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Abstract
Gastric cancer (GC) remains a leading cause of 
cancer death worldwide. Radical gastrectomy is the 
only potentially curative treatment, and perioperative 
adjuvant therapies may improve the prognosis after 
curative resection. Prognosis largely depends on the 
tumour stage and histology, but the host systemic 
inflammatory response (SIR) to GC may contribute as 
well, as has been determined for other malignancies. 
In GC patients, the potential utility of positron emission 
tomography/computed tomography (PET/CT) with the 
imaging radiopharmaceutical 18F-fluorodeoxyglucose 
(FDG) is still debated, due to its lower sensitivity in 
diagnosing and staging GC compared to other imaging 
modalities. There is, however, growing evidence that 
FDG uptake in the primary tumour and regional lymph 
nodes may be efficient for predicting prognosis of 
resected patients and for monitoring tumour response 
to perioperative treatments, having prognostic value 
in that it can change therapeutic strategies. Moreover, 
FDG uptake in bone marrow seems to be significantly 
associated with SIR to GC and to represent an efficient 
prognostic factor after curative surgery. In conclusion, 
PET/CT technology is efficient in GC patients, since 
it is useful to integrate other imaging modalities in 
staging tumours and may have prognostic value that 
can change therapeutic strategies. With ongoing 
improvements, PET/CT imaging may gain further 
importance in the management of GC patients.

Key words: Gastric cancer; Prognosis; 18F-fluorode-
oxyglucose; Positron emission tomography-computed 
tomography; Bone marrow  
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Core tip: Gastric cancer (GC) is still a leading cause 
of cancer death worldwide. Prognosis depends on 
surgical curability, response to adjuvant therapies, 
tumour stage and histology, but also on the systemic 
inflammatory response to malignancy. While the 
diagnostic role of positron emission tomography with 
18F-fluorodeoxyglucose (FDG) in GC is still debated, 
due to unsatisfactory sensitivity, there is growing 
evidence that FDG uptake, either at the tumour sites 
or in the bone marrow, may represent an efficient tool 
for predicting prognosis of resected patients and for 
monitoring tumour response to adjuvant treatments, 
and may have prognostic value in directing therapeutic 
strategies.

De Raffele E, Mirarchi M, Cuicchi D, Lecce F, Cola B. Evolving 
role of FDG-PET/CT in prognostic evaluation of resectable 
gastric cancer. World J Gastroenterol 2017; 23(38): 6923-6926  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i38/6923.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i38.6923

INTRODUCTION
Gastric cancer (GC) remains a leading cause of 
cancer death worldwide, with poor prognosis despite 
significant advances in diagnosis and treatment. 
Survival rates are progressively increasing in western 
countries[1-3], and are highest in Japan, due to focused 
management of preventive and prognosis-related 
factors (i.e. infection and smoking, respectively)[2]. 
Prognostic factors related to GC are quite well 
established, such as local extension, lymph node 
involvement and presence of distant metastases, and 
can be adequately defined by the conventional imaging 
modalities, including endoscopic ultrasound (EUS), 
computed tomography (CT) and magnetic resonance 
imaging (MRI). However, some emerging prognostic 
factors related to the metabolism of tumour cells, such 
as the glucose avidity, or to the systemic inflammatory 
response (SIR) to the tumour can be better evaluated 
through the metabolic information that are provided 
by positron emission tomography (PET) integrated 
with CT, even though the role of PET/CT imaging in the 
evaluation of GC is still controversial. 

CLASSIFICATION, THERAPEUTIC 
STRATEGIES AND PROGNOSIS
GC can be categorized according to anatomical 
location, as either true GC (non-cardia) or gastro-
oesophageal-junction (cardia) cancer (GEJ)[1,2]. In 
general, GC are predominantly adenocarcinomas, 
classified according to the World Health Organization 

(WHO) classification into tubular, papillary, mucinous 
(MAC), poorly cohesive and rare variants[1-3]. The 
Lauren classification distinguishes GC according to 
intestinal type, diffuse type (including signet ring cell 
carcinoma (SRC)), mixed type and indeterminate 
type[1-3]. Classification of GC based on molecular 
subtyping has been proposed recently[1] and is 
promising for helping to improve the accuracy of 
prediction of individual prognosis and for providing 
individually-tailored therapies. 

Radical surgical resection is the only potentially 
curative therapeutic option for resectable GC presently. 
Adequate surgery includes complete resection of the 
primary tumour and appropriate lymphadenectomy. 
Tumours of the lower two-thirds of the stomach can 
be selectively treated with distal subtotal gastrectomy; 
otherwise, total gastrectomy is recommended[2-4]. This 
approach has contributed in part to the amelioration 
of cure rates from 30% to over 50% in selected 
series over the past decade[1]. Early GC (EGC) is 
defined as limited to the mucosa or submucosa 
(T1 stage or lower), regardless of nodal status. 
Endoscopic resection is considered appropriate for 
small (≤ 20 mm), non-ulcerated, superficial GC that 
are well differentiated and limited to the mucosa 
(T1a), because the incidence of regional lymph node 
metastases is very low[3]. If, however, the tumour has 
invaded the submucosa (T1b), radical gastrectomy 
with lymphadenectomy is required, since lymph node 
involvement is observed in up to 20% of cases[1,2]. 

Locally advanced GC (AGC; invading the muscularis 
propria and beyond (T2 stage or higher)) presents 
in most cases with metastases to lymph nodes, 
distant organs, or both. Patients without distant 
metastases are candidates for potentially radical 
surgery, either conventional or minimally invasive by 
laparoscopy[1-4]. Perioperative therapies for resectable 
GC include chemotherapy (CHT), radiotherapy and 
chemoradiotherapy, performed before and/or after 
surgery. Even though adjuvant and neoadjuvant 
therapies have been demonstrated to improve 
prognosis after potentially curative resection of locally 
AGC, the optimal strategy is still debated[1-3]. 

Despite substantial advances in the staging 
procedures, imaging techniques and treatment options, 
prognosis of GC remains poor, with postoperative 
5-year survival rates of 25%-30% in western 
countries, because of the high incidence of advanced 
tumours[3]. Cardia GC and diffuse-type non-cardia 
GC have the worst prognosis. For resectable locally 
AGC, outcome depends on the surgical disease stage. 
Resection of EGC provides excellent 5-year survival 
rates, up to 90%. However, at the time of diagnosis 
GC is usually advanced, with reported involvement of 
the regional lymph nodes in 70% to 80% of cases. If 
the tumour invades the subserosa (T3 stage), 5-year 
survival decreases to less than 50%. Moreover, the 
presence of nodal involvement in T3 lesions further 
decreases 5-year overall survival to less than 30%[2]. 
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Besides tumour-related factors, the survival of GC 
patients, as for other malignancies, is also dependent 
on the host’s reaction to the cancer. SIR plays a critical 
role in carcinogenesis and tumour diffusion[5]. Several 
host SIR markers (SIRMs) have been identified as 
prognostic factors. Neutrophil-to-lymphocyte ratio 
(NLR), platelet-to-lymphocyte ratio (PLR), albumin and 
C-reactive protein (CRP) have been indicated, alone 
or in combination, as significant factors for predicting 
postoperative prognosis of GC patients[6,7].

ROLE OF PET/CT IN DIAGNOSIS AND 
PROGNOSTIC EVALUATION
Clinical evaluation of GC has greatly improved with the 
availability of EUS, CT, MRI, PET/CT and laparoscopic 
staging. PET/CT using 18F-fluorodeoxyglucose (FDG) 
has proven useful for staging, detecting recurrence, 
evaluating treatment response and predicting 
prognosis[1-4,8,9]. However, the overall sensitivity of 
FDG-PET/CT for detecting GC is lower than for most 
other malignancies, so that its effective role in GC 
patients is still controversial[8,9]. FDG-PET may have 
different sensitivities for different histotypes, with 
better sensitivity for GEJ tumours, but significantly 
lower sensitivities for diffuse type adenocarcinoma, 
including SRC, or for MAC[8,9]. Since tumour size and 
depth of invasion are significant factors influencing 
FDG-PET detection of GC, sensitivity is low for EGC and 
far higher for AGC. Altogether, the role of PET/CT is 
limited in T staging due to its low spatial resolution[9]. 
For N staging in GC, the sensitivity and specificity 
of FDG-PET/CT range between 33.3%-64.6% and 
85.7%-97.0%, respectively[8]. The low sensitivity in 
detecting lymph node metastases may be related 
to the histotype of the primary tumour, or even to 
the size of the metastatic lymph nodes; some small 
lymph nodes may be difficult to visualize because 
of the radioactive volume effect generated by the 
nearby primary cancer[8,9]. Nonetheless, FDG-PET/CT 
is considered to have higher specificity than CT and 
MRI in the N staging of GC, especially for the N2 
and N3 groups[9]. FDG-PET/CT has lower sensitivity 
than CT for the diagnosis of peritoneal seeding, while 
being more efficient in the detection of solid organ 
metastases, including those involving the lung, liver, 
bone or adrenal gland, with near 100% sensitivity and 
specificity[8,9].

Despite these limitations, FDG-PET/CT is emerging 
as an effective tool for therapeutic and prognostic 
evaluation of AGC. Preoperative FDG uptake has 
been demonstrated as an independent, significant 
prognostic factor following curative gastrectomy[8,9]; 
although, the collective data are not in full agreement. 
Patients with lower preoperative FDG uptake in the GC 
have shown significantly lower incidence of recurrence 
and better recurrence-free survival after surgery[8,9]. 
Lower preoperative FDG uptake has been reported as 

a predictor of tumour curability at the time of surgery, 
since higher FDG uptake in the primary tumour and 
positive FDG uptake in local lymph nodes have been 
significantly associated with non-curative resection, 
suggesting that these patients should be candidates 
for neoadjuvant CHT[9]. 

Neoadjuvant treatments have been increasingly 
used for AGC to reduce tumour stage, plan the optimal 
surgical timing and strategies, and improve the overall 
prognosis[9]. About 30% to 60% of histologically 
partial or even total responders have been reported 
with different therapeutic regimens[8]. Since patients 
with clinical and pathological response to neoadjuvant 
therapies are considered to gain significant survival 
benefit, the prompt identification of responders seems 
to be essential. FDG uptake in PET/CT scans is actually 
considered an early and sensitive indicator of response 
to treatment[2,3,8,9], concordant with histopathological 
analysis for tumour response. Changes in FDG uptake 
soon after the initiation of treatment have been related 
to final outcome also. In some studies, metabolic 
responders have shown better prognosis than non-
responders, while FDG non-avid tumours seem to 
have poor response rates to CHT and unfavourable 
prognosis, indicating that neoadjuvant therapies 
may be ineffective in metabolic non-responders and 
in patients with low FDG uptake at baseline PET 
imaging[8].

In neoplastic patients, FDG uptake in bone marrow 
(BM) on PET/CT has been shown to be significantly 
associated with SIRMs, suggesting that this imaging 
finding has a significant relationship with SIR to 
malignancy[7]. In non-small cell lung cancer patients 
with curative surgical resection, Lee et al[7] have 
recently shown that the FDG uptake in BM and the BM 
to liver uptake ratio (BLR) were significantly correlated 
with albumin and CRP levels, white blood cell count, 
NLR and PLR; moreover, the BLR was identified as 
an independent prognostic factor of recurrence-free 
survival. The authors concluded that the FDG uptake in 
BM for non-small cell lung cancer patients reflects the 
degree of SIR and can be used as a prognostic factor 
after curative surgery[7]. 

In a recent retrospective series of 309 GC patients 
undergoing curative surgical resection, Lee et al[10] 
demonstrated that the preoperative BM FDG uptake, 
and BLR especially, are correlated with SIRMs of 
GC. In addition, patients with AGC, recurrence and 
positive FDG uptake of primary cancer were shown 
to have higher BM FDG uptake than those with EGC, 
no recurrence and negative FDG uptake, respectively; 
thus, GC patients with advanced stage and aggressive 
features might have higher degrees of SIR. BLR was 
identified as an independent prognostic factor for 
predicting survival, along with T4 stage, lymph node 
metastasis and positive resection margin. The authors 
conclude that for GC, both tumour factors and SIR 
could play important roles in long-term prognosis of 
resectable patients, and that BM FDG uptake could 
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reflect the degree of SIR to cancer and provide 
information on prognosis after curative surgery. 

CONCLUSION
In conclusion, PET/CT technology represents an 
efficient tool for use in GC patients, since it is useful to 
integrate other imaging modalities in staging tumours. 
Moreover, it can be effective in monitoring tumour 
response to treatments and may have prognostic value 
with the potential to change therapeutic strategies. 
Although some problems still persist, PET/CT imaging 
remains promising, and with ongoing improvements 
may gain further importance in the evaluation and 
treatment of GC patients.
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Abstract
Chronic pancreatitis (CP) is an inflammatory disease 
of the pancreas evolving in progressive fibrotic 
disruption of the gland with exocrine and endocrine 
pancreatic insufficiency. Although imaging features 
of CP are well known, their correlation with exocrine 
pancreatic function tests are not obvious, particularly 
in the early stage of the disease. There are many 
clinical classification of CP, all suggested for better 
distinguish and manage different forms based on 
etiological and clinical factors, and severity of the 
disease. Recently, a new classification of CP has 
been suggested: the M-ANNHEIM multiple risk factor 
classification that includes etiology, stage classification 
and degree of clinical severity.  However, more accurate 
determination of clinical severity of CP requires a 
correct determination of exocrine function of the 
pancreas and fecal fat excretion. Recently, Kamath et al 
demonstrated that the evaluation of exocrine pancreatic 
function by acid steatocrit and fecal elastase-1 (EF-1) 
was helpful, but EF-1 was able to detect exocrine 
pancreatic insufficiency in more patients, upgrading 
some patients in higher stage of disease according to 
M-ANNHEIM classification. So, EF-1 is a more accurate 
test to determine exocrine pancreatic insufficiency 
and to stage chronic pancreatitis in the M-ANNHEIM 
classification. On the contrary, EF-1 determination 
shows low sensitivity in detecting exocrine pancreatic 
insufficiency in early stage of the disease.

Key words: Chronic pancreatitis; Exocrine pancreatic 
insufficiency; Fecal elastase-1; Pancreatic function 
tests; Steathorrea
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Core tip: Classification of chronic pancreatitis is useful 
for planning adequate diagnosis and management 
of the disease, particularly in the early detection and 
prevention of related-complications. Recognition of 
pancreatic exocrine insufficiency is useful for graduating 
severity of chronic pancreatitis in modern classification 
systems, and fecal elastase determination appears 
the better method in term of simplicity and sensitivity 
to stage exocrine function of the pancreas. However, 
sensitivity of elastase-1 is low in early stage of chronic 
pancreatitis, and new diagnostic tools or combination 
of different procedures are needed to better stage 
pancreatic function.

Sperti C, Moletta L. Staging chronic pancreatitis with exocrine 
function tests: Are we better? World J Gastroenterol 2017; 
23(38): 6927-6930  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i38/6927.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i38.6927

INTRODUCTION
Chronic pancreatitis (CP) is the most commonly 
known cause of pancreatic exocrine insufficiency 
(PEI)[1].  Every patient with a new diagnosis of CP 
should be screened for PEI and in order to detect 
maldigestion prior to the occurrence of overt clinical 
symptoms, the presence of PEI should be evaluated 
annually in patients with CP. PEI can lead to poor 
quality of life, steathorrea, abdominal pain and 
malabsorption, and early diagnosis of PEI is important 
to prevent malnutrition-related complications. Many 
tests are nowadays available for the diagnosis of 
PEI, but each one has some diagnostic limitations. 
As a consequence, PEI is still underdiagnosed and 
undertreated.  In addition to its clinical relevance, 
PEI represents an helpful method for staging CP in 
different classification systems. The M-ANNHEIM 
classification is a new system for staging and grading   
the severity of CP[2]. The M-ANNHEIM classification 
system is based on the categorization determined by 
etiological factors, clinical stage and severity of CP. 
This system constitutes   a simple, objective, accurate 
and non-invasive method for clinicians which combines 
the influence  and interaction of several risk factos 
on the course of the disease. These multiple (M) risk 
factors included the subsets of alcohol consumption 
(A), nicotin consumption (N), nutritional factors 
(N), hereditary factors (H), efferent pancreatic duct 
factors (E), immunological factors (I), and various 
rare miscellaneous and metabolic (M) factors[2]. 
The M-ANNHEIM staging of CP is divided into an 
asymptomatic phase (stage 0) and a symptomatic 
phase (stages I, II, III, IV) of the disease[2]. The 
latter phase represents the period of clinically evident 
chronic  inflammation of he pancreas. The evaluation 

of the symptomatic phases of CP is based on pain 
and on the presence and degree of PEI[2]. An accurate 
evaluation of PEI is therefore necessary to validate 
the diagnosis and allow the proper treatment of the 
disease. In fact, a correct diagnosis of PEI suggests 
the pancreatic enzyme replacement therapy (PERT) 
and it is essential to monitor the efficacy of treatment 
in order to avoid complications of CP. Only few studies 
in the literature have compared the different diagnostic 
power of the tests available to evaluate PEI, and only 
few data are available for determining their role in the 
present staging system of CP.

STUDY ANALYSIS
In the recent issue of the World Journal of Gastro
enterology, Kamath et al[3] reported a prospective 
analysis comparing two tests for PEI to use in 
M-ANNHEIM staging for pancreatitis. In this study, 116 
patients with CP were included. PEI was analyzed by 
faecal elastase-1 (FE-1) value and fecal fat excretion 
by the acid steatocrit method. Based on the results of 
the two tests, the patients were separately categorized 
as per M-ANNHEIM stages. Among the 116 patients 
with CP, the presence of PEI was evident in 61 (52.5%) 
and 79 (68.1%) by the acid steatocrit method and 
FE-1, respectively. A statistically significant difference 
was seen between the M-ANNHEIM stages as classified 
separately by acid steatocrit and the FE-1. The Authors 
concluded that FE-1 estimation permits better staging 
of pancreatitis by the M-ANNHEIM classification, 
since it diagnosed a higher number  of patients with 
exocrine pancreatic insufficiency. They recommend 
the use of FE-1 test for staging CP by the M-ANNHEIM 
classification. The study of Kamath et al[3] is interesting 
because it deals with the assessment of PEI, which still 
remains a diagnostic challenge in patients affected by 
CP.

The ideal test for the diagnosis of PEI should be 
accurate, non-invasive, widely available and easy to 
perform.  In our Center, in twenty years of experience, 
we observed 325 patients with a diagnosis of CP, and 
among them 253 received surgery[4,5]. In this period, 
different tests were used to diagnose PEI (fecal fat 
excretion, p-aminobenzoic acid test, coefficient of 
fat absorption, fecal chymotrypsin)[4-6], and in more 
recent years they have been replaced by FE-1 test. 
Nowadays, two different groups of tests (direct and 
indirect tests) are available for the diagnosis of PEI[1] 
(Table 1). Among direct tests, the most sensitive 
method is derived from the aspiration of the pancreatic 
secretions during secretin-cholecystokinin/cerulein 
administration[7]. However, this test is invasive and it 
is available only in few specialized centers[7].  Among 
indirect test, the coefficient of fat absorption (CFA), the 
fecal-elastase-1 determination and the acid steatocrit 
test are the most frequently used[7].  FDA have 
approved treatments for PEI based on randomized 
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controlled trials that used CFA to define PEI[8]. The 
CFA is also useful to monitor pancreatic enzyme 
replacement therapy (PERT). The CFA requires patients 
to maintain a strict diet containing 100 g of fat per 
day over five days, and to collect the total amount of 
stools excreted over the last three days[9]. A CFA < 
93% is considered pathological[9]. However, this test is 
not easy to perform, it is difficult to control the amount 
of fat consumed, especially in alcoholic patients, and 
collection of faeces is unpleasant and cumbersome 
for patients.  Fecal Elastase-1 (FE-1) is an indirect 
assessment of the pancreatic secretion. This test is 
easy to perform, widely available and only requires a 
small stool sample for analysis[10]. However, FE-1 test 
is not able to exclude mild to moderate PEI, and there 
is no consensus concerning the ideal cut-off for PEI 
in patients with CP: figures of < 15, 50, 100 and 200 
mg/g have been proposed, and a threshold of 200 
mg/g has been used most frequently in accordance 
with the intended use label of the test[11]. The acid 
steatocrit method is a quantitative measurement of fat 
expressed as a proportion of an entire centrifugated 
homogenized stool sample; it correlates well with the 
72 h quantitative faecal fat estimation[12].  However, 
the acid steatocrit method has some disadvantages 
which include a lack of standardization of the test 
and the possible effect of dietary fat intake during the 
sample collection[12].

Other tests are currently available. The 13 C-Mixed 
Triglyceride Breath test (TGBT)  is a valid  alternative 
to the CFA, both for the diagnosis of PEI and for 
evaluating the efficacy of PERT in clinical practice[13]. 
Modifications of the test may allow the detection 
of mild to moderate PEI[13]. However, the test also 
has limitations in terms of specificity (false positive 
results in non-pancreatic fat malabsorption), it is not 
easily available since it is commercialized only in few 
European countries. Pancreatic secretion volume can 
be evaluated semiquantitatively by secretin enhanced-
MRCP (s-MRCP)[14]. Pancreatic secretion evaluated 
by this technique correlates with FE-1 test results; 
however, its sensitivity for PEI is as low as 69%[14]. In 

addition, there is very limited evidence supporting this 
technique for the diagnosis of PEI in clinical practice.

In conclusion, many tests are available for the 
diagnosis and evaluation of PEI in CP, but every 
test has some limits and pitfalls. In particular, a 
diagnostic, non-invasive method to differentiate mild 
and moderate PEI is still required. Further studies are 
needed to identify the ideal method in the diagnostic 
setting of PEI.   

PERSPECTIVE
Accurate staging of pancreatitis is crucial to study both 
the natural history of the disease and the effect of 
treatment. In the study by Kalmath et al[3], acid steatocrit 
and FE1 were compared, while other standard tests 
like CFA or the 13 C-Mixed Triglyceride Breath test 
were not considered. It would be interesting in future 
studies to investigate the comparative usefulness of 
these tests comprehensively. Moreover, it is reasonable 
to believe that the additional use of biomarkers could 
improve the staging systems and this aspect should 
be explored in future studies. Recently, it has been 
reported that serum monocyte chemoattractant 
protein-1 levels were lower in patients with CP and 
PEI as compared to patients with CP without PEI[15]. A 
panel of 6 serum miRNA has been recently suggested 
as potential useful investigation for diagnosis of CP, 
especially for the early diagnosis of CP[16]. Future 
studies concerning the association of tests, such as 
pancreatic function tests, biomarkers or radiological-
endoscopic imaging, could be helpful for the early 
detection of CP.
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Abstract
Gastrointestinal ultrasound is a practical, safe, cheap 
and reproducible diagnostic tool in inflammatory 
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bowel disease gaining global prominence amongst 
clinicians. Understanding the embryological processes 
of the intestinal tract assists in the interpretation of 
abnormal sonographic findings. In general terms, the 
examination principally comprises interrogation of the 
colon, mesentery and small intestine using both low-
frequency and high-frequency probes. Interpretation 
of findings on GIUS includes assessment of bowel wall 
thickness, symmetry of this thickness, evidence of 
transmural changes, assessment of vascularity using 
Doppler imaging and assessment of other specific 
features including lymph nodes, mesentery and luminal 
motility. In addition to B-mode imaging, transperineal 
ultrasonography, elastography and contrast-enhanced 
ultrasonography are useful adjuncts. This supplement 
expands upon these features in more depth.

Key words: Ultrasound; Intestinal; Inflammatory bowel 
disease; Guidelines; Teaching

Core tip: In general terms, gastrointestinal ultrasound 
examination principally comprises interrogation of the 
colon, mesentery and small intestine using both low-
frequency and high-frequency probes. In addition 
to B-mode imaging, transperineal ultrasonography, 
elastography and contrast-enhanced ultrasonography 
are useful adjuncts.

Atkinson NSS, Bryant RV, Dong Y, Maaser C, Kucharzik 
T, Maconi G, Asthana AK, Blaivas M, Goudie A, Gilja OH, 
Nuernberg D, SchreiberDietrich D, Dietrich CF. How to perform 
gastrointestinal ultrasound: Anatomy and normal findings. World 
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http://www.wjgnet.com/10079327/full/v23/i38/6931.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i38.6931

INTRODUCTION
Gastrointestinal ultrasound (GIUS) is an accurate 
diagnostic imaging tool for inflammatory bowel 
disease[1-3]. Utilisation has steadily increased in different 
global regions including Asia-Pacific[4]. To correctly 
interpret GIUS findings, it is necessary to have a firm 
grounding in intestinal anatomy, the fundamentals of 
ultrasonography, as well as the examination techniques 
and approach. The indications for intestinal ultrasound 
are wide-ranging including inflammatory bowel 
disease, assessment of functional aspects and general 
gastroenterological conditions such as diverticular 
disease. Various educational theories are relevant in the 
process of learning intestinal ultrasonography including 
the learning process itself, using formative assessments 
such as DOPS (direct observation of procedural skills), 
adopting the apprenticeship or core competencies 
model and formulation of a GIUS curriculum. These 
principles and a process of learning GIUS have been 
recently proposed[1].

The purpose of this paper is to review our know

ledge of intestinal embryology relevant to GIUS. 
Understanding the origins and evolution of abdominal 
structures during the embryological process can assist 
in highlighting the reasoning behind abnormalities 
found on GIUS. We then expand upon examination 
techniques relevant to different segments of and 
structures around the intestine, including an overview 
of transperineal ultrasonography. We describe specific 
intestinal luminal parameters to be assessed in GIUS 
including special techniques such as contrastenhanced 
ultrasound. 

REVIEW OF INTESTINAL EMBRYOLOGY 
In the 6th and 8th week of intrauterine life, the primitive 
mid-gut intestinal tube elongates on the mesentery 
around the superior mesenteric artery (SMA), her
niating into the umbilical cord. As the gut grows 
and returns into the peritoneal cavity, it eventually 
rotates 270 degrees counterclockwise, such that 
the duodenum rests behind the SMA[1]. The caecum, 
initially in the upper abdomen, descends to the right 
lower quadrant. Thus the mesentery attachment of the 
small bowel takes an oblique course from the duodeno
jejunal junction at the level of the left L2 process, 
over the 3rd part of the duodenum, down to the level 
of the right sacroiliac joint[5]. Though the mesentery 
attachment is only 1520 cm long, it supplies a length 
of small intestine approximately 40 times its length, a 
feat achieved through progressive fanlike ruffles. Seen 
with traditional barium enterography, each curve of the 
intestine has a concave and convex aspect, the concave 
generally pointing towards the mesentery whilst 
the convex aspect representing the antimesenteric 
border[6]. These can be viewed in real time with GIUS.

Towards the end of the first trimester, the 
peritoneum of the newly forming ascending colon 
and the hindgut derived left colonic segments, begin 
to fuse with the posterior abdominal wall. Although 
traditionally described as retroperitoneal structures, 
modern postmortem studies have found that two 
thirds of the ascending and a third of the descending 
colonic segments have mobile portions of elongated 
mesentery[7]. Nonetheless, peritoneal attachments 
have significance for the flow of free fluid within the 
abdomen as fluid tends to flow caudally, medial to the 
ascending colon towards the ileocaecal junction and 
thus metastatic deposits may become lodged in the 
mesenteric ruffles en route.

Relative thickenings of the mesocolon provide liga
mental support to the colonic flexures; the nephrocolic 
ligament runs from the inferior aspect of the right 
kidney to the hepatic flexure which then becomes 
intimately related to the descending duodenum before 
the transverse mesocolon begins; the splenic flexure is 
suspended by (1) the phrenicocolic ligament which runs 
from the diaphragm and also supports the spleen; (2) 
the splenocolic; and (3) the pancreaticocolic ligaments 
which are essentially extensions of the transverse 
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mesocolon[5,7]. These attachments provide fixed points 
for ultrasound evaluation of the colon, which can at 
times, be highly mobile within the abdomen.

The taenia coli, thickenings of the longitudinal 
muscle layer grow from diffuse sheets at the caudal 
end of the bowel, become more defined in the proximal 
colon until they encase the caecum[6]. The taeniae 
are one sixth shorter than the colon[5], forming the 
haustrae. The muscle fibres in the longitudinal layer 
end by turning at right angles to merge with the 
circular fibres and thereby acting as fixed linkage points 
for contraction. Contractions can occur asymmetrically 
obliterating some haustrae, giving the false impression 
of smallbowellike semicircular folds and bowel wall 
thickening.

Vascular supply of the colon flows from the me-
senteric border, vessels spreading around the colon. 
The vasa recta penetrate through oblique connective 
tissue clefts in the bowel wall, the site of diverticular 
protrusion, but importantly enter these clefts on the 
antimesenteric aspect. In practice, diverticula are 
rare on the anti-mesenteric border between the taenia 
omonetalis and taenia libera. A vasa recta vessel 
runs over the long aspect of each diverticulum before 
entering the submucosa at the antimesenteric border[6]. 

EXAMINATION TECHNIQUE
General considerations and examination technique
An optimal environment for United States is within a 
dedicated space or consulting room, offering indirect 
low light sources and facilitating patient comfort. Prior 
cross-sectional imaging and endoscopy reports should 
be available to inform of postsurgical and anatomical 
variants. 

In most scenarios patient preparation is not re-
quired but specific measures can be used. Fasting 
for 4-6 h decreases bowel motility whilst two cups 
of water can be used to improve visualisation of the 
duodenum[8]. Negative oral contrast may improve 
detection of jejunal and proximal ileal stenosis, par
ticularly where examination findings are negative; 
250-800 mL of polyethylene glycol solution generally 
reaches the terminal ileum after an average duration 
of 30 min[9]. Once contrast is seen to flow into the 
caecum, retrograde examination of the small bowel can 
be performed. 

Examination of the intestinal tract begins with a 
comfortable patient, relaxed in a supine position so as 
not to tense the abdominal wall. The transducer is held 
maintaining contact with the patient’s skin to gauge 
pressure, whilst the left hand is free to optimize image 
characteristics on the machine. A systematic approach 
in examining the whole intestine is encouraged (Figure 
1). Firstly, the low frequency 38 MHz (multifrequency) 
curvilinear probe initially allows orientation to the 
anatomy and detection of gross changes, whilst high 
frequency linear probes (717 MHz) are preferable for 
interrogating specific regions of interest in depth.

Colonic examination
Beginning at the right anterior superior iliac crest and 
moving medially to the edge of the rectus muscles in 
a sagittal plane, the common iliac (iliacal) vessels are 
identified. Rotating anticlockwise to a transverse plane 
and moving cranially, the first bowel loop crossing from 
medial to lateral is identified as the terminal ileum. 
This is followed to the ileocaecal (Bauhin’s) valve and 
caecum. The base of the appendix can be identified 
at the deep margin of the caecum where the colonic 
taenia meet before the ascending colon is followed 
up towards the hepatic flexure. The rest of the colon 
can be followed via the transverse segment distally 
towards the rectum. Alternatively, the same technique 
can be used on the left side identifying the sigmoid 
colon as the first loop of bowel crossing the left iliac 
vessels, which can be followed to the descending colon 
and towards the spleen as far as the rib margin allows. 
The iliopsoas muscle can be used as an alternative 
landmark for identification of the terminal ileum 
and sigmoid colonic segments in the right and left 
iliac fossae respectively. Intercostal imaging may be 
required to visualise the left or splenic flexure where 
it has attachment to the spleen; elevating the left arm 
and rotating to a partial right decubitus position with 
a straight left leg can spread the ribs and improve 
image acquisition (Figure 1C). Placing the probe in the 
epigastric region in sagittal orientation demonstrates 
the liver and stomach; one can then follow the 
gastrocolic ligament to the transverse colon. Although 
the transverse colon can be followed on ultrasound, 
it may not be reliably viewed in its entirety. Be aware 
that the rectum and distal parts of the colon cannot 
always be displayed satisfactorily by transabdominal 
United States. Transperineal imaging, in such cases, 
can be useful to evaluate the distal rectum and perianal 
tissues.

