valuc
Demographics
Age: years (IQR) 54 (44-71) 41 (31-60) 0.21
Female: n (%) 21 (63.6) 12 (66.7) 0.83
Indications for surgery
Cholclithiasis 20 6 0.42
Cholecystitis 5 § 1.00
Pancreatitis 7 5 0.61
Biliary dyskinesia 1 2 0.59
Median time to LRCP (days) n (range) 2 (1-5) 2(1-7) 0.29
Laboratory parameters
Abnormal LFTs: »n (%) 29 (87.87) 3(16.6) <0.0001
AST median (IQR) 74 (43-173) 23 (19-31) 0.001
ALT median (IQR) 90 (55 249) 26 (18-43) 0.0006
ALP median (IQR) 162 (121-214) 88 (71-101) 0.0002
TB median (IQR) 1.9 (1.1-3) 1(0.8-1.1) 0.001
DB median (IQR) 1.2 (0.7-2) 0.5 (0.2-0.8) 0.001
White cell count: n (range) 8.2 (7-10.4) 7 (6.1-10.1) 0.32
10C findings: n (%)"
1. Nonpassage of contrast to duodenum 9 (27.27) 8 (44.44) 0.17
2. Small stones 8 (24.24) 8 (44.44) 0.1
3. Large stones 11 (33.33) 1 (5.55) 0.03
4. Multiple stones 9 (27.27) 0 0.01
5. Dilated CBD 9 (27.27) 1 (5.55) 0.07
6. Poor visualization of distal CBD 4(12.1) 1 (5.55) 0.2
7. Palpable CBD stones at surgery 1(3.03) 0 0.47

LET. hver function test; IQR, interquartile range; AST, aspartate transaminase; ALT, alanine trunsaminase; ALP, alkalinc phosphatase: TB. tolal

bilirubin: DB. direct bilirubin
* Individual patients may have more than one 10C finding

(p = 0.03), multiple stoncs (p = 0.01), and dilated
CBD (p = 0.07) predicted residual stoncs at postoper-
ative LERCP (Tablc 2). However, on multivariable
analysis, only abnormal LFTs predicted retained CBD
stones (odds ratio [OR], 19.7; CI, 2.8-134.9;
p < 0.0001). Elevation of both transaminases and
cholestatic enzymes predicted CBD stones. Patients with
abnormal LFTs wcre 20 times more likely to have stones
at ERCP than those with normal LFTs. At the 6-month
follow-up assessment, all the paticnts were doing well
without any evidence of recurrent biliary obstruction.

Discussion

The optimal cvaluation of abnormal [OC findings in this
era of laparoscopic cholecystectomy still rcmains
undefined. In this study, one-third of the patients with
an abnormal 10C had a normal postoperative ERCP.
This is consistent with prior reports describing a low
ratc of stonc recovery at ERCP in the postoperative
setting [, 13, 33].

Nonc of the 10C findings in this study accurately
predicted the presence or absence of CBD stones. The
rcason for the poor predictability of 10C is unclear. It is
likely that some CBD stones pass spontaneously and
that other 10C findings are false-positive. such as air
bubbles mimicking stones or failure of contrast to drain
into the duodenum, which possibly is related to papil-
lary stenosis rather than an impacted stone.

In this study, ERCP was uadertaken for a majority
of the patients ( > 80%) within 48 h of cholecystectomy.
The ratc for spontaneous migration of stones through
the duodenal papilla is unknown. In this study, only 1 of
12 patients with large stones at IOC had a normal
ERCP, as compared with 8 of 16 patients who had small
stones. This is in agreement with a prior study from
France that reported a negative predictive valuc of 95%
for spontaneous migration of large stones at a | month
follow-up assessment [11]. On the othcr hand, 28% of
small stones had spontaneous migration.

Clinicians encounter three temporal situations in the
management of CBD stones: (a) patients for whom the
stones are suspected preoperatively, (b) paticnts for
whom the stones are found intraoperatively, and (c)
patients whose stones prescnt postoperativcly. The role
of ERCP in managing postoperative stones is well
established [23, 24, 35]. On the contrary, optimal man-
agement of suspected preoperative and intraopcrative
stones remains a challenge.

In the preoperative setting, inability to predict
accurately which patients have CBD stones is prob-
lematic because when stones are suspected on the basis
of clinical, biochemical, and imaging tests, normal prc-
operative ERCP results still are obtained for 40% to
70% of patients {2, 3, 5, 17, 28, 40]. The optimal tech-
nique for biliary ductal clearance should be based on the
local availability of expert endoscopists, surgical cxper-
tise in laparoscopic CBD surgery, and the general con-
dition of the paticnt [9, 32, 41].




804

In the intraoperative setting, if stones are suspccted,
laparoscopic extraction can be attempted on the basis of
equipment and expertise availability. Although findings
have shown intraoperative ERCP to be feasible and
successful in this setting, it has not been widely used [24].
The other option is the use of postoperative ERCP to
evaluate abnormal 10C findings [9, 27, 34, 41]. This
concept has gained wide acceptance and has been en-
dorsed by the current National Institutes of Health
State-of-the-Science Conference on ERCP [7].

Unfortunately, a significant number of patients
undergoing postoperative ERCP in this study still did
not have CBD stones. On multivanable analyses,
abnormal LFT was the only variable that accuratcly
predicted the presence of CBD stones. The utility of
LFTs to predict CBD stones has been demonstrated
previously in many studies, particularly for patients
undergoing preoperative ERCP [6, 18, 29]. Although we
checked LFTs in all patients before ERCP, we did not
document details on preoperative LFTs. This precluded
any correlation between the presence of CBD stones and
fluctuation in enzyme levels.

Given that nearly one-third of patients with abnor-
mal IOC do not have stones and the relative invasiveness
and risks associated with ERCP, not all patients with an
abnormal [OC should be subjected to routine postop-
erative ERCP. In a report from Seattle, acute biliary
pancreatitis developed during the follow-up period in
only 1.7% of patients who underwent laparoscopic
cholecystectomy for symptomatic cholelithiasis [37].

Subsequent studics have shown that “on-demand”
ERCP would be a better option than routine ERCP for
evaluation of [OC abnormalities because most small
stones migrate spontaneously [1, 14, 19, 33]. In the ab-
sence of clevated LFTs, less imvasive tests such as EUS
or magnetic resonance cholangiopiancreatography
(MRCP) should be used for evaluating these patients.
The accuracy of both tests, particularly EUS, to evalu-
ate for CBD stones is greater than 95% [12, 30, 36, 38].
Those with definitive CBD stones can then be subjected
to ERCP. This selective approach would substantially
dccrease ERCP-related morbidity and would be more
cost effective [1]. The risk—bcnefits of a postoperative
ERCP and alternative methods of evaluation should be
discussed thoroughly with the patient.

A major limitation of our study is the small number
of patients enrolled and the short follow-up period.
With the advent of EUS. the number of postoperative
ERCPs for evaluation of abnormal 10C findings has
decreased substantially at both of our institutions. For
instance, since the conclusion of this study, 5 of 10 pa-
tients refcrred to our centers for evaluation of an
abnormal 1OC received a diagnosis of a stone-free duct
by EUS. As the application of EUS for evaluation of
pancreaticobiliary disorders continucs to expand, the
role of diagnostic ERCP is expected to diminish further.
Also, operating characteristics could not be calculated
because we evaluated only the patients with an abnor-
mal [OC. However, performing ERCP for patients with
a normal 10C is both impractical and unethical. It also
is well known that small stones can be missed at ERCP.
However, doing a routine biliary sphincterotomy for all

patients undergoing ERCP 1s potentially dangerous. At
the 6-month follow-up assessment, none of our patients
had any symptom recurrence, suggesting a low likeli-
hood of a missed stone.

This study was conducted at two tertiary referral
centers for ERCP. The number of patients with an
abnormal 10C evaluated by methods other than ERCP,
such as MRCP or EUS, is unknown.

The ability of abnormal intraoperative cholangio-
gram findings to predict retained CBD stones is unclear.
In this prospective study, one-third of the patients with
abnormal 10C had normal postoperative ERCP results.
Only abnormal LFTs accurately predicted the presence
of CBD stones. The use of less invasive methods such as
EUS or MRCP should be considered for patients with
normal postoperative LFTs to mimimize unnecessary
ERCPs.

References

1. Ammori BJ. Birbas K. Davides D, Vczakis A, Larvin M,
M¢Mohan MJ (2000) Routine vs “on demand™ postoperative
ERCP for small bile duct calculi detected at intraoperative chol-
angiography: clinical evaluation and cost analysis. Surg Endosc
14: 11231126
. Arrcgui M, Davis CJ, Arkush AM. Nagan RF (1992) Laparo-
scopie cholecystectomy combined with endoscopic sphincterotomy
and stonc cxtraction or laparoscopic choledochoscopy and elee-
trohydraulic lithotripsy for management of cholelithiasis with
choledocholithiasis. Surg Endosc 6: 10-15
3. Barkun JS. Fried GM, Barkun AN, Sigman HH. Hinchey EJ.
Garzon J, Wexler MJ, Mcakins JL (1993) Cholccystectomy with-
out operative cholangiography: implications for common hile duct
injury and retained common bile duct stones. Ann Surg 218: 371
379
4. Besten LD, Doty JE (1981) Choledocholithiasis. Surg Clin North
Am 61: 893-907

S. Birkett D (1992) Technique of cholangiography and cystic-duet
choledochoscopy at the time of laparoscopic cholecystectomy for
laser lithotripsy. Surg Endosc 6: 252-254

6. Bose SM, Mazumdaur A. Prakash S. Kocher R, Katariya S, Pathak
CM (2001) Evaluation of the predictors of choledocholithisis:
comprehensive analysis of climeal, biochemical, radiological. ra-
dionuclear, and intraoperative parameters. Surg Today 31: 117
122

7. Cohen S. Bacon BR, Berlin JA, Fleischer D, Heeht GA. Lochrer
PJ Sr, McNair AE Jr. Mulholland M. Norton NJ. Rabeneck L,
Ransohofl DF, Sonnenberg A, Vannier MW (2002) National
Institutes of Health State-of-the-Science Conference Statement:
ERCP for diagnosis and therapy. Gastrointest Endose 56: 802-809

8. Cranley B, Logan H (1980) Exploration of the common bilc duct:
the relevance of the clinical picture and the importance of preop-
erative cholangiography. Br J Surg 67: 869-872

9. DePaula AL, Hashiba K. Bafutio M, Zago R. Grecco E (1993)
Laparoscopic ircatment of choledocholithiasis. Surg Laparosc
Endosc 3: 157-160

10. Freeman ML (2002) Advcrse outcomes of ERCP. Gastrointest
Endosc 56(6 Suppl): S273-S282

11. Frossard JL, Hadengue A, Amouyal G, Choury A, Marty O,
Giostra E, Sivignon F, Sosa L. Amouyal P (2000) Choledocho-
lithiasis: a prospective study of spontancous common bile duct
stonc migration. Gastrointest Endosc 51: 175-179

12. Fulcher AS, Turner MA, Capps GW, Zfass AM, Baker KM
(1998) Half-Fourier RARE MR cholangiopancreatography in 300
subjccts. Radiology 207: 2132

13. Hainsworth PJ. Rhodes M. Gompertz RH, Armstrong CP, Len-
nard TW (1994) Imaging of the common bile duct in patients
undergoing laparoscopic cholecystectomy. Gut 7: 991-995

14. Hawasli A, Lloyd L, Cacucci B (2000) Management of choledo-
cholithiasis in the era of laparoscopic surgery. Am Surg 66: 425
430

[3%)



19.

20.

20.

. Hunter JG (1992) Laparoscopic transcystic common bile duct

exploration. Am J Surg 163: 53-56

. hzermans JN. De Waard P, Merkelbach JW (1989) Cholangiog-

raphy during cholecystectomy: a plea Tor selective use. Neth J Surg
41: 79-81

. Johanson JI'. Cooper G, Eisen GM, Freeman M. Goldstein JL.

Iensen DM (2002) Quality assessment of ERCP: endoscopic ret-
rograde cholangiopancreatography. Gastrointest Endose 56: 165
169

. Kutz D. Niklarjam M. STakiotaki A, Christophi C (2004) Selective

endoscopic cholangiography for the detection of common bile duct
stones in patients with cholelithiasis. Endoscopy 36: 10451049

Kondyhs PD. Simmons DR, Agarwal SK, Ciardiello KA. Rein-
hold RB (1997) Abnormal intraoperative cholungiography: treat-
ment options and long-term follow-up. Arch Surg 132: 347 350

Korman J. Cosgrove J. Furman M, Nathan |, Cohen J (1996) The
role of endoscopic retrograde cholangiopancreatography and
chiolungiography m the laparoscopic era. Ann Surg 223: 2[12-216

. Legorreta A, Brooks RJ. Staroscik RN, Xuan Y. Costantino GN.

Zats S (1995) Increased ERCP rate following the introduction of
laparoscopic cholecystectomy. J Laparaendosc Surg 5: 271-278

. Levine SB. Lerner HJ. Leiler ED. Lindheim SR (1983) Intraop-

crative cholangiography: a review ol indications and analysis ol
age-sex groups. Ann Surg 198: 692-697

. Liberman MA. Phillips EH. Carroll BJ. Fallas MJ, Rosenthal R.

Hiatt J (1996) Cost-ellective management of complicated chole-
docholithiasis: laparoscopic transcystic duct exploration or endo-
scopic sphincterotomy. I Am Coll Surg 182: 488-494

- Lilly MC, Arregui ME (2001) A balanced approach to choledo-

cholithiasis. Surg Endosc 15: 467 472

. Loperfido S, Angelini G. Benedetti G. Chilovi F. Costan F. De

Berardinis 1. De Bernardin M. Ederele A, Fina P, Fratton A
(1998) Major carly complications from diagnostic and therapeutic
ERCP; a prospective multicenter study. Gastrointest Endosc 48:
110

McMahon AJ. Russel 1T, Baxter JN. Ross R. Anderson JR.
Morran CG. Sunderland G. Galloway D, Ramsay G. O’Dwyer PJ
(1994) Laparoscopic versus mini laparotomy cholecystectomy: a
randomized controlled trial. Lancet 343: 135138

27. Ng T, Amaral JF (1999) Timing ol endoscopic retrograde cho-

langiopancreatography and luparoscopic cholecystectomy in the
treatment of choledocholithisis. J Laparoendosc Adv Surg Tech A
9. 3137

. OFDoherty D. Neoptolemos J. Carr-Locke 1 (1986) Endoscopic

sphincterotomy for retained commen bile duct stones in patients
with T-tube in situ in the early postoperative period. Br ) Surg 73:
454 456

805

29 Onken JE. Brazer SR, Eisen GM. Williams DM, Bouras EP,

30.

il

33

34

35

36.

37.

38

40.

41.

DeLong ER. Long TT 3rd, Pancotto IS, Rhodes DL, Cotton PB
(1996) Predicting the presence of choledocholithiasis in patients
with symptomatic cholelithiasis. Am J Gastroenterol 91: 762 767
Palazzo L. Girollet P-P, Salmeron M. Silvian C. Roseau G. Ca-
nard JM, Chaussade S. Couturier D, Paolaggt JA (1995) Value ol
endoscopic ultrasonography in the diagnosis of common bile duct
stones: comparison with surgical exploration and ERCP. Gastro-
mtest Endosc 42: 225-231

Perret RS, Sloop GD. Borue JA (2000) Common bile duct mea-
surements in an elderly population. J Ultrasound Med 19: 727 730

2. Rhodes M. Sussman L. Cohen L, Lewis MP (1998) Randomised

trial of laparoscopic exploration of common bile duct versus
postoperative endoscopic retrograde cholangiography lor com-
mon bile duct stones. Lancet 351: 159161

Ryberg AA, Fitzgibbons RJ Jr, Tseng A, Math TR, Burr LJ. Doris
PE (1997) Abnormal cholangiograms during laparoscopic chole-
cystectomy. Surg Endosc 11: 456 459

Schmitt CM. Buillie J. Cotton PB (1995) ERCP following lapa-
roscopic cholecystectomy: a safe and effective way to manage CBD
stones and complications. HPB Surg 8: 187192

Shapiro SJ. Gordon LA, Davkhovsky L. Grundlest W (1991)
Laparoscopic exploration of the common bile duct: experience in
16 sclected patients. J Laparoendosc Surg 10 333-341

Soto JA. Barish MA. Alvarez O, Medina S (2000) Detection ol
choledocholithiasis with MR cholangiography: comparison ol
three-dimensional Tast spin-echo and single- and multisection hall-
Fourter rapid acquisition with relaxation enhancement sequences.
Radiology 215: 737745

Stoker ME (1995) Common bile duct exploration in the cera of
laparoscopic surgery. Arch Surg 130: 265268

Sugiyama M, Atomi Y (1997) Endoscopic ultrasonography lor
diagnosing choledocholithiasis: a prospective comparative study
with ultrasonography and computed tomography. Gastrointest
Endosc 45: 143 146

. Taylor TV, Armstrong CP (1987) Migration ol gallstones. Br Med

J (Chn Res Ed) 294: 13201322

Tham TCK, Lichtenstein DR, Vandervoort J, Wong RCK,
Brooks D. Van Dam J. Ruymann I, Farraye F. Carr-Locke DL
(1998) Role of endoscopic retrograde cholangiopancreatography
for suspected choledocholithiasis in patients undergomng laparo-
scopic cholecystectomy. Gastrointest Endose 47: 50-56

Urbach DR, Khajanchee YS. Jobe BA. Standage BA. Hansen PD.
Swanstrom LL (2001) Cost-effective management of common bile
duct stones: a decision analysis ol the use of endoscopic retrograde
cholangiopancreatography (ERCP). intraoperative cholangiogra-
phy. and laparoscopic bile duct exploration. Surg Endosc 15: 413



Surg Endosc (2006) 20: 806-808
DOI: 10.1007/s00464-005-0430-0

© Springer Science+ Business Media, Inc. 2006

~\Wilgy

/BN

and Other Interventional Techniques

\l’l
AR

Urgent laparoscopic cholecystectomy in the management of acute
cholecystitis: timing does not influence conversion rate

Y.-C. Wang, H.-R. Yang, P.-K. Chung, L.-B. Jeng, R.-J. Chen

Department of Surgery, China Medical University Hospital, No. 2, Yuh-Der Road, Taichung 404, Taiwan

Received: 16 June 2005/Accepted: 15 November 2005/Online publication: 16 March 2006

Abstract

Background: The optimal treatment of acute cholecys-
titis 1s urgent laparoscopic cholecystectomy. Most re-
ports suggest that a delay of 72 or 96 h from onset of
symptoms leads to a higher conversion rate. This study
assessed the conversion rate in relation to the timing of
urgent laparoscopic cholecystectomy for acute chole-
cystitis.

