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Intra-abdominal adhesions occur in more than 90% of
patients following major abdominal surgery1 and account
for about 60–70% of cases of small bowel obstruction
(SBO).2 Adhesions have significant implications for both
patients and healthcare providers; they have been implicated

in female secondary infertility3,4 and chronic pelvic pain5 and
result in reduced patient quality of life. Furthermore, adhe-
sions are associated with repeated, lengthier and more com-
plex surgery,6–8 higher surgical costs7,9–11 and a propensity to
reform,12 with adhesion re-formation occurring at a rate of
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ABSTRACT

INTRODUCTION Intra-abdominal adhesions occur in many patients following major abdominal surgery and represent a serious
burden to patients and healthcare providers. The multicentre ARIEL (Adept® Registry for Clinical Evaluation) Registry was
established to gather clinical experiences in the use of icodextrin 4% solution, an approved adhesion-reduction agent, during
routine general surgery.

PATIENTS AND METHODS General surgeons from five European countries completed anonymised data collection forms for
patients undergoing laparotomy or laparoscopy. Surgeons recorded patient demographics, use of icodextrin 4% solution and
adverse events, and made subjective assessments of ease of use and patient acceptability with the agent.

RESULTS The general surgery registry included 1738 patients (1469 laparotomies, 269 laparoscopies). Leakage of fluid from
the surgical site did not appear to be affected by icodextrin 4% solution and was classified as ‘normal’ or ‘less than normal’ in
most patients (laparotomies 86%, laparoscopies 88%). Overall, satisfaction with ease of use was rated as ‘good’ or ‘excellent’
by the majority of surgeons (laparotomies 77%, laparoscopies 86%). Patient acceptability was also good, with ratings of ‘as
expected’ or ‘less than expected’ in most cases for both abdominal distension (laparotomies 90%, laparoscopies 91%) and
abdominal discomfort (laparotomies 91%, laparoscopies 93%). Adverse events occurred in 30.6% of laparotomy patients and
16.7% of laparoscopy patients; the most common events were septic/infective events (4.2% and 3.4% in the laparotomy and
laparoscopy groups, respectively). Anastomotic wound-healing problems were reported in 7.6% of patients in the subset of
laparoscopy patients undergoing anastomotic procedures (n = 66).

DISCUSSION Volumes of icodextrin 4% solution used as an irrigant and instillate were in line with recommendations.
Surgeons considered the agent to be easy to use and acceptable to patients. The reported frequencies of adverse events were
in line with those published in the literature for surgical procedures, supporting the good safety profile of this agent.

CONCLUSIONS Icodextrin 4% solution can be used in a wide range of surgical procedures. In combination with good surgical
technique, it may play an important role in adhesion reduction.
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85% following adhesiolysis, regardless of the method of
adhesiolysis or the type of adhesion.13 Despite these factors,
patients are often not informed prior to surgery about the
risks of adhesion formation or what measures can be used
to try to reduce these risks.14

Until recently, the extent of adhesion formation follow-
ing abdominopelvic surgery had not been known and the
burden of adhesions remained largely unacknowledged.
Two landmark epidemiological studies addressed this issue.
The Surgical and Clinical Adhesions Research (SCAR) Study
investigated the burden of postsurgical adhesions in
Scottish patients who underwent initial abdominopelvic
laparotomy in 1986.15,16 Over the following 10 years, 5.7% of
all re-admissions were directly attributable to adhesions
and 3.8% required further abdominal surgery.

The subsequent SCAR-2 study re-assessed the burden of
adhesions in a cohort of patients undergoing laparotomy in
1996 who were followed up for 4 years, and evaluated the
risks of an adhesion-related re-admission during this period.
The study found little change with persistently high re-
admission rates, particularly in high-risk groups such as
colorectal surgery patients, with up to one in five of these
patients being re-admitted for adhesion-related events
within 4 years of initial surgery. The risks of re-admission
were even higher in those who had undergone previous
surgery.17

The adoption of good surgical technique is critical in
order to minimise adhesion formation and re-formation.
Recommended strategies include the use of minimally inva-
sive surgical procedures, maintenance of haemostasis, min-
imal handling of peritoneal organs, avoidance of desicca-
tion and infection, minimal suturing and cauterisation, and
the avoidance of foreign bodies in the peritoneal cavity.4,18–20

Data from the SCAR and SCAR-2 studies indicate, however,
that such strategies are proving largely ineffective in the
prevention of adhesion-related complications. An analysis
performed using a cost-effectiveness model based on the
SCAR database, and published in 2002, estimated that the
annual UK cost of adhesion-related re-admissions within
the first year after initial surgery, was in excess of £24.2 mil-
lion.21 Such data serve to highlight the high economic, as
well as personal burden of postsurgical adhesions and the
need for effective adhesion-reduction agents.