Mesentery and small intestine examination
Mesenteric fat is evident sonographically and is 
considered to be abnormal if it extends over more 
than half the circumference of the bowel loop, if it is 
thickened beyond 56 mm or consistently greater than 
the normal bowel wall thickness[10]. 

Examination of the mesentery begins in the 
epigastrium at the duodenojejunal flexure which 
then runs obliquely towards the right iliac fossa. To 
aid visualization, the patient is asked to breath in 
deeply and as they exhale, pressure is applied to the 
transducer following which excellent views of the small 
bowel mesentery sheets and abnormalities can be 
achieved. A systematic scanning of the small bowel 
may start in the right iliac fossa by defining the terminal 
ileum and following its course in a proximal direction 
as far as possible. Finally, a systematic overlapping 
“Lawn Mowing” strategy is used, sweeping up and 
down the abdomen to provide an overview of the small 
bowel. This is performed with the probe in horizontal, 
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Perineal ultrasound 
TPUS allows visualisation of the perianal tissues, anal 
canal, sphincters, the distal 57 cm section of the 
rectum, vagina and a part of urinary bladder. A point 
for orientation is the symphysis. Knowledge of the 
pelvic anatomy is essential[12,13] (EFSUMB Case of the 
Month). No specific patient preparation is required. 

sagittal and oblique (parallel to the mesenteric 
attachment) orientations in order to allow one’s eye to 
follow structures and detect abnormalities. A full video 
explanation of abdominal and intestinal ultrasound 
examination technique is freely available on the 
EFSUMB website[11] (www.efsumb.org/education/cfd-
videos001.asp).

a

B

Rectus

TI
IAV

Pelvic 
wall

Rectus

Sigmoid

IAV

C

Rectus

Spleen SF

D

Rectus

SMA

Aorta

Figure 1  A systematic approach in examining the whole intestine. A: Examination begins in a relaxed ventral position; B: Beginning medial to the right anterior 
superior iliac spine, the iliacal vessels (IAV) are identified and the first bowel loop crossing medial-to-lateral is the terminal ileum (TI). The same technique on the right 
identifies the sigmoid colon; C: Elevating the arm spreads the rib spaces to improve visualisation of the splenic flexure (SF); D: Gentle pressure as the patient breaths 
out improves visualization of the mesentery and superior mesenteric artery (SMA) to exclude lymphadenopathy. The videos can be accessed via the efsumb website 
[www.efsumb.org/education/cfd-videos001.asp]. 
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The patient is placed in the left lateral position as for 
a digital rectal examination. The probe is covered in 
either a sterile cover or an examination glove with 
ultrasound gel between the layers. 

Examination begins in the midline just above the 
anus with the probe in a sagittal plane. The ultrasound 
probe can be moved laterally, however angulated 
views have reduced sensitivity for identification of 
pathology. Fistulous tracts can be followed by first 
placing the probe over the external opening. If 
necessary, the probe can be placed in a coronal angle, 
although this is usually less comfortable for the patient. 
It is useful to start with an abdominal convex probe 
(lower frequency) for the deeper structures and then 
continue with a higher frequency probe (715 MHz). 
Examination is also possible after rectal amputation 
(e.g., QuénuOperation).

The anal canal, sphincter complexes, hemorrhoidal 
plexus (Figure 2), rectovaginal plus anovaginal 
septums, the walls of the vagina and distal rectum 
can be defined. Fistulae should be classified as per 
Parks’ classification[14] although TPUS has reduced 
sensitivities for sphincteric relationships and therefore 
the American Gastroenterological Association (AGA)[15] 
distinction of “simple” from “complex” is of more clinical 
utility; the former including low fistulae (superficial, 
intersphincteric or intrasphincteric) below the dentate 
line, with a single external opening and without 
perianal complications or active proctitis[16]. Fistula and 
abscesses visibility can be improved with ultrasound 
contrast agents (UCA) using contrast enhanced ultra-
sound techniques[17,18]. Colour Doppler improves the 
differentiation of inflammatory reactions.

INTESTINAL LUMINAL FEATURES 
Bowel wall thickness
Bowel wall thickness (BWT) is the measure most 
consistently reported in diagnostic and activity 
trials. Wall thickness of the alimentary tract differs 
by region and depends on the degree of distension 

and contraction[19,20]. The overall thickness should be 
measured under mild compression from just above 
an air-mucosal interface to the outside of the outer 
muscularis propria layer border, including the whole 
bowel wall[21]. Under these standardised conditions, the 
stomach wall thickness measures 36 mm; terminal 
ileum 13 mm; and colon 0.52 mm. In fact, the 
normal range is likely to be even lower than this[22]. 
Values in children can be reliably obtained without the 
need for sedation[22] but bear in mind that values do 
increase over childhood[23] whilst still remaining < 2 
mm. The optimal threshold for abnormal thickness is 
debatable, as specificity improves with increasing wall 
thickness at the cost of sensitivity (Figures 3 and 4).

Bowel wall layers
The GI wall has five layers that usually can be 
visualized with ultrasound. The sonographic layers 
are a combination of interface echoes and the echo 
characteristics of the histological layers[24-26]. When 
imaged in the anterior wall of a bowel loop starting 
from the lumen the hyperechoic layer 1 corresponds to 
the interface between the mucosa and the lumen and 
is not a part of the actual GI wall. The hypoechoic layer 
2 corresponds to the mucosa without the interface 
between the submucosa and mucosa, the hyperechoic 
layer 3 to the submucosa including this interface echo, 
the hypoechoic layer 4 to most of the proper muscle 
and layer 5 to the hyperechoic interface echo between 
the proper muscle and the serosa. 

Interface echoes are always hyperechoic and 
located distally to the actual tissue interface. Therefore, 
the correspondence between histology and sonographic 
layers differ slightly in the dorsal wall. Specifically, 
the interface between lumen and mucosa (layer 1) 
is a part of the actual mucosa and layer 2 represents 
the rest of the mucosa without muscularis mucosae, 
which normally is covered by an interface echo and add 
thickness to layer 3. Moreover, the interface between 
submucosa and the proper muscle adds thickness to 
layer 3 and reduces the thickness of layer 4. Finally, the 
interface between the proper muscle and serosa (layer 
5) extends beyond the actual serosa[27,28]. 

The interface from the serosa is hard to delineate. 
Accordingly, the measurement should be made 
from the start of the hypoechoic layer of the proper 
muscle to the end of the hypoechoic layer of the 
mucosa. Transducer-compression of the bowel wall 
will reduce thickness and can make it challenging to 
distinguish wall layers[29,30]. However, some operators 
practice mild compression suggesting that this 
improves reproducibility of measurements[21,22,3133]. 
The examiner should also be aware of interpretation 
difficulties due to mucosal folds and haustrations and 
to keep the probe angle perpendicular to the bowel 
wall to avoid tangential measurements. In conclusion, 
dosed compression is a prerequisite for a reproducible 
examination for some authors whereas others use it 
with caution. 

Figure 2  Example on the use of color doppler imaging and continous 
duplex scanning. Perineal ultrasound showing the hemorrhoidal pleaxus using 
color doppler imaging and continous duplex scanning with the typical spectrum 
of the hemorrhoids.
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The layered wall structure changes with disease[34]. 
In severe disease the stratification may disappear 
due to deep mural ulcers, increasing inflammatory 
infiltrate and neovascularisation. In chronic inactive 
disease, accentuated wall layers are more common. 
The distinctions are less apparent with milder disease 
phenotypes.

Symmetry
The symmetrical nature of changes is relevant. Asym
metry has been assumed to correspond to endoscopic 
signs of focal ulceration or polypoid mucosal changes, 
whilst diffuse thickening is evident with ulcerative colitis 
(UC) or infectious colitis. The differential diagnoses for 
chronic inflammatory bowel findings, with or without 
asymmetry are listed in Tables 1 and 2.

Luminal diameter and motility
The small and large bowel can usually be distinguished 
by scanning the haustrae of the colon and/or the 
circular folds of Kerckring in the small intestine. In 
unclear cases, scanning of the intestine during various 
stages of filling may be helpful. Changes in Kerckring’s 

folds and luminal fluid quantity can be associated with 
disease[35]. The small bowel diameter varies widely 
depending on recent meals and activity, but dilatation 
beyond 25 mm should be regarded as abnormal, 
particularly when motility is reduced[36]. Assessment of 
peristaltic activity and lumen compressibility are two 
advantages of ultrasound over other imaging modalities. 
Strictures may be identified by the coexistence of 
thickened and stiffened bowel wall with narrowing of 
the intestinal lumen, particularly if less than 10 mm[9]. 
The presence of proximal loop dilatation with fluid or 
echogenic content is not required for the diagnosis[36] 
but may carry clinical significance.

Dilatation of the proximal small bowel loops with 
hypo- or hyperperistalsis can be caused not only by 
chronic fibrotic strictures but also by acute inflammatory 
stenosis or passenger invagination. Functional ultra
sonography is helpful in differentiation[37-40].

Extent of disease
Evaluating the length and extent of involved bowel 
segments is performed by estimated longitudinal 

a B

Mu
SM

Lumen

Figure 3  Measurement of the bowel wall. The measurements are best taken ventrally since posterior artefacts occur (A) and the measurements (B) are not reliable. 
Mu: Mucosa; SM: Submucosa.

Figure 4  Measurement of the bowel wall. In a patient with Crohn’s disease 
of the small intestine, ultrasound was applied to evaluate disease extension 
and wall thickness. B-mode image shows moderate wall thickening in the 
ileum with well-preserved layer structure. Be aware the marked thickening 
of the submucosal layer in white, often seen in IBD. The crosses mark the 
wall thickness in the anterior and posterior wall denoting a slight difference in 
thickening.

Crohn’s disease
Actinomycoses
Mycobacteria tuberculosis
Lymphoma
Neoplasia
NSAID enteropathy

Table 1  Differential diagnosis of asymmetrical terminal ileal 
thickening with chronic symptoms

Inflammatory bowel disease
Mycobacterium tuberculosis
Sarcoidosis
Diverticulitis
Neoplasia
Lymphoma
Ischemia

Table 2  Differential diagnosis of chronic inflammatory 
diseases of the bowel
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measurement and taking note of skip lesions. Bowel 
wall thickening, luminal diameter for stenosis or 
dilatation > 25 mm, and motility should be noted in 
each region. Chronic inflammation tends to produce 
an isolated, fixed segment without peristalsis and 
abnormal angulation due to the fibrofatty proliferation 
of the mesentery[41,42]. 

Transmural reactions
Transmural inflammation and fibrosis may result in an 
asymmetrically thickened, stratified bowel wall, which 
are the typical findings of Crohn’s disease (CD). A 
hypoechoic extension through the normal bowel wall 
stratification correlates with cellular and oedematous 
tissue infiltration. Even though the extent of the fibro
fatty proliferate correlates with the degree of intestinal 
inflammation in CD, there is no standardized method 
to date to quantify the mesenteric fat by using GIUS. 
Note should be made if the reaction extends beyond 
the muscularis propria layer, and whether it does 
so into the mesenteric or anti-mesenteric border. 
Fistulae are identified as hypoechoic tracts extending 
through the bowel wall, often with reverberations 
(circumscribed bright air echoes) within them (Figure 
5). Rounded hypoechoic areas (non-contrast imaging) 
within the mesentry are suspicious for abscesses or 
inflammatory phlegmons often with an irregular wall 
or internal echoes (Figure 6). The occurrence of free 

peritoneal fluid is important to note, though clinical 
data corroborating its significance are scant[21].

Fistulae and abscesses
Two prospective studies suggest a sensitivity and 
specificity for the GIUS detection of fistulae of 
72%87% and 90%96%, respectively[43]. This 
performance is equivalent to CT/MR studies in meta
analysis[44], whilst small intestine contrast ultrasound 
(SICUS) may have a sensitivity as high as 96%. 
Estimates of the sensitivity and specificity for detecting 
abscesses have been reported in a somewhat higher 
range; 71%100% and 77%94% respectively[21,4549]. 
The direct application of contrast agents into the orifice 
of the fistula may be helpful in determining the route 
and connection(s)[12,13,50]. 

SECONDARY MESENTERIC FEATURES
Mesenteric lymph nodes 
Lymph node enlargement is a frequent sonographic 
finding in CD[10], however their interpretation and 
clinical implications remain to be further clarified in 
the literature. It has been suggested that they may 
represent a very early manifestation of CD in children 
for example[22]. They are correlated with duration 
of disease and the presence of fistulae but more 
importantly, for the ultrasound learner, they provide a 

Airbubbles

a B C

Figure 5  Typical complications in Crohn’s disease, fistula. Typical ultrasound findings in Crohn’s disease include transmural inflammation, fistula and abscess 
formation. A-C: The typical sign of fistula is hypoechoic transmural inflammation with (moving) air bubbles outside of the bowel lumen. The air bubbles are best 
visualised using a real-time examination or video. Here we demonstrate single images of a video to demonstrate the changes within one second.

a B

Figure 6  Typical complications in Crohn’s disease, abscess. Typical ultrasound findings in Crohn’s disease include transmural inflammation, fistula and abscess 
formation. Contrast enhanced ultrasound allows to better delineate larger (A) and smaller abscess formation (B) not clearly suspected using B mode ultrasound.

Atkinson NSS et al . How to perform gastrointestinal ultrasound



6938 October 14, 2017|Volume 23|Issue 38|WJG|www.wjgnet.com

marker of procedural competence and interpretation. B 
mode characteristics of lymph nodes to consider include 
their length and particularly for those < 15 mm; their 
short axis dimension should be less than half their 
longitudinal diameter. Furthermore, the normal lymph 
node architecture and hilum should be preserved in 
normal or inflammatory nodes[51].

Mesenteric inflammation, oedema and vascularity
The supporting structures of the intestine run within 
the sheets of mesentery, seen as layers of mixed 
echogenicity with hyperechoic serosal layers on either 
side, which does not have peristaltic movement 
and appears similar in both transverse and sagittal 
planes. Fat wrapping has long been recognised by 
surgeons as a common and specific feature of CD. So
called (creeping) fat, extending from the mesenteric 
attachment to partially cover the small or large 
intestine resulting in loss of bowel mesentery angle, 
is seen as an early event in the disease course and 
plausibly plays a role in the inflammatory milieu[52]. 
In practical terms the serosal planes on either side 
of the mesentery may be detected and should cover 
less than half of the bowel circumference. It is also 
the most common cause of bowel loop separation[41]. 
A subjective impression of increased thickening and 
echogenicity has been applied in the literature[10], 
correlating with clinical severity and primary luminal 
findings; although in long standing disease it can 
become more heterogeneous and hypoechoic[41]. 

TECHNIQUES FOR INTERROGATION OF 
FEATURES OF INTEREST
Doppler imaging of tissue and SMA parameters
Colour Doppler imaging of the bowel wall is part of 
standard assessment of the intestine and mesenterial 
vessels (Figure 7). Hyperaemia is associated with 
inflammation, usually seen in the submucosal layer 
and the penetrating vessels of the muscularis propria. 
Use of Doppler evaluation increases the sensitivity of 
US for evaluating disease activity[33,39,5359]. The degree 

of vascularity can be graded by the Limberg scale, a 
semiquantitative assessment[60] that lacks routine 
practical relevance. Other more complex quantitative 
measurements of Doppler parameters have been 
proposed, however a standardised protocol to com
pensate for confounders has not yet become widely 
used. Power Doppler assessment of the arterial inflow, 
in particular the inferior mesenteric artery (IMA) for left 
sided colonic disease and SMA for proximal colon and 
small bowel activity, can be assessed in the majority of 
patients and correlates with other ultrasound markers 
of disease activity. It should therefore be interpreted 
in the overall context of ultrasound findings[61]. A 
prognostic role for Doppler parameters was previously 
proposed[62] but awaits further study and validation.

Contrast-enhanced US
Second generation contrast agents such as SonoVue®, 
produce harmonic frequencies from microbubbles 
approximately the size of a single red blood cell, 
and are stable within the circulation[17,63]. Imaging 
systems thereafter allow visualisation of individual 
blood vessels through a tissue and thereby improve 
the accuracy of Doppler US in evaluating bowel wall 
vascularity. This technique has been shown to be 
useful in the assessment of disease activity in CD, in 
particular differentiating inflammatory masses from 
abscesses and may help to distinguish inflammatory 
from fibrotic strictures in certain situations[64-66]. Use of 
Contrast-Enhanced US (CEUS) during GIUS has been 
standardized, does not requires specific expertise, and 
its use in IBD presently is increasing[67].

Elastography
Similar to palpation, the elastic properties of a tissue 
can be evaluated by assessing the speed of a sheer 
wave through tissue or the amount of deformity 
created by the sheer stress (strain imaging). Various 
sonographic approaches to generating and measuring 
these parameters are available[68], which may com
pliment standard B-mode assessment of a lesion. 
Fibrotic lesions may appear stiff and inflammatory 
lesions soft using elastography, which can help to 
characterise intestinal lesions and has been correlated 
with endoscopic findings (Figure 8)[69,70]. 

CONCLUSION
Understanding the anatomy and embryology of the 
intestinal tract is highly relevant in identifying sono
graphic abnormalities relevant to GIUS. The general 
principles of examination involve specific interrogation of 
the colon, small intestine and mesentery. Further work 
is required to validate and understand the significance 
of certain sonographic parameters where understanding 
is limited; this includes further evaluation of abnormal 
wall thicknesses and quantifying this to a higher degree 
of accuracy, understanding the significance of peritoneal 
fluid present as a reflection of transmural reactions, 

Figure 7  Complications of inflammatory bowel disease. Thrombosis of the 
superior mesenteric vein. Partial recanalisation is shown by the markers.
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and the accurate interpretation and implications of 
lymph nodes. Despite the presence of semiquantitative 
measures, such as the Limberg score, they lack practical 
relevance and so there is a need for further multicentre 
prospective studies. 

Various sonographic abnormalities can be detected 
and interpreted currently but a standardized scoring 
system for GIUS in inflammatory bowel disease, akin 
to validated endoscopic scores (such as the Ulcerative 
Colitis Endoscopic Index of Severity) is lacking. 
Ultimately, formulating a reproducible and validated 
scoring system integrating different sonographic 
parameters to reflect severity will be highly relevant; 
this will require agreement amongst GIUS experts and 
validation in multicentre prospective studies. Finally, a 
standardized method of documentation, including how 
to capture images, needs to be developed.
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Abstract
Dysphagia is a common symptom that is important 

to recognise and appropriately manage, given that 
causes include life threatening oesophageal neoplasia, 
oropharyngeal dysfunction, the risk of aspiration, 
as well as chronic disabling gastroesophageal reflux 
(GORD). The predominant causes of dysphagia varies 
between cohorts depending on the interplay between 
genetic predisposition and environmental risk factors, 
and is changing with time. Currently in white Caucasian 
societies adopting a western lifestyle, obesity is 
common and thus associated gastroesophageal reflux 
disease is increasingly diagnosed. Similarly, food 
allergies are increasing in the west, and eosinophilic 
oesophagitis is increasingly found as a cause. Other 
regions where cigarette smoking is still prevalent, 
or where access to medical care and antisecretory 
agents such as proton pump inhibitors are less 
available, benign oesophageal peptic strictures, 
Barrett’s oesophagus, adeno- as well as squamous 
cell carcinoma are endemic. The evaluation should 
consider the severity of symptoms, as well as the pre-
test probability of a given condition. In young white 
Caucasian males who are atopic or describe heartburn, 
eosinophilic esophagitis and gastroesophageal reflux 
disease will predominate and a proton pump inhibitor 
could be commenced prior to further investigation. 
Upper gastrointestinal endoscopy remains a valid 
first line investigation for patients with suspected 
oesophageal dysphagia. Barium swallow is particularly 
useful for oropharyngeal dysphagia, and oesophageal 
manometry mandatory to diagnose motility disorders. 

Key words: Dysphagia; Oesophagus; Eosinophilic; 
Manometry; Gastroesophageal reflux; Aspiration; Food 
bolus impaction

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

Core tip: Dysphagia may represent serious and 
l ife-threatening pathology such as oesophageal 
neoplasia or oropharyngeal dysfunction capable of 
causing aspiration. In young white Caucasian males, 
eosinophilic esophagitis and gastroesophageal reflux 
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disease are predominant causes, and a trial of proton 
pump inhibitor is suggested whilst awaiting endoscopy. 

Philpott H, Garg M, Tomic D, Balasubramanian S, Sweis R. 
Dysphagia: Thinking outside the box. World J Gastroenterol 
2017; 23(38): 6942-6951  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i38/6942.htm  DOI: http://
dx.doi.org/10.3748/wjg.v23.i38.6942

INTRODUCTION
Dysphagia is a common symptom in patients pre
senting to both generalist and specialist medical 
practitioners[1,2]. The key initial consideration for 
clinicians is to rule out lifethreatening pathology 
such as neoplasia, and to identify patients who are 
at risk of aspiration such that immediate intervention 
can occur[3]. Dysphagia is most commonly due to 
chronic benign disorders, although it can be associated 
with appreciable morbidity and impaired quality 
of life (QOL)[4].  Gastroesophageal reflux disease 
(GORD) is the major cause in younger individuals, 
whilst oropharyngeal dysphagia (OD) secondary 
to cerebrovascular disease is more frequent in the 
elderly[1,4]. Dysphagia as a symptom attributable 
to GORD in younger adults does not automatically 
mandate investigation, rather a trial of a proton 
pump inhibitor (PPI) and strict followup to ensure 
symptomatic resolution might be sufficient[5]. OD 
and oesophageal dysphagia can often be reliably 
differentiated symptomatically and might help reduce 
the risk of aspiration in OD[6]. A comprehensive 
awareness of the multitude of potential causes of 
dysphagia, including common medications and 
rheumatological conditions, is necessary to allow for 
efficient and thorough evaluation. Judicious investigation 
with the appropriate choice of tests in order to consider 
both common and unusual aetiologies is required; 
high quality endoscopy with care to take sufficient 
oesophageal biopsies even if mucosa looks normal 
[e.g., eosinophilic oesophagitis (EoE)], high resolution 
oesophageal manometry (HRM) in suspected motility 
disturbance, barium swallow and where appropriate, 
crosssectional imaging [e.g., computed tomography 
(CT) scan].  The escalating frequency of GORD and 
EoE, and the increase in mean age (and associated 
conditions such as CVA) will ensure that dysphagia 
remains a common presentation in the future[7,8]. 
This review attempts to present a contemporary 
understanding and approach to patients with 
dysphagia.

EPIDEMIOLOGY
Dysphagia is the subjective awareness of an 
impairment in swallowing of saliva, liquid or solid 

food. The prevalence varies by age of cohort, method 
of data collection, and if the dysphagia is classified 
as acute or chronic[1,4,9]. A community survey of 
1000 individuals in Sydney Australia, demonstrated 
a prevalence of dysphagia of 16% (defined as ever 
having the symptom), although few (1%) reported 
dysphagia as chronic or severe[4]. GORD, hypertension 
and psychological symptoms (anxiety and depression) 
were independently associated with dysphagia[4]. 
Subjectivity in symptom reporting and the contribution 
of GORD have emerged as important themes in 
contemporary studies of dysphagia[1]. A study of 
patients with GORD reported resolution of dysphagia 
with PPI[10]. General practice cohorts have found a 
frequency of dysphagia of up to 23%, thus reflecting 
the significant health care burden taken up by this 
patient group[2]. Selfreported dysphagia is often 
variably defined[11]; an isolated globus sensation can 
erroneously be considered a form of dysphagia.

In a large survey of an adult United States 
population (n = 7640, 3669 respondents), 17% of 
respondents reported “infrequent” (< 1 episode per 
week) and 3% “frequent” (> 1 episode per week) 
dysphagia[1].  On interrogation of these respondents’ 
medical files, symptoms of heartburn and endoscopic 
diagnosis of GORD were significantly associated 
with both the “frequent” and “infrequent” cohorts[1]. 
Perhaps due to the limited sample size and old 
age of the respondents (mean 62 years), other 
typical conditions were not statistically associated 
with dysphagia. Primary oesophageal conditions 
(EoE, achalasia, cancer) and systemic conditions 
(scleroderma, rheumatoid arthritis) were only reported 
amongst the “frequent” dysphagia group[1]. Therefore, 
clinically significant (or frequent) dysphagia should 
alert the clinician to serious underlying pathology, 
whilst infrequent dysphagia is most likely to represent 
GORD and a trial of acid suppression may be 
worthwhile in the first instance provided there are no 
alarm symptoms. This view is supported by several 
experts in the field (see below).

AETIOLOGY AND PATHOGENESIS
Dysphagia is the subjective awareness of impairment 
in the passage of food from the oropharynx to the 
stomach, and therefore may signify an actual delay in 
bolus transit, or merely the sensation thereof[12]. It is 
useful to consider the anatomical structures implicated 
in swallowing (including innervation), and the location 
of pathology within (Figure 1)[10]. The process of 
swallowing, whereby food or liquid travels from the 
mouth to the stomach, involves a complex sequence of 
muscular contraction and relaxation, involving striated 
(oropharynx and upper 1/3rd of the oesophagus) 
and smooth muscle (lower 2/3rd of the oesophagus) 
that is controlled by motor neurons of the brainstem, 
and autonomic innervation (of the myenteric plexus) 
respectively[10,11]. The oropharyngeal component is 
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initially voluntary (including chewing). This is followed 
by an involuntary phase initiated by food entering 
the pharynx, whereby the swallowing reflex causes 
simultaneous relaxation and contraction of the soft 
palate, upper oesophageal sphincter, oesophagus and 
lower oesophageal sphincter[6]. 

Causes of dysphagia vary across the world, and 
there is evidence of a change in the relative proportion 
of the various disease states in the last few decades[8]. 
In the United States, benign oesophageal stricture has 
become less common, whilst EoE is increasing, along 
with oesophageal adenocarcinoma[8]. This pattern is 
mirrored in other Western nations[18]. Oesophageal 
squamous cell cancer remains a common condition in 
Asia, whilst Chagas disease still is prevalent is some 
regions of South America[18].

The oesophageal lumen can become narrowed by 
inflammation (e.g., erosive reflux disease or EoE), 
neoplasia or fibrous stricture, or can be compressed 
externally by lymph nodes or degenerative disease of 
the cervical spine[8,1215]. 

Luminal stenosis
Narrowing of the oesophageal lumen by inflammation, 
stricture, web or tumour can result in dysphagia[16]. 
Distal oesophageal inflammation from GORD can 
result in dysphagia due to transient decrement in 
peristaltic vigour, and if sustained can lead to fibrous 
stricture formation[8,15]. Barrett’s oesophagus and/or 
sliding hiatus hernia (HH) are present in > 80% of 

those with chronic severe GORD and there is some 
evidence that both may independently influence 
oesophageal peristalsis[17,18]. Treatment of Barrett’s 
oesophagus with endoscopic mucosal resection (EMR) 
and radiofrequency ablation can lead to fibrosis[19].  The 
Schatzki ring (a mucosal ring of the distal oesophagus), 
occurs just proximal to the gastroesophageal 
sphincter, often within a hiatus hernia, and is relatively 
common[20,21]. Barium swallow reveals Schatzki ring in 
5%15% of patients with HH[8]. The association with 
dysphagia and and its cause (congenital, secondary 
to GERD or even EoE) are debated[22]. Proximal 
oesophageal webs have been described in individuals 
with dysphagia. An association with iron deficiency 
anaemia (the PlummerVinson syndrome) was 
apparently common in the first half of last century, 
although is rarely reported today[23,24]. EoE is perhaps 
the most important, benign cause of dysphagia 
behind GORD. It is increasingly common and may 
be responsible for some cases previously diagnosed 
as fibrous strictures or webs[7]. This is an important 
consideration amongst Caucasian patients in western 
countries, and is readily treatable (see below)[8,25]. 
The prevalence of EoE is estimated at between 1 in 
500 and 1 in 1000 adult Caucasian males[26]. The 
importance of EoE is redoubled by the frequent 
occurrence of food bolus obstruction, a complication 
that is associated with significant morbidity including 
the need for hospitalisation, upper gastrointestinal 
endoscopy (UGE) and (rarely but catastrophically) 
oesophageal perforation[27].

Non-obstructive gastro-oesophageal reflux disease
Many patients that describe dysphagia will have 
normal investigations including UGE and highresolution 
manometry (HRM), suggesting that a dysfunction 
of the somatosensory as opposed to neuromuscular 
apparatus might be present[28,29]. A unifying hypothesis 
to explain this apparent dichotomy is that a minor 
disturbance in peristalsis (caused for example by 
GORD, or nonerosive reflux disease  NERD) may 
be below the threshold of detection even by sensitive 
HRM, yet be experienced by the patient as dysphagia. 
Indeed, many people will describe a resolution 
of symptoms with proton pump inhibition (PPI). 
Interventions aimed at modulating the somatosensory 
system have hence been advocated[28,29]. 

Primary motility disturbance
Achalasia is the prototypical condition classified as 
a primary (isolated to the oesophagus) disorder 
of oesophageal motility, yet is quite rare, with 
an estimated prevalence of 0.17% in individuals 
undergoing endoscopy[30]. Patients typically present 
with a chronic history of dysphagia for liquids and/
or solids, and often with retrosternal discomfort, 
heartburn and weight loss[31]. The underlying 
pathophysiology is of an imbalance between excitatory 
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Figure 1 Anatomy of the oesophagus. Disease of the upper 1/3 of the 
oesophagus causing dysphagia may include extrinsic compression (e.g., 
cervical osteophytes), or dysfunction secondary to rheumatological conditions 
(e.g., Sjogrens’s syndrome) or in eosinophilic oesophagitis (along with the 
lower oesophagus). The lower oesophagus can be afflicted in scleroderma, 
gastroesophageal reflux disease and in eosinophilic oesophagitis.
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Similarly, patients with SLE and MCTD frequently 
describe dysphagia, and proximal oesophageal 
peristalsis is often weak or fragmented[45]. The cause of 
the abnormal motility in these conditions is unknown, 
although an inflammatory myopathy or neuropathy 
has been postulated[45]. Manometry was unable to 
correlate these symptoms with dysmotility[45]. In 
patients with rheumatoid arthritis, distal oesophageal 
peristalsis can be weak or fragmented; although life
threatening subluxation of the cervical spine needs 
to be considered[50]. Oesophageal dysmotility as a 
feature of the CREST syndrome is the best known 
and most studied of the rheumatological conditions, 
although dysphagia is often overshadowed by 
heartburn[51,52]. The pathophysiological process of 
fibrous replacement of the smooth muscle of the mid 
and lower oesophagus leads to incompetence of the 
lower oesophageal sphincter (LOS) and the clinical 
sequalae of GORD and dysphagia[53]. 

Extrinsic compression of the oesophagus can be 
a feature of osteoarthritis of the cervical spine, with 
(particularly) anterior osteophyte formation[13]. This 
is also occurs in a more florid fashion with diffuse 
idiopathic skeletal hyperostosis (DISH)[54]. Ironically, 
neurosurgical interventions for degenerative cervical 
spine disease (such as anterior discectomy) can 
result in dysphagia both in the short term (with post
operative swelling, or rarely because of damage to the 
cranial nerves) or long term (compression secondary 
to a cage implant, if placed)[48]. Other causes of 
extrinsic compression include mediastinal or hilar 
lymphadenopathy (e.g. due to haematological or 
disseminated solid organ neoplasia) and goitre[14,55].

Medications
Medications cause or contribute to dysphagia by 
influencing oesophageal peristalsis, xerostomia, 
as a secondary consequence of esophagitis 
(“pill oesophagitis”), or by causing GORD (Table 

and inhibitory neurons of the myenteric plexus at 
the distal oesophageal sphincter, with a decrement 
in inhibitory innervation (nitrous oxide, or vasoactive 
intestinal peptide) leading to aperistalsis and failure of 
relaxation of the lower oesophageal sphincter during 
primary swallowing in classical (Type I) achalasia, 
panoesophageal pressurisation in early (Type II) 
achalasia or spasm of the oesophageal body (Type III 
achalasia), but manometry is required to accurately 
define subtype[32]. Current literature suggests that 
achalasia is an autoimmune condition associated 
with antibodies directed at the myenteric plexus and 
linked to HLA class II DR and DQ alleles[33]. Distal 
oesophageal spasm and “jackhammer” oesophagus 
(formerly, nutcracker oesophagus) are disorders of 
distal oesophageal hypercontractility which can present 
as dysphagia and/or chest pain and are defined with 
high resolution manometry as per the recent Chicago 
classification update (see below)[3437]. These primary, 
major disorders of oesophageal motility, may be part 
of a disease spectrum with shared pathogenesis[3840]. 
It is important to always consider secondary achalasia 
(pseudoachalasia) that can result from neoplastic 
infiltration of the distal oesophagus, or be secondary to 
infection (Chagas disease, primarily occurring in South 
America)[41,42]. 