Methods: During a 12 month period, 112 patients re-
ceived laparoscopic cholecystectomy for acute chole-
cystitis at a tertiary care university hospital in central
Taiwan. Data were collected prospectively.

Resulrs: The overall conversion rate was 3.6% (4/112).
Of 62 procedures performed within 72 h from onset of
symptoms, 2 were converted, as compared with 2 of 50
procedures after 72 h. Of 76 procedures performed
within 96 h from onset of symptoms, 3 were converted,
as compared with 1 of 36 procedures after 96 h. There
were no mortalities or common bile duct injuries.
Conclusions: The conversion rate for urgent laparo-
scopic cholecystectomy among patients with acute cho-
lecystitis can be as low as 3.6%. The timing of urgent
laparoscopic cholecystectomy has no impact on the
conversion rate.

Key words: Acute cholecystitis — Laparoscopic chole-
cystectomy

The introduction of laparoscopic cholecystectomy (LC)
in 1988 was followed by a dramatic shift from open
cholccystectomy (OC) to the laparoscopic approach.
The benefits of laparoscopic surgery include reduced
postoperative morbidity and postoperative pain, short-
ened hospitalization, quicker return to a normal life-
style, and lower overall health care expenses [1, 7]. With
improvement in instruments and technique, acute
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cholecystitis is no longer considered a contraindication
for the laparoscopic approach [10, 17, 19].

It has been suggested that laparoscopic cholecystec-
tomy should be performed within 72 to 96 h, after which
there is an increased risk of complications and conver-
sion to an open procedure {6, 9, 13, 18]. Conversion
from LC to OC leads to abandonment of all the benefits
associated with this minimally invasive operation and
markedly increases the hospital length of stay and hos-
pital expenses. Therefore, failure to perform urgent
cholecystectomy within 72 to 96 h after onset of symp-
toms might be an indication for interval cholecystec-
tomy [13]. Unfortunately, the conversion rate tends to
be higher with interval surgery because dense fibrotic
adhesion is more prevalent among patients who have
interval surgery [15].

The aim of treatment for all patients with acute
cholecystitis in our hospital is to perform definitive
surgery at the initial emergency admission. With the
accumulation of surgical experience and progressive
improvement in surgical technique, this study reevalu-
ated the feasibility of LC for patients with acute chole-
cystitis lasting longer than 72 h. The study assessed the
conversion rate in relation to the timing of urgent lap-
aroscopic cholecystectomy for acute cholecystitis.

Materials and methods

All patients with a diagnosis of acute cholecystitis who underwent
cholecystectomy at our hospital in 2004 were enrolled in this study.
The exclusion criteria specified septic shock; planned common bile
duct exploration attributable to failure of preoperative endoscopic
retrograde cholangiopancreaticography (ERCP), with stone extraction
for choledocholithiasis; and previous complex upper abdominal sur-
gery. All patients were admitted on an emergency basis with a diag-
nosis of acute cholecystitis, defined as acute upper abdominal pain
with tenderness under the right costal margin: fever exceeding 37.5°C,
leukocytosis exceeding 10.39 x 10%/1 (normal, < 10.39 x 10°/1), or both;
and ultrasonographic findings including thickened gallbladder wall,
edematous gallbladder wall, distended gallbladder, presence of gall-
stones, and ultrasonographic Murphy’s sign.

Data were collected prospectively. A standardized data form was
used to record information. including demographic details, time



Table 1. Relationship between duration of preoperative symptoms of
acute choleeystitis and the frequency of conversion, operative time,
and length of hospital stay in patienls received laparoscopice chole-
cystectomy (Using 72 hours as cut point)
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Table 2. Relationship between duration of preoperative symptoms of
acute cholecystins and the frequency of conversion. operative time,
and length of hospital stay n patients received laparoscopic chole-
cystectomy (Using 96 hour as cut point)

Within 72h After 2h p

Within 96 h ~ After96h  p

Case number 62 S0
Number of conversion 2 2
Conversion riale 3.2% 4% 0.835
Median operative time (Minute) 100 (50-225) 90 (60-210) 0.933
Median hospital stay (Day) 5214 6(2-18) 0916

Case number 76 36
Number of ¢onversion 3 1
Conversion rate 3.9% 2.8% 0.776
Mcdian operative time (Minute) 100 (50-225) 90 (60 180) 0.745
Median hospital stay (Day) 5 (2-15) 6 (218) 0.022

clapsed beforc surgery, intraoperalive findings, complications, and
postoperative length of hospital stay. The objective was to perform LC
for all patients at their mitial admission. All the patients received ur-
gent LC within hours after admission or after preoperalive ERCP was
completed. Preoperative ERCP was performed in response to the
following indications: ultrasonographic cvidence of a dilated common
duct, presence of common duct stones, or serum elevation in bilirubin.
Preoperative sphincterotomy and stone extraction were performed if
common duct stone was present. During surgery, gallbladder puncture
was routinely used to rehieve lension of the gallbladder and facilitate
the subsequent manipulation. The gallbladder was removed under the
prolection of an endobag.

All variables were compared by the unpaired r-test or chi-square
test. A probability level less than 0.05 was considered statistically
significant.

Results

A total of 125 patients with a diagnosis of acute chole-
cystitis underwent urgent cholecystectomy. Among the
125 pauents, urgent laparoscopic cholecystectomy was
performed 1mually for 112 patients (89.6%). The
remaining 13 patients rcceived open cholecystectomy
because of earlier upper abdominal surgery (n = 3),
planned common bile duct exploration (2 = 3), and
sepsis with unstable hemodynamie status (n = 7).

Of the 112 patients who received urgent laparoscopic
cholecystectomy, 58 (52%) were women. The median age
was 55 years (range, 20-87 years). Of the 112 cases, 16
(14.3%) werc complicated cholecystitis involving gan-
grene, empycma, and perforated gallbladder. A total of
19 patents received a preoperative ERCP, and common
duct stones were found and extracted after an endo-
seopie sphincterotomy from 14 patients (12.5%).

The owverall conversion rate was 3.6% (4 of 112). The
reasons for conversion to open cholecystectomy in-
cluded unidentified gallbladder because of severe adhe-
sion (1 1). hemorrhage (n = 2). and Calot’s triangle
not visualized (n = 2). Tables I and 2 show the effect
that the tming of urgent LC had on the conversion rate,
operative time, and length of hospital stay. There was no
statistically significant differencc between the conversion
rates for surgery performed within and after 72 h from
onset of symptoms (2 of 62 vs 2 of 50 procedures;
p = 0.835). Similarly. there was no difference in the
conversion rates for surgery performed within and after
96 h from onset of symptoms (3 of 76 vs 1 of 36 pro-
cedures, p = 0.776). The median time to surgery for all
patients was 3 days (range, 1-14 days).

The median operative time was 100 nun (range, 50
225 min) for all procedures, 100 min (range, 50225 min)
for surgery within 72 h, 95 min (range, 60-210 min) for
surgery after 72 h, 100 min (range, 50-225 min)
for surgery within 96 h, and 90 min (range. 60180 min)
for surgery after 96 h. There wcre no differences in
operating timces between surgery within or after 72 h and
that within or after 96 h from onset of symptoms. The
median length of hospital stay was 5 days (range, 2-18
days) for all procedures, 5 days (range, 2-14 days) for
surgery within 72 h, 6 days (range, 218 days) for sur-
gery after 72 h. 5 days (range. 2-15 days) for surgery
within 96 h. and 6 days (range, 2-18 days) for surgery
after 96 h. There was no diffcrence in the lengths of
hospital stay for surgery within or after 72 h, but there
was a significantly longer hospital stay for surgery after
96 h from onset of symptoms.

There was no mortality, although complications
occurred for six patients (5.4%). Two patients experi-
enced port-site infection. Three patients experienced
subhepatic fluid collection, which was subsequently
aspirated under ultrasound guidance. Cystie duet leak-
age was observed m one patient, which was managed
with a common bile duct stent. After a follow-up period
of 8 weeks, no subsequent complications were observed.

Discussion

With the development of technical skill and laparo-
scopic instruments, urgent laparoscopic cholecystec-
tomy currently is considered the optimum treatment for
patients admitted with acute cholecystitis [11]. As com-
pared with successful laparoscopic chlecystectomy,
conversion of laparoscopic to open cholecystectomy not
only leads to an incrcase in operative time, patient
morbidity, and hospital stay, but also results in a sig-
nificant increasc in overall cost [4]. It has becen shown
that the conversion rates are high in cases of acute
cholecystitis. Pessaux ct al. [18] reported a conversion
rate of approximatcly 27% in a 132 casc study in 2000,
and Navez et al. [17] obtained a eonversion rate of 20%
in a 609 patient study in 2001. In a 124 casc study,
Prakash ct al. [19] reported a conversion rate of
approximately 18.5% in 2002. These high conversion
rates resulted from the technical ditheulty of identifying
biliary anatomy and managing severe inflammatory
adhesions around the acutely inflamed gallbladder.
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A number of risk factors for conversion in cases of
acute cholecystitis, such as old age, large stones, a his-
tory of previous biliary disease, and a nonpalpable
gallbladder, are associated with repcated inflammation,
which results in a scarrcd and fibrosed gallbladder [15].
Timing of surgery from onset of symptoms has becn
considered one of the risk factors, It has been suggestcd
that the optimum timing for urgent cholecystectomy is
within 72 h after onset of symptoms. This suggestion
was based on the finding that the conversion rate riscs
sharply after 72 h from onset of symptoms, negating the
potential bencfits of urgent surgery [3, 13, 15, 18, 21, 22].
Others have found thec optimum timing for surgery to be
within 96 h after onset of symptoms, with longer delays
leading to a rising conversion rate [2, 5, 6, 9, 16, 17].

Furthermore, Koo and Thirlby [13] suggested that
failure to perform urgent cholecystectomy within 72 or
96 h after onset of symptoms might be an indication
for interval cholccystectomy. Unfortunately, interval
surgery with initial conservative treatment for acute
cholecystitis may result in failure, Fowkes and Gunn
[8] reported that 20% of their patients failed conser-
vative treatment during the initial hospitalization for
acute cholecystitis and requircd surgery. Another 27%
of patients who have their cholecystectomies delayed
are readmitted for emcrgency cholecystectomy before
their scheduled elective procedure. In addition, an in-
creased proportion of shrunken gallbladder and
chronic cholecystitis with dense fibrotic adhesions is
encountered in interval laparoscopic cholecystectomy
patients, which renders laparoscopic dissection impos-
sible and sometimes unsafe. Several reports have
dcmonstrated that the conversion and complication
rates tend to be higher with interval surgery [14, 15, 20,
23).

The current results do not support the finding of
earlier studies with regard to the timing of urgent lap-
aroscopic cholecystectomy. The conversion rates werc
similar for surgery performed within 72 and 96 h after
onsct of symptoms, and did not vary significantly for
cholecystectomy performed after these times. On the
basis of this result, interval surgery for acute cholecys-
titis with symptoms after 72 or 96 h would not be con-
sidered. This is consistent with findings of recent studies
showing that a delay in urgent surgery did not incrcase
the conversion rate [2, 12].

The absence of major complications, such as bile
duct injury, suggcests that LC can be performed safely in
patients with acute cholecystitis. The duration of surgery
was similar in both groups. The major advantage of
carly LC (within 96 h) is thc reduction in the total
hospital stay. However, the total hospital stay was
stmilar for surgery performed within and after 72 h from
onset of symptoms.

Surgeons often must decide whether to try a lapa-
roscopic approach for patients with acutc cholecystitis
or not. especially for patients who have experienced
symptoms longer than 72 or 96 h. The current study
demonstrated that urgent laparoscopic cholecystectomy
for acute cholccystectomy is safe and associated with a
low conversion rate. The timing of surgery did not
influence the outcome.
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Abstract
Background: 1t remains controversial whether ileoseopy
should be attempted in all patients. Although the ease of
ileoscopy and the diagnostic yield have been wcll de-
scribed, there have been no studies describing the value
of the diagnostic yield in altcring elinieal management.
We carried out a study to ascertain whether it is
worthwhile to perform ileoseopy in all patients having a
colonoscopy.

Methods: We carried out a retrospeetive study of all
patients who had a colonoscopy between January 1,
2002, and Deeember 31, 2003. The patient details,
indications, findings. and complications of the proce-
dure were recorded. together with the histopathology
reports of colonic and terminal itleal biopsies. Clinieal
case note of patients with a positive diagnosis was re-
viewed to ascertain whether there was a change to the
patient’s management following an abnormal biopsy
result.

Results: A total of 2,149 colonoscopies were performed.
In 346 patients (16.1%), the terminal ileum was intu-
bated. There were 16 abnormal findings on histology,
whieh gave a diagnostie yield of 4.6% of all ileoscopies.
A change to management occurred in only half of these
paticnts.

Conclusion: Heoscopy should only be attempted in sit-
uations in which the indication is warrantcd and that
would alter management. It is not cost-effective to carry
out ileoscopy on all patients.
General

Key words: Costs Endoseopy

A uscful investigation can be defined as one in which the
result will alter the management or add confidenee to
the clinician’s diagnosis. Unnecessary investigations in-
crease waiting times, waste resources, and expose pa-
tients to unnecessary risk.
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lleoscopy as an adjunct to colonoscopy was first
deseribed three deeades ago [5]. 1t helps to establish
completeness of the examination, and in some ecases
small bowel inflammatory disease can only be estab-
lished by ileoscopy [2. 8]. Some prospective studies have
described success rates of >90% for ileal intubation [1,
9]. One of these studies was carried out in a tertiary
referral center with state-of-the-art equipment and
demonstrated a median time of 55 sec to pass from ce-
eum to terminal ileum [1].

1t remains controversial whether ileoscopy should be
attempted in all patients. Although the ease of ileosecopy
and the diagnostic yield have been well described. there
have been no studies describing the value of the diag-
nostic yield in altering elinical management. The aim of
this study is to aseertain whether ileoseopy is a useful,
cost-effective investigation for all patients having a col-
Onoscopy.

Patients and methods

We performed a retrospective analysis of all patients who had a col-
onoscopy in the medical gastroenterology department at Kingston
Hospital between January 1. 2002, and December 31. 2003, which is a
500-bed district general hospital serving a population of approximately
320.000. The hospital’'s medical gastroenterology department perlorms
approximately 1.000 colonoscopies per vear. Three endoscopists and
three trainees currently staff the department. Data were ohtained from
medical records and our compulerized endoscopy datahase. The pa-
tient details. indications, and findings of the procedure were recorded.
Histopathology reports of colonic and terminal ilcal biopsies were also
recorded. Clinical case notes of patients with abnormal appearance on
histology werc reviewed to estahlish how such findings had altered
management. We defined abnormal findings as chuoically significant if
this resulted in a new diagnosis. initiation or change in drug treatiment,
or further investigation,

Colonoscopy was performed using Olympus CEF-240L o1 CF-
20HL wideo colonoscopies.

Results

A total of 2,149 colonoscopies were performed by eight
medical gastroenterologists or their advanced trainees
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Table 1. Indications for colonoscopy

Indication No. of palients
Diarrhca 450
Rectal bleeding (overt/occult) 407
Abdominal pain 327
Anemia 320
Follow-up for polyp 252
Follow-up for inflammatory bowel discasc 254
Constipation 178
Intermilienl constipation and diarrhea 104
Fuamily history of colorectal cancer 104
Weight loss 76
Abdominal mass 29

Table 2. Indications. diagnostic yield, and clinical significance of
patients who had ileal intubation

Indication No. of Diagnostic  Clinically
patients yield signifieant

Diarrhea 119 11 (9.2%) 4 (3.3%)

Abdominal pain 74 2(2.7%) 0 (0%)

Rectal blecding 62 5 (8.1%) 3 (4.8%)
(overt/occull)

Follow-up for inflammatory 33 5 (15.2%) 2 (6.1%)
bowel discase

Anemia 36 4 (11.1%) 2 (5.6%)

Abdominal mass ) 1(33.3%) 1 (33.3%)

Table 3. Indications. diagnosis. and management change of paticnts with abnormal ileal hislology

Patient No. Indicalions

Diagnosis

Management change

1 Anemia, diarrhea

2 Diarrhea, rectal bleeding
3 Follow-up for IBD

4 Diarrhea

5 Follow-up for 1BD

6 Abdominal mass

il Anemia, diarrhea

8 Ancmia

Crohn's disease

Crohn's disease

Crohn’s disease

Crohn’s disease

Crohn’s disease

High-grade lymphoma

Tuberculosis

High-gradc dysplastic villous adenoma

Started on new drugs
Starled on ncw drugs
Starled on new drugs
Starled on new drugs
Starled on new drugs
Chemotherapy and surgery
Antituberculous drugs
Right hemicolectomy

IBD, inflammalory bowel discasce

from January 2002 to December 2003, and the indica-
tions are summarized in Table 1. Most paticnts had
more than one indication. The most common indications
were diarrhea, rectal bleeding (over/occult), abdominal
pain, and anemia. Approximately one-fourth of the pa-
ticnts (252 + 254 = 516) were asymptomatic and had
colonoscopy carried out for surveillance of prcvious
polyps or chronic inflammatory bowel disease (IBD).

In 346 cases (16.1%), the terminal ileum was suc-
cessfully intubated. Of these, 115 biopsies of the termi-
nal ilcum were taken for histology. Table 2 summarizes
the indications of patients with successful ileal intuba-
tion, with diagnostic yield and its clinical significance.

