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Abstract

Phase III evidence in the shape of a series of randomized
controlled trials and meta-analyses has shown that
laparoscopic gastrectomy is safe and gives better
short-term results with respect to the traditional open
technique for early-stage gastric cancer. In fact, in the
East laparoscopic gastrectomy has become routine for
early-stage gastric cancer. In contrast, the treatment of
advanced gastric cancer through a minimally invasive way
is still a debated issue, mostly due to worries about its
oncological efficacy and the difficulty of carrying out an
extended lymphadenectomy and intestinal reconstruction
after total gastrectomy laparoscopically. Over the last
ten years the introduction of robotic surgery has implied
overcoming some intrinsic drawbacks found to be present
in the conventional laparoscopic procedure. Robot-
assisted gastrectomy with D2 lymphadenectomy has been
shown to be safe and feasible for the treatment of gastric
cancer patients. But unfortunately, most available studies
investigating the robotic gastrectomy for gastric cancer
compared to laparoscopic and open technique are so far
retrospective and there have not been phase III trials.
In the present review we looked at scientific evidence
available today regarding the new high-tech surgical
robotic approach, and we attempted to bring to light the
real advantages of robot-assisted gastrectomy compared
to the traditional laparoscopic and open technique for the
treatment of gastric cancer.
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Core tip: Laparoscopic gastrectomy has been shown
to be a viable option for early gastric cancer, showing
survival rates comparable to those of open procedure.
However, there has been criticism concerning the routine
use of laparoscopy in patients with advanced gastric
cancer, principally because it adapts poorly to complex
maneuvers like D2 lymphadenectomy. Robotic surgery
has been shown to make certain laparoscopic procedures
easier and safer. Reports have recently shown the
ever increasing feasibility and safety of robotic assisted
laparoscopic gastrectomy for gastric cancer, in some cases
even proving superior to traditional laparoscopy.

Caruso S, Franceschini F, Patriti A, Roviello F, Annecchiarico M,
Ceccarelli G, Coratti A. Robot-assisted laparoscopic gastrectomy
for gastric cancer. World J Gastrointest Endosc 2017; 9(1): 1-11
Available from: URL: http://www.wjgnet.com/1948-5190/full/v9/
i1/1.htm DOIL: http://dx.doi.org/10.4253/wjge.v9.i1.1

INTRODUCTION

In 1991, Kitano et af! performed the first laparoscopically
assisted gastrectomy for gastric cancer. Subsequently,
under the impulse of level IlI studies providing the
evidence of the safety of laparoscopic assisted distal
gastrectomy (LADG) for distal early-stage gastric
cancer, several authors reported comparative studies
with better short-term results in favor of this technique
with respect to traditional open'?. As a consequence
laparoscopic gastrectomy (LG) has progressively spread
worldwide, especially in the East, for the treatment of
early gastric cancer™. On the other hand, the treatment
of patients with advanced gastric cancer has always been
considered difficult laparoscopically, thus techniques
such as laparoscopic assisted total gastrectomy (LATG)
and laparoscopic extended lymphadenectomy did not
meet the same enthusiasm. As a result, the spread of
laparoscopic surgery as a means of performing total
gastrectomy and managing advanced gastric cancer was
limited. This was mainly due to the technical difficulties
and complexity of the D2 lymphadenectomy and the
intestinal reconstruction after total gastrectomy™®.
Robot-assisted techniques have brought about im-
provements to certain surgical procedures, particularly
those which require precise dissection, making it possible
to resolve some of the innate limitations of laparoscopy.
So over the years, robot-assisted gastrectomy (RAG)
has become increasingly considered as a valid, yet still
debatable, alternative to executing gastrectomy for
gastric cancer, in particular for total gastric resection and
extended lymph node dissection in advanced tumours” ™.,
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We analyzed high-quality clinical trials by systematically
reviewing the literature published so far in Pubmed
comprehending robotic case series, as well as those
studies that have compared RAG with LG and/or open
gastrectomy for gastric cancer. Our intent is to verify if
at present there is actual evidence of an advantage to
robotic compared to laparoscopic and traditional open
gastrectomy for gastric cancer.

Rational basis of robotic surgery as improvement of
laparoscopy

Areas of surgery necessitating precise movements have
employed Robotic technology. In 1994 the da Vinci®
Surgical System (Intuitive Surgical, Sunnyvale, California,
United States) gained the approval of the United States
Food and Drug Administration (FDA). The da Vinci®
Surgical Robotic has undergone constant improvement
over recent years, and now includes additional features
including near-infrared technology, and facilitated set-up.
The latest generation, which was released in 2014 and is
known as the da Vinci Xi™ system, is less bulky and its
arms are more ergonomic (Figure 1).

Robotic surgery eliminates some of the disadvantages
of conventional laparoscopy. The principal drawbacks of
conventional laparoscopy from a technical standpoint
are: The instability of the two-dimensional (2D) camera;
instruments with limited movement which augment
the physiologic tremor of the surgeon’s hand, therefore
limiting manipulative actions and increasing ergonomic
discomfort.

The robotic surgery system has the upper hand over
laparoscopy when fine dissection is needed, eliminating
the traces of physiologic human tremor, increasing
dexterity through its typical internal articulated endoscopic
wrist (EndoWrist™ System), and providing stereoscopic
vision with 3D high-resolution images™®. This allows
surgeons to perform minimally invasive surgery with
greater ease and safety, and more ergonomically. As
a consequence it probably makes it possible for more
surgeons to complete complex procedure in a minimally
invasive fashion.

Moreover, even if laparoscopic surgery may have
an effect on the robotic gastrectomy learning process,
robotic surgery appears to globally need less time to
master compared to a laparoscopic procedure traditionally
requiring a steep learning curve™ %,

Main drawbacks of conventional laparoscopy in gastric
cancer surgery
Delicate maneuvers which necessitate excellent
visualization and total precision such as intra-corporeal
anastomosis and dissection of extra-perigastric lymph
nodes along the major arterial structures are the principal
pitfalls of conventional laparoscopic gastrectomy for
gastric cancer.

The far from perfect and often shallow angulation
of the traditional unergonomic laparoscopic technique
render the D2 lymphadenectomy especially hard and
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Figure 1 New-generation da Vinci Xi™; the system is more versatile and better manoeuvrable, the robotic arms are thinner and arranged in a more
ergonomic way, enabling multiquadrant procedures without repositioning the system.

demanding even for minimally-invasive surgeons who
have been solidly trained. Areas which are quite hard
to reach during laparoscopic lymphadenectomy include
lymph node stations 4, 6, 9, 11p and 12a™. It may
be linked to the risk of important blood loss which can
occur particularly during the lymph node dissection
around the infra pyloric area and the inferior mesenteric
vein, including stations 6 and 14, and the supra
pancreatic area including stations 7, 8, and 9"'¢.. Miura
et al™ indicated a far inferior amount of harvested
lymph nodes obtained by laparoscopy in comparison to
open surgery along the major gastric curvature (Nos.
4 and 6) and second tier nodes along the celiac and
splenic arteries (Nos. 9 and 11). Similarly, Bouras et
al*”? showed a greatly inferior amount of lymph nodes
harvested along the common hepatic artery in a series
of laparoscopic distal gastrectomy procedures compared
to open distal gastrectomy (ODG).

Main technical advantages of robotics over traditional
laparoscopy in gastric cancer
The majority of resectable gastric cancer patients are
advised to undergo gastrectomy with D2 lymph node
dissection surgical procedure!™®. Thus, in gastric cancer
treatment, in order to fit oncological criteria, minimally
invasive procedures must entail proper lymphadenectomy,
as in its traditional open counterpart.

It is widely accepted that D2 lympadenectomy
is one of the most difficult steps of the laparoscopic
gastrectomy procedure for gastric cancer. The certain
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advantage produced by the robotic system could be
decisive in gastric cancer surgery, mainly ensuring an
extremely precise and safe lymphadenectomy with
reduced risk of vessel injury'®, thus making this phase
a principal indicator for the robot-assisted technique. The
advantages of robotic surgery, such as tremor filtration
and articulated function of wristed instruments, would
be particularly suitable for enabling more complete
dissection in demanding areas such as the dorsal part
of the pancreas and behind splenic vessels at the
hilum, which are not easily identified and are difficult to
reach with current laparoscopic instruments and camera
system™, It is extremely hard to reach the back of the
suprapancreatic lymphatic area laparoscopically, and the
downward compression of the pancreas which is particular
prominent through the laparoscopic instruments may
lead to pancreatic damage and pancreatitis. In these
sites especially, the EndoWrist® robotic property and a
far more stable vision allow the surgeon to complete this
surgical step more easily and safely in comparison to the
laparoscopic counterpart.

Robotic surgery also has the advantage of making
intra-corporeal anastomosis easier, and therefore over-
comes one of the greatest limitations of traditional
laparoscopy from a technical standpoint in carrying out
digestive restoration. This is particularly true after total
gastrectomy, otherwise made possible by extracorporeal
anastomosis with a small mini-laparotomy. Placing a
hand-sewn purse-string suture on the esophagus is
made easier by using robotic assistance, and esophageal
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anastomosis can subsequently be carried out by using
a circular stapler, as in open surgery!**l. Another
option would be to carry out a full robotic hand-sewn eso-
phagojejunal anastomosis™!, possible because the
robotic system gives surgeons the chance to suture
more easily and with greater precision compared to
laparoscopy, particularly in deep and narrow areas. Thus,
increased know-how and confidence with the robotic
system will enable the surgeon to perform high-precision
and safer intra-corporeal sutures for patients undergoing
digestive anastomosis.

LITERATURE EVIDENCE

Studies of feasibility and safety

The earliest reports of robot-assisted gastrectomy (RAG)
were published in 2003 by Hashizume et a/**! and
Giulianotti et af*®', Recent reports have shown the safety
and viability of robotic gastrectomy for treating gastric
cancer®®, Table 1 summarizes some of the robotic case
series published to date”****. Most of the experience so
far derives from non-randomized retrospective studies,
while only one available clinical trial to date has been
prospectively conducted®”. The studies mainly hail from
the East. In the western countries, reports on RAG are
fewer and usually limited to smaller series. In 2007, in
the United States Anderson et al'”’ reported the results
of the first western series including 7 gastric cancer
patients who were submitted to robot-assisted subtotal
gastrectomy, demonstrating that robotic gastrectomy
was viable, even if no direct comparison with laparoscopy
was made'”.

Several authors worldwide reported their experience
on RAG for cancer and the largest single institution series
investigating clinical and oncological outcomes so far
include (Table 1): Song et af” in 2009, Jiang et af** in
2012, Liu et a®" and Park et ai*® in 2013, Tokunaga
et al*" in 2015, which included respectively 100, 120,
104, 200 and 120 patients. These studies confirmed
the safety and feasibility of RAG for cancer, essentially
reporting a suitable amount of lymph nodes retrieved,
but they did not furnish long-term survival data. Globally,
among these various studies RAG appears to be safe
in terms of the incidence and severity of postoperative
complications. The morbidity rate ranges between 4.9%
to 13%, with a mortality rate of 0%-6%, comparable
to those of conventional gastric cancer surgery. Among
reported potential advantages of the robotic procedure,
Tokunaga et a*" noted a very low incidence of intra-
abdominal infectious complications (3.3%) in a large
cohort of gastric cancer patients (n = 120) submitted to
total or subtotal gastrectomy.

Comparative studies

Despite the existence of numerous reports regarding
the safety and feasibility of RAG, only few robotic
comparative analysis investigated RAG vs laparoscopic
and/or open gastrectomy (Table 2)M*2242535301 Most
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studies comparing robotic gastrectomy with open and
laparoscopic surgery are retrospective case-control
studies, almost all of these with sample sizes of fewer than
100 cases. Only one multi-centre comparative study was
prospectively conducted: Kim et af*®, compared a total
of 434 gastric cancer patients submitted to robotic and
laparoscopic gastrectomy (223 vs 211 respectively), and
showed similar overall complications rate with no operative
mortality in either group, at the expense of significantly
higher operative time and higher costs of the robotic
group.

However, initial outcome demonstrated comparable
or superior short-term results of RAG than the results
achieved by open and laparoscopic procedures, at the
price of generally longer operation time, as well as higher
cost. The prolonged operation time is attributable also to
the additional time docking the robotic system, however
that time decreases gradually as the expertise of the
team increases, and robotic devices are upgraded®’.
Multiple series have reported various ranges in morbidity
(5%-17%) after RAG (Table 2). Essentially, outcomes
shown in these studies are satisfactory and similar
to those of traditional surgical procedures (Table 2).
Aforementioned outcomes demonstrate the clinical
feasibility in using robotic radical gastrectomy for gastric
adenocarcinoma in comparison with the conventional
open and traditional minimally invasive laparoscopic
approach, in some cases with potential clinical advan-
tages also. For example, Kim et af™! and Suda et af*”
showed a statistically significant improvement of the
postoperative morbidity rate in gastric cancer patients
submitted to RAG compared to LAG. In particular, Suda
et al* noted that local (particularly pancreatic fistula,
robotic 0% vs conventional laparoscopy 4.3%, P = 0.029)
rather than systemic complication rates were attenuated
using the surgical robot. Also Seo et a™”! reported an
advantages of RAG in comparison to LAG in terms of a
reduction of the incidence of postoperative pancreatitis
or pancreatic fistula, which has been attributed to what
is assumed to be a more gentle and steady pancreatic
compression through the robotic system compared to
laparoscopy during the suprapancreatic lymph nodes
dissection.

For the first time Kim et a®® reported the results
achieved with robotic surgery with respect to laparoscopic
and open gastrectomy for the treatment of early gastric
cancer. They compared 16 patients who underwent
robotic procedure with 11 and 12 laparoscopic and open
gastrectomy respectively, revealing longer operative
times of the robotic group, but less bleeding and reduced
length of hospital stay. With regards to number of har-
vested lymph nodes and post-operative outcomes am-
ongst the groups no difference was demonstrated.

The biggest (not meta-analyzed) comparative
study so far was carried out by Kim et a/*'l. They
retrospectively looked at data on surgical complications
of 5839 gastric cancer patients (4542 open, 861 laparo-
scopic and 436 robotic gastrectomies), and found no
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Ref. Country Patients Stage Resection type Ope{ative Blood loss' Open Harve1sted Morbidity Mortality Hospital stay'
. Lsaee . . o o
(n) disease Total Subtotal glgl)e (min + (mL + SD) zg:)versmn l;oge[;) n (%) (%) (d + SD)
Andersonet United 7 0-1-1 - 7 420 + NR 300 + NR 0 24+NR 111 0 4+NR
al” States
Patriti et al®  Ttaly 13 [-I- 4 9 286 +32.6 103+875 0 281+83 7.7 0 112443
Songetal™  South 100 [-I-I 33 67 23134432 1282+2175 0 36.7+NR 13 1 78+17.1
Korea
Puglieseet  Italy 18 All = 18 344 + 62 90 + 48 12 25+45 6 6 10+3
al™ stages
Lee et al™ South 12 I - 12 253.7+53.0 13581339 0 460+255 83 0 66+1.6
Korea
D’Annibale et Italy 24 [-0- 11 13 2675+NR  30+NR 0 284NR 83 0 6+ NR
al[zs]
Jiang et al®™  China 120 [-I- 35 85 245 + 50 70 + 45 0.9 225+107 5 63+26
Isogaki et al™ Japan 61 Not 14 47 520+ 177 TG 150 + 234 0 43+14TG 49 1.6 13.3 +NR
reported 388+855SDG TG 61.8 42+18
46.5SDG SDG
Liu et al® China 104 [-I-I 54 50 27252 +5391 80.78+3237 2 231+53 115 0 62+25
Parketal®™  South 200 All 46 154 24884556  146.1+1303 7 379+ NR 10 0.5 8.0+3.7
Korea stages
Coratti et al™ Ttlay 98 All 38 60 2961+NR  1054+NR 7.1 306+ NR 12.1 4.1 8.7 £ NR
stages
Tokunagaet Japan 120 I 12 108 348.5 £+ NR 19+ NR 25 44+NR 142 0 9+ NR

al[34]

'Mean value. SD: Standard deviation; NR: Not reported; TG: Total gastrectomy; SDG: Subtotal distal gastrectomy.

significant differences between the three groups with
regards to post-operative complication and morbidity.

In another large single institute comparative study
the authors made a comparison between 236 patients
who had undergone robotic curative resection of gastric
cancer and 591 laparoscopic surgery patients (Table 2).
The authors revealed a statistical significance difference,
the mean duration of surgery was 49 min longer in
the robotic group, whereas blood loss was 56.3 mL
less. Morbidity, mortality and number of lymph nodes
retrieved per level were comparable.

In yet another large comparative study (39 patients
with gastric cancer undergoing robotic, 586 open and
64 laparoscopic gastrectomies)®, RAG was linked to
diminished bleeding and reduced hospital stay, but
with longer operative time than was necessary for both
open and laparoscopic gastrectomy. The amount of
harvested lymph nodes was also similar between the
open and robotic groups, but less in the laparoscopic
group (Table 2). The authors especially underlined that
robotic instruments made it a great deal more simple
to carry out the lymph node dissection, rather than the
conventional laparoscopic approach, more so in the
infra-pyloric and supra-pancreatic stations.