Icodextrin 4% solution (Adept®, Baxter Healthcare S.A.)
is a high-molecular-weight α-1,4-glucose polymer that is
approved in Europe for use as an intra-operative lavage and
a postoperative instillate to reduce adhesion formation following
abdominopelvic laparotomy or laparoscopy. Due to the high
molecular weight of icodextrin and the absence of amylase – the
enzyme by which it is metabolised – within the human peri-
toneal cavity, the agent has a prolonged peritoneal residence
time of at least 4 days.22 This enables it to function by a process
of hydroflotation,23 keeping the peritoneal organs apart during

the critical postsurgical period when adhesion formation
occurs.

Preclinical and preliminary clinical studies have demon-
strated that icodextrin 4% solution is an effective treatment
for the reduction of adhesion formation following sur-
gery.23,24 ARIEL (Adept® Registry for Clinical Evaluation) is a
Europe-wide registry that was established to collate feed-
back on the clinical experiences of general and gynaecolog-
ical surgeons regarding their use of icodextrin 4% solution
during routine laparotomy and laparoscopy. The registry
aimed to provide an information source for surgical centres
on the optimal usage and safety of icodextrin 4% solution in
routine surgery.

In this paper, we present findings from ARIEL in terms of
the safety, ease of use, handling, and patient acceptability of
icodextrin 4% solution during laparotomy and laparoscopy
in general surgery.

Patients and Methods

ARIEL was initiated in a number of general surgical and
gynaecological centres in the UK and was then expanded to
involve 253 centres (103 general-surgery and 150 gynaeco-
logical-surgery centres) in France, Germany, Italy, Spain,
Greece (gynaecology only), and the UK. National co-ordina-
tors for the registry were identified in each participating
country and were involved in the finalisation of the registry.

Participating surgeons were asked to complete prospec-
tively anonymous, 4-page general-surgery or gynaecologi-
cal-surgery data collection forms for patients undergoing
laparotomy or laparoscopy who had an associated risk of
adhesion formation and in whom the use of icodextrin 4%
solution was planned as an adhesion-reduction agent. The
data collection forms were designed to be simple to com-
plete and were provided in five European languages
(English, French, German, Italian and Spanish). Icodextrin
4% solution is contra-indicated in patients who demon-
strate allergic reactions to starch; therefore, such patients
were excluded from the registry. Surgeons were advised to
administer icodextrin 4% solution as a lavage at a rate of at
least 100 ml every 30 min with a final wash and removal at
the end of surgery, followed by a 1-l instillation, in accor-
dance with instructions for use of the agent. Data were col-
lected between February 2000 and December 2003.

Participating surgeons were requested to provide
anonymised data concerning: patient demographics and pre-
senting symptoms; surgical history; type of surgery undertak-
en (emergency/elective); presence/absence of adhesions; sur-
gical procedure undertaken (laparoscopy/laparotomy); type of
surgical closure; and surgical, clinical and post-discharge
observations. Surgeons’ experience with icodextrin 4% solu-
tion was recorded (as an irrigant and instillate plus the vol-
umes used). A subset of laparotomy patients in whom drains
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were inserted was evaluated in order to assess levels of
drainage and compare them with levels that the surgeon
would have expected. Surgeons were also required to make
subjective assessments of the following parameters: levels
of leakage of peritoneal fluid/icodextrin 4% solution from
patients’ abdomens at closure; overall satisfaction, ease of
handling and viewing of the surgical field with icodextrin 4%
solution; and levels of abdominal discomfort and abdominal
distension as indicators of surgeon and patient acceptability of
the agent. All peri- and post-procedural complications and
adverse events were recorded, and all cases involving serious
adverse events were reported immediately.