Of the 346 ileal intubations, 16 were found to have an
abnormal finding on histology, which gave a diagnostic
yield of 4.6%. Of the 16 paticnts who had abnormal ileal
histology, the findings prompted a change to the clinical
management in eight patients (Table 3).

Discussion

In 2001, the British Socicty of Gastroenterology work-
ing party suggested that the average district general
hospital should plan for an annual workload of 800-
1,000 colonoscopies per 100,000 population [7]. With a
population of approximately 60 million, this would
equate to 600,000 colonoscopies per year [6]. Assuming
ilcoscopy takes an additional 55 sec per proccdurc and
that it was performed on all colonoscopies, this would
mean an additional 10,000 h of procedure time [l].
Therefore, although the additional time taken to per-
form an ileoscopy during colonoscopy may seem short,

taken in a national context this would mean an addi-
tional 2,000 colonoscopies annually. There will also be
an impact on the histopathology services.

The diagnostic yield with clinical significance was
highest in paticnts who had colonoscopy performed for
investigation of an abdominal mass, follow-up of IBD,
anemia, and diarrhea. Our study confirms the findings
of previous studies, which demonstrated no benefit of
ileoscopy for unselected patients undergoing colonos-
copy [4, 9], suggesting that it may be better to perform
ileoscopy only on patients in whom there is an abnormal
finding and also in whom treatment is likely to be al-
tered. With the time saved, an additional 2000 patients
could be colonoscoped.

The current analysis has some limitations. There
is a selection bias in patients who had ileoscopy and
ileal biopsies. Although the ileoscopy rate of 16.1%
1s much lower than that of other studies, the diag-
nostic yield of 4.6% is similar. This suggests selective
ileoscopy has not compromised diagnostic yield. A
prospective study would have been prcferable, but
this study reflects the practice of a district general
hospital and not a tertiary referral center, in which
ileoscopy would be selected in patients most likely to
provide a diagnostic yield. However, with a positive
diagnostic yield, in only half of thc patients were the
ileoscopy findings clinically significant to warrant a
change in management. Another argument against
performing ileal biopsies on all paticnts is the risk of
transmitting variant Creutzfeldt-Jakob discase from
one patient to another [3].

Ileoscopy is an mmportant part of colonoscopy, but
our study highlights the cost implication related to
performing ileoscopy on all patients when most patients



will not have their clinical management altered follow-
ing the procedure. However, some have argued that an
tleoscopy revealing a normal mucosa of the terminal
tleum may be helpful [9]. and it must be emphasized that
a colonoscopist needs to become proficient in this
technique to perform it when necessary.

In conclusion, ileal intubation should only be at-

tempted when the indication is most likely to have an
abnormal finding and alter management.
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Abstract

Background: Rigid sigmoidoscopy using a disposable or
nondisposable sigmoidoscope 1s a common outpatient
procedure. It has been assumed that the nondisposablc
bellows and light head of the sigmoidoscope remain frec
from enteric organisms so that the proeedure is sterile if
a disposable or nondisposable (metal) sigmoidoseope
shaft is used. The aim of this study was to identify thc
presence of organisms within the bellows or light head
of the sigmoidoscope.

Methods: Of 21 paticnts undergoing rigid sigmoidos-
copy with a disposable instrument, baeterial cultures
were taken from the inside of sterilc Jackson-Pratt bulbs
in 12 patients, with the bulbs being used to simulate the
nondisposable insufflation bellows. In an additional nine
paticnts, swabs were taken for eulture from the inside of
the nondisposable light head.

Results:  Entcrie gram-negative Escherichia coli and
mixed anaerobic organisms were cultured from the
Jackson-Pratt bulbs in two eases, and gram-positive
organisms were cultured in another casc. Gram-negative
organisms, including Bacillus, Proteus wirabilis, Klebsi-
ella, and Enterococcus faecalis, were cultured from the
inside of the light hcad in two cases.

Conclusion: Sigmoidoscopy using a disposable instru-
ment is not a sterile procedure and may pose a risk of
patient-to-patient cross-contamination by potentially
harboring organisms in the bellows or light head.

Bac-

Key words: Sigmoidoscopy — Cross-infection —

teriology

Sigmoidoscopy is a frequently performed procedurc,
usually in the outpatient setting. The term *‘sigmoidos-
copy.” used in Europe and Australasia, is perhaps a
misnomer since although the instrument may somctimes
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be passed beyond the rectosigmoid junction, generally
the procedure examines only the rectum; indeed,
“proctoscopy’ is the terminology used for the procedurc
of sigmoidoscopy in the United States. The mstrument
can be inscrted up to its limit in approximately 40% of
examinations [6] and a good vicw of the rectal mueosa
can usually be obtained. If a large amount of stool is
encountered in the reetum on initial digital examination,
then an enemu may be administered prior to sigmoid-
oscopy. In somc ecolorectal clinies, patients routinely
receive an enema prior to the initial examination, which
facilitates the process of examination of the rectum. A
small amount of solid stool may not preclude a satis-
factory view of the reetal mucosa.

Clinical indications for rigid sigmoidoscopy are
varied. At the patient’s first visit, the authors always
carry out sigmoidoscopy in patients with rectal bleeding
if there is no painful or tender anal lesion. This may be
the definitive investigative procedure in the young pa-
tient with minor rectal bleeding and identifiable anal
pathology. Identification of rectal polyps or cancer at
sigmoidoscopy is important if there is othcrwise to be a
delay before colonoscopy. The distribution of adeno-
matous polyps in the colon is now well-known from
colonoscopy studies. Approximately two-thirds oeeur
distal to the splenic flexure, with 40-55% in the rcctum
and sigmoid [5, 12, 13]. In cases in which there is a
solitary adenoma, 56% are found in the rectum and
sigmoid [4].

Cancer most commonly occurs in the rectum, al-
though during the past four deeades there has becn a
shift in distribution toward the right side of the colon. In
1980, 41.9% of patients who died from colorectal cancer
in England and Wales had rectal cancer. The propor-
tions in Australia were similar [8)]. In the United Statcs, a
number of studies, ineluding that from the National
Cancer Institute (1966) [1]. have documcnted a shift to
the right side of the eolon and hence an inereasc in the
ratio of colon cancer to rectal cancer [I, 2, 10]. Inter-
estingly this echange has apparently been less marked in
the United Kingdom [7] and Australia [3].



Sigmoidoscopy will diagnose proctitis, benign rectal
uleeration as part of the solitary rectal uleer syndrome,
and is useful to identify rectal prolapse in the patient
who has not been aware of external prolapse by
observing the reetum while asking the patient to strain
down. The procedure 1s very helpful in monitoring the
progress of diseases such as eolitis, radiation proetitis, or
the mucosal changes in the solitary rectal ulcer syn-
drome. and a stool speeimen may be collected during
sigmoidoscopy for mieroscopy and culture.

Initially, rigid sigmoidoscopes were metal and reus-
able. There has been a gradual ehange to disposable
plastic instruments, thus avoiding the need to elean and
sterilize instruments after each use. Apart from the lubor
costs, in a busy elinie it 18 therefore neeessary to have a
number of expensive instruments. Most elinicians thus
choose to use disposable sigmoidoseopes. Only the sig-
moidoscope shaft is disposable, whereas the bellows and
light source are reusable. Throughout the years, we have
noted that watery stool may ocecasionally reflux into the
bellows during the cxamination, particularly if the pa-
tient raises abdominal pressure during the procedure,
and this has necessitated eleaning the bellows. The
reusable light source may be affected in a similar way.
Thus, concern was raised about sterility of the sub-
sequent proeedure and. in particular, the possibility of
transmitting bacteria or other organisms harbored in the
bellows or tubing, or in the light source, to the next
patient during air insufflation.

The aim of this study was to examine the hypothesis
that bacteria may be found on the intcrnal surfaces of
the bellows and light source after sigmoidoscopy. thus
creating a potenual risk for eross-contamination.

Materials and methods

The studv was approved by the South Eust Arca Health Service
{Southern Section). Twentv-one patients undergoing rigid sigmoidos-
copy as part of their routine clinical examinalion were studied. Sig-
moidoscopy was carried out alter a digital anorectal examimation with
the patient lying comlortahly in the lelt lateral position on the exam-
ination couch. A disposahle sigmoidoseope (Weleh Allyn, New York,
USA) was used in each casc: no hiopsies were taken.

In the lirst 12 patients, the nondisposahie hellows and tuhing of
the Welch Allyn sigmoidoscope set were replaced with a stenle Jack-
son-Pratt bulb (Baxter Healthcare. Deerfield. 1L. USA). This bulh is
usually used as a closed-wound suction drainage syslem hut functions
cflectively for air insutflation. The egg-shaped bulh has an inlet port
with an antireflux valve and a dramage port with removahle plug, and
it 1s supphed in a stenle plastic pack. The Juckson-Pratt hulh was
removed Irom 11s container using aseptic technique. The dramage port
was connected to a length of sterile soft conneclion tuhing, which in
turn was connected to the nondisposahle Welch Allyn sigmoidoscope
light head. tn the firsl six ol these 12 patients. the light head was
cleaned and then sterilized in the autoclave at 120°C under pressure for
15 min before cuch use. In the last six of the 12 patients, the light head
wus not sterihzed and was reused as m normal praclhice.

The instrument was withdrawn on eomplelion of the sigmoidos-
copy and. using aseptic technique, the hulh was disconnected Itom the
tuhing and 20 ml sterile saline was instilled via the drainage port. The
plug was then inserled inlo the drainage port and the saline was gently
swirled 1n the huth. A stenile Steri-Strip tape was placed to seal the inlel
port. The hulh was then sent to the pathology laboratory Tor micro-
biological exammation ol the conlents of the saline. Cultures were sel
up on blood agar, MacConkey agar. and chocolate agar plates for
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gram-positive and gram-negative acrobic and anaerohic organisms and
on LI slope for myveohactena. Incuhation was continued Tor 48 h, and
onee a growlh was identified. incubation was continued to allow
organism identification.

Tests were carried out on the light head of the sigmoidoseope in an
additional mine patients. For this part of the study. the normal reusahle
Weleh Allyn hellows was used. The hight head was cleaned and ster-
ihzed as deseribed previously at the heginning of each consulting
session and then used in several consecutive sigmoidoscopic examin-
ations. In each case, the sigmoidoseope was inserted. the ohturator
withdrawn. and 1he light head then connected to the sigmoidoscope.
Al the end of the examination, new sterile gloves were used and swahs
were taken from the inside surface ol 1he light head and cyepiece. The
swahs were placed in Amies’ Iransport medium and subsequently
plated on blood agar, chocolate agar. and Colislin naladixic acid
hlood agar plates.

Results

Cultures from the Jackson-Pratt bulbs identified no
organisms in nine of the 12 patients. In three patients,
the following cultures were found. respeetively: 100
1.000 colonies/ml of Escherichia coli and mixed anaer-
obic organisms; 100-10,000 eolonies of E. coli and
mixed anaerobic organisms; and a small count (<10
colonies/ml) of Staphviococcus epidermnidis. The first of
these three patients was in the group in whieh the light
head had been sterilized immediately before each use.
Cultures from the light heads in the second group of
nine patients showed no growth in seven patients. In two
patients, the following organisms were found: (1) one
colony of Bacillus speeies: and (2) Proteus mirabilis,
Klebsiclla pueuioniae. and Euterococcus faecalis.

Discussion

Sterilization of instruments is an important eonsider-
ation in modern surgieal practice. In recent years, eon-
cern has been heightened by the advent of transmissible
life-threatening diseases. for both elinical and medico-
legal reasons. The proeesses applied to the eleaning of
instruments used for flexible sigmoidoseopy or eolo-
noscopy are now carefully regulated, usually with dis-
infection in 2% glutaraldehyde for 20 min or 0.2%
paracetic acid using an automated system (Steris,
Mentor. OH, USA). Detailed guidelines for infeetion
control in surgery from the Royal Australasian College
of Surgeons [II] and state health authorities within
Australia [9] are in place, ineluding rules governing
sterilization of instruments and use of single-use surgiecal
items.

This study has shown that feeal bacteria may be
found in the bellows of the rigid sigmoidoscope. Baeteria
were eultured from a previously sterile bulb after a single
use. The inside surface of the bellows and, in this
experimental study. the bulb are in free communication
with the reetum via gas under pressure. Relatively small
bacterial eounts were isolated in this study, but it 1s
presumed that higher eounts are likely to be found in the
nondisposable bellows after use in multiple patients.
Baectena were identified in the bellows in 25% of patients
after only a single use and may therefore be expeeted
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more frequently and in greater numbers with multiple-
use bellows. The study was designed to ensure that
bacteria had not reached the bellows by contamination
from the air or by direct patient contact, thus demon-
strating that bacteria can easily be introduced into the
bellows during sigmoidoscopy. The culture of Staph. ep-
idermidis was most hkely to have been a skin contami-
nant from the operator despite the aseptic technique, a
phenomenon known to occur in other circumstances
such as when inserting an intravenous cannula under
aseptic conditions, although it is possible that the
organisms originated from the anal skin of the patient
and entered the bellows during the sigmoidoscopy.

Bacteria were also isolated from the inside surface of
the light head. The sigmoidoscope design 1s such that
there i1s free communication between the light head,
bellows, sigmoidoscopc shaft, and the rectal gas, which
has been insufflated under pressure. The light head is
therefore exposed to organisms in the same way as the
inside of the bellows. Although the design of the sig-
moidoscope attempts to prevent contamination of the
light head by providing a plate at the proximal end of
the shaft, hence separating the light head from the shaft,
the shaft may become contaminated during withdrawal
of the obturator. Thus, organisms may also reach the
light head after withdrawal of the obturator followed by
coupling the light head onto a contaminated sigmoido-
scope shaft. Placement of the light head in direct contact
with the potentially contaminated proximal end of the
shaft 1s inconsistent with the rigid principles of aseptic
technique and instrument sterilization, which are man-
datory in all surgical and other endoscopic procedures.

1t has been proposed that a disposable filter be used,
interposed between the light head and the bellows to
prevent organisms from reaching the bellows. Filters are
now available for use with some sigmoidoscopes (Welch
Allyn; Seward, Norfolk, UK): although an appropriate
filter will prevent passage of bacterial and viral particles,
penetration of the filter by fliid will render it ineffective.
Filters should therefore only be considered for single
use, but even then they may become ineffective during a
procedure if exposcd to liquid stool. In addition, a filter
does not prevent contamination of the internal surfaces
of the light head.

We are not aware of any documented cases in which
clinical infection occurred as a result of cross-contami-
nation during sigmoidoscopy. Organisms may poten-
tially gain access if mucosal biopsies are taken or polyps

are removed during sigmoidoscopy, but minor trauma
to the mucosa resulting from insertion of the instrument
may also be a potential site of entry. Guidelines from the
Australian Therapeutics Goods Administration recom-
mend sterilization of all parts of the rigid sigmoidoscope
to prevent cross-infection [14]. Current disposable sig-
moidoscope designs do not provide the same sterile
conditions as with other surgical instruments or flexible
endoscopes, and prevention of cross-contamination
cannot be ensured unless the bellows, tubing, and light
head are autoclaved before each use.

References

1. Axtell LM. Chiazzi L (1966) Changing relative frcquency of cancer
of the colon and rectum in the United States. Cancer 19: 750-754

2. Cady B, Pearson AV, Manson DO, Maunz DL (1974) Changing
patterns of colorectal carcinoma. Cancer 33: 422-426

3. Chapuis PH. Newland RC, Macpherson JG. Dent O, Payne J,
Pheils MT (1981) The distribution of colorectal carcinoma and the
relationship of tumour site to survival of patients following
resection. Aust N Z J Surg S1: 127-131

4. Ekelund G (1963) Cancer and polyps of colon and rectum. Acta
Pathol Microbiol Scand 59: 165-170

S. Gillespie PE, Chambers TJ, Chan KW, Doronzo F, Morson BC,
Williams CB (1979) Colonic adcnomas: a colonoscopic survcy.
Gut 20: 240-245

6. Keighley MRB, Williams NS (1993) Polypoid disease and polyp-
osis syndromes (anatomical distribution). In Surgery of thc anus,
rectum and colon. Saundcrs, London, pp 760-771

7. Keighley MRB. Williams NS (1993) Colorectal cancer: cpidemi-
ology. aetiology, pathology, clinical featurcs and diagnosis. In
Surgery of the anus, rectum and colon. Saunders, London, pp
830-885

8. McDermott FT. Hughes ESR, Pihl H, Milne BJ. Price AB (1981)
Comparative results of surgical management of single carcinomas
of the colon and rectum: a series of 1939 patients managed by one
surgeon. Br J Surg 68: 850-855

9. NSW Health Department. Infection control policy document cir-
cular 2002/45, pp 1-42

10. Rosato FE, Marks G (1981) Changing site distribution pattcrns of
colorectal cancer at Thomas Jefferson University Hospital. Dis
Colon Rectum 24: 93-96

11. Royal Australasian College of Surgeons (1998) A guide to infec-
tion control. Infection control in surgery policy document

12. Shinya H, Wolff W1 (1979) Morphology, anatomic distribution
and cancer potential of colonic polyps. An analysis of 7000 polyps.
Ann Surg 190: 679683

13. Tedesco FJ, Waye SD, Avclla JR, Villabos MM (1980) Diagnostic
implications of the spatial distribution of colonic mass lesions
(polyps and cancer). Gastrointest Endosc 26: 95-97

14. Therapeutics Goods Administration (1995) Australian Therapeu-
tics Device Bulletin No. 28



Surg Endosc (2006) 20: 815-819
DOI: 10,1007 /500464-005-0428-7

© Springer Science+Business Media. Inc. 2006

Wil
/BN

and Other Interventional Techniques

AR

Preconditioning-like amelioration of erythropoietin against

laparoscopy-induced oxidative injury

E. Ates,' S. Yilmaz,” E. Ihtiyar, B. Yasar,' E. Karahuseyinoglu'

i General Surgery Department, Osmangazt University, The Faculty of Medicine, Eskischir, Turkey
= General Surgery Department, Alyon Kocatepe University, The Faculty of Medicine, Afyon, Turkey

Reeetved: 16 June 2005 Accepted: 24 October 2005/0Online publication: 21 Fcbruary 2006

Abstract

Background: Laparoscopic surgery has gained wide
acceptance for almost every kind of surgical procedure,
although it has produced significant oxidative injury to
intraabdominal organs depending on the pressure level
and the kind of the gas uscd. The literature describes
several preventive measures for deereasing the postla-
paroscopic oxidative injury such as low intraabdominal
pressure, gasless laparoscopy, and laparoscopic pre-
conditioning. Erythropoietin was shown previously to
decrease ischemia-reperfusion injury to the liver. The
currcnt study evaluated the effect of erythropoietin
against laparoscopy-induced oxidative injury, as com-
pared with laparoscopic prcconditioning.