Junfeng et al** retrospectively compared 120 vs 394
gastric cancer patients who had undergone RAG and
laparoscopic assisted gastrectomy (LAG) respectively,
revealing similar results. However, it is interesting to
note that the authors showed, in addition to once more
less intra operative bleeding and longer RAG operative
time compared to the laparoscopic counterpart, that
the numbers of harvested lymph nodes were notably

[25]
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superior in the RAG group at tier 2. In the same way,
Kim et al*" commented that, with regard to their
experience achieved on 87 gastric cancer patients who
had undergone robot-assisted distal gastrectomy (RADG)
compared to 288 submitted to LADG, RADG seemed to
be advantageous over LADG in performing the dissection
of the second level lymph nodes, in particular those
located in the suprapancreatic space and those around
the splenic artery. Also Son’s et al**! showed that robotic
gastric surgery gave a much larger amount of harvested
lymph nodes around splenic vessels in comparison to
lymph nodes retrieved during laparoscopic procedure.
This current medical research evidence, albeit initial,
seems to consolidate the advantage of robotic surgery
over LAG in its ability to perform a more complete
D2 lymphadenectomy, probably making it possible to
overcome one of the greatest surgical drawbacks of the
laparoscopy in the treatment of gastric cancer.

An advantage of RAG compared to LAG has been
reported in terms of a reduction of the incidence of
postoperative pancreatitis or pancreatic fistula. This has
been attributed to what is assumed to be a more gentle
and constant pancreatic compression obtained using
the robotic system compared to laparoscopy during the
suprapancreatic lymph nodes dissection, i.e., at station 9
and 11%7,

Review and meta-analysis studies

To date, several review articles™®***'**] have been pub-
lished which provide a critical appraisal of the effectiveness
of RAG for gastric cancer, but they are not systematic
research and do not actually supply any statistical
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Table 2 Comparative case-control studies of robot-assisted gastrectomy vs laparoscopic assisted gastrectomy and/or open gastrectomy

Ref. Subject Stage Patients () Operation , Blooq loss Harvested1 Morbidity Mortality (%) Hosipital stay
disease RAG LAG OG time (min) (mL) nodes (77) (%) (d)
Songetal®™  RAGvs I-m 200 20° - 230vs289.5 948RAGuos 3530s31.50vs 5vs50s10 0vs0ws0 5.7 vs 7.7 vs 6.2
iLAG2 vs 207 vs134.1 (RAG 39.5rLAG  42.7 (NS) (NS) (RAG <iLAG)’
rLAG2 <iLAG > (NS) (RAG~TLAG,
rLAG)’ NS)
Kimetal®™  RAGusLAG I-TII- 16 11 12 2592052039 303wvs44.7vs 41.1vs37.40vs 0vs10vs20 0ws0wvs0 5.1vs6.50s 6.7
vs OG ilf v5126.7 (RAG 78.8 (RAG< 433 (NS) (NS) (RAG < LAG <
>LAG > 0G)’ LAG < OG)’ 0G)*
Eometal”  RAGusLAG I-II- 30 62 - 229.1v5189.4 152.8vs88.3 302vs334 133vs6.6 0uws0 7.9 vs 7.8 (NS)
I (RAG > LAG)’ (NS) (NS) (NS)
Wooetal®™  RAGuvsLAG I1-I- 236 591 - 2195051707 91.6vs147.9 39.00s37.4 11vs13.7 040503 (NS) 7.7vs 7.0 (RAG
m (RAG > LAG)’ (RAG <LAG)’ (NS) (NS) >LAG)’
Caruso et al®™ RAGvs OG  All 29 - 120 290 vs 222 197.6 vs 386.1 28.0vs31.7  10.34 vs 0vs3.3 (NS) 9.6vs13.4 (RAG
stages (RAG > 0OG)’ (RAG<OG)’ (RAG~OG) 10.0*(NS) <0G)’
Huangetal® RAGuvsLAG I1-II- 39 64 58 4300s350vs 500s100ws 3205260534 1540s15.6 1.40s1.60s2.6 7vs11vs12
vs OG I 320 (RAG > 400 (RAG< (RAG=0G> uvs14.7 (NS) (NS) (RAG < LAG <
LAG>O0G) LAG<OG) LAG) 0G)’
Uyama et al*” RAG vs LAG All 25 225 - 361 vs 345 51.8vs81.0  443vs432 11205169 0wvs0 121vs17.3
stages (NS) (RAG <LAG)’ (NS) (NS) (RAG < LAG)’
Kangetal™ RAGousLAG I-T- 100 282 - 202.05 vs 93.25v5173.45 NR 14.0v510.3 0wvs0 9.81 vs 8.11
i 173.45 (RAG > (RAG < LAG)’ (NS) (RAG > LAG)’
LAG)’
Kim et al'*! RAGusLAG 0-1- 436 861 4542 226vs176wvs 85wvs112vs  402vs37.6vs 10.1vs10.4 0.5vs0.3vs0.5 7.5 vs 7.8 vs 10.2
vs OG -1 158 (RAG > 192 (RAG= 405 (RAG= ©vs10.7 (NS) (NS) (RAG = LAG <
LAG>0G) LAG<OG) OG>LAG) 0G)’
Yoonetal™ RAGuvsLAG I-T- 36 65 - 305.8 vs 210.2 NR 4280vs394  16.7vs154 0wvs0 8.8 vs 10.3 (NS)
i1 (RAG > LAG)’ (NS) (NS)
Hyunetal™ RAGusLAG I-T- 38 83 - 234.4vs220.0 131.3vs130.48 32805328  13.1%vs 0vs0 10.5 vs 11.9 (NS)
jiif (NS) (NS) (NS) 16.8* (NS)
Kimetal™  RAGusLAG I1-I- 172 481 - 206.4vs167.1 59.8vs134.9 37305368 52vs42 0vs0.6(NS) 7.10s6.7 (NS)
I (RAG > LAG)’ (RAG <OG)® (NS) (NS)
Kimetal™  RAGusLAG I-T- 87 288 - 2484052300 NR 371vs341  570vs9.0 1.1vs0.3 (NS) 6.7vs7.4 (RAG
1 (RAG > LAG)® (RAG > LAG)’ (RAG < <LAGY
LAG)
Sonetal™  RAGusLAG I-0- 51 58 - 264.1vs210.3 163.4vs2107 47205428  16vs22  19vs0(NS) 8.6vs7.9 (NS)
il (RAG > LAG)® (NS) (NS) (NS)
Parketal™ RAGousLAG I-0- 30 120 - 218 vs 140 75vs 60 (NS) 34vs35(NS) 17 vs7.5 09vs0 7.0 vs 7.0 (NS)
i (RAG > LAG)® (NS)
Junfeng et al® RAGwsLAG 1-T- 120 394 - 2348 vs221.3 1183vs137.6 34.6vs32.7  58wvs43 NR 7.8 vs 7.9 (NS)
i} (RAG > LAG)’ (RAG < LAG)’ (RAG > LAG)’ (NS)
Seo et al” RAGwsLAG 1-T- 40 40 - 243 vs 224 76 vs 227 40405354 NR NR 6.75 vs 7.37
I (NS) (RAG <LAG)’ (NS) (RAG < LAG)’
Shenetal™ RAGovsLAG I-I- 93 330 - 2571052262 176.6vs2125 33.00s31.3  9.8vs10.0 NR 9.4 vs 10.6 (NS)
I (RAG > LAG)’ (RAG < LAG)’ (RAG > LAG)’ (NS)
Sudaetal®™ RAGuvs LAG All 88 438 - 381 vs 361 46 vs 34 (RAG 400s38 (NS) 230s11.4 1.1ws0.2(NS) 14 vs 15 (RAG <
stages (RAG > LAG)’ > LAG)’ (RAG < LAG)’
LAG)’
Kim et al®™ RAGovsLAG I-II- 223 211 - 226 vs 180 50vs 60 (NS) 33wvs32(NS) 13.5vs142 0ws0 7.8 vs 7.9 (NS)
I (RAG > LAG)’ (NS)

"Mean value; *The authors compared 20 gastric cancer patients who underwent robotic gastrectomy with 20 initial patients who underwent laparoscopic
subtotal gastrectomy (iLAG) and 20 recent laparoscopic subtotal gastrectomy performed during the same period as the 20 robotic gastrectomy (rLAG);
*Difference statistically significant, P < 0.05; *Major complications rate base on Clavien-Dindo classification = 3, such as anastomotic and duodenal leakage.

RAG: Robot-assisted laparoscopic gastrectomy; LAG: Laparoscopic assisted gastrectomy; OG: Open gastrectomy; NR: Not reported; NS: Not statistically

significant difference.

comparative analysis. Thus, the usefulness of these articles
is essentially of scientific expounding and debating, they
do not add any new knowledge to that so far evidenced
by clinical studies.

On the other hand, 9 meta-analysis’*>**** conducted
using a systematic method have been published to date
in literature trying to focus on RAG utility in treating
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gastric cancer (Table 3). One meta-analysis included
certain reports which compared RAG to OG™”’; 5 meta-
analyses utilized high quality studies which compared
RAG and LG®**?%"#3: and the remaining 3 meta-analyses
contained a systematic review and meta-analysis of
studies investigating short-term results of RAG vs LG
and OGP***®?, Exclusively prospective and retrospective
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Table 3 Meta-analysis comparing robot-assisted gastrectomy with laparoscopic assisted gastrectomy and/or open gastrectomy in the

treatment gastric cancer

Ref. Subject Patients (77) Operation time Blood loss Harvested Morbidity Mortality (%) Hospital stay
T NG G (min)' (mL)’ nodes (17)" (%) (d)’
Hyunetal®™ RAGusLAG 268 650 - 68.77* (RAG > -41.88° (RAG -071°(NS)  0.74* (NS) 1.80" (NS) -0.54* (NS)
LAG)’ <LAG)’
Liaoetal®™  RAGwvsOG 520 - 5260 65.73° (RAG > -126.08° (RAG -0.78°(NS)  0.98* (NS) 0.98* (NS) -2.87* (RAG <
LAG)’ <LAG)’ LAG)®
Xiongetal®™ RAGusLAG 634 1236 - 61.99° (RAG > -6.08°(NS)  -0.25°(NS)  1.12*(NS) NR -0.60” (NS)
RAGvsOG 558 - 5301 LAG) -154.18 (RAG -1.13°(NS)  1.37* (NS) NR 2187 (RAG <
65.73" (RAG > 0G)® < OG)’ OG)’
Marano et al®” RAGvs OG 404 - 718 95.83° (RAG > OG)® -225.58” (NS) -2.68°(NS)  0.93* (NS) NR -2.92* (RAG <
RAGusLAG 404 845 - 63.70° (RAG > -35.53" (RAG  0.50° (NS) 0.87* (NS) NR OG)’
LAG)’ <LAG)’ -0.60° (NIS)
Xiongetal®™ RAGusLAG 736 1759 - 48.64° (RAG > -33.56" (RAG  1.287 (NS) 1.13* (NS) 1.66* (NS) -1.16* (NS)
LAG)’ <LAG)’
Liaoetal®™  RAGusLAG 762 1473 - 50.0° (RAG > LAG)® -46.97° (RAG  1.61° (NS) 0.88* (NS) 0.45* (NS) -0.5* (NS)
<LAG)’
Shenetal™ RAGvsLAG 506 1369 - 48.46” (RAG > -38.43° (RAG  1.06° (NS) 0.95* (NS) NR -1.0° (NS)
LAG)’ <LAG)’
Zongetal® RAGuvsOG 481 - 4674 68.47* (RAG > OG)’ -106.63> (RAG -0.78*(NS)  0.92* (NS) 0.72* (NS) 249 (RAG <
RAGuvsLAG 997 2207 - 57.15" (RAG > <0G)’ -0.63°(NS)  1.06" (NS) 1.05* (NS) 0G)*
LAG)’ -28.59° (NS) -0.16> (NS)
Chuanetal®’ RAGwvs LAG 551 1245 - 429° (RAG > LAG)’ -16.07* (RAG  2.45> (NS) 1.05* (NS) NR -1.98” (RAG <
<LAG)’ LAG)’

"Mean value; 2Weighted mean difference; *Difference statistically significant, P < 0.05; *0dds ratio. RAG: Robot-assisted laparoscopic gastrectomy; LAG:
Laparoscopic assisted gastrectomy; OG: Open gastrectomy; NR: Not reported; NS: Not statistically significant difference.

studies were included in these meta-analysis, while no
randomized controlled trials (RCTs) were found. The
aforementioned meta-analysis showed that the RAG
short-term clinical results were basically to be compared
to LG and OG results. In terms of bleeding in particular,
RAG was superior to both LG and OG, in spite of longer
operation time. In addition RAG and LG groups did
not show differences with regards to the number of
harvested lymph nodes and conversion to open rates;
RAG comported slightly inferior hospital stay or similar
to that for LAG, but much less than OG; complications
occurring after the operation were similar for all three
operating methods.

Robotic surgery lasts longer mainly because of the
additional set-up and docking-time necessary for the
robotic system. However, it must be said that operating
time noticeably diminished as surgical experience in
robotic gastrectomy increased®***!, Moreover, there are
major limits to how these meta-analysis are interpreted.
All data came from non-randomized controlled trials, and
the included studies are essentially limited in humber
and with small sample sizes. Moreover, significant
heterogeneity exists among the included studies deriving
from several factors, such as different surgeon skill
levels, different types of gastrectomy, different extent of
lymph node dissection, different tumour stage, different
rate of adjuvant treatment, and different protocols of
post-operative management and discharge of patients.
Thus, the overall level of dlinical evidence of this pooled
data was low and, since there have been no randomized
comparative studies, even if a meta-analysis is
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performed, it seems difficult to reach a clear conclusion.

Long term outcome

At the present time, long-term benefits of RAG for
the treatment of gastric cancer are under reported in
literature. Pugliese et af*® are among the few who have
reported long term results in their minimally invasive
surgical experience in gastric cancer patients. Among
a cohort-case study of 70 patients who underwent
minimally invasive subtotal gastrectomy with D2
lymphadenectomy, the authors included also 18 patients
submitted to the robotic procedure. The authors did not
provide data specifically referred to the robotic group
only, however, always on the basis of analogous short-
term results between groups undergoing laparoscopic
and robotic procedures, the reported 5-year survival was
81% for the whole cohort. Coratti et a*® were the first
to report long-term survival data specifically referring
to gastric cancer patients submitted to robot-assisted
gastrectomies. They analyzed survival results in a group
of 98 patients with either early and advanced gastric
cancer submitted to RAG. In a mean follow-up of 46.9
mo, they registered a cumulative 5-year survival rate
of 73.3%. Son et a** carried out the longest follow-
up study till now available. They evaluated the survival
rates in a cohort-study group of 51 gastric cancer
patients submitted to robotic total gastrectomy with D2
lymph nodes dissection and compared it to 58 patients
who underwent analogous surgery but through the
laparoscopic approach. In a median long-term follow-up
of 70 mo, the authors did not find significant differences
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in overall survival and disease-free survival between the
two groups. Specifically, the authors reported a 5-year
overall survival rate of 89.5% for the robotic group, which
was not statistically significant different with respect to
the rate revealed in the laparoscopic group (91.1%).

The aforementioned results are comforting, but it
must be said that the case studies were limited, and
selection bias is a real worry as it was a non-randomized
study design. Follow-up periods longer than 5 years are
needed to show oncological results, and so further RCTs
are required in order to validate definitive conclusions.

DISCUSSION

The relative new technological advance in surgery
through the introduction of minimally invasive technique
can be accepted as an alternative to open surgery, which
usually confers better short-term post-operative results,
only if the oncologic parameters are as sufficiently
respected as for the traditional open approach. Obviously,
at the same time the long-term survival rates should not
be adversely affected either.

With specific reference to gastric cancer one of
the most important oncological criterion is the quality
of lymphadenectomy, thus in order for laparoscopic
or robot-assisted laparoscopic gastric surgery to be
considered adequate, at least the same extent of lymph
node dissection as in traditional surgery should be
achieved, and moreover favorable postoperative results
should also be evident.

Over the last two decades LG with lymph node
dissection has developed as minimally invasive surgery
for gastric cancer and it has been principally applied to
early gastric cancer. Certain RCTs and meta-analysis
showed that laparoscopic gastrectomy did not have
inferior oncologic results compared to open surgery for
early-stage gastric cancer, with instead improved results
in the short term™®®*%*, In fact, laparoscopic extended D1
lymphadenectomy may be seen as sufficient for almost
all early gastric cancer in which lymph node metastases
rarely occur, and is today the recommended approach in
the East. On the other hand, only few high quality reports
investigating the oncological adequacy of laparoscopic
minimally invasive techniques for advanced gastric
cancer are available to date. Recently, some meta-
analyses related to this have been published, but there
have been contrasting outcomes, particularly regarding
complications after total gastrectomy and the actual
adequacy of D2 lymphadenectomy in patients affected
by advanced-stage of gastric cancer™®***%, Even though
a complete LG and extended lymph nodes dissection
has been demonstrated by several experts to be feasible
laparoscopically™®**””, due to some intrinsic limiting
drawbacks of the laparoscopic technique, important
oncologic preoccupations have been raised. When in the
meta-analysis studies data not restricted to LADG solely
for early gastric cancer was considered, but instead
included advanced-stage tumour too, it was not possible
to guarantee the same amount of lymph node dissection
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as in conventional surgical procedures”’*”?, Thus, the
laparoscopic techniques cannot be considered a standard
validated procedure for all gastric cancer sufferers.