The advent of HRM and subsequent diagnostic 
algorithms has led to a reconsideration of minor 
disorders of peristalsis as a cause of dysphagia 
(defined by the Chicago Classification)[35]. Many 

patients presenting with dysphagia will have ineffective 
oesophageal motility in the distal oesophagus or 
fragmented peristalsis (defined by HRM and the 
Chicago Classification)[35]. Previously, it had been 
demonstrated that these abnormalities are frequently 
found in patients with GORD[43]. The symptom of 
dysphagia did not correlate with minor disorders or 
peristalsis on HRM[28,44]. An evolving consensus is 
arguably emerging that these “abnormalities” may 
lack clinical application and relevance[44].

Rheumatological conditions
To ensure a systematic evaluation occurs and that 
relevant pathology is not overlooked, an awareness 
of rheumatological and neurological conditions, 
medications that may cause oesophageal dysmotility, 
and causes of extrinsic anatomical compression is 
required[3,4548]. Dysphagia is frequently reported by 
patients with Sjogren’s syndrome, systemic lupus 
erythematosus (SLE), mixed connective tissue disease 
(MCTD) and rheumatoid arthritis, not to mention the 
more commonly recognised association with systemic 
sclerosis (as part of the CREST syndrome)[45] (Table 
1). More than 1/3 of patients with Sjogren’s syndrome 
report dysphagia, caused both by xerostomia and thus 
deficient lubrication of the food bolus, and by abnormal 
peristalsis demonstrable by oesophageal manometry 
(particularly in the upper 1/3 of the oesophagus)[45,49]. 

Table 1  Medications implicated in causing dysphagia

Medication Putative mechanism

Antipsychotic, e.g., olanzapine[63], 
clozapine[62]

Block dopamine receptors

Tricyclic antidepressant, e.g., 
amitriptyline[56]

Anticholinergic, decreased saliva 
and impairment secondary 

peristalsis
Opioids[90] Increase lower oesophageal 

contractility, oesophageal spasm
Iron supplements Localised oesophagitis[58,59]

Potassium supplements
NSAIDs
Tetracyclines
Macrolides
bisphosphonates
Calcium channel blockers Smooth muscle relaxation (including 

lower oesophageal sphincter)[56]Nitrates
Alcohol
Theophylline
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2)[47,5659]. Sedative agents can lead to compromise 
of airway maintenance and thus aspiration is a risk. 
Finally, medications that have a local or systemic 
immunosuppressant effect can predispose to infective 
oesophagitis[60]. Among individuals with a psychiatric 
diagnosis, dysphagia may relate, at least in part, to the 
use of psychotropic medication[61]. The anticholinergic 
and antidopaminergic effects of antipsychotics and 
tricyclic antidepressants have been implicated, not only 
in causing a dry mouth (anticholinergic) thus limiting 
lubrication of the food bolus, but also in decreasing 
the coordination and strength of peristalsis and the 
timing of lower oesophageal sphincter relaxation[62,63]. 
It is also possible that serotonergic pathways may be 
responsible for the dysphagia caused by clozapine, 

although this hypothesis is perhaps refuted by the 
absence of case reports relating SSRIs to dysphagia[63]. 
Individuals with psychiatric diagnoses may also 
have an increased rate of neurological disorders 
(such as Parkinson’s disease), particularly among 
older individuals in residential care, that can cause 
dysphagia[3,61]. The use of opiates, even if low dose 
and over the counter, can lead to hypercontractile or 
hypertensive sequelae of the oesophagus and/or LOS, 
sometimes even mimicking Type III achalasia.

Neurological disorders
Neurogenic dysphagia, a term loosely applied to cases 
where the pathology involves the central, autonomic 
or peripheral nervous system (and not isolated to 
the oesophagus such as achalasia) is more often 
characterised by an oropharyngeal component, with 
neurologists and speech pathologists primarily involved 
in management[64,65]. Dysphagia is common after 
cerebrovascular accidents (CVA) involving the cortex 
often causing hemiplegia[66]. Rapid improvement in 
swallowing function occurs in the majority[67]. Brainstem 
infarcts with cranial nerve involvement is another (albeit 
less common) lesion, but can be severe and sustained[3]. 
The basal ganglia are the major site of pathology in 
Parkinson’s disease, and oropharyngeal involvement 
(with difficulty initiating swallowing and impairment 
in bolus transit between the pharynx and proximal 
oesophagus) demonstrable at video fluoroscopy[68]. 

Table 2  Neurogenic dysphagia - Common causes

Condition Description

Parkinson’s disease[68] Oropharyngeal and oesophageal 
dysphagia is possible

Multiple sclerosis[64] Oropharyngeal and oesophageal 
dysphagia is possible

Cerebrovascular disease[3,67] Oropharyngeal dysphagia typical
Motor neuron disease[11,64] Features of bulbar and pseudobulbar 

palsy possible
Myasthenia gravis[64,91]

Myopathy (various, including 
inflammatory)[45,64]

Oropharyngeal and proximal 
oesophageal

Cerebellar pathology (various)[64]
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Figure 2  Proposed management algorithm for patients presenting with dysphagia.

Clinical assessment to determine 
risk of aspiration or if suitable for a PPI

Oropharyngeal dysphagia likely:
Consider Barium swallow and
referral to e.g.  neurologist, 

otolaryngologist or speech pathologist

Age < 50 yr, non-smoker and EoE
considered unlikely: Empirical trial of 

PPI

When no cause is found consider oesophageal manometry and/or cross-sectional 
imaging (e.g.  CT scan)

Eosinophilic oesophagitis possible:
Gastroscopy and biopsies of the

mid and lower oesophagus

Clinical Review: If no improvement 
in 2 weeks consider endoscopy

Dysphagia
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Awareness of Parkinson’s disease as a cause of 
dysphagia is of importance to gastroenterologists given 
the recent finding of neurological pathology beyond 
the brainstem. Furthermore other gastrointestinal 
symptoms such as constipation may precede the 
characteristic clinical syndrome of tremor, rigidity 
and bradykinesia[6870]. Other neurogenic causes of 
dysphagia are outlined in Table 3.

CLINICAL ASSESSMENT
The aetiology of dysphagia can be variably classified, 
but traditionally oropharyngeal dysphagia (OD) and 
oesophageal dysphagia are defined as distinct groups 
because the immediate treatment approach to the 
former is to consider aspiration risk and dietary 
modification (Figure 2)[6]. It has been estimated that 
the presence of one or more of a 4symptom cluster 
can predict OD accurately: delay in oropharyngeal 
initiation of swallowing, deglutitive cough, deglutitive 
nasal aspiration and the need to repetitively swallow to 
clear nasal secretions[71]. OD is principally managed by 
neurologists, ENT surgeons and speech pathologists, 
and is therefore beyond the focus of this review. 
Further useful subclassifications of oesophageal 
disease include dysphagia to solids only (implying an 
anatomical distortion) or to liquids and solids (implying 
a physiological or motility disturbance), although the 
precision of any such clinical “rule of thumb” is not 
absolute. Longstanding symptoms of mixed dysphagia 
would normally suggest a motility disturbance[31]. 

INVESTIGATIONS
UGE remains a central tool in the investigational 
algorithm, being essential for the diagnosis of 
oesophageal malignancy, refractory GORD and EoE[72]. 
At least middle and lower biopsies of the oesophagus 
should be taken in patients with dysphagia, even when 
the macroscopic appearance is normal, primarily with 
the intention of excluding EoE. The role of UGE as a 
mandatory primary investigation is debated. Whilst 
dysphagia can signify lifethreatening pathology such 
as oesophageal or gastric neoplasia, in the majority 
UGE will be normal or demonstrates only mild 
erosive disease , leading several experts to advocate 
a trial of PPI first in otherwise healthy subjects[5]. 

This is a departure from orthodox teaching where 
dysphagia is considered an alarm symptom mandating 
gastroscopy[11]. Thus, a trial of PPI can be considered 
both diagnostic and therapeutic. The significance of 
dysphagia however should not be minimised, as the 
condition is common, and the morbidity in terms of 
utilisation of healthcare and impairment in quality of 
life considerable[1,4].

Barium oesophogram (barium swallow) is the 
next investigation to consider after UGE, particularly 
when upper oesophageal anatomical or structural 
pathology is suspected (e.g, a pharyngeal pouch), or 
to exclude a major motility disorder (e.g, achalasia, 
spasm) when HRM availability is limited[73,74]. Indeed, 
experts disagree when it comes to the sequence of the 
investigations, with some advocating barium swallow 
as the initial test in all, citing the ability to preplan 
endoscopic inventions such as dilatation, to avoid 
unnecessary repeated testing and to avoid potential 
risks including pharyngeal pouch perforation and 
aspiration in patients with suspected oropharyngeal 
dysphagia[75]. Barium esophagography can also be 
considered when extrinsic compression is being 
considered, or when there is a strong suspicion of 
paraoesophageal (previously known is “rolling”) HH. 
Crosssectional imaging may assist in some cases, 
with communication between reporting radiologists 
being imperative in this setting[76,77].

HRM is most useful when a motility disorder is 
suspected, or if a HH is thought to be contributing 
to refractory GORD and dysphagia. HRM is more 
accurate in the diagnosis of sliding HH, and is the gold 
standard for major disorders of peristalsis (achalasia, 
distal oesophageal spasm, jackhammer oesophagus 
and aperistalsis), demonstrating superiority over 
conventional manometry and barium studies[7880]. 

The last decade has seen not only the advent of 
HRM, but also of intraluminal oesophageal impedance, 
and intraluminal oesophageal impedance planimetry 
(commercially known as Endoflip)[81,82]. As well as 
being a measure of gastric reflux (alkaline and acid), 
IOI can detect bolus transit abnormalities[83]. Many 
would argue that whilst this technology has proved of 
value to researchers, the clinical value is limited or yet 
unrealised[84]. This assertion is based on data showing 
that impairment in bolus clearance defined by IOI 
correlates poorly with both the symptom of dysphagia 

Table 3  Rheumatological causes of dysphagia

Condition Description

Scleroderma[52] Distal oesophageal dysmotility, part of the CREST syndrome
Sjogren’s syndrome[49] Xerostomia limits bolus lubrication and food passage, proximal oesophageal 

dysmotility
Rheumatoid arthritis[45] Proximal oesophageal dysmotility. Always consider and rule out associated cervical 

spine disease
Systemic lupus erythematosus (SLE)[45] Proximal oesophageal dysmotility
Degenerative cervical spine disease, surgery on the cervical spine 
and diffuse idiopathic skeletal hyperostosis (DISH)[48,54]

Anterior cervical osteophytes cause extrinsic compression of the oropharynx and 
proximal oesophagus
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and with manometric findings[28]. Endoflip has only 
recently become available and can measure the 
hitherto unknown parameter of resistance to distension 
(distensability)[85] .This technology has shown promise 
in assessing reduced distensiblity in EoE and in post
operative measurement of achalasia response. On 
the other hand, inclusion of Impedance sensors with 
HRM has helped provide a visual impression of bolus 
transport or interruption, which is akin to radiology.

TREATMENT
Once a malignant process is excluded, the aims 
of treatment are to avoid aspiration or food bolus 
impaction, and minimise the morbidity associated 
with ongoing symptoms. Effective management of 
dysphagia obviously starts with early identification of 
the cause with judicious use of investigations. Requests 
for endoscopy for patients with oropharyngeal 
dysphagia where the risk of periprocedural aspiration is 
considerable and the utility questionable should ideally 
be preceded by an assessment of cricopharyngeal 
function and speech pathologist evaluation of oral 
intake. 

Proton pump inhibitors should be used when GORD 
is suspected as well as in cases of EoE to determine 
if this might be proton pump Inhibitor responsive 
oesophageal eosinophilia (PPIREE)[25]. Patients with 
persistent eosinophilia will require swallowed topical 
corticosteroids (e.g., budesonide 1mg orally twice 
daily administered as an oral viscous solution) or an 
elimination diet[25]. Specific treatment for oesophageal 
neoplasia is beyond the scope of this review and will 
depend on the extent of local invasion or occurrence of 
metastasis. The treatment of hypercontractile disorders 
of peristalsis may entail botulinum toxin injection of 
the distal oesophagus, and of achalasia might include 
pneumatic dilatation, or myotomy (surgical or peroral 
endoscopic myotomy (POEM)][32,38]. Botulinum toxin 
injection will last only for a few months, and commonly 
requires repeated therapy[86,87]. Surgical myotomy 
can result in durable improvement, whilst POEM may 
offer a less invasive approach, although longterm 
data is currently unavailable[88,89]. Medications such as 
oral nitrates or calcium channel blockers lack efficacy 
but can be used as a holding measure while definitive 
therapy is being considered[87].

CONCLUSION
Dysphagia is a common symptom with a diverse range 
of aetiologies. In young healthy patients that do not 
describe additional red flag symptoms, a trial of PPI is 
reasonable and will result in symptomatic resolution in 
many cases. GORD can cause not only a decrement in 
peristaltic vigour, but may contribute to hyperalgesia, 
such that whilst food passes freely into the stomach, 
the patient experiences dysphagia indicating a 
somatosensory dysfunction. When further investigation 

is required, reconsideration of the site and the nature 
of symptoms (e.g., oropharyngeal vs oesophageal), 
and early recourse to upper gastrointestinal endoscopy 
is suggested, particularly given the increasing 
frequency of EoE and thus the need for oesophageal 
biopsies. HRM is required to exclude major disorders of 
peristalsis (achalasia, jackhammer oesophagus, distal 
oesophageal spasm and aperistalsis), although the 
finding of minor disorders of peristalsis is of unclear 
significance. Finally, gastroenterologists require a 
comprehensive knowledge of conditions that may 
cause or worsen dysphagia so that timely and efficient 
management occurs.
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Abstract
Recurrent acute pancreatitis (RAP) is defined based 
on the occurrence of two or more episodes of acute 
pancreatitis. The initial evaluation fails to detect the 
cause of RAP in 10%-30% of patients, whose condition 
is classified as idiopathic RAP (IRAP). Idiopathic 
acute pancreatitis (IAP) is a diagnostic challenge for 
gastroenterologists. In view of associated morbidity 
and mortality, it is important to determine the 
aetiology of pancreatitis to provide early treatment 
and prevent recurrence. Endoscopic ultrasound (EUS) 
is an investigation of choice for imaging of pancreas 
and biliary tract. In view of high diagnostic accuracy 
and safety of EUS, a EUS based management strategy 
appears to be a reasonable approach for evaluation of 
patients with a single/recurrent idiopathic pancreatitis. 
The most common diagnoses by EUS in IAP is biliary 
tract disease. The present review aims to discuss the 
role of EUS in the clinical management and diagnosis of 
patients with IAP. It elaborates the diagnostic approach 
to IAP in relation to EUS and other different modalities. 
Controversial issues in IAP like when to perform EUS, 
whether to perform after first episode or recurrent 
episodes, comparison among different investigations 
and the latest evidence significance are detailed.

Key words: Endoscopic ultrasound; Pancreatitis; ERCP; 
MRCP; USG; CT; Idiopathic recurrent pancreatitis; 
Ascariasis; Pancreatic cancer; Biliary sludge; Gallstones; 
Microlithiasis; Common bile duct stones
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Core tip: The initial evaluation fails to detect the cause 
of recurrent acute pancreatitis (RAP) in 10%-30% of 
patients, whose condition is classified as idiopathic 
RAP. Idiopathic acute pancreatitis (IAP) is a diagnostic 
challenge for gastroenterologists. In view of high 
diagnostic accuracy and safety of endoscopic ultrasound 
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(EUS), a EUS based management strategy appears to 
be a reasonable approach for evaluation of patients 
with a single/recurrent idiopathic pancreatitis. The 
most common diagnoses by EUS in IAP is biliary tract 
disease. This review aims to discuss the role of EUS in 
the clinical management and diagnosis of patients with 
IAP.

Somani P, Sunkara T, Sharma M. Role of endoscopic ultrasound 
in idiopathic pancreatitis. World J Gastroenterol 2017; 
23(38): 69526961  Available from: URL: http://www.wjgnet.
com/10079327/full/v23/i38/6952.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i38.6952

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory process 
of the pancreas affecting peripancreatic tissues and 
distant sites. In most patients after an attack of AP, 
aetiology can be found with gallstones and alcohol use 
being most often implicated. Approximately 20% of 
patients will develop subsequent attacks, defined as 
recurrent acute pancreatitis (RAP). Most aetiologies 
of AP can lead to recurrent attacks, if the underlying 
etiology persists[1,2,3]. RAP is a challenging condition, 
because it leads to significant patient morbidity, can 
progress to chronic pancreatitis (CP), and has limited 
treatment options[3]. In up to 10% of patients with 
a single episode of AP and in up to 30% of patients 
with RAP, the aetiology is not identified after the 
initial evaluation. This condition is known as idiopathic 
pancreatitis[4]. Evaluation and treatment is important 
as 50% of untreated patients with IRAP experience 
current episodes that may lead to CP[2]. Endoscopic 
ultrasound (EUS) is minimally invasive, highly accurate 
imaging modality for studying the pancreas and the 
biliary tree[5]. The goal of this review is to discuss the 
role of EUS in idiopathic pancreatitis, focusing on the 
methodology, findings, and limitations of the available 
literature.

WHAT IS IDIOPATHIC PANCREATITIS?
RAP has various definitions. RAP is defined as the 
occurrence of two or more episodes of AP without 
concurrent clinical or imaging evidence suggestive 
of CP[3]. Another definition is two or more episodes 
of AP with or without complete or near complete 
resolution of symptoms between episodes[6]. AP or 
RAP can be from an identifiable etiology or idiopathic 
(unidentifiable etiology). Initial evaluation of a patient 
with AP/RAP can identify the aetiology in 70%-90% 
of cases. When the etiology could not be identified 
on initial evaluation as it happens in 10%-30% of the 

patients, AP/RAP can be defined as IAP (idiopathic 
acute pancreatitis)/IRAP[2,3,7]. The initial evaluation 
includes a thorough history (including medication 
review and family history of pancreatitis), physical 
examination, laboratory studies (serum liver tests, 
calcium and triglyceride levels), transabdominal 
right upper quadrant ultrasound, contrast-enhanced 
abdominal computerized tomography (CT), or magn-
etic resonance cholangiopancreatography (MRCP). 
Various explanations for non-detection of aetiology of 
AP includes microlithiasis as the cause being difficult to 
diagnose using standard imaging analysis; pancreatic 
inflammation/necrosis, preventing visualization of 
pancreatic solid or cystic tumours; and biological 
abnormalities occurring during the initial days of 
AP, making difficult to diagnose lipid- or calcium 
metabolism abnormalities[8]. There are limited studies 
regarding the natural history following a single attack of 
IAP. These studies suggest relapse rates varying from 
14% to 24%[9-11]. According to the latest prospective 
study by Wilcox et al[12], the relapse rate is 24. Various 
diagnostic studies to investigate the remaining 
10%-30% cases includes microscopic bile examination 
(MBE), pancreatic function testing, genetic testing 
for mutations associated with pancreatitis, secretin-
enhanced MRCP (MRCP-S), EUS, EUS elastography, 
and endoscopic retrograde cholangiopancreatography 
(ERCP) with sphincter of oddi manometry (SOM). 
This additional workup usually leads to the diagnosis 
of microlithiasis or biliary sludge, sphincter of oddi 
dysfunction (SOD), pancreas divisum (PD), hereditary 
pancreatitis, cystic fibrosis, a choledochocele, annular 
pancreas, an anomalous pancreatobiliary junction, 
pancreatobiliary tumours, duodenal duplication cyst, 
periampullary diverticulum or pancreatic-biliary asca-
riasis (Figures 1 and 2)[2,4,13-16]. After a complete 
additional advanced work-up, the aetiology remains 
unknown in no more than 10% of RAP, which can then 
be defined as true IRAP[2,3]. However, which test(s) 
to perform is not standardized. EUS is emerging as a 
diagnostic tool of choice for the patients with idiopathic 
pancreatitis[12].

Diagnostic yield of endoscopic ultrasound in idiopathic 
acute pancreatitis and its advantages
Since the early 1980s, EUS has been in use and 
is a safe, minimally invasive diagnostic procedure 
in patients with RAP. Various advantages includes 
close proximity of EUS probe to the pancreas and 
availability of high frequency EUS probes leading 
to high resolution images, and non-interference of 
the intestinal gases with image acquisition. EUS 
has few complications[17,18]. The diagnostic yield of 
EUS in various studies varies from 29%-80%. In a 
recent systemic review of 13 studies evaluating the 
role of EUS in IAP, the most frequent aetiology was 

6953 October 14, 2017|Volume 23|Issue 38|WJG|www.wjgnet.com

Somani P et al .  Role of EUS in idiopathic pancreatitis



Figure 2  Radial endoscopic ultrasound from the duodenum shows 
duodenal duplication cyst as etiology of idiopathic pancreatitis.

biliary tract disease (biliary stones, microlithiasis and 
sludge). In the above mentioned 13 studies, different 
diagnostic modalities (1 or combination of 2 or more) 
were mentioned for diagnostic accuracy. They were 
ultrasonography, CT, MRCP, ERCP, SOM. Reference 
standard varied depending on the study. EUS identified 
pancreatic disease like CP, PD, periampullary tumours 
or pancreatic parenchymal change and/or pancreatic 
ductal change in 22.1% ± 26.6% of patients with IAP. 
Overall, EUS identified additional diagnostic information 
in 61% of patients with IAP, with 41% having biliary 
tract disease[19]. Various studies on the sensitivity of 
EUS to detect biliary tract disease suggests that EUS 
has superior sensitivity to other commonly used tests 
like ultrasonography (USG), CT, MRCP or MBE[12,17,18-22]. 
EUS is a reliable diagnostic method to detect PD[23,24]. 

EUS is quite useful to diagnose biliary and pancreatic 
tumours with a diagnostic accuracy higher than 
CT particularly in tumours smaller than 2.5 cm in 
diameter[25]. EUS is highly specific in the diagnosis of 
pancreatic cancer with a negative predictive value of 
100%[26]. EUS can detect pancreatic solid tumours 
and cystic tumours at an early stage before they 
are identified by USG or CT. Detecting them earlier 

can lead to early operative management and better 
prognosis[27]. EUS is a useful diagnostic technique to 
detect the presence of CP in patients initially diagnosed 
with IRAP[28]. EUS is the least expensive initial 
investigation for the diagnostic evaluation of patients 
with IAP with gallbladder in situ[29].

Endoscopic ultrasound vs endoscopic retrograde 
cholangiopancreatography in idiopathic pancreatitis
Before the advent of EUS, ERCP was a primary 
diagnostic and therapeutic tool with a diagnostic 
yield of about 80%; however the contribution of EUS 
and MRCP has changed the diagnostic algorithm of 
IAP[3]. Established (microlithiasis, neoplasms) and 
controversial (PD, SOD) aetiologies of IAP may now 
be identified with EUS, limiting the role of ERCP to its 
therapeutic arm[3]. EUS has a diagnostic yield of about 
80% which is about the same as the diagnostic yield of 
ERCP but with much less complication rates compared 
to ERCP which is 10%-15%[4].

Along with the lesser complication rates compared 
to ERCP, the added advantage of EUS is, EUS can 
diagnose biliary and pancreatic tumors especially 
tumors communicating with the pancreatic duct which 
can cause IAP[4]. In the past, ERCP was advised only 
after the second episode of IAP or after the first in 
severe IAP[30,31]. ERCP and EUS are considered the “gold 
standards” in clinical practice; however, MRCP has 
been proposed as a non-invasive alternative imaging 
technique to ERCP[32].

Endoscopic ultrasound vs magnetic resonance 
cholangiopancreatography in idiopathic pancreatitis
MRCP is a non-invasive investigation revealing 
detailed images of the hepatobiliary and pancreatic 
systems[32]. MRCP is indicated to diagnose PD, 
choledochocele, anomalous pancreatobiliary junction, 
or annular pancreas in patients with IARP[2,33]. Advan-
tages includes no administration of intravenous 
contrast or ionizing radiation, can be used in all patients 
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Figure 1  Linear endoscopic ultrasound from the stomach showing Ascaris lumbricoides in the body of the pancreas.
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92% to 96%[49]. However, when stones are less than 3 
mm in diameter or are located in the GB infundibulum, 
the sensitivity is only 65%[50]. EUS is superior than 
USG for GB imaging due to its high-image resolution 
and close proximity to the biliary system. In a 
prospective study of 100 consecutive patients with 
AP, EUS was more sensitive than USG in detecting 
gallstones (100% vs 84%). The sensitivities of ERCP 
and EUS for choledocholithiasis were both 97%. It was 
concluded that EUS can be useful in selecting patients 
with AP who require therapeutic ERCP, thereby 
avoiding complications associated with diagnostic 
ERCP[49].

In a recent systemic review of 13 studies evaluating 
the role of EUS in IAP, the most frequent aetiology was 
biliary tract disease (41%)[19]. Various studies have 
found biliary microlithiasis/sludge (Figures 3, 4 and 5) 
as a cause of IAP in up to 75% of these patients[7,51,52]. 
However, there are few studies where biliary aetiology 
is not the most common cause of IAP[27,53].

In patients with intact GB, the most common cause 
of IAP is biliary microlithiasis/sludge which is detected 
in up to 80% of patients[7,51]. In the past, MBE was 
considered the gold standard for microlithiasis[54]. 
However, the disadvantages include high false negative 
rate, time consuming and high failure rate[4]. EUS has 
now replaced ERCP and bile sampling to diagnose 
microlithiasis in IRAP[8]. There are various reasons due 
to which EUS is highly accurate in detecting biliary 
microlithiasis. These includes GB being closely related 
to the stomach/duodenal wall; the median distance 
between the EUS transducer and the gallbladder is 
small (0.5 mm); the whole gallbladder is examined, 
even under acute pancreatitis; and use of high freq-
uency probe[18].

The prevalence of the various aetiologies of RAP 
depends on whether the gallbladder is present or 
absent. If GB is present insitu, then the prevalence 
of microlithiasis would be about 50%, SOD-20%, 
CP-15%, PD-10% and choledocholithiasis 5%[29]. 
In patients who underwent cholecystectomy the 
prevalence of microlithiasis falls to 10%-15% whereas 
the prevalence of SOD, PD and CP rises[45].

Endoscopic ultrasound in chronic pancreatitis
RAP is a diagnostic and therapeutic challenge in clinical 
practice. It is sometimes impossible to differentiate 
clearly between recurrent attacks of AP and the early 
stages of CP[55]. Recurrent attacks of AP may complicate 
the course of chronic subclinical pancreatitis[13] (Figure 
6). Although one of the limitations of EUS is being 
operator dependent, EUS has high diagnostic accuracy 
for the pancreatic parenchyma. EUS can detect early 
signs of CP, although the diagnostic significance of 
some changes is still debated[43]. In a study by Yusoff 
et al[27], EUS findings consistent with CP were reported 

including infants or those with allergies to iodine-
based contrast materials[33,34]. It is less operator-
dependent than USG or ERCP[35]. Disadvantages 
includes no therapeutic manoeuvres possible as it 
is primarily diagnostic investigation. MRCP is less 
sensitive than EUS for microlithiasis, small ampullary 
lesions, and ductal strictures[36-38].There are various 
studies showing better diagnostic yield of MRCP after 
secretin stimulation(MRCP-S) in CP,PD, SOD and 
pancreaticobiliary malformation as compared to simple 
MRCP[32,39-43]. In view of the available literature, MRCP-S 
may be more beneficial in IAP instead of MRCP if 
available.

There are three studies which has directly com-
pared EUS and MRCP in IAP[18,43,44]. All have found 
higher diagnostic yield of EUS particularly to exclude 
biliary causes. In a prospective study of 49 patients 
with IAP, diagnoses were compared between EUS and 
MRCP. The diagnostic yield of EUS was more than that 
of MRCP (51% vs 20%, P = 0.001). It was concluded 
that EUS should be performed for establishing a 
possible biliary aetiology in patients with intact gall 
bladder (GB)[44]. In a study of 40 patients with MRCP 
negative IAP by Rana et al[18], the diagnostic yield of 
EUS was 55%. The most common aetiology was occult 
biliary tract disease in 50 percent[18].

Endoscopic ultrasound in pancreas divisum
PD is controversial aetiology of IAP[3]. Various 
studies have assessed the role of EUS as a reliable 
substitute for ERCP in patients of PD. Some believe 
that the sensitivity and specificity of EUS need further 
evaluation[5,45]. However, various studies considers 
EUS as an accurate, minimally invasive diagnostic 
method for PD[23,24,46-48]. In a study by Rana et al[46], 
the sensitivity, specificity, positive predictive value, 
negative predictive value of EUS for diagnosis 
of PD was 100%, 96%, 80%, 100% and 96%, 
respectively. In a recent retrospective cohort study of 
45 consecutive patients diagnosed with PD on ERCP, 
diagnostic accuracy of EUS was compared to CT and 
MRCP. The sensitivity of EUS was 86.7%, significantly 
higher than CT (15.5%) or MRCP (60%).It was 
concluded that EUS is a sensitive test for diagnosing 
PD and is superior to MDCT and MRCP[48]. As per 
recent systemic review comparing diagnostic accuracy 
of MRCP with MRCP-S, MRCP-S has significant higher 
diagnostic accuracy and should be preferred for 
diagnosis of PD[42]. However, MRCP-S is not easily 
available. We believe that EUS is excellent diagnostic 
investigation for PD instead of MRCP[24].

Endoscopic ultrasound in biliary tract disease (biliary 
stones, microlithiasis and sludge)
USG (abdomen) has high accuracy in detecting 
gallstones, with reported sensitivities ranging from 
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as the most common finding in patients with IAP.

When to perform endoscopic ultrasound, after first 
episode or recurrent episodes of idiopathic acute 
pancreatitis?
There is controversy in the literature about the timing 
of EUS in IAP whether to perform after first episode 
or recurrent episodes[21,27,56]. In a study by Yusoff et al[27], 
the diagnostic yield of EUS was not significantly 
different after a single attack or recurrent attacks 
of IAP. Therefore, the authors concluded that it is 
reasonable to perform EUS after the first episode, 
especially in older patients. Many authors have 
supported this opinion[12,18,21,57]. On the other hand 
there are few studies where the diagnostic yield is  
more in recurrent episodes than a single episode[51,58].

IAP is a common condition but the natural history 
is not well studied and the best diagnostic approach to 
both single and multiple attacks remains undefined. 
The suggested diagnostic approach in various studies 
and guidelines to IAP is highly variable[12]. As per the 
American Gastroenterological Association, EUS is not 
recommended after first episode of IAP in patients 

less than 40 years of age. It recommends EUS as 
investigation of choice in IRAP and after first episode 
in patients with more than 40 years of age[59]. As 
per American College of Gastroenterology, extensive 
evaluation using EUS or MRCP is recommended 
following recurrent attacks of IAP[60]. As per the 
International Association of pancreatology, patients 
with IAP should undergo EUS as the investigation of 
choice irrespective of first or recurrent episodes and, if 
negative, then, a MRCP-S as the next step[61].

In a recent landmark prospective study of patients 
with IAP over a 10-year period, 201 patients were 
enrolled. 80 were with single attack and 121 with 
multiple attacks of IAP. After EUS, 54% of patients 
with a single attack were categorized as idiopathic, 
while for multiple attacks 14 % were idiopathic. Long-
term follow-up documented recurrence of pancreatitis 
in 24% of the patients with a single attack and in 49% 
of the patients with multiple attacks. On multivariate 
analysis, number of previous attacks was found to 
significant predictor of recurrence. It was concluded 
that following a single idiopathic attack of pancreatitis 
and a negative EUS examination, relapse was infr-

Figure 3  Linear endoscopic ultrasound from the duodenal bulb shows echogenic biliary sludge in the common bile duct.