Methods: For this study, 64 male Spraque-Dawley rats
were randomly assigned to one of the following groups.
The control group was subjccted to a sham operation.
The laparoscopy group was subjected to 60 min of
pncumoperitoneum. The laparoscopic preconditioning
plus laparoscopy group was subjected to 5 min of
insufflation and 5 min of desufllation followed by 60 min
of pncumoperitoncum. The crythropoietin plus lapa-
roscopy group was subjected to a subcutaneous injcction
of erythropoictin as a single 1,000-U/kg dose followed
by 60 min of pncumopcritoneum. After 45 min of de-
sufflation subsequent to cessation of pneumoperitone-
um, blood. liver. and kidney samples were obtained
from half of the rats. The other half of the rats were
obscrved for a reperfusion period of 24 h. Tissue and
blood samples also were obtained after this period.
Resuits: Laparoscopy produced significant oxidative in-
jury, as comparcd with the sham treatment. Laparoscopic
prcconditioning produced significant amelioration of the
ischemic injury. Although crythropoietin administration
during the prelaparoscopic period decreased the pneu-
moperitoncum-induccd oxidative injury, the beneficial
effect of laparoscopic preconditioning was more pro-
nounccd.
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Conclusion:  Laparoscopic preconditioning 1s more
effective than the preischemic administration of eryth-
ropoietin in reducing laparoscopy-induced oxidative
injury.

Key words: Erythropoietin
injury
copy

Ischemia reperfusion
Laparoscopic preconditioning Laparos-
Malondialdehyde - Tumor necrosis factor-a

Laparoscopic surgery has gained wide acceptancc for
almost every kind of surgical procedure because it re-
sults in less pain and a shorter hospital stay. However,
the pneumoperitoneum itself is not a completely harm-
less procedure, as cvidenced by several structural and
functional alterations observed after its use. Pneumo-
peritoneum carries the risk of splanchnic ischemia as
well as metabolic and infectious consequences depend-
ing on the pressurc lcvel used for pneumoperitoneum
and the kind of gas used [11, 21, 22]. The adverse
alterations also have been attributed to the increased
carbon dioxide (CO,) load {10, 16].

As a consequence of these rcsponses, pneumopecrito-
neum produces ischemia during insufflation and repcr-
fusion during desufflation. Therefore, laparoscopic
procedures actually producc ischemia-reperfusion injury.

The induction of free oxygen radicals after the resto-
ration of blood flow during the desufflation phase is onc of
the most important mechanisms of organ dysfunction
after laparoscopy. We previously demonstrated that
laparoscopy produces severe oxidative injury to the liver,
kidney [22], small intestine {24], and peritoneal 3] tissucs.
The mechanisms activated after ischemia-reperfusion
actually prolong the hypoxia that has already begun
during the ischemia. The aggravated hypoxia is followed
by increased inflammatory cytokines and reactive oxygen
species, thereby increasing the tissuc injury [4].

We also have reported that tumor necrosis factor-a
(TNF-2) and interleukin-6 (1L-6) contribute at Ilcast
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partially to oxidative injury observed after laparoscopy
[1. 3]. The oxidative injury represcnts the loss of normal
balance betwcen the oxidative agents and natural anti-
oxidant scavengers. It is not only an indicator, but also a
contributor to organ damage, espccially damage to the
liver and kidney [7. 17, 20]. We have previously shown
that ischemic preconditioning (Pre), originally reported
as beneficial for myocardial tissues [8], can be applicable
in laparoscopic procedures, with brief periods of pneu-
mopcritoneum and desufflation administered before the
sustained pneumoperitoneum period [22, 24].

Laparoscopic preconditionming (L-Pre), one of the
most important preventive methods against laparos-
copy-induced oxidative injury, produces its beneficial
effect by decreasing the cytokine responscs [1]. It also is
morc effective than low-pressure pneumoperitoneum in
reducing 1schemic insult associated with laparoscopy [3].
During laparoscopic procedures, the intraabdominal
organs are exposed to ischemic injury not only duning
the insufflation phase, but also during the deflation
phase. The liver and the kidneys are among thc
splanchnic organs most severely affected by laparo-
scopic proccdures, as implied by increased blood levels
of liver enzymes noted in animals and humans, and by
structural altcrations including liver necrosis as well as
renal failure and necrosis [6, 15].

Erythropoictin (EPO) is a hypoxia-inducible hemo-
poictic growth factor expressed mainly in the kidney. It
has an antioxidant property and a neuroprotective effect
against 1schemia in cell culture and animals [5, 18]. We
previously demonstrated that the administration of EPO
before ischemia protects the liver from ischemia—
repcrfusion injury caused by pedicular clamping, as
depicted by dccreased blood values of liver enzymes,
IL-2, and TNF-a, as well as attcnuated liver tissuc oxi-
dation [23]. Considering that thc ischemia-reperfusion
injury actually 1s a process tnggered by hypoxia, in the
current study, we evaluated the effect of EPO against
laparoscopy-induced oxidative injury, as compared with
the L-Pre method.

Materials and methods

The current study was conducted with the approval of the University
Ethical Committee. The experiment protoeol was designed in aceor-
danee with the 1996 revised edition of The Guide for the Care and Use
of Laboratory Animals published by the U.S. National Institules of
Health.

After overnight fasting wilh free access to tap water, 64 male
Spraque-Dawley rats weighing 280 + 15 g were cnrolled into the
study and randomly assigned to one of the following groups. with 16
animals in each group. The control group was subjected to a shaum
operation without pneumoperitoneum. The laparoscopy group was
subjeeled to 60 min of pneumoperitoneum. The L-Pre plus laparoscopy
group was subjected to 5 min of insufflation and 5 min of desufflation
followed by 60 min of pneumoperitoneum. The EPO plus laparoscopy
group was subjected to a subcutaneous injection of EPO as a single
dose of 1,000 U kg followed by 60 min of pneumoperitoneuni.

Surgical techuigue

The rats were anesthetized with an intramuseular injection of keta-
mine, and a l-em midline laparotomy was performed below the

umbilicus. After thal, a catheter was placed into the peritoneum as
the vehicle of pneumoperitoneum created in all the animals except the
sham group using a technique described by Polat el al. [12]. Pneu-
moperiloneum was obtained for 60 min by connecting the other side of
the tube to a CO, insufflator (Nortech Model 3-315-00, Fribourg,
Switzerland) fixed at 15 mmHg.

Before insufflation. the aforementioned incision was closed with a
tight purse-string suture to prevent leakage. After 45 min of desufila-
lion subsequent to the cessation of pneumoperiloneum, laparotomy
was performed and blood samples were obtained from half of the rats
via inlraaortic cannulation, along with liver and kidney samples. The
other half of the rats were observed for the 24-h reperfusion period.
The aforementioned tissue and blood samples also were obtained after
this period.

Biochewical analysis

The blood samples were centrifuged immediately at 3.000 rpm for
S min. Alanine aminotransferase (ALT) and lactic dehydrogenase
(LDH) values were measured with a Hilachi 911 automatie analyzer
(Boehringer., Mannheim, Germany).

Plasma concentrations of TNF-a were determined by enzyme-
linked immunoassay (ELISA) using 1he commercially available kits for
rat ELISA TNF-a (R&D syslem. Quantkin M Murine, Minneapolis,
MN, USA). Plasma malondialdehyde (MDA) levels were measured as
an indicator of lipid oxidation using the thiobarbituric acid method of
Ohkawa et al. [9].

The liver and kidney tissues were rinsed wilh ice cold saline and
frozen at —70°C until the assay. The tissues were homogenized with
an Ultra Turrax homogenizer (IKA TI18 basic, Wilmington, NC,
USA). After the centrifugation of the homogenates, lhe supernates
were removed and used for MDA unalysis by the method described
previously [9].

Statistical analysis

Data are expressed as mean + slandard error of the mean. Values
lower than 0.05 were accepted as statistically significant. The between-
group parameters obtained were evaluated using the Kruskal-Wallis
nonparametrie test. The Mann-Whitney U-test was used to eompure
1he data belween the paired groups.

Results

The results in terms of plasma LDH, ALT, TNF-a, and
MDA values as well as the liver and kidney tissue MDA
levels are graphically displayed in Figs. | to 4.

Effect of laparoscopy

The comparnison of the results between the sham and
laparoscopy groups showed that laparoscopy produced
significantly increascd plasma levels of LDH, ALT,
TNF-a, and MDA, as well as increased liver and kidney
tissue MDA values, after 45 min of reperfusion. Whereas
the ALT levels declined to the normal level 24 h after
desufflation, the LDH lcvels remained still higher that of
the sham group. Therefore, laparoscopy produced sig-
nificant ischemia—reperfusion injury in terms of plasma
and tissue oxidative markers, especially after 45 min of
desufflation.

Effect of L-Pre on laparoscopy-induced oxidative injury

The addition of the preceding L-Pre procedure to lap-
aroscopy produced significant amelioration in terms of
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Fig. 1. The lacuiic dehvdrogenase (LDH)
values of the groups afler 45 min and 24 h
of reperfusion. a p < 0.05 for the sham
and laparoscopy groups. b p < 0.05 for
the L-Pre + laparoscopy and laparoscopy

e groups. ¢ p < 0.05 for the erythropoielin
(EPO) + laparoscopy and L-Pre +
RER ¢ laparoscopy groups.

Fig. 2. The alamine aminotransferase
(ALT) values of the groups atler 45 min

Laparoscopy ~ LPretLaparoscopy EPO+Laperoscopy  and 24 hof reperfusion. a p < 0.05 for the
- sham and laparoscopy groups. b p < 0.0S
45 mm Grolps for the L-Pre + laparoscopy and
24 hr laparoscopy groups.
The Plasma TNF-alpha and MDA values ofthe groups
, 60 6
g
® 45 15 &
E \_ B, “-; Fig. 3. The plasma tumor necrosis factor-
A 30 3= 3 (TNI-2) and malondialdehyde (MDA)
= 98 15 valtues of the groups afler 45 min of
i = repetfusion. a p < 0.05 Tor 1he
0 0 laparoscopy versus L-Pre + laparoscopy
1 dscony  LDEeH sparosconvEPOHa . and the erythropoielin (EPO) + }
- . Eapacoasop Paroscopy paroscopy - laparoscopy groups. b p < 0.05 Tor the
TNF-apha Groups L-Pre + laparoscopy versus the EPO +

deereased plasma levels of LDH, ALT, TNF-«, and
MDA, as well as deereased liver and kidney ussue
MDA values, after 45 min of desufllation. The results
for ALT and LDH after 24 h of desufflation showed
lower levels than in the laparoscopy group. However,
although L-Pre produced a significant beneficial effect
on oxidative injury, as compared with the laparoseopy
group, the LDH and TNF-o values were higher than
those of the sham group.

laparoscopy group.

Effect of EPO on laparoscopy-induced oxidative injury

The administration of EPO before the pneumoperito-
neum significantly decreased the plasma levels of LDH,
TNF-a, and MDA, as compared with those of the lap-
aroseopy group. However, the comparison of the results
between the sham and EPO groups showed that the
levels of LDH, ALT, TNF-a, and MDA still were higher
than those of the sham group. Although EPO adminis-
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tration during the prelaparoscopic period decreased the
pneumoperitoneum-induced oxidative injury, the bene-
ficial effect of L-Pre was more pronounced than that of
EPO in terms of LDH, TNF-a, and MDA levels.

Discussion

Laparoscopy represents an ischemia-reperfusion phe-
nomenon that produces splanchnic ischemia. Pneumo-
peritoneum is used to facilitate the visualization of
intraabdominal organs intraoperatively. However, not
only pneumoperitoneum itself, but also the deflation
phase carries the risk of ischemic potential for
splanchnic organs [22, 24]. Augmented productions of
free oxygen radicals and other hazardous compounds
occur during insufflation and also during the deflation
phase. Therefore, laparoscopy itself is an ischemia—
reperfusion phenomenon that produces splanchnic
ischemia and related adverse alterations in intraab-
dominal organs, which may have a particular impor-
tance, especially for elderly patients, who have limited
functional capacity [14]. The liver and kidney are among
the splanchnic organs affected by laparoscopic proce-
dures.

Increasing recognition of the adverse effects from
laparoscopy has led to different alternative approaches
such as laparoscopy with low intraabdominal pressure or
the gasless abdominal wall-lifting method. We have pre-
viously shown that L-Pre is a beneficial method for
decreasing the laparoscopy-related oxidative injury [22,
24]. It also has been reported that L-Pre may be more
effective than low-pressure pneumoperitoneum in reduc-
ing the ischemic insult associated with laparoscopy [3].

The L-Pre technique is performed by administering
short periods of insufflation and deflation sequence(s) at
the beginning of laparoscopy. It is an endogenous pro-
tective mechanism that prepares the tissue against sub-
sequent laparoscopic injury. Some cellular proteins
released during L-Pre are known to make the cell
resistant to the harmful effect of free oxygen radicals
delivered after the ischemia-reperfusion phase.

O’Malley et al. [10] previously reported that CO», the
gas most frequently used for pneumoperitoneum, led to

L Pre+] aparoscopy EPO+L aparoscopy

Fig. 4. The hver and renal tissue levels of
malondialdehyde (MDA) in the groups. a
p < 0.05 for the laparoscopy versus the
sham group. b p < 0.05 for the

— laparoscopy versus the L-Pre +

Liver laparoscopy group.

local and systemic acidosis, aggravating ischemic organ
injury. However, an ideal gas for establishing pneumo-
peritoneum still is under investigation. It previously was
found that helium seems to limit the postoperative oxi-
dative response after laparoscopy {25]. The end result of
laparoscopic injury is increased levels of inflammatory
mediators, vasoactive kinins, fibrins, cytokines, and free
oxygen radicals [19]. The lipid peroxidation induced by
these mediators is associated with altered ischemic and
hepatic enzymes. The plasma MDA values also reflect
the oxidative modification of the lipid layer of the cell
membrane.

Erythropoietin is a hypoxia-inducible growth factor
expressed mainly in the kidney. It has multiple protec-
tive effects against oxidants and apoptosis [13]. We also
reported previously that preischemic administration of
EPO had protective effects on hepatic ischemia—
reperfusion injury [23]. It significantly decreased the
postischemia-reperfusion elevations of ALT, TNF-a,
IL-2, and tissue MDA in an experimental hepatic
ischemia model in rats.

It was reported previously that preischemic admin-
istration of EPO was beneficial in reducing the ischemic
injury to neuronal and myocardial tissues. We also re-
ported recently that the preischemic administration of
EPO in a dose of 1,000 U/kg prevented postischemic
injury in rat kidney tissues. This beneficial effect was
suggested to result from tyrosine kinase pathway acti-
vation because that effect was blocked by the adminis-
tration of Genistein, which is a tyrosine kinase inhibitor
[2]. Therefore, it may be speculated that EPO plays its
role in laparoscopy-induced ischemia-reperfusion injury
via tyrosine kinase enzyme activation, but this assump-
tion still requires further experimental studies.

Because the eventual result of laparoscopy is related
to organ ischemia, we tried in the current study to
evaluate the effect of preischemic administration of EPO
on laparoscopy-induced tissue injury, as compared with
L-Pre. In this model, we evaluated ALT and LDH as
contributors to organ parenchymal deterioration, plas-
ma TNF-a as a cytokine mediator, and plasma, renal,
and hepatic tissue MDA as lipid peroxidation markers.
The comparison of the sham and laparoscopy groups
showed that laparoscopy produced significantly in-



crcased levels of these parameters. Moreover, the
harmful effeet of laparoscopy continued partially 24 h
after the deflation. However. the addition of L-Pre to
laparoscopy  significantly  decreased the elevated
parameters and almost declined thcm to sham group
values. Although EPO administration significantly de-
ereased the LDH. TNF-a, and MDA wvalues, as eom-
pared with those of the laparoscopy group, they still
were higher than those of the L-Pre plus laparoscopy
group. Thercfore, the beneficial effect L-Pre in terms of
these parameters was more pronounced than that
resulting from EPO administration. The results of this
study show that EPO, an anti-ischemie agent, produces
significant proteetion against laparoseopy-indueed tis-
sue injury. However, the benefieial effect of L-Prc was
more significant than that of preischemically adminis-
tered EPO. These results therefore suggest that L-Pre
produced a protective effect against laparoscopy-related
injury with the help of several meehanisms. It may be
that L-Pre aets via mechanisms other than its anti-
ischemic property, which is the most important protec-
tive mechanism of EPO. In conclusion, L-Pre and EPO
decrease laparoscopic tissue injury probably with the
help of different unique mechanisms.
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Abstract

Background: Many biomaterials and composites have
been used in clinical and experimental laparoscopic
ventral hernia repair. The ideal prosthesis should allow
firm binding to thc abdominal wall without adhesion to
the bowcl.

Methods: A compound prosthesis was made by cir-
cumferentially suturing a Gore-Tex mesh as visceral
interface to a smaller polyester mesh as parietal inter-
face, and 1t was uscd in 46 laparoscopic ventral hernia
repairs between January 2000 and December 2004.
Results: Average operative time was 65 min, with no
intraoperative complications. Mean hospital stay was
2.2 days. Postoperative complications werc five seromas,
two hematomas, and one recurrence after a meun fol-
low-up of 32.2 months.