Certain inherent drawbacks of conventional laparo-
scopy may be eliminated by robotics by increasing the
use of minimally invasive procedures, especially when
more extended lymph nodes dissection and complicated
reconstruction are required. In light of this, the introduction
of robotic technologies could lead to the improvement of
health care and final results. Particularly during typical
difficult maneuvers in laparocopy, such as the dissection
of the lymphatic tissue around major abdominal vessels
(gastric, gastroepiploic, common hepatic, and celiac
artery lymph nodes), robotics offers some indisputable
advantages, which make it possible to perform the
dissection more safely and easily. Consequently, robotic
techniques should be viewed more as a technical
advancement and auxiliary tool of the traditional mini-
mally invasive laparoscopic approach, rather than an
independent device system.

Most surgeons who are experts in robotics reported
in their experience amounts of retrieved lymph nodes
during RAG similar to those obtainable by the classic
open counterpart procedure and sometimes more than
those achieved by laparoscopy®****°¢% However, it
must be said that the explanation of available comparable
data among RAG, LG and OG has notable limitations.
The principal issue that could affect the interpretation
of these data is essentially the lack of a comprehensive
comparative RCT. However, we have also to consider that
the number of published high quality observational and
retrospective studies is limited, and globally the sample
sizes in each singular trial is poor. Ultimately, but not
less importantly from the point of view of oncological
adequacy, the duration of follow up is almost always
limited.

CONCLUSION

RAG appears to be a safe and feasible alternative to
conventional open or laparoscopic gastrectomy for the
treatment of early stage gastric carcinoma, having
demonstrated satisfactory perioperative outcomes and
oncological adequacy. The number of collected lymph
nodes when comparing RAG to open and laparoscopic
gastrectomy are essentially similar when considering early-
stage gastric cancer only, while an advantageous lower
blood loss estimation was revealed in comparison with the
other two approaches.

Basically the robotic system simplifies certain hard
conventional laparoscopy techniques and renders them
safer, in addition simultaneously possessing a learning
curve and reproducibility that appear to be briefer than
conventional laparoscopy™' ¥, These results, albeit
initial, are promising, but the superiority of robotic gastric
surgery over the traditional laparoscopic approach
has not yet been solidly proved and its validation is
still a long way off for all gastric cancer patients. The
main controversial issue regards the possibility of
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demonstrating that the supposed superiority of RAG with
respect to laparoscopy in carrying out a more adequate
extended lymphadenectomy could lead to potential
oncological benefit, probably true in gastric cancer of a
more advanced stage.

Unfortunately, due to inadequate long-term follow-
up results and a limited number of studies to date
available, larger and randomized prospective trials are
required to draw definitive conclusion.
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Abstract

AIM

To investigate endoscopic therapy efficacy for refractory
benign biliary strictures (BBS) with multiple biliary stenting
and clarify predictors.

METHODS

Ten consecutive patients with stones in the pancreatic
head and BBS due to chronic pancreatitis who under-
went endoscopic therapy were evaluated. Endoscopic
insertion of a single stent failed in all patients. We
used plastic stents (7F, 8.5F, and 10F) and increased
stents at intervals of 2 or 3 mo. Stents were removed
approximately 1 year after initial stenting. BBS and
common bile duct (CBD) diameter were evaluated using
cholangiography. Patients were followed for = 6 mo
after therapy, interviewed for cholestasis symptoms,
and underwent liver function testing every visit. Patients
with complete and incomplete stricture dilations were
compared.

RESULTS

Endoscopic therapy was completed in 8 (80%) patients,
whereas 2 (20%) patients could not continue therapy
because of severe acute cholangitis and abdominal
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abscess, respectively. The mean number of stents was 4.1
+ 1.2. In two (20%) patients, BBS did not improve; thus,
a biliary stent was inserted. BBS improved in six (60%)
patients. CBD diameter improved more significantly in the
complete group than in the incomplete group (6.1 + 1.8
mm s 13.7 £ 2.2 mm, respectively, £ = 0.010). Stricture
length was significantly associated with complete stricture
dilation (complete group; 20.5 £ 3.0 mm, incomplete
group; 29.0 £ 5.1 mm, 2 = 0.011). Acute cholangitis did
not recur during the mean follow-up period of 20.6 + 7.3
mo.

CONCLUSION

Sequential endoscopic insertion of multiple stents is
effective for refractory BBS caused by chronic calcifying
pancreatitis. BBS length calculation can improve patient
selection procedure for therapy.

Key words: Chronic pancreatitis; Biliary stricture; Biliary
stent; Pancreatic stone; Endoscopy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic biliary stenting for benign biliary
strictures (BBS) is useful for symptom relief and less
invasive than surgery. Therefore, BBS caused by chronic
pancreatitis (CP) is often managed by biliary stenting.
However, subsequent treatment for refractory BBS caused
by CP is unclear and no predictive factors for therapeutic
success have been defined. The results of the present
study indicated that endoscopic therapy with multiple
biliary stenting was effective against the refractory BBS
caused by chronic calcifying pancreatitis. Moreover, our
study indicated that stricture length was correlated with
therapeutic outcome.

Ohyama H, Mikata R, Ishihara T, Sakai Y, Sugiyama H, Yasui S,
Tsuyuguchi T. Efficacy of multiple biliary stenting for refractory
benign biliary strictures due to chronic calcifying pancreatitis. World
J Gastrointest Endosc 2017; 9(1): 12-18 Available from: URL:
http://'www.wjgnet.com/1948-5190/full/v9/i1/12.htm DOI: http://
dx.doi.org/10.4253/wjge.v9.i1.12

INTRODUCTION

Chronic pancreatitis (CP) is characterized by progressive
inflammation of the pancreas, which leads to perma-
nent damage of pancreatic structure, function, or both,
resulting in episodic or intractable abdominal pain with
progressive exocrine and endocrine insufficiency™. Infl-
ammation associated with CP occurs in 2.7% to 45.6%
of cases and leads to stricture formation in the common
bile duct (CBD)™. The stasis of bile caused by strictures
increases intraluminal pressure in the CBD and induces
cholangitis, choledocholithiasis, and secondary biliary
cirrhosis™®?, Therefore, to reduce CBD pressure, biliary
dilation for benign biliary stricture (BBS) should be
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attempted, while pressure increase as a result of CP can
be managed by surgery or endoscopic therapy.

Nealon et al¥ reported that surgical intervention
offered a definitive solution for BBS, but was associated
with significant morbidity and mortality. Endoscopic
biliary dilation by endoscopic retrograde cholangio-
pancreatography (ERCP) is less invasive than surgery
and is the most successful option for patients who are
not candidates for surgery®”. Thus, the European
Society of Gastrointestinal Endoscopy (ESGE) has
recommended endoscopic therapy as a useful thera-
peutic approach for BBS™®.

A previous study reported the effectiveness of
endoscopic therapy with a single stent for BBS due to
CPP. By comparing single vs multiple simultaneous
biliary stenting for treatment of strictures, use of multiple
stents appeared to be superior to use of a single stent™.
Other studies suggest that sequential endoscopic
insertion of multiple biliary stents leads to medium and
long-term success of stricture dilation™"?. Patients
with calcifications of the pancreatic head were identified
as a group nonresponsive to endoscopic single stent
insertion® and BBS with pancreatic stones was reported
as intractable to therapy with multiple biliary stenting™?.
However, the efficacy of multiple biliary stenting for
patients with pancreatic stones has not been investigated
in detail and predictive factors of therapeutic success
remain undefined. The aim of this study was to assess
the usefulness of endoscopic therapy for refractory BBS
as a result of chronic calcifying pancreatitis with multiple
biliary stenting, and to clarify predictors.

MATERIALS AND METHODS

Patients

From November 2012 to April 2014, 50 patients with
CP visited at the Chiba University Hospital. Of these 50
patients, ten consecutive patients for whom endoscopic
therapy with a single stent was unsuccessful were
evaluated. Patients aged < 20 years and with a diagnosis
of malignant diseases, existence of coagulopathy, a
history of biliary surgery, inability to provide informed
consent, or medical contraindications for multiple biliary
stenting were excluded from the study. Patients were
followed after therapy and interviewed for symptoms
of cholestasis. Biochemical testing of liver function was
performed at each visit. Written informed consent was
obtained from all patients who underwent endoscopic
therapy. The study protocol was approved by the insti-
tutional review board of Chiba University.

Procedure

Side-viewing duodenoscopes (JF-240/260V, TIF-260V;
Olympus Medical Systems, Tokyo, Japan) were used
to perform all endoscopic procedures. Endoscopic sp-
hincterotomy was performed for all patients. After insertion
of a catheter into the CBD, the existence of a BBS was
evaluated and the length of the stricture and CBD diameter,
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Table 1 Baseline patient characteristics, imaging findings, and

interventions before treatment (7 = 10)

Variable Value
Patient characteristics
Sex, 1 (%)

Male 10 (100.0)

Female 0(0.0)
Age, mean * SD, yr 56.9+6.9
BMI, mean + SD, kg/m’ 19.2+26
Etiology, 1 (%)

Alcohol 9 (90.0)

Other 1(10.0)
Alcohol abuse, 1 (%)

Presence 8 (80.0)

Absence 2(20.0)
Duration of CP, mean + SD, mo 106.4 +72.4
Treatment period, mean + SD, d 350.6 + 61.0
Follow up period, mean + SD, mo (complete group) 20.6+7.3
Imaging findings

CBD diameter, mean + SD, mm 125+27

Length of stricture, mean + SD, mm 239+57
No. of pancreatic stones, 1 (%)

Single 5 (50.0)

Multiple 5 (50.0)
Pancreatic stone location, 1 (%)

Head 10 (100.0)

Body + Tail 0(0.0)
Pancreatic stone diameter, mean + SD, mm 10.2+£55
Interventions

No. of ERCP sessions, mean + SD 45+£1.0

No. of stents, mean + SD 41+1.2
Dilation of CBD stricture, 11 (%)

Presence 0 (0.0

Absence 10 (100.0)

of obstructive jaundice. The stricture was considered
sufficiently dilated if there was easy passage of an 8.5
mm balloon and rapid emptying of contrast was evident
fluoroscopically™™®. Accordingly, patients with complete
stricture dilation were included in the complete group and
those with incomplete stricture dilation were included in
the incomplete group. Characteristics of the two groups
were compared to identify therapeutic predictors. Patient
sex, age, body mass index (BMI), etiology, history of alcohol
abuse, duration of CP, treatment period, CBD diameter,
length of stricture, number of pancreatic stones, pancreatic
stone location, pancreatic stone diameter, number of ERCP
sessions, and number of biliary stents were evaluated
as potential predictors. During the follow-up period,
symptom relapse was defined as the appearance of
symptomatic biliary obstruction. Complications related to
endoscopic therapy were recorded. The severity of these
complications was defined and graded according to the
consensus criteria proposed by Cotton et al*®.

Statistical analysis

The Mann-Whitney U test was used to compare con-
tinuous variables, while the Fisher’s exact test was used
for comparison of categorical variables. The Wilcoxon
signed-rank test was used to identify differences in the
median values of proposed predictors. A probability (P)
value of < 0.05 was considered statistically significant. All
statistical analyses were performed using SPSS software
version 20.0 (IBM-SPSS, Inc., Chicago, IL, United States).

BMI: Body mass index; CBD: Common bile duct; CP: Chronic pancreatitis;
ERCP: Endoscopic retrograde cholangiopancreatography.

which was upstream of the stricture, was measured by
cholangiography in all patients. A flexible guide wire was
passed through the stricture and a single plastic stent was
inserted beyond the stricture. Plastic stents (7F, 8.5F, and
10F) and increased stents at intervals of 2 or 3 mo were
used to avoid dogging and development of cholangitis™.
When symptoms and abnormal liver function test results
following cholestasis appeared, stents or exchanged stents
were inserted. All stents were removed approximately
one year after initial stenting. Then, the stricture and CBD
diameter were evaluated by comparisons with values
before therapy.

Outcomes and definitions

The main study outcome was the usefulness of multiple
biliary stenting for refractory BBSs for symptom relief and
maintenance. Diagnosis of CP was based on clinical history
and morphological abnormalities of the pancreas, as
identified by computed tomography, magnetic resonance
cholangiopancreatography, ERCP, and endoscopic
ultrasound™®. Diagnosis of a BBS was based on signs and
symptoms of biliary obstruction and evidence of upstream
biliary dilatation on imaging!**!. Symptomatic biliary
obstruction was defined by clinical and laboratory findings
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RESULTS

Patients

Baseline patient characteristics, imaging findings, and
interventions of all patients enrolled in this study are
summarized in Table 1. ERCP procedures were tolerated
in all patients. The mean number of biliary stents was 4.1
+ 1.2. Completion of endoscopic therapy was achieved
in eight (80.0%) patients. Complete stricture dilation
after therapy was achieved in six (60.0%) patients. BBS
was not improved in two (20%) patients, thus biliary
stents were inserted. CBD diameter was significantly
improved after therapy (before therapy; 12.5 £ 2.7
mm, after therapy; 8.7 £ 3.9 mm, P = 0.022).

Outcomes

All patients were male and had pancreatic stones in the
pancreatic head. Therefore, patient sex and pancreatic
stone location were excluded from analysis of therapeutic
outcome predictors. Patients’ age, BMI, etiology history of
alcohol abuse, duration of CP, treatment period, number
of pancreatic stones, pancreatic stone diameter, number
of ERCP sessions, and number of biliary stents were
similar in complete and incomplete groups. CBD diameter
improvement was more significant in the complete group
than the incomplete group (6.1 £ 1.8 mm vs 13.7 £
2.2 mm, respectively, P = 0.010). Furthermore, only
the stricture length was significantly associated with
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Table 2 Univariate analysis of factors predicting complete stricture improvement

Variable Complete (7 = 6) Incomplete (7 = 4) P value
Patient characteristics
Sex, 1 (%)
Male 6 (100.0) 4 (100.0)
Female 0 (0.0) 0(0.0)
Age, mean * SD, yr 58.8 £8.2 540+34 0.61
BMI, mean + SD, kg/m” 18.0+1.7 20.6£3.1 0.114
Etiology, n (%) 0.6
Alcohol 5(83.3) 4 (100.0)
Other 1(16.7) 0(0.0)
Alcohol abuse, 1 (%) 0.667
Presence 1(16.7) 1(25.0)
Absence 5(83.3) 3 (75.0)
Duration of CP, mean + SD, mo 83.7+79.4 1405 +51.4 0.257
Treatment period, mean + SD, d 384.5+16.4 299.8 +70.6 0.171
Imaging findings
CBD diameter before therapy, mean + SD, mm 124+23 128 +3.7 0.762
Length of stricture, mean + SD, mm 205+£3.0 29.0+5.1 0.011
No. of pancreatic stones, 1 (%) 0.738
Single 3 (50.0) 2 (50.0)
Multiple 3 (50.0) 2 (50.0)
Pancreatic stone location, 1 (%)
Head 6 (100.0) 4 (100.0)
Body + Tail 0 (0.0) 0 (0.0)
Pancreatic stone diameter, mean + SD, mm 74+37 142+6.2 0.067
Interventions
No. of ERCP sessions, mean + SD 45+0.8 45+13 >0.999
No. of biliary stents, mean + SD 4.0+0.9 43+1.7 0.767

BMI: Body mass index; CBD: Common bile duct; CP: Chronic pancreatitis; ERCP: Endoscopic retrograde cholangio-

pancreatography.

complete stricture dilation (complete group; 20.5 = 3.0
mm, incomplete group; 29.0 £ 5.1 mm, P = 0.011) (Table
2). Successful results were obtained only in patients with
a stricture length of less than 24.0 mm (Table 3, Figures
1 and 2).

All six patients who achieved complete stricture
dilation at least 6 mo after therapy were followed-up
for a mean period of 20.6 £ 7.3 mo. During the follow-
up period, there was no incidence of recurrence of sym-
ptomatic biliary obstruction.

Complications

Endoscopic therapy could not be completed in two (20%)
patients because of acute cholangitis and abdominal
abscess, respectively. Therefore, each underwent
endoscopic biliary stenting and both recovered following
conservative therapy. There were no complications related
to ERCP. No instance of severe complication or patient
death was noted during the follow-up period.