Figure 4  Linear endoscopic ultrasound from the duodenal bulb shows echogenic sludge in the gallbladder.
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equent. A negative EUS after a single attack had 
significant prognostic value as it identified low rate of 
recurrence. This study suggest that EUS may be an 
useful test following a single attack given its yield and 
potential prognostic value. This study had prospective 
EUS based approach to idiopathic pancreatitis[12]. In a 
recent systemic review of 13 studies by Smith et al[19], 
the diagnostic yield of EUS was not influenced by 
recurrent disease. Considering the available literature, 
we recommend EUS after first episode of idiopathic 
pancreatitis.

Endoscopic ultrasound vs secretin enhanced 
endoscopic ultrasonography
Intravenous secretin when used with MRCP (MRCP-S) 
or EUS (EUS-S) may help the visualization of the 
pancreatic ductal system and can recognise some 
undetected ductal abnormalities that are of diagnostic 
importance in IRAP patients. In a study by Mariani 
et al[43], the diagnostic yield of EUS-S in IRAP was 
13.6% and 16.7% higher than MRCP-S and ERCP 
respectively. ERCP alone did not find a diagnosis in 
any case missed by the other two investigations. It 
was concluded that both MRCP-S and EUS-S should be 
used as complementary, first-line, imaging techniques, 
rather than ERCP in the diagnostic work-up of IAP[43]. 
However, there are limited studies on the EUS-S and 
further data are required regarding its efficacy in IAP 
as compared to EUS without IV secretin.

When to perform endoscopic ultrasound after idiopathic 
pancreatitis?
The timing of performing EUS examination after an 
episode of IAP remains controversial and unclear. 
Different studies have used different timings[4]. In a 
recent prospective study of patients with IAP, EUS was 
performed 1 mo or more after hospital discharge[12]. 
Rana et al[18] performed EUS at least 1 mo after the 
episode of AP when the patients were asymptomatic 
for abdominal pain. In a study by Norton et al[62], EUS 

was performed when patients resume food intake 
while Liu et al[20] perform EUS after resolution of AP 
during admission. Yusoff et al[27] performed EUS atleast 
4 wk after episode of AP to make sure that acute 
pancreatic parenchymal changes have resolved when 
EUS is performed.

Thevenot et al[8] suggested to perform MRCP/EUS 
at a longer interval after the initial AP as inflammation 
and/or necrosis can prevent visualization of pancreatic 
lesions during the acute phase. In two recent studies 
investigating the role of EUS/MRCP in IAP, these 
examinations were performed1 mo after initial AP 
when patients were eating normally. The explanation 
for delayed examination is that fasting is usually 
advised as initial treatment of AP which can induce GB 
sludge and, consequently, can result in a false-positive 
diagnosis of biliary AP if the examination is made early 
although this is not proven by studies[43,44].

Disadvantages of late EUS after 4 wk of AP 
includes papillary/ampullary stones (Figure 7) not 
being diagnosed early with the risk of relapse of AP, 
early/small periampullary tumours (Figure 8) might be 
missed as patient may lost to follow up after hospital 
discharge[4] and possible low diagnostic accuracy 
as microlithiasis may be missed[21]. Further studies 
exploring the role of early EUS in IAP are required to 
come to final conclusion regarding the ideal timing.

Which should be the first investigation after 
idiopathic acute pancreatitis: Magnetic resonance 
cholangiopancreatography vs endoscopic ultrasound
There is slight controversy regarding the first inves-
tigation after an episode of IAP. Different studies/
authors/guidelines have variable opinions on this 
topic. Although MRCP is less invasive, cheaper 
and widely available than EUS, and has recently 
benefited using IV secretin, performance of EUS 
remains higher than that of MRCP[8]. However, few 
studies[43,44] have demonstrated that MRCP can 
detect few aetiologies undiagnosed by EUS. Further 
prospective studies are required regarding the cost 
benefit analysis for EUS/MRCP but at present they 

Figure 5 Common bile duct stone with sludge seen on linear endoscopic 
ultrasound from the duodenal bulb in a 36-year-old male presenting with 3 
episodes of idiopathic acute pancreatitis in last 7 mo.
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Figure 6  Features of chronic pancreatitis seen on linear endoscopic 
ultrasound from descending duodenum.
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should be considered complimentary rather than 
competitive.

After reviewing the extensive literature on IAP, 
our opinion which is shared by many authors/guide-
lines [12,19,21,22,52,57,59,61] and not agreed by few authors/
guidelines[32,59], is performing EUS as the first 
investigation after IAP with intact GB. There is some 
debate regarding the choice of investigation in post 
cholecystectomy patients where CP, SOD and PD 
are the most common diagnoses in which MRCP has 
demonstrated good diagnostic accuracy[21,52]. As per 
the latest systemic review in 2015 comparing the 
diagnostic accuracy of EUS and MRCP in diagnosis of 
choledocholithiasis, both tests were found to be similar 
and the choice of test will be decided by availability 
and contra-indications to each test[63]. However, EUS 
is superior to MRCP in detecting choledocholithiasis 
smaller than 5 mm[64]. Various authors and studies 
believe that the decision to perform EUS or MRCP as the 
first diagnostic investigation in post cholecystectomy 
patients must take into account various factors like 
local expertise, availability and patient details such 
as claustrophobia, gastric surgery etc. ERCP should 
always be considered a therapeutic intervention when 
required[61,63-65].

The role of PD and SOD as causes of IAP remains 
highly controversial. In a study by Coté et al[66] 
and Wilcox et al[12], inspite of endoscopic therapy, 
RAP occurred in almost 50% patients with SOD. In 
addition, despite repeat endoscopic interventions, 
further relapse was also very common. These studies 
questions the role of endoscopic therapy in PD and 
SOD. These studies shows that diagnosing SOD and 
PD may not alter the natural history/prognosis of these 
patients presenting with IAP. Hence, MRCP and ERCP 
with SOM may not be that useful in diagnostic workup 
of IRAP. This also supports EUS as first investigation of 
choice after IAP irrespective of gallbladder status and 
is agreed by many studies[12,19, 21,22,54,59].

CONCLUSION
As per the recent prospective study done by Wilcox 
et al[12] on EUS based approach to the evaluation 
of Idiopathic Pancreatitis and after reviewing the 
literature, EUS as a first strategy towards the 
etiological evaluation of IAP appears to be useful not 
only as a diagnostic but as an important prognostic 
yield irrespective of gallbladder status. In view of high 
incidence of biliary tract disease as a cause of IAP 
in most of the studies and given the high diagnostic 
accuracy of EUS in identifying them, EUS should 
be considered as an initial diagnostic step for IAP 
after conventional radiography fails to identify the 
aetiology. 

Considering all the prior studies, the diagnostic 
yield of EUS is not influenced by whether the episode 
is first or recurrent. Hence, EUS should be performed 
after the first episode of IAP if possible. MRCP 
preferably MRCP-S can be performed if EUS expertise 
is not available. MRCP can be complimentary to EUS in 
identifying controversial aetiologies like PD and SOD. 
ERCP can be then be performed to treat biliary stones 
and PD. However, in view of high risk of post ERCP 
pancreatitis, ERCP with SOM should be reserved in 
those patients in whom MRCP and EUS has found to 
be negative for diagnostic and therapeutic evaluation 
especially with post cholecystectomy cases. We 
recommend an EUS as the first-line examination in 
the evaluation of patients with idiopathic pancreatitis, 
because it is minimally invasive, low risk and 
accurately identifies most occult causes of pancreatitis.
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Abstract
AIM
To test whether a delayed and short course of ra-
pamycin would induce immunosuppressive effects 
following allogeneic orthotopic liver transplantation (OLT) 
in rats. 

METHODS
Allogeneic OLTs were performed using Dark Agouti 
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livers transplanted into Lewis recipients, and syngeneic 
OLTs were performed using the Lewis rat strain. 
Rapamycin (1 mg/kg per day) was administered by 
gavage from day 4 to day 11 post-transplantation. 
Lymphocyte cellular compartments were analyzed by 
flow cytometry in draining lymph nodes, non-draining 
lymph nodes and the spleen at days 11 and 42 in 
rapamycin-treated rats, untreated control rats and 
syngeneic grafted rats. Skin grafts from Dark agouti 
or from F344 RT were performed at day 30 on liver 
grafted rats treated with rapamycin.

RESULTS
An 8-d course of rapamycin treatment initiated 4 d 
following transplantation resulted in the survival of 
grafted rats for more than 100 d. In contrast, untreated 
rats died of liver failure within 13 to 21 d. The analysis 
of the cellular compartment revealed an increase in 
two cellular subpopulations, specifically myeloid-derived 
suppressor cells (MDSCs) and CD8+CD45RClow T cells, 
without major modifications in the regulatory T cell 
(Treg) compartment in treated rats in the early stages 
after grafting. We evaluated the ability of treated rats 
to reject third-party allogeneic skin grafts to confirm 
their immune competence. In contrast, when skin was 
collected from rats syngeneic to the grafted liver, it was 
not rejected.

CONCLUSION
Our results demonstrate that short and delayed rapa-
mycin treatment allows for tolerance in allogeneic 
OLT. The results also allowed for the identification of 
the mechanisms of tolerance induced by rapamycin 
by identifying MDSCs and CD8+CD45RClow T cells as 
associated with the state of tolerance.

Key words: Myeloid-derived suppressor cells; Liver 
transplantation; Rapamycin; Regulatory T cells

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

Core tip: Rapamycin is an immunosuppressive drug 
that is rarely used for liver transplantation treatment 
due to its side effects. Here, we show that a delayed 
and short course of rapamycin initiated on day 4 
following allogeneic orthotopic liver transplantation in 
rats resulted in the survival of grafted rats for more 
than 100 d. The analysis of the cellular compartment 
revealed an increase in two cellular subpopulations, 
specifically myeloid-derived suppressor cells and 
CD8+CD45RClow T cells. The treated liver grafted-rats 
rejected third-party allogeneic skin grafts, but tolerated 
skin from syngeneic liver donor rats. Our results 
identify one of the mechanisms by which the state of 
tolerance is established.

Hamdani S, Thiolat A, Naserian S, Grondin C, Moutereau S, 
Hulin A, Calderaro J, Grimbert P, Cohen JL, Azoulay D, Pilon C. 
Delayed and short course of rapamycin prevents organ rejection 

after allogeneic liver transplantation in rats. World J Gastroenterol 
2017; 23(38): 6962-6972  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i38/6962.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i38.6962

INTRODUCTION
Current immunosuppression treatments following solid 
organ transplantation are based on calcineurin inhibitors 
(CNIs). However, prolonged CNI exposure leads to 
nephrotoxicity[1], neurotoxicity[2], an increased risk of 
cancer[3], and hypertension[4], all of which are associated 
with long-term morbidity and mortality. Reducing 
the use of CNIs by combining or replacing them 
with immunosuppressive drugs that exert different 
mechanisms of action remains the primary strategy 
to lower the incidence of these adverse events. The 
drug rapamycin, a mammalian target of the rapamycin 
(mTOR) inhibitor, is a potential alternative due to its 
strong immunosuppressive properties in humans.

Rapamycin mediates immunosuppressive effects 
by preventing T cell cycle progression from the G1 to 
the S phase, thereby blocking T cell proliferation[5]. 
Rapamycin also acts on dendritic cells (DCs) by in-
hibiting their capacity to differentiate from immature 
into mature DCs, thus reducing their ability to activate 
T cells. In turn, immature DCs promote the expansion 
of CD4+CD25+Foxp3+ regulatory T cells (Tregs) while 
concomitantly inducing T cell anergy and apoptosis and 
promoting graft tolerance[6]. In a model of experimental 
graft-vs-host disease facilitating the detection of 
donor-derived luciferase-labeled conventional T cells 
in vivo, the combination of Tregs and CNIs, but not 
rapamycin, suppresses Treg function[7]. In an allogeneic 
transplantation model, myeloid-derived suppressor cells 
(MDSCs) can also be recruited during mTOR inhibitor 
treatment[8]. Furthermore, following the activation 
of nitric oxide synthase (iNOS) and arginase (Arg1), 
MDSCs inhibit T cell proliferation and induce their 
apoptosis[9].

Currently, rapamycin is widely used to prevent 
rejection following renal[10], liver[11], and heart[12] trans-
plantation. However, its use is primarily restricted 
to renal transplantation and is not recommended as 
a first-line treatment for liver transplantation due 
to deleterious side effects such as delayed wound-
healing processes[13], thrombosis of the hepatic artery 
inducing graft loss, and increased mortality[14,15]. 
In liver transplantation, previous clinical trials have 
successfully demonstrated the possibility to introduce 
mTor inhibitors at day 30 in combination with reduced 
CNI treatments[16]. Here, we evaluated the possibility 
of using the mTor inhibitor alone in order to avoid CNI 
side effects in patients. Therefore, we tested a novel 
delayed and shortened rapamycin administration 
protocol in a model of orthotopic liver transplantation 
rejection in rats.
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MATERIALS AND METHODS
Animals
Inbred Lewis RT1l male (LEW) and Dark Agouti RT1av1 
male (DA) rats weighing 220 to 280 g were purchased 
from Janvier Labs (Le Genest-Saint-Isle, France) and 
F344 RT1v male rats weighing 220 to 280 g were 
purchased from Charles River Labs (L’Arbresle, France). 
The rats were maintained in animal facilities for at least 
one week prior to surgery under standard conditions. 
All experimental protocols were performed according to 
European Union guidelines and with the approval of the 
Regional Ethics Committee in Animal Experimentation 
no. 16, Ile-de-France, France (authorization no.11/12/
12-11B).

Orthotopic liver transplantation
Non-arterialized OLT was performed according to 
Kamada’s technique[17]. The allografts were transplanted 
orthotopically. Vena porta clamping ranged from 19-23 
min. Allogeneic OLTs were performed by grafting a DA 
liver (donor) into a LEW rat (recipient). Syngeneic OLTs 
were performed with LEW rats (donor and recipient).

Treatment
Rapamycin[18] was administered by oral gavage (1 
mg/kg body weight per day) every day starting on 
day 4 after transplantation until day 11. Non-draining 
lymph node (non-dLN; axillary), dLN (periportal), 
spleen, and liver samples were collected for analysis 
on day 11 and day 42 after sacrifice. The residual 
concentration of rapamycin was analyzed in naive 
and liver-grafted rats after the administration of 
rapamycin for 8 d. Whole blood samples were collected 
in ethylenediaminetetraacetic acid (EDTA) tubes for 
chromatographic analysis on days 0, 4, 9 and 11. 

Flow cytometry
Cell suspensions obtained by mechanical shredding 
(draining lymph nodes, not draining lymph nodes and 
the spleen) were used for phenotypic analysis. Anti-
CD3, anti-CD4, anti-CD8, anti-CD25, anti-CTLA-4, 
anti-CD62L, anti-CD278 (ICOS), anti-CD11b/c, anti 
CD161, and anti-MHC-Ⅱ, anti-Foxp3, anti-IFNγ, anti-
TNFα labelled with phycoerythrin (PE), phycoerythrin 
cyanine 7 (PE-Cy7) fluorescein isothiocyanate (FITC), 
peridinin chlorophyll protein complex eFluor 710 (perCP 
eFluor 710), allophycocyanin (APC), and eFluor 450 
were purchased from ebioscience (Paris, France). Anti-
CD45RC-PE was purchased from BD Biosciences and 
Anti-CD3-Vioblue and Helios-APC were purchased from 
Miltenyi Biotec (Paris, France). Events were acquired 
on a FACS Canto Ⅱ flow cytometer (BD Biosciences) 
and analyzed using FlowJo (Tree Star, Ashland, OR, 
United States) software. 

Skin grafting
Skin grafting was performed according to the method 
of Billingham and Medawar[19]. Full-thickness tail skin (1 

cm2) from two donors (DA and F344) was grafted onto 
the right and left dorsal thorax, respectively, of liver-
grafted recipients after 30 d of tolerance (DA skin and 
F344 skin onto LEW rats). Rejection was defined as 
more than 80% graft necrosis upon daily inspection.

Histologic analysis
Grafted livers were excised, fixed in 10% formaldehyde 
buffer, paraffin-embedded, sectioned (5 µm) and 
stained with hematoxylin and eosin (H and E) according 
to a standard protocol. The histological grading of rejection 
was performed based on the BANFF classification[20]. 

Serum biochemical testing
Serum samples were stored at -20 ℃ until the an-
alysis was performed. Transaminase enzyme and total 
bilirubin levels were measured to evaluate hepato-
cellular injury.

Statistical analysis
Differences between the groups were evaluated using 
an unpaired-t-test performed with Prism software 5.0 
(Graph Pad Software, Inc., La Jolla, CA, United States). 
The results were considered statistically significant 
when p < 0.05.

RESULTS
Short and delayed rapamycin treatment prevents the 
rejection of allogeneic orthotopic liver transplantation 
In this study, we used a model of DA liver trans-
plantation in LEW recipient rats. These two rat strains 
differ in their major histocompatibility antigens. 
Allogeneic transplantation resulted in the death of all 
untreated rats within 13 to 21 d due to allogeneic liver 
rejection (Figure 1A). Four grafted rats were sacrificed 
for histological examination of their transplanted livers 
on day 11 and exhibited the characteristic signs of 
acute rejection according to the BANFF classification 
(mean score = 8.75 ± 0.25, Figure 1B and C). Next, 
we evaluated whether delayed rapamycin treatment 
exerts immunosuppressive effects. Four rats received 
rapamycin at a dose of 1 mg/kg per day beginning on 
day 4 post-transplantation and continuing until day 
30. Under these conditions, 3 out of 4 grafted animals 
survived over 100 d without any additional treatment, 
suggesting that delayed and long-term rapamycin 
treatment is effective (Figure 1A).

We then tested whether a shorter course of 
rapamycin also leads to transplant liver maintenance. 
Eleven grafted rats received 1 mg/kg per day of 
rapamycin from day 4 to day 11 (8 d) and only 2 out of 
11 rats died on days 19 and 49 (Figure 1A). To evaluate 
immunosuppression levels in transplanted livers, 4 rats 
were sacrificed on day 11 at the end of the treatment 
period. Compared to untreated control transplanted 
rats, the treated rats demonstrated a dramatic 
reduction in their histological rejection grade (Figure 1B 
and C). Four additional transplanted rapamycin-treated 
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protected animals remained constant between day 11 
and day 42 and were dramatically reduced compared 
to those of the untreated, transplanted rats (Figure 1B 
and C). Importantly, 4 protected animals sacrificed at 
day 100 did not display any histological signs of liver 
rejection. In addition, the blood analysis of residual 
rapamycin levels after 48 h of treatment administered 
in non-grafted control rats was under the threshold 
of detection of our platform, but rapamycin persisted 
in livers on day 21 (10 d after the end of rapamycin 
treatment, 6.66 ± 0.44 ng/g liver). Notably, none of 
the treated rats demonstrated dehiscence of either the 
abdominal wall or the vascular anastomosis, therefore 
circumventing a major side effect of the treatment on 
wound-healing processes. We also tested a reduced 
dose of rapamycin, 0.1 mg/kg, administered from day 
4 to day 11. Under these experimental conditions, all 
animals rejected their transplanted livers with the same 
kinetics observed in the non-treated animals (Figure 
1A). Therefore, graft acceptance following delayed, 
short-term treatment is dose-dependent.

We next assessed hepatocellular injury by quanti-
fying total bilirubin, ALAT and ASAT in the blood of 
transplanted animals administered a short course of 
rapamycin on days 11 and 42. On day 11, we observed 
a dramatic decrease in total bilirubin in the treated 
rats compared to the untreated control rats (15.50 ± 
4.51 µmol/L vs 109.5 ± 11.43 µmol/L, respectively) 
and decreasing trends for ALT (147.66 ± 66.02 UI/L 
vs 263.25 ± 45.88 UI/L, respectively) and AST (1257 
± 240.62 UI/L vs 558.25 ± 364.01 UI/L, respectively). 
On day 42, transaminase levels continued to decrease 
in rapamycin-treated rats compared to day 11, but 
remained higher than in rats with syngeneic liver 
transplants (ALAT = 609.8 ± 133.7 UI/L vs 152 ± 
61.50 UI/L, respectively; ALAT = 130 ± 22.84 UI/L vs 
35.50 ± 4.36 UI/L, respectively) (Figure 2). Therefore, 
the relationship between these biological abnormalities 
and the time from treatment appears to correlate with 
BANFF scores.

Based on our results, a delayed and short course of 
rapamycin effectively prevents allogeneic OLT rejection 
and correlates with low histological scores and long-
term preserved liver function. 

Allogeneic orthotopic liver tolerance under rapamycin 
treatment is associated with activated CD4+ and CD8+ 
regulatory T cell phenotypes and MDSC expansion
Given the in vivo effects of a delayed and short course of 
rapamycin in the allogeneic liver transplant model, we 
next sought to evaluate the involvement of different 
cell populations in these tolerance effects at the end of 
treatment and one month later.

We performed a flow cytometry analysis of the 
CD4+Foxp3- (CD4conv) and CD8+Foxp3- (CD8conv) 
T cell populations in non-dLNs and dLNs and in the 
spleens of grafted animals at two important time 
points: day 11 post-transplantation (the timing of liver 

rats were sacrificed on day 42 (1 mo after the end of 
rapamycin treatment) to compare their histological 
scores to those observed in syngeneic liver-transplanted 
animals. Although significantly higher than the scores 
observed in rats that did not reject their syngeneic liver 
transplants, the histological scores of the rapamycin-

Figure 1  A short course of rapamycin prolongs liver transplantation in 
rats. A: Fully allogeneic liver transplantation (DA donor to LEW recipient) was 
performed, and the rats were given no treatment or were treated with rapamycin 
as follows: a short course at a dose of 1 mg/kg (oral gavage for 8 d from day 4 
to day 11, n = 11), a short course at a dose of 0.1 mg/kg (8-d treatment from day 
4 to day 11, n = 5) or a long course at a dose of 1 mg/kg (30-d treatment from 
day 4 to day 34, n = 4). Survival curves based on cumulative data are shown; 
B: H and E-stained histological sections from biopsy samples of a healthy liver 
and a grafted liver at the time of sacrifice on day 11 after liver transplantation 
(no treatment vs short course of rapamycin at 1 mg/kg) and on day 42 (short 
course of rapamycin at 1 mg/kg vs syngeneic); C: Histological grading of liver 
grafts using Banff scoring on day 11 and day 42 after transplantation, n = 4-5 
rats/group.
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rejection and the end of treatment) and day 42 (when 
tolerance appears to be strong in the rapamycin-
treated group). We did not observe any differences 
in the percentage or the number of CD4conv and 
CD8conv T cells at day 11 or day 42 (data not shown). 
Although we did not observe any changes in the naïve 
compartment on day 11, on day 42, the percentage of 
naïve CD4conv (CD4+Foxp3-CD62L+CD45RC+) T cells 
in dLNs and non-dLNs increased in the rapamycin-
treated group compared to day 11 and was statistically 
significantly higher compared to the rats that received 
syngeneic liver transplants (Figure 3A). 

We then quantified IFNγ and TNFα production by 
CD4+ and CD8+ T cells in the dLNs of grafted animals. 
Compared to untreated rats, rapamycin reduced the 
expression of IFNγ in both CD4+ and CD8+ T cells on 
day 11 post-transplantation (CD4+ = 5.59% ± 1.15% 
vs 2.6% ± 0.54%, CD8+ = 5.07% ± 1.58% vs 3.13% 
± 0.35%, Figure 3B), but with weak modification of the 
expression of TNFα. One month after the end of the 
treatment, IFNγ expression in CD4+ and CD8+ T cells 
was higher in the rapamycin-treated rats compared 
to the rats with syngeneic grafts, but the percentage 
of secreting cells remained weak. Therefore, a short 
course of rapamycin appears to transiently inhibit the 
T cell inflammatory cytokine production capacity.

To identify the cellular mechanisms associated with 
liver acceptance, we then analyzed both CD4+ and CD8+ 
Tregs in grafted animals on day 11 and day 42. No 
major changes in the frequency of CD4+CD25+Foxp3+ 
Tregs were observed in the treated rats (Figure 
4A). However, rapamycin treatment induced CD25 
overexpression based on the mean intensity of 
fluorescence (MFI) on day 11. Additionally, ICOS (MFI) 
overexpression in CD4+CD25+Foxp3+ Tregs observed 
on day 42 in rapamycin-treated rats compared to 
untreated rats grafted with syngeneic livers suggested 
the activation of CD4+ Tregs 1 mo after the end 
of rapamycin treatment (Figure 4A). According to 
previous studies, the transcription factor Helios is 
required to maintain regulatory T cell identity[21,22]. In 
our model, Helios frequency in CD4+Foxp3+ cells was 

higher in rapamycin-treated rats one month after the 
end of treatment on day 42 than in syngeneic-grafted 
rats, suggesting a stable regulatory profile for this 
transcription factor.

CD8+Foxp3+CD25+ regulatory cells are central 
mediators of tolerance during allogeneic heart trans-
plantation in rats[23]. In our model, compared to un-
treated rats, rapamycin-treated rats demonstrated a 
slight increase in CD8+Foxp3+CD25+ cells in the dLNs 
on day 11 and increased MFI CD25, ICOS and CTLA-4 
expression in these cells on day 42, suggestive of 
their activated status compared to rats transplanted 
with syngeneic livers (Figure 4B). Additionally, 
CD8+CD45RClow Tregs in transplanted livers are asso-
ciated with organ transplant tolerance[24]. We observed 
a significant increase in CD8+CD45RClow Tregs in the 
dLNs of rapamycin-treated rats on day 11. 

Several recent studies have shown the beneficial 
effects of MDSCs during solid organ allograft rejection 
in humans and mice[25]. In our OLT model, we pheno-
typically characterized these myeloid cells in the 
spleens of grafted rats based on their expression of 
CD11b/c, their intermediate expression of CD161, and 
the lack of MCH class Ⅱ protein expression. Compared 
to untreated control rats, rapamycin treatment in-
creased the frequency of MDSCs in the spleen on day 
11 (1.603 ± 0.302% vs 4.085 ± 0.4596%) (Figure 
5). The MDSC proportion remained relatively stable 
on day 42 and comparable to that of MDSCs observed 
in the syngeneic group on day 42. Therefore, these 
two subpopulations (CD8+CD45RClow Tregs and MDSC) 
appear to be involved in tolerance during the early 
phase of rejection.

A short course of rapamycin induces antigen-specific 
tolerance
To test whether a short course of rapamycin treatment 
induces donor-specific tolerance, skin allografts were 
performed one month after liver transplantation (20 d 
after the end of rapamycin treatment). We grafted 
donor skin collected from syngeneic liver donor rats 
(DA) or skin collected from third-party donor rats 

Figure 2  The protective effects of a short course of rapamycin on liver function. Fully allogeneic liver transplantation (DA donor to LEW recipient) was 
performed, and the rats were given no treatment or were treated with 1 mg/kg rapamycin (8-d treatment from day 4 to day 11). Total bilirubin, ALAT, and ASAT 
expression levels were measured in rat sera on postoperative days 11 (control vs rapamycin) and 42 (rapamycin vs syngeneic graft). The graph shows the cumulative 
data from 4-5 rats/group. P-values are indicated when the differences between the two groups of rats are significant (bP ≤ 0.01, eP ≤ 0.001). ALAT: Alanine 
aminotransferase; ASAT: Aspartate aminotransferase.
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(neither donor nor recipient, F344) onto rapamycin-
treated rats. In control LEW rats grafted with both DA 
and F334 skin, we observed no signs of rejection on 
day 7. On day 18, all skin transplants were rejected. In 
rapamycin-treated rats that did not reject their DA liver 
transplants, we observed the first signs of F344 skin 
rejection starting on day 7 and all skin grafts were fully 
rejected on day 10. Conversely, no signs of rejection 

were observed for DA-grafted skin on day 7 and black 
hairs from DA donor skin were detectable on protected 
animals until day 60 (Figure 6A and B). 

DISCUSSION
Since the establishment of a small-animal liver trans-
plant model[26], different preclinical studies have 

Figure 3  The effects of a short course of rapamycin treatment on naïve and effector memory cells (A) seems to transiently inhibit the T cell function (B). A: 
The ndLNs, dLNs and spleens of grafted animals were collected on day 11 and day 42 and conventional T cells were analyzed by flow cytometry. Naïve T cells, defined 
as CD62L+CD45RC+, and effector/memory cells, defined as (CD62L-CD45RC-) + (CD62L+CD45RC-) + (CD62L-CD45RC+), were analyzed in CD4+Foxp3- and CD8+Foxp3- 
T cell populations. The results are expressed as the mean +/- SEM of the percentages of effector/memory and naïve T cells, respectively. P-values are indicated when 
the differences between the two groups of rats are significant (aP ≤ 0.05). The graph shows the cumulative data from 4-5 rats/group; B: Quantification of IFNγ and TNFα 
expression by CD4+ and CD8+ T cells in the dLNs of grafted animals after PMA/ionomycin stimulation for 4 h. The graph shows the cumulative data from 4-5 rats/group. 
The results are expressed as the mean +/- SEM. P-values are indicated when the differences between the two groups of rats are significant (aP ≤ 0.05). 
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Figure 4  The effects of a short course of rapamycin treatment on CD4+ and CD8+ regulatory T cell phenotypes. A: The dLNs of grafted animals were collected 
on day 11 and day 42 and regulatory CD4+ T cells were analyzed by flow cytometry. Different activation markers were studied (CD25+, ICOS+, Helios+) after gating 
on CD25+FOXP3+ among CD4+ cells. The results are expressed as the mean +/- SEM of the percentages of CD25+, ICOS+, and Helios+ or the MFI values for CD25, 
ICOS, and Helios; n = 4-5 rats/group. P-values are indicated when the differences between the two groups of rats are significant (aP ≤ 0.05, bP ≤ 0.01). MFI, mean 
fluorescence intensity; B: The ndLNs, dLNs and spleens of grafted animals were collected on day 11 and day 42 and the percentages of CD25+Foxp3+ regulatory 
CD8+ T cells were analyzed by flow cytometry. The MFI values of the activation markers (CD25, ICOS, and CTLA-4) are shown for the dLNs. The results are 
expressed as the mean +/- SEM. P-values are indicated when the differences between the two groups of rats are significant (aP ≤ 0.05, bP ≤ 0.01, cP ≤ 0.0001); C: 
The percentages of CD45RClow cells among CD8+ cells in the dLNs, ndLNs and spleens of grafted rats are shown. The results are expressed as the mean +/- SEM. 
P-values are indicated when the differences between the two groups of rats are significant (aP ≤ 0.05).
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demonstrated the feasibility of reducing or even 
substituting immunosuppressive drugs in favor of 
alternative therapies[27-29] to overcome the side effects 
responsible for significant morbidity and mortality[15]. 
In this context, we were strongly invested in the 
development of new pharmacological strategies to 
induce tolerance in transplantation. Notably, we have 
studied different approaches based on low-dose IL-2 
administration in different pathophysiological settings. 
In allogeneic stem cell transplantation, we observed 
that low dose IL-2 +/- rapamycin treatment had 
no effect on GVHD, particularly in a model of xeno-
GVHD using human cells[30]. In contrast, a similar 
protocol significantly delayed allogeneic skin graft 
rejection in mice. At the beginning of this work, we 
tried to transfer this therapeutic protocol in a model of 
allogeneic liver transplantation to rats considered as 
a less immunogenic setting. Fortuitously, in a group 
of control rats, we were surprised to observe that a 
30-d rapamycin administration initiated at day 4 was 
sufficient to allow for allogeneic liver acceptance. We 
initially decided to delay rapamycin administration to 
day 4 to avoid the known side effects of the molecule 
when used at the time of transplantation. Additionally, 
the elevated grade of histopathological rejection 
observed as soon as day 11 led us to treat the rats 
at day 4 to avoid the potentially irreversible rejection 
process if administered too late. Due to the impressive 
results obtained with 30 d of treatment, we tested the 
potential of a reduced treatment duration. In summary, 
we investigated a novel rapamycin administration 
protocol to prevent acute liver rejection. A short (8 d) 
and delayed (starting on day 4 after transplantation) 

course of rapamycin was sufficient to control acute 
OLT rejection in rats and induce a state of operational 
tolerance. Indeed, more than 75% of grafted animals 
treated with 1 mg/kg rapamycin via oral administration 
survived more than 100 d without any additional 
immunosuppressive treatment. This is in marked 
contrast to previous results and represents a dramatic 
improvement over a previously described protocol 
using the same rat strains. Indeed, the authors tested 
the administration of rapamycin between days 0 and 
7, resulting in an MST of OLT of 24 d[31]. Our results are 
of significant importance because they demonstrate 
that delayed rapamycin treatment does not jeopardize 
the safety of the transplanted organ. Rapamycin can 
also be stopped without impairing the developed graft 
tolerance. These results are consistent with a previous 
study that tested a delayed and short-course treatment 
with an anti-CD3 mAb[32] to obtain strong and long-term 
tolerance of allogeneic cardiac allografts. Therefore, in 
the context of transplantation, establishing a strong but 
time-limited allogeneic immune response prior to the 
initiation of a therapeutic approach may be favorable in 
the establishment of sustainable and specific tolerance.

