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Abstract

CDX2 is a nuclear homeobox transcription factor that
belongs to the caudal-related family of CDX homeo-
box genes. The gene encoding CDX2 is a nonclustered
hexapeptide located on chromosome 13q12-13. Ho-
meobox genes play an essential role in the control of
normal embryonic development. CDX2 is crucial for
axial patterning of the alimentary tract during embry-
onic developmentand is involved in the processes of in-
testinal cell proliferation, differentiation, adhesion, and
apoptosis. It is considered specific for enterocytes and
has been used for the diagnosis of primary and meta-
static colorectal adenocarcinoma. CDX2 expression has
been reported to be organ specific and is normally ex-
pressed throughout embryonic and postnatal life within
the nuclei of epithelial cells of the alimentary tract from
the proximal duodenum to the distal rectum. In this re-
view, the authors elaborate on the diagnostic utility of
CDX2 in gastrointestinal tumors and other neoplasms
with intestinal differentiation. Limitations with its use as
the sole predictor of a gastrointestinal origin of meta-
static carcinomas are also discussed.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

CDX2 is a nuclear homeobox transcription factor that
belongs to the caudal-related family of CDX homeobox
genes“‘ﬂ. The gene encoding CDX2 is a nonclustered
hexapeptide located on chromosome 13q12-13". Ho-
meobox genes play an essential role in the control of
normal embryonic development“’zj. CDX2 is crucial for
axial patterning of the alimentary tract during embry-
onic development“ﬂ and is involved in the processes of
intestinal cell proliferation, differentiation, adhesion, and
apoptosis', CDX2 functions within the cell to induce
differentiation and inhibit proliferation at the level of
gene transcriptionw. It stimulates intestinal epithelium
differentiation through activating the transcription of
proteins specific to the intestine, such as MUC2, sucrase,
isomaltase, and carbonic anhydrase 1. CDX2 inhibits
epithelial proliferation through upregulating WAF1/p21,
a cdk inhibitor that arrests the cell cycle upon DNA
damagem. CDX2 expression has been reported to be
organ specific and is normally expressed throughout
embryonic and postnatal life within the nuclei of
epithelial cells of the alimentary tract from the proximal
duodenum to the distal rectum!”.

November 27, 2011 | Volume 3 | Issue 11 |
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The majority of homeobox genes are considered as
proto-oncogenes, with few exceptionsm. Expression of
CDX2 decreases in human colorectal cancers in pro-
portion to the tumor grade and it is lost in minimally
differentiated colon carcinomas”. In addition, CDX2 is
downregulated by oncogenic pathways in colon cancer
cells. These observations have suggested that CDX2 has
a tumor suppressor function. In addition, Bonhomme
et al” have provided experimental evidence that CDX2
is a colon tumor suppressor gene. Unlike other colon tu-
mor suppressor genes such as 4PC and p55[m], which act
also outside the gut, CDX2 is the first intestine-specific
tumor suppressor[s].

Since CDX2 is a transcription factor, it shows a nu-
clear immunostaining pattern. In practice, nuclear expres-
sion of transcription factors has several distinct advan-
tages over cytoplasmic “differentiation” markers. Firstly,
transcription factors generally yield an “all or none”
signal, with the vast majority of positive cases contain-
ing positive signal in > 90% of the target cell population.
Secondly, the nuclear localization of the signal is much
less likely to be confused with biotin ot othetr sources
of false-positive cytoplasmic signals. Third, there is no
association between the levels of expression of nuclear
transcription factors and the state of differentiation of
the tumor.

CDX2 EXPRESSION IN
GASTROINTESTINAL TUMORS

CDX2 expression in colorectal carcinoma

CDX2 is expressed in normal small and large intestinal
epithelial cells, including absorptive, endocrine and Pa-
neth cells"”. Recent immunohistochemical studies have
reported that CDX2 is a specific and sensitive marker for
adenocarcinoma of the gastrointestinal tract, particularly
colorectal adenocarcinoma'™™. Moskaluk e a/'”, exam-
ined CDX2 expression in tissue microarrays containing
745 cancers from many anatomic sites and observed
strong positive staining in 90% of colonic adenocarcino-
mas, 20%-30% of carcinomas of the stomach, esophagus
and ovary (limited to endometrioid and mucinous types)
and in less than 1% of all other carcinoma types. Another
study conducted by De Lott ef al'”, investigated CDX2
expression in tissue microarrays from 71 colorectal ad-

enocarcinomas, 47 lung adenocarcinomas, 31 hepatocel-
lular carcinomas, 55 squamous cell carcinomas of the
lung, 69 neuroendocrine carcinomas of the lung, 43 neu-
roendocrine carcinomas of the pancreas, 57 pancreatic
adenocarcinomas, and 256 endometrial adenocarcinomas.
Positive results were found in about 72% of colorectal
cancers and in only 6% of endometrial carcinomas'"”
Tumors from other sites were either negative or rarely
positive. Similarly, Werling ¢ a/'" found CDX2 expres-
sion in the majority of colorectal carcinomas, with only
few exceptions. A heterogeneous focal staining pattern
was found in pancreatic, gastric and gastroesophageal
adenocarcinomas and cholangiocarcinomas. CDX2 was
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rarely expressed in carcinomas of the breast, genitouri-
nary tracts, gynecologic tracts, lung, head and neck™.
Bakaris ¢ a/"” observed that CDX2 expression was seen
in all cases of colonic adenoma, and the majority of
colorectal adenocarcinomas. These previous studies have
illustrated the value of CDX2 expression in determining
tumor origin in the diagnostic settingsm.

Previous studies have reported a wide variation in the
proportion of colorectal adenocarcinomas that express
CDX2. Some studies have reported its expression in 98%
to 100% of cases, while others have observed loss of
CDX2 expression in 14% to 37% of cases” ' Loss of
CDX2 expression in colorectal cancer has been found to
correlate with high tumor grade, microsatellite instability
or advanced tumor stage”’”’m. Considering the role of
CDX2 in promoting cellular differentiation and inhibiting
proliferation®™ loss of CDX2 expression could conceiv-
ably contribute to aggressive tumor behavior and increase
the likelihood of metastatic disease!”’. Choi e# a/' ana-
lyzed the expression of CDX2 in 123 cases of sporadic
colorectal cancers and found loss of its expression in
29/123 (23.6%) specimens. Again, this loss of expres-
sion was found to correlate with higher tumor stage and
positive lymph node metastasis'’. Loss of CDX2 is also
more frequently encountered in mismatch repair-deficient
colorectal cancer”. Utilizing a database of 621 colorectal
cancers, Baba ¢# al” found that CDX2 loss was cotreleted
directly with female gender, high tumor grade, stage IV
disease, and inversely with LINE-1 hypomethylation, p53
expression, and B-catenin activation. CDX2 loss was as-
sociated with high overall mortality among patients with a
family history of colorectal cancer”. This implies the im-
portance of CDX2 in the suppression of tumorgenesis
in a subset of colorectal cancers and its potential for use
as a prognostic marker in identifying high risk patients.

Rectal adenocarcinomas are commonly lumped to-
gether with colonic tumors, making their proper immu-
noprofiling difficult"”. We recently investigated the ex-
pression of CDX2, along with CK7 and CK20, in rectal
adenocarcinoma. In our experience, CDX2 was expressed
in the majority of cases of rectal adenocarcinoma, and
staining was predominantly nuclear with occasional faint
cytoplasmic stainingm. In our study, CDX2 expression
did not appear to correlate with tumor grade (tumor dif-
ferentiation).

CDX2 expression in esophageal neoplasms

CDX2 is not expressed in normal esophageal and gastric
epithelial cells but is expressed in intestinal metaplasia of
the esophagus[zom]. In some patients, Barrett’s esophagus
is complicated by the development of esophageal adeno-
carcinoma™!!. Lord ez o/ investigated the expression of
CDX2 and PITX1 in Barrett’s esophagus and associated
adenocarcinoma. Negative CDX2 staining was observed
in normal squamous esophageal lining, while strong (3+)
nuclear staining was seen in all cases of Barrett’s intestinal
metaplasia, dysplasia, and associated adenocarcinoma™.
The level of CDX2 mRNA expression was found to co-
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incide with immunohistochemical CDX2 expression as
both were upregulated in Barrett’s intestinal metaplasia
tissues and remained elevated in dysplastic and adenocat-
cinoma cells®. In contrast, a recent study has reported
CDX2 expression which was significantly weaker or ab-
sent in esophageal dysplasia and adenocarcinoma in com-

. . 23]
parison to metaplastic cells™

CDX2 expression in gastric adenocarcinoma
Gastric carcinoma is frequently found in association with
intestinal metaplasia[w. Studies have reported CDX2
expression in both intestinal metaplasia of the stomach
and intestinal-type gastric carcinoma™". Furthermore,
incomplete intestinal metaplasia, which expresses both
gastric and intestinal mucins, shows lower CDX2 expres-
sion compared with complete intestinal metaplasia”.
Although incomplete intestinal metaplasia morphologi-
cally resembles colon, its CDX2 expression was appat-
ently lower than that seen in the normal colon. Similar to
esophageal dysplasia, previous studies showed decreasing
CDX2 expression from metaplasia to dysplasia to adeno-
carcinoma"”. Intestinal metaplasia or dysplasia with low
expression of CDX2 may potentially serve as predictive
markers for gastric cancer™

Song et al™ reported a significantly better outcome
for CDX2-positive gastric tumors over CDX2-negative
tumors. Other studies have similarly demonstrated that
positive CDX2 expression in gastric cancer significantly
correlated with better differentiation and prognosis”™**,
CDX2 expression has been evaluated in 69 cases of
gastric epithelial dysplasia, 88 early gastric cancers and
56 advanced gastric cancers. Increased CDX2 expres-
sion was more frequently associated with adenomatous-
type gastric epithelial dysplasia (87%), compared with the
foveolar (47%) or hybrid (44%) types. CDX2 expression
levels also gradually decreased from gastric dysplasia, to
eatly and advanced gastric cancers. Moreover, a negative
correlation was observed between CDX2 expression and
the depth of tumor invasion”. A recent study showed
that absence of nuclear CDX2 expression may serve as
a powerful predictor of lymph node metastasis in gastric
cancer”™, Overexpression of CDX2 has recently been
shown to inhibit cell growth and proliferation 7 vitro and
can effectively inhibit gastric cancer progression, making
this a potential therapeutic target”".