DISCUSSION

BBS formation is a common complication from either
hepato-biliary surgery or diseases, such as CP and primary
sclerosing cholangitis, among others™”. BBS complicates
the course of CP in 3% to 23% of patients®. BBS
causes cholestasis that frequently results in cholangitis.
Therefore, endoscopic therapy or surgery for BBS should

WIJGE | www.wjgnet.com
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be attempted. A postoperative BBS is managed with
endoscopic therapy, which can improve long-term and
very long-term results'***?”, According to the ESGE
guidelines, if endoscopic therapy is selected for BBS caused
by CP, temporary (one-year) placement of multiple, side-
by-side, plastic biliary stents is recommended®. Therefore,
many patients with BBS caused by CP are managed
with multiple biliary stenting. However, Draganov et
a*? reported that endoscopic therapy for these patients
tended to be more unsuccessful than for patients with
postoperative stricture and the results are worse for those
with pancreatic stones. This study aimed to evaluate the
efficacy of endoscopic therapy for refractory BBS caused
by chronic calcifying pancreatitis with multiple biliary
stenting and to dlarify predictors of therapeutic success.

Alcohol is the most common cause of CP in Japan
and is regarded as the leading cause of CP in Western
countries™. Disease in patients with alcoholic CP often
progresses to pancreatic degeneration and pancreatic
stone formation occurs more rapidly than in those with
idiopathic CP**). Moreover, patient compliance tends to
be poor®. Our study had a relatively larger proportion
of patients with alcoholic CP (90.0%) than reported in
previous studies (54.1%-69.0%)™*". Since all patients
in our study had refractory BBS, those with alcoholic CP
were likely the majority. Although alcoholic CP mainly
affects men™*, prognosis of all patients in this study
might be generally consistent with that of males.

[21]
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Table 3 Outcomes of multiple biliary stenting in association

with stricture length

Patient No. Length of stricture (mm) Outcomes of stricture dilation

1 232 Complete
2 20.7 Complete
3 19.3 Complete
4 36 Incomplete
5 204 Complete
6 249 Incomplete
7 29.4 Incomplete
8 25.5 Incomplete
9 24 Complete
10 155 Complete

Biliary stenting was routinely exchanged every 3 mo
to avoid clogging and resulting cholangitis based on a
study by Dumonceau et ai® and supported by findings
of Greiner’s group'**, Besides, the ESGE recommends
temporary (one-year) placement of multiple, side-by-
side, plastic biliary stents. In our study, the mean number
of biliary stents was 4.1 £ 1.2 and the mean number of
ERCP sessions was 4.5 £ 1.0, similar to those reported in
previous studies>®0121%:241,

Patients with BBS caused by CP were previously
treated by single stent insertion to dilate the stricture,
according to the recommendations of Kahl et a/*’.
Endoscopic therapy was successful for some patients,
especially those with a short BBS length. Although the
presence of calcification in the pancreatic head and
stricture location according to the Bismuth classification
was used to predict complete stricture dilation in previous
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Figure 1 Endoscopic retrograde cholangiopancreatography
pictures of successful endoscopic stenting in a male patient
with a short stricture (19.3 mm). A: Before stent therapy; B: After
1 year of stent therapy.

Figure 2 Failure of endoscopic stenting of common bile
duct stricture demonstrated by endoscopic retrograde
cholangiopancreatography findings in a male patient with a
long stricture (36.0 mm). A: Before stent therapy; B: After 1 year
of stent therapy.

studies™'?, no report has investigated the relevance of

BBS length. Therefore, we evaluated the impact of BBS
length on treatment outcome and found that BBS length
was indeed a prognostic factor for procedural success.
Calculation of BBS length improves the patient selection
procedure for therapy. Although it is important to select
patients who are likely to achieve favorable outcomes
with complete stricture dilation, alternative therapies,
including surgery, and avoidance of repetitive therapies
could improve the quality of life of others.

In this study, complete stricture dilation was observed
in 60% of patients, consistent with previous studies
(44%-92%)"'*), The results suggest that multiple
biliary stenting is a useful procedure for treatment of
refractory BBS.

Complications were observed in two (20.0%) patients:
one developed cholangitis and the other an abdominal
abscess. Both recovered by conservative therapy and
biliary stent insertion. Moreover, the frequency of these
findings was comparable with other reports®®%*2,

In our study, the sample size was small and the
patients were all male. In addition, this study was inves-
tigated by a single center. Additional multicenter studies
with large number of patients involving both male and
female patient population are needed to confirm our
study.

In conclusion, the results of the present study indicated
that endoscopic therapy with multiple biliary stenting
was effective against refractory BBS caused by chronic
calcifying pancreatitis. Moreover, the stricture length was
correlated with therapeutic outcomes. A stricture length of
< 24.0 mm is a predictor of good prognosis of complete

January 16, 2017 | Volume 9 | Issuel |



stricture dilation. Therefore, the use of this threshold could
help in the planning of alternative therapeutic options for
patients for whom incomplete stricture dilation is likely.
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Background

To reduce common bile duct (CBD) pressure, biliary dilation for benign biliary
stricture (BBS) is often attempted by endoscopic therapy with multiple biliary
stenting. However, the efficacy of multiple biliary stenting for patients with
pancreatic stones has not been investigated in detail and predictive factors of
therapeutic success remain undefined.

Research frontiers

Identifying predictors of good prognosis of complete stricture dilation may
help in the planning of alternative therapeutic options for patients for whom
incomplete stricture dilation is likely.

Innovations and breakthrough
Endoscopic therapy with multiple biliary stenting was effective against refractory
BBS caused by chronic calcifying pancreatitis. Moreover, the stricture length
was correlated with therapeutic outcomes.

Applications
This study suggests that calculation of BBS length improves the patient
selection procedure for therapy.

Terminology

BBS refers to benign biliary stricture. Inflammation associated with chronic
pancreatitis leads to stricture formation in the CBD. The stasis of bile caused by
BBS induces cholangitis, choledocholithiasis, and secondary biliary cirrhosis.

Peer-review

This is a meaningful and innovative manuscript based on endoscopic retrograde
cholangiopancreatography stenting and BBS therapy. This is an interesting
cohort study with small group of patients. However, the data presented is
important in identifying a large cohort group involving both male and female
patient population in future studies. The studies including the patient selection
has been carefully performed. Data analysis was performed carefully and could
have been improved with a larger cohort.
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Abstract

AIM

To investigate the current management of gastric antral
webs (GAWSs) among adults and identify optimal endoscopic
and/or surgical management for these patients.

METHODS

We reviewed our endoscopy database seeking to identify
patients in whom a GAW was visualized among 24640
esophagogastroduodenoscopies (EGD) over a seven-year
period (2006-2013) at a single tertiary care center. The
diagnosis of GAW was suspected during EGD if aperture
size of the antrum did not vary with peristalsis or if a
“double bulb” sign was present on upper gastrointestinal
series. Confirmation of the diagnosis was made by dem-
onstrating a normal pylorus distal to the GAW.

RESULTS

We identified 34 patients who met our inclusion criteria
(incidence 0.14%). Of these, five patients presented
with gastric outlet obstruction (GOO), four of whom
underwent repeated sequential balloon dilations and/or
needle-knife incisions with steroid injection for alleviation
of GOO. The other 29 patients were incidentally found
to have a non-obstructing GAW. Age at diagnosis ranged
from 30-87 years. Non-obstructing GAWs are mostly
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incidental findings. The most frequently observed
symptom prompting endoscopic work-up was refractory
gastroesophageal reflux (7 = 24, 70.6%) followed by
abdominal pain (7 = 11, 33.4%), nausea and vomiting
(n =9, 26.5%), dysphagia (n = 6, 17.6%), unexplained
weight loss, (7 = 4, 11.8%), early satiety (7 = 4, 11.8%),
and melena of unclear etiology (7 = 3, 8.82%). Four of
five GOO patients were treated with balloon dilation (»
= 4), four-quadrant needle-knife incision (7 = 3), and
triamcinolone injection (7 = 2). Three of these patients
required repeat intervention. One patient had a significant
complication of perforation after needle-knife incision.

CONCLUSION

Endoscopic intervention for GAW using balloon dilation
or needle-knife incision is generally safe and effective
in relieving symptoms, however repeat treatment may
be needed and a risk of perforation exists with thermal
therapies.

Key words: Gastric antral web; Gastric outlet obstruction;
Needle knife; Balloon dilation; Triamcinolone injection

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric antral webs (GAWS) in adults are rare,
likely often overlooked, and when seen, considered to
be incidental findings on upper endoscopy. They can,
however, cause symptoms including gastric outlet ob-
struction. Herein, we review management of 34 such
patients that underwent treatment at our tertiary in-
stitution. Our findings indicate that GAWSs can be managed
safely and effectively via endoscopic intervention with
balloon dilation and endoscopic incision with needle
knife, although repeat procedures were required in some
cases, and a small risk of perforation exists. Standards for
appropriate surveillance and appropriate indications for
surgical intervention are yet to be defined.

Morales SJ, Nigam N, Chalhoub WM, Abdelaziz DI, Lewis
JH, Benjamin SB. Gastric antral webs in adults: A case series
characterizing their clinical presentation and management in the
modern endoscopic era. World J Gastrointest Endosc 2017; 9(1):
19-25 Available from: URL: http:/www.wjgnet.com/1948-5190/
full/v9/i1/19.htm DOI http://dx.doi.org/10.4253/wjge.v9.i1.19

INTRODUCTION

Gastric antral web (GAW), or antral diaphragm, is an
uncommon endoscopic finding and a rare cause of gastric
outlet obstruction (GOO). Evans and Sarani define GAW
as a layer of submucosa and that runs perpendicular
to the axis of the stomach!. The diagnosis of GAW is
suspected during esophagogastroduodenoscopy (EGD) if
aperture size of the antrum does not vary with peristalsis
and is confirmed by demonstrating a normal pylorus
distal to the GAW. To date, the majority of cases have
been reported in the pediatric population ranging from
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premature neonates to teenagers’”?. The first case in
an adult patient was reported by Sames et al in 1949,
and very few have been described in the last thirty
years™. Thus, the dlinical setting in which GAW is likely to
arise, as well as the optimal endoscopic and/or surgical
interventions are poorly defined.

The differential diagnosis of a GAW is broad and
includes “distal gastrospasm”, redundant gastric mucosa,
hypertrophic gastric rugae, heterotrophic pancreatic
tissue and cholecystogastrocolic bands and perigastric
adhesions®”). Historically, upper gastrointestinal (UGI)
series were the imaging modality of choice for patients
suspected of having GAW or other obstructive pathology.
Interestingly, the radiographic incidence of GAW far
exceeds that reported in medical and surgical literature
with almost half the cases being incidental findings
in “asymptomatic” individuals'®. The characteristic
radiographic findings are thin, knife-like linear septae
2-3 mm thick seen as radiolucent lines 1-2 cm proximal
to the pylorus projecting from the greater and lesser
curvature'™, The antrum distal to the web may fill
giving the appearance of a “double duodenal bulb”,
and contrast exiting through the central orifice gives a
“jet effect”’”). However, a GAW may easily be confused
with the pylorus despite the use of double-contrast
radiographs, and it is recommended that right anterior
oblique and left posterior oblique views be obtained".
A contrast-enhanced computed tomography (CT) scan
may demonstrate the cutoff proximal to the pylorus and
a normal caliber pylorus and duodenum downstream
with greater accuracy. Rarely has a duodenal web been
described"..

In adults, patients with GAW often develop symptoms
when the aperture size is less than 1 centimeter in
diameter™. Symptoms are usually worse post-prandially
and include water brash, dysphagia, odynophagia,
abdominal distention, nausea, forced or spontaneous
vomiting, early satiety, weight loss, epigastric or right
upper quadrant abdominal pain, anterior chest pain and
non-bloody, watery diarrhea™®!**?, Historically, most
cases are diagnosed during an endoscopic or radiographic
work-up to explain various upper gastrointestinal
symptomst**?,

MATERIALS AND METHODS

Patient characteristics

We evaluated patients with a diagnosis of GAW by EGD
performed at Medstar Georgetown University Hospital
between 2007 and 2013. In all cases, the diagnosis of
GAW was suspected during EGD if aperture size of the
antrum does not vary with peristalsis or if a “double
bulb” sign is present on upper gastrointestinal (UGI)
series. Confirmation of the diagnosis was made by
demonstrating a normal pylorus distal to the GAW.

Data collection
For all patients, data were collected retrospectively,
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Figure 1 Endoscopic images from Case 1. A: An obstructing gastric antral web (GAW); B: Balloon dilation of the GAW; C: The appearance of the GAW following

balloon dilation; D: A normal pylorus seen distally to the GAW.

including demographic data, presenting symptoms,
imaging prior to EGD, endoscopic findings, endoscopic
interventions, and course following index EGD. These data
were gathered via a review of procedure reports and other
materials found in our electronic medical records systems.

Statistical analysis

Univariate analyses were conducted to describe the
distributions of demographic data, presenting symptoms
and need for intervention. Significance statements refer
to P values of two-tailed tests that were < 0.05.

RESULTS

We identified 34 cases of GAW encountered among 24640
EGDs performed at our institution from 2007-2013 for an
incidence of 0.14%. These cases included five instances
in which GAW was complicated by GOO as described
below. There were no significant differences in presenting
symptoms between patients with GAW with GOO and
non-obstructing GAW.

Case 1

A 60-year-old Caucasian female with hypothyroidism,
hyperlipidemia, and functional constipation was evaluated
for a three-month history of gastroesophageal reflux.
She had been experiencing odynophagia and retrosternal
pressure after eating solid foods. Her symptoms were
not alleviated with omeprazole, cimetidine, or bismuth
subsalicylate. Laboratory testing, including thyroid function
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tests, were normal. EGD revealed retained food in the
stomach and an obstructing antral web (Figure 1A).
Balloon dilation to 12 mmHg was performed (Figure 1B
and C), allowing visualization of a normal pylorus beyond
the narrowing (Figure 1D). Following balloon dilation,
needle-knife cuts were made in four quadrants (Figure
2) and 80 mg triamcinolone was injected. The patient
remained asymptomatic for five years, at which time
symptoms similar to those at initial presentation returmed.
She underwent a repeat EGD which showed recurrence
of the obstructing antral web. The GAW was sequentially
balloon dilated to 15 mmHg, followed by repeat four
quadrant needle-knife cuts and reinjection of 80 mg
triamcinolone. The patient remained asymptomatic for
two years at which time EGD showed a third recurrence of
the GAW, requiring repeat balloon dilation, four-quadrant
needle-knife cuts, and triamcinolone injection. Although
her symptoms were alleviated, the patient was advised to
seek surgical evaluation for more permanent intervention,
should her symptoms recur.

Case 2

A 80-year-old African-American female with hypertension,
emphysema and prior breast and lung cancer presented
with dysphagia to solids and liquids, persistent nausea
and vomiting, and abdominal fullness. CT scan showed a
partial GOO without evidence of external compression or
intrinsic mass at the pylorus, while UGI series suggested
a near complete gastric outlet obstruction. EGD revealed
retained food in the body and antrum of the stomach,
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Figure 2 Needle-knife incision of a gastric antral web. A: Four-quadrant needle-knife incision of a gastric antral web (GAW); B: The final appearance of a GAW
following balloon dilation, four-quadrant needle-knife incision, and triamcinolone injection.

severe antral erosions, and an obstructing GAW. Se-
quential balloon dilation to 10 mmHg was performed,
allowing the regular 9.8 mm endoscope to be advanced
without resistance. Given the partial retum of symptoms
within two weeks, EGD was repeated, and the GAW was
incised using needle-knife cautery. Subsequently, the
patient noted alleviation in her symptoms, and during
follow-up EGD a week later; the endoscope traversed the
antral web with minimal resistance.

Case 3

A 68-year-old Hispanic male with diabetes mellitus,
coronary artery disease, and chronic kidney disease
was evaluated for a ten-year history of nausea, frequent
regurgitation and early satiety with a 90 pound weight.
Screening colonoscopy two years prior was unremarkable,
as was an UGI series and CT scan of the abdomen. EGD
at the time showed antral narrowing, complicated by post
biopsy bleeding. After a two year course of esomeprazole,
repeat EGD showed retained gastric contents and an
obstructing GAW with 6 mm aperture. Balloon dilation to
15 mm was performed, allowing a 9 mm endoscope to be
advanced. The patient was seen in our clinic three weeks
later and reported a five pound weight gain in the interim
with no recurrence of his symptoms.

Case 4

A 74-year-old Caucasian female with hypertension, arth-
ritis and gastroesophageal reflux disease was admitted to
the inpatient service for a six-week history of abdominal
cramping and diarrhea with intermittent melena. She
reported no fever, nausea, vomiting, early satiety, weight
loss, recent travel, or recent antibiotic use. Stool studies
were unremarkable for enteric pathogens or fecal
leukocytes. CT scan of the abdomen and pelvis showed
pancolitis and a thickened antrum. The patient was
empirically started on budesonide and the frequency of her
bowel movements decreased. A colonoscopy performed
three weeks later was unremarkable, and biopsies were
negative for inflammatory bowel disease or microscopic
colitis suggesting a possible transient infectious or ischemic
colitis. EGD performed at the same time showed an
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obstructing GAW, but no intervention was performed given
the lack of symptoms suggesting GOO. Of note, an EGD
performed five years earlier showed a gastric ulcer, but a
GAW was not described. The patient’s symptoms continued
to improve over the next several weeks.