Conclusion: The prosthesis used was made of two
biomaterials that have been tcsted and tried over the
ycars. The polyester layer is known to induce sufficient
tissue ingrowth, whercas Gore-Tex minimizes adhesion
formation. The mcmory of the compound was
high enough to allow easy laparoscopic unrolling and
handling.

Key words: Laparoscopy — Ventral — Incisional
Hernia — Repair

The published results of laparoscopic ventral hernia re-
pair are satisfactory, with minimal perioperative mor-
bidity and low early recurrence rates [3, 17, 19, 27, 28, 31,
32]. The type of mesh prosthesis uscd has been the matter
of much debate. Firm binding to the abdominal wall with
sufficient fibrocollagenous tissue ingrowth, on the one
hand, and no or minimal liability to adhesion formation
with underlying bowel, on the other hand, are the main
characteristics of the ideal prosthesis required. Polypro-
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pylene and polyester biomaterials are known to form
severe adhesions if put in direct contact with bowel, and
Gore-Tex (ePTFE), which 1s known to have minimal
liability to form adhesions, has raised concern about the
adequacy of tissue ingrowth. The formation of a com-
pound made of a Gore-Tex mesh and a polyester mesh
will accomplish the two required benefits. In a previous
article [14. 15], we presented our early expericnee with
the usc of polyester mesh and ¢cPTFE soft tissue patch for
bilayer laparoscopic repair of ventral hernia. Further
refinement and modification of the technique in a larger
number of patients is presented hercin.

Materials and methods

A 10tal of 46 palienis (35 females and 11 males) with ventral hernias
were lreated hetween January 2000 and December 2004. Their age
ranged from 23 to 75 years (median, 37.6). Thirty patienls had inci-
stonal hernia, 14 had sponlaneous paraumhilical hernias. and two had
umbilical and lower abdominal ineisional hermias. In 14 patienls,
herntas were recurrent. The long axis of defect ranged from 410 12 em.

Techuigue

Following abdominal insufflation hy the use of a Veress needle intro-
duced away from any previous ineision, access to the abdominal cavity
was obtained by using a 10-mm visiporl (Tyeo Healithcare). A 30°
leleseope was used and two S-mm ports were introdueed under vision.
Their siles were chosen to give proper orienlation and suitahle working
length and angle. Hernia conlents were reduced and all adhesions di-
vided using either elecirosurgical power or ultracision (Ethicon Endo-
Surgery). The defecl edges were clearly exposed and the exienl of
overpass was then marked on the skin (at least 4 em). Compound
prosthesis was made by suturing a Gore-Tex mesh (W. L. Gore and
Assoeiutes, Flagstaft. AZ, USA) to ua thin polyester mesh using mul-
tiple 2-0 sulures passed lhrough the two meshes 2 cm from the edge of
the Gore-Tex mesh. Exeess polyester mesh was then eut 1-1.5 em short
of the edge of the Gore-Tex mesh to eliminate the possibility of bowel
adhesions to the edge of the prosthesis. Four prolene loops were left in
eaeh of 1he borders of 1the prosthesis. The prosthesis wus rolled and
introdueed into 1he abdominal eavily. A 10 x 15-em prosthesis was
passed through a 10-mm port. The port was removed to inlroduee a
larger prosthesis through the port site. Unrolling and spreading eould
readily he obtained due to the higher memory aequired hy the addition
of the polyester layer to 1the ePTFE layer. The prosthesis spread on the



ahdominal viscera with the polyester surlace facing the delect was
raised 10 the ahdominal wall hy anchoring the prolene loops consee-
utively 10 a suture passer introduced through the abdominal wall at the
proposed site of overpass to ensure proper orientation of the prosthesis
across the defect. The loops were held hy artery forceps followed hy
lixation ol prosthesis using helical coils from a 5-mm Protack (Tyco
Healtheare) aided hy counterpressure on the abdominal wall to face
the tip ol the Protack and compensate for its lack of anguiation.
Prolene loops were then cut and removed. This technigue aided in
proper orientation of the opaque compound across the defect. Carc
should be taken during fixation ol the prosthesis to 1he defect border
on the saume side of the ports. Reverse movement of instruments along
the eye hand target axis may lead to lixation ol the prosthesis short ol
the required overpass. One S-mm port may oceasionally be required to
allow proper overpass and lixation. A 10 x [5-cm prosthesis was used
n 38 cases. and a 15 x 20-cm prosthesis was used in seven cases. In one
other patient, two 10 x 15-cm prostheses were required to cover mul-
tiple midline delects from umbhilical and lower ahdominal incisional
hernia. Pressure dressing was then applicd on the hernia sac.

Results

The technique was successfully completed in all patients.
Two patients had laparoseopie choleeysteetomy per-
Tormed during the same session, and one patient had
interval appendicectomy with repair of a hernia sce-
ondary to drainage ol appendicular abseess. Operative
time ranged Irom 30 to 85 min (average. 65), with no
intraoperative complications apart Irom troear injury of
the left inferior epigastric artery in one c¢ase. All but one
patient tolerated oral Ruids the next morning following
surgery. Abdominal CT scan was occasionally required
during follow-up to rule out reeurrenee. Postoperative
complications were live secromas that were relatively
small and resolved spontancously. Two patients had
persistent hematoma at the hernia sae. One small. firm,
and lobulated hematoma was suspected for recurrence
and exeluded by ultrasonography. In another patient,
hematoma was large and surrounded by bluish skin
discoloration. The patient was eonservatively treated
and discharged 9 days lollowing surgery. In this case, we
casily mverted the hernia sac into the abdomen after
lyses and reduetion of hernia eontents. The sae was ex-
cised by eclectrocautery with a pair of seissors. Division
of the herma sae should be avoided. Oune patient had
early postoperative recurrenee. The patient had an epi-
gastric incisional hernia Tollowing coronary bypass.
Reeurrence was detected 2 months postoperatively at
the upper end of the delect. The patient had ehronie
persistent cough and low ejection fraction. Reoperation
was denied by the anesthetists. Abdominal CT sean was
selectively used to differentiate reeurrence from post-
operative secroma or hematoma at the hernia site. Hos-
pital stay ranged from 1 to Y days (mean, 2.2). No other
late complications occurred in this series after a mean
follow-up of 32.2 month (range, 6-53).

Discussion

Selection of the mesh prosthesis has been the subjeet of
mueh eoncern among surgeons performing laparoscopie
repair ol ventral hernias. Firm binding to the abdominal
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wall with sulticient fibrocollagenous tissue mgrowth, on
the one hand, and no or minimal liability to adhesion
formation with underlying bowel, on the other hand, are
the eharaeteristics ol the ideal prosthesis for the lapa-
roseopie approach to ventral hernias.

ePTFE is the biomaterial selected by most researeh-
ers as an intraperitoneal prosthesis due to its known
minimal liability to form adhesions with the bowel [24,
25]. Dual mesh is a form of ¢ePTFE with dilierent pore
sizes on either surface that was recently introduced to
enhanee the tissue integration ol an otherwise inert bio-
material. It has been used by many surgeons [3. 10, 13].
Despite the known effeet on adhesion Tormation, poly-
propylene mesh has been used by some authors in the
intraperitoneal position [16. 20]. The very low recurrenee
rate of 1.1% reported by Franklin et al. [16] was attrib-
uted to the superior tissue ingrowth with the polypro-
pylene mesh. Two-thirds of their patients who had
relaparoseopy had mild to severe adhesions to the mesh.

The charaeteristics of polypropylene and Gore-Tex
biomaterials have been eompared in many experimental
studies. Whereas ¢ePTFE led to the formation of thin,
imsy adhesions and a thin conneetive tissue capsule
covering, polypropylene resulted in more dense adhe-
sions and disorganized dense conneetive tissue eovering.
Resistanee to traction was shown to be higher with
polypropylene [6, 12, 35]. Abdominal wall delects re-
paired with ePTFE resulted in significantly more fre-
quent herniations, observed at the faseia and patch
wterfaee, than with polypropylene (60 vs 0%). Insulli-
eient ingrowth of fibrocollagenous tissue into the ePTFE
pateh, with insufheient anehorage ol the pateh to the
fascia, was histologically confirmed, whereas the poly-
propylene mesh was completely incorporated nto li-
brocollagenous tissue, which was continuous with the
adjacent fascia [23. 29]. The efleet ol the structure of
three ¢ePTFE prostheses (Soft Tissue Patch, Dual Mesh.
and Myero-Mesh) on the searring process In an
abdominal wall defeet experimental model was studied.
The three types of PTFE prosthesis induced a low
ineidence of adhesion formation between biomaterial
and viscera. The integration mechanisms ol the three
prostheses were similar and culminated in the eneapsu-
lation of the PTFE by the neoformed tssue with a
macrophage respouse similar to that of any reparative
process in the absence of biomaterial [S. §].

Confheting results led to continued studies to lind
the proper prosthetic biomaterial. Eliminating adhe-
sions to mesh by mechanical or other means during a
eritical time (first 7 days) is assumed to control adhe-
sions to the mesh and subsequent mesh-related compli-
cations. Laparoseopie adhesiolysis at 1 week was shown
to minimize subsequent adhesion formation to poly-
propylene and ePTFE mesh during a 4-month follow-up
in an experimental setup [26].

Composite prosthesis made by integrating a biode-
gradable extracellular matrix analog or an absorbable
mesh barrier with a permanent structural biomaterial to
reduee adhesion formation was tried in both experi-
mental and clinieal studies Baric et al. [4] used a poly-
ester/polyglaetin 910 (Vicryl) composite, This composite
led to intestinal adhesions and fistulation in both clinical
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and experimental studies [30, 34). Polypropylene mesh/
polypropylene sheeting and polypropylene mesh/silastic
composites were shown to reduce adhesion formation to
bowel compared to other biomaterials, including poly-
propylene, polyester, expanded polytetrafluoroethylene,
polypropylene/polyglactin, polypropylene/polyglycolic
acid, and polypropylene/fibrin [2]. Although silastic
implantation (Dacron-reinforced silicone rubber) caused
no adhesions, graft extrusion and evisceration were
common [22]. polypropylene/Gelfilm composite lead to
a similar adhesion response as that of PP alone after the
gelatin dissolved in | week. Sepramesh (a polypropylene
coated with sodium hyaluronate), carboxymethyl cellu-
lose film, Parietex mesh (a polyester/collagen compos-
ite), and polypropylene collagen composite have similar
effects in minimizing adhesion formation [1, 7,9, 18, 21,
33]. However, in one study infection was more prevalent
with Parietex composite mesh, with concurrent in-
creased mesh surface covered by adhesions [33].

The addition of a layer of polyester to the inert ePTFE
mesh would make the repair stronger and better long-
term results would then be expected. The facial interface
layer of polyester mesh stimulates fibrocollagenous tissue
ingrowth, leading to firm binding of the prosthesis to the
abdominal wall, whercas the ePTFE layer minimizes the
possibility of adhesion formation to the underlying bo-
wel. The fixation of the two biomaterials was found to
modify its physical characteristics, making its unfurling
and spreading in the operative field easier than with the
Gore-Tex biomaterial alone [14]. With proper orientation
and firm fixation to healthy surrounding tissue, an ideal
repair i1s expected. Repair of hernias near bony promi-
nences, such as the xiphoid process or symphesis pubis,
requires special attention. Effort should be made to re-
duce all adherent hernia contents to avoid persistent
postoperative swelling that may be mistaken for recur-
rence, leading to unsatisfactory results for the patient.
Very large prosthesis should have reasonable tension to
avoid postoperative bulge and suspected recurrence.

The biomaterials used in this technique are currently
available, and their combined use in our technique did
not increase difficulties or cost compared to the use of
other composite biomaterials that still require extensive
experimental and clinical studies. Fixation of the pros-
thesis with helical coils from a 5-mm Protack instrument
(Tyco Healthcare) was found to be rehable and techni-
cally feasible. Tissue ingrowth will lead to further, last-
ing integration of the prosthesis with the abdominal
wall. Transabdominal sutures used for mesh fixation in
laparoscopic ventral hernia repair were reported to be
an occasional source of prolonged postoperative pain
requiring postoperative local anesthetic injection [11].
Neither early nor late postoperative pain specifically
related to tacks occurred in this series.

Conclusion

Laparoscopic ventral hernia repair has many advanta-
ges over the open technique. 1t enablcs dissection of all
intraabdominal adhesions commonly present in inci-
sional hernia cases, clearly exposes healthy edges of the

herma defect and the presence of multiple defects, and
provides the ability to fix a large prosthesis to accom-
plish adequate overpass, thus reducing the incidence of
recurrence. The technique allows for other intraab-
dominal pathologies to be dealt with without the need
for large or multiple incisions. Morbidity is thus reduced
and hospital stay and recovery period are shortened.
Adoption of the laparoscopic approach should not
compromise the principles of successful mesh repair of
ventral hernia. The prosthetic biomaterial should stim-
ulate sufficient tissue ingrowth to restore abdominal wall
integrity with a minimal tendency for adhesion forma-
tion. A compound prosthesis, ePTFE-polyester, was
formed and successfully used in this series. It combines
the benefits and the known, tested characteristics of its
two components. In addition, polyester biomaterial
modifies the memory of Gore-Tex, making its manipu-
lation in the operative field easier. Clear exposure of the
defect edges, proper orientation of the prosthesis, suffi-
cient overpass, firm fixation to the abdominal wall, and
division of all adhesions are essential requirements for a
successful repair.
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Abstract

Background: Robotic laparoscopic surgery has been
shown to decrease task completion time, reduce errors,
and decrease training time, as compared with manual
laparoscopic surgery. However, current literature has
not addressed the physiologic effects, in particular
muscle responses, to training with a robotic surgical
system. The authors seek to determine the frequency
response of electromyographic (EMG) signals of specific
arm and hand muscles with training using the da Vinci
Surgical System.

Methods: Seven right-handed medical students were
traincd in three tasks with the da Vinci Surgical System
over 4 weeks. These subjects, along with eight control
subjects, werc tested before and after training. Electro-
myographic (EMG) signals were collected from four
arm and hand muscles during the testing sessions,
and the median EMG frequency and bandwidth were
computed.

Results: The median frequency and frequency band-
width both were increased after training for two of the
three tasks.

Conclusion: The results suggest that training reduces
muscle fatigue as a result of faster and more deliberate
movements. These changes occurred predominantly in
muscles that were the dominant muscles for each task,
whereas the more demanding task recruited more di-
verse motor units. An evaluation of the physiologic
demands of robotic laparoscopic surgery using elcctro-
myography can provide us with a meaningful quanti-
tative way to examine performance and skill acquisition.
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Laparoscopy, a form of minimally invasive surgery, has
revolutionized the treatment of abdominal pathologies.
The benefits for patients include shorter recovery time
with less pain [23], fewer adhesions [10], and better
postoperative quality of life [14] than experienced with
traditional open procedures. However, manual lapa-
roscopy also has shown several limitations during sur-
gery. These limitations include lack of depth perception,
poor camera control, limited degrees of freedom at the
instrument tips, and invertcd hand-instrument move-
ments [2, 3, 15]. Furthermore, these limitations lead to
unnatural and painful surgical postures that result in
fatigue for the surgeon [2, 3, 15].

The advent of robotic surgical systems, such as the
da Vinci Surgical System (dVSS; Intuitive Surgical,
Inc., Sunnyvale, CA, USA), have overcome some of
the limitations associated with manual laparoscopy.
The addition of three-dimensional visualization has
provided depth perception [6] and increased dexterity
[16, 17]. Wristlike articulations of the instruments also
have been shown to improve surgeons’ dexterity [16].
Coordinated hand-instrument movements have re-
duced the training time for robotic systems versus
manual laparoscopy [5]. In addition, tremor abolition
and motion scaling have been shown to enhance
dexterity with the use of robotic systcms, as compared
with manual techniques [16].

Studies comparing robotic surgical systems with
manual laparoscopy have examined the effectiveness of
robotic procedures. Researchers have found that with
the use of robotic systems, surgeons improve in dextcrity
[16] and residents can be trained more quickly [5. 7, 12].
In addition, there are fewer errors, and the time requircd
for task completion is reduced [I1, 13, 16, 20, 22].
However, the current means of evaluating surgical per-
formance and skill acquisition during training are lim-
ited to measurement of task completion time and the
number of errors [I11, 13, 16, 20, 22], or to subjective
cvaluation by an expert.



To our knowledge, no studies have examined phys-
ologic measures of surgeons during the performanee of
robotic surgical techniques. In manual laparoscopy,
physiologie evaluations huave been limited mainly to
ergonomie measures [2, 3, 15]. These studies have found
increased stress and fatigue associated with manual
laparoscopy because of the surgeons’ postures. Addi-
tionally. Quiek et al. [21] investigated electromyography
during manual laparoscopy and found that both the
task und the type of grasper uscd contributed to musele
futigue. This type of anulysis has not yet been eondueted
for robotic surgery.

Thus, it 1s not known whether robotic surgery Icads
to increased futigue. Most importantly, it 1s not known
whether training has an effect on fatiguc. Electromyog-
raphy cun assist in the evaluation of physiologic mus-
cular fatigue [1]. Specifically, frequency analysis of the
electromyographic signals from the muscles involved
has proved to be un effeetive method for measuring
muscle fatigue and motor unit reeruitment during static
force exertion [1]. Specifically, increased muscle fatigue
is associated with « decreased median frequency of the
power spectrum [, 4]. In addition, incrcases in the fre-
queney bandwidth of the powcer spectrum imply addi-
tional recruitment of motor units with varying
conduction vclocities [8, 9].

More reeently, it has been shown that frequency
analysts also can be applied to cyclic dynamic tasks to
evaluate muscular fatigue [4]. Hypothetieally, training
should decrcase muscular exertion (i.e., median fre-
qucucy) during surgery and thus improve the ability of
the surgeon to operate. Therefore, this study sought to
dctermine how muscle responses change during training
with the dVSS.