CDX2 expression in small intestinal adenocarcinoma
Despite the large surface area, malignancies of the small
intestine are quite rare and account for only 2% of pri-
mary gastrointestinal tumors””. Small intestinal adeno-
carcinoma shows similarities in morphology and risk
factors with its colorectal counterpartﬁg]. However, it has
been found to be immunophenotypically distinct from
colorectal adenocarcinoma. Zhang ez al™™ examined the
expression of CDX2 in small intestinal adenocarcinoma
and found that CDX2 was expressed in 60% of cases of
small intestinal adenocarcinoma in comparison to 98%
of colorectal adenocarcinoma.
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CDX2 expression in gallbladder adenocarcinoma
Gallbladder adenocarcinoma is a highly malignant neo-
plasm with variable incidence depending on gender and
geographic distribution™. Sakamoto ez ai"" investigated
the expression of CDX2 in human gallbladders with
cholelithiasis and reported CDX2 expression in 92% of
gallbladder intestinal metaplasias. CDX2 expression has
been found in dysplasia, carcinoma and intestinal meta-
plasia of the gallbladder and carcinogenesis may proceed
through intestinal metaplasia as seen in esophageal meta-
plasiam’m.

Wu et al” examined the expression of CDX2 in 68
primary gallbladder carcinomas and compared its ex-
pression with various clinicopathologic factors. Positive
staining was observed in 25/68 (36.8%) cases with no
significant correlation with clinicopathologic prognos-
tic parameters. Well-differentiated carcinomas had high
CDX2 expression (54.8%) compared to moderately dif-
ferentiated (7.1%) and poorly differentiated carcinomas
(0%)™. In contrast, Chang ¢t a/*"' reported CDX2 posi-
tivity in 29% of their cases and that expression was an in-
dependent prognostic factor in patients with biliary tract
carcinoma.

CDX2 expression in extrahepatic bile duct and pancreatic
adenocarcinoma
Hong ez al™ found CDX2 expression in 37% of their
extrahepatic bile duct carcinoma cases. They observed
more frequent CDX2 expression in tumors with papil-
lary growth (60%) than in those with a nodular (25%) or
infiltrative (34.9%) pattern. CDX2 expression was also
more frequent in cases without vascular invasion (41.3%)
than in those with vascular invasion (23%). In univariant
analysis, CDX2/MUC2 positive patients had a signifi-
cantly higher survival rate than negative patients”,
CDX2 expression is focal and patchy in normal pan-
creatic epithelium®™ and CDX2 is infrequently expressed
in pancreatic adenocarcinoma. In our experience, CDX2
1s focally expressed in less than 10% of pancreatic duct
adenocarcinomas'”. Another report found CDX2 ex-
pression in only 3 of the 57 (5%) pancreatic adenocarci-
noma cases studied"”. In general, the staining pattern is
usually focal and less intense than that found in colorectal
adenocarcinoma.

CDX2 expression in gastrointestinal neuroendocrine
tumors

We have also examined the use of CDX2 and TTF1 in
differentiating metastatic neuroendocrine neoplasms of
unknown 0riginl43j. Expression of CDX2 was found in
28/60 (47%) gastrointestinal neuroendocrine tumors
with high prevalence in ileal, appendiceal and colonic ori-
ginlm (Figure 1). Similarly, previous studies documented
exclusive positive staining for CDX2 in ileal and appen-
diceal neuroendocrine tumors, while all rectal, gastric and
duodenal neuroendocrine tumors were negativel44’4sj. No
CDX2 expression was observed in neuroendocrine tu-
mors of other origins, including skin, ovary or thymus,
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Figure 1 CDX2 expression. A: CDX2 expression in metastatic ileal carcinoid to the liver. Please note the presence of moderate nuclear staining; B: CDX2 expression
is also seen in appendiceal goblet carcinoid (Immunohistochemistry x 400); C: CDX2 expression in cytology specimens of metastatic colonic carcinoma to the lung,
supporting their colorectal origin. (Immunohistochemistry x 250); D: CDX2 expression is seen in the majority of endocervical adenocarcinomas of intestinal type
(Immunohistochemistry x 400); E: CDX2 expression in endometrioid carcinoma (Immunohistochemistry x 400); F: CDX2 expression in sinonasal adenocarcinoma of

intestinal type (Immunohistochemistry x 400).

Pancreatic endocrine tumors show focal and heteroge-
neous staining for CDX2",

Rabban ¢ a/*” have evaluated CDX2 expression in
metastatic and primary ovarian carcinoids. They reported
diffuse nuclear CDX-2 expression in majority of primary
ovarian and metastatic intestinal carcinoids involving the
ovary, particularly insular and mucinous types. They con-
cluded that CDX2 is not specific and cannot be used to
determine the site of ovarian carcinoids. All primary ovar-
ian carcinoids were negative for TTF-1, CK7 and CK20M.

USE OF CDX2 TO CONFIRM
METASTATIC ADENOCARCINOMA OF A
GASTROINTESTINAL ORIGIN

CDX2 immunohistochemical staining for diagnosis of
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metastatic adenocarcinoma has recently come into prac-
tice!”™. Due to its limited expression in the spectrum
of human tissues and neoplasia, CDX2 has been investi-
gated for its usefulness in diagnosing a metastatic adeno-
carcinoma as being of a gastrointestinal origin*™".

The diagnostic utility of CDX2 as a marker to iden-
tify the gastrointestinal origin of a metastatic tumor was
addressed a study where we used CDX2 to distinguish
bronchioloalveolar adenocarcinoma of the lung from
metastatic mucinous colorectal adenocarcinoma™. Us-
ing surgical material, Saad ez a/"" and Barbareschi ez a/"”
both found CDX2 expression in metastatic colorectal
adenocarcinoma to the lung compared but absent in
primary lung adenocarcinoma. Similarly, CDX2 was use-
ful in cytology specimens as a marker of metastatic gas-
trointestinal adenocarcinoma when compared to other
metastatic tumors (Figure 1C). CDX2 expression was

November 27, 2011 | Volume 3 | Issue 11 |



found in 19/22 (86%) confirmed metastatic gastrointes-
tinal specimensm. All other metastatic adenocarcinomas,
from lung, breast, ovaries, pancreas, and prostate sites,
were negative for CDX2", Similarly, Lora and Kanitakis
investigated CDX2 expression in 68 cutaneous metastatic
tumors of various origin and found that CDX2 was a
specific immunohistochemical marker for cutaneous me-
tastases from intestinal and urothelial carcinomas!™.

Expression of CDX2 tumors outside the colorectum
has been reported“z’m. Tot™" reported that the CK20+/
CKT7- pattern is more specific than CDX2 expression in
predicting the colorectal origin of metastatic adenocarci-
noma. It is usually recommended to use CDX2 as a part
of immunostaining panel including CK7, CK20, mCEA
and [Xani]Hin to prove the intestinal origin of a metastatic tu-
mot" .

DIAGNOSTIC DILEMMAS WITH
ABERRANT CDX2 EXPRESSION

Despite the relatively restricted CDX2 expression pro-
file, expression of CDX2 in tumors outside the colorec-
tum has been previously reported. Moskaluk ez al" and
Werling ez al™ reported that a significant fraction of
ovarian mucinous carcinomas and primary bladder ad-

enocarcinomas were CDX2-positive and there have been
other studies reporting CDX2 expression in adenocarci-
nomas of various anatomic sites.

CDX2 expression in cervical adenocarcinoma

Intestinal differentiation of cervical adenocarcinoma, in
the form of goblet cells and/or Paneth cells, is uncom-
mon but may generate diagnostic dilemmas. Invasive
cervical adenocarcinomas with intestinal differentiation
could mimic the histology of colorectal adenocarcinoma,
raising the possibility of metastasis or direct spread. Also,
a distant metastasis from an intestinal type cervical ad-
enocarcinoma could be easily mistaken for a metastatic
adenocarcinoma of an intestinal origin, based on mor-
phology alone.

CDX2 immunostaining has been studied in a few
large series of cervical adenocarcinomas of various histo-
logic subtypes. McCluggage ef al® have recently reported
CDX2 positivity in the majority of intestinal-type endo-
cervical adenocarcinomas i situ (20/21 cases) and in all
the three invasive intestinal-type adenocarcinomas (ITAC)
studied. We compared the expression of CDX2 in 119
cases of different types of cervical adenocarcinoma with
that in rectal adenocarcinoma®”. Our study is the largest
reported to date and confirms that the majority of inva-
sive and 7 situ endocervical adenocatcinomas of intesti-
nal-type show CDX2 immunoreactivity153l, in agreement
with the results of McCluggage ez al™ (Figure 1D).