Case 5

An 81-year-old Caucasian woman with scleroderma
and gastric antral vascular ectasia (GAVE) treated
previously with argon plasma coagulation presented with
persistent nausea and vomiting. A GAW causing GOO
had been identified at an outside institution, and she was
referred for endoscopic management. Upon our initial
EGD, the patient was treated with needle-knife incision
and injection of 80 mg of triamcinolone. Following this
procedure, her symptoms improved, but did not resolve,
and she returned for further endoscopic management
8 wk later. At that time, we again performed needle-
knife incision, however a complication of perforation was
noted with direct visualization of small bowel through
the gastric defect. Three endoscopic clips were placed
to close the defect, but CT of the abdomen revealed a
large pneumoperitoneum. The patient was then taken
emergently to the operating room, where a 1.5 cm
perforation in the distal aspect of the lesser curvature of
the stomach was identified laparoscopically and closed
with full-thickness surgical sutures. On post-operative day
five, the patient underwent an UGI series that revealed no
evidence of persistent perforation and only mild narrowing
in the gastric antrum. She was discharged home the
following day, and upon follow-up in clinic reported that
she was no longer experiencing her symptoms of GOO.

Summary of all cases

Among the 34 cases of GAW, 19 (55.9%) occurred in
women and 15 (44.1%) in men. Ages at the time of
diagnosis ranged from 30 to 87 years (mean 65.3, St.dev
12.9). Five patients had an obstructing GAW (14.7%,
discussed above) and 29 patients were incidentally
found to a have non-obstructing GAW (85.3%). The
most frequently reported symptom was chronic gastro-
esophageal reflux in 24 patients (70.6%), each of whom
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Table 1 Age, sex, and symptoms of thirty-three patients found to have gastric antral web on esophagogastroduodenoscopy

Patient No. Age Sex Year of Obstructing Reflux PPI course Dysphagia Nausea/ Abdominal  Weight
diagnosis GAW symptoms vomiting discomfort loss
1! 60 F 2006 Yes Yes Yes Solid Yes No No
2! 80 F 2008 Yes Yes Yes Solid/liquid Yes No No
3! 68 M 2013 Yes Yes Yes No Yes No Yes
4 74 F 2011 Yes No No No No Diffuse No
5' 81 F 2015 Yes Yes Yes No Yes No No
6 85 F 2003 No No No No No Diffuse No
7 62 F 2003 No No No No No Diffuse No
8 56 M 2003 No No No No No No No
9 38 M 2004 No Yes Yes No No No No
10 49 M 2004 No Yes Yes No No No No
11 68 M 2004 No Yes Yes No No No No
12 53 M 2004 No Yes Yes No No No No
13 61 E 2005 No Yes Yes No No No No
14 67 M 2006 No No No No No No Yes
15 69 M 2006 No Yes Yes No No No No
16 82 M 2007 No Yes Yes No No No No
17 63 E 2007 No Yes Yes No No No No
18 66 F 2007 No No No No Yes Diffuse Yes
19 54 F 2007 No Yes Yes Solid No Substernal No
20 76 E 2007 No Yes Yes No No No No
21 58 E 2007 No Yes Yes No Yes No No
22 70 F 2009 No Yes Yes No No Diffuse No
23 67 F 2009 No No No No No Diffuse No
24 56 F 2010 No No No No No Diffuse No
25 30 E 2010 No Yes Yes No Yes No Yes
26 57 M 2011 No Yes Yes No No No No
27 73 M 2011 No Yes Yes No Yes No No
28 2 E 2011 No Yes Yes No No No No
29 71 M 2011 No Yes Yes No No Diffuse No
30 67 M 2012 No Yes Yes Solid No Epigastric No
Bl 68 E 2012 No Yes Yes Solid No No No
32 66 M 2013 No No No No Yes Diffuse No
33 87 E 2013 No Yes Yes No No No No
34 86 M 2014 No No Yes Solid No No No

'Indicates intervention was performed during esophagogastroduodenoscopy. GAW: Gastric antral web; F: Female; M: Male.

had taken proton-pump inhibitor therapy for various
periods without significant improvement. Nine patients
complained of diffuse abdominal pain (26.5%), one of
epigastric pain (2.94%), and one of substernal discomfort
(2.94%). Eight patients reported nausea and vomiting
(23.5%). Six patients had dysphagia to solids (17.6%)
and one to solids and liquids (2.9%). Four patients
complained of early satiety (11.8%), three of whom also
experienced weight loss (Table 1).

Among patients undergoing further work-up for their
chronic gastroesophageal reflux, eight of 24 were found
to have a hiatal hernia on endoscopy (33.3%), four
had duodenal ulcers (18.2%), one had an antral ulcer
(4.17%), and one had a Schatzki ring in addition to the
GAW (4.17%). Of note, eight of the 34 patients in this
series had prior endoscopies performed three to 14 years
prior without description of a GAW (23.5%).

DISCUSSION

While the cause of GAW in adults is poorly understood,
in 1965 Rhind et a*”! theorized that GAW was “acquired”
in adults, and resulted from scarring as circumferential
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pyloric and pre-pyloric peptic ulcers heal. This theory fits
well with our Case 5 where GAW was likely the result of
antral scarring from prior APC treatment of GAVE. Given
the higher reported incidence in children, many authors
believed the “congenital” theory that rapid proliferation
of epithelial cells in the gut lumen was not followed by
vacuole formation, fusion and recanalization during early
development!¥, Tt was further speculated in the past
that a congenital GAW may manifest only in adulthood
as a result of a decline in efficacy of mastication from
fewer teeth, dentures, or diminished muscle strength, or,
alternatively, from hypertrophy and decompensation of
the stomach chronically forcing food through a narrowed
opening, although to our knowledge, these theories were
never validated™®'¥,

Given the prevalence of chronic gastroesophageal
reflux in this cohort, we believe the association between
this acidity and GAW may be significant. Two-thirds of
our patients had reflux symptoms, five of whom had
duodenal or gastric ulcers visualized during endoscopy.
This is similar to historical reports of GAWSs in three adult
patients with gastric ulcer of the lesser curvature, and
three others who had a duodenal ulcer>”*?, Eight of our
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patients had prior endoscopies in which a GAW was not
described, and while this might argue against the notion
that GAW is a congenital anomaly, it is equally possible
that the web simply may have been missed, as they can
easily be overlooked or confused with other entities.

Diagnosis

In our patients, GAW was identified on EGD and fulfilled
the criteria set forth by Sokol et ai™*! in 1965: fixed size
aperture or “pseudopylorus”; smooth GAW mucosa
devoid of folds; and normal peristalsis to the GAW that
stops abruptly but continues beyond in a concordant
fashion. Evidence of gastric retention was seen in 14.7%
of the patients in our series, further confirming the clinical
picture.

Treatment

Conservative management with acid suppression, such
as proton-pump inhibitors, has been reported to provide
temporary relief, but does not result in a permanent
cure. Most of the published literature describing GAW
dates back 30-40 years and predates modem endoscopic
approaches to treatment. Following preliminary explo-
ratory laparotomy or duodenotomy, an incision of the
GAW to the central aperture; enlargement of the aperture
via lysis with transverse gastroplasty or pyloroplasty;
or a finger fracture of the GAW and pyloromyotomy
were the most common surgical procedures utilized™?.
Although such surgery successfully restored a functional
gastric outlet and alleviated symptoms, an endoscopic
“webotomy”, first suggested by Swartz and Shepard in
1956, heralded the minimally invasive options currently
deemed safe given the lack of a muscularis propia in
GAWs, and a low risk of perforation!**. Endoscopic balloon
dilation to 10 mm was first described in 1984, and has
proven to be effective and safe to repeat!®*®!. However,
frequent recurrence led to the development of more
permanent interventions. Endoscopic snaring was used
successfully in treating an obstructing GAW in an infant®,
and three radial incisions with a papillotome relieved
symptoms from a partially obstructing GAW in a 14-year-
old female!”), In 1988, Al-Kawas reported the use of Nd:
YAG laser therapy in a 64-year-old symptomatic woman
with an obstructing GAW to create a 14 mm lumen, which
alleviated symptoms in 48 h, although she later required
surgery™. This technique has also proven effective in
treating an obstructing duodenal web™. In 2013, Salah
reported a case of obstructing GAW in an 11 year old boy
treated with snare resection, electroincision and balloon
dilation"®, Several cases, including ours, have shown
long-term resolution of symptoms after radial incisions
using needle-knife electrocautery, but the use of empiric
triamcinolone acetate for its anti-inflammatory effects
has not been previously reported. However, we believe
that a combination of balloon dilation and/or needle knife
incisions remain the primary endoscopic management
tools with low risk of perforation or significant bleeding.
In our series, perforation following needle-knife incision
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occurred in one patient who was likely predisposed by
antral scarring from prio APC treatment. In our practice,
interventions were only performed after biopsies had
confirmed the absence of malignancy. In addition, inter-
ventions were only performed in patients with clinically
significant symptoms of GOO that were refractory to
medical management. The role of surgical intervention
for adults with GAWSs refractory to endoscopic treatment
remains incompletely defined in the endoscopic era.

In conclusion, GAW is a rare endoscopic finding am-
ong adults undergoing endoscopy (0.14% in this series
over a 7 year period). It is likely often overlooked and
is considered an incidental finding when seen, but may
be associated with GOO, refractory GERD or gastric
or duodenal ulceration. Through-the-scope balloon
dilation with or without a needle-knife incision of the
web appears to be effective in many patients, although
the need for repeat endoscopic treatment was frequent
among those with high-grade GOO. The current role for
surgical intervention remains to be defined, as it appears
to be less necessary in adults than in the past.
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Abstract

AIM

To evaluate the rate of recurrence of symptomatic chol-
edocholithiasis and identify factors associated with the
recurrence of bile duct stones in patients who underwent
endoscopic retrograde cholangiopancreatography (ERCP)
and endoscopic sphincterotomy (EST) for bile duct stone
disease.

METHODS

All patients who underwent ERCP and EST for bile duct
stone disease and had their bile duct cleared from
1/1/2005 until 31/12/2008 was enrolled. All symptomatic
recurrences during the study period (until 31/12/2015)
were recorded. Clinical and laboratory data potentially
associated with common bile duct (CBD) stone recurrence
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were retrospectively retrieved from patients’ files.

RESULTS

A total of 495 patients were included. Sixty seven (67)
out of 495 patients (13.5%) presented with recurrent
symptomatic choledocholithiasis after 35.28 + 16.9
mo while twenty two (22) of these patients (32.8%)
experienced a second recurrence after 35.19 + 23.2 mo.
Factors associated with recurrence were size (diameter)
of the largest CBD stone found at first presentation (10.2
+ 6.9 mm s 7.2 £ 4.1 mm, P = 0.024), diameter of the
CBD at the first examination (15.5 £ 6.3 mm vs 12.0
+ 4.6 mm, P = 0.005), use of mechanical lithotripsy
(ML) (P = 0.04) and presence of difficult lithiasis (P =
0.04). Periampullary diverticula showed a trend towards
significance (P = 0.066). On the contrary, number of
stones, angulation of the CBD, number of ERCP sessions
required to clear the CBD at first presentation, more than
one ERCP session needed to clear the bile duct initially
and a gallbladder in situ did not influence recurrence.

CONCLUSION

Bile duct stone recurrence is a possible late complication
following endoscopic stone extraction and CBD clearance.
It appears to be associated with anatomical parameters
(CBD diameter) and stone characteristics (stone size, use
of ML, difficult lithiasis) at first presentation.

Key words: Bile duct stone disease; Common bile duct
angulation; Choledocholithiasis; Endoscopic retrograde
cholangiopancreatography; Endoscopic sphincterotomy;
Recurrence of choledocholithiasis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

INTRODUCTION

Endoscopic retrograde cholangiopancreatography
(ERCP) is widely accepted as the modality of choice for
the endoscopic removal of bile duct stones. Endoscopic
sphincterotomy (EST) since its introduction in 19742,
has been extensively used for the endoscopic extraction
of bile duct stones. Endoscopic techniques for stone
removal are generally considered both safe and
effective but, their invasive nature cannot preclude
the possibility of complications. In fact complications
can occur even in the hands of the most seasoned
expert’®. They can be broadly classified, depending
on their timing, as early (up to 3 d post-procedure) or
late (> 3 d)M. Early complications are mostly related
with sedation and endoscopy like bleeding, infection,
pancreatitis, perforation, cardiopulmonary events, while
late complications concern mainly stent infections due
to long-term/permanent stent deployment and post-
procedural duct/sphincter of Oddi (SO) inflammatory
changes (i.e., ampullary stenosis) because of ductal/SO
manipulation™. Although not officially listed as a late
complication of ERCP in various guidelines®, recurrence
of choledocholithiasis is considered to be one by many
authors®®”), Rates of recurrence vary across different
studies, ranging from 4% to 24% (variable intervals of
follow-up of up to 15 years)®'”, The goal of this paper
is to evaluate the rate of recurrence of symptomatic
choledocholithiasis and identify factors associated with the
recurrence of bile duct stones in patients who underwent
endoscopic retrograde cholangiopancreatography (ERCP)
and endoscopic sphincterotomy (EST) for bile duct stone
disease.

Core tip: Recurrence of choledocholithiasis is considered
a late complication following endoscopic extraction of bile
duct stones. There are various factors associated with
the risk of recurrence. In our study the rate of recurrence
was 13.5%. Although univariate analysis identified four
different risk factors associated with both anatomical
parameters (common bile duct diameter) and stone
characteristics (stone size, use of mechanical lithotripsy,
difficult lithiasis), multivariate analysis confirmed only
bile duct diameter as being important. The underlying
pathogenetic mechanism of recurrence is likely multi-
factorial in nature. Bile stasis, duodenal - biliary reflux
and unfavorable stone characteristics probably contribute
towards stone reformation.

Konstantakis C, Triantos C, Theopistos V, Theocharis G, Maroulis
I, Diamantopoulou G, Thomopoulos K. Recurrence of choledo-
cholithiasis following endoscopic bile duct clearance: Long term
results and factors associated with recurrent bile duct stones. World
J Gastrointest Endosc 2017; 9(1): 26-33 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v9/i1/26.htm DOI: http://
dx.doi.org/10.4253/wjge.v9.i11.26

Roishidenge ~ WJGE | www.wjgnet.com

27

MATERIALS AND METHODS

Patients

We retrospectively studied a group of patients who
underwent ERCP and EST for bile duct stone disease
at a tertiary center, Department of Gastroenterology
of the University hospital of Patras from 1/1/2005 until
31/12/2008. Only patients in whom complete and
successful clearance of the common bile duct (CBD)
from stones was achieved were included in the study
irrespectively of the number of sessions required to
fulfill that requirement. Patients with difficult bile duct
stones (large bile duct stones (> 10 mm) and/or
multiple stones (= 3) or impacted stones)™ or residual
choledocholithiasis were included in the study as long
as a patent CBD was achieved in their baseline or any
of their subsequent follow-up examinations. Patients
with known residual CBD stones (unable to be extracted
or referred for surgical treatment), pancreatic/biliary
malignant disorders and benign biliary strictures (usually
post - surgery) were excluded from the study, finally
patients with indwelling biliary stents (permanent or
long standing) and patients that were lost to follow - up
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were also excluded. Every patient with gallbladder stones
was instructed to remove his/her gallbladder surgically
after the first (baseline) clearance of the bile duct (if a
cholocystectomy was not already performed). All patients
were followed up until either termination of the study
(31/12/2015) or when they died.

For the purpose of studying recurrence associated
risk factors we created two (2) groups. In the first group
all patients with a history of symptomatic recurrence
were enrolled (after applying exclusion criteria). An
equal number (1:1) of age / gender - matched control
patients was selected from the pool of recurrent free
patients (group two).

Endoscopic treatment

Written informed consent for the ERCP was obtained
from all the patients undergoing the procedure.
Preparation included local anesthesia of the pharynx
using 10% xylocaine, and conscious sedation of the
patient with the use of (IV) midazolam - pethidine.
Reversal agents (flumazenil) were used when indicated.
Antibiotic prophylaxis was used in accordance with
published guidelines at the time, the exact regimen
depending on the appropriate clinical indication*?. ERCP
was performed using a side-view endoscope (Olympus
Optical Corporation, Tokyo, Japan). In patients with native
papilla EST was performed, after deep canullation of the
CBD with the help of a guidewire, using a standard pull-
type papillotome according to the standard technique.
Before performing the EST a cholangiogram (using a
diluted contrast medium) was attainted to confirm CBD
stones. Under fluoroscopic/endoscopic guidance stones
were removed from the CBD, mainly with the use of
ballon catheters and occasionally with dormia retrieval
baskets. Patients with difficult stones were treated with
either mechanical lithotripsy at the same session or use
of temporary plastic stents. Patency of the CBD/clearance
of stones was evaluated by absence of any filling defects
at the final cholangiogram. During the enroliment period
(2005-2008) large balloon dilation was not a common
practice. As such it was not exercised by our unit.