Once submitted, the anonymous patient records were
captured in a central database. To enable patient identifica-
tion for future follow-up, the forms were precoded central-
ly, and surgeons retained a confidential ‘patient details’
form for each case. In order to ensure quality of the data,
case providers were contacted for further information if
records were incomplete or outcomes or adverse events
were unclear.

Results

Patient demographics
Patient demographics are presented in Table 1. In total,
1738 patients were included in the general surgery registry,
the majority of whom (1469, 85%) underwent laparotomy
(this included 33 patients for whom an initial laparoscopy
was converted to a laparotomy). Overall, the mean age of
patients in the general surgery registry was 58 ± 18 years;

those undergoing laparotomy tended to be older. Bowel
resections with anastomosis comprised a large proportion
of laparotomies (61.7%), while adhesiolysis was commonly
performed in both laparotomy and laparoscopy surgical
groups (46.2%, and 43.5%, respectively). The most common
presenting symptoms and conditions are shown in Table 2;

Laparotomy Laparoscopy
(n = 1469) (n = 269)

Age, mean ± SD (years) 60 ± 18 49 ± 17
Previous laparoscopy (%) 4 14
Previous laparotomy (%) 47 34
Surgery performeda (number of patients; % of total)

Adhesiolysisb 679 (46.2) 117 (43.5)
Cholecystectomy 59 (4.0) 87 (32.3)
(Pan-)proctocolectomy 25 (1.7) 0 (0.0)
Hernia repair 62 (4.2) 17 (6.3)
Bowel resections with anastomosis 907 (61.7) 61 (22.7)
Bowel resections without anastomosis 226 (15.4) 4 (1.5)
Emergency repair to perforated viscera 22 (1.5) 2 (0.7)

a Patients may have undergone more than one operation. Only the most frequently performed operations are listed.
b This was either the main reason for surgery or undertaken to enable another procedure.

Table 1 Demographics of patients in the ARIEL general surgery registry (n = 1738)

Presenting Number of patients (%)
symptom/conditiona Laparotomy Laparoscopy

Anaemia 73 (5.0) 1 (0.4)
Change of bowel habit 121 (8.2) 5 (1.9)
Cancer 492 (33.5) 26 (9.7)
Bleeding 112 (7.6) 9 (3.3)
Fistula 81 (5.5) 5 (1.9)
Hernia 49 (3.3) 13 (4.8)
Nausea/vomiting 97 (6.6) 7 (2.6)
Obesity 22 (1.5) 19 (7.1)
Bowel obstruction/occlusion 334 (22.7) 22 (8.2)
Pain 413 (28.1) 134 (49.8)
Peritonitis/sepsis 60 (4.1) 1 (0.4)

a Patients may have more than one presenting symptom or condi-
tion; only the most frequently reported presentations are listed.

Table 2 Presenting conditions/symptoms of patients under-
going general surgery in the ARIEL general surgery registry
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cancer, pain and bowel obstruction/occlusion occurred
with the highest frequencies in both the laparotomy and
laparoscopy cohorts. A total of 518 patients in the general
surgery registry presented with cancer.

Use of icodextrin 4% solution
The mean volumes (± SD) of icodextrin 4% solution admin-
istered as an instillate were 999 ± 254 ml, and 959 ± 319 ml,
during laparotomy and laparoscopy, respectively; when
administered as an irrigant, 871 ± 490 ml and 864 ± 454 ml,
respectively. This was in accordance with recommended vol-
umes (1-l instillation and 100 ml every 30 min for irrigation).

Drains were inserted in a subset of laparotomy patients
(n = 698, 47.5%). The proportion of cases in which drains
were used varied considerably by country: 96% in Italy, 75%
in Germany, 53% in Spain, 42% in France, and 37% in the
UK. Drainage was rated as ‘normal’ in 63% of patients
(mean estimated loss, 279 ± 312 ml of 1013 ml instillate
within 9 h), and ‘greater than normal’ in only 20% of
patients (mean estimated loss, 543 ± 288 ml of 1101 ml
instillate within 6.6 h), the latter representing a mean
excess fluid loss of 264 ml more than expected; drainage
was not recorded in the remaining 17% of patients.