We also sought to identify the immunological mecha-
nisms underlying this long-term tolerance obtained 
with rapamycin. CD4+ Tregs have been regarded as a 
potential therapeutic modality for the prevention and 
treatment of allogeneic immune responses for a long 
time[33]. They also demonstrate potential for the specific 
targeting of cells involved in the allogeneic immune 
response without inducing general immunosuppression. 
We observed the preservation of immune potential 
as indicated by the capacity of tolerant rats to reject 
allogeneic skin grafts and accept skin grafts that 
originated from rats with the same background as the 
accepted livers. We quantified Tregs contents in the 
dLNs of grafted animals on day 11 (at the end of the 
rapamycin treatment) and one month later. In contrast 
to the results of a previous report[34], we did not observe 
a major change in the percentage of Tregs. However, 
CD25 overexpression on day 11 and the overexpression 
of ICOS in CD4+ Tregs on day 42 suggested the 
activation of these cells in rapamycin-treated rats. 
We also observed an increase in CD8+Foxp3+CD25+ 
regulatory cells, but this increase was only present on 
day 11 and only in the spleen. At the same time point, 
CD8+Foxp3+CD25+ Tregs overexpressed CD25, ICOS 
and CTLA4 in the dLNs of rapamycin-treated animals 
compared to syngeneic grafted rats, again suggesting 
an activated CD8+Foxp3+CD25+ Tregs phenotype[35]. 
CD8+CD45RClow Tregs[36] have also been associated 
with organ transplant tolerance[24,37]. We observed a 
significant increase in CD8+CD45RClow Tregs in the 
dLNs of rapamycin-treated rats on day 11. In murine 
cardiac allograft models, a short course of rapamycin 
leads to the recruitment of MDSCs and increases 
their expression of iNOS. According to Nakamura et 
al[8], even if the T cell activity is suppressed in a dose-
dependent manner in vitro, monocytic MDSCs treated 

Figure 5  A short course of rapamycin increases myeloid-derived 
suppressor cells numbers on postoperative day 11 in allogeneic liver-
grafted rats. The spleens of grafted animals were collected on day 11 and 
day 42, and myeloid-derived suppressor cells (MDSCs) were analyzed by flow 
cytometry. A: Gating strategy for MDSC analysis: CD11b/c+CD161intMCH class 
Ⅱ-; B: Cumulative data indicating MDSC percentages. The results are expressed 
as the mean +/- SEM of the MDSC percentages. P-values are indicated when the 
differences between the two groups of rats are significant (bP ≤ 0.01).
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with rapamycin suppress CD4+ T cell proliferation 
more efficiently than granulocytic MDSCs treated 
with rapamycin. Therefore, mTOR down-regulation 
promotes monocytic MDSC migration in vitro and in 
vivo[38]. Altogether, our results suggest that MDSCs and 
CD8+CD45RClow Tregs are involved in the early stages 
of tolerance initiation followed by sustained tolerance 
that involves both CD4+ and CD8+Foxp3+CD25+ Tregs.

In summary, our results provide new perspectives 
on research regarding the use of rapamycin in OLT. 
Notably, the precise mechanisms of tolerance remain 
to be identified by sequential depletion of the different 
regulatory cell subtypes to confirm their potential roles 
in graft acceptance. Additionally, if rapamycin should 
be reintroduced early in the therapeutic arsenal for 
the prevention of liver transplant rejection in humans, 
several steps must be taken. First, the main concern 
in using early rapamycin involves hepatic artery 
thrombosis. Consequently, the efficacy of our protocol 
remains to be tested in an additional model of OLT with 
consideration of this central parameter in a large animal 
model for example. Finally, the compatibility of early 
rapamycin administration should be evaluated with the 
gold standard of liver rejection prevention that relies 
on FK506 or CNI administration. Such a comparative 
study deserves specific experiments that would allow 
for a direct comparison of the clinical effects of these 
two type of molecules and also for the identification of 
the mechanisms of tolerance that take place depending 
on the molecule used. This information would even 

support therapeutic decisions consistent with the 
mechanisms of tolerance identified.
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Solid organ transplantation remains the last option for vital organ failure. 
Even though the control of the immune response in the recipient is now 
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Abstract
AIM
To investigate whether mesenchymal stem cells (MSCs) 
from adipose-derived stromal cells (ADSCs) and bone 
marrow stromal cells (BMSCs) have similar hepatic 
differentiation potential.

METHODS
Mouse ADSCs and BMSCs were isolated and cultured. 
Their morphological and phenotypic characteristics, 
as well as their multiple differentiation capacity were 
compared. A new culture system was established to 
induce ADSCs and BMSCs into functional hepatocytes. 
Reverse transcription polymerase chain reaction, 
Western blot, and immunofluorescence analyses 
were performed to identify the induced hepatocyte-
like cells. CM-Dil-labeled ADSCs and BMSCs were then 
transplanted into a mouse model of CCl4-induced acute 
liver failure. fluorescence microscopy was used to track 
the transplanted MSCs. Liver function was tested by 
an automatic biochemistry analyzer, and liver tissue 
histology was observed by hematoxylin and eosin (HE) 
staining.

RESULTS
ADSCs and BMSCs shared a similar morphology and 
multiple differentiation capacity, as well as a similar 
phenotype (with expression of CD29 and CD90 and 
no expression of CD11b or CD45). Morphologically, 
ADSCs and BMSCs became round and epithelioid 
following hepatic induction. These two cell types 
differentiated into hepatocyte-like cells with similar 
expression of albumin, cytokeratin 18, cytokeratin 19, 
alpha fetoprotein, and cytochrome P450. fluorescence 
microscopy revealed that both ADSCs and BMSCs were 
observed in the mouse liver at different time points. 
Compared to the control group, both the function of 
the injured livers and HE staining showed significant 
improvement in the ADSC- and BMSC-transplanted 
mice. There was no significant difference between the 
two MSC groups.

CONCLUSION
ADSCs share a similar hepatic differentiation capacity 
and therapeutic effect with BMSCs in an acute liver 
failure model. ADSCs may represent an ideal seed 
cell type for cell transplantation or a bio-artificial liver 
support system.

Key words: Adipose-derived stromal cells; Bone 
marrow stromal cells; Cell differentiation; Hepatocyte 
differentiation

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

Core tip: We investigated whether mesenchymal stem 
cells from adipose-derived stromal cells (ADSCs) and 
bone marrow stromal cells (BMSCs), have similar 

hepatic differentiation potential. We found that adipose-
derived stromal cells resemble bone marrow stromal 
cells in their hepatocyte differentiation potential in vitro  
and in vivo . Because ADSCs are obtained more easily 
and less invasive than BMSCs, ADSCs might be more 
suitable seed cells for cell transplant or liver tissue 
engineering. We also developed a new protocol of 
preparing mouse BMSCs and established a new hepatic 
induction system. 

Xu LJ, Wang Sf, Wang Dq, Ma LJ, Chen Z, Chen qq, Wang 
J, Yan L. Adipose-derived stromal cells resemble bone marrow 
stromal cells in hepatocyte differentiation potential in vitro and in 
vivo. World J Gastroenterol 2017; 23(38): 6973-6982  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i38/6973.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.i38.6973

INTRODUCTION
Liver transplantation remains the only effective 
treatment for liver failure. However, its clinical application 
is limited by donor organs and immune rejection. To 
this end, hepatocyte transplantation and a bio-artificial 
liver support system are two potential surrogate 
complementary therapies for patients with liver failure. 
Hepatocyte-like cells can be induced from mesenchymal 
stem cells (MSCs) for xenotransplantation and have 
been demonstrated to perform hepatocyte functions in 
preclinical animal studies[1,2]. However, the best type of 
MSC has not yet been investigated, and therefore it is 
important to screen for an ideal seed cell type for cell 
transplantation or a bio-artificial liver support system. 

MSCs are non-hematopoietic multipotent stem 
cells that can be isolated from multiple tissues, such 
as bone marrow, adipose tissue, cord blood, and 
amniotic fluid[3-5]. Bone marrow stromal cells (BMSCs) 
are the most extensively studied and fertile stem cell 
source used in regenerative medicine and liver tissue 
engineering[6,7]. More recently, adipose-derived stromal 
cells (ADSCs) were identified as another promising and 
extensively studied stem cells for use, especially in liver 
tissue engineering[8]. Although both ADSCs and BMSCs 
can be induced into hepatocyte-like cells[9-12], there is 
no uniform culture system to evaluate their hepatic 
differentiation potential. Therefore, it is necessary to 
establish an ideal system to improve the efficiency of 
hepatic induction. 

In this study, we developed a novel culture pro-
tocol for mouse BMSCs and optimized the hepatic 
differentiation system. We compared the morphological 
and phenotypic characteristics, as well as the multi-
differentiation capacity of BMSCs and ADSCs in vitro. 
We also compared therapeutic effect of BMSCs and 
ADSCs following transplantation into a mouse model of 
acute liver failure. 
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MATERIALS AND METHODS
Experimental animals 
Male BALB/c mice (3 d old and 6 wk old; Charles River, 
Beijing, China) were purchased from the Laboratory 
Animal Center of the Academy of Military Medical 
Sciences of China (Beijing). All studies were conducted 
after approved by the Ethics Committee of the Animal 
Facility of Chinese PLA General Hospital and complied 
with the guidelines for the care of laboratory animals. 
Mice were housed in cages in a controlled environment 
(25 ℃ and a 12 h light/dark cycle) and fed standard 
mouse chow and tap water, and were observed every 
day in our animal facility.

Isolation and purification of adipose-derived stromal 
cells and bone marrow stromal cells
The isolation and purification of ADSCs were performed 
as previously described[13]. Fibrous tissue was excluded 
and adipose tissue was minced into pieces of < 1 
mm3 and digested in 1 mg/mL collagenase I for 1 h 
at 37 ℃. The cell suspension was filtered through a 
100 µmol/L cell strainer and centrifuged at 300 × g 
for 5 min. ADSCs were plated at a density of 5 × 105/
cm2 with alpha minimal essential medium (α-MEM) 
supplemented with 10% fetal bovine serum (FBS) 
and 1% penicillin/streptomycin, and cultured in a 
humidified incubator at 37 ℃ and 5% CO2. Cells were 
harvested after reaching a 90% confluence with 0.25% 
trypsin-EDTA (Gibco, American). Cells in passages 2-4 
were used for subsequent experiments.

A new method was established to isolate mouse 
BMSCs as follows: 3-d-old male BALB/c mice were 
sacrificed by cervical dislocation and soaked in 75% 
alcohol for 5 min. The tibia and fibula were isolated 
under sterile conditions and washed twice with 
phosphate-buffered saline (PBS) containing 5% 
penicillin/streptomycin. Muscle and fibrous tissue were 
excluded. Tibias and fibulas were minced into pieces 
of < 1 mm3 and washed once with α-MEM, cultured 
directly by incubation with α-MEM supplemented 
with 10% FBS and 1% penicillin/streptomycin in a 
humidified incubator at 37 ℃ and 5% CO2. After 72 h, 
half of the medium was changed and the bone chips 
were kept. After reaching a 50% confluence, cells were 
harvested with 0.25% trypsin-EDTA and seeded as the 
first passage. At each passage, cells were diluted 1:3-4 
every two days. BMSCs at passages 2-4 were used for 
subsequent experiments.

Measurement of adipose-derived stromal cells and bone 
marrow stromal cells proliferation
For the cell proliferation assay, 2 × 103 viable ADSCs 
and BMSCs were seeded in triplicate onto a 96-well 
plate. Cell proliferation was measured using a Cell 
Counting Kit-8 (CCK-8; Beyotime, China). Plates were 
placed in a humidified incubator at 37 ℃ until the cells 
adhered to the plate. Next, 10 µL of the CCK-8 solution 
was added to each well and plates were incubated for 

another 2 h at 37 ℃ prior to reading the absorbance 
at 450 nm on a microplate reader. The assay was 
repeated every day at the same time for 10 d.

Flow cytometry
Passage 2 and 3 ADSCs and BMSCs were trypsinized 
and incubated with fluorescein isothiocyanate-
conjugated CD45 and CD90, and phycoerythrin-
conjugated CD11b and CD29 antibodies for 30 min at 
4 ℃, followed by two washes with PBS. Fluorescent-
labeled cells were analyzed on a flow cytometer.

Differentiation assays 
For adipogenic differentiation, cells were seeded at 1 × 
104/cm2 on 12-well plates. When cells adhered to the 
plate, the expansion medium (α-MEM supplemented 
with 10% FBS and 1% penicillin/streptomycin) was 
replaced with adipogenic induction medium containing 
10−6 mmol/L dexamethasone (Dex), 0.5 µmol/L 
isobutylmethylxanthine, 200 µmol/L indomethacin, 
and 5 µg/mL (wt/v) insulin, and the cells were 
incubated for 8 d. Cells cultured in a base medium 
of α-MEM supplemented with 10% (v/v) FBS served 
as a negative control. Adipogenic differentiation was 
assessed by Oil-Red-O staining. 

For osteogenic differentiation, cells were seeded 
at 5 × 103/cm2 on 12-well plates. When cells adhered 
to the plate, the expansion medium was replaced 
with osteogenic induction medium containing 10−7 

mmol/L Dex, 10 mmol/L β-glycerol phosphate, and 50 
µmol/L ascorbate-2-phosphate. Cells cultured in a base 
medium of α-MEM supplemented with 10% FBS were 
used as a negative control. Cells were incubated for 
3 wk and osteogenic differentiation was assessed by 
Alizarin Red staining.

Hepatic differentiation was achieved following a 
one-step procedure using mouse ADSCs and BMSCs. 
ADSCs and BMSCs (passage 3) were seeded at 5 
× 103/cm2 onto 24-well culture dishes in expansion 
medium. When cells adhered to the plate, the 
expansion medium was replaced with hepatocyte 
culture medium (HCM; DMEM containing 10% FBS) 
supplemented with 50 ng/mL hepatocyte growth factor 
(HGF), 25 ng/mL fibroblast growth factor 4 (FGF4), 
30 ng/mL oncostatin M (OSM), 20 ng/mL epidermal 
growth factor (EGF), 25 ng/mL acidic fibroblast growth 
factor (aFGF), 10 ng/mL basic fibroblast growth factor 
(bFGF), 10-6 mmol/L Dex, 1 × insulin-transferrin-
selenium (ITS), 2 mmol/L ascorbic acid (Vc), and 50 
μmmol/L nicotinamide (Vpp). Differentiation medium 
(1 mL) was added to each 24-well culture dish and 
changed every 3 d. Afterwards, cells were cultured for 
10 d in HCM. Undifferentiated cells served as negative 
controls and the HepG2 cell line served as a positive 
control.

Reverse transcription polymerase chain reaction 
On day 10 of hepatic differentiation, total RNA was 
isolated from ADSCs and BMSCs with Trizol reagent 
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illumination fluorescence microscope.

Transplantation
Six-week-old BALB/c mice were used for the 
transplantation experiment. An acute liver failure model 
was established by administering one dose of CCl4. 
Mice received intraperitoneal injection of 100 μL/20 
g body weight of olive oil containing 10 μL CCl4 24 h 
before MSC transplantation. On day 0, mice underwent 
MSC transplantation at a concentration of 1 × 106 
cells per mouse (0.2 mL cell suspension was injected 
via the tail vein). As a control, PBS-transplanted CCl4-
treated mice and non-transplanted olive oil-treated 
mice were used. Alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) levels were 
measured on days 1, 2, 3, and 7 after transplantation. 
Liver tissue samples were harvested at the indicated 
time points after cell transplantation, fixed with 4% 
paraformaldehyde, embedded in paraffin, and stained 
with hematoxylin and eosin (HE). Frozen sections (8 
μm thick) were used for fluorescence observations.

Statistical analysis
Data are presented as the mean ± SD. ALT and AST 
levels were analyzed by Student’s t test using SPSS 
software version 19.0 (SPSS Inc., Chicago, IL, United 
States). Significance for all statistical analyses was 
defined as P < 0.05.

RESULTS
Cellular morphology of adipose-derived stromal cells 
and bone marrow stromal cells 
Cells were observed under an inverted microscope. 
On the second day of primary culture, few ADSCs 
were observed. On the third day, the number of cells 
increased (the cell density was approximately 60%) 
and, on the fourth day, the cells exhibited a spiral-
shaped structure and reached a 90% confluence. 
Cells were passaged at 1:3 (Supplement Figure 1A). 
On the second day of primary culture (BMSCs), few 
fibroblast-like cells had “climbed out” around the 
bone fragments. The number of cells increased over 
time and, on the fourth day, BMSCs reached a 50% 
confluence and were passaged at 1:1 (Supplement 
Figure 1A).

From passages 1-4, the two types of MSCs were 
long and spindle-shaped and showed no difference in 
morphology (Supplement Figure 1B).

Cell proliferation ability
The cell number of the second and third generations 
of the two cell types was determined over time and a 
growth curve was drawn. The two cell types showed 
active proliferative capacity, with an S-shaped growth 
curve. During the first three days, cells grew slowly. 
Between days 4 and 7, the two cell types grew 
rapidly and entered a logarithmic growth period. Cells 

(Sigma-Aldrich, St. Louis, MO, United States), reverse-
transcribed into first-strand cDNA using oligo (dT) 
primer, and amplified with 35 cycles (95 ℃, 10 min; 
58 ℃, 1 min; and 72 ℃, 5 min) of PCR using 10 
pmmol/L of specific primers. Upon completion of 
the PCR, products were examined by 2% agarose 
gel electrophoresis. Actin was used as an internal 
standard (30 cycles of amplification were performed). 
To compare the differences in expression levels of 
albumin (ALB), alpha fetoprotein (AFP), cytokeratin 
18 (CK-18), CK-19, and glucose-6-phosphate (G-6-P) 
between undifferentiated and differentiated ADSCs 
and BMSCs, the products were quantified on an image 
analyzer (Uvitec, Warwickshire, United Kingdom). The 
primer sequences used are listed in Supplement Table 
1.

Western blot analysis
Western blot analysis was performed as previously 
described[6]. In brief, total cellular proteins were 
prepared and quantified by the Bradford method. 
A total of 80 µg of lysates was electrophoresed by 
10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and blotted onto a nitrocellulose 
membrane (Immoblin-P, Millipore, Bedford, MA, 
United States). Membranes were blocked with 5% 
fat free milk powder at room temperature for 2 h 
and incubated overnight with polyclonal rabbit anti-
mouse CYP1A1 or CK-19, goat anti-mouse ALB, AFP, 
or CK-18 (1:1000; Santa Cruz Biotechnology, Dallas, 
TX, United States), or anti-β-actin antibody (Santa 
Cruz Biotechnology) at 4 ℃ overnight. After three 
washes of 15 min in Tris-buffered saline containing 
Tween 20 (TBST), the membranes were incubated 
with horseradish peroxidase (HRP)-conjugated goat 
anti-rabbit IgG antibody, HRP-conjugated rabbit anti-
goat IgG antibody (Zhongshan Jinqiao, Beijing, China), 
or goat anti-mouse IgG antibody for 2 h at room 
temperature. The membranes were washed again 
in TBST. Enhanced chemiluminescence reagent was 
added and monitored for color development.

Immunofluorescence
Cultured cells were fixed with 4% paraformaldehyde 
(Sigma-Aldrich) for 30 min at room temperature, 
washed twice with PBS, and permeabilized with 
1% Triton X-100 (Sigma-Aldrich) for 20 min at 
room temperature. Cells were then incubated with 
blocking solution consisting of PBS and 10% normal 
goat serum NGS at room temperature for 2 h. For 
immunofluorescence staining, primary antibodies 
(1:200; Santa Cruz Biotechnology) against ALB, 
AFP, CK-18, CK-19, or CYP1A1 were used. Following 
incubation with the primary antibodies overnight at 
4 ℃, cells were incubated with secondary antibodies 
for 2 h at 37 ℃. Subsequently, cells were stained with 
4’,6-diamidino-2-phenylindole (DAPI) for 5 min at 
room temperature and photographed with a structured 
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stopped growing at day 8 and entered the growth 
plateau phase (Supplement Figure 1C). There was no 
significant difference between the two types of adult 
stem cells in the same generation, and there was no 
significant difference between the same kinds of adult 
stem cells in the different generation (Supplement 
Table 1). 

Phenotypic characterization of adipose-derived stromal 
cells and bone marrow stromal cells
ADSC and BMSC cell surface markers were analyzed 
by flow cytometry. Both ADSCs and BMSCs expressed 
the stem cell-associated surface markers CD90 and 
CD29, but did not express CD11b or CD45 (Supplement 
Table 2). The two cell types had a similar proliferative 
ability and stem cell capacity, consistent with our 
previous study.

Multiple differentiation ability of adipose-derived stromal 
cells and bone marrow stromal cells
The adipogenic and osteogenic differentiation of ADSCs 
and BMSCs was evaluated at passages 2 and 3. Small 
and round vacuoles began to appear in the cytoplasm 
on the third day of induction. On the 8th day, a large 
number of lipid droplets appeared in the majority of 
the induced cells and the cells became round, oval, or 
polygonal. Adipogenic differentiation was identified by 
Oil-Red-O staining, which stained the lipid vacuoles 
bright red.

After three weeks of induction, cells aggregated 
in some areas and formed a multilayered, nodular 
structure known as a bone nodule. Osteogenic 
differentiation was identified by Alizarin Red staining, 
which stained the bone nodules red. Oil-Red-O and 
Alizarin Red images of such cells were shown in our 
previous study.

Hepatic differentiation of adipose-derived stromal cells 
and bone marrow stromal cells
Before differentiation, both ADSCs and BMSCs 
exhibited fibroblast morphology with spindle cell 
bodies. After differentiation, the cell morphology 
changed dramatically. On day 4 after hepatic diff-
erentiation, cells became round in shape. On day 7, 
the number of oval and polygonal cells increased, and 
on day 10, the induced cells exhibited a clear polygonal 
shape (Figure 1). The expression of several hepatic 
genes was examined after hepatic differentiation by 
RT-PCR. Uninduced cells served as a negative control. 
On day 10 after hepatic differentiation, the expression 
of ALB, AFP, CK-18, CK-19, and G-6-P was significantly 
enhanced (Figure 2A).

The expression of ALB, AFP, CYP1A1, and CK-18 
in hepatocyte-like cells was confirmed by Western 
blot analysis (Figure 2B). The expression of ALB, 
AFP, CYP1A1, and CK-18 increased continuously in 
the two types of hepatocyte-like cells compared with 
undifferentiated ADSCs and BMSCs, suggesting that 
these two types of MSCs were successfully induced 
into hepatocyte-like cells in vitro.

On day 10 after differentiation, immunofluorescence 
staining showed that the differentiated hepatocyte-like 
cells expressed the hepatocyte markers ALB, CK-19, 
CK-18, AFP, and CYP1A1 (Figure 2C), whereas the 
undifferentiated ADSCs and BMSCs (Figure 2C) did not 
express the hepatocyte-related markers.

Transplanted cells were found in damaged livers
To investigate whether the CM-Dil-labeled MSCs 
localized to the injured liver, animals were sacrificed on 
days 1, 2, 3 and 7 following treatment. In the ADSC 
and BMSC groups, red fluorescent cells were detected 
in the injured livers. In addition, the largest number of 
cells was detected on day 3 after transplantation and 

Figure 1  Morphological changes of adipose-derived stromal cells and bone marrow stromal cells following hepatic differentiation. After hepatic 
differentiation, the cellular morphology changed gradually and, on day 10 after differentiation, the induced cells were polygonal in shape. ADSCs: Adipose-derived 
stromal cells; BMSCs: Bone marrow stromal cells.
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gradually decreased on day 7 (Figure 3). These results 
suggest that cells transplanted via the intravenous 
route can be integrated in the liver parenchyma during 
the early stage of transplantation.

Both adipose-derived stromal cells and bone marrow 
stromal cells improved liver function
To address whether ADSCs and BMSCs can regenerate 

the injured mouse liver, these cell types were 
transplanted into liver-injured mice. Twenty-four hours 
after CCl4 injection, mice exhibited serious liver injury. 
Biochemical parameters, including ALT and AST, were 
measured and stem cells were transplanted. The 
therapeutic abilities of the two experimental groups 
were compared at different time points. Following 
transplantation, the ALT and AST levels of the 
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Figure 3  Tracing transplanted cells in a mouse model of acute liver failure. Red fluorescent cells were detected in the injured livers under fluorescence 
microscopy on days 1, 2, 3 and 7 following the transplantation. ADSCs: Adipose-derived stromal cells; BMSCs: Bone marrow stromal cells.

Figure 2  RT-PCR, western blot analysis and immunofluorescence staining of hepatocyte-related markers following hepatic induction. A: Gene expression 
of albumin (ALB), alpha fetoprotein (AFP), cytokeratin 18 (CK-18), CK-19, and glucose-6-phosphate (G-6-P) was significantly enhanced in hepatocyte-like cells on 
day 10 following hepatic differentiation. Undifferentiated cells served as a negative control; B: Western blot analysis of hepatocyte-related markers in adipose-derived 
stromal cells (ADSCs), bone marrow stromal cells (BMSCs), and hepatocyte-like cells; C: Immunofluorescence staining of hepatocyte-related markers in ADSCs, 
BMSCs, and hepatocyte-like cells. On day 10 after differentiation, immunofluorescence staining revealed that the differentiated hepatocyte-like cells expressed the 
hepatocyte markers ALB, CK-19, CK-18, AFP and CYP1A1. Scale bar: 200 μm.

Figure 4  Analysis of liver function in CCl4-treated mice following mesenchymal stem cell transplantation. Comparison of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) levels in the experimental and CCl4 groups. Hepatic function nearly recovered on day 7 (aP < 0.05 compared to the CCl4 group). 
ADSCs: Adipose-derived stromal cells; BMSCs: Bone marrow stromal cells.
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experimental groups decreased significantly compared 
with the control group (Figure 4). HE staining revealed 
that the degree of injury was much weaker in the 
injured transplanted mice than in the injured, non-
transplanted mice (Figure 5). On day 7, all of the 
experimental groups recovered histologically. However, 
damaged areas were still observed in the CCl4 group. 
These observations indicated that ADSCs and BMSCs 
possessed similar repairing abilities against CCl4-
induced liver injury. 

DISCUSSION
MSC transplantation is a promising alternative therapy 
for some liver diseases. 
Availability of a large number of functional hepatocytes 
is essential for cytotherapy. However, primary 
hepatocyte cultures have been hindered by their 
short life span and the rapid loss of hepatic function 
in vitro[14]. MSCs have become a promising type of 
seed cell for liver transplantation for their multiple 
differentiation potential, high proliferation capacity, 
and plastic adherence properties. However, it is 
difficult to determine the ideal seed cells from different 

types of MSCs. In the present study, we established 
a novel isolation and culture protocol for mouse 
BMSCs that could provide a large number of BMSCs 
in a short period of time and share a similar multiple 
differentiation ability with ADSCs. We also established 
a new HCM that not only shortens the induction time 
but also produces a large number of hepatocyte-
like cells. With the same induction system, ADSCs 
resembled BMSCs in term of hepatocyte differentiation 
potential both in vitro and in vivo. 

A large quantity of ADSCs can be easily obtained by 
digesting adipose tissue derived from mice, rats, and 
humans with collagenase I[15]. However, it is difficult 
to obtain a large quantity of pure mouse BMSCs. We 
analyzed the conditioned medium method of Sun et al[16] 
and the compact bone method of Zhu et al[17], and 
developed a novel and reliable isolation and culture 
method that provides a large number of BMSCs in a 
short period of time. Compared to the method of Sun 
et al[16], the period required to obtain purified cells was 
shortened to 10-11 d. Compared to the method of Zhu 
et al[17], we omitted the digestion step of collagenase 
II. Additionally, the passage time was shortened to 2 d 
(compared to Zhu’s twice per week). Compared to the 
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Figure 5  Hematoxylin and eosin staining in CCl4-treated mice following mesenchymal stem cells transplantation. HE staining of liver tissue on different days 
following MSC transplantation (100 × magnification). The MSC groups showed smaller congested areas than the CCl4 group. ADSCs: Adipose-derived stromal cells; 
BMSCs: Bone marrow stromal cells; HE: Hematoxylin and eosin; MSC: Mesenchymal stem cells; Scale bar: 200 μm.
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method for the isolation and culture of mouse BMSCs 
from bone marrow[18], our protocol not only shows less 
contamination of hematopoietic lineage cells, but also 
obtains a large number of BMSCs in a short period of 
time. The number of BMSCs obtained from five mice 
can reach 107 in 10-11 d. We believe that the reason 
for the rapid proliferation of cells is that neonatal mice 
exhibit better cell viability. Therefore, we developed a 
novel and easy method to isolate mouse BMSCs from 
tibia and fibula bone fragments. 

Among the various hepatic differentiation systems, a 
one-step induction method has been most extensively 
applied[19]. Various cytokines and chemicals can be 
used to induce MSCs into hepatocyte-like cells. Current 
studies have reported that HGF, FGF4, EGF, OSM, Dex, 
aFGF, bFGF, DMSO, Vpp, and Vc can be applied for 
the hepatic differentiation of ADSCs[10,20]. Additionally, 
HGF, FGF4, EGF, OSM, Dex, ITS, trichostatin A (TSA), 
and L-glutamine have been applied for the hepatic 
differentiation of BMSCs[21-24]. In the present study, 
we used multiple factors, including HGF, FGF4, OSM, 
aFGF, bFGF, Dex, Vpp, ITS, and Vc, to develop a new 
induction system to promote the differentiation of 
MSCs. This hepatic induction system induced ADSCs 
and BMSCs into hepatocyte-like cells in only 10 d. 
However, a previously reported one-step induction 
system usually took more than two weeks[25-26]. This 
hepatic induction system shortens the induction time 
compared to the previously reported one-step system. 
Therefore, we consider it as an optimized one-step 
hepatic induction system. 

We also identified induced hepatocyte-like cells 
from ADSCs and BMSCs in terms of morphology, 
as well as gene and protein expression. Our results 
revealed a similar hepatic differentiation potential of 
these two cell types in vitro. In vivo, we established 
an animal model of acute liver failure and proved that 
ADSCs and BMSCs engrafted into the injured liver 
showed similar therapeutic effects in the improvement 
of liver function. The results in our study suggest that 
BMSCs and ADSCs may serve as ideal seed cells for 
treating liver injury. 

In conclusion, we developed a new protocol for the 
preparation of mouse BMSCs and established a new 
hepatic induction system. Our findings proved that 
ADSCs resembled BMSCs in the hepatic differentiation 
potential in vitro and in vivo. ADSCs can be obtained 
more easily and are less invasive than BMSCs. 
Therefore, ADSCs may be a more suitable seed 
cell type for use in cell transplantion or liver tissue 
engineering. In future experiments, we will explore the 
roles of ADSCs in liver tissue engineering. 

COMMENTS
Background
Liver transplantation remains the only effective treatment for liver failure. 