Study of the cholangiograms

Size and number of CBD stones were assessed on the
cholangiogram after optimum opacification of the CBD.
Stone size was assessed by comparing the diameter
of the stone to the (relevant size of the) shaft of the
endoscope on the cholangiogram. CBD diameter was
measured in a similar manner. Likewise CBD angulation(s)
were also calculated from postoperative cholangiograms.
All calculations were independently validated by a
second observer and any interobserver differences were
expressed as mean values.

Data collection and definitions
All data was extracted from the first (baseline) ERCP of
all patients.
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The following parameters were recorded and inves-
tigated for the purpose of studying risk factors. (1) Basic
demographics: sex and age; (2) Diameter of the CBD
(mm); (3) Stone characteristics: Size (mm) (defined as
the diameter of the largest stone), number of stones,
difficult CBD lithiasis (defined as presence of large
bile duct stone (> 10 mm) and/or multiple stones
(= 3) and/or impacted stones'"); (4) Angulation of
the CBD: Two (2) different angulation scores were
assessed (Figure 1)"*'*: (5) Juxtapapillary duodenal
diverticula; (6) Timing of recurrences (early vs late);
(7) Use of mechanical lithotripsy (ML); (8) Number of
ERCP session required to clear the Bile Duct; and (9)
Past medical history: Surgical (mainly hepatobililiary/
pancreatic): (1) Biliary - enteric anastomosis (BEA); (2)
Altered stomach anatomy (gastrectomy or other); and (3)
Cholocystectomy/remaining gallbladder (gallbladder that
was not surgically removed, termed gallbladder in situ)/
gallbladder stones (chololithiasis).

Stone recurrence, for the purpose of this study,
was defined by the confirmation of the presence of a
CBD stone in the appropriate clinical context at least 6
mo after previous (complete) CBD stone removal by
ERCP was achieved. Thus we evaluated only clinically
significant recurrences (patients exhibiting relevant
hepatobiliary symptoms like pain and jaundice).

Multiple recurrences were defined as 2 or more
stone recurrences after the first ERCP. In this study early
recurrence was defined as a recurrence that occurred
up to (and including) 24 mo after the baseline ERCP that
CBD patency was achieved (this term applies only to
first recurrence episodes). A recurrence after the first 24
month was termed a late one.

Follow-up

Clinical and laboratory data potentially associated
with common bile duct (CBD) stone recurrence were
retrospectively retrieved from patients’ files. Our de-
partment belongs in a tertiary hospital. Our hepatobiliary
unit acts as regional referral center. The likelihood of
patients being referred to another unit would be truly
improbable.

Statistical analysis

Clinical and ERCP related factors that might have con-
tributed to the recurrence of common bile duct stones
were evaluated. All these parameters were correlated
with recurrence, initially by using univariate analysis.
Continuous variables were expressed as mean = SD
and were compared by using Student's t-test. Cate-
gorical variables were expressed as percentages and
differences between groups were tested for significance
by using the 5 test. Variables found to be significant
in the univariate analysis (P-value less than 0.05) were
included in a multivariate stepwise logistic regression
model. All analyses were conducted by using statistical
software SPSS, version 20 (SPSS, Inc, Chicago, IL,
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Figure 2 Study flowchart. ERCP: Endoscopic retrograde cholangiopancreatography.

United State).

RESULTS

Between January 2005 and (including) December 2008,
511 unique patients were treated in our center for
choledocholithiasis/microcholedocholithiasis (Figure 2).
All symptomatic recurrences for the study period (until
December 2015) were recorded, after applying exclusion
criteria. Sixteen patients that were lost to follow - up were
dropped from the study. Sixty-seven (67) out of 495
patients (13.5%) presented with recurrent symptomatic
choledocholithiasis after 35.28 £ 16.909 (7-96) mo
while twenty-two (22) of these patients (32.83% of the
recurrent) experienced a second recurrence after 35.19
+ 23.22 (9-78) mo. A 3“ recurrence occurred to 6 (8.9%)
of the recurrent patients at 16.83 + 15.3 mo (Table 1).
The number of procedures/ERCPs required to treat
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Figure 1 Common bile duct angulation calculation methods.
Accumulative score (A and B): The axis (red line) runs through
the center of the CBD. Each internal angle was measured at
the angulation of the proximal (A) and distal (B) bile duct level
respectively. The values of both angles were added (A + B). If either
part of the CBD was not angulated a set score of 180 was used'"”.
Minimal angle score (C): Angulation (A) was measured as the
sharpest angle along the CBD from 1 cm below the bifurcation to 1
cm above the papilla™. CBD: Common bile duct.

the recurrent population (baseline ERCP, recurrence
examinations including any follow-up procedures that
were required to achieve CDB patency) is summarized in
Table 2. An impressive total of 199 ERPCs was required
to treat the 67 recurrent patients over time. On the other
hand for the 67 controls a total of 89 ERCP sessions was
needed.

Early recurrences (recurrence during the first 24
mo after the baseline ERCP) occurred in 21/67 patients
(46/67 late).

Multiple recurrences occurred in 22 patients (Table 1).
We have found that an early recurrence predisposes to
multiple recurrences more often than a late one. Thirteen
(13) out of the 21 early recurrent patients (13/21) had
a second recurrence, while only 14/46 of those with late
recurrence suffered from a second episode (P = 0.0025).

For the purpose of studying risk factors, the 67
patients with a history of symptomatic recurrence were
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Table 1 Number and percentage of patients who experienced
one or more (up to five) symptomatic recurrences

Patients (7 = 67) n (%)

45 (67.1)
16 (23.8)
4(59)
1(15)
1(1.5)

No. of recurrences

g s W N =

Most of the patients experienced only a single episode (67%).

Table 2 Number and percentage of endoscopic retrograde chol-
angiopancreatography required to treat patients with recurrence

No. of ERCP sessions Patients (7 = 67) n (%)

2 31 (46)
3 16 (23.8)
4 13 (19)
5 5 (7.46)
6 2(2.98)

ERCP: Endoscopic retrograde cholangiopancreatography.

compared to a group of 67 age/gender - matched control
patients that were selected from a pool of 428 patients
with a recurrent free history. Baseline characteristics for
both groups are presented in Table 3.

No significant differences were found with regard to age,
sex, previous surgical history (including cholecystectomy
before the baseline (first) ERCP and biliary, gastric surgery)
and mean follow -up time between the groups.

Table 4 summarizes the risk factors for recurrence
that were evaluated.

Logistic regression analyses were performed to identify
the risk factors for stone recurrence, including both
baseline characteristics and ERCP-related parameters.
Univariate analysis revealed that diameter of the CBD,
size (diameter) of the largest CBD stone, use of ML and
difficult lithiasis were associated with stone recurrence.
Multivariate analysis revealed that CBD diameter was the
only independent risk factor associated with CBD stone
recurrence (OR = 1.116, 95%CI: 1.005-1.277, P = 002).

DISCUSSION

The recurrence of CBD stones is a possible outcome
following endoscopic clearance™®!. Rates of recurrence
in the literature vary with some authors estimating them
being as high as 24%®'". So although it is considered
a late complication of stone extraction, it certainly is not
a rare one. Many authors report that most recurrences
of bile duct stones take place in the first 3 years™>*®,
the limit between recurrence and residual stone disease
is somewhat arbitrary with many authors advocating for
the threshold of 5" to 6"*! mo.

Bile duct stones (and as a result also recurrent
stones) are classified as primary or secondary stones,
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Table 3 Baseline characteristics of the study groups

Variable Recurrence group Control group P value
n = 67) (n = 67)

Age, yr 71.2+124 719+ 12.6 0.82

Sex, male 26/67 28/67 0.86

History of cholecystectomy 37 40 0.73

before first ERCP

BEA/ gastric surgery 4 2 0.68
(2 billroth, 2 BEA) (1 billroth, 1 BEA)

Mean follow-up time, 70,1 £31.7 68.5 +36.1 0.8

mo (2-121) (1-129)

Recurrence group: Patients with a history of recurrent common bile duct
stones; Control group: Patients with a history of non recurrent common
bile duct stones; BEA: Biliary enteric anastomosis.

both with different pathogenesis and etiologies"”’. A
stone is termed primary when located at the site of its
formation, while a secondary stone is a stone that has
migrated from the site of its origin (in this case usually
the gallbladder). Thus, primary CBD stones form de
novo in the CBD, these are usually brown pigment
(calcium bilirubinate) stones, where they remain either
uneventfully or until they are implicated in a clinical
sequela (e.g., cholangitis)!"®. Secondary CBD stones
are commonly associated with migrating gallbladder (or
rarely intrahepatic) stones and thus consist mainly of
cholesterol.

There’s a plethora of risk factors related with recur-
rence of choledocholithiasis proposed in the literature;
many of these are summarized in Table 5.

The putative mechanism responsible for stone
recurrences still eludes us. In some cases, like secondary
CBD stones in patients with concurrent chololithiasis,
the underlying cause is in most probability also the most
obvious one (i.e., stone migration from the stone-ridden
gallbladder to the CBD). After reviewing the literature
it is obvious that there is no consensus reached in the
scientific community on the exact mechanism. We could
argue that at the present there are two dominating
theories.

Endobiliary bile stasis (endo - Bi.S.)"*"***!

The term endobiliary bile stasis encloses a variety of
risk factors that predispose to biliary stasis, delayed
biliary emptying and/or impaired biliary flow. Acute
distal CBD angulation, oblique CBD angulation, CBD
dilation, periampullary diverticula, billiary strictures,
papillary stenosis, cirrhosis, cholocystectomy, possibly
genetic factors (like variations of the ABCB4, ABCB11
genes) have been associated with biliary stasis and the
formation of primary CBD stones and their recurrence.
Mechanical obstruction/blockage as well as variations in
the (patho)physiology of bile secretion (bile viscosity, bile
secretion rate, loss of bile flushing due to cholocystectomy)
could help to explain why a bile duct system exhibiting any
number of these anatomic/physiology abnormalities could
be predisposed to stone recurrence.
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Table 4 Parameters of the first endoscopic retrograde cholangiopancreatography/risk factors for recurrence in patients with or

without a history of recurrent common bile duct stones

Variable Recurrence group (7 = 67) Control group (7 = 67) P value
Stone size, mm 11.0+7.0 75+45 0.007
Stone number, n 49+44 43+47 0.53
CBD diameter, mm 16.03 +6.1 12.0+4.6 0.001
CBD angulation method 1 (accumulative score) 303.97 £ 34.41 304.84 +31.61 091
CBD angulation method 2 (minimal angle score) 137.03 +17.0 138.41 +14.18 0.71
Difficult bile duct stones 24 14 0.04
Use of mechanical lithotripsy 13 5 0.04
No. of ERCP sessions required to clear the bile duct 1.33+0.6 1.34+0.7 0.95
More than one ERCP needed to clear the bile duct initially 14 11 043
Gallbladder in situ 2 5 1
Periampullary diverticula 25 16 0.066

Gallbladder in situ (remaining gallbladder): Patients who did not/could not conform to the instructions to perform cholocystectomy after the first ERCP, or
a cholocystectomy was not indicated. ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct.

Table 5 Risk factors for recurrence of choledocholithiasis proposed in the literature

Proposed risk factor Ref. Comment section

DBR [19-21] DBR

Pneumobilia [19] Indicative of DBR

Acute distal CBD angulation [19] Promotes bile stasis

CBD dilation [19] Promotes bile stasis

Periampullary diverticulum [19] Promotes bile stasis

Prior EST [22,23] Promotes DBR

Intact gallbladder with stones in situ [22] (Secondary) stone CBD migration

Billiary stricture [22] Promotes bile stasis

Papillary stenosis [22] Promotes bile stasis

ML [22] Small residual microlithiasis acts as nidi for stone formation

Stone size [24] Size of the largest stone

Cirrhosis [22] Delayed biliary emptying/bile stasis

Delayed biliary emptying [22] Promotes bile stasis

Bacterial infection/ colonization of the CBD. Bacterial count  [25,26] Promotes chronic infection, and inflammation, promotes stone formating

Impaired biliary flow [25] Scintigraphic study

Cholecystectomy (without stones) [27] Impede flushing of nidus/residual stones

Post-procedural sphincter function impaired [6,27] EST vs EPBD/EPLBD vs EPSBD, promote DBR

Number of sessions to clear duct at first presentation [6] # of ERCPs required to achieve a patent CBD

Age [6] Old age

Previous cholecystectomy (open or lap) [6]

Serum lvls of chol [24] Lithogenic properties

EST size [24] Minimal size is protective

Inflammation CBD [24]

Parasites of the CBD [24] Parasitic infection

Foreign bodies in the CBD [24]

Concurrent cholecystolithiasis and cholelithiasis [28]

Post stone removal CBD diameter [21] At 72 h after stones removal, cholangiogram via nasobiliary tube

EPLBD > 10 mm [29] Disruption of SO, DBR

Variations of the ABCB4, ABCB11 genes [30] Affect composition of bile. Associated with cholestasis, cholelithiasis and
formation of primary intrahepatic stones

Excessive dilation of the CBD [31] Recurrence rate was 40% when maximum CBD diameter was more than 20

mm, whereas recurrence rate was 18% when maximum CBD diameter was
20 mm or less

The level of evidence varies. DBR: Duodenal-biliary reflux; CBD: Common bile duct; EST: Endoscopic sphincterotomy; ML: Mechanical lithotripsy; EPBD:
Endoscopic papillary balloon dilation; EPLBD: Endoscopic papillary large balloon dilation; EPSBD: Endoscopic papillary small balloon dilation; ERCP:
Endoscopic retrograde cholangiopancreatography; Llv: Level; Chol: Cholesterol; SO: Sphincter of Oddi.

Duodenal - biliary reflux®'***"!

This term encompasses a humber of factors that are

EPLBD), bacterial infection/colonization of the CBD, EST
size are all factors that have been related to duodenal

associated with the reflux of enteric contents (fluid and/

or solid chime) inside the biliary tract. Pneumobilia™®,

post-procedural impaired sphincter function (EST/
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reflux. Recent studies have drawn our focus towards the
role that post - procedural sphincter functional adequacy
has in Duodenal - Biliary Reflux (DBR) in particular and in
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stone recurrence in general. It has been suggested that
sphincter preserving procedures (small size EST, EPSBD)
exert a protective role, reducing the risk of recurrence.
Permanent sphincter function disruption by EST or EPLBD
could result in duodenobiliary reflux.

The underlying pathogenesis of stone recurrence
is not yet fully elucidated. To a great extent clinical
practice has proceeded basic research®, A multifactorial
model where chronic inflammation of the bile ducts
plays a central role could help to better explain it.
Bile stagnation, reflux of duodenal content, bacterial
colonization and chronic infection of the CBD as well as
mechanical and chemical damaging effects of chronic
irritants (from the enteric content) could all contribute to
sustain chronic inflammation®*%,

In our study we found that CBD dilation, stone size at
first presentation, difficult lithiasis and use of mechanical
lithotripsy were all risk factors for stone recurrence in
the univariate analysis. These findings are similar to
those of previous reports’®'®****!1, We could argue that
large stone size, presence of difficult lithiasis and need
for mechanical lithotripsy is all different aspects of the
same factor. In a way they serve to prove that patients
with certain “unfavorable stone characteristics” recur
more often than others. Multivariate analysis revealed
that the diameter of the common bile duct was the only
independent risk factor associated with stone recurrence.
It has been suggested before that CBD dilation above a
certain threshold (13 mm)®" and especially excessive
dilation (> 20 mm)™Y predispose to stone reformation.
In our study, the issue of a cut-off value of CBD diameter
that predisposes to higher rates of recurrence was
addressed but we did not reach a statistically significant
result (probably due to the sample size). Periampullary
diverticula showed a trend towards significance in our
study (P = 0.066), unlike the clear association reported
by other authors!***?, This is probably so because of the
small sample in our study.

It has been proposed that patients with recurring CBD
stones are at increased risk for a subsequent recurrence'.
Data from our study is also in support. Patients who
suffered from a recurrence were in a much greater
danger. Thirty-two percent of the recurrent population had
at least a second episode, while the recurrence rate for a
patient who has not experienced a recurrence before was
13.5%. Data from the aforementioned study"’ identified
an interval of < 5 years between initial EST and repeat
ERCP as a risk factor for re - recurrence. Likewise, patients
from our cohort who suffered from an early (< 24 mo)
recurrence attack, were at increased risk for consequent
episodes.

There are several limitations in this study including its
retrospective design, single-center site and the relative
small sample size. We acknowledge that because of both
the retrospective design and the often asymptomatic
nature of CBD stones, several methodological issues
concerning mainly the follow-up of patients and data
collection could arise. A prospective multi center cohort
study needs to be conducted to investigate further
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the association between these risks factors and stone
recurrence. This study needs to be powered by both
a large sample size and a long follow-up (longer than
five years)®.. Last but not least future studies need
to focus more on possible clinical applications. Bedside
questions that need to be answered like which patients
should we follow-up? Is there any patient group with
specific characteristics (e.g., CBD dilation above a certain
threshold) that justify more intensive follow-up? What
is the importance of asymptomatic stones in multi-
recurring patients, can these patients benefit from pre-
emptive/prophylactic ERCP, what's the hazard/benefit
ratio?