CDX2 expression in primary ovarian mucinous tumors

Of all ovarian epithelial tumors, mucinous tumors pose
the greatest difficulty with regard to differentiation be-
tween primary and metastatic tumors. Previous studies
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have demonstrated conflicting results regarding the value
of CDX2 in distinguishing primary tumors from meta-
static carcinomas of the ovary with mucinous morphol-
ogy. CDX2 expression has been reported in from 0 to
100% of ovarian mucinous tumors and in 0% to 30%

. .. . 54-64)
of ovarian endometrioid carcinomas” "

. In contrast,
a recent study showed that almost all primary ovarian
carcinomas lacked immunoreactivity for CDX2, while
the majority of metastatic colorectal carcinomas of the
ovary were CDXZ—positivem. In an attempt to reconcile
the wide gap in data from different studies, the authors
claimed that previous studies may have misclassified ovar-
lan metastases as primary tumors. Taken together, the
results available to date suggest that the differential diag-
nosis of primary and metastatic mucinous carcinoma still
poses a great problem because these tumors can share
their immunophenotype, gross and microscopic features.

CDX2 expression in uterine endometrioid
adenocarcinoma

Wani et a/*” investigated CDX2 expression in 225 cases
of endometrial biopsies including 101 endometrioid
carcinomas. Normal and non-proliferative endometrium
showed negative CDX2 staining. Endometrioid carcino-
ma with squamous differentiation was positive for CDX2
in 73% of cases, whereas only 14% of tumors without
squamous differentiation were positive (Figure 1E). In
addition, the authors found that the larger the number of
squamous foci the greater the number of CDX2 positive
cells which correlated strongly with nuclear 3-catenin ex-
pression. This may suggest an important role of CDX2

. : 65
in squamous morular formation'”.

CDX2 expression in prostatic adenocarcinoma

Herawi et a/* have investigated CDX2 expression in
prostatic adenocarcinoma, including 708 tissue microar-
rays containing either benign or malignant prostate tissue
as well normal tissues from various anatomic sites. Out
of 185 prostatic adenocarcinomas, only four cases (6%)
showed focal positive staining while benign prostatic tis-
sue was positive in 12% of cases. No cases of metastatic
prostatic carcinoma expressed CDX2"". Another study
found CDX2 expression in 31% of prostatic adenocar-
cinoma with mucinous or signet cell differentiation'®”.
However, in routine pathology practice, positive PSA
immunostaining and clinical findings should prove more
helpful when a prostatic origin is suspected for a meta-

. . 66,67
static adenocarcinoma'®**".

CDX2 expression in urachal adenocarcinoma

The majority of urachal epithelial neoplasms are adeno-
carcinomas with enteric or nonenteric histologies. Urachal
adenocarcinoma may mimic metastatic adenocarcinoma
of different origins. Paner ez al® studied CDX2 expres-
sion in 32 urachal adenocarcinomas and reported CDX2
expression in 85% of their cases. CDX2 expression can
be diffuse in urachal adenocarcinomas, even without the
classic enteric morphology. In urachal adenocarcinoma
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subtypes, CDX2 expression was see in 8/8 (100%) of
mucinous, 10/11 (91%) of enteric type, 5/7 (71%) of
not otherwise specified, and in 4/6 (67%) of signet ring
cell type. In addition, CDX2 was expressed by urachal
remnants of glandular type, and noninvasive urachal mu-

. . 68
cinous cystic tumors'®.

CDX2 expression in intestinal-type sinonasal
adenocarcinoma

ITAC of the nasal cavity and paranasal sinuses are uncom-
mon'. They are clinically aggressive and generally present
at an advanced stage. Franchi ¢z a/”” demonstrated nuclear
expression of CDX2 in all their cases of ITAC, with
strong nuclear staining identified in the majority. CDX2
staining was not present in normal respiratory mucosa
or seromucous glands. A similar study detected strong
and diffuse nuclear expression of CDX2 in all cases of
ITAC™ (Figure 1F). Choi ez al" suggested that the devel-
opment of ITAC is preceded by intestinal metaplasia, with
conversion from a normal CK7+/CK20-/CDX2-/villin-
phenotype to an abnormal CK7-/CK20+/CDX2+ /vil-
lin- intestinal phenotype.

CDX2 expression in acute myeloid leukemia

CDX2 is expressed in 90% of acute myeloid leukemia
(AML) but not in hematopoietic stem and progenitor
cells derived from normal individuals”>"". Frequent ex-
pression of CDX2 in the adult hematopoietic compart-
ment suggests a role for CDX2 as part of a common
effector pathway that promotes the proliferative capacity

and self-renewal potential of myeloid progenitor cells™,

CONCLUSION

CDX2 is a useful immunohistochemical marker for a
colorectal origin of metastatic carcinoma. However,
CDX2 can be expressed in other neoplasms, especially
those with intestinal differentiation, irrespective of their
origin. Therefore, CDX2 should not be used as the sole
basis for the conclusion that the gastrointestinal tract is
the primary origin of metastatic carcinomas. We recom-
mend that CDX2 should always be used as a part of a
broader immunohistochemical panel.
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Abstract

The last decade saw increased organ donation activity
from donors after cardiac death (DCD). This contribut-
ed to a significant proportion of transplant activity. De-
spite certain drawbacks, liver transplantation from DCD
donors continues to supplement the donor pool on the
backdrop of a severe organ shortage. Understanding
the pathophysiology has provided the basis for modula-
tion of DCD organs that has been proven to be effective
outside liver transplantation but remains experimental
in liver transplantation models. Research continues on
how best to further increase the utility of DCD grafts.
Most of the work has been carried out exploring the
use of organ preservation using machine assisted per-
fusion. Both ex-sitv and /in-situ organ perfusion sys-
tems are tested in the liver transplantation setting with
promising results. Additional techniques involved phar-
macological manipulation of the donor, graft and the
recipient. Ethical barriers and end-of-life care pathways
are obstacles to widespread clinical application of some
of the recent advances to practice. It is likely that some
of the DCD offers are in fact probably “prematurely” of-
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fered without ideal donor management or even prior to
brain death being established. The absolute benefits of
DCD exist only if this form of donation supplements the
existing deceased donor pool; hence, it is worthwhile
revisiting organ donation process enabling us to iden-
tify counter remedial measures.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The current literature suggests that outcomes of liver
transplantation using organs from donors after cardiac
death (DCD) are nearly comparable to that of donors
after brain death (DBD) or live donor transplants“’}].
However, these results are obtained at the expense of
significant peri-operative and long term morbidity to the
recipient and add substantial cost to the health econom-
ics. In countries where transplant programs depend on
deceased donors for the supply of organs, there appears
to be a recent increase in DCD numbers. In the United
Kingdom alone, DCD activity contributed up to 35% of
deceased donor transplants in the year 2009-2010. The
United Network for Organ Sharing (UNOS) data sug-

gests similar trends, with DCD accounting up to 10% of
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overall transplant activity. The initial euphoria of DCD as
a viable and alternative organ source is diminishing with
the realisation that these DCD organs have contributed
to an increased number of transplants at the expense of
DBD organs (Figure 1).

There is a lack of universally acceptable objective cri-
teria in identification of an ideal DCD donor and suitable
recipient selection. With ever growing transplant waiting
lists and death while on the list, clinicians are always on
the lookout for means of pushing the boundaries; which
donors can be accepted for DCD donation and which
organs can be safely transplanted into which potential
recipient. The big unanswered question that remains is
“which potential DCD donor would become a DBD
donor if appropriately managed?” but this is beyond the
control of transplant surgeons and lies in the hands of
the intensivists who manage most of these donors prior
to the referral™”.

Translational studies are not readily incorporated in
to the practice in the field of DCD liver transplantation.
The bulk of the evidence on clinical outcomes consists
of retrospective and observational series. On a positive
note, there is evidence on manipulation of DCD grafts,
potentially rectifying initial warm ischemia induced organ
injury'”. Most of the problems associated with DCD
liver transplantation ate related to the additional ischemic
insult that occurs following cardiac death and until organ
perfusion with preservation solution is commenced. The
exaggerated ischemia reperfusion injury might be poten-
tially life threatening to the recipient upon reperfusion
of the graftm. A higher incidence of significant organ
dysfunction, delayed graft function with primary non-
function is reported with organs from DCD donors™.
Dependency on organ support in the immediate post op-
erative period is an added burden on healthcare systems,
in addition to increased risk of long term complications
e.g. biliary complications in DCD liver grafts.

In this review we aim to analyze the current literature
on outcomes, results and complications of DCD liver
transplantation and investigate interventional and expeti-
mental strategies to overcome issues related to DCD liver
transplantation.

HISTORICAL PERSPECTIVES

For many years, liver transplant programs, based on
deceased organ donation programs, have depended on
“cadaveric donors” where death has been confirmed by
brain stem death testing. These donors are called heart
beating donors but more recently have become known
as deceased after brain death (DBD) donors. Liver trans-
plantation became an accepted treatment for end stage
liver disease following the refinement of immunosup-
pression therapy that resulted in improved long term
graft and patient survival. The increasing success of liver
transplantation led to a widening of the indications and
in the UK was at a time of a reduction in the number
of potential donors offered to the donor coordinator
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Figure 1 Data from the Queen Elizabeth Hospital Birmingham Liver
Transplant Unit. (A) Note the average number of patients in the transplant wait
list, especially in the years 2001/02, 2004/05 and 2008/09 had not changed;
in contrast, the mortality while on transplant wait list has been significantly
increased despite an increase in the LT activity from donors after cardiac death
donors (B).

teams to a point where the organ supply did not meet
the demand, and so surgeons explored alternative organ
sources.