Methods and materials

Subjects

For this study. 15 novice dVSS users consisting of first- and sccond-
year medical students (11 men and 4 women. ages 25.3 £ 2.6 years) at
the University of Nehraska Medical Center (UNMC) were recruited
All the participants were right-handed. Informed consen! was ohtained
from cach subject before participation in accordance with the Insti-
tution Review Board of UNMC.

Tusks

Suhjects performed or practiced three tasks throughout this study:
himanual carrying, needle passing. and suture tying. The bimunual
carrying task required that two 15 x 2 mm ruhber pieces (one each with
lefi and right graspers) be picked up simullaneously from 30 mm
(diameter) metal caps and placed in two other metal caps 50 mm away
(Fig. 1A). The caps were arranged in a square configuration such that
the left graspers removed pieces from the top left cap and placed them
in the hottom left cap. The right grasper removed pieces from the
bottom right cap and placed them in the top left cap. The subject
repeated the movement six times in succession. The necdle-passing task
required that a 26 mm surgical needle he puassed through six holes in a
latex tuhe (Fig. 1B). The suhjects started from the proximal holes and
proceeded in order to the distal holes. The suture tying task required
that a 150 > 0.5 mm surgical suture he passed through one of the holes
in the latex tube and that three knots be tied using the intracorporeal
knot (Fig. 1C). All three tasks were cychic tasks designed to mimic
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Fig. 1. Expcrimental tasks. A Bimanual carrying. B Necdlc passing. C
Suture tying.

actual laparoscopic 1asks that require sigmficant himanual coordina-
tion.

Experimental protocol

Before performing the experiment. the suhjects were rundomly as-
signed to one of two groups: a training (7 subjects) or a control (8
suhjects) group. The experiment was performed over a period of 4
weeks and consisted of one pretraining test (PRE), six training ses-
sions, and one posttraining test (POST). The control subjects did not
perform the six training scssions.
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trum. Median frequency is the frequency at half of the total power.
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power. In this figure, the maximum power is I.

Pretraining test

During the first week, the subjects performed one pretraining test. At
the beginning of the test. the subjects were given a verbal explanation
of each task and allowed to practice the three tasks for 5§ min at their
own pace. During the practice, the subject could ask questions and
receive further explanation and suggestions from the investigators.
After the practicc, the subjects performed one trial for each task while
electromyographic signals were recorded.

Training sessions

Within 3 days after the pretraining test, the subject started the training
sessions, which were scheduled on a per subject basis. Each training
scssion lasted no more than 45 min, and each task was practiced three
to four times. During practice, thc subjects were allowed to ask
questions and rcceive verbal explanation and suggestions from the
investigators. At the end of the session, the subjects performed one
trial for each task whilc electromyographic signals were recorded.

Posttraining test

During the last weck and within 3 days after the sixth training session,
a posttraining test was performed with the same procedures as in the
pretraining session.

Electromyography

The electromyographic data were collected using DelSys Bagnoh
(Delsys, Inc.. Boston, MA, USA) surface electromyography (EMG)
and sampled at 1,000 Hz through the PEAK Motus (Peak Perfor-
mance Technologies. Englewood, CO, USA) data acquisition system.
Surface electrodes werc placed over the bellics of the following four
muscles as described by Basmajian and Deluca [1]: flexor carpi radiahs,
extensor digitorum, biceps brachii, and triceps brachii. We chose the
flexor carpi radialis as a primary wrist flexor muscle, the extensor
digitorum as a primary wrist cxtensor muscle, the biceps brachii as a
primary elbow flexor muscle, and the triceps brachii as a primary el-
bow extensor muscle, all of which are superficial and can be monitored
by a surfacc EMG system. Although many other types of movements
(e.g.. flexion and extension of thumb. index, and middle fingers;
forcarm pronation and supination), and thus many other muscles, are
involved, wc assumed that the contributions of these four muscles in
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Fig. 3. EMG median frequency. A Bimanual carrying task. B Suture
tying task. A diamond indicates a significant difference (p < 0.05)
between PRE and POST. Error bars arc two standard errors.

the three tasks are considerably high, und thus that measuring the
EMG activities of these muscles was important for the purpose of this
study.

Data analysis

Frequency power spectrums for the signals of each muscle during each
task were calculated using fast-Fourier transforms. The median fre-
quency and bandwidth were calculated to measure the frequency re-
sponse of each muscle during all threc tasks for the PRE and POST
conditions. The median frequency was calculated as

/ ™ ppyar = /{' PU)&f

where f.q 1s the median frequency, fi, 1S the maximum frequency of
the power spectrum (500 Hz), and P(f) is the power at a frequency f
(Fig. 2).

Bandwidth was calculated by determining the difference between
the minimum and maximum frequencies when the power exceeded
one-half of the maximum power of the frequency spectrum (Fig. 2).
All data were processed in MATLAB (The MathWorks, Inc., Con-
cord, MA, USA).

Statistical analysis

A mixed two-factor (group by condition) analysis of variancc with
repeated measures on the condition factor was used to compare the
group means of the median frequency and bandwidth for each muscle
and for cach task. All statistical analyses were performed using SPSS
12.0 (SPSS. Chicago, IL, USA).

Results

Bimanual carrying

Significantly larger medtan frequencies were found after
training for the flexor carpi radialis (p = 0.046), exten-
sor digitorum (p = 0.033). aad triceps brachii
(» = 0.030) muscles in both groups (control and train-
ing; Fig. 3, left). The flexor carpi radialis had a medtan
frequency of 136.6 + 7.3 Hz for PRE and 151.8 + 7.3
Hz for POST. The extensor digitorum had a median
frequency of 89.6 + 5.2 Hz for PRE and 96.1 + 5.2 Hz
for POST. The triceps brachii had a median frequency of
88.4 + 4.5 Hz for PRE and 98.7 + 4.5 Hz for POST.
No significant differences were found tn the median fre-
quency between the two groups. No significant differ-
ences were found for the frequency bandwidth.
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Fig. 4. EMG bandwidth. A Needle passing task. B Suture tying task.
A diamond indicates a significant difference (p < 0.05) between PRE-
and POST-training. Error bars are two standard errors.
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Needle passing

No significant differences were found for the median
frequency across the two conditions for the two groups.
A significant increase in frequency bandwidth was found
after training for the extensor digitorum muscle (PRE,
79.9 + 10.7 Hz; POST, 104.0 + 10.7 Hz; p = 0.017)in
both groups (Fig. 4. left). No significant differences werc
found between the two groups.

Suture tving

A significant incrcase in median frequency was found
after training for the flexor carpi radialis muscle (PRE,
135.3 £ 6.3 Hz: POST, 149.6 + 6.3 Hz; p = 0.021) in
both groups (Fig. 3, right). A significant increase in
frcquency bandwidth also was found after training for
the flexor carpi radialis muscle (PRE., 119.6 + 14.0 Hz,
POST, 150.9 + 14.0 Hz; p = 0.023) in both groups
(Fig. 4 right). No significant main effects (PRE/POST or
group) were found for the frequency bandwidth. How-
cver, a significant intcraction effect was found for the
biceps brachii (p = 0.015. Fig. 5). For the control
group, the bandwidth was found to be 84.7 + 15.0 Hz
for PRE and 53.4 £ 15.0 Hz for POST. For the training
group. the bandwidth was found to be 48.3 = 16.1 Hz
for PRE and 92.3 + 16.1 Hz for POST. This result
indicated a differcntial responsc between the two groups
for this task and for this musclec.

Discussion

Previous research has shown that robotic laparoscopic
surgery is beneficial for both the patient and the sur-
geon. Patients recover faster with less pain [10, 14, 23],
and surgeons can perform tasks faster [11, 13, 17-20, 22]
and can be traincd more easily [5, 7. 12] than with
manual laparoscopy. However, the physiologic impacts
of robotic surgery arc not clearly understood.

In the current study, training with the dVSS gener-
ally incrcased the median frequency of the EMG power
spectrum in the performance of bimanual tasks. This
frequency shift has two likcly causes. According to the
available literature [11, 13, 17-20, 22], training results in
shorter task complction times. Thercfore, in the current
study, each movement within a task occurred at a higher
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frequency, allowing completion of the task in a shorter
time. These faster movements rcsulted in muscle bursts
occurring at a higher frequency. In addition, findings
have shown that a dccrease in median frequency is
associated with muscle fatigue during sustained con-
traction (for review, sce [l]). Training may increase
efficiency in the performance of a task, thereby reducing
muscle fatigue. Onc or both of these factors resulted in
the frequency shift.

Findings also showed that this frequency shift oc-
curred independently of the subject’s group (control or
training). A possible explanation of this result is that the
control group also had some training ctfects. Our pre-
vious pilot work showed that decreases in task com-
pletion time arc possiblc even after one training session.
Thus, it is not surprising that the control group also
performed the tasks faster in just their sccond scssion
(posttraining). Because EMG was not collected during
the training sessions, this cannot be confirmed.

The frequency content of electromyograms also is
dircctly related to the conduction velocities of recruited
motor units [9]. It is well known that type 1 and type 2
muscle fibers have different conduction velocities [8].
Therefore, it can be inferred that a larger frequency
bandwidth is indicative of a larger range of recruited
motor units with different conduction velocities (i.e.,
different muscle fibers). We found that the EMG
bandwidth had increased during the needle passing
(extensor digitorum) and suture tying (flexor carpi rad-
ialis) tasks after training, as comparcd with pretraining.
Furthcrmore. during the suture tying task, EMG
bandwidth for the biccps brachii had incrcased after
training for the training group, and had decrcascd after
training for the control group, as comparcd with pre-
training. These results suggcest that subjects recruited a
larger range of motor units with varying conduction
velocities during training.

However, the bimanual carrying task showed no
significant changes in EMG bandwidth. Becausc thc
bimanual carrying task requires more simplistic move-
ments, as compared with the more complex the necedle
passing and suture tying tasks, the larger range of con-
duction velocities may be associated with more complex
movements. It is possible that different motor units are
recruited during different phases of the task depending
on the precision needed for cach phase. For example,
looping the suture during the suture tying task may re-
cruit different motor units than pulling the suture taut to
finish the knot. Further analyses of the phases of the
tasks arc necessary to confirm this hypothesis and
identify proper training tasks.

The findings also showecd that when a significant
difference in median frequency or bandwidth was found,
it occurred in muscles that would be used predominantly
for thc given task. During the bimanual carrying task,
the median frequency increased for the muscles uscd for
grasping (flexor carpi radialis) and arm movements
(biceps brachii and triceps brachii). Likewise, the med-
ian frequency for the flexor earpi radialis had increased
after training during the suture-tying task, a grasping
intensive task. Although care was taken to minimize
electrode placement. futurc studics will monitor musclc
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responscs over a single session to confirm that changes
in median [requency are attributable to reduced muscle
fatigue and not other factors.

Bandwidth increases were found after training for
the cxtensor digitorum during the needle passing task
and for the flexor carpi radialis and biceps brachii dur-
ing the suture tying task. For the needle passing task, a
“hooking™ motion is used to pass the needle through the
latex tube, requiring morc precise control of the fingers.
Therefore, it 1s possible that differcnt motor units may
be recruited in the cxtensor digitorum to control the
movement. The suture tying task requires fine control of
grasping as well as looping of the suture for tying the
knot. Therefore, bandwidth increases for the flexor carpi
radialts and biceps brachii would be expected. 1t is worth
mentioning that such dctail in the examination of the
different surgical tasks and the muscles involved will not
be possible without the acquisition of physiologic mea-
sures, specifically electromyography. This verifies that
future studies need to use our methodology to further
establish learning and proficiency criteria for robotic
surgical pcrformance.

In conclusion, surgical training increascd the median
frequency rcsponsc s i result of increased speed, re-
duccd fatigue, or both during each task. These increases
occurred predominantly in muscles that were the dom-
inant muscles for cach task. Additionally, the more
demanding task recruited more diverse motor units, as
shown by incrcascs in bandwidth after training. 1t is
cvident that an cvaluation of the physiologic demands of
robotic laparoscopic surgery using electromyography
can provide us with a meaningful quantitative way to
examinc performance and skill acquisition. In our future
work, we plan to include a group of expcrt surgeons and
more realistic tasks (i.c., data collection during actual
robotic laparoscopy) to further understanding of the
physiologic decmands of robotic surgery. We also pro-
pose that future studies should record EMG from both

arms simultaneously for direct determination of

bimanual coordination.
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Abstract

Although hand-assisted laparoscopic surgery (HALS) is
very common in various laparoscopic procedures, it is
rarely used for retroperitoneal endoscopic adrenalectomy
because of the small working area. The authors evaluate
HALS in endoscopic adrenalectomy with respect to its use
as a rescue procedurc in complicated cases. In their
department, 47 patients underwent endoscopic adrenalec-
tomies bctween 1998 and 2004. Mainly because of com-
plicated anatomy, three primary aldosteronism cases werc
converted to retroperitoneal HALS. This involved making
an additional 6 cm skin incision, into which the surgeon’s
left hand was inserted, with thc palm used to create a suf-
ficient visual field and working area. The fingers were used
for tactile sensation and blunt rcsection. For thesc three
cases, successful retroperitoneal HALS in endoscopic
adrenalectomy resulted in no mortality or morbidity. These
findings indicate that this procedure is a feasible technique
for complicated benign adrenal tumor cases.

Key words: Endoscopic adrenalectomy — HALS
Retroperitoneal approach

Endoscopic adrenalectomy has been considered the
standard surgical excision procedure for benign adrenal
tumors during the past decade. Stnce the initial report of
tts use in 1992, this procedure has become a fcasible,
minimally invasive method for benign adrenal tumors
[5]. Transperitoneal and retroperitoneal approaches arc
the two principal laparoscopic routes to the adrenal
gland. Although the transperitoneal approach is used
more widely, the retroperitoneal approach offers par-
ticular advantages [1, 3, 4, 6, 12, 13, 18-20, 22].
Hand-assisted laparoscopic surgery (HALS) is an
established alternative proccdure in various types of
laparoscopic surgery [9, 10, 14, 15, 21]. including trans-
peritoneal endoscopic adrenalectomy [2, 8, 16, 17]. How-
ever, HALS is rarely performed in retropentoneal endo-

Correspondence to: N. Sata

Table I. Profile of the cascs for endoscopic adrenalectomy by year

Transperitoneal Retroperitoneal Conversion to
approach (n) approach (n) open surgery (1) Total

1998-2000 9 3 1 12
2001-2002 5 6 11
20032004 3 21 24
Total 17 30 1 47

scopic adrenalectomies because of the narrow working
arca.

In this report, we describe the details and distinct
advantages of retroperitoncal endoscopic adrenalec-
tomy using HALS. In particular, thc use of HALS
completely compensates for disadvantages otherwise
encountered 1n retroperitoneal endoscopic adrenalec-
tomy, such as disorientation, narrow working area, ab-
sence of tactile sensation, and technical limitations.

Patients

From 1998 to 2004, 47 patients (25 men and 22 womcen; mean age, 49.4
years) underwent endoscopic adrenalectomics in the Department of
Surgery, Jichi Medical University, Tochigi, Japan). The cases included
28 primary aldosteronisms, 11 Cushing’s syndromcs, 6 nonfunctioning
adenomas, and 2 pheochromocytomas. The transpcritoncal route was
first applied to reach the adrenal gland as other abdominal organs
assisted with orientation in the abdominal cavity. However, we
sometimes encountered troublesome situations in thc process of
transperitoneal operation, cspecially in fatty cases or cases with a
previous abdominal surgical procedure.

In 2000, we experienced a casc of conversion to opcn surgery,
which led to the gradual introduction of thc retroperitoneal approach,
which bccame the standard mcthod after 2003 (Table 1). During the
current study of 30 retroperitoneal endoscopic adrenalectomies, threc
were converted to HALS, mainly because of complicated anatomy
(Table 2). The mean surgery time was 159 min, and the average blood
loss was 138 ml in the 47 cascs.

Retroperitoneal hand-assisted laparoscopic
adrenalectomy technique

Initially. all patients underwent a standard retroperitoneal endoscopic
adrenalectomy using four trocars in the lateral bending position



Table 2. Cases converted to hand-assisted laparoscopic surgery (HALS) in endoscopie adrenalectomy
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Cases converted

Mean operation

Average blood

Site Route No. of eases to HALS time (min) loss (ml)
Right Transperitoneul 13 2 166 302
Retroperitoneal i 1 192 105
Left Transperitoneal 0 203 228
Retroperitoneal 23 2 148 34
Total 7 5 1159 138
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middle finger are used as blunt mantpulators and to operate the for-
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Fig. 1. a Plucement of laparoseopie ports: (1) 12 mm port for video-
scope, (2 and 3) S mm port for tissue manipulators and foreeps, (4) 2
mm port for fine forceps. b In the conversion to hand-assisted lapa-
roscopic surgery (HALS). an additional 6 ¢m skin ineision (5) was
made between the two left trocar incisions

(Fig. la). The tirst 12 mm trocar for videoscope use was placed just
beneath the Elth rih in the midaxillar ine. After tissue expanston using
a balloon dilator and pncumoretroperitoneum, three additional troears
(two S mm and one 2 mm) were inserted for tissue manipulation. Three
such cases were converted to HALS.

I'he deciston to convert depended on an assessment made 2 h after
the commencement of surgery. The laparoscopic procedure was con-
tinued if it appeared that the tumor could be removed within the next
hour, Otherwise, surgeons reverted to the HALS approach.

For HALS., a 6 ¢cm skin incision was made between the two left
trocar incisions. and the left hand of the surgeon was inserted in an air-

scope and the 5 mm trocar for a manipulator were used for the HALS
proecedure. The operator stood at the right side of the patient for the
right tumor, and at the left side for the left tumor.

The HALS approach involves two important factors. The move-
ment and positioning of the surgeon’s left hand 1s critical. and the
volume of the retroperitoneul space is approximately that of a fist. A
ey feature of retroperitoneal HALS 1s that the thumb, ring finger, and
little finger are used to hold the tumor, the forefinger and middle finger
are used as blunt manipulators and foreeps, and the palm is the
working area (Fig. 2). The position of the videoscope is adjusted for
the use of two fingers to dissect conneetive tissue and to visualize
vessels and the adrenal gland clearly. Small vesscls are disseeted using a
harmonie scalpel, and the central vein and arteries are dissected using
surgieal clips (Fig. 3a and b).