Leakage of peritoneal fluid/icodextrin 4% solution from
the surgical site at closure was rated as ‘normal’ (i.e. as
expected) or ‘less than normal’ in the majority of cases
(86% of laparotomies, 88% of laparoscopies). Suturing of

port sites in the laparoscopic cohort did not appear to have
an effect on leakage. Viewing and handling of tissues –
parameters used to assess surgeons’ satisfaction with ease
of use of the agent – were rated as ‘good’ or ‘excellent’ dur-
ing both laparotomy and laparoscopy by the majority of cli-
nicians. These parameters were not given a rating of ‘bad’
on any occasion. Overall satisfaction was rated as ‘good’ or
‘excellent’ by surgeons in 77% of laparotomies and 86% of
laparoscopies.

Abdominal discomfort and abdominal distension, parame-
ters used to evaluate patient acceptability of the agent, were
rated as ‘as expected’ or ‘less than expected’ for most patients
(discomfort ‘as expected’/’less than expected’, 91% of laparo-
tomies and 93% of laparoscopies; distension ‘as expected’/’less
than expected’, 90% of laparotomies and 91% of laparoscopies).
Few patients experienced abdominal discomfort or distension
rated as ‘more than expected’ or ‘of clinical concern’.

Adverse-event profile
A small proportion of patients experienced adverse events
during laparoscopic procedures (incidence, 16.7%; this
value includes all reported adverse events). Adverse events
occurred more frequently in patients undergoing laparoto-
my procedures (incidence, 30.6%). The reported frequen-
cies for adverse events were in line with expected frequen-
cies for surgical procedures as published in the literature
(Table 3).

Number of events (%)
Laparotomy Laparoscopy Published adverse

Type of adverse event (n = 1469) (n = 269) event rate (%)

Cardiac events 22 (1.5) 0 (0.0) 1–3942–44

Fluid imbalance problems 11 (0.8) 1 (0.4) 2.3–4.545,46

Haematological events 20 (1.4) 3 (1.1) –
Ileus 53 (3.6) 5 (1.9) 2.3–17.632,39

Pain 15 (1.0) 3 (1.1) –
Predicted irrigation/instillation events 16 (1.1) 2 (0.7) –
Respiratory events 56 (3.8) 3 (1.1) –
Septic/infective events 61 (4.2) 9 (3.4) 2–4040,47

Peritonitis 4 (0.3) 4 (1.5) 2.8–5.140

Surgical/technical events 43 (2.9) 6 (2.2) –
Anastomotic wound-healing problems 27 (2.7)* 5 (7.6)* 1–3931–36

Non-anastomotic wound-healing problems 56 (3.8) 2 (0.7) 0–6.547

Other 69 (4.7) 5 (1.9) –

*Percentage of patients undergoing anastomotic procedures (laparotomy, n = 983; laparoscopy, n = 66).

Table 3 Incidence of key adverse events that occurred in patients in the ARIEL general surgery registry (n = 1738). The pub-
lished adverse events rates are included for comparison where available



MENZIES  PASCUAL  WALZ et al. ICODEXTRIN FOR REDUCTION OF ADHESIONS IN GENERAL SURGERY

Ann R Coll Surg Engl 2006; 88: 375–382 379

The main categories of adverse events are shown in
Table 3. The most common adverse events during laparoto-
my were septic/infective events (4.2%), respiratory events
(3.8%), non-anastomotic wound-healing problems (3.8%)
and ileus (3.6%). In the laparoscopic cohort, the most com-
mon adverse events were anastomotic wound-healing prob-
lems (7.6%), septic/infective events (3.4%), surgical/tech-
nical events (2.2%) and ileus (1.9%). Overall, 56 patients in
the general surgery registry presented with symptoms of
peritonitis, while only eight postoperative incidences of
peritonitis were reported as adverse events (laparotomy,
and laparoscopy cohort incidences, 0.3%, and 1.5%, respec-
tively). Patients presenting with peritonitis showed a slight-
ly higher incidence of wound-healing problems (5.4% ver-
sus 3.4% for those without peritonitis).