The concept of non-heart beating donation or dona-
tion after cardiac death (DCD) was re-visited as a viable
source of liver grafts in this settingw. DCD donation
was in fact not a new phenomenon but could be regarded
as a revival of a historical procedure first performed in
1933. Historically, almost all renal transplants were car-
ried out using DCD organs following the first published
report in 1955!""). There was a revival of DCD activity
towards the end of the 20th Century*'"; this success in
the light of a reducing pool of DBD donors prompted
liver transplant surgeons to re-explore the possibility of
grafts from DCD donors for liver transplantation'™",
In the 1990s, there was increased activity of DCD liver
transplantation in the United States and Europe, which
led to the 1st DCD conference held in 1995 During
this conference, experts gathered in Maastricht defined
the categories of DCD donors, widely known as Maas-
tricht criteria. The following four categories were defined:
Category I - Death on arrival; Category II - Failed resus-
citation; Category Ill - Awaiting cardiac arrest, generally
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comprising planned withdrawal of life support of an in-
hospital (ITU) patient; Category IV - Cardiac arrest after
brain stem death.

Categories [ and II are known as “uncontrolled” do-
nors owing to lack of the time of cardiac arrest; hence the
predictability of initial warm ischemia. In contrast, types
Il /IV donors have a more predictable course before the
cardiac death and were termed “controlled” donots. The
outcomes of livers from uncontrolled DCD donors were
poor; only a few reports have been published on liver
transplantation using these donors and some form of
cardio-pulmonary support was employed in these donors
to maintain recirculation™", Substantial data on renal
transplantation from uncontrolled DCD donors exists;
however, most liver transplant programs only use con-
trolled DCD donors at present™. Initial results following
controlled DCD transplantation were acceptable and simi-
lar to that of livers from DBD donors; initially this donor
organ source was thought to be a supplement to reducing
numbers of organs from DBD donor sources.

CURRENT TREND IN DCD DONATION

In the UK, DCD donation activity has increased by
100% over the last few years. One would expect this to
have contributed to a parallel increase in the overall trans-
plant activity, but in reality, the total number of deceased
donors (DCD and DBD) and the number transplants has
remained static or declined in comparison to the previ-
ous years. Therefore, it appears that the DCD activity has
increased at the expense of DBD activity. We speculate
that this might be explained by some DCD donors being
referred prior to the establishment of brain stem death.
This is opposite to UNOS data which suggests that DCD
activity has increased to supplement the overall transplant

activity"”,

PATHOPHYSIOLOGY OF DCD

Following withdrawal of treatment in DCD donors,
organs suffer an ischemic insult resulting from hypoten-
sion and desaturation below the levels that are required
to maintain adequate tissue perfusion. In our own unit,
we consider blood pressure < 50 mmHg and oxygen
saturation < 80% as heralding the beginning of warm
ischemia. Intracellular energy charge is paramount for
cellular viability[23’24j. In the absence of oxygenated pet-
fusion during warm ischemia, anaerobic metabolism
heralds intracellular energy depletion, lactic acidosis and
paralysis of energy driven Na' /K" pumps that maintain
cell membrane integrity culminating in edema, intracel-
lular vacuolation and cell death. In general, it is accepted
that hepatocytes withstand sustained warm ischemic in-
jury for up to 30 min, and grafts transplanted beyond this
limit have a higher incidence of primary non function'™.
The degree of intracellular vacuolation has been shown
to be predictive of the eventual graft outcome in pig liver
transplantationl%], although this is not routinely examined
in the clinical setting;
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Another factor which is detrimental to DCD grafts is
post-mortem clot formation in the hepatic microvascu-
lature. This leads to differential and non-uniform perfu-
sion during both organ retrieval and upon reperfusion
and eventually determines subsequent graft function.
Additional problems specific to liver transplantation in-
clude biliary epithelial damage leading to ischemic type
biliary strictures (ITBL)™
arterial blood supply and poor perfusion of the biliary
microvasculature is implicated in ITBL. The incidence
of biliary strictures is also associated with inadequate
bile duct flush at the commencement of cold ischemia.
Inspissated bile salts are deposited inside the intrahepatic
segmental ducts causing biliary epithelial injury progress-
ing to strictures,

The added ischemic insult in DCD grafts compared
with DBD donor grafts can provoke severe ischemia
reperfusion injury after transplantation. This can lead
to cardiovascular, renal and systemic instability and oxy-
gen derived free radicals are implicated™. Various bio-
markers have been described to quantify the ischemic
injury ptior to organ retrieval or transplantation, with the
objective of assessing suitability of grafts for transplanta-
tion; these include xanthine, hypoxanthine, hyaluronic
acid and reduced glutathione ete”, Hypoxanthine is a
catabolic by-product of intracellular ATP depletion and
upon reperfusion with oxygenated blood becomes oxi-
dised to xanthine. Both molecules possess the potential
to generate free radicals which are implicated in ischemia
reperfusion injury[zs’w. Proportionate increase in extra-
cellular hypoxanthine was shown to be associated with

I Bile ducts derive an exclusive

duration warm ischemia reflecting increased free radical
production, poor graft viability and function®". Undoubt-
edly, assessment of these biomarkers in DCD liver grafts
ptior to implantation would be helpful. Certain technical
limitations, namely the failure to identify these biomark-
ers in the peripheral body fluids, technical demands and
time constraints in the actual clinical setting, preclude
them from being incorporated in to current practice.

CLINICAL OUTCOMES OF DCD

The incidence of delayed graft function and primary
non-function is higher in livers from DCD donors and
this leads to patient instability in the early post transplant
period. Worsening liver function tests in the presence of

acidosis and coagulopathy are poor prognostic markers.
The reported incidence of primary non-function is up to
15% following transplantation of a DCD donor liver™,
This is 4-5 fold higher when compared to livers from
DBD donors. The risk of PNF further increases with
prolongation of the cold ischemia time™. Some authors
have suggested that cold ischemia is more detrimental to
DCD grafts™.

The early results of graft and patient survival follow-
ing liver transplantation from DCD donors were com-
parable to that of transplantation from DBD donors™
Refinements of donor procurement, preservation, donor
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Figure 2 Magnetic resonance cholangiopancreatography images of
60-year-old patient received a donors after cardiac death liver graft re-
ceived 7 years ago. Patient developed ischemic type intrahepatic biliary stric-
tures 8 mo since transplant, confirmed to be of ischemic origin by liver biopsy.
Note: dilated intrahepatic ducts proximal to intrahepatic biliary strictures.

organ selection and peri-operative care has resulted in
improved outcomes in the last decade. At present, the
long term patient and graft survival stands at 60%-70%
at 5 years following liver transplantation from a DCD
donor. A recent report even suggested equal survival out-
comes!"!. Strict donor selection criteria probably contrib-
uted to these results that may not be possible to apply in
most of the other centers”™

ITBL is associated with long term morbidity and risk
of further surgical and non-surgical interventions and
even re—transplantationm’w]. Isolated intrahepatic lesions
may have an indolent course in the presence of free bili-
ary drainage from the unaffected hepatic parenchyma
(Figure 2). Involvement of major bile ducts or the extra-
hepatic biliary system, however, is not uncommon and
warrants aggressive managementwj. The risk of ITTBL
appears extremely high and is reported in up to 50% of
uncontrolled DCD transplantation™. Although less fre-
quent, in the controlled DCD setting the highest reported
incidence is between 30%-40%"""*,

Anecdotal evidence suggests that there is a tendency
for an increased use of hospital resources, including in-
tensive care facilities, renal support including dialysis and
hemofiltration during the early post transplant period in
those recipients receiving a DCD donor liver when com-
pared with those receiving a DBD donor liver. There is
no published evidence to support this theory; however,
some initial unpublished work that has been carried out
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in our institution points towards such trend. This means
increased financial costs associated with DCD donation
and the recipients are at greater operative risk.

Despite all of these shortcomings, DCD donor grafts
have been able to save lives of patients with both acute
and chronic liver failure and have been used as either full
or segmental grafts™*!, Despite the substantial risk car-
ried with such procedures, the long term outcomes have
been satisfactory. Based on these limited data, it could be
speculated that these grafts may even be routinely used
in the setting of acute liver failure for emergency trans-
plants or used as split grafts benefiting two recipients™*".,
The key to success is careful donor selection when DCD
donor grafts are considered for such extreme clinical situ-
ations.

CURRENT RESEARCH

There are a number of levels of intervention that offer
potential areas of research on reconditioning of DCD
liver grafts (Figure 3). Most of the published studies are
in animals and a significant proportion of these included
surrogate biomarker analysis in non-transplant models.
How these data extrapolate to clinical practice remains
unclear. In countries where DCD transplantation (mostly
renal transplants) from category II donors is practiced,
some of these techniques have been employed in the
clinical setting with better long term outcomes for the
recipients and graftsm]. Reconditioning of non heart beat-
ing donors offers an opportunity to both improve out-
comes and increase the availability of DCD donor organs.
Understanding the pathophysiology of DCD donation
has enabled many investigators to explore the impact of
pharmacological manipulation and both z-situ and ex-situ
machine perfusion has begun to become a real clinical
possibility. The success of ex-siz# machine perfusion of
kidney grafts from DCD donors"™*™* has been begun to
be adapted by other specialties, including cardiac trans-
plantationlSOJ.

Numerous methods of improving the quality of the
DCD grafts have been described and the different termi-
nology adds to confusion. The two principle techniques
of machine perfusion described are “hypothermic” and
“normothermic”. During hypothermic perfusion, graft
energy stores are replenished whilst normothermic reper-
fusion goes a step further and is aimed at reviving DCD
grafts from ischemic injury. Depending on the timing
of application, such procedures are further classified as
“pre-conditioning” and “post-conditioning”. Apart from
machine perfusion, these terms may also encompass oth-
er pharmacological modulation/intervention of grafts.
Pre-conditioning refers to such applications carried out at
the time of retrieval or after the retrieval but prior to cold
storage of organs. In contrast, post-conditioning refers
to techniques that are employed after cold storage and
immediately prior to the reperfusion in the recipient.