In conclusion, bile duct stone recurrence is a likely
late complication following endoscopic stone extraction
and CBD clearance. In our study the rate of recurrent
symptomatic choledocholithiasis was 13.5%. It appears
to be associated with both anatomical parameters (CBD
diameter) and stone characteristics (stone size, use of
ML, difficult lithiasis) at first presentation.
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as the modality of choice for the endoscopic removal of bile duct stones.
Endoscopic sphincterotomy (EST) since its introduction in 1974, has been
extensively used for the endoscopic extraction of bile duct stones. Endoscopic
techniques for stone removal are generally considered both safe and effective
but, their invasive nature cannot preclude the possibility of complications.

Research frontiers

Many authors report that most recurrences of bile duct stones take place in
the first 3 years the limit between recurrence and residual stone disease is
somewhat arbitrary with many authors advocating for the threshold of 5 to 6
mo.

Innovations and breakthroughs

In this study, the issue of a cut-off value of common bile duct diameter that
predisposes to higher rates of recurrence was addressed but the authors did
not reach a statistically significant result (probably due to the sample size).
Periampullary diverticula showed a trend towards significance in the study (P =
0.066), unlike the clear association reported by other authors.

Peer-review

This manuscript is very well designed, the authors did a great effort in selecting
the articles to be included in the meta-analysis with a proper quality scoring of
selected articles. This manuscript is suitable for publication.

REFERENCES

1 Classen M, Demling L. [Endoscopic sphincterotomy of the papilla
of vater and extraction of stones from the choledochal duct (author’s
transl)]. Dtsch Med Wochenschr 1974; 99: 496-497 [PMID: 4835515
DOI: 10.1055/5-0028-1107790]

2 Kawai K, Akasaka Y, Murakami K, Tada M, Koli Y. Endoscopic
sphincterotomy of the ampulla of Vater. Gastrointest Endosc 1974; 20:
148-151 [PMID: 4825160]

3 Anderson MA, Fisher L, Jain R, Evans JA, Appalaneni V, Ben-
Menachem T, Cash BD, Decker GA, Early DS, Fanelli RD, Fisher
DA, Fukami N, Hwang JH, Ikenberry SO, Jue TL, Khan KM, Krinsky
ML, Malpas PM, Maple JT, Sharaf RN, Shergill AK, Dominitz JA.
Complications of ERCP. Gastrointest Endosc 2012; 75: 467-473
[PMID: 22341094 DOI: 10.1016/j.gie.2011.07.010]

January 16, 2017 | Volume 9 | Issuel |



12

13

16

JRaishideng®

Konstantakis C et a/. Recurrence of choledocholithiasis, rate and clinical - associated factors

Silviera ML, Seamon MJ, Porshinsky B, Prosciak MP, Doraiswamy
VA, Wang CF, Lorenzo M, Truitt M, Biboa J, Jarvis AM, Narula VK,
Steinberg SM, Stawicki SP. Complications related to endoscopic
retrograde cholangiopancreatography: a comprehensive clinical
review. J Gastrointestin Liver Dis 2009; 18: 73-82 [PMID: 19337638]
Cheon YK, Lehman GA. Identification of risk factors for stone
recurrence after endoscopic treatment of bile duct stones. Eur J
Gastroenterol Hepatol 2006; 18: 461-464 [PMID: 16607138]

Kim KY, Han J, Kim HG, Kim BS, Jung JT, Kwon JG, Kim EY, Lee
CH. Late Complications and Stone Recurrence Rates after Bile Duct
Stone Removal by Endoscopic Sphincterotomy and Large Balloon
Dilation are Similar to Those after Endoscopic Sphincterotomy Alone.
Clin Endosc 2013; 46: 637-642 [PMID: 24340257 DOI: 10.5946/
ce.2013.46.6.637]

Sugiyama M, Suzuki Y, Abe N, Masaki T, Mori T, Atomi Y.
Endoscopic retreatment of recurrent choledocholithiasis after
sphincterotomy. Gut 2004; 53: 1856-1859 [PMID: 15542528 DOI:
10.1136/gut.2004.041020]

Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME,
Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw MJ, Lande JD,
Pheley AM. Complications of endoscopic biliary sphincterotomy.
N Engl J Med 1996; 335: 909-918 [PMID: 8782497 DOI: 10.1056/
nejm199609263351301]

Prat F, Malak NA, Pelletier G, Buffet C, Fritsch J, Choury AD, Altman
C, Liguory C, Etienne JP. Biliary symptoms and complications more
than 8 years after endoscopic sphincterotomy for choledocholithiasis.
Gastroenterology 1996; 110: 894-899 [PMID: 8608900]

Hawes RH, Cotton PB, Vallon AG. Follow-up 6 to 11 years after
duodenoscopic sphincterotomy for stones in patients with prior
cholecystectomy. Gastroenterology 1990; 98: 1008-1012 [PMID:
2311858]

Ding J, Li F, Zhu HY, Zhang XW. Endoscopic treatment of difficult
extrahepatic bile duct stones, EPBD or EST: An anatomic view. World
J Gastrointest Endosc 2015; 7: 274-277 [PMID: 25789099 DOI:
10.4253/wjge.v7.i3.274]

Khashab MA, Chithadi KV, Acosta RD, Bruining DH,
Chandrasekhara V, Eloubeidi MA, Fanelli RD, Faulx AL, Fonkalsrud
L, Lightdale JR, Muthusamy VR, Pasha SF, Saltzman JR, Shaukat
A, Wang A, Cash BD. Antibiotic prophylaxis for GI endoscopy.
Gastrointest Endosc 2015; 81: 81-89 [PMID: 25442089 DOI:
10.1016/j.gie.2014.08.008]

Seo DB, Bang BW, Jeong S, Lee DH, Park SG, Jeon YS, Lee
JI, Lee JW. Does the bile duct angulation affect recurrence of
choledocholithiasis? World J Gastroenterol 2011; 17: 4118-4123
[PMID: 22039327 DOI: 10.3748/wjg.v17.136.4118]

Keizman D, Shalom MI, Konikoff FM. An angulated common bile
duct predisposes to recurrent symptomatic bile duct stones after
endoscopic stone extraction. Surg Endosc 2006; 20: 1594-1599 [PMID:
16858527 DOI: 10.1007/s00464-005-0656-x]

Tanaka M, Takahata S, Konomi H, Matsunaga H, Yokohata K,
Takeda T, Utsunomiya N, Ikeda S. Long-term consequence of
endoscopic sphincterotomy for bile duct stones. Gastrointest Endosc
1998; 48: 465-469 [PMID: 9831833]

Lai KH, Lo GH, Lin CK, Hsu PI, Chan HH, Cheng JS, Wang EM.
Do patients with recurrent choledocholithiasis after endoscopic
sphincterotomy benefit from regular follow-up? Gastrointest Endosc
2002; 55: 523-526 [PMID: 11923765]

Kim DI, Kim MH, Lee SK, Seo DW, Choi WB, Lee SS, Park HJ, Joo
YH, Yoo KS, Kim HJ, Min YI. Risk factors for recurrence of primary
bile duct stones after endoscopic biliary sphincterotomy. Gastrointest
Endosc 2001; 54: 42-48 [PMID: 11427840]

Saharia PC, Zuidema GD, Cameron JL. Primary common duct
stones. Ann Surg 1977; 185: 598-604 [PMID: 857748]

WJGE | www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Zhang R, Luo H, Pan Y, Zhao L, Dong J, Liu Z, Wang X, Tao Q,
Lu G, Guo X. Rate of duodenal-biliary reflux increases in patients
with recurrent common bile duct stones: evidence from barium
meal examination. Gastrointest Endosc 2015; 82: 660-665 [PMID:
25952091 DOI: 10.1016/j.gie.2015.03.1908]

Ando T, Tsuyuguchi T, Okugawa T, Saito M, Ishihara T, Yamaguchi T,
Saisho H. Risk factors for recurrent bile duct stones after endoscopic
papillotomy. Gut 2003; 52: 116-121 [PMID: 12477771]

Baek YH, Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, Jeon WK,
Kim BI. [Risk factors for recurrent bile duct stones after endoscopic
clearance of common bile duct stones]. Korean J Gastroenterol 2009;
54: 36-41 [PMID: 19696548]

Tsai TJ, Lai KH, Lin CK, Chan HH, Wang EM, Tsai WL, Cheng
JS, Yu HC, Chen WC, Hsu PL Role of endoscopic papillary balloon
dilation in patients with recurrent bile duct stones after endoscopic
sphincterotomy. J Chin Med Assoc 2015; 78: 56-61 [PMID: 25241239
DOI: 10.1016/j.jcma.2014.08.004]

Itokawa F, Itoi T, Sofuni A, Kurihara T, Tsuchiya T, Ishii K,
Tsuji S, Ikeuchi N, Umeda J, Tanaka R, Tonozuka R, Honjyo M,
Moriyasu F, Kasuya K, Tsuchida A. Mid-term outcome of endoscopic
sphincterotomy combined with large balloon dilation. J Gastroenterol
Hepatol 2015; 30: 223-229 [PMID: 24995677 DOI: 10.1111/
jgh.12675]

Mu H, Gao J, Kong Q, Jiang K, Wang C, Wang A, Zeng X, Li
Y. Prognostic Factors and Postoperative Recurrence of Calculus
Following Small-Incision Sphincterotomy with Papillary Balloon
Dilation for the Treatment of Intractable Choledocholithiasis: A
72-Month Follow-Up Study. Dig Dis Sci 2015; 60: 2144-2149 [PMID:
25875753 DOI: 10.1007/510620-015-3559-2]

Ishiguro J. Biliary bacteria as an indicator of the risk of recurrence
of choledocholithiasis after endoscopic sphincterotomy. Diagn Ther
Endosc 1998; 5: 9-17 [PMID: 18493475 DOI: 10.1155/dte.5.9]

Kim KH, Rhu JH, Kim TN. Recurrence of bile duct stones after
endoscopic papillary large balloon dilation combined with limited
sphincterotomy: long-term follow-up study. Gut Liver 2012; 6:
107-112 [PMID: 22375179 DOI: 10.5009/gnl.2012.6.1.107]

Lai KH, Chan HH, Tsai TJ, Cheng JS, Hsu PI. Reappraisal of
endoscopic papillary balloon dilation for the management of common
bile duct stones. World J Gastrointest Endosc 2015; 7: 77-86 [PMID:
25685263 DOI: 10.4253/wjge.v7.i2.77]

Lu Y, Wu JC, Liu L, Bie LK, Gong B. Short-term and long-term
outcomes after endoscopic sphincterotomy versus endoscopic
papillary balloon dilation for bile duct stones. Eur J Gastroenterol
Hepatol 2014; 26: 1367-1373 [PMID: 25264985 DOI: 10.1097/
meg.0000000000000218]

Chang JH, Kim TH, Kim CW, Lee IS, Han SW. Size of recurrent
symptomatic common bile duct stones and factors related to
recurrence. Turk J Gastroenterol 2014; 25: 518-523 [PMID: 25417612
DOLI: 10.5152/tjg.2014.6457]

Pan S, Li X, Jiang P, Jiang Y, Shuai L, He Y, Li Z. Variations of
ABCB4 and ABCBI11 genes are associated with primary intrahepatic
stones. Mol Med Rep 2015; 11: 434-446 [PMID: 25323205 DOI:
10.3892/mmr.2014.2645]

Paik WH, Ryu JK, Park JM, Song BJ, Kim J, Park JK, Kim YT.
Which is the better treatment for the removal of large biliary stones?
Endoscopic papillary large balloon dilation versus endoscopic
sphincterotomy. Gut Liver 2014; 8: 438-444 [PMID: 25071911 DOI:
10.5009/gnl.2014.8.4.438]

Hisatomi K, Ohno A, Tabei K, Kubota K, Matsuhashi N. Effects of
large-balloon dilation on the major duodenal papilla and the lower bile
duct: histological evaluation by using an ex vivo adult porcine model.
Gastrointest Endosc 2010; 72: 366-372 [PMID: 20674625 DOI:
10.1016/.gie.2010.02.002]

P- Reviewer: Lai KH, Pan H S- Editor: QiY L- Editor: A
E- Editor: LuYJ

January 16, 2017 | Volume 9 | Issuel |



wdJ ¢

World Journal of
Gastrointestinal Endoscopy

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4253 / wjge.v9.i1.34

World | Gastrointest Endosc 2017 January 16; 9(1): 34-40
ISSN 1948-5190 (online)
© 2017 Baishideng Publishing Group Inc. All rights reserved.

Retrospective Study
Essential role of small bowel capsule endoscopy in

reclassification of colonic inflammatory bowel disease type
unclassified

ORIGINAL ARTICLE

Sara Monteiro, Francisca Dias de Castro, Pedro Boal Carvalho, Bruno Rosa, Maria Jodo Moreira,

Rolando Pinho, Miguel Mascarenhas Saraiva, José Cotter

Sara Monteiro, Francisca Dias de Castro, Pedro Boal Carvalho,
Bruno Rosa, Maria Jodo Moreira, José Cotter, Department of
Gastroenterology, Hospital da Senhora da Oliveira-Guimaraes, Rua
dos Cutileiros, Creixomil, 4835-044 Guimaraes, Portugal

Rolando Pinho, Miguel Mascarenhas Saraiva, ManopH - Endo-
scopy and Digestive Motility Laboratory, 4000-432 Porto, Portugal

Rolando Pinho, Miguel Mascarenhas Saraiva, Portugal and
CUF Institute, 4460-188 Matosinhos, Portugal

José Cotter, School of Medicine, University of Minho, 4710-057
Braga, Portugal

José Cotter, ICVS/3B’s, PT Government Associate Laboratory,
4710-057 Braga/Guimardes, Portugal

Author contributions: Monteiro S performed the study, statistical
analysis, literature search and drafted the manuscript; Dias de
Castro F and Boal Carvalho P participated in the design of the
study and reviewed the capsule endoscopies; Rosa B, Moreira MJ,
Pinho R and Mascarenhas Saraiva M participated in the design
of the study, reviewed the capsule endoscopies and revised the
manuscript; Cotter J participated in the design of the study and
critically revised the manuscript and approved the final version to
be submitted.

Institutional review board statement: This retrospective
study was performed without direct contact with either patients
or providers and no individual patient information was revealed.
Therefore this study was not previously reviewed by the Local
Ethics Committee.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to procedure by written consent.

Conflict-of-interest statement: The authors declare that there is
no conflict of interests regarding the publication of this paper.

WIJGE | www.wjgnet.com

JRaishideng®

34

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at sara.
s.o.monteiro@gmail.com. Consent was not obtained but the
presented data are anonymized and risk of identification is low.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Sara Monteiro, MD, Department of
Gastroenterology, Hospital da Senhora da Oliveira-Guimaraes, Rua
dos Cutileiros, Creixomil, 4835-044 Guimaraes,

Portugal. sara.s.o.monteiro@gmail.com

Telephone: +351-253-540330

Fax: +351-253-513592

Received: July 11,2016
Peer-review started: July 13,2016
First decision: August 29, 2016
Revised: October 6, 2016
Accepted: November 1, 2016
Article in press: November 3, 2016
Published online: January 16, 2017

Abstract

AIM

To evaluate the role of small bowel capsule endoscopy
(SBCE) on the reclassification of colonic inflammatory
bowel disease type unclassified (IBDU).
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METHODS

We performed a multicenter, retrospective study including
patients with IBDU undergoing SBCE, between 2002 and
2014. SBCE studies were reviewed and the inflammatory
activity was evaluated by determining the Lewis score
(LS). Inflammatory activity was considered significant and
consistent with Crohn’s disease (CD) when the LS = 135.
The definitive diagnosis during follow-up (minimum 12 mo
following SBCE) was based on the combination of clinical,
analytical, imaging, endoscopic and histological elements.

RESULTS

Thirty-six patients were included, 21 females (58%) with
mean age at diagnosis of 33 £+ 13 (15-64) years. The
mean follow-up time after the SBCE was 52 + 41 (12-156)
mo. The SBCE revealed findings consistent with significant
inflammatory activity in the small bowel (LS = 135) in
9 patients (25%); in all of them the diagnosis of CD was
confirmed during follow-up. In 27 patients (75%), the
SBCE revealed no significant inflammatory activity (LS <
135); among these patients, the diagnosis of Ulcerative
Colitis (UC) was established in 16 cases (59.3%), CD
in 1 case (3.7%) and 10 patients (37%) maintained a
diagnosis of IBDU during follow-up. A LS = 135 at SBCE
had a sensitivity = 90%, specificity = 100%, positive
predictive value = 100% and negative predictive value =
94% for the diagnosis of CD.