The incidence of anastomotic leakage among patients
undergoing anastomotic procedures (n = 1049) was 3.1%;
anastomotic leakage occurred in 2.7% (n = 27) of 983 patients
who underwent laparotomy and in 7.6% (n = 5) of 66 patients
who underwent laparoscopy (patients may have undergone
more than one anastomotic procedure). When anastomotic
procedures were subdivided according to surgical site, the
incidence of anastomotic leaks was as follows: colon (number
of anastomotic procedures, n = 321), 1.9%; rectum (n = 176),
4.0%; small intestine (n = 155), 1.9%; colorectal – not specified
(n = 149), 3.4%; gastric (n = 83), 1.2%; pancreatic/biliary (n =
46), 4.3%; oesophageal (n = 17), 17.6%; and other – not speci-
fied (n = 64), 3.1%. The incidence of leakage associated with
laparoscopic surgery, according to the number of surgical site
procedures, was also reported: colon (n = 19), 21.0%; rectum
(n = 12), 8.3%; small intestine (n = 1), 0%; colorectal – not
specified (n = 4), 0%; pancreatic/biliary (n = 6), 16.7%; and not
specified (n = 3), 0%.

Discussion

Recent studies have demonstrated that adhesions continue
to present a substantial burden following general surgery,
despite careful attention to surgical techniques and the
availability of adhesion-reduction strategies.15–17 Both site-
specific and liquid agents have been developed for the
reduction of adhesions. The effective use of site-specific
agents requires clinicians to perform positioning proce-
dures and to predict sites of potential adhesion formation.
However, many site-specific agents are difficult to apply,
particularly during laparoscopy. In addition, Seprafilm® has
been found to be associated with increased rates of anasto-
motic leakage,25 and Interceed® requires meticulous
haemostasis as efficacy of this agent is compromised by the
presence of blood.26,27 Preclinical and preliminary clinical
studies of icodextrin 4% solution, a broad-coverage adhesion-
reduction agent, indicate that it is effective in reducing adhe-
sion formation throughout the peritoneal cavity without the

need for accurate positioning. ARIEL was established to
provide feedback on clinical experiences with icodextrin
4% solution during routine laparotomy and laparoscopy.
The registry is, therefore, an important source of information
on the safety and ease of use of icodextrin 4% solution collect-
ed prospectively from experienced surgeons.

The findings from ARIEL indicate that icodextrin 4%
solution was well tolerated by patients who underwent
laparotomy or laparoscopy, as the reported frequencies of
adverse events were similar to those published in the liter-
ature. This finding is supported by previous reports of the
low incidence of adverse events associated with the use of
icodextrin 7.5% in patients receiving continuous ambulato-
ry peritoneal dialysis (CAPD).28,29 The ARIEL general sur-
gery data also indicate that icodextrin 4% solution can be
used in a wide range of surgical procedures and in patients
with a wide range of conditions. Cancer, pain and/or bowel
obstruction were the most frequent presenting symptoms or
conditions reported in both cohorts. Data obtained from the
large number of patients in ARIEL who underwent laparo-
tomy for cancer suggest that icodextrin 4% solution was
well tolerated by these patients. Animal models have shown
that icodextrin 4% solution has no effect on intraperitoneal
tumour-cell adhesion or the growth of free intra-abdominal
tumour cells.30 Indeed, the agent is separately approved in a
number of European countries as an intraperitoneal carrier
solution for the delivery of chemotherapeutic agents in can-
cer patients.

A key attribute of any effective adhesion-reduction prod-
uct, particularly in colorectal surgery, is that it may be used
during anastomotic procedures without an apparent
increase in the risk of anastomotic leakage. A recent sys-
tematic review31 revealed the median incidence of anasto-
motic leakage after gastrointestinal surgery to be 4–6%
(range, 1–39%).31–36 Preclinical studies with icodextrin 4%
solution demonstrated that the use of this agent as an irrig-
ant and a postoperative instillate resulted in no differences
in bowel anastomotic healing in rabbits compared with
treatment with lactated Ringer’s solution (LRS) or untreat-
ed surgical controls.37 The data presented here support this
evidence and demonstrate that, within the ARIEL setting,
the frequency of anastomotic leakage in patients undergo-
ing bowel anastomoses was low (3.1%) and within the
expected range. An assessment of leak rates by surgical site
showed that the highest rates occurred in patients undergo-
ing oesophageal, pancreatic/biliary or colorectal proce-
dures. Assessment by type of surgery showed that the inci-
dence of leakage was higher in patients who underwent
laparoscopy (7.6%), compared with those who underwent
laparotomy (2.7%). However, incidences were similar to
those presented in the literature31–36 and are likely to be relat-
ed to open anastomotic procedures being a more established
surgical technique in comparison to using laparoscopy.
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Postoperative ileus is generally accepted as a normal
physiological response to abdominal surgery.38 In ARIEL,
the incidence of postoperative ileus in the laparotomy and
laparoscopy cohorts was 3.6% and 1.9%, respectively,
which compares favourably with reported rates of
2.3–17.6%.32,39