Extra-corporeal (ex-vivo) perfusion
The Oxford Group studied the benefits of normother-
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Figure 3 Diagrammatic representation of major steps in donors after cardiac death donation and current research targets. ‘Obligatory stand-off time varies
according to the setting; in the United Kingdom this is 5 min whilst 2-10 min are being observed by others according to the centre policy. DCD: Donors after cardiac

death.

mic machine perfusion extensively. Imber ez al’? (2002)
reported that normothermic perfusion is superior to
the traditional UW solution based cold storage. Total
extracorporeal machine perfusion has its disadvantages
owing to technical difficulties in vascular connections;
expertise and organ transport, e#., and hence may not be
practical in most situations. Subsequently Reddy e a/”
(2004) explored the possibility of post-conditioning of
liver grafts that have been stored in the cold storage for
a limited period. This model has more practical sense
as in real practice the organs could be transported (cold
stored) to the recipient center and “post-conditioned”
with normothermic perfusion for a certain period of
time prior to implantation. The authors concluded that
sequential cold storage followed by normothermic perfu-
sion is detrimental to the grafts, leading to more hepato-
cyte injury. Subsequent to this, the same group tested a
similar model but with shorter cold ischemia compared
to their previous study, and they demonstrated that he-
patocytes retained the synthetic function after brief cold
ischemia and more prolonged post conditioning”". The
results from Gong ef al® (2008) had also drawn similar
conclusions following normothermic perfusion of swine
liver when compared to cold stored liver in histidine-
tryptophan-ketogluterate solution.

The results of hypothermic perfusion appear to be
different to that of normothermic models. Several studies
have suggested post conditioning in the experimental liver
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transplant as well as renal transplant setting where hypo-
thermic post conditioning yielded better outcomes”™ ",
Extra-corporeal oxygenated machine perfusion (ECMO)
of DCD liver grafts was shown to be superior to the tra-
ditionally cold stored liver grafts®. The key elements of
hypoxia induced cellular injury are shown to be reversible
in pre-conditioned grafts perfused with oxygenated buf-
fer using the extracorporeal perfusion system'™. Short
term hypothermic oxygenated machine perfusion re-
stored intracellular ATP and gave better post-transplant
biochemical parameters than those transplanted without
such intervention™, Work carried out by Manekeller ez
al™ (2007) reported comparable outcomes in terms of
bile acid production, ammonia clearance, vascular resis-
tance and oxygen utilisation of DCD liver grafts treated
with a short period of post conditioning prior to viability
assessment. The authors concluded that prolonged cold
ischemia may potentially augment injury caused by warm
ischemia; some of the conclusions drawn in this study
may be considered speculative in the presence of draw-
backs in their study design (Table 1).

Machine perfusion alone, however, may not provide
the solutions to the problems associated with DCD livers.
Jain ez al™ (2004) extensively studied the hemodynamic
perfusion changes occurring during hypothermic perfu-
sion at extremes of cold ischemia time extending to 24
h. Such long cold ischemia is not expected in the routine
clinical setting but some of their observations highlight
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Table 1 Summary data on normothermic ex-vivo perfusion studies of donors after cardiac death liver

Author Yr Model Summary Outcome
Gong 2008 Animal (swine)  Normothermic perfusion with autologous blood (1 = 4), Improved bile production, less hepatocyte damage
et al™ compared with cold stored controls in HTK solution (n =4)  and favourable haemodynamic parameters
Manekeller 2007  Animal (rat) Oxygenated hypothermic machine perfusion at the Improved performance indicators comparable to
et al™ end of cold storage (post perfusion) controls
Reddy 2005 Animal (swine) Normothermic perfusion for 24 h (n = 5%) compared Greater hepatocyte injury whilst retaining the
et al™ with sequential cold storage of 1 h followed by 20 h synthetic function

normothermic perfusion (1 = 5)
Reddy 2004 Animal (swine) Normothermic perfusion for 24 h (n = 4) compared with Greater hepatocyte injury in the sequential post
et al™ sequential 4 h cold storage followed by 20 h normothermic  conditioning group

reperfusion (post-conditioning, n = 4)
St Peter 2002 Animal (swine)  Hypothermic storage (1 = 4) compared to normothermic Recovery of synthetic function, less hepatocyte
et al™ perfusion ex-vivo (1 = 4) - reperfusion model not transplant  injury and improved substrate utilisation
Imber 2002 Animal (swine) Normothermic perfusion (1 = 5) compared with standard ~ Improved bile production, glucose metabolism and
et al® cold storage (1 = 5) less hepatocyte injury

HTK: Histidine-tryptophan-ketoglutarate.

the problems peculiar to DCD livers. It was shown that
heterogenous microvascular perfusion occurred with hy-
pothermic perfusion, probably resulting from endothelial
cell injury. This has been confirmed by other studieslzsj;
a similar heterogenous perfusion is commonly observed
in the clinical setting that is directly associated with peri-
operative instability of recipient and reflected on subse-
quent graft dysfunction.

In-vivo (in-situ) perfusion
A novel approach is the “zn-situ (vivo)” machine perfusion
and current interest is centred on zz-situ perfusion using
autologous blood and an ECMO device. This obviates
the need for exhaustive techniques to reconnect the ot-
gans to the machine; hence, appears simple when the
technical aspects alone are compared with its counterpart
“ex-sitn (vivo)” machine perfusion. The first results of in-
situ perfusion with an ECMO device was published by
Ko ¢ al* (2000); the authors reported of the use of an
ECMO assisted perfusion when legal barriers precluded
organ retrieval from DCD donors after certification of
cardiac death. The group published data on 8 renal trans-
plants performed after reviving the organs with hypother-
mic circulation driven by ECMO and reported immediate
graft function in 75% cases, whilst delayed graft function
was observed in the remainder. This group reproduced
similar results in a subsequent publication which created
an interest in the iz-vivo revival of DCD organs'®,
Quintela e 2/*" (2005) reported the earliest clinical re-
sults of liver transplantation from a technique that could
be simulated to autologous re-perfusion and without a
mechanical device; the importance is that this is the only
reported clinical series and the donors in this series could
be regarded type II DCD donors. They reported 10 liver
transplants performed using grafts that were maintained
by abdominal compression-decompression to maintain
organ perfusion. Successful results reported by this group
have not been reproduced by the same or any other
groups to date.
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There is very limited data on the performance of liver
grafts that have been perfused zn-situ with normothermic
perfusion techniques. Rojas ef al® (2004) reported their
results on swine maintained on ECMO following induced
cardiac arrest, and concluded venous oxygen saturation
reached the baseline pre-cardiac arrest levels within 15
min of ECMO perfusion, whilst retaining 75% of syn-
thetic function following warm ischemia. These results
are exciting, but no other groups have reported similar
results. The same group recently published data on a
similar model with 30 min of induced warm ischemia fol-
lowed by ECMO support®. Organs were recovered to
a transplantable level. The prospects of 7n-vivo perfusion
appeat sound as technical aspects are less cumbersome
when compared to extracorporeal perfusion techniques.
A major obstacle is application of such a technique to
human model and overcoming the ethical and legal barri-
ers.

Pharmacological agents and modulation

The initial reports of pre-flush with streptokinase were
centered on renal transplantation demonstrating the im-
proved microvascular permeability and graft function'*,
The convincing results led to routine incorporation of
this to the practice among many centers®. In the DCD
liver grafts of an ex-vivo transplant model, heterogenous
patchy perfusion resulting in loss of cellular integrity
had been shown when not treated with anti-fibrinolytic
streptokinase solution”. Yamauchi ez /" (2000) re-
ported improved microvascular perfusion in the rat liver
transplantation model using DCD grafts pre-flushed with
streptokinase.

Multifactorial “modulation” of DCD donors with
the use of pharmacological agents was reported in a re-
cent animal study'”. The investigators used a combined
pharmacological modulation “zu-situ” as well as during the
recipient operation. The agents used mainly were anti-
thrombogeneic and vasodilatatory (streptokinase, hepa-
rin, epoprostenol) and biological agents (primarily redox
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agents) aiming to minimise the ischemia reperfusion
injury®’. The livers were exposed to 45 min of warm
ischemia, followed by a cold storage prior to transplant.
The investigators reported a lower incidence of primary
non-function, improved hepatic synthetic activity and less
parenchymal loss following modulation. They also re-
ported lower bile salt-to-phospholipid ratio in the modu-
lation group. Increased bile salt-to-phospholipid ratio has
been previously attributed by the same investigators for
the higher incidence of ITBL"". The protective effect of
L-arginine in relation to attenuation of nitric oxide and
plasma endothelin release has also been reportedm. It
appears that scientists have made some headway in ad-
dressing key issues related to DCD liver transplantation;
however, these are yet to be proven by long term follow
up studies and application to clinical practice.

FUTURE OF DCD LIVER
TRANSPLANTATION

The lack of a universally accepted and safe criterion for
age of the donor and the amount of macro- and micro-
vesicular steatosis in the setting of DCD liver grafts re-
mains a problem. Investigators have so far been looking
only at the revival of warm ischemic damage, but other
surrogate factors should be investigated in the context
of initial poor function. Primary non function donor-
recipient matching is inevitably carried out at present and
tends to be based on clinical and performance indicators
in both the donor and recipient; however, models are
needed that score the risk of DCD grafts taking other
parameters in to account . This would help identify the
best recipient for a particular DCD or DBD graft”. This
would ensure that organ wastage from discard and recipi-
ent complications would be minimised.