The HALS technique was completed uneventfully, with no cases
of mortality or morbidity. Dissection proceeded promptly and safely
All dissection points were clearly visualized, and tactile sensation re-
sulted in reduction of the surgery time otherwise required. The addi-
tional surgery times required for HALS in the three cases were 47, 44,
and 51 min, and the postoperative hospitalizalion times were 4, 6, and
8 days. respectively.

Discussion

The current report describes the use of retroperitoneal
HALS in endoscopic adrenalectomy as a rescue proce-
durc for technically or anatomically complicated cases.
The HALS technique, a common and established proce-
durc for various laparoscopic opcrations, provides sig-
nificant advantages over thc purely laparoscopic
approach, such as safer and better manipulation, reduced




Fig. 3. Intraoperative views during retroperitoneal hand-assisted laparoscopic surgery (HALS) in endoscopic adrenalectomy. a Dissection of
the central vein. b Disseclion of the arlcries. (1) adrenal adenoma, (2) cenlral vein, (3) adrenal gland, (4) harmonic scalpel, (5) surgcon’s thumb,
(6) surgeon’s middlc finger. (7) surgeon’s ring finger. (8) adrenal arteries. (9) surgical clip).

time and costs, and minimal additional overload. How-
ever, HALS is not ecommonly used for endoscopic adre-
naleetomy, espeeially for retroperitoneal approaches.

Bennett and Ray [2] first reported successful trans-
peritoneal HALS in endoseopic adrenalectomy. They
concluded that transperitoncal HALS is a feasible and
less invasive alternative proeedure for larger tumors and
potentially malignant lesions. Although the abdominal
cavity 1s largc enough for placement of a hand port and
insertion of a hand, the retroperitoneal spacc was not
thought to be suitable for HALS beeause of its limited
working arca and visual field.

Retroperitoneal endoseopic adrenalectomy has sev-
eral advantages over its transperitoneal eounterparts. It
minimizes intraabdominal adhesions, subsequent bowel
obstruetion, and injury to the abdominal organs. Several
studies have eoneluded that both mcthods are equally
feasible for removal of adrenal tumors [13, 19, 20]. A
very eautious view is that the major disadvantage of
retroperitoneal endoscopic adrenaleetomy is disorien-
tation, becausc surgcons can have trouble locating the
adrenal gland, which inereases stress associated with the
procedure.

We found that retroperitoneal HALS provided for
easy orientation with taetile sensation, and thus eom-
pletely compensated for the disadvantages otherwise
associated with the rctroperitoneal approach. For dis-

section within a small area, special left hand and finger
techniques are required. With eomplete understanding
of the technique, most surgeons ean easily perform ret-
roperitoneal HALS.

In the eurrent eases, HALS required approximatcly
50 additional minutes and did not affeet the duration of
the postoperative hospital stay. If cases requiring HALS
were seleeted more quiekly, operation time could be
saved as well as overload to the patients. Intraoperative
events, such as location of the kidney and the central
vein as well as aeeidental puneture of the peritoneum,
are possible factors that could predict the need for
eonversion to HALS. Additionally, three-dimensional
images of the adrenal gland and surrounding organs
generated by preoperative multidetector raw computed
tomography (CT) sean would work as a navigator for
endoscopic adrenalectomy, possibly predicting the needs
of HALS [21. 22].

The major advantage of laparoseopie adrenalectomy
over open adrenalectomy is undoubtedly reduced post-
operative pain and shorter hospitalization. In our
department, a elinical pathway involving 4 days of
postoperative hospitalization is applied to endoseopie
adrenalectomy. Two of the eurrent patients were dis-
eharged as scheduled, and the other patient was dis-
charged on postoperative day 8, mainly because of
family and social reasons.



In counclusion, retroperitoneal hand-assisted endo-

scopic adrenalectomy 1s feasible and can be used as an
aid in the retroperitoneal approach, with intraoperative
tactile localization of the adrenal gland. This procedure
is especially applicable for anatomically complicated
cases and for surgeons unfamiliar with the retroperito-
neal route.
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An alternative gallbladder extraction technique in laparoscopic

cholecystectomy

Abstract. In this era of minimally invasive surgery, the
challenge remains in finding techniques to reduce access
trauma in terms of fcwer and smaller size trocar ports.
Our new described technique will allow a smaller sub-
xiphoid port to be used to achieve extraction of the
gallbladder without the need to change to a 5 mm lapa-
roscope. We believe this method is easy to Icarn, safe and
with no observable complications from our experience.

Key words: Gallbladder extraction
cholecystectomy

Laparoscopic

We were very interested to read the recent article by
Machado and Herman (Surg Endosc 2004; 18: 1289~
1290) on the technique of removing the gallbladder
during minilaparoscopic cholecystectomy [4]. We agree
that 1t 1s a simple and cheap method of extraction using
a self-made retrieval bag from a readily available sur-
gical glove. We would like to ask the authors whether it
1s their usual practice to close the bag prior to delivery
under direct vision? If not, should the operating surgeon
be concerned with the possibility of spillage of infected
bile or stones? We would like to describe our routine
method of gallbladder extraction that is also simple to
use and avoids the use of a 5-mm laparoscope. This
method can be applicd in laparoscopic cholecystectomy
using the two- or three-trocars technique and can also be
used in other laparoscopic procedures requiring speci-
men extraction, for example; laparosopic appendicec-
tomy.

We perform laparoscopic cholecystectomy (LC) with
the standard four-port method—three 5-mm right sub-
costal ports and one 10-mm subumbilical port. The
method of gallbladder resection has been described pre-
viously. A manufactured extraction bag (Medical Tech-
nical Promotion, Dr. Karl-Storz, Tuttlingen, Germany)
is used in cases where the gallbladder is severely in-
flamed, perforated (spontaneous or iatrogcnic), or sus-
pected to be malignant [2]. The use of an extraction bag is
to rcduce the amount of bile or stonc spillage into the
peritoneal cavity. It also serves to avoid the well-recog-
nized port-site metastases in cases of malignancy [3].

Fig. 1. Closing string of the extraction bag is grasped with forceps
introduced from the subxiphoid port.

The retrieval stage consists of first closing the
extraction bag intracorporally by tightening the closing
string. Then the forceps, inserted via the subxiphoid
port, is used to grasp the end of this closing string
(Fig. 1). Whilc holding the closing string, the forceps
can be advanced in a retrograde direction through the
subumbilical port under direct vision by careful align-
ment (Fig. 2). It is usually easier for a single surgeon to
perform this step as shown in the figure. The 10-mm
subumbilical port is removed and the specimen can then
be safely extracted with or without dilating the wound
or extending the incision (Fig. 3).

This alignment technique can be applied to retrieve
the gallbladder in uncomplicated elective cases where
extraction bags are not necessary. Instead of grasping
the closing string of the bag, a lengthened suture (at least
5 cm), used to ligate the cystic duct, can be used to
advance through the subumbilical port.

In this era of minimally invasive surgery, the chal-
lenge remains in finding techmques to reduce access
trauma in terms of fewer and smaller-size trocar ports.
Our new described technique will allow a smaller sub-
xiphoid port to be used to achieve extraction of the
gallbladder without the nced to change to a 5-mm lap-
aroscope. Wc also recommend the usc of a durable



extraction bag, particularly for large stones, so as to
allow varlous fragmentation technmques to be safely
employed [1]. We believe this method is casy to learn,
safe. and with no observable complications from our
¢xperience.
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Fig. 2. Alignment of forceps and laparoscope
(external view, left). Forceps is advanced through
the subumbilical port under direct vision (internal
view, right).

Fig. 3. Subumbilical trocar rcmoved (left).
Extraction bag removed (right).
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A correlation between the shape of the epiglottis and obstructive

sleep apnea

Abstract

The incidence of Obstructive Sleep Apnea (OSA) is
increasing with the rise in the prevalenee of obesity in
the population. Upon performing esophagogastroduo-
denoscopy (EGD) on more than 50 patients with BMI
ranging from 21 to 63, we notieed an inerease in the
eoncavity of the posterior surfuce of the epiglottis in
correlation with the increase in BMI. Sinee OSA is
caused by eollapse of the airways, this same pressure
scems to be responsible for the deformity of the epi-
glottis, which normally has a minimally eoncave pos-
terior surface. Therefore the shape of the epiglottis
reflects the degree of airway collapse and thus the
severity of OSA. We recommend that patients with in-
ereased coneavity of the posterior epiglottal surface seen
endoscopically should be tested for OSA.

Key words: Epiglottis Obstruetive
Sleep Apnea

Concavity

Obstruetive sleep apnea (OSA) is a sleep disorder
characterized by recurrent episodes of partial or com-
plete closure of the upper airway during steep [2]. This
discase affeets 2% to 4% of middle-aged men and 1% to
2% of middle-aged women in Western countries, with
the majority of affected individuals remaining undiag-
nosed. In one survey, as many as 82% to 92% of people
with symptoms of moderate to severe OSA were not
diagnosed [1].

During sleep, muscle relaxation in the upper airways
and diminished reflexes lead to partial airway collapse in
all people. In normal individuals, this minor airway
eollapse has no major effect on the airflow. However, in
patients with OSA, the airway eollapse ean be severe,
leading to partial or ecomplete obstruetion [6]. In 80% of
patients, this airway obstruetion involves the retroglottal
region. This has been confirmed by magnetic resonance
imaging (MRI) and dynamie fiberoptie pharyngoseopy
[4]. The compromise of airflow manifests as snoring,
apneie cpisodes, and ¢hronie nighttime hypoxemia,
leading to significant complieations ineluding systemie

and pulmonary hypertension. cor pulmonale, and many
other pathologies.

Obstructive sleep apnea should be suspeeted in pu-
tients who exhibit loud snoring; episodes of apnea,
choking, or gasping witnessed during sleep; hyperten-
sion; a neck cireumferenee of 17 inches or greater; a high
body mass index (BMI1); and laterally narrowed oro-
pharynxes. The diagnosis of OSA can be established by
polysomnography [5].

In an MRI1 study of patients with OSA, it was found
these patients have excess fat deposition, most often
located anterolateral to the upper airway, as compared
with control subjects [3]. The marked fat deposition in
the neck tissues inereases pressure on the airways, eon-
tributing to the airway collapse scen in patients with
OSA [1].

Observation

Normally, the posterior surface of the epiglottis is
slightly econcave as seen from above [7]. When we per-
formed esophagogastroduodenoseopy on patients with
a variety of BMIs ranging from 21 to 63, we noticed a
significant correlation between BMI uand the degree of
concavity of the posterior cpiglottal surface. The pos-
terior surface of the epiglottis in patients with normal
BMI was minimally coneave. However, the extent of
coneavity increased proportionally with the inercase in
BMI, to the point at which total elosure of the epiglottis
was observed in extreme cases (Fig. 1).

The degree of concavity ean be estimated visually
without difficulty. A numerie value grading the degree of
eoneavity can be obtained by drawing lines cotangent to
the posterior lateral surfaces of the epiglottis and then
drawing perpendieular lines from the edge points of the
epiglottis as shown in picture A. The angle produced by
the interseetion of these lines will be equal to the are
constituted by the epiglottis. This angle, which we
named ‘alpha,” was approximately 100° in a patient
with a BMI of 28. The alpha was 360° in another patient
with a BMI of 62.



Picture A

Conclusion

A positive correlation between high BMI and OSA is
well known in the literature [1]. The pressure of the
parapharyngeal fat pads and the chronie collapse of the
retroglottal airway during sleep create the deformity of
the cpiglottis observed in patients with OSA. Thus, the
shape of the epiglottis seen endoscopically reflects the
degree of the chronic airway obstruction. On the basis of
this finding, we recommend sleep studics for patients in
whom an mcreased degree of epiglottis concavity is seen
during esophagogastroduodenoscopy or nasolaryngos-
copy.
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Picture B

Fig. 1. Comparison between the
epiglottis of a patiemt with a body mass
ndex (BM1) ol 28 (A) and that ol a
patient with a BM1 of 62 (B). The inferior
side of the picture represents the posterior
pharyngeal wall with the epiglotis
anterior to it and the retroglotial space
between them.
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The Association of Endoscopic Surgeons
of Great Britain and Ireland

The AESGBI oftice has moved from the Oaks Hospital Colchester. All
correspondence should be addressed to:

Association of Endoscopic Surgeons of Great Britain and Ireland
The Royal College of Surgeons

35/43 Lincoln’s Inn Fields

London WC2A 3PN, UK

Tel: 0044 (0)171 973 0305

Fax: 0044 (0)171 430 9235

E-mail: jrahone(a asghi.org.uk

Courses at Colchester General Hospital

Advanced laparoscopic courses take place in February and October
cach year. They provide delegates with individual tuition including
lectures, practical sessions and live operative demonstrations. The
courses cover advanced techniques for gallstone disease and the
operative sessions include laparoscopie hernia repair, hoth trans- and
extra-peritoneal, fundoplication for hatus hernia and colon resection
Or rectopexy.

Course Content:

Advaneed techniques in laparoscopic choleeystectomy

Detection of common bile duet stones/operative cholangiography
Laparoscopic exploration of the common hile duct

Simulator sessions including knot tying, suturing, cholangiography
Case demonstrations as described above

The course fee of £495 includes two nights hotel accommodation in-
cluding breakfast, eourse dinner, luneh and refreshments, course
manual and videotape, all eourse materials and VAT.

For further information e¢ontact the course direetor:

Prof. Roger Motson

Colehester General Hospital

Turner Road

Colchester, Essex, CO4 5JL, UK

Tel: 0044 1206 742448

Fax: 0044 1206 742030

E-mail: sarah.wilby( essexrivers.nhs.uk

Courses at the Cuschieri Skills Centre

The Cuschiert Skills Centre. formerly The Surgical Skills Unit. pro-
vides high quality skills training aimed at improving surgical compe-
tence and exccution related to particular speeialties. The training
covers predominantly, but not exclusively, endoscopic skills at three
levels: basie. advanced, and procedure related. The Unit is also in-
volved in research into the evaluation and assessment of psyehomotor
abilities of surgeons at all points in their career.

The Surgical Skills Unit was originally set up in 1992 hy Professor
Sir Alfred Cusehieri, at the University of Dundee. In 1993 the unit was
designated the MATTUS training unit for Scotland. Sincc that time it
has expanded its remit to cover various surgical speeialities continues
to plan for new courses.

A variety of courses are regularly available: General Surgery. La-
paroscopic Surgery Anaesthetics, General Practice Gynecology, Or-
thopedics, Otolaryngology. Pediatrics, Urology.

For further details. please contact the centre or visit our website.

and Other Interventional Techniques

Cuschieri Skills Centre

Ninewalls Hospital & Medical School

Dundee DDI 9SY, Scotland, United Kingdom
Tel.: +44 (0) 1382 645857/496277

Fax: +44 (0) 1382 646042

www.dundee.ac.uk surgicalskills

Ductal Calculi: The Laparoscopic Approach
Practical Aspects of Laparoscopic Fundoplication
Laparoscopic Colorectal Course
Thoracoscopic Sympathectomy

Other specialist courses held in the unit include courses in anaesthetic
techniques. arthroscopy. colonoscopy, endoscopy. gynecology, and
otolaryngology.

For further information you can visit our weh site or contact:

Julie Struthers. Unit Co-ordinator

Surgical Skills Unit

Ninewells Hospital and Medical School

Dundee DD1 9SY, Scotland, UK

Tel: +44 1382 645857

Fax: +44 1382 646042

E-mail: j.e.a.struthers dundec.ac.uk

Web page: hitp://'www.dundee.ac.uk/surgicalskills

Courses at the Royal Adelaide Centre
for Endoscopic Surgery

Basic and Advanced Laparoseopic Skills Courses are eondueted hy the
Royal Adelaide Centre for Endoscopic Surgery on a regular basis. The
courses are limited to six places to maximize skill development and
tuition. Basie courses are conducted over two days for trainees and
surgeons seeking an introduction to laparoscopic cholecystectomy.
Animal viscera in simulators is used to develop practical skills. Ad-
vanced courses are conducted over four days for surgeons already
experienced in laparoscopic cholecystectomy who wish to undertake
more advanced procedures. A wide range of procedures are included,
although praetical sessions can he tailored to one or two procedures at
the partieipants request. Practical skills are developed using training
simulators and anaesthetised pigs.

Course fees: $SA300 ($US225) for the basic course and $A1,600
($USI1,200) for the advanced course.

For further details and a brochure please contact:

Dr. D. 1. Watson or Professor G. G. Jamieson

The Royal Adelaide Centre for Endoscopic Surgery
Department of Surgery

Royal Adelaide Hospital

Adeclaide, SA 5000. Australia

Tel: +61 8 224 5516

Fax: +61 8 232 3471

Advanced Laparoscopic Suturing and Surgical Skills
Courses

MOET Institute

San Francisco, CA, USA

Courses are offered year-round hy individual arrangement. The
MOET Institute is accredited by the Acereditation Council for



Continuing Medical Education (ACCME) to provide continuing
medical education for physicians and designates these CME activities
Tor 20-40 credit hours in Category 1 of the Physician’s Recognition
Award ol the American Medical Assocuation. These programs are
also endorsed by the Society of Gastrointesuinal Endoscopic Surgeons
(SAGES).

I‘or turther information please contact:

Waunda Toy. Program Admimstrator

Microsurgery & Operative Endoscopy Traiming (MOET) lustitute
153 Siates Street

San Franasco, CA 94114, USA

Tel: (415) 626-3400

Fax: (415) 626-3444

Fellowships in Minimally Invasive Thoracie and

General Surgery
Unwversity of Pittsburgh Medical Center
Pittsburgh, PA, USA
One-yeuar fellowships in advanced Minimally Invasive Surgery in
General and Thoracic Surgery are being offered at the University
of Pittsburgh Medical Center. Requirements include completion of
residence training programs in General or Thoracie Surgery. The Tel-
lowships will involve extensive clinical exposure as well as elinical and
basic science rescurch. These positions include a very competitive sal-
ary and travel allowance. Interested candidates are invited to send a
letter of inquiry with a curriculum vitae 10:

Philip R. Schauer. M. D.