The potential effects of adhesion-prevention products on
peritonitis are also an essential concern when considering
the use of such agents. Results from in vitro biocompatibil-
ity studies and preclinical models suggest that icodextrin
4% solution is unlikely to increase the risk of peritonitis.22 A
lower incidence of peritonitis in patients from ARIEL
(laparotomy, 0.3%; laparoscopy, 1.5%), compared with pre-
vious reports of peritonitis after colorectal surgery
(2.8–5.1%),40 supports these findings. In addition, icodextrin
7.5% solution has been shown to neither increase the
occurrence of peritonitis nor affect outcomes in patients
with peritonitis, compared with glucose solution in patients
receiving CAPD.41 A slight increase in the frequency of
wound-healing problems was observed in patients with
peritonitis; however, this was unlikely to be a direct effect of
icodextrin 4% solution.

The volumes of icodextrin 4% solution used by general
surgeons in the ARIEL Registry were in line with volumes
recommended for its use as an irrigant and as an instillate.
In addition, abdominal discomfort and abdominal disten-
sion were rated as ‘as expected’ by the majority of patients,
indicating good patient acceptability. Using appropriate vol-
umes of icodextrin 4% solution as both a wash and an instil-
late during surgery is particularly important. In animal
models, using the agent as a wash-only was less effective in
reducing the incidence of adhesions than using a combina-
tion of washing and subsequent postoperative instillation of
the agent.22 It is, therefore, recommended that icodextrin
4% solution should be used as both an intra-operative irri-
gant and as a postoperative instillate in order to minimise
the risk of adhesion formation.

The use of icodextrin 4% solution in patients with drains
remains a subject of debate as, inevitably, some of the instil-
late will be lost during drainage. Furthermore, drain usage
varies considerably between institutions and countries.
ARIEL data indicate that drainage was rated as ‘normal’ in
the majority (63%) of patients with drains and as ‘greater
than normal’ in 20% of patients, in whom a mean volume of
264 ml of fluid was lost in excess of the expected volume (total
fluid loss, 543 ml over 6.6 h; 49% of total instillate volume).
However, as 1 l of instillate was used, it is likely that ≥ 50% of
the solution remained within the peritoneal cavity in all
patients.

Ease of use is a major factor in the uptake and effective
use of an adhesion-reduction agent. The registry shows that
most surgeons considered viewing of the surgical field and
handling of tissues to be ‘good’ or ‘excellent’ while using

icodextrin 4% solution, which indicates that the majority of
surgeons found the agent easy to use. Indeed, none of the
103 centres reported viewing or handling as ‘bad’. This is in
contrast to some site-specific films that have been found to
be difficult to apply.25–27

Conclusions

Preclinical and preliminary clinical studies have demon-
strated that icodextrin 4% solution is an effective treatment
for the reduction of adhesion formation following surgery.
Data from ARIEL indicate that the agent is easy to use, can
be used in a wide range of general surgical procedures
without excessive leakage from the surgical site and does
not adversely affect viewing of the surgical field or the han-
dling of tissues. Furthermore, icodextrin 4% solution was
well tolerated by patients undergoing laparotomy or
laparoscopy and by those presenting with symptoms of peri-
tonitis, and satisfaction with the agent was rated as ‘good’ or
‘excellent’ by the majority of surgeons. These findings sug-
gest that icodextrin 4% solution may play an important role
as part of an adhesion reduction strategy.
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