Judging by the current popularity, it may be specu-
lated that in the future, DCD liver transplantation will
contribute a significant proportion of the liver transplant
activity. Whether this increased activity of DCD dona-
tion is the end results of the organ donation process
through awareness among both public and medical pet-
sonnel alike, or increased DCD activity at the expense of
DBD activity, remains in question. Pressure for I'TU beds
may prompt intensivists to withdraw life support at the
eatliest opportunity when it is evident that further treat-
ment of a patient is futile. It is known that the majority
of patients with intra-cerebral pathologies are managed
with a relatively dry fluid regime in order to prevent intra-
cerebral edema; meanwhile, donor optimisation prior to
organ retrieval involves fluid, electrolytes, blood sugar
and hormonal support and prevention of infection”™"",
It is likely that if these patients with intra-cerebral pathol-
ogy were managed using the optimisation guidelines then
a proportion would become brain dead within the next
few hours'”.

In our experience, there have been many instances
where DCD donor offers were converted to DBD of-
fers at the last minute, even just prior to commencement
of organ retrieval. As discussed above, experience sug-
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gests that, with further management for a few hours,
even more DCD offers would almost certainly see the
donots become brain dead. Ethical or legal barriers
may preclude pharmacological or other manipulation of
the donor in some countries. In the United Kingdom,
amendments to the Human Tissue Act introduced re-
cently declared that once a suitable recipient has been
identified to receive organs from a potential donor, the
organs belong to the recipient. This amendment might
allow us to challenge critics who suggest donor manage-
ment/manipulation to optimise organ donation is legally
and ethically flawed once it is decided that further treat-
ment is futile””. Liver transplantation with DCD organs
should also be looked upon as a life saving operation; it
is important that every professional involved from donor
care to transplantation realises that the price a recipient
will have to pay is higher when receiving DCD donor or-
gans than a DBD graft™”.

The revival of donor liver organs is yet to be trans-
lated to clinical practice. Unlike in renal transplantation
where one can take a calculated risk and if unsuccessful
return to dialysis, liver transplantation using these ma-
nipulated livers is a very big risk. What has been achieved
so far is promising and combined pharmacological ma-
nipulation and ECMO support appears the way forward.
In-situ revival appears a better option. In the future, we
could see a transition from animal to human models at
least at the pre-transplant level. In view of the increased
demand for donor livers, it is likely that progress made
on the issues discussed would increase DCD liver trans-
plantation, contributing to a true and meaningful rise in
overall transplant activity.
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Abstract

AIM: To assess and compare outcomes of laparoscopic
total colectomy performed for a variety of indications.

METHODS: Sixty six patients underwent laparoscopic
total colectomy for inflammatory bowel disease (IBD)
(13) and other diseases (53). Data on demographics,
pre- and post-operative outcomes were collected pro-
spectively.
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RESULTS: Mean operative time was 4.5 h. Conversion
rate was 13.6%. Total colectomy performed for IBD
was associated with a significantly higher anastomotic
leak rate (23.1% vs 1.9%, P < 0.05). On univariate
analysis, hand sewn anastomosis and treatment with
more than 20 mg of prednisolone for at least 3 mo
was associated with a higher anastomotic leak rate (P
< 0.05). No significant difference was found in return
of gut function and overall morbidity between disease
groups.

CONCLUSION: Laparoscopic total colectomy is feasi-
ble and outcomes are equivalent whatever the indica-
tion, except for anastomotic leak rate which is higher
for patients with IBD.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Numerous studies have demonstrated the benefits of
laparoscopic segmental colonic resection for benign

. . 1.2 . .
and malignant disease™”. Proven advantages include im-
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proved cosmesis, decreased blood loss and a reduction
in postoperative pain, fatigue and time to resumption
of oral intake. In contrast, data concerning laparoscopic
total colectomy has been less compelling. Common
indications for total colectomy include familial adeno-
matous polyposis (FAP), Lynch syndrome, slow transit
constipation and inflammatory bowel disease (IBD) such
as Crohn’s disease and ulcerative colitis (UC). Restot-
ative proctocolectomy with ileal pouch-anal anastomosis
(IPAA) is the treatment of choice in UC. For selected
patients presenting with mild disease in the rectum, no
dysplasia and with normal rectal compliance, a subtotal
colectomy with ileo-distal sigmoid anastomosis may be
an alternative and was performed in this study. Few pub-
lished reports exist and mainly report techniques per-
formed for a single indication or include small numbers
of patients[}m]. The aim of this study was to report the
outcomes of laparoscopic total colectomy based on indi-
cation, comparing IBD with other indications.

MATERIALS AND METHODS

Patients

Between June 1998 and June 2007, 66 consecutive pa-
tients underwent a laparoscopic total or subtotal colec-
tomy for benign or malignant disease. Patients were
admitted to two surgical departments of Hospices Civils
de Lyon and operated on by several surgeons (Digestive
Surgical Department of Centre Hospitalier Lyon-Sud and
Digestive Surgical Department of Centre Hospitalier Ed-
ouard Herriot). Thirteen patients (19.7%) presented with
IBD (11 with UC and 2 with colonic Crohn’s disease), 40
patients (60.6%) with FAP, 7 patients (10.6%) with slow
transit constipation, 5 patients (7.6%) with colonic cancer
and Lynch syndrome and 1 patient (1.5%) with diffuse
colonic diverticulosis. Patients with IBD were operated
on for failure of medical treatment. All patients with IBD
except 1 patient with UC received at least 3 mo of main-
tenance steroid treatment [prednisolone, mean 24.2 mg
daily (SD = 11.1)]. The dosage of prednisolone used
was > 20 mg for 7 patients and << 20 mg for 5 patients.
Six patients (46%) with IBD had an immunosupptressive
treatment [azathioprine (# = 5) and cyclosporine (7 =
1)]. No patient with UC had fulminant disease as defined
by two or more of the following findings: tachycardia
(heart rate > 120 beats per minute), temperature greater
than 38.0°C, peritoneal signs and white blood cell count
greater than 11000/mL.

Surgical technique

All patients underwent bowel preparation with polyethyl-
ene glycol or sodium phosphate. Under general anesthe-
sia, patients were placed in a modified lithotomy position
with legs slightly abducted and arms tucked to the sides.
A nasogastric tube was inserted during surgery but post-
operative use depended on the individual surgeon’s rou-
tine practice. Pneumoperitoneum was established with
a Veress needle at an abdominal pressure of 12 mmHg,
A 10 mm port was placed at the umbilicus for the 30°
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oblique viewing laparoscope. Four additional ports were
placed under laparoscopic vision: one 12 m port in the
right lower quadrant, one 10 mm port in the right and
left upper quadrants and one 5 mm port in the suprapu-
bic position. Dissection and division of the mesentery
was performed with a 10 mm laparoscopic Ligasure
device (Ligasure Atlas; Valleylab, Boulder, CO, United
States) or a 5 mm blade Harmonic Scalpel (Ultracision
Shears Harmonic Scalpel LCS; Ethicon Endosurgery SA,
Issy-Les-Moulineaux, France) according to the surgeon’s
preference, without mesenteric lymphadenectomy except
for malignancy. Total colectomy was performed from
right to left (lateral to medial dissection). The procedure
involved right colonic mobilization as well as hepatic
flexure mobilization followed by transverse colonic dis-
section. The omentum was elevated off the transverse
colon (except for cancers involving the transverse colon).
The splenic flexure and finally the left colonic dissection
were followed by division at the rectosigmoid junction
using a laparoscopic linear stapler. Patients had either an
ileo-distal sigmoid or ileorectal anastomosis. For an ileo-
distal sigmoid anastomosis (subtotal colectomy), a short
lower midline incision was made for exteriorisation and
resection of the specimen and formation of a hand sewn
anastomosis. For an ileorectal anastomosis (total colecto-
my), the bowel was divided at the rectosigmoid junction
and the specimen removed through a short transverse in-
cision in the right lower quadrant. After re-establishment
of the pneumoperitoneum, a stapled end-to-end ileo-
rectal anastomosis was performed with an endoluminal
stapling gun. A pelvic drain was used selectively.

Outcome measures
Demographics, including age, gender and indication for
colectomy, were collected prospectively for all patients.
The principle outcome measures were: (1) Intraopera-
tive data: operative time, surgical procedure performed,
conversions and their reasons, creation of a stoma; and (2)
Early postoperative: time to first bowel movement and
time with nasogastric tube, complications, anastomotic
leak, radiological intervention, reoperation, length of
hospital stay.
The period of inclusion was divided into two 5-year
periods: 1998 to 2002 and 2003 to 2007.

Statistical analysis

Statistical analysis was performed using SPSS version17.0
(SPSS Inc., Chicago, IL, United States). Results are ex-
pressed as the mean + SD. Comparisons between groups
were performed using the Student # test for continuous
data and Xz or Fisher exact test for categorical data. Mul-
tivariate analysis was performed using a logistic regres-
sion. A P value < 0.05 was considered statistically signifi-
cant.