Assistant Protessor ol Surgery and Co-Director for General Surgery
James Luketich, M.D.

Assistant Professor of Surgery und Co-Director for Thoracic Surgery
The University of Pittsburgh Medical Center

C-800 Presbyteriun University Hospital

200 Lothrop Street

Pittsburgh, PA 15213-3221, USA

Geisinger Medieal Center Fellowship in Minimally
Invasive Surgery

A one-year fellowship in advanced minimally invasive general and
thoracic surgery 1s available at Geisinger Medical Center. The fel-
lowship will involve extensive elinieal exposure to UGI. bariatric and
thoracic minimally mvasive surgery with emphasis on esophageal
surgery Tor benign and malignant disease. Fellows will also participate
in clinical outeomes research. Reguirements include completion of
residency traming in general surgery or thoracic surgery. Compelilive
salary and benclits package meluding travel allowanees are available,
Interested candidales are invited to send a letter of inquiry and cur-
riculum vitie to:

Anthony T. Petrick. MD

Director, Minimally Invasive Surgery
Geisinger Medical Center

100 North Academy Avenue
Danville, PA 17821-2111, USA
atpelrick @ geisinger.edu

Clinieal Fellowship in Laparoseopie Surgery
Mount Stnai School of Medicine, New York, NY, USA
Program Director: Dantel Herron, M.D.

The Mount Sinai Chnieal Fellowship in Laparoscopy is a l-year
position offered to two individuals each academic year. Fellows
rotiate through several chnical rotations, cach one emphasizing a
dilferent aspect of minimally invasive surgery. During the bariatrie
rotation. the fellow will gain a broad exposure to laparoscopie
gastric bypass, laparoscopic biliopancreatic diversion with duodenal
switch and the laparoscopic adjustable gastric band. Additionally.
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the fellow will learn 2-stage approuches to supermorbid obesity and
laparoscopic revisionat surgery. In the Gl rotation. the fellow joins
one ol the busiest laparoscopic Toregut surgery groups in the East
Coust, scrubbing on a large number ol Tundoplications, para-
esophageal hermas. Heller myotonmes, and gasiroesophageal resce-
tions. This rotation also provides a strong experience in
laparoscopic partial and subtotal colectomy as well as laparoscopic
surgery lTor Crohn’s disease. Solid organ surgery eomprises unother
highlight of the fellowship, with two or more laparoscopic donor
nephreetomies performed cach week. Fellows will participate in
several chinical rescarch projects during the year and will be expected
to present their results at a national meeting. Bolh the Fellowship
Director and the Laparoscopic Division Chief have served on the
Board of Governors ol SAGES and strongly encourage lellow
participation in SAGES courses and committees. Fellows are pro-
vided with access to professional-quality video recording and editing
equipment. and are Tormally trained in the use ol 1his equipment to
prepare academie video presentations. Numerous opporlunitics to
write review articles and book chapters are available. IFellows will
present in both General Surgery and Laparoscopie Surgery Grand
Rounds. Fellows ptay an active role in the education ol residents
and medical students.

To apply. please visit www.misfellowshipcouncil.org.

Advaneed Clinical Minimally Invasive I‘ellowship

Harvard Medical School
Both Israel Deaconess Medical Center

Boston, Massachusetts, USA

Advanced Clinical Mimimally Invasive Fellowship with emphasis on
Bariatric Surgery. (One-year position begins July 2003). Interested
candidates are invited 10 send curriculum vitae to:

Daniel B. Jones, M.D., F ACS.

Chief. Section ol Minimally Invasive Surgery
Harvard Medical School

Beth lIsrael Deaconess Medical Center
Shapiro TCC 140

330 Brookline Avenue

Boston. MA 02215, USA

Minimally Invasive Surgery Researeh Fellowships

Mount Sinai Minimally Invasive Surgery Center
Mount Sinai School of Medicine, New York. NY. USA
Center Director: Barry Salky. M.D.

Research fellowships are sponsored by the Mount Sinai MISC Tor
qualified individuals who are interested in an in-residence experience
working under the guidance of MISC Tlaculty. The MISC rescarch
Tellowship program is extremely competitive, and the Center receives
numerous applications cach year for only a few positions. Applications
Tor rescarch fellowships are accepled up to six months in advance ol
the expected start date.

For more informition on this program (and all Mount Sinai Minimalty
Invasive Surgery Center activities), please visit www.mssm.edu misc.

To apply for a rescarch fellowship, contact:

Benjamin Green

Manager

Mount Sinai Minimally Invasive Surgery Center
One Gustave L. Levy Place

Box 1259

New York. NY 10029, USA

E-mail: benjamin.greena mountsinai.org

East Bay (San Franeiseo Bay Area) Minimal Aceess
Surgery Fellowship

A one-year fellowship starting July 2005 is being ollered by the First

Surgical Consultants Medical Group. at the Alta Bates Summit

Medieal Center in Oakland/Berkeley. California, USA. The fellowship
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will involve extensive advanced laparoscopic expericnce as well as
clinical research. Approximately 500-550 laparoscopic surgery pro-
cedures are performed annually, including bowel resection, hernia
surgery. foregut surgery, and solid organ surgery. The fellow will also
gain experience in bariatric surgery. use of intraoperative ultrasound,
robotic surgery using Da Vinci Robot, as well as open (15-20%)
surgery. First Surgical Consultants is an advanced laparoscopic sur-
gery group, in private practice in the East Bay of the San Francisco
bay area. The group includes five surgeons and two full-time physician
assistants. Requirements for fellowship include complction of surgical
residency and California License. Interested candidates are invited to
contact:

Ajay Upadhyay. M.D.

Fellowship Co-Director

George Kazantscv, M.D.

Fellowship Co-Director/Mcdical Director Bariatric Surgery
First Surgical Consultants

365 Hawthorne Avcnue, Suitc #101

Oukland, CA 94609, USA

Tel.: 510 465 5523

Fax: 510 832 6061

E-mail: Upadhyayak pol.net

Intensive Courses of Laparoscopic Surgery 2006

Hospital Podlesi
Center of Miniinvasive Surgery
739 61 Trinec. Czech Republic

Contact address:
lada.bystronova‘a nempodlesi.cz, www.nempodlesi.cz

Head of the coursc:

Stanislav Czudek. M.D., Ph.D.
24.-26.5.2006

4. -6.10.2006

1. -3.11.2006

Ist World Conference on Interventional Oncology

Cernobbio, ltaly
12-16 June 2006

Scientific Organizer: Prof. Luigi Solbiati
http:// www.wcio2006.com

Confercnce Sceretariat:

Domm International s.r.l

Via Rossini |

20122 Milano, ltaly

Tel.: +39 02 7779181

IFax: + 39 02 76000181

Contact: Stefania Sella, Lorella Filugello

10th World Congress of Endoscopic Surgery

hosted by the EAES and incorporating the

14th International Congress of the European
Association for Endoscopic Surgery (EAES)

Berlin, Germany
13-16 September 2006

“Techniques and Technologies for Endoscopic Surgery”

Congress President: Professor Gerhard F. Buess
Congress Secretary: Professor Karl-Hermann Fuchs

Wedncsday, 13 September 2006

Postgraduate courses:

Barnatric surgery, Laparoscopic trcatment (TAPP-TEP) of inguinal
hernia, GERD update 2006, Laparoscopic colorectal surgery. and
TEM

Technology symposium:

State of the art systems and proccss analysis of today’s OR, OR sys-
tems in practice, Economic constraints, Usability constrains, and OR
systems of the future.

Opening ceremony:
Thrusday-Saturday, 14-16 September 2006

IFSES WORLD CONFERENCE SPECIAL TOPIC - LOW
BUDGET SURGERY

Featuring a full day symposium focused on “low budgct surgery,”
technologies for developing and emcrging countries, surgical proce-
dures. and structures for cndoscopic surgery.

TECHNIQUES AND TECHNOLOGIES FOR

ENDOSCOPIC SURGERY

Fcaturing a wide range of topics on the latest information and updates
on pathology, surgical techniques, and advances in technologics in
endoscopic surgery. Highlighted among these techniquces and scientific
aspects and technologies and scientific aspects topics will be:

Education topics

Education programmes in MAS around the world: Are training
courses helpful in MAS? How can we takc the danger out of the
surgical learming curve?, and Simulation for training.

Dcadlincs:
Abstract submission: 1 April 2006
Early Registration: 15 June 2006

Congrcss Sceretariat:
EAES Office

P. O. Box 335

5500 AH Veldhoven

The Netherlands

Tel.: +31 40 252 5288
Fax: +31 252 3102
E-mail: info(a eaes.org
Website; www.eaes-eur.org

4th Frankfurter Meeting “Obesity Surgery”
Frankfurter Romer, Frankfurt, Germany
9-10 November 2006

Congress Organization:
Chair: Rudolf A. Weincr. Frankfurt

Congress Secretary:

Sylvia Weiner

Krankenhaus Sachsenhausen
Schulstr. 31

60594 FrankTlurt

Tel.: 0049-69-6605-1199 or 1146
IFax: 0049-6605-1510

E-mail: rweiner(a khs-fim.de

Scientific Program includes plenary sessions, conferenccs, frec com-
munications, and live-transmissions from Ncew York and Frankfurt,
Advances in all relevant disciplines, such as open and laparoscopic
surgery, gastric banding. restriction and bypass. biliopancreatic di-
version, gastric stimulation, endoscopy, ncw and expcrimental ap-
proaches, pre- and postoperativc care, long-term results, and clinical,
metabolic. and general assistance of morbidly obese surgical candi-
dates will be reviewed.

Program and general information can be found at the website: www.
obesity-acadecmy.com



University Postgraduate Course in Laparoscopic Surgery

Victor Babes University of Medieine and Pharmacy Timisoara — Pius
Branzeu Center for Laparoscopic Surgery and Microsurgery

Swiss Association Tor Laparoscopic and Thoracoscopic Surgery
Swass National Scienee Foundation

Schedule 2006: October 11-13: Advanced course in digestive surgery
Venue: Timisoara (Romania)

Course’s language: Enghsh

Course’s fees: 800 ECU (accommodations included). with the support
ol Swiss National Seience Foundation

Accreditation: The course is accredited by Romanian College of

Physicians and supported hy European Association of Endoscopic
Surgery (25 credits)

The program ol the course includes live demonstrations (held by
European experts) and experimental laboratory training in live tissue
(pig). All instructors are surgeons with experience in laparoscopie
surgery.

IFor further mlormation please visit our web site (www,umlt.ro
pius_hranzeu_center) or contact:

Dr Varcus Florian

PB Center Tor Laparoscopic Surgery and Microsurgery
Piata E. Murgu Nr. 2

RO 300041, TIMISOARA

Tel. 0040724 7444 19, 0041 789 125 349

Email: varcuslloriania yahoo.com

Asia Pacific Hernia Congress

New Delhi, India
6-8 October 2006

The Asia Pacific Hernia Congress & Live Workshop - Second Con-
gress of Asia Pacilic Hernia Society in conjunction with Indian As-
soctation of Gastroitestinal Surgeons (LAGES) is scheduled to he held
in New Delhi from 6-8 October 2006. The Congress is being organized
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by the Department ol Minimal Access Surgery, Sir Ganga Ram

Hospital. New Delhi (India)

Speciality scssions will include:

* Pathogencsis of hernia

e Actiology of recurrent hernias

e Polymers and Biomaterials: Advantages. short comings - present
and future

¢ Biologieal Prosthesis: Indications and Expectations
o Industry Role: Progress towards better patient care
e Evolution in hernia repair: comparison ol surgieal techniques
o Abdominal wall closure
e Hernia repairs (Conventional and Endoseopie)
¢ Inguinal
e Ventral - primary
e Ventral - incisional

e Recurrent hernias

Live Surgical Workshop will include:

Hiatus hernias

Diaphragmatic hernias

Primary tissue repairs

Mesh bascd groin hermia repairs

Recurrent hernia repairs

Endoscopic herma repairs

Laparoscopic 1POM repair for ventral | incisional hernias
Luaparoseopie Peritoneal flap repairs for ventral | incisional hernias
Ditfieult hernias

Pre-Congress Master Class & Hands-on training i Endohernia Sur-
gery on Sth October 2006,

For further inquiry, please contact the Congress Secretariat or

visit our website www.aphs06.com

Dr. Pradeep Chowbey - Organizing Chairman

AYUSHMAN. Douhle Storey Market, R-Block. New Rajinder
Nagar, New Delhi- 110060 (India)

Tel: +91-11-25868768 | 25748085 * Fax.: 91-11-25748085 ' 26519935
e-mail.; chowheyl i vsnl.com | infoia aphs06.com

wehsite: www.chowbey.com | www.aphs06.com



BuiLb Your PRACTICE...

WHeRre THE FuTure oF MepicINE LIVES.

Marshfield Clinic is seeking an experienced BC/BE BARIATRIC SURGEON to lead in the
development of a Center for Excellence for Bariatric Surgery. Marshfield Clinic, renowned for its
excellence in patient care, research and education, offers a unique mix of clinical practice and
academics in a state of the art medical practice. We are seeking a skilled laparoscopic surgeor
with experience managing a bariatric program

Marshfield Clinic is one of the most respected multi-specialty groups in the country with over
700 physiciansin 41 locations. Physicians enjoy a two year quaranteed salary and comprehensive
benefit package including

+ 4 weeks of vacation

« Two weeks of CME time/$5,500 CME allowa
- Health, Life, Dental, and Malpractice Insuran
+ 401K and Retirement Plan

+ Generous relocation allowance

To learn moe, we encourage you to send your CV or inquire to: Beth Albee,
Physician Recruitment, Marshfield Clinic, 1000 N. Oak Ave., Marshfield, Wi
MARSHFIELD 54449. Phone: 800-782-8581, ext. 19775, Fax #: 715-221-9779; E-mail:

Whore the futrs of o s 3D DETh@marshifieldclinic.org Website: www.marshfieldcfinic.org/recruit

¥ 3 Cleveland Clinic

Department of Colorectal Surgery
at the Digestive Disease Center

3rd Annual

LAPAROSCOPIC COLORECTAL
SURGERY COURSE

&

27th Annual

TURNBULL SYMPOSIUM
SEPTEMBER 26 - 30, 2006

Intercontinental Hotel & MBNA Conference Center
Cleveland Clinic Campus 4 Cleveland, Ohio

Featuring:
— Laparoscopic Cadaver Course
— Laparoscopic Congress with live surgery
Turnbull Symposium with live surgery

— Procedure for Prolapsed Hemorrhoids and Pelvic
Anatomy Courses

For more information call

{216) 297-7330

orvisitand register online
www.clevelandclinicmeded.com/turnbull06

Lutheran
HealthCare.

Surgical Symposium 2006

November 30" - December 1%
Westin New York at Times Square

Topics include colorectal and bariatric surgery, ventral and inguinal hernias, gastroesophageal reflux
disease (GERD), surgical infections, vascular surgery, breast, endocrine and hepatobiliary surgery.

Course Directors:
Armando E. Castro, M.D.«George S. Ferzli, M.D.«Michael Zenilman, M.D.

Invited Faculty:

Tracey Arnell, M.D.+Robert Brolin, M.D.«Robert Cacchione, M.D.+Peter Faries, M.D.
Charles Filipi, M.D.«Robert Fitzgibbons, M.D.«Giselle Hamad, M.D.sWilliam Inabnet, M.D.
Kamal, Itani, M.D.sJacques Marescaux, M.D.sJeffrey Marks, M.D.+Adrian Park, M.D.
Alfons Pomp, M.D.«Jeffrey Ponsky, M.D.«Bruce Ramshaw, M.D.«Christine Ren, M.D.
David Rivadeneira, M.D.«Bruce Schirmer, M.D.«+Scott Shikora, M.D.«Rache Simmons, M.D.
Lee Swanstrom, M.D.sLarry Whelan, M.D.«Douglas Wong, M.D.

For more information please contact selectedtopics@Ilmcmc.com or call 718-270-1422
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Digital Through And Through!

IMAGE 1™ - The New KARL STORZ Camera System
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; KARL STORZ — ENDOSKOPE
o} THE DIAMOND STANDARD

KARL STORZ GmbH & Co. KG, MittelstraBe 8, D-78532 Tuttlingen/Germany, Phone: +49 (0)7461 708-0, Fax. +49 (0)7461 708-105, E-Mail: info@karistorz.de
KARL STORZ Endoscopy America, Inc, 600 Corporate Pointe, Culver City, CA 90230-76 00, USA, Phone: +1/310/338-8100, Fax: +1/310/210 5527, E-Mail: Info@ksea.com
KARL STORZ Endoscopia Latino-America, 815 N. W. 57 Av., Suite No. 480, Miami, FL 33126-2042, USA, Phone: +1/305/262-8980, Fax: +1/305/262-89 86, E-Mail: info@ksela.com
KARL STORZ Endoscopy Canada Ltd., 2345 Argentia Road, Suite 100, Mississauga, Ontario L5N 8K4, Phone; +1/805/816-8100, Fax: +1/905/858-0933, E-Mail: info@karistorz.ca
www.karlstorz.com
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FEWER KNOTS

(\( - after switching to the U-CLIP™ i
- Approximation Device.

Whether you perform general, vascular
or cardiac open or endoscopic surgical
procedures, the self-closing U-CLIP
device dramatically simplifies your
suturing technique during tissue
approximation by eliminating knot-
tying with each individual placement.

For more information on the many
applications for the U-CLIP device and
how it can improve outcomes, please
email rs.u-clip@medtronic.com

Medlronic
U-CLIP™ Device When Life Depends on Medical Technology
Caution: Federal law (USA) restricts this device to sale by or on the order of a physician. For a listing of indications, contraindications, precautions, and warnings, please refer to the Directions For

Use. For more information contact your local Medtronic Cardiac Surgery Technologies Sales Representative or call Customer Service toli-free at 1-800-328-1357.
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