However, its clinical application is limited by donor organs and immune 
rejection. To this end, hepatocyte transplantation and a bio-artificial liver support 
system are two potential surrogate complementary therapies for patients with 
liver failure. Hepatocyte-like cells can be induced from mesenchymal stem 
cells (MSCs) for xenotransplantation and have been demonstrated to perform 
hepatocyte functions in preclinical animal studies. However, the best type of 
MSCs has not yet been investigated and therefore it is important to screen 
for an ideal seed cell type for use in cell transplantation or a bio-artificial liver 
support system. 

Research frontiers
MSCs are non-hematopoietic multipotent stem cells that can be isolated 
from multiple tissues, such as bone marrow, adipose tissue, cord blood, and 
amniotic fluid. Bone marrow stromal cells (BMSCs) are the most extensively 
studied and fertile stem cell source used in regenerative medicine and liver 
tissue engineering. More recently, adipose-derived stromal cells (ADSCs) 
were identified as another promising and extensively studied stem cells for 
use, especially in liver tissue engineering. Although both ADSCs and BMSCs 
can be induced into hepatocyte-like cells, there is no uniform culture system 
to evaluate their hepatic differentiation potential. Therefore, it is necessary to 
establish an ideal system to improve the efficiency of hepatic induction.

Innovations and breakthroughs
A new protocol for the preparation of mouse BMSCs and a new hepatic 
induction system were established. This study proved that ADSCs resembled 
BMSCs in the hepatic differentiation potential in vitro and in vivo. ADSCs can 
be obtained more easily and are less invasive than BMSCs. Therefore, ADSCs 
may serve as a more suitable seed cell type for use in cell transplantion or liver 
tissue engineering. 

Applications
ADSCs are likely to serve as suitable seed cells for use in cell transplantion or 
liver tissue engineering.

Terminology
MSC transplant is a promising alternative therapy for some liver diseases. 
Availability of large number of functional hepatocytes is essential for 
cytotherapy. Both ADSCs and BMSCs can be induced into hepatocyte-like 
cells. Therefore, both ADSCs and BMSCs may be suitable seed cells for use in 
cell transplantion or liver tissue engineering. 

Peer-review 
In this paper, the authors investigated a novel method of generating 
differentiated hepatocytes from two sources of mesenchymal stem cells and 
tested their ability to recover liver damage in an experimental mouse model. 
The paper thus adressed an important question as stem cell therapy could help 
overcome current limitations of treatment for metabolic liver diseases and liver 
injury.
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Abstract
AIM
To investigate whether fecal microbiota transplantation 
(FMT) prevents hepatic encephalopathy (HE) in rats 
with carbon tetrachloride (CCl4)-induced acute hepatic 
dysfunction.

METHODS
A rat model of HE was established with CCl4. Rat 
behaviors and spatial learning capability were observed, 
and hepatic necrosis, intestinal mucosal barrier, 
serum ammonia levels and intestinal permeability 
were determined in HE rats receiving FMT treatment. 
Furthermore, the expression of tight junction proteins 
(Claudin-1, Claudin-6 and Occludin), Toll-like receptor 
(TLR) 4/TLR9, interleukin (IL)-1β, IL-6 and tumor 
necrosis factor (TNF)-α was examined.

RESULTS
FMT improved rat behaviors, HE grade and spatial 
learning capability. Moreover, FMT prevented hepatic 
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necrosis and intestinal mucosal barrier damage, leading 
to hepatic clearance of serum ammonia levels and 
reduced intestinal permeability. The expression of 
TLR4 and TLR9, two potent mediators of inflammatory 
response, was significantly downregulated in the liver 
of rats treated with FMT. Consistently, circulating pro-
inflammatory factors such as interleukin (IL)-1β, 
IL-6 and tumor necrosis factor-α were remarkably 
decreased, indicating that FMT is able to limit systemic 
inflammation by decreasing the expression of TLR4 
and TLR9. Importantly, HE-induced loss of tight 
junction proteins (Claudin-1, Claudin-6 and Occludin) 
was restored in intestinal tissues of rats receiving FMT 
treatment. 

CONCLUSION
FMT enables protective effects in HE rats, and it 
improves the cognitive function and reduces the liver 
function indexes. FMT may cure HE by altering the 
intestinal permeability and improving the TLR response 
of the liver.

Key words: Fecal microbiota transplantation; Hepatic 
encephalopathy; Cognitive function; Intestinal per-
meability; Toll-like receptor
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Core tip: In this article, we first established a rat model 
of hepatic encephalopathy, and then carried on the 
fecal microbiota transplantation (FMT). Our results 
suggest that FMT can serve as a kind of new method 
for the treatment of hepatic encephalopathy, probably 
better than VSL#3. 
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microbiota transplantation prevents hepatic encephalopathy in 
rats with carbon tetrachloride-induced acute hepatic dysfunction. 
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INTRODUCTION
Hepatic encephalopathy (HE) is a common and serious 
disorder with a wide spectrum of neuropsychiatric 
abnormalities due to chronic and acute liver 
dysfunction[1]. HE is associated with poor quality of life 
and increased mortality, thus representing a major 
healthcare burden in patients with liver cirrhosis[2,3]. 
The estimated one-year survival rate is 42% after 
the first episode of overt HE, and the three-year 
survival rate is 23%[1,4,5]. Therefore, HE with cirrhosis 
is considered to have a poor prognosis for subjects 
who do not undergo liver transplantation. The death 
rate is substantially lower for patients who receive a 
transplant. The survival rate is more than 70% in the 

first 5 years after transplantation[1,6]. 
Although the pathogenesis of HE remains in-

completely understood, gut-derived neurotoxin ammonia 
that accumulates in the central nervous system (CNS) 
is the most frequent precipitating factor[7-11]. In cases 
of normal hepatic function, ammonia enters the portal 
circulation of the liver and is subsequently converted to 
urea through the urea cycle[1].

Gut microbiota has emerged as a critical factor 
in the development of HE. Dysbiosis or an altered 
gut microbiota population promotes a systemic pro-
inflammatory milieu, resulting in neuro-inflammation 
and ultimately neuronal dysfunction including HE[12-17]. 
Lactulose and lactitol, which target gut microbiota, 
have been demonstrated to be effective as first-line 
therapies for both acute and chronic HE. However, 
lactulose and lactitol have significant gastrointestinal 
side effects[18,19]. Furthermore, approximately 20% of 
patients with chronic liver failure and HE have been 
found to be non-responsive to lactulose treatment. 
A systemic review demonstrated that lactulose and 
lactitol failed to impart any survival benefit to cirrhotic 
patients with HE[20].

Probiotics (e.g., VSL#3, a clinically tested probiotic 
formula consisting of Lactobacilli, Bifidobacteria, 
and Streptococci) contain living beneficial bacteria 
and have been shown to improve mental status 
and cognitive functioning. Therefore, probiotics may 
prevent HE recurrence by decreasing urease-producing 
bacteria populations and ammonia absorption while 
also increasing hepatic ammonia clearance[21]. 
Although probiotics are thought to have no adverse 
effects when used as long-term therapeutics, they are 
not widely utilized clinically due to the potential risk 
of introducing live bacteria into immunosuppressed 
patients. Therefore, the use of probiotics for cirrhotic 
patients with HE cannot be currently recommended, 
and rigorous clinical evaluation in randomized 
controlled trials is required[22-25]. 

Given the limitations of current HE therapy, research 
efforts are now aimed at improving existing treatments 
or developing novel therapies. Fecal microbiota 
transplantation (FMT) is rapidly being accepted as 
a viable, safe, and effective treatment for chronic 
gastrointestinal infections, recurrent inflammatory 
bowel diseases (IBD) and Clostridium difficile infection 
(CDI)[26-29]. It has also gained attention for its 
therapeutic potential for cardiometabolic, autoimmune, 
and other extra-intestinal conditions that were not 
previously considered to be associated with the 
intestinal microbiota[30-32]. However, whether FMT has a 
healing effect on HE has not been investigated. 

In this study, we present in vivo evidence that FMT 
is effective for improving HE symptoms as evidenced 
by increased rat motor activity, spatial learning 
and memory following FMT. Moreover, FMT reduces 
systematic inflammation, leading to restored hepatic 
and intestinal dysfunction. Mechanically, FMT reduced 
liver expression of Toll-like receptor (TLR) 4 and 
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TLR9, which are two critical factors implicated in the 
accumulation of ammonia and regulating the levels of 
circulating pro-inflammatory mediators; therefore, FMT 
decreased liver inflammation and damage. Additionally, 
FMT recovered the expression of tight junction proteins 
such as Claudin-1, Claudin-6 and Occludin, resulting in 
attenuated intestinal permeability. Taken together, our 
study demonstrates for the first time the efficacy of 
FMT in the treatment of rats with HE and reveals the 
mechanisms underlying this process. Notably, we also 
provide an experimental basis for the potential use of 
FMT in HE patients. 

MATERIALS AND METHODS
Animals 
Male Sprague-Dawley rats weighing 240-270 g were 
used for the experiments. Rats were fed regular 
chow and water ad libitum in cages placed in a room 
with a 12-h light/dark cycle at constant humidity 
and temperature (25 ℃). All of the animals received 
humane care according to the criteria outlined in the 
“Guide for the Care and Use of Laboratory Animals” 
prepared by The National Academy of Sciences and 
published by The National Institutes of Health.

Preparation of donor fecal material
The fecal material was collected and isolated as 
previously reported[33,34]. Briefly, approximately 30 g 
of fecal material was collected from a healthy female 
donor in a non-menstrual period with no history of 
hypertension, diabetes or cytomegalovirus, hepatitis 
or HIV infection. The volunteer also must not have 
presented with fever, abdominal pain, diarrhea, 
constipation, etc. In addition, the volunteer must 
not have used antibiotics, antiviral drugs and any 
drugs that may affect the function of the gut and 
bacteria within 2 wk of fecal matter donation. The 
volunteer was told to eat a liquid diet the day before 
the bacteria were extracted, and the fecal matter was 
then passed through 2.0-, 1.0-, 0.5- and 0.25-mm 
stainless steel laboratory sieves (WS Tyler, Mentor, OH) 
to remove undigested food and smaller particulate 
material. The resulting material passing through the 
0.25-mm sieve was centrifuged at 6000 g for 15 
min and homogenized in 150 mL of sterile normal 
saline. Glycerol (85%) was added to obtain a final 
concentration of 10%. The resulting fecal bacteria 
were resuspended and quantified by calculating the 
optical density (OD) relative to that of Enterococcus 
faecalis (E. faecalis) stored at -80 ℃.

Experimental design
The rat model of HE was established as previously 
described. Briefly, rats were given subcutaneous 
injections of 5 mL/kg of CCl4 solution (a mixture of CCl4 
and peanut oil at a ratio of 2:3) twice a week and were 
fed 5% alcohol in drinking water with a week normal 

complete diet for 9 consecutive weeks. Control animals 
received normal saline. Nine weeks after injection, the 
rats were randomized into five groups (four rats per 
group) to receive saline, low-dose FMT (containing 2.7 
billion fecal bacteria), moderate-dose FMT (containing 
5.4 billion fecal bacteria), high-dose FMT (containing 
7.1 billion fecal bacteria) or probiotics (VSL#3200 
μL/d) for 3 wk. Each capsule of VSL#3 contained 
112.5 billion freeze-dried bacteria (Streptococcus 
thermophilus, Bifidobacterium longum, Bifidobacterium 
breve, Bifidobacterium infantis, Lactobacillus 
acidophilus, Lactobacillus plantarum, Lactobacillus 
casei, and Lactobacillus bulgaricus) suspended in corn 
starch dissolved in 8.33 mL phosphate buffered saline 
(PBS). The rats received 200 μL/d of this solution 
(containing 2.7 billion CFU) via intestinal intubation. 
Prior to introducing an intestinal tube, rats were 
anesthesized and incised to allow duodenal exposure. 
Then a small cut was made in the duodenum, allowing 
a PE50 tube for implantation, followed by stitching 
the cut. The tube was made to pass into the air and 
stuffed with sterilized cotton for further administration.

Observations and measurement of rat behaviors
Rat behaviors were observed one week before or 
after administrations and recorded in an open field. 
Behaviors include mortality, body weight, motor 
activity, stools, hematochezia and infection. During the 
activity measurements, the animals had no access to 
food or chow. All studies were performed under strictly 
standardized conditions in a dark room for 30 min. The 
numbers of total movements, ambulatory movements, 
and vertical movements were separately recorded to 
reflect the motor activities of rats with hepatic failure. 
The motor activities were defined as zero in dead 
mice.

Morris water maze
HE rats were evaluated for spatial learning and 
memory capabilities using a Morris water maze as 
described previously. Two training trials a day were 
conducted on 3 consecutive days during the 8th week 
of the study. The experimental apparatus consisted of 
a cylindrical water tank (145 cm in diameter, 60 cm in 
height) filled with water maintained at 21 ± 1 ℃. The 
water was made opaque with black ink. A platform (10 
cm in diameter) was submerged 2 cm below the water 
surface and placed at the midpoint of one quadrant. 
Room lights illuminated the pool, and the visual cues 
around the room (window, cabinets, furniture) were 
kept consistent. A video camera was placed above the 
center of the pool and connected to a video tracking 
system. During each training session, the rats were 
placed in the pool at a specified starting position and 
allowed to swim freely until they found the Morris 
water maze. The time required to escape (escape 
latency) was recorded. Rats that found the platform 
within 120 s were allowed to remain on it for 20 s 
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Statistical analysis
SPSS statistical software, version 19.0, was used for 
statistical analyses. The Pearson χ 2 test or Fisher’s 
exact test was used to compare qualitative variables 
and Student’s t-test was used for comparisons of 
quantitative variables. All statistical tests were two-
sided. P < 0.05 was considered statistically significant

RESULTS 
FMT significantly alleviates behaviors of rats with 
chronic liver failure-induced HE
Chronic liver failure-induced HE was induced in 
rats by treatment with carbon tetrachloride-alcohol 
as previously described. All rats treated for 9 wk 
showed similar symptoms of HE, such as impaired 
spontaneous movement, cachexia and somnolence, 
when compared with saline-treated control mice. 
Histological examination verified the successful 
establishment of the rat HE model. The rats were then 
randomly divided into five groups including the model 
group, the probiotic-treated group (termed VSL) and 
the FMT treated groups across three doses (termed 
FMT-L, FMT-M and FMT-H for the low, mid and high 
FMT doses, respectively). Infections were observed 
during the experimental period; one rat each in the 
VSL, FMT-L, FMT-M and FMT-H groups died from 
infection. Data from these rats were excluded from 
the final statistical analysis. The behaviors of each 
group were observed clinically until the end of the 
experiment and were compared for mortality rate and 
the clinical grade by the scoring method represented 
in Table 1 and as previously described[35,36]. Significant 
weight loss and decreased appetite were observed in 
the control group relative to the other treated groups, 
whereas rats treated with either probiotics or any of 
the three FMT doses, but not the model group, started 
to increase food intake and gain weight during the first 
week. The feeding behavior of rats in the high-dose 
FMT treatment group normalized during the second 
week (Figures 1 and 2). Together, the data presented 
here demonstrate that FMT enables the healing of 
chronic liver failure-induced HE. 

FMT markedly improves learning and memory 
functioning in the rat HE model 
The Morris water maze was used to evaluate the 
spatial learning of rats from different treatment groups. 
The Morris water maze test lasted six days. The 
first five days of acquisition training with an invisible 
platform were followed by 4 d of reversal training with 
an invisible platform. A probe trial was then carried 
out with no escape platform. Finally, four trials were 
conducted using the visible platform. 

In contrast to the control group, the total travel 
distance was significantly decreased in the model 
group (P = 0.014), whereas the VSL or FMT treated 

and were then returned to their home cages. If a rat 
did not reach the platform within 120 s, it was gently 
guided there by the experimenter, and allowed to stay 
on it for 20 s. The test was performed again at 12 wk 
to assess spatial cognitive function.

Histology examination of liver injury and intestinal 
damage
For histological examination, liver and distal ileum 
samples were fixed in 4% paraformaldehyde, 
dehydrated using graded ethanol, and then embedded 
in paraffin. The paraffin blocks were sectioned and 
stained with hematoxylin and eosin (HE) using 
standard histological techniques. 

Measurement of intestinal permeability
Intestinal permeability was determined by Evans 
blue staining as previously described. Rats were 
anesthetized and transcardiacally perfused with Evans 
Blue dye. Colonic tissue was removed and maintained 
in formamide solution at 60 ℃ for 24 h, followed 
by centrifugation at 5000 r/min for 20 min. Optical 
density at 632 nm was measured and calculated. 

Liver functional tests and serum ammonia level 
detection 
Biochemical parameters were measured using standard 
clinical methods, including alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), serum 
albumin (ALB), total bilirubin (TBIL) and direct bilirubin 
(DBIL). Blood samples (0.5 mL) were collected 
from the portal and tail veins and analyzed with an 
automatic biochemical analyzer. 

Enzyme-linked immunosorbent assay (ELISA) analysis 
of circulating pro-inflammatory mediators and stool 
proteins
For detection of interleukin (IL)-1β, IL-6 and tumor 
necrosis factor (TNF)-α, serum samples from each 
individual group were collected and separated from 
portal and tail veins, followed by analysis with ELISA 
kits according to the manufacturer’s instructions 
(Sangon, Shanghai). For Calprotectin and alpha-1-
antitrypsin (A1AT) detection, equal weight stools from 
each group were collected and dissolved in PBS and 
then separated by centrifugation for ELISA testing 
according to the manufacturer’s instructions (Sangon, 
Shanghai).

Western blot analysis 
Protein expression was determined in lysates of liver 
and intestinal tissues using rabbit anti-TLR4, anti-
TLR9, anti-Claudin-1, anti-Claudin-6 and anti-Occludin 
antibodies (Abcam) diluted in blocking buffer (5% milk 
in 0.2% Tween 20/TBS, 4 ℃, overnight). The results 
were normalized to GAPDH expression (mouse anti-
GAPDH, Abcam).
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rats showed longer travel distances compared with the 
model group (P < 0.003, Figure 3A). The swim speed 
was remarkably reduced in the model group, whereas 
it was markedly increased in rats that received 
probiotics or FMT (Figure 3B). The VSL and FMT groups 
exhibited twice as many line crossings than did the 
model group (P < 0.05, Figure 3C). Although crossing 
times increased along with FMT dose, this relationship 
did not reach statistical significance among FMT-L, 
FMT-M and FMT-H. Collectively, these observations 
indicate that FMT is capable of improving learning and 
memory deficits in the rat HE model. 

FMT restores hepatic function in a dose-dependent 
manner
Since FMT effectively improved the behavior and 
spatial cognitive capability of rats with HE, we next 
determined whether FMT affected rat hepatic function 
in the HE model. It was noted that FMT improved 
hepatic function in a dose-dependent manner as 
revealed by hematoxylin and eosin staining. 

Hepatic function was examined by liver histology 
and serological parameters including ALT, AST, 
ALB, TBIL and DBIL. All of these parameters were 
significantly elevated in the model group (P < 0.0001), 
which was indicative of severe liver damage. However, 
rats that received probiotics or FMT showed reduced 
levels of ALT, AST, ALB, TBIL and DBIL (P < 0.0001) 
compared with the model rats (Figure 4A-E). Notably, 
the FMT-H group revealed a marked decrease in 
these parameters when compared with FMT-L and 
FMT-M groups (P < 0.0002), suggesting a dose-
dependent improvement in hepatic function. Moreover, 
liver hepatomegaly and severe liver disease were 
clearly observed on the liver surfaces of the model 
group whose livers also turned brown, indicating liver 
damage. On the contrary, liver necrosis of probiotic-
treated rats was dramatically relieved. When treated 
with FMT, the livers showed decreased necrosis as 
the concentration of FMT increased (Figure 4F). 
However, the liver color was still brown. In agreement 
with altered liver morphology, liver histology analysis 

suggested that inflammation and spotty or patchy 
necrosis were observed in the model group, whereas 
none of these manifestations were observed in the 
control group. Livers from rats that received probiotics 
or FMT showed less necrotic areas than did the model 
rats (Figure 4G-L).

FMT prevents intestinal mucosal barrier dysfunction  
The intestinal barrier controls physical and biochemical 
activities to maintain a balance with the external 
environment. Patients with liver cirrhosis develop a 
series of alterations in the intestinal barrier associated 
with the severity of liver disease that ultimately 
increase intestinal permeability. We therefore examined 
whether FMT could protect intestinal integrity in the 
HE model. As showed in Figure 5A, the intestinal 
permeability tripled in the model group compared 
with the control group (P < 0.0001), as detected by 
Evans blue extravasation method. FMT treatment 
remarkably decreased the intestinal permeability 
(P < 0.0001), whereas the VSL-treated group 
appeared to have even less intestinal permeability. 
Histological observations suggested mild edema 
and mucosal separation in the model group. FMT-
treated HE rats displayed decreased edema, mucosal 
damage and inflammatory infiltration. Similar effects 
were observed when the HE rats were treated with 
probiotics (Figure 5F). Intestinal permeability was not 
different between the VSL and FMT treatment groups, 
irrespective of dose. Taken together, these findings 
support a protective role for FMT in maintaining 
intestinal integrity and attenuating the mucosal barrier 
dysfunction induced by HE. In accordance with altered 
intestinal permeability, expression ofA1AT in the stool 
was elevated in the model rats, which was indicative 
of excessive gastrointestinal protein loss. A1AT levels 
decreased in the rats that received probiotics or FMT, 
suggesting improved intestinal permeability and 
reduced gastrointestinal protein loss (Figure 5B). 
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Elevated Calprotectin levels in the stool, which are 
commonly used in the clinic to measure the intestinal 
inflammation index, were found to be reversed by 
probiotics and FMT, implying attenuated intestinal 
inflammation (Figure 5C). Overall, the data presented 
here indicate that FMT preserves intestinal mucosal 
barrier function.

FMT attenuates serum ammonia levels and the systemic 
proinflammatory response 
It is well known that ammonia serves as the most 
important precipitating factor leading to HE. In 
addition, accumulating evidence has demonstrated that 
inflammation, including systemic inflammation, neu-
roinflammation and endotoxemia, acts concomitantly 
with ammonia to drive HE pathogenesis in cirrhotic 
patients. We next determined whether FMT affects 
serum ammonia levels and proinflammatory responses. 
Serum ammonia levels and proinflammatory cytokines 
including IL-1β, IL-6 and TNF-α were detected using 
Berthelot reaction and ELISA assay. The mean ammonia 
level from the portal vein was 12.37 μmol/L in the 
control group, which was increased to 36.28 μmol/L 
in HE rats. When the HE rats were given probiotics, 
the mean serum ammonia level decreased to 22 
μmol/L. FMT therapy resulted in a notable decline 
in ammonia levels (P < 0.0001). In particular, high-
dose FMT administration was almost as effective as 
probiotic treatment in decreasing ammonia levels. 
Moreover, similar effects were observed when the 
ammonia level was evaluated from the tail vein, 

indicating that FMT enables effective clearance of 
serum ammonia and ultimately improves clinical 
symptoms (Figure 6A). Consistent with the decreased 
serum ammonia concentration, circulating levels of 
proinflammatory mediators such as IL-1β, IL-6 and 
TNF-α were elevated in the model group and reduced 
in groups that received probiotics or FMT treatment 
(P < 0.0001, Figure 6B-D). Significant differences 
in proinflammatory mediator levels were observed 
among the groups that received different FMT doses 
(P < 0.002). The data described here demonstrate a 
systematic relief of HE severity in rats, and it was clear 
that systemic inflammation, but not ammonia, was 
strongly correlated with increasing grades of HE. 

FMT protects HE progression through distinct 
mechanisms 
Although FMT has been shown to be effective in 
a rat model of HE, leading to improved hepatic 
and intestinal function and impaired systemic 
inflammation, the underlying mechanisms of these 
processes have not been investigated. Liver TLRs are 
reported to be important determinants of HE severity 
and are intimately related to arterial ammonia concen-
tration and levels of circulating pro-inflammatory 
mediators[37-39]. Additionally, tight junction proteins 
(Occludin and Claudins) are implicated in the 
regulation of intestinal permeability[40,41].

Therefore, we examined the protein expression 
levels of TLR4 and TLR9 in the liver tissues, and 
the expression levels of Claudin-1, Claudin-6 and 
Occludin were analyzed in the intestinal tissues 
(Figure 7). As expected, liver dysfunction stimulated 
the expression of TLR4 and TLR9 in the liver, which 
was downregulated in liver tissue from rats treated 
with probiotics and FMT, indicating that FMT can limit 
systemic inflammation by decreasing the expression of 
TLR4 and TLR9. TLR4 and TLR9 are potent mediators 
that promote the expression of pro-inflammatory 
factors such as IL-6 and TNF-α. Accordingly, the 
expression of Claudin-1, Claudin-6 and Occludin was 
lost in the intestinal tissues from the model rats, 
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Figure 3  Cognitive function before and after VSL#3 or fecal microbiota transplantation treatment. A: FMT treatment increases rat total swim distance as 
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Table 1  Animal behavior scoring

Clinical score Definition
0 Normal behavior
1 Mild lethargy
2 Decreased motor activity, poor gesture control,

 diminished pain perception
3 Severe ataxia, no spontaneous righting reflex
4 No righting reflex, no reaction to pain stimuli
5 Death
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suggesting impaired tight junction function. Tight 
junction protein loss was reversed by probiotic as well 
as FMT treatment. High dose FMT appeared to induce 
more expression of Claudin-1, Claudin-6 and Occludin 
than did other doses of FMT (Figure 6A and B). In 
summary, these data demonstrate that FMT delays HE 
progression in rats by reducing the liver expression 
of TLR4 and TLR9 and triggering tight junction 
protein expression, resulting in attenuated systemic 
inflammation and decreased intestinal permeability.

DISCUSSION 

HE is a potentially reversible spectral neuropsychiatric 
complication caused by acute and chronic liver 
diseases, significantly affecting the prognosis. Although 
decades of clinical practice have demonstrated that 
nonabsorbable disaccharides, such as lactulose or 
lactitol, are effective for approximately 80% of HE 
patients, little survival benefit in cirrhotic HE patients 
has been observed following treatment with these 
agents. Probiotics, thought to have a therapeutic effect 
with no adverse effects, are not widely used clinically 

due to the potential risk of introducing live bacteria[42]. 
Acute liver organ shortage and increased morbidity 
have expanded research efforts aimed at improved 
treatment[28,43]. 

FMT is the introduction of a fecal suspension 
derived from a healthy donor into the gastrointestinal 
tract of a diseased individual. The clinical application of 
FMT has grown significantly within the last decade and 
is now gaining mainstream acceptance as a valuable, 
low cost procedure with apparently safe, and readily 
available materials, especially for the treatment of 
recurrent or refractory CDI[26,28,29]. Whether FMT is 
effective for HE patients has not yet been investigated. 
Here we provide experimental evidence that FMT has 
potent protective effects in improving motor activity 
in a rat model of HE and was comparable to probiotic 
administration. A significant negative correlation was 
found between the FMT dose and behavioral score. 
In addition, FMT has been shown to enhance spatial 
learning and memory as revealed by the Morris 
water maze assay. Since FMT effectively improves 
behavior and spatial cognitive capabilities, we next 
determined whether it affected hepatic function in 

Figure 5  Expression of proteins related to intestinal permeability and intestinal wall stained with hematoxylin and eosin. A: FMT reduced intestinal 
permeability in HE rats as evidenced by Evans blue staining; B: Stool A1AT levels in rats were decreased following FMT treatment, which was indicative of improved 
intestinal permeability and reduced gastrointestinal protein loss. The stools in the indicated groups were collected and diluted in PBS and analyzed by ELISA; C: 
Stool Calprotectin levels in rats with HE were decreased following FMT treatment, which was indicative of reduced intestinal inflammation. Stools in the indicated 
groups were collected and diluted in PBS and analyzed by ELISA; D-I: Five-micron thick tissue sections were obtained and stained with hematoxylin and eosin for 
microscopic examination. The data shown are representative of hematoxylin and eosin staining in the indicated groups, but there were no differences among the 
tissues. FMT: Fecal microbiota transplantation.
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the rat HE model. Hepatic function was examined by 
liver histology and serological parameters. Rats that 
received FMT showed reduced levels of ALT, AST, ALB, 
TBIL, and DBIL (P < 0.0001) compared with the model 
rats. Notably, the FMT-H group revealed a marked 
decrease in these parameters when compared with 
the FMT-L and FMT-M groups (P < 0.0002). Moreover, 
liver necrosis in the FMT-treated rats was dramatically 
relieved compared with the model rats, suggesting 
a dose-dependent improvement in hepatic function. 
However, in general, the levels of cognitive function of 
rats that received FMT were altered more than other 
indicators.

Alterations in the intestinal barrier were associated 
with the severity of liver disease, leading to increased 
intestinal permeability[44-46]. We therefore examined 
whether FMT could protect against the intestinal 
permeability induced by HE. FMT treatment remarkably 
decreased the intestinal permeability (P < 0.0001), 
whereas histological observations suggested that FMT 
treatment in HE rats displayed decreased edema, 
mucosal damage and inflammatory infiltration. In 
accordance with decreased intestinal permeability, 

A1AT levels in the stool were reduced following 
FMT, suggesting improved intestinal permeability 
and reduced gastrointestinal protein loss. Elevated 
Calprotectin levels in the stool were also found to be 
reversed by FMT, implying that FMT prevents intestinal 
mucosal barrier dysfunction. Furthermore, FMT was 
found to attenuate serum ammonia levels and impair 
systematic inflammation as demonstrated by reduced 
proinflammatory cytokines including IL-1β, IL-6 and 
TNF-α, indicating a systematic relief of HE severity 
in rats. It was clear that systemic inflammation, but 
not ammonia, was strongly correlated with increasing 
grades of HE. Taken together, the data in present study 
clearly show a potent healing effect for FMT in the rat 
HE model. Next we tried to determine the possible 
mechanisms underlying the protective functions of 
FMT. It has been widely accepted that an impaired 
gut-liver-brain axis in patients with liver disease is 
the leading cause of complications including HE. In 
HE patients, bacterial translocation and increased 
intestinal permeability are frequently found, the latter 
of which promotes bacterial translocation, such as 
migration of microbes or their products including 
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Figure 6  The changes of ammonia levels and inflammatory cytokines in plasma from the portal or tail veins. A: Plasma ammonia levels decreased 
significantly upon FMT treatment. Blood samples were collected from the portal and tail veins in the indicated groups and analyzed with an automatic biochemistry 
analyzer; B: Decreased circulating IL-1β was observed in the FMT groups. Blood samples were collected from the portal and tail veins in the indicated groups and 
analyzed by ELISA; C: Serum IL-6 was reduced in the FMT-treated groups. Blood samples were collected from the portal and tail veins in the indicated groups and 
analyzed by ELISA; D: Serum TNF-α was downregulated in the FMT-treated groups. Blood samples were collected from the portal and tail veins in the indicated 
groups and analyzed by ELISA. FMT: Fecal microbiota transplantation.
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pathogen-associated molecular patterns (PAMPs), the 
natural ligands for TLRs[40]. Liver expression of TLR4 
and TLR9 is a critical determinant of HE severity, trig-
gers the inflammation cascade and is intimately related 
to arterial ammonia concentration and circulating 
proinflammatory mediators such as IL-1β, IL-6 and 
TNF-α. We therefore evaluated the levels of liver TLR4 
and TLR9 and circulating IL-1β, IL-6 and TNF-α in the 
HE model and FMT-treated rats. 

Our data here suggest that VSL treatment 
efficiently reduced circulating IL-1β and TNF-α but not 
IL-6, a well-established independent risk factor for HE 
that was negatively associated with cognitive functions 
in HE patients[47-49]. Serum IL-6 was more evidently 
decreased in the FMT group than the VSL group in 
our study, which was consistent with more improved 
spatial learning and motor activity, suggesting that 
FMT is more effective than VSL, at least partially. Lata 
et al[50] also reported the limited effectiveness of VSL 
for HE.

Note that our study was the first to provide 
experimental data for potential use of FMT for HE, 
yet more accurate investigations are supposed to 
be done for optimized usage of FMT. Instead, VSL is 
commercially available with more detailed study. 