RESULTS

Intraoperative data
Mean operative time was 4.5 h (Table 1). Length of op-
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Table 1 Demographic and intraoperative data (mean + SD) 7 (%)
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Crohn Ulcerative colitis FAP Lynch syndrome Constipation Diverticulosis All (n = 66)
n=2) (n=11) (n = 40) (n =5) n=7) n=1)
Age (yr) 28.0+9.7 425+12.7 46.1+194 44.8+£19.6 36.4+89 57.0+0.0 444+17.0
Female 0 3(27.3) 17 (42.5) 1 (20) 7 (100) 0 28 (42.4)
Operative time (h) 4.0+0.0 4.6+05 45+1.5 41+13 42+1.0 5.0+£0.0 45+1.24
Stoma 1 (50.0) 0 0 0 0 0 1(1.5)
Conversion 0 2(18.2) 6 (15) 0 1(14.3) 0 9 (13.6)
Anastomosis
Tleorectal 0 3(27.3) 37 (92.5) 4 (80) 1(14.3) 1 (100) 46 (69.7)
Tleo-distal sigmoid 2 (100) 8 (72.7) 3(7.5) 1 (20) 6 (85.7) 0 20 (30.3)

FAP: Familial adematous polyposis.

Table 2 Outcomes based on indication for surgery (mean +

SD) n (%)

Table 3 Comparison of outcomes over 2 consecutive time
periods (mean + SD) 7 (%)

Inflammatory Other P value
bowel disease indications
(n =13) (n = 53)
Age (yr) 425 (12.6) 449 (18.3) 0.663
Female 3(23.1) 25 (47.2) 0.115
Operative time (h) 45+0.5 440+1.36 0.899
Conversion 2 (15.4) 7(13.2) >0.999
Length of stay (d) 152+75 128+6.7 0.274
Time to first bowel movement 49+31 43+31 0.522
(days from surgery)
Nasogastric tube' 9(69.2) 25 (47.2) 0.154
Overall morbidity 5(38.5) 19 (35.8)  >0.999
Anastomotic leak 3(23.1) 1(1.9) 0.022
Reoperation 3(23.1) 6 (11.3) 0.364
Radiological drainage 1(7.7) 3(5.7) >0.999

"Numbers of patients (%) requiring a nasogastric tube for more than 1
postoperative day when inserted intraoperatively or requiring postopera-
tive insertion.

eration was not statistically different for IBD compared
to other indications (Table 2). One protecting loop ileos-
tomy was performed for Crohn’s disease. Conversion rate
was 13.6% (9 patients). Seven conversions were due to
intra-abdominal adhesions. Super obesity (body mass in-
dex > 50) was responsible for one conversion and rectal
trauma during stapling of an ileorectal anastomosis for
the other. The conversion rate was not statistically differ-
ent between IBD and other indications. Ileo-distal sig-
moid anastomosis was the most common used for IBD
[10/13 patients (76.9%)] and slow transit constipation
[6/7 patients (85.7%)]. For other indications, an ileorectal
anastomosis was most often performed [42/46 patients
(91.3%)]. These results were compared between the 2
periods of inclusion (Table 3). Length of operation was
shorter after 2002 (4.2 h »5s 5.0 h, P = 0.0156). There was
no significant difference in conversion rate between the
two time periods.

Early postoperative outcomes

Early postoperative results are reported in Table 4. There
were no postoperative deaths (30 d mortality). A naso-
gastric (N-G) tube was left /# situ postoperatively in 43
patients (65.1%). In 17 patients it was removed on the
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1998-2002 2003-2007 P value

(n = 21) (n = 45)

Inflammatory bowel disease 10 (47.6) 3(6.7) <0.0001
Operative time (h) 50+0.9 42+13 0.0156
Conversion 4 (19.0) 5(11.1) 0.4499
Length of stay (d) 16.5+79 11.8+59 0.0093
Time to first bowel movement 51+35 41+28 0.2439
(days from surgery)

Overall morbidity 10 (47.6) 14 (31.1) 0.1941
Anastomotic leak 2(9.5) 2 (44) 0.5865
Reoperation 5(23.8) 4 (8.9) 0.1300

first postoperative day. Twenty-six patients had postop-
erative small bowel ileus resulting in the N-G tube being
left for a median of 3 d after surgery. Of the 23 patients
whose N-G tube was removed immediately after surgery,
8 (34.8%) required re-insertion. Therefore, an N-G tube
was considered useful in 34 patients (51.5%).

Although the overall complication rate (36.4%) was
not statistically greater for patients with IBD (Table 2),
anastomotic leak was more frequent following surgery
for UC and Crohn’s disease (23.1% »s 1.9%, P = 0.022).
On univariate analysis, anastomotic leaks were also sig-
nificantly correlated with the type of anastomosis (4/20
anastomotic leaks for hand sewn anastomosis »s 0/46 for
stapled anastomosis, P = 0.0067) and maintenance treat-
ment with steroids > 20 mg (3/7 »s 1/59, P = 0.0029).
On multivariate analysis, none of these parameters ap-
peared to significantly increase the anastomotic leak rate.
Complications that increased the length of stay were
reported (Table 4). In patients with UC, these were pro-
fuse diarrhea lasting 10 d (1) and prolonged ileus (1). In
patients with FAP: aspiration pneumonia (1), prolonged
ileus (1), segmental portal vein thrombosis (1) and intra-
abdominal abscess without anastomotic leak (4) requiring
reoperation in 2 patients, percutaneus radiological drain-
age in 1 and treatment with antibiotics in another. In
patients with Lynch syndrome: intra-abdominal abscess
without anastomotic leak treated by antibiotics only (1),
lymph leak which delayed intra-abdominal drain removal
(1) and small bowel obstruction treated non-operatively
(1). For diverticulosis: intra-abdominal bleeding requiring
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Table 4 Early postoperative results (mean + SD) 7 (%)

Crohn Ulcerative colitis FAP Lynch syndrome Constipation Diverticulosis All (7 = 66)
n =2) n=11) (n = 40) (n =5) n=7) n=1)

Length of stay (d) 17.5+£9.2 14.7+£7.6 11.2+44 12.8+6.9 13.7+£7.9 13+0 13.3+6.7
First bowel movement (d) BIGEHRIE) 48+32 3.7+27 46+32 71+41 5+0 44+31
Nasogastric tube' 1 (50) 7 (63.6) 19 (47.5) 1(20) 4 (57.1) 1 (100) 34 (51.5)
Complications 2 (100) 3(27.3) 11 (27.5) 4 (80) 3 (43) 1 (100) 24 (36.4)
Anastomotic leak 2 (100) 19.1) 0 0 1(14.3) 0 4(6.1)
Wound abscess 0 0 2 (5) 1 (20) 1(14.3) 0 4 (6.1)
Surgery for bowel obstruction 0 0 1(2.5) 0 1(14.3) 0 2(3)
Other complications 0 2(18.2) 8 (20) 3 (60) 0 1 (100) 14 (21.2)
Reoperation 2 (100) 1(9.1) 3(7.5) 0 2 (28.6) 1 (100) 9 (13.6)
Radiological intervention 1 (50) 0 3(7.5) 0 0 0 4 (6.1)

'Numbers of patients (%) requiring a nasogastric tube for more than 1 postoperative day when inserted intraoperatively or requring postoperative insertion.
FAP: Familial adenomatous polyposis.

Table 5 Studies of total and segmental colectomy

Authors Indication No. of patients Procedure Conversion Morbidity Anastomotic Reoperation  Hospital
(%) (%) leaks (%) (%) stay (d)
Hamel et al” Crohn 21 STC (L) 24 33 10 10 8.8
Pokala et al™" FAP, C, Lynch, IBD 34 TC + STC (L) 11.8 265 5.9 8.8 4.1
34 TC + STC (O) NA 38.2 0 11.8 6.8
Hsiao et al'! C 44 C (HA) 0 18.2 2.3 6.8 7.6
Delaney et al'” Cancer, IBD, DD 11044 SegC (L) 10.1 26 0.26 05 6.3
21689 SegC (O) NA 31.8 0.18 0.3 8.5
Current series IDB 13 TC +STC (L) 15.2 38.5 23.1 23.1 15.2
Non IBD 53 13.2 35.8 1.9 11.3 12.8
All 66 13.6 36.4 6.1 13.6 13.3

STC: Subtotal colectomy; TC: Total colectomy; SegC: Segmental colectomy; L: Laparoscopic; O: Open; HA: Hand assisted; FAP: Familial adenomatous
polyposis; C: Slow transit Constipation; IBD: Inflammatory bowel disease; DD: Diverticular disease; NA: Not applicable.

re-operation (1). Nine reoperations were necessary: 4 for enhanced recovery protocol was followed in this study.
peritonitis after an anastomotic leak, 2 intra-abdominal These protocols have demonstrated their benefit in im-
abscesses without anastomotic leak, 2 for small bowel proving outcomes after segmental colonic resection "',
obstruction and 1 for intra-abdominal bleeding; They reduce the time to restoration of bowel function

Length of hospital stay was 13.3 d (SD = 6.7) with no and the length of hospital stay. No studies have evaluated
significant difference between patients with and without these protocols for total colectomy with the majority of

IBD (Table 2). Length of hospital stay was shorter after controlled trials including only segmental colectomies. It
2002 (11.8 d »s 16.5 d, P = 0.0093) (Table 3). No signifi- is therefore difficult to extrapolate the results of these tri-

cant difference was found between these 2 periods in the als to the management of patients after total colectomy.
time to first bowel movement, overall morbidity, anasto- However, length of stay and restoration of bowel func-
motic leak rate and reoperation rate. tion appear longer in our series than in previous pub-

lished series of total colectomies (Table 5). This may be
explained by the long time period over which our study

DISCUSSION was conducted. When analyzed in two consecutive 5-year
This study reports the results of 66 consecutive patients time periods (Table 3), a decrease in operative time and
who underwent a laparoscopic total colectomy. Our length of hospital stay was observed. This is likely due to
data shows that this operation is feasible and safe with an improvement in operative technique (riding the learn-
no mortality and acceptable morbidity, as reported in ing curve) and in postoperative care. Although no formal
previous studies”™ ! (Table 5). The early postoperative enhanced recovery protocol was followed, there was a
results highlicht problems with bowel function after to- definite evolution in postoperative care in our unit based
tal colectomy with a mean of 4.4 d until the first bowel on elements of enhanced recovery such as eatly enteral
movement. 51.5 % of patients needed a nasogastric tube. feeding and mobilization with avoidance of opiate anal-
Recovery of gut function seems longer than following gesia. Enhanced recovery protocols have demonstrated
segmental laparoscopic colectomy when patients rarely their utility following segmental colectomy and may also
require nasogastric tube insertion (less than 15%) and can improve outcomes following laparoscopic total colecto-
be discharged on the fourth postoperative day'*"”. No my. A randomised controlled trial is necessary to evaluate
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this. Refinement in patient selection in our unit may also
explain fewer patients with IBD undergoing surgery over
time.