CONCLUSION

SBCE proved to be fundamental in the reclassification of
patients with IBDU. Absence of significant inflammatory
activity in the small intestine allowed exclusion of CD in
94% of cases.

Key words: Inflammatory bowel disease; Inflammatory
bowel disease type unclassified; Capsule endoscopy;
Crohn’s disease; Lewis score; Reclassification

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
role of small bowel capsule endoscopy (SBCE) on the
reclassification of colonic inflammatory bowel disease
type unclassified (IBDU). The SBCE revealed findings
consistent with significant inflammatory activity in the
small bowel, Lewis score (LS) = 135, in 9 patients (25%);
in all of them the diagnosis of Crohn’s disease (CD) was
confirmed during follow-up. In 27 patients (75%) without
significant inflammatory activity (LS < 135), the diagnosis
of ulcerative colitis was established in 16 cases (59.3%),
CD in 1 case (3.7%) and 10 patients (37%) maintained a
diagnosis of IBDU during follow-up.

Monteiro S, Dias de Castro F, Boal Carvalho P, Rosa B, Moreira
MJ, Pinho R, Mascarenhas Saraiva M, Cotter J. Essential role
of small bowel capsule endoscopy in reclassification of colonic
inflammatory bowel disease type unclassified. World J Gastrointest
Endosc 2017; 9(1): 34-40 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v9/i1/34.htm DOI: http://dx.doi.
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INTRODUCTION

The differential diagnosis of Crohn’s disease (CD) and
ulcerative colitis (UC) relies on a combination of clinical,
analytical, imaging, endoscopic and histologic data™?.
In 5% of patients with inflammatory bowel disease
limited to the colon is not possible to establish a definitive
diagnosis into CD or UC™, In 1978, Price introduced
the concept of indeterminate colitis to describe cases in
which colonic resections had been undertaken for chronic
inflammatory bowel disease but a definitive diagnosis
of either of UC and CD was not possible™. In 2005,
the Montreal Working Party proposed that the term
“indeterminate colitis” should be reserved for patients in
whom surgical specimen is available and the term “colonic
IBD type unclassified” (IBDU) for patients with no
surgical specimen available and for whom the endoscopy
is inconclusive and histology reveals chronic inflammation
with absence of definite diagnostic features of either CD
or UCP!, Actually, for most patients, IBDU represents a
temporary diagnosis, as it has been estimated that 80%
of them will be reclassified to either CD or UC within 8
years™.,

The correct diagnosis of inflammatory bowel disease
is extremely important to define prognosis, therapeutic
orientation and surgical intervention””®), Since Small
Bowel Capsule Endoscopy (SBCE) enables a direct
endoscopic visualization of throughout the small intestine
with higher diagnostic yield compared to conventional
endoscopy or imaging studies’'”, it may be expected
to contribute for the reclassification of IBDU. We report
a multicenter study that aimed to evaluate the role of
SBCE to reclassify patients with IBDU.

MATERIALS AND METHODS

We performed a multicenter study including consecutive
patients undergoing SBCE between 2002 and 2014 for
IBDU, ASCA negative/pANCA negative.

All patients had undergone an ileocolonoscopy prior
to SBCE. Inclusion criteria were as follows: Patients
with clinical features of chronic IBD, without previously
known small bowel involvement, in whom endoscopic
type and/or distribution of lesions did not allow a definite
diagnosis of CD or UC, microscopy indicating active and
patchy transmucosal chronic inflammation with minimal
or moderate architectural distortion and absence of
unequivocal diagnostic features for either CD or UC, after
exclusion of infectious colitis™, Subjects were excluded
from entering the study if they had nonsteroidal anti-
inflammatory drugs intake within 4 wk prior to capsule
endoscopy!", clinical or imaging evidence of bowel
stenosis or occlusion, or a follow-up of less than 12 mo.

Patients underwent SBCE with PillCam® SB1/SB2/
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Table 1 Demographics and clinical characteristics of the

inflammatory bowel disease type unclassified patients

No. of patients, n (%) 36 (100)
Gender
Female 21 (58.3)
Male 15 (41.7)

Age (yr) (mean + SD) at diagnosis
Age (yr) (mean £ SD) at SBCE
Device (no. patients), 1 (%)

332+13.1 (15-64)
35.9+13.3 (18-64)

PillCam® SB1 13 (36.1)
PillCam® SB2 16 (44.4)
PillCam® SB3 1(2.8)
Mirocam® 5(13.9)
Endocapsule® 1(2.8)

Gastric transit time (min)
Small bowel transit time (min)
Incomplete SBCE

Capsule retention 0
Follow-up (mo) before SBCE

Follow-up (mo) after SBCE

38.6 +44.7 (2-257)
290.4 +101.5 (52-480)
1(28)

30.2+29.9 (1-108)
51.9 + 40,5 (12-156)

IBDU: Inflammatory bowel disease type unclassified; SB: Small bowel;
SBCE: Small bowel capsule endoscopy.

SB3 (Given® Imaging, Yogneam, Israel), Endocapsule®
(Olympus Medical Systems Corporation, Tokyo, Japan)
or Mirocam® (Intromedic Co., Ltd., Seoul, South Korea)
receiving a clear liquid diet the day before capsule
ingestion and an overnight 12 h fast. No bowel purge was
administered prior to capsule ingestion.

SBCE videos were reviewed by two experienced
gastroenterologists in each center. In case of disa-
greement, the findings were reviewed by investigators
until a consensus was reached. Inflammatory activity
was objectively assessed by determining the Lewis score
(LS)™, Inflammatory activity was considered significant
and consistent with CD when the LS = 135",

The mean, SD, and range were calculated for
continuous data. Categorical data analysis was conducted
using the Fisher exact test. Data analysis was performed
using SPSS version 20.0 (IBM, Armonk, New York, United
States). Test characteristics were determined using a 2 x
2 table and calculating the sensitivity, specificity, positive
predictive value and negative predictive value.

Statistical significance was considered when the P
value was less than 0.05.

RESULTS

A total of 36 consecutive patients with IBDU underwent
SBCE procedures between October 2002 and August
2014, with a mean follow-up before the exam of 30 mo
(1-108 mo).

The mean age of patients at the time of diagnosis of
IBDU and at time of SBCE was 33 years and 36 years,
respectively, with 58% being of female gender.

Table 1 summarizes the demographic and clinical
characteristics of the study population. The capsule was
ingested without difficulty by all of the 36 subjects. There
were no cases of capsule retention or reported adverse
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events in any of the subjects included in this study.

A complete small-bowel examination was achieved
in 97.2% of studies. The mean follow-up after SBCE was
52 mo (12-156 mo).

At the moment of SBCE thirty four patients had
clinically active disease and received anti-inflammatory
treatment, as summarized in Tables 2 and 3. SBCE
revealed small bowel lesions in 13 of patients (36.1%)
and 23 (63.9%) patients had no lesions detected on
SBCE. The distribution of the lesions in the small intestine
were as follows: Two patients had multiple ulcerations
(n = 8) throughout the entire small bowel, 1 patients
had ulcerations in first and second tertiles, 1 patient
had ulcerations only in the second tertile, 5 patients had
multiples ulcerations in the third tertile. In 4 patients
the capsule revealed subtle findings of focal edema in a
single short segment of the small bowel (Table 2).

Nine patients (25%) had inflammatory lesions con-
sidered significant (LS = 135) and consistent with a
diagnosis of CD (Table 2). In 4 of those patients (44.4%)
a subsequent ileocolonoscopy showed, by this occasion,
lesions compatible with CD in the terminal ileum and his-
tology of colonic lesions was unspecific. In the remaining
5 patients (55.6%), the histology of colonic lesions was
unspecific and ileoscopy detected no lesions.

In 27 patients (75%), the SBCE revealed no sig-
nificant inflammatory activity (LS < 135). Among these
patients, no lesion was detected in 23 patients and subtle
lesions were found in 4 cases (Tables 2 and 3).

One patient (4.3%) with no lesions at SBCE had on
follow-up a subsequent ileoscopy which revealed lesions
compatible with CD (Table 3).

In 12 of 23 patients (52.2%) with no lesions at
SBCE, a diagnosis of UC was established on follow-up,
on average 38.3 mo after SBCE (Table 3). Four patients
(25%) with a final diagnosis of UC had subtle lesions
(focal edema) on SBCE (Table 2). In all of these patients
the endoscopic and histological findings were consistent
with the diagnosis of UC, which remained in clinical and
analytical remission on follow-up.

Ten patients (27.8%) remained with a diagnosis
of IBDU after a mean follow-up of 42 mo (Table 3).
Considering the endoscopic criterion of significant infla-
mmatory activity to predict a diagnosis of CD, using a
cut-off for LS = 135™, it would result in no false positive
and only one false negative examinations, corresponding
to a sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of 90%, 100%,
100% and 94%, respectively.

In 6 of 9 patients (66.7%) with significant infla-
mmatory activity detected in SBCE, the treatment during
the follow-up was escalated to immunosuppressive
drugs or biological therapy (Table 2). In 3 of 16 (18.8%)
patients with a definitive diagnosis of UC and in 4 of 10
(40%) patients who remained with a diagnosis of IBDU
on follow-up, a new IBD medication was introduced
during the follow-up.

The start of treatment with thiopurines and/or biologics
in patients who were previously naive to those medications
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Table 2 Clinical characteristics and outcome of the patients with positive small bowel capsule

Case Sex Age SBCE Findings LS Treatment pre-SBCE Treatment post-SBCE Diagnostic at follow-up
1 F 38 Multiple jejuno-ileal ulcerations 1404 5ASA 5 ASA + AZT CD
2 F 18 Ulcer (n = 1) and edema of 3° tertile 143 AZT Anti-TNF CD
3 M 23 Ulcer (n = 1) and edema of 3° tertile 143 5ASA 5ASA CD
4 F 20 Ulcerations (n = 2) and edema of 3° tertile 233 5ASA 5ASA CD
5 i 33 Ulcer (n = 3) of 2° tertile 225 5ASA 5ASA CD
6 B 19 Multiple ulcerations and edema of 3° tertile 908 5ASA AZT CD
7 M 60 Focal edema of 1° tertile 8 No treatment 5ASA ucC
8 M 22 Multiple jejuno-ileal ulcerations 2080 5ASA 5ASA + AZT CD
9 B 32 Multiple ulcerations and edema of 3° tertile 908 5ASA AZT CD
10 I 27 Focal edema of 3° tertile 8 Prednisolone anti-TNF ucC
11 B 47 Focal edema of 2° tertile 8 5ASA 5ASA ucC
12 Il 31 Ulceration and edema of 1° (n = 5) and 2° tertile (1 =6) 879 5ASA+Prednisolone AZT CD
13 M 44 Focal edema of 3° tertile 8 5ASA 5ASA ucC

5ASA: Mesalamine; anti-TNF: Anti-tumor necrosis factor drug; AZT: Azathioprine; CD: Crohn’s disease; SBCE: Small bowel capsule endoscopy; LS: Lewis

score; UC: Ulcerative colitis.

Table 3 Clinical characteristics and outcome of the patients with negative small bowel capsule

Case Sex Age Treatment pre-SBCE Treatment post-SBCE Diagnostic at follow-up
1 M 45 5ASA 5ASA IBDU
2 F 15 Prednisolone, 5ASA 5ASA ucC
8 F 27 AZT,5ASA AZT ucC
4 E 26 5ASA 5ASA UucC
5) M 31 5ASA 5ASA IBDU
6 E 34 5ASA 5ASA IBDU
7 M 21 5ASA 5ASA IBDU
8 E 22 5ASA 5ASA, AZT IBDU
9 E 56 5ASA 5ASA ucC
10 F 27 AZT, anti-TNF AZT, anti-TNF ucC
11 E 30 5ASA 5ASA ucC
12 M 24 5ASA 5ASA CD
13 M 49 5ASA 5ASA ucC
14 M 43 5ASA 5ASA ucC
15 E 30 5ASA + AZT Anti-TNF IBDU
16 M 24 5ASA 5ASA ucC
17 EF 20 5ASA 5ASA ucC
18 M 55 5ASA 5ASA IBDU
19 F 31 5ASA 5ASA, AZT, Anti-TNF ucC
20 F 48 5ASA 5ASA, AZT IBDU
21 M 64 5ASA 5ASA ucC
22 M 44 No treatment 5ASA IBDU
23 M 53 5ASA 5ASA IBDU

5ASA: Mesalamine; anti-TNF: Anti-tumor necrosis factor drug; AZT: Azathioprine; CD: Crohn’s disease; IBDU: Colonic
inflammatory bowel disease type unclassified; SBCE: Small bowel capsule endoscopy; UC: Ulcerative colitis.

occurred in 6/9 (66.7%) vs 5/27 (18.5%) patients with or
without significant inflammatory activity detected at the
SBCE, respectively (P = 0.012).

DISCUSSION

Ileocolonoscopy remains the first line exam to achieve the
diagnosis in patients with suspected IBD"*. Nonetheless,
ileocolonoscopy can miss CD and result in false negative
results due to skip lesions throughout the terminal
ileumt*,

Upper endoscopy, SBCE, computed tomography
enterography (CTE) and magnetic resonance entero-
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graphy (MRE) can provide important information and may
be useful to establish a definitive diagnosis™*.

In patients with suspected CD and negative ileocol-
onoscopy findings, recent European guidelines recommends
SBCE as the next diagnostic exam for small bowel
investigation, in the absence of obstructive symptoms or
known stenosis™.

SBCE has proven its superiority in identifying infla-
mmatory lesions consistent with the diagnosis of CD in
the small intestine when compared to CTE™'® or MRE™”,
thus it has assumed an important role on the evaluation
of patients with suspected CD!"****), having a high
negative predictive value for the absence of significant
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inflammatory activity'>'. However, there is still limited

evidence for the role of SBCE in patients with IBDU™".

Most studies’®>*? used the non-validated diagnostic
criteria for small-bowel CD proposed by Mow et a/t**
(presence of more than three ulcerations).

Meanwhile, two scoring systems have been developed
to standardize the quantification of inflammatory activity
in the small bowel. The Capsule Endoscopy Crohn’s
Disease Activity Index (CECDAI) is based on evaluation
of the following parameters: Inflammation, extent of
disease and presence of a stricture, while the LS eval-
uates villous appearance, ulcers and stricturest*?. The
LS has shown a better performance than the CECDAI at
describing small-bowel inflammation®*,

Indeed, LS has been shown a strong interobserver
agreement for the determination of the inflammatory
activity, and it is validated for the reporting small-bowel
inflammatory activity™®>*®.

In our study, the findings revealed by SBCE were
consistent with a diagnosis of CD, based upon LS > 135,
in 9 of 36 (25%) of the subjects with IBDU, which is in
line with the 16%-50% range described in other previous
series®>**?*1 An even higher percentage has been
reported in pediatric patients™*,

In the present study, 4 patients (25%) with final
diagnosis of UC had subtle small bowel lesions, such as
focal edema, without a significant inflammatory activity,
LS < 135, and with dlinical and analytical remission during
follow-up. Indeed, previous studies already reported a
significantly higher frequency of small-bowel lesions in
UC patients as compared with that in the control healthy
volunteers®”, The significance of the presence of these
lesions and the possible risk of misdiagnosis is still
indeterminate™"’,

Although a negative SBCE study did not allow to
definitely exclude a future diagnosis of small bowel CD,
as further investigation and biopsies on follow-up led to a
diagnosis of CD in one patient, the absence of significant
inflammatory activity (LS < 135) in the small intestine
actually allowed exclusion of CD in 94% of cases.

Based on our findings, SBCE may lead to reclas-
sification of disease from suspected IBDU to definitive CD
in 25% of cases. Furthermore, treatment with thiopurines
and/or biologics was initiated more often in patients
with significant inflammatory activity detected on SBCE
(66.7% vs 18.5%, P = 0.012). This association suggests
that capsule findings may be helpful in the clinical
management of these patients, as already been proven in
other series!®**34,

There are some limitations of this study, including
its retrospective design, a limited humber of subjects,
and no direct comparison of SBCE with alternative small
bowel diagnostic imaging, however, the last was not an
aim of this study.

Nevertheless, to our knowledge this is one of the
studies with larger number of patients included to evaluate
this particular issue'®2#%,

There are no definite diagnostic criteria for IBDU, as
it must be considered a provisional diagnosis until more
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information (clinical, endoscopic, radiologic or pathologic )
or data on follow-up enable a definitive reclassification™.
Mucosal biopsy samples before treatment can be useful
to distinguish UC from CD, but this distinction is based
primarily on the pattern, type and location (distribution)
of the disease, rather than specific histological features,
for which there is much overlap between the two
diseases™. Therefore, SBCE has a valuable role in the
reclassification of patients with IBDU, may also contribute
to establish the strategy for clinical management, and
should be performed in the undefined diagnosis, which
IBDU represents, in order to contribute to a definite
diagnosis.
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Background

Colonic inflammatory bowel disease type unclassified (IBDU) is defined as
a chronic idiopathic inflammatory bowel disease limited to the colon, whose
combination of clinical, analytical, imaging, endoscopic and histological
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and ulcerative colitis.
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