FMT significantly reduced the liver expression levels 
of TLR4 and TLR9 and proinflammatory mediators, 
suggesting that FMT improves HE symptoms by 

impairing liver inflammation and reducing systemic 
inflammation. Importantly, the expression of tight 
junction proteins Claudin-1, Claudin-6 and Occludin 
was increased in the intestinal tissues of rats that were 
given FMT, indicating improved intestinal mucosal 
barrier function. The limitation of this study was the 
similar infection rate observed between the probiotics 
group and the FMT group. Our experiment still cannot 
fully explain whether FMT is superior to VSL#3 or not, 
which requires more experimental or clinical evidence.

Collectively, our study provided experimental 
evidence for the first time that supports an FMT-
enabled protective role in treating HE rats and revealed 
the mechanisms behind FMT function, thus providing 
a basis for potential clinical application of FMT in HE 
patients.

COMMENTS
Background
Hepatic encephalopathy (HE) is a disease of liver dysfunction, and there is 
currently no effective therapy for treatment of this condition. To all knowledge, 
gut microbiota has emerged as a critical factor in the development of HE. Fecal 
microbiota transplantation (FMT) has been confirmed to treat some diseases. 
However, the effect of FMT on HE has not been researched deeply.

Research frontiers
Previous clinical evidence has shown that many diseases of the digestive 
tract, including liver diseases, have intestinal flora abnormalities, while FMT 
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can improve the composition and quantity of intestinal bacteria to achieve 
therapeutic purposes.

Innovations and breakthroughs
This is the first experimental study to confirm that FMT can be used to treat 
hepatic encephalopathy, and it also reflects the superiority of FMT relative to 
VSL#3. 

Applications
According to the results of the article, FMT has the potential to become a new 
method for treating hepatic encephalopathy. At the same time, our results 
suggest that FMT has special advantages in some areas, providing more 
possibilities for further searching for new targets for treatment of hepatic 
encephalopathy.

Terminology
FMT is the introduction of a fecal suspension derived from a healthy donor 
into the gastrointestinal tract of a diseased individual. Initially as a treatment 
for Clostridium difficile infection, it has been shown to be effective in many 
diseases of the human body.

Peer-review
This is a very interesting paper about FMT for HE. The authors demonstrated 
that FMT has good effects in improving intestinal barrier function, by regulating 
the expression of tight junction proteins (Claudin-1, Claudin-6 and Occludin). 
Therefore, FMT has a protective role in treating HE.
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Abstract
AIM
To investigate the protective mechanism of mitofusin-2 
(Mfn2) in rat remote ischemic perconditioning (RIC) 
models and revalidate it in alpha mouse liver-12 
(AML-12) hypoxia cell lines. 

METHODS
Sprague-Dawley rats were divided into three groups 
(n  = 6 each): sham, orthotopic liver transplantation 
and RIC. After operation, blood samples were collected 
to test alanine aminotransferase and aspartate 
aminotransferase. The liver lobes were harvested for 
histopathological examination, western blotting (WB) 
and quantitative real-time (qRT)-PCR. AML-12 cell 
lines were then subjected to normal culture, anoxic 
incubator tank culture (hypoxia) and anoxic incubator 
tank culture with Mfn2 knockdown (hypoxia + Si), 
and data of qRT-PCR, WB, mitochondrial membrane 
potential (ΔΨm), apoptosis, endoplasmic reticulum Ca2+ 
concentrations and mitochondrial Ca2+ concentrations 
were collected.

RESULTS
Both sham and normal culture groups showed no 
injury during the experiment. The RIC group showed 
amelioration of liver function compared with the 
orthotopic liver transplantation group (P  < 0.05). qRT-
PCR and WB confirmed that Mfn2-mitochondrial Ca2+ 
uptake 1/2 (MICUs) axis was changed (P < 0.005). In 
AML-12 cell lines, compared with the hypoxia group, 
the hypoxia + Si group attenuated the collapse of ΔΨm 
and apoptosis (P  < 0.005). The endoplasmic reticulum 
Ca2+ decrease and mitochondrial Ca2+ overloading 
observed in the hypoxia group were also attenuated in 
the hypoxia + Si group (P  < 0.005). Finally, qRT-PCR 
and WB confirmed the Mfn2-MICUs axis change in all 
the groups (P  < 0.005).

CONCLUSION
Mfn2 participates in liver injury in rat RIC models and 
AML-12 hypoxia cell lines by regulating the MICUs 
pathway.

Key words: Remote ischemic per-conditioning; Ischemia-
reperfusion injury; Ca2+; Mitofusin-2; Mitochondrial Ca2+ 
uniporter

© The Author(s) 2017. Published by Baishideng Publishing 

Group Inc. All rights reserved.

Core tip: Compared to the orthotopic liver tran-
splantation, the remote ischemic perconditioning 
(RIC) model can significantly improve liver functions. 
But, knowledge of its mechanism remains largely 
unknown. This research is the first to prove the 
protective mechanism of the mitofusin-2-mitochondrial 
Ca2+ uptake 1/2 axis by affecting the metabolism 
of intracellular calcium in the RIC model of liver 
transplantation and to revalidate it in alpha mouse 
liver-12 hypoxia cell lines.

Liang RP, Jia JJ, Li JH, He N, Zhou YF, Jiang L, Bai T, Xie HY, 
Zhou L, Sun YL. Mitofusin-2 mediated mitochondrial Ca2+ uptake 
1/2 induced liver injury in rat remote ischemic perconditioning 
liver transplantation and alpha mouse liver-12 hypoxia cell 
line models. World J Gastroenterol 2017; 23(38): 6995-7008  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i38/6995.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i38.6995

INTRODUCTION
Liver transplantation (LT) has become an important 
countermeasure for end-stage liver disease[1]. 
Ischemia-reperfusion injury (IRI) is one of the severe 
complications of LT, leading to graft dysfunction 
and thus increasing the morbidity and mortality[2-4]. 
Our previous studies confirmed that ischemia 
preconditioning (IPC) can effectively alleviate IRI 
by reducing hepatic enzymatic leakage, leukocyte 
infiltration and apoptosis formation[5,6]. However, 
because of its traumatic nature and ethical reasons, its 
application has failed to develop extensively[7]. Remote 
ischemic perconditioning (RIC) was first proposed 
by Przyklenk in 1993, and compared with IPC, it is a 
temporary ischemic treatment for distant organs and 
plays a protective role without damaging the target 
organs[8]. We have optimized the application of RIC 
and proved that the PI3K/Akt/eNOS/NO pathway could 
reduce the damage[9,10]. 

Mitofusin-2 (Mfn2), localized in the outer membrane 
of the mitochondria, maintains the network stability 
of mitochondria by participating in mitochondrial 
fusion and fission[11]. Ca2+ is an important intra-
cellular signaling pathway, involved in important 
pathophysiological functions such as maintenance of 
biological potential, cell growth/proliferation regulation 
and apoptosis regulation[12-15]. Vasington et al[16] 
discovered mitochondrial Ca2+ uptake 1/2 (MICUs) in 
1962. They used two Ca2+-binding EF hands to sense 
Ca2+ concentration, thereby maintaining mitochondrial 
Ca2+ stability, which were considered as “gatekeepers”
for mitochondrial Ca2+ influx[17-20]. Furthermore, they 
are mediated by the mitochondrial Ca2+ uniporter 
(MCU) and form an MCU protein complex together 
with MCU, MICU-1 and MICU-2[21,22]. In our previous 
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work, we also observed that Mfn2 induced apoptosis 
in HCC cells due to down-regulation of the MICUs 
gatekeepers[11].

There is little information about relationships 
between the protective effect of RIC and the Mfn2-
MICUs axis during LT. Ca2+ plays an important role in 
apoptosis. In our previous RIC experiment, compared 
with the orthotopic liver transplantation (OLT) group, 
the RIC group showed decreased apoptosis. In the 
present study, we hypothesized and verified whether 
RIC model via Mfn2-MICUs axis has a protective 
effect for LT. As it is hard to perform gene knockout 
operations using primary cells, genetically engineered 
rats are expensive and the experiment is time-
consuming, we designed the use of alpha mouse 
liver-12 (AML-12) hypoxia cell lines to simulate the RIC 
model and to revalidate it to prove our hypothesis.

MATERIALS AND METHODS
Rat sham, OLT and RIC models
All experimental protocols were conducted in 
accordance with the Animal Research: Reporting in 
vivo Experiments (ARRIVE) guidelines (http://www.
nc3rs.org/ARRIVE). Adult male Sprague-Dawley rats 
weighing 250-300 g were chosen, placed in standard 
environment, and allowed ad libitum access to food 
and water. Thirty rats (including 12 donors) were 
randomly allocated to three groups (n = 6 in each 
group): sham, OLT and RIC. The following operations 
were performed: After fasting for 12 h, all rats were 
anesthetized for 3 h by intraperitoneal injection with 4% 
chloral hydrate (Shanghai Guchen Biological, China). 

In the OLT group, the modified method of Kamada 
was adopted[23]. Donor liver was obtained, and cold 
physiological saline containing 25 U/mL heparin was 
used to perfuse the graft liver through portal vein and 
stored in 0-4 ℃ cold saline for about 45 min before 
the graft was transplanted into the recipient. After the 
suprahepatic inferior vena cava and portal vein were 
anastomosed by cuff method, the liver was reperfused 
along with the ligation of the hepatic artery. Then, 
the infra-hepatic inferior vena cava was connected, 
and common bile duct was reconstructed by tying 
the duct over a stent. Physiological saline (1 mL) was 
injected via the dorsal penile vein of the recipient after 
operation in order to prevent acid-base imbalance. 

In the RIC group, the method used in our previous 
study was adopted. In the recipients who underwent 
OLT, hindlimb ischemia (using a standard tourniquet 
appending 1 kg weight to both legs) and reperfusion 
was performed for three 5-min cycles starting at the 
anhepatic phase[10] (Figure 1). After recovery from 
anesthesia, the rats allowed free access to sterile 
water and standard diet. 

In the sham group, the abdomen was opened after 
70 min, and then closed in order to acquire the mean 
time of the total ischemia in the OLT/RIC group (2-min 

warm ischemia, 45-min cold ischemia, and 70-min 
total ischemia).

Collection of liver lobe and blood samples 
Sham group rats were euthanized after anesthesia. 
After 3 h of blood flow into the recipient’s portal vein, 
euthanasia was performed in OLT and RIC groups. 
Blood samples were drawn from the portal vein 
and then centrifuged for 15 min at 3000 × g, and 
serum alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were measured to assess liver 
function (7600 automatic analyzer; Hitachi, Japan). 
Some of the liver lobes were kept in formalin solution 
for histopathological examination, and the other parts 
of the lobes were used for western blotting (WB) and 
PCR studies.

Quantitative real-time (qRT)-PCR 
qRT-PCR was used to detect the level of mRNA 
expression (Table 1). Total RNA was extracted from 
the previous phase of the experiment (liver lobes 
and cell lines) using Trizol reagent (Thermo Fisher 
Scientific, United States) and PrimeScript RT Reagent 
Kit with gDNA Eraser (Takara Bio, Japan) for reverse 
transcription to cDNA. Following the protocol, we 
performed qRT-PCR in a total volume of 10 μL with 
7900Fast (Applied Biosystems Inc, United States) 
to test the efficiency of small interfering (si)RNA in 
the hypoxia + Si group. The mRNA levels of Mfn2, 
MCU, MICU-1 and MICU-2 in the three model groups 
of sham, OLT and RIC and three cell line groups of 
normal culture (NC), hypoxia and hypoxia + Si were 
compared. 

WB
WB was used to detect the level of protein expression 
of Mfn2, MCU, MICU-1, MICU-2 and β-actin. Total 
proteins were extracted from the previous phase of 
the experiment (liver lobes and cell lines). Cells and 
tissues (the liver tissues had first been ground in liquid 
nitrogen) were transfected after incubation in RIPA lysis 
buffer (Thermo Fisher Scientific) supplemented with 
protease inhibitor cocktail (Thermo Fisher Scientific) 
for 1 h on ice and then underwent ultrasonic oscillation 
crushing (Shanghai Experimental Instruments, China) 
for three 5-s cycles on ice. After centrifugation (14000 
× g, 4 ℃, 15 min), the supernatant was collected for 
protein concentration measurement by Bicinchoninic 
Acid Protein Assay Kit (Pierce Biotechnology, United 
States). 

The denatured protein samples (30 μg/10 μL) were 
separated by SDS-PAGE (Invitrogen, United States) 
and transferred to polyvinylidene fluoride membranes. 
Then, the membranes were blocked with 5% non-
fat milk (BD Biosciences, United States) dissolved 
in 30 mL Tris-buffered saline with Tween (TBST) for 
2 h at room temperature. Using primary antibodies 
against β-actin/Mfn2 (1:1000; Abcam, United States), 
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siRNA experiments (Table 2; Shanghai GenePharma 
Biochemical and Pharmaceutical, China) to knock 
down the Mfn2 expression. The same culturing was 
performed in the hypoxia group. Cells were collected 
for subsequent experiments.

Mitochondrial membrane potential
The mitochondrial membrane potential (ΔΨm) was 
quantified using a JC-1 kit (Beijing Beyotime Institute 
of Biotechnology, China). JC-1 was used to cultivate 
the cells for 30 min, which was measured by flow 
cytometry (FCM) in the channels of FITC (green) and 
PE-A (red) of the FC500 flow cytometer (Cytomics, 
United States). Furthermore, cells were cultured for 30 
min using JC-1 and for 15 min using Hoechst-33342 
(Beijing Beyotime Institute of Biotechnology), and 
observed under confocal microscopy (FV1000; 
Olympus, Japan) to confirm the results obtained from 
FCM. 

Apoptosis
Cell apoptosis was assayed using the Annexin V/
Propidium Iodide Apoptosis (AV/PI) Detection Kit (BD 
Biosciences) and measured by FCM. Furthermore, cells 
were treated with 7.5 μmol/L of the CellEvent Caspase 

MCU/MICU-1 (1:1000; Cell Signaling Technology, 
United States) and MICU-2 (1:1000; Santa Cruz 
Biotechnology, United States), the membranes were 
incubated overnight at 4 ℃. 

After agitation washing of the membranes for 
three 5-min cycles with TBST, appropriate secondary 
horseradish peroxidase-linked antibodies (1:2000; all 
purchased from Abcam), including goat anti-mouse 
IgG for total Mfn2, goat anti-rabbit IgG for β-actin 
and MCU/MICU-1/MICU-2, were used to incubate the 
membranes for 1 h at room temperature. An ECL kit 
(Pierce Biotechnology) was used to acquire enhanced 
chemiluminescence.

Cell lines and culturing
The mouse liver hepatocyte cell line AML-12 [established 
from hepatocytes from a male mouse (CD1 strain, line 
MT42) non-tumorigenic], preserved by our laboratory, 
was cultured according to the ATCC guideline, with 10% 
fetal bovine serum (Gibco, United States) added in a 
90% 1:1 mixture of Dulbecco’s modified Eagle’s medium 
and Ham’s F12 medium (DMEM/F12; Hangzhou Genom 
Biochemical and Pharmaceutical, China) with 0.005 
mg/mL insulin, 0.005 mg/mL transferrin, 5 ng/mL 
selenium and 40 ng/mL dexamethasone (all purchased 
from Sigma-Aldrich). All cells were cultured in 5% CO2 
at 37 ℃ in a moderately moist environment. 

Cells were assigned to three groups (NC, hypoxia 
and hypoxia + Si) in the logarithmic phase, and less 
than 70% had good conditions. The NC group cells 
were cultured using the normal protocol. The hypoxia 
group cells were first cultured for 3 h in a humidified 
atmosphere containing 2% O2, 5% CO2 and 93% 
N2 at 37 ℃ in a noxic incubator tank (Thermo Fisher 
Scientific), and then cultured for another 3 h in normal 
atmosphere as NC group cells to simulate the IRI 
process. The hypoxia + Si cells were first used in 

Figure 1  Remote ischemic perconditioning models. A: Tourniquet was 
used for ligature of each hindlimb with 1 kg additional weight; B: P - Perfusion 
phase, I - Ischemic phase, R - Reperfusion phase. The remote ischemic 
perconditioning group underwent orthotopic liver transplantation with hindlimb 
ischemia and reperfusion for three 5-min cycles starting at the beginning of the 
anhepatic phase.

1 kg

P                                   I                                   R    

B

1 kg

A

5 min × 3
Hindlimb

Table 1  Primer sequences for qRT-PCR

Target gene Primer sequence

Rat-β-Actin Forward: 5'-ACGGTCAGGTCATCACTATCG-3'
Reverse: 5'-GAGGTCTTTACGGATGTCAACG-3'

Rat-Mfn2 Forward: 5'-GAAGAAGAGTGTCAAGACCGTG-3'
Reverse: 5'-CAGGCAAAACTTATCAATCCAG-3'

Rat-Mcu Forward: 5'-GACCCTGAACGATGTGAAGAC-3'
Reverse: 5'-TTCTCCGCTTTCCTGCTAAT-3'

Rat-MICU-1 Forward: 5'-GACTAAGCGGAGACTGATGTTG-3'
Reverse: 5'-GAGATTCTGCGTGAGCCTTC-3'

Rat-MICU-2 Forward: 5'-ACAAAGCCTCACTCTGGGT-3'
Reverse: 5'-TCACTGTTGGTTCCTGGTATT-3'

Mus-β-Actin Forward: 5'-CATTGCTGACAGGATGCAGAAGG-3'
Reverse: 5'-TGCTGGAAGGTGGACAGTGAGG-3'

Mus-Mfn2 Forward: 5'-CAAGTGTCCGCTCCTGAAG-3'
Reverse: 5'-CCACCAGCACAAACACATC-3'

Mus-Mcu Forward: 5'-GAGCCGCATATTGCAGTACGGT-3'
Reverse: 5'-AAACACGCCGACTGAGTCAGAG-3'

Mus-MICU-1 Forward: 5'-GAAGTGTCCAGCCGTGAAGGAA-3'
Reverse: 5'-TGGTGTGGAGTAGGCTCGGATT-3'

Mus-MICU-2 Forward: 5'-GGAAGACTTTGCTATCGCCATGC-3'
Reverse: 5'-GGTGTCCAGAAGATTGTCCGAG-3'

Mfn2: Mitofusin-2; Mcu: Mitochondrial Ca2+ uniporter; MICU: Mito-
chondrial Ca2+ uptake.

Table 2  Primer sequences for siRNA

Target gene Primer sequence

Mus-Mfn2 Sense strand:
5′-CUGCGAAUUAAGCAGAUUATTdTdT-3′;

Anti-sense strand:
5′-UAAUCUGCUUAAUUCGCAGTTdTdT-3′

Mfn2: Mitofusin-2.
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3/7 Green Detection Reagent (Invitrogen, United 
States) and 10 nmol/L tetramethylrhodamine methyl 
ester perchlorate (Invitrogen), and observed under 
confocal microscopy to confirm the results obtained 
from FCM.

Measurement of mitochondrial Ca2+ concentrations
Rhod-2 acetoxymethyl ester (Rhod-2, AM; 
GeneCopoeia, United States) was used to measure 
the mitochondrial Ca2+ concentrations. According 
to our previous experience, the fluorescence value 
of Rhod-2 AM approximately represented the 
fluorescence value of mitochondrial Ca2+[11,24]. The day 
before the experiment, 1 x 105 cells were plated in 
10-mm confocal dishes (Nest Biotechnology, China). 
After overnight incubation, the growth medium was 
removed from the cell plates, and added with 500 μL 

medium with 4 μM Rhod-2 AM and 0.1% Pluronic® 
F-127 (GeneCopoeia) and allowed to incubate at 37 
℃ in humidified air (containing 5% CO2) for 2 h. Next, 
D-Hanks balanced salt solution (Hangzhou Genom 
Biochemical and Pharmaceutical, China) was used 
to wash the cells three times, followed by addition of 
500 μL Hoechst-33342 and 200 nmol/L MitoTracker 
Green (Beijing Beyotime Institute of Biotechnology), 
and allowed to incubate in the same environment for 
30 min of cultivation. Confocal microscopy confirmed 
that the vast majority of Rhod-2 AM fluorescence 
was associated with the mitochondria. Furthermore, 
cells were incubated in 96-well plates with Rhod-2 
AM and F-127 in the same process and observed by 
VarioskanFlash (Thermo Fisher Scientific) with the 
illumination at excitation 552 nm and emission 581 
nm to confirm the results obtained from confocal 
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Figure 2  Remote ischemic perconditioning models model improves the liver graft function. A: Results of ALT and AST in the three model groups; B: Liver 
histopathological presentations (hematoxylin and eosin stain, original magnification × 200); C: Results of hepatocyte necrosis and congestion of the sinusoids and 
central vein in histopathologic examination. Data represent mean ± SEM for 6 rats per group. ALT: Alanine aminotransferase; AST: aspartate aminotransferase; OLT: 
Orthotopic liver transplantation; RIC: Remote ischemic perconditioning. aP < 0.05; bP < 0.01; cP < 0.001.
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microscopy.

Quantification of endoplasmic reticulum (ER) Ca2+ 
concentrations
We used the FLUOFORTE® Calcium Assay (Enzo 
Life Sciences, United States) to detect ER Ca2+ 
concentrations. The day before the experiment, 5 
× 104 cells were plated per well in 96-well assay 
plates (Corning, United States). After overnight 
incubation, the growth medium was removed from 
the cell plates and 100 μL FLUOFORTE® Dye-Loading 
Solution (prepared by Enzo’s protocol, containing 
0.5 mmol/L EGTA to eliminate Ca2+ concentrations in 
the medium) was added to each well, and the cells 
were incubated at room temperature for 45 min. The 
illumination at excitation 490 nm and emission 525 
nm was observed by VarioskanFlash for quantification 
of cytosolic Ca2+ concentrations at baseline. Then, 5 
μM thapsigargin (Thermo Fisher Scientific) was added 
to each measurement well to detect the total values, 
including cytosolic baseline and Ca2+ released from 
the ER, by VarioskanFlash with the same parameters. 
SkanIt software (Thermo Fisher Scientific) was used to 
measure the ER Ca2+ concentrations.

Statistical analysis
The results were expressed as mean ± SEM. One-way 
analysis of variance was used for comparisons among 
three groups and the t-test was used for comparison 
between the two groups. All statistical analyses and 
related statistical diagramming were performed using 
the GraphPad Prism software (ver. 5.0 for Windows; 
GraphPad Software Inc., United States). P < 0.05 was 
considered statistically significant.

RESULTS
RIC model improves liver graft function
According to the literature and our previous research, 
RIC does not cause muscle and remote organ 
function damage, so this experiment focused on liver 
function[9,10]. In the present study, the sham group 
showed no injury during the experiment. Compared 
with the OLT group, ALT and AST levels were lower 
in the RIC group (ALT: P = 0.0029, AST: P = 0.0121; 
Figure 2A). Liver histopathological examinations 
showed that the RIC group had fewer sinusoids, 
central vein congestion and hepatocyte necrosis than 
the OLT group (P < 0.001; Figure 2B and C).

RIC model lowers expression of Mfn2 and alters MICUs 
expression 
Expression of Mfn2 and MICUs was measured by WB 
(Figure 3A) and qRT-PCR (Figure 3B). Taking the OLT 
group as the reference, both the sham and RIC groups 
showed lower expression of Mfn2 (WB: sham vs RIC: 
P < 0.001; qRT-PCR: sham P < 0.001, RIC P = 0.0348). 
The MICUs expression was also altered. Compared 

with the OLT group, both the sham and RIC groups 
showed higher expression of MICU-1 (WB: sham vs 
RIC, P < 0.001; qRT-PCR: sham P = 0.0005, RIC P 
= 0.0030) and similar expression of MICU-2 (WB: 
sham P = 0.0011, RIC P = 0.0033; qRT-PCR: sham 
P = 0.0255, RIC: P = 0.0137). However, we did not 
observe any significant changes in the expression of 
MCU (WB: sham P = 0.1044, RIC P = 0.9243; qRT-
PCR: sham P = 0.0005, RIC P = 0.1507).

Mfn2 knockdown alters MICUs expression in AML-12 
hypoxia cell lines
The NC group was cultured in normal environment. 
The hypoxia group followed our protocol to simulate 
the IRI process. In the hypoxia + Si group, siRNA was 
used to knock down Mfn2 expression (WB and qRT-
PCR; Figure 4A) and culturing was performed by the 
same protocol as in the hypoxia group. Expression 
of MICUs was measured by WB and qRT-PCR. Taking 
the hypoxia group as the reference, both the NC and 
hypoxia + Si groups showed higher expression of 
MICU-1 (WB: NC P = 0.0001, hypoxia + Si P = 0.0010; 
qRT-PCR: NC P = 0.0026, hypoxia + Si P = 0.0430) 
and similar expression of MICU-2 (WB: sham P < 
0.0001, hypoxia + Si P = 0.0020; qRT-PCR: sham P 
= 0.0004, RIC P = 0.0137). We observed the change 
in expression of MCU by WB (sham: P = 0.0158, RIC: 
P = 0.0040), but did not obtain significant findings by 
qRT-PCR (sham: P = 0.2597, RIC: P = 0.2420) (Figure 
4B and C).

Mfn2 knockdown attenuates the collapse of ΔΨm in 
AML-12 hypoxia cell lines 
We first used the JC-1 kit to measure the ΔΨm in 
AML-12 hypoxia cell lines cultured by FCM with our 
protocol. JC-1 fluorescence shifted from red (JC-1 
aggregates bound to mitochondria) to green (JC-1 
monomers bound to cytoplasm), indicating a decline 
of ΔΨm. Taking the hypoxia group as the reference, 
the green to red fluorescence ratio was lower in the 
NC and hypoxia + Si groups (FCM: NC P = 0.0329, 
hypoxia + Si P = 0.0391; Figure 5A and C). We 
obtained the same result by confocal microscopy 
as that obtained from FCM using the JC-1 kit and 
Hoechst-33342 (Figure 5B).

Mfn2 knockdown attenuates apoptosis in AML-12 
hypoxia cell lines
The Annexin V/Propidium Iodide Apoptosis Detection 
Kit was used to detect cell apoptosis by FCM. Annexin 
V fluorescence reflects early cell apoptosis while 
propidium iodide fluorescence reflects late apoptosis 
and dying cells. Taking the hypoxia group as the 
reference, the ratio of apoptosis cells was lower 
in the NC and hypoxia + Si groups (FCM: NC P = 
0.0092, hypoxia + Si P = 0.0369; Figure 6A and C). 
We obtained the same result by confocal microscopy 
as that obtained from FCM using the caspase 3/7 
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detection kit (green) and tetramethylrhodamine 
methyl ester perchlorate (red) (Figure 6B).

Mfn2 knockdown relieves mitochondrial Ca2+ 
overloading 
We used Rhod-2 AM to detect mitochondrial Ca2+ con-
centrations by confocal microscopy and VarioskanFlash. 
Rhod-2 AM, Hoechst-33342 and MitoTracker Green 
were used to confirm that the fluorescence value 
of Rhod-2 AM approximately represented the 
fluorescence value of mitochondrial Ca2+ (Figure 
7A). Then, VarioskanFlash was used to analyze the 
illumination at excitation 557 nm and emission 581 nm 
and detect mitochondrial Ca2+ concentrations (Figure 
7B). Taking the hypoxia group as the reference, both 
the NC and hypoxia + Si groups relieved mitochondrial 
Ca2+ overloading (NC vs hypoxia + Si: P < 0.0001).

Mfn2 knockdown relieves endoplasmic reticulum Ca2+ 
decrease 
We used the FLUOFORTE® Calcium Assay to detect 
ER Ca2+ concentrations by analyzing the illumination 
at excitation 490 nm and emission 525 nm with 
VarioskanFlash. The cytosolic baseline was measured 
first, and then thapsigargin (Ca2+ was released by 

inhibiting endoplasmic reticular Ca-ATPase) was added 
to detect the total values, including cytosolic baseline 
and Ca2+ release from the ER. SkanIt software was 
used to measure the ER Ca2+ concentrations. Taking 
the hypoxia group as the reference, both the NC 
and hypoxia + Si groups showed higher ER Ca2+ 
concentrations (NC vs hypoxia + Si: P < 0.0001) 
(Figure 7).

DISCUSSION
The incidence of liver cancer is increasing and liver 
cancer currently represents the sixth most frequent 
type of cancer worldwide[25]. LT has become an 
important countermeasure for end-stage liver diseases, 
and numerous research studies have been carried 
out to improve LT outcome by reducing the damages, 
such as IPC and RIC[26,27]. We have demonstrated in 
our previous studies that the RIC model protects the 
liver against IRI, causing no muscle or remote organ 
function damage[9,10], but the mechanism is not yet 
fully understood. 

Mitochondrial Ca2+ plays an important role in 
intracellular homeostasis[28]. Mfn2 maintains the 
network stability of mitochondria by participating in 
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mitochondrial fusion and fission[29]. MCU, MICU-1 and 
MICU-2 form the mitochondrial calcium uniporter 
complex. Along with the increase in intracellular Ca2+, 
Ca2+ combined with EF-hand of MICUs promotes the 
opening of MCU pores and leads to an increase in the 
mitochondrial Ca2+[30,31]. Furthermore, excessive intake of 
Ca2+ can increase mitochondrial permeability transition, 
thereby inducing pathophysiological phenomena such 
as apoptosis[32]. Previous studies have shown that 
Mfn2 provides a convenient pathway for Ca2+ transport 

from mitochondria to ER in intracellular high Ca2+ 
environment[33-37]. However, there is little information 
about relationships between the protective effect of RIC 
and the Mfn2-MICUs axis during LT.

We, therefore, designed and performed the present 
RIC experiment (Figure 1) and found that, compared 
with the sham group, LT (including RIC) could cause 
liver damage and change the Mfn2-MICUs axis at 
the same time. While the RIC model reduced liver 
damage, Mfn2 expression was lower and MICUs 
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expression was higher than in LT (Figures 2 and 3). 
These results demonstrated that the RIC model might 
exert its protective effect for LT via the Mfn2-MICUs 
axis.

To further verify our findings, we decided to knock 
down the Mfn2 expression by siRNA. Since genetically 
engineered mice are expensive, the experiment 
is time-consuming, and it is hard to perform gene 
knockout operations using primary cells, we designed 
the use of AML-12 hypoxia cell lines to simulate a 
RIC model. After determining the Mfn2 knockdown 

efficiency (Figure 4A), we proved that the hypoxia + 
Si group alleviated the hypoxia damage and showed 
higher expression of MICU-1 and MICU-2 compared 
with the hypoxia group (Figure 4B and C). Revalidating 
the same result from the RIC experiment provides the 
basis for our future mechanism studies.

Depolarization of mitochondrial membrane 
potential is usually associated with early apoptosis. 
According to the JC-1 kit instructions, in the absence 
of apoptotic cells, JC-1 aggregates are bound to 
mitochondria and red fluorescence occurs at 590 nm. 
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Whereas in apoptotic cells, JC-1 monomers are bound 
to cytoplasm and green fluorescence occurs at 530 
nm. The green to red fluorescence ratio then indicates 
the collapse of ΔΨm. In the present study, we used 
the JC-1 kit to measure the ΔΨm in hypoxia cell lines 
by FCM, and found that the green to red fluorescence 
ratio was lower in the NC and hypoxia + Si groups 
(Figure 5A and C). The sham group showed no injury 
during the experiment. Compared with the hypoxia 

group, the hypoxia + Si group had less collapse of 
ΔΨm. For more intuitive observation, we used JC-1 
and Hoechst-33342 to repeat the experiment by 
confocal microscopy, and revalidated the same result 
from FCM (Figure 5B). The results illustrated that Mfn2 
knockdown lowered the mitochondrial membrane 
potential in hypoxia cells.

Apoptosis is a programmed cell death controlled by 
genes, which is designed to maintain homeostasis[38]. 

Liang RP et al. Mitofusin-2 mediated MICUs-induced liver injury 
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In the early stage of apoptosis, phosphotidylserine can 
be translocated from the inside of the cell membrane 
to the outside of the cell membrane and combined with 
annexin V (FITC). In late apoptotic and dead cells, the 
membranes are permeable to propidium iodide (PE-A). 
According to the staining status of the cells, we can 
distinguish the apoptosis status (annexin V/propidium 
iodide positive or negative). In the present study, we 
found that the ratio of cell apoptosis was lower in the 

NC and hypoxia + Si groups (Figure 6A and C). The 
sham group showed no injury during the experiment, 
indicating that compared with the hypoxia group, 
the hypoxia + Si group had fewer cells undergoing 
apoptosis. We used the caspase 3/7 detection reagent 
(green) and tetramethylrhodamine methyl ester 
perchlorate (red) to repeat the experiment by confocal 
microscopy and revalidate the same result from FCM 
(Figure 6B). The results demonstrated that Mfn2 
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Figure 7  Mfn2 knockdown relieves mitochondrial Ca2+ overloading. Rhod-2 AM was used to detect mitochondrial Ca2+ concentrations by confocal microscopy 
and VarioskanFlash. A: Confocal microscopy confirmed that the vast majority of Rhod-2 AM fluorescence was associated with the mitochondria; B: VarioskanFlash 
was used to detect Rhod-2 AM to determine the fluorescence of mitochondrial Ca2+ concentrations. Taking the hypoxia group as the reference, both the NC and 
hypoxia + Si groups relieved mitochondrial Ca2+ overloading. Mfn2: Mitofusin-2; NC: Normal culture; Rhod-2 AM: Rhod-2 acetoxymethyl ester. cP < 0.001.
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knockdown reduced the apoptosis in hypoxia cells. 
As mentioned earlier, whether IRI in LT or hypoxia 

in cells leads to injury should be verified. Mfn2 
provides a convenient pathway for Ca2+ transport 
from mitochondria to ER in intracellular high Ca2+ 
environment. Excessive uptake of Ca2+ caused 
mitochondrial pathogenesis and affected ‘gatekeeper’ 
expression, thus leading to a higher Ca2+ concentration. 
In the present study, after confirming that the Mfn2-
MICUs were altered in both rat models and cell 
models, we continued to validate Ca2+ changes at the 
mitochondrial level. We used Rhod-2 AM to analyze 
the mitochondrial Ca2+ concentration (Figure 7A), and 
VarioskanFlash to analyze the illumination of Rhod-2 
AM to get the fluorescence of mitochondrial Ca2+ 
concentrations. We found that the hypoxia + Si group 
relieved mitochondrial Ca2+ overloading compared 
with the hypoxia group (Figure 7B). This indicated 
that Mfn2 knockdown reduced the mitochondrial Ca2+ 
overload by Mfn2-MICUs axis in cell models.

The ER is an important organelle of Ca2+ storage, 
the stored Ca2+ in ER is mainly released through the 
inositol 1, 4, 5-trisphosphate (InsP3) receptor and 
ryanodine receptor pathways[13]. In the present study, 
we investigated the relationships between ER Ca2+ 
concentrations and mitochondrial Ca2+ overloading. 
After the cytosolic Ca2+ concentration at baseline was 
quantified by VarioskanFlash using the FLUOFORTE
® Calcium Assay, we added thapsigargin to release 
the ER Ca2+ and performed repeat measurement. 
The hypoxia + Si group showed relief of the ER Ca2+ 
decrease compared with the hypoxia group (Figure 
8). This result proved that Mfn2 knockdown relieved 
the ER Ca2+ decrease by affecting the Mfn2-MICUs 
axis, thus altering the mitochondrial Ca2+ status in cell 
models.

The MCU protein complex is a highly selective 
calcium channel consisting of three components: MCU, 
MICU-1 and MICU-2. The complex can sense Ca2+ 

level and determine whether it passes through the 
mitochondrial membrane[19]. In our experiment, we 
failed to observe the consistency of MCU expression 
changes in rat and cell models. According to the 
literature, ER was mediated by the InsP3 receptor, 
Mfn2 showed no effect on expression of InsP3R, 
but when specific inhibitors of InsP3 receptor were 
used, the decline of ER Ca2+ induced by Mfn2 no 
longer occurred, suggesting that InsP3R Ca2+ release 
pathways affected the ER Ca2+ efflux[11]. The specific 
mechanism in InsP3R and IRI/cell hypoxia injury is 
not clear. Nevertheless, our research provides a clear 
clue that Mfn2 down-regulated expression of MICUs 
can affect the state of Ca2+ in organelles, thus playing 
a protective role in the two models. We will continue 
to apply gene-editing mouse models and specific 
inhibitors to conduct an in-depth research in the 
future.

In conclusion, we used an RIC model and confirmed 
that IRI was prevented by altered organelles’ Ca2+ 
status via the Mfn2-MICUs axis, and revalidated the 
effect in AML-12 hypoxia cell models. 

COMMENTS
Background
Remote ischemic perconditioning (RIC) alleviates the damage of ischemia-
reperfusion injury (IRI). The Mfn2-MICUs axis is involved in the regulation of 
intracellular calcium, thereby affecting the process of apoptosis. But there is 
little information about the role of the mitofusin-2-mitochondrial Ca2+ uptake 1/2 
(Mfn2-MICUs) axis in the protective effect of RIC during liver transplantation (LT).

Research frontiers
Most previous studies only confirmed the protective effect of RIC, but few 
showed the detailed mechanism. In the protective role of RIC, the mechanism 
of apoptosis related to the Mfn2-MICUs axis is worthy of being explored.

Innovations and breakthroughs
This research is the first to prove the protective mechanism of the Mfn2-MICUs 
axis as affecting the metabolism of intracellular calcium to reduce apoptosis in 
RIC of LT and revalidate it in AML-12 hypoxia cell lines.

Figure  8 Mfn2 knockdown relieves endoplasmic reticulum Ca2+ decrease. FLUOFORTE® Calcium Assay and thapsigargin were used to detect ER Ca2+ 
concentrations by VarioskanFlash. Taking the hypoxia group as the reference, both the NC and hypoxia + Si groups showed higher ER Ca2+ concentrations. ER: 
Endoplasmic reticulum; Mfn2: Mitofusin-2; NC: Normal culture. cP < 0.001.
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Applications
This study showed the relationship between the protective effect of RIC and 
cell hypoxia injury, and that the Mfn2-MICUs axis and apoptosis are affected by 
the intracellular calcium homeostasis, thus laying a basic foundation for future 
studies.

Terminology
RIC was first proposed by Przyklenk in 1993, and it alleviates the damage of 
IRI in a temporary ischemic treatment for distant organs without damaging 
the target organs. RIC operations include remote-ischemic-preconditioning 
(RIPreC), remote-ischemic-postconditioning and RIPerC. 

Peer-review
This is an interesting paper looking at the role of Mnf2 in liver IRI.
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Abstract
AIM
To investigate the expression of annexin II in gastric 
carcinoma and its role in the metastasis of gastric 
cancer.

METHODS
The expression of annexin II in 51 cases of gastric 
carcinoma and 24 cases of adjacent tissues was 
detected by immunohistochemistry. The relationship 
between annexin II and clinical features of gastric 
cancer was analyzed. Annexin II specific siRNA 
was used to inhibit the expression of annexin II 
in gastric cancer HGC-27 cells, and the effects of 
annexin II on the migration and secretion of matrix 
metalloproteinases (MMPs) were observed.

RESULTS
The positive rate of annexin II protein was 82.4% in 
gastric cancer tissues and 37.5% in adjacent tissues. 
There was significant difference between the two 
groups (P  < 0.01); and the positive expression of 
annexin II was not related to the sex and age of the 
patients (P  > 0.05). The expression of annexin II 
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protein was correlated with tumor size, histological 
differentiation, TNM stage, Lymph node metastasis 
and other clinical features were significantly correlated, 
the difference was statistically significant (P  < 0.05). 
Inhibition of annexin II expression, gastric cancer 
HGC-27 cells migration and secretion of MMPs were 
significantly decreased, the difference was statistically 
significant (P  < 0.05).

CONCLUSION
Annexin II is highly expressed in gastric cancer tissues, 
annexin II protein expression is related to tumor size, 
histological differentiation, TNM staging, lymph node 
metastasis and other clinical features were significantly 
correlated. Annexin II high expression can promote the 
invasion and metastasis of gastric cancer.

Key words: Gastric cancer; Annexin II; Metastasis; Real-
time quantitative PCR; Human gastric cancer; HGC-27 
cells; Matrix metalloproteinases

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

Core tip: In this study, we retrospectively analyzed 
the expression of annexin II in 51 cases of gastric 
carcinoma and 24 cases of adjacent tissue to investigate 
the relationship between the positive expression of 
annexin II and the invasion and metastasis of gastric 
cancer.

Han F, Shrestha S, Huang H, Lv HY, Nie C, Lin L, Lu ML. 
Expression of annexin II in gastric carcinoma and its role 
in gastric cancer metastasis. World J Gastroenterol 2017; 
23(38): 7009-7015  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i38/7009.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i38.7009

INTRODUCTION
Gastric cancer is one of the most common malignancies 
in my country, the first in the digestive tract malignant 
tumor, ranking the fourth in the world[1], Because of 
its symptoms hidden, the disease developed rapidly, 
when diagnosed in the late, the treatment effect is 
often poor, a serious threat to human health, but the 
early treatment of gastric cancer is good, 5 years after 
radical resection rate of up to 90% or more, So in-
depth study of the occurrence and development of 
gastric cancer mechanism, For the prognosis of gastric 
cancer and the treatment of gastric cancer has a very 
important clinical significance.

Annexin Ⅱ is a calcium-dependent phospholipid-
binding protein, Mainly in the form of monomer, dimer 
and tetramer, the study shows[2-6]: Annexin II are 
highly expressed in liver cancer, breast cancer, colon 
cancer, lung cancer and other malignant tumors, And 

play an important role in the occurence, development 
and infiltration of tumor. In this study, the expression 
of annexin II in 51 cases of gastric carcinoma 
and 24 cases of adjacent tissues was detected by 
immunohistochemistry, to investigate the relationship 
between the positive expression of annexin II and 
the clinical characteristics of gastric cancer. And 
annexin II specific siRNA was used to inhibit the 
expression of annexin II in gastric cancer HGC-27 
cells, Detection of cell adhesion, invasion, migration, 
matrix metalloproteinases (MMPs) secretion and other 
capacity changes.

MATERIALS AND METHODS
Materials
Fifty-one cases of surgical specimens of gastric cancer 
were collected during the period from January 2012 to 
June 2014, among them, 30 males and 21 females; 
aged 32-78 years, mean age 58.6 ± 3.2 years; the 
above cases were not treated before radiotherapy, 
chemotherapy and other anti-tumor therapy. From the 
above 51 cases of gastric cancer, twenty-four patients 
were randomly selected from the normal tissue of the 
stomach. All specimens were fixed with formaldehyde, 
Paraffin embedded, sliced. Gastric cancer HGC-27 
cells were purchased from the Shanghai Institute 
of Biochemistry and Cell Biology. Study has been 
reviewed by the appropriate ethics committee and 
has therefore been performed in accordance with the 
ethical standards laid down in an appropriate version 
of the Declaration of Helsinki. All persons gave their 
informed consent prior to their inclusion in the study.

Methods
Immunohistochemical staining: Annexin II 
antibody was purchased from Abcam Reagent 
Company; Immunohistochemistry kit, DAB kit was 
purchased from Pikiton Reagent Company. Sliced   was 
kept in high temperature and high pressure tissue 
antigen repair. The dyeing step is carried out according 
to the kit instructions. Positive plates were used as 
positive control, PBS instead of primary antibody as a 
negative control. The results showed that annexin II 
positive expression of brown matter in the cytoplasm 
appears brown matter. Each slice 5 representative 
of the high power field, Each field count 100 cells, 
The percentage of positive cells and the intensity of 
staining were scored separately. Specific criteria are 
as follows: (1) according to the degree of staining 
score: no staining for 0 points, Dyeing strength is 1 
point; Medium dyeing intensity of 2 points; Strong 
staining intensity of 3 points. (2) Score according to 
the percentage of colored cells: The percentage of cells 
in the stained cells was < 5% for 0 points, 5%-25% 
for 1 points, 26%-50% for 2 points, 51%-75% for 
3 points, > 75% for 4 points. (1) + (2) for the total 
points, The total score of 0-7 points. 0 is negative (-), 
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1-2 is divided into weak positive (+), 3-5 are divided 
into positive (++), 6-7 is divided into strong positive 
(+++).

Cell culture: Gastric cancer HGC-27 cells were 
cultured in RPMI1640 cell culture medium containing 
10% fetal bovine serum and cultured in 5% CO2, 
37 ℃, saturated cell culture incubator.

Cell transfection: Gastric cancer HGC-27 cells 
(1 × 105 cells/mL) were seeded in 24-well plates, 
Cultured overnight at 37 ℃, 5% CO2 and saturated 
humidity. Serum-free medium wash cells, 1 μL (20 
pmol) of Annexin II siRNA was dissolved in 49 μL 
serum-free medium, 1 μL of liposomes was dissolved 
in 59 μL of serum-free medium, After keeping at 
room temperature for 10 min, Mix the two type of 
liquids, room temperature for 20 min. The mixture 
was then added to the 24-well plate of the cells to 
be transfected, Add serum-free medium to 500 μL, 
Placed in 37 ℃, 5% CO2 cell incubator culture, 6 h later 
replaced with 10% newborn bovine serum RPMI1640 
medium.

Real-time quantitative PCR: Use Trizol method to 
extract total RNA from cells, The total RNA samples 
of the extracted osteoblasts were reverse transcribed 
into cDNA, Using the following reaction system: 2 
μg template RNA,1 μL oligo dT primer, 2 μL dNTP 
mixture,1 μL Ace reverse transcriptase,1 μL RNase 
inhibitor,4 μL 5 × RT buffer, 10 μL RNase-free water. 
The reaction conditions were as follows: first step 
37 ℃ 30 min, The second step is 84 ℃ for 30 s. The 
reaction product was stored at 4 ℃. And then real 
-time quantitative PCR reaction. Using the following 
reaction system: 12.5 μL Real Master Mix (SYBR 
I), 2 μL template cDNA, 1 μL forward primer, 1 μL 
reverse primer, 8.5 μL RNase-free water. The reaction 
conditions are: first step 94 ℃ 5 min; second step 
94 ℃ 60 s, 57 ℃ 30 s, 72 ℃ 30 s, a total of 30 cycles; 
the third step 72 ℃ 5 min; the last 4 ℃ end of the 
reaction. The experimental data were analyzed by 
Option Monitor V3.1 software of real-time PCR.

Cell invasion experiment: A 1:3 diluted matrigel 
(RMPI 1640 dilution) was added to the matrigel 
invasion chamber, 37 ℃ for 2 h, 2 × 104 gastric cancer 
cells were resuspended in 0.1% fetal bovine serum 
culture medium and inoculated in the chamber, RMPI 
1640 medium containing 10% fetal bovine serum was 
added to the 24-well plate of the lower chamber, 37 ℃ 
for 24 h. Remove the invasion chamber, With a cotton 
swab gently wipe the room did not pass through the 
cells, formaldehyde fixed for 10 min, Hematoxylin-
eosin staining, Cut the filter, the neutral gum seal, 
light microscopy count the number of cells through the 
membrane. The number of cells in the membrane was 
calculated by taking 10 fields under light microscope. 

Each independent experiment was repeated three 
times.

Cell migration experiments: First with a marker 
pen in the 6-well plate even behind a horizontal line, 
Cross through the hole. About 2 × 104 gastric cancer 
cells were seeded in 6-well plates when the cells 
are completely fused, the tip of the nose is as far as 
possible to the horizontal line behind the horizontal 
scratches. Wash the cells three times with PBS, wash 
off the cells under the cells, and then add serum-free 
medium. And incubated in a CO2 incubator at 37 ℃. 0 
and 24 h under inverted microscope to observe and 
take pictures. The scribe width was measured with 
Image J software and the cell mobility was calculated. 
Cell mobility = (0 h scratch width - 24 h scratch 
width)/0 h scratch width × 100%. Each independent 
experiment was repeated three times.

Cell gelatin zymography experiments: Cells were 
treated with annexin II siRNA Digest the cells and 
count, the corresponding conditioned medium was 
collected, 1500 g low-speed centrifugation 10 min after 
removal of cell debris, Take the supernatant 4 ℃ spare. 
And then take the protein quality samples separately 
with non-reduction Loading Buffer Homogeneously 
mixed, incubated at 55 ℃ for 5 min. Prepare 5% 
concentrated gum and 8% separated gel containing 
0.1% gelatin. Constant pressure electrophoresis until 
the edge of bromophenol blue separation from the 
front of the separation of about 0.5 cm. The gel was 
removed and transferred to the elution solution, eluting 
twice every 30 min. Rinse with gelatin incubation once, 
and then placed in gelatin incubation buffer at 37 ℃ for 
18 h. Dyeing solution 4 h After the rinsing of distilled 
water, And then take a photo by a gel image analyzer.

Statistical analysis
Each independent experiment was repeated more than 
three times. Student-t test was performed with SPSS 
16.0 software, the results are expressed as mean ± 
SD, qualitative data were compared using χ 2 test, P 
< 0.05 indicating that the difference was statistically 
significant.

RESULTS
Expression of annexin II Protein in gastric carcinoma 
and its relationship with clinical characteristics of 
gastric cancer 
Expression of AnnexinII in gastric carcinoma 
and adjacent tissues: Annexin II protein positive 
expression of cytoplasm in the yellow granular 
material, Mainly located in the cytoplasm (Figure 1). 
In 51 cases of gastric cancer, 42 cases were positive, 
The positive rate was 82.4% of which strong positive 
in 3 cases, Positive in 12 cases, Weakly positive 
in 27 cases, Negative in 9 cases. In 24 cases of 
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Effect of annexin II on the migration ability 
of gastric cancer cells: Scaling experiments were 
performed to detect changes in cell migration ability. 
Compared with the control group transfected with 
Control siRNA, the migration ability of human gastric 
cancer HGC-27 cells transfected with Annexin II 
siRNA was significantly decreased, differences were 
statistically significant (P < 0.01; figure 3).

Effect of annexin ii on secretion of mmps in 
gastric cancer cells: The changes of MMPs secretion 
were detected by gelatin zymography. Compared 
with the control group transfected with Control siRNA, 
Human gastric cancer HGC-27 cells transfected 
with AnnexinII siRNAs after MMPs secretion was 
significantly reduced, Differences were statistically 
significant (P < 0.01; figure 4).

paracancerous tissue, there were 9 positive expression, 
of which strong positive 0 cases, positive in 3 cases, 
weak positive in 6 cases, The positive rate was 37.5%. 
The expression of AnnexinII protein in gastric cancer 
tissues was significantly higher than that in adjacent 
tissues, Differences were significant (Table 1, P < 0.01).

Expression of annexin ii protein in patients with 
clinical characteristics of gastric cancer: The study 
found, annexin II positive expression was not related 
to the sex of the patient (P > 0.05) while annexin II 
protein expression was associated with tumor size, 
histological differentiation, TNM staging, lymph node 
metastasis and other clinical features were significantly 
correlated, the difference was statistically significant (P 
< 0.05, Table 2).

The role of annexin II in gastric cancer metastasis
SiRNA inhibits annexin II expression: The siRNA 
fragment targeting annexin II was transfected into 
human gastric cancer HGC-27 cells, the mRNA and 
protein expression of annexin II in human gastric 
cancer HGC-27 cells were detected by real time-PCR 
and Western blot after 24 h. And transfected unrelated 
interfering siRNA fragments (control siRNA) as a 
negative control. The results show, annexin II siRNA 
can significantly inhibit the transcription and protein 
expression of annexin II mRNA in human gastric 
cancer HGC-27 cells, the difference was statistically 
significant (P < 0.05; figure 2).

Figure 1  Immunohistochemistry to detect annexin II protein in gastric cancer tissues and adjacent tissues.

Table 1  Expression of annexin II protein in gastric carcinoma 
and paracancerous tissues

Group n Annexin II protein Positive rate, 
%

P value

- + ++ +++
Gastric cancer 51 9 27 12 3 82.4
Paracancerous 24 15 6 3 0 37.5 < 0.01

Table 2  Relationship between annexin II protein and clinical 
characteristics of gastric cancer patients

Group n Annexin II 
positive

Positive 
rate, %

P value

Age in yr
   ≤ 60 27 23 85.2 > 0.05
   > 60 24 19 79.2
Sex
   Male 31 27 87.1 > 0.05
   Female 20 15 75
Tumor diameter in cm
   ≤ 5 19 12 63.2 < 0.05
   > 5 32 30 93.8
Differentiation
   Well differentiated 15 9 60 < 0.05
   Poorly differentiated 36 33 91.7
Clinical stage
   Ⅰ+ Ⅱ period 17 10 58.8 < 0.05
   Ⅲ + IV period 34 32 94.1
Lymph node metastasis
   Have 33 31 93.9 < 0.05
   Not have 18 11 61.1
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DISCUSSION
Annexins is a class of calcium-dependent phospholipid-
binding proteins, which are widely present in the cell 
membrane, cytoplasmic or extracellular matrix. There 
are two basic functional domains on the structure: 
Highly conserved C-terminal core regions and highly 
variable N-terminal domains. The former has a binding 
site of Ca2+ and membrane, in the form of calcium-
dependent reversible binding to cell membrane 

phospholipids, the latter determines annexins specific 
biological functions. Annexins participate in a series 
of activities of cells, such as endocytosis, exocytosis, 
cell proliferation, differentiation and apoptosis, and 
cytoskeleton activity, signal transduction and etc[7]. 
Annexin II as a member of the annexins family A 
subfamily, Also known as p36, AXA2, LIP2, etc. Its 
gene is located in 15q21-q22, containing 1.4 kb 
encoding gene[8,9].

In this study, the expression of annexin II in gastric 
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cancer tissues and adjacent tissues was analyzed. 
The results showed that the expression of annexin 
II protein in gastric cancer tissues was significantly 
higher than that in adjacent tissues. To analyze the 
correlation between the expression of annexin II 
protein and the clinical characteristics of gastric cancer 
patients. The positive expression of annexin II was 
not related to the sex and age of the patients, while 
annexin II protein was expressed with tumor size, 
histological differentiation, TNM stage, lymph node 
metastasis and other clinical features were significantly 
correlated, the difference was statistically significant. 
The results suggest that annexin II protein is closely 
related to the malignant degree of gastric cancer.

Tumor metastasis is the most important malignant 
phenotype of the tumor and is the direct cause of 
this high mortality. Tumor metastasis is required in 
tumor cells themselves, host cells and extracellular 
matrix between the interaction can be completed, 
Involves a series of complex processes and steps, 
Including tumor cells from the primary tumor lesions, 
through the secretion of MMPs degradation of the 
extracellular matrix into the blood vessels or lymphatic 
vessels migrate to the distant, and then attack to 
the secondary organization or organ in the formation 
of metastases[10-14]. Therefore, the study of tumor 
metastasis for clinical diagnosis and treatment is 
important. To clarify whether annexin II in the process 
of gastric cancer metastasis play a role, In this study, 
annexin II-specific siRNA was used to inhibit annexin 
II expression in gastric cancer HGC-27 cells, after the 
expression of annexin II was reduced, gastric cancer 
HGC-27 cells migration, MMPs secretion and other 
capacity changes. The study found: In gastric cancer 
HGC-27 cells using annexin II- specific siRNA inhibited 
annexin II expression, gastric cancer cell migration, 
MMPs secretion and other capacity were reduced, 
suggesting that annexin II in the process of gastric 
cancer metastasis plays an important role.

In summary, annexin II in gastric cancer showed 
high expression, and the degree of differentiation of 
gastric cancer, TNM stage, lymph node metastasis and 

other clinical features are closely related, application 
of annexin II specific siRNA in gastric cancer HGC-27 
cells inhibited annexin II expression, gastric cancer 
cell migration, MMPs secretion and other capacity are 
reduced, suggesting that annexin II plays an important 
role in the process of gastric cancer metastasis. The 
development and progression of gastric cancer is 
a complex multi-factor comprehensive results. At 
present, the etiology and pathogenesis of gastric 
cancer are more studied, but it is not clear. This study 
confirmed that annexin II was highly expressed in 
gastric cancer tissues and had the important role 
in gastric cancer metastasis. With the deepening of 
related research, annexin II gene expression, biological 
function and the role of progress in gastric cancer 
will be gradually clear, is expected to be used in the 
diagnosis and treatment of gastric cancer, predict the 
prognosis of markers and therapeutic targets.
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Innovations and breakthroughs
The authors restropectively analysed the expression of annexin II in 51 cases 
of gastric carcinoma and 24 cases of adjacent tissues, to investigate the 
relationship between the positive expression of annexin II and the invasion and 
metastasis of gastric cancer.

Applications
Annexin II in gastric cancer showed high expression, And the degree of 
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metalloproteinases; siRNA: Small interfering RNA.

 COMMENTS

Han F et al . Gastric carcinoma and annexin II



7015 October 14, 2017|Volume 23|Issue 38|WJG|www.wjgnet.com

differentiation of gastric cancer, TNM stage, lymph node metastasis and 
other clinical features are closely related, suggesting that annexin II plays an 
important role in the process of gastric cancer metastasis.

Terminology
Annexins is a class of calcium-dependent phospholipid-binding proteins, they 
are widely present in the cell membrane, in the form of calcium-dependent 
reversible binding to ceembrane phospholipids, the latter determines Annexins 
specific biological functions.

Peer-review
This is an interesting study with great promise. AnnexinII was highly expressed 
in gastric cancer tissues and had the important role in the effect of promoting 
gastric cancer metastasis.
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Abstract
AIM
To evaluate the risk factors for postoperative recurrence 
after primary bowel resection in a cohort of Korean 
Crohn’s disease (CD) patients.

METHODS
This study included 260 patients with no history of 
previous bowel surgery who underwent primary surgery 
for CD between January 2000 and December 2010 at 
Asan Medical Center (Seoul, South Korea). The median 
follow-up period was 101 mo.

RESULTS
During the follow-up period, 66 patients (25.4%) 
underwent a second operation for disease recurrence. 
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At 1, 5 and 10 years after the first operation, the 
cumulative rate of surgical recurrence was 1.1%, 
8.3% and 35.9% and clinical recurrence occurred in 
1.2%, 23.6% and 68.1%, respectively. In multivariate 
analysis, undergoing an emergency operation was 
a significant risk factor for surgical recurrence-free 
survival (SRFS) [HR = 2.431, 95%CI: 1.394-4.240, P  = 
0.002], as were the presence of perianal disease after 
the first operation (HR = 1.715, 95%CI: 1.005-2.926, P 
= 0.048) and history of smoking (HR = 1.798, 95%CI: 
1.088-2.969, P  = 0.022). The postoperative use of anti-
tumor necrosis factor (TNF) agents reduced SRFS risk 
(HR = 0.521, 95%CI: 0.300-0.904, P  = 0.02).

CONCLUSION
History of smoking, postoperative perianal disease and 
undergoing an emergency operation were independent 
risk factors for surgical recurrence. Using anti-TNF 
agents may reduce surgical recurrence.

Key words: Crohn’s disease; Recurrence; Risk factor

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

Core tip: Our study demonstrated the clinical feature 
and long-term prognosis of Crohn’s disease (CD) in a 
large cohort of non-Caucasian patients. We investigated 
risk factors for the postoperative recurrence of CD in a 
patient population from a single tertiary referral center. 
History of smoking, postoperative perianal disease 
and undergoing an emergency operation were found 
to be independent risk factors for surgical recurrence 
in CD. Using anti-TNF agents for these patients may 
reduce surgical recurrence. These findings indicate 
that affected patients with CD may benefit from close 
postoperative surveillance and probably from the early 
administration of anti-TNF agents.

Yang KM, Yu CS, Lee JL, Kim CW, Yoon YS, Park IJ, Lim SB, 
Park SH, Ye BD, Yang SK, Kim JC. Risk factors for postoperative 
recurrence after primary bowel resection in patients with Crohn’
s disease. World J Gastroenterol 2017; 23(38): 70167024  
Available from: URL: http://www.wjgnet.com/10079327/full/
v23/i38/7016.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i38.7016

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory 
gastrointestinal disease with a heterogeneous disease 
course. Some patients experience low morbidity, 
whereas others need repeated operations[1]. Con
servative medical treatment is regarded as the principal 
therapeutic approach to treat patients with CD, but the 
lifetime risk of surgical resection for patients with CD 
can be 70% to 80%[2,3]. Approximately 10% to 30% 

of patients who undergo an operation experience 
clinical recurrence during the first postoperative 
year, and more than 60% experience during the first 
postoperative decade. Surgical recurrence rates at 5 
and 10 years have been reported as 20% to 25% and 
34% to 49%, respectively[4,5]. Thus, to provide optimal 
patient care, it is important to be able to predict which 
patients have a higher risk of recurrence.

A range of possible risk factors thought to impact 
the surgical recurrence rate have been investigated: 
age at diagnosis, sex, smoking behavior, duration 
of disease before surgery, family history, behavior 
of disease (perforating or nonperforating disease), 
history of medication (use of 5aminosalicylic acid, 
corticosteroids, immunomodulators or antitumor 
necrosis factor (antiTNF) agents), priority of operation 
(emergency or elective), presence of granulomas 
in the resected bowel specimen, length of resected 
bowel, technique of anastomosis used in the surgery 
and postoperative complications[6,7]. However, such 
studies on risk factors have largely been inconclusive 
owing to different patient populations and clinical 
manifestations.

In this study, we investigated risk factors for the 
postoperative recurrence of CD, as determined by 
the need for an additional operation, in a patient 
population from a single tertiary care center.

MATERIALS AND METHODS
Patients
Patients who underwent intestinal resection for CD at 
Asan Medical Center (Seoul, Korea) between January 
2000 and December 2010 were enrolled in this 
retrospective study. A total of 401 patients underwent 
intestinal resection for pathologically confirmed CD 
during the study period. Exclusion criteria included a 
history of previous bowel surgery, such as small or 
large bowel resection or strictureplasty, a concurrent 
or previous history of other malignancies, and patients 
who have had follow up for a short period of time 
(< 12 mo). A total of 260 patients were included 
in our analysis (Figure 1). The following variables 
were retrospectively reviewed from the prospectively 
collected database for these patients: demographics, 
preoperative disease characteristics, disease 
phenotype (Montreal classification)[8], any history 
of perianal disease (e.g., an abscess or fistula), the 
presence of extraintestinal manifestations, a history of 
smoking, comorbidity, the operative approach (open 
or laparoscopy), operative indications (perforating 
or nonperforating), the rate of stoma formation, 
the reoperation rate, the duration of followup, 
postoperative complications and regimens of pre and 
postmedical treatment. 

The study protocol was approved by the institutional 
review board of Asan Medical Center (registration no: 
20161139), in accordance with the Declaration of 
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Helsinki.
Assessment and follow-up
CD distribution was assessed based on pathological 
and intraoperative findings, radiologic imaging using 
a small bowel series (SBS), abdomen and pelvis 
computed tomography (CT), CT enterography, 
magnetic resonance imaging (MRI) enterography and 
colonofiberscopy (CFS). Perianal disease included 
stricture, fistula or an abscess in the perianal area, 
anal canal or perirectal space at any time during 
the course of CD. After primary intestinal resection, 
reassessment was performed by CT enterography, 
MRI enterography or CFS after 6 to 12 mo. Surgical 
recurrence was defined as a repeated operation for 
pathologically confirmed CD on any part of the bowel 
or a repeated operation for pathologically confirmed 
anastomotic disease, including instances where the 
small bowel was diseased at the anastomosis or the 
stoma site. Clinical recurrence was defined as the 
recurrence of CDrelated symptoms, confirmed by 
objective signs of radiology or endoscopy findings. 
As this was a retrospective study the Crohn’s disease 
Activity Index (CDAI) and Rutgeerts’ score were not 
available.

Medical treatment of CD
Our medical treatment policy for treating CD was 
based on a stepup approach, with more potent 
therapies added if patients became unresponsive to 
first-line or less toxic agents, as described in a previous 
report from our institution[9]. The use of antiTNF 
agents in this study was less frequent than in Western 
studies because of the strict Korean government 
health insurance reimbursement policy during our 
study period. During this period, two antiTNF agents 
(