IBD is not a common indication for total colectomy.
In our series, it was performed principally for UC. Re-
storative proctocolectomy with IPAA is the treatment
of choice in UC. However, in patients, especially young
women, with mild rectal disease, no dysplasia and nor-
mal rectal compliance, a subtotal colectomy may be an
alternative to IPAA that may give better functional results
with reduced risk of infertility. Evaluation of the long-
term results of total colectomy for UC was not the aim
of this study and would require a controlled trial with
large numbers of patients.

Mortbidity in this study was higher than for segmental
colectomy with a reoperation rate of 13.6% (0.5% in a
recent study using a large national database of 11044
segmental laparoscopic colectomies™), but equivalent to
other studies of total colectomy for IBD (Table 5).

We compared IBD with other indications for total
colectomy. No difference in operative time, conversion
rate, the length of stay or overall morbidity was seen.
However, there were significantly more anastomotic leaks
in patients with IBD, especially Crohn’s disease. Both
patients with Crohn’s disease suffered anastomotic leaks
although one had a defunctioning stoma. Several studies
report high morbidity rates (up to 35%), with a conver-
sion rate reaching 30% for laparoscopic surgery in Crohn’s
disease™™ ™ In our opinion, all patients with Crohn’s
disease who undergo total colectomy should be prepared
for a defunctioning stoma. For patients without IBD, the
anastomotic leak rate (1.9%) was equivalent to segmental
colectomy which varies between 0% and 7%""”. A hand
sewn anastomosis and maintenance treatment with more
than 20 mg of prednisolone daily were risk factors for
anastomotic leak in univatiate but not multivariate analysis.
Patients with IBD were more likely to possess both these
factors but larger numbers are required to evaluate these
factors fully. Tilney e# al™ in a meta-analysis of outcomes
after laparoscopic or open total colectomy, reported 63
patients who underwent a restorative laparoscopic total
colectomy. Our series is one of the largest reporting lapar-
oscopic total colectomy in the literature and involved two
surgical centers although a large multicenter prospective
study would help clarify many issues raised.

In conclusion, laparoscopic total colectomy is feasible
even for patients with IBD but complication rates are
higher and return to normal gut function slower than for
segmental colectomy. Outcomes are equivalent whatever
the indication, except for anastomotic leak rate which is
higher for patients with IBD. To achieve the best out-
comes in this group, careful patient selection with a low
threshold for a defunctioning stoma is essential.

COMMENTS

Background

Numerous studies have demonstrated the benefits of laparoscopic segmental
colonic resection for benign and malignant disease. Proven advantages include
improved cosmesis, decreased blood loss and a reduction in postoperative
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pain, fatigue and time to resumption of oral intake. In contrast, data concerning
laparoscopic total colectomy has been less compelling. The aim of this study
was to report the outcomes of laparoscopic total colectomy based on indication,
comparing inflammatory bowel disease (IBD) with other indications.
Research frontiers

In the area of mini-invasive surgery, laparoscopy was applied to colorectal sur-
gery. The aim was to reduce the surgical stress to improve the post-operative
course.

Innovations and breakthroughs

Based on a large series, this study describes the outcomes of laparoscopic total
colectomy and is a reference for comparison in future studies.
Applications

The study results show that laparoscopic total colectomy is feasible and out-
comes are equivalent whatever the indication, except for anastomotic leak rate
which is higher for patients with IBD. The study results suggest that all patients
with Crohn’s disease who undergo total colectomy should be prepared for a
defunctioning stoma.

Peer review

This paper demonstrates the outcomes of laparoscopic total colectomy per-
formed for a variety of indications.
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also obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since IWJGS is an open-access journal, readers around
the world can immediately download and read, free of charge, high-
quality, peer-reviewed articles from WJ]GS official website, thereby
realizing the goals and significance of the communication between
authors and peers as well as public reading; (3) Maximization of
the benefits of readers: Readers can read or use, free of charge,
high-quality peer-reviewed articles without any limits, and cite the
arguments, viewpoints, concepts, theories, methods, results, conclu-
sion or facts and data of pertinent literature so as to validate the
innovativeness, scientific and practical values of their own research
achievements, thus ensuring that their articles have novel arguments
or viewpoints, solid evidence and correct conclusion; and (4) Maxi-
mization of the benefits of employees: It is an iron law that a first-
class journal is unable to exist without first-class editors, and only
first-class editors can create a first-class academic journal. We insist
on strengthening our team cultivation and construction so that ev-
ery employee, in an open, fair and transparent environment, could
contribute their wisdom to edit and publish high-quality articles,
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standatd errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any poten-
tial bias, WJGS requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://wwwicmje.
org/ethical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations|, and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization]. [Name of individual] owns stocks and shares in [name of
organization|. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
ot it should be stated clearly in the text that all persons gave their
informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the Wortld Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should fol-
low the highest standards and the trial should conform to Good
Clinical Practice (for example, US Food and Drug Administration
Good Clinical Practice in FDA-Regulated Clinical Trials; UK Medi-
cines Research Council Guidelines for Good Clinical Practice in
Clinical Trials) and/or the Wotld Medical Association Declaration
of Helsinki. Generally, we suggest authors follow the lead investiga-
tor’s national standard. If doubt exists whether the research was
conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate that
the institutional review body explicitly approved the doubtful as-
pects of the study.

Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
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sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each authot’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing;

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wignet.com/1948-9366office. Authors ate
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/1948-9366/
g info_20100305152206.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wigs@
wjgnet.com, or by telephone: +86-10-85381891. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins.
Style should conform to our house format. Required information for
each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Au-
thors should meet conditions 1, 2, and 3.
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Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang I and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.
Telephone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in W]GS, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no more than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...”; MATERI-
ALS AND METHODS (no more than 140 words); RESULTS (no
more than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 £ 3.86 2s3.61 + 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
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which reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/1948-9366/¢_info_list.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wijgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bats should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ;B G D Be L Bl Ge Lt Tt is our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, ’F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, O, A, /\, et in a certain
sequence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited authot’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability™?”. If references are cited
directly in the text, they should be put together within the text, for
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19,22-24]
example, “From references! 1 we know that...”.

When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first authot’s name. Do not list
the same citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crosstef.
org/SimpleTextQuery/, tespectively. The numbers will be used in
E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number (in
black), start page, and end page [PMID: 11819634 DOI: 10.3748/
wjg-13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach §, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
6356]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang X7, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
thoea. Shijie Huaren Xiaobna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat/ Acad Sei US.A
2006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01 ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
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8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher E An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller ], Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data
Write as mean = SD or mean £ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in

italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fracton, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wignet.com/1948-9366/
g_info_20100312191949.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
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and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbteviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcwRI, Hindl, BanHI1, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http:/ /www.wjgnet.com/1948-9366/
g info_20100312190249.htm

Frontier: http://www.wjgnet.com/1948-9366/
g info_20100312190321.htm

Topic highlight: http://wwwwjgnet.com/1948-9366/
g info_20100312190447.htm

Observation: http://wwwwjgnet.com/1948-9366/
g info_20100312190550.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1948-9366/
g _info_20100312190653.htm

Guidelines for clinical practice: http://wwwwijgnet.com/
1948-9366/¢g_info_20100312190758.htm

Review: http:/ /wwwwignet.com/1948-9366/
g info_20100312190907.htm

Original articles: http://wwwwijgnet.com/1948-9366/
g info_20100312191047.htm

Brief articles: http://wwwwignet.com/1948-9366/
g info_20100312191203.htm

Case report: http:/ /wwwwignet.com/1948-9366/
g info_20100312191328 htm

Lettets to the editor: http:/ /www.wignet.com/1948-9366/
g info_20100312191431.htm

Book reviews: http:/ /wwwwignet.com/1948-9366/
g info_20100312191548.htm

Guidelines: http:/ /www.wignet.com/1948-9366/
g info_20100312191635.htm

SUBMISSION OF THE REVISED
MANUSCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of

WJ]GS. The revised version including manuscript and high-resolu-
tion image figures (if any) should be copied on a floppy or com-
pact disk. The author should send the revised manuscript, along
with printed high-resolution color or black and white photos,
copyright transfer letter, and responses to the reviewers by courier
(such as EMS/DHL).
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Editorial Office

World Journal of Gastrointestinal Surgery
Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wjgs@wjgnet.com

http:/ /www.wijgnet.com

Telephone: +86-10-8538-1891

Fax: +86-10-8538-1893

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wijgnet.com/1948-9366/¢_info_20100312191901.htm.

Responses to reviewers

Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1948-9366/
g info_20100312191818.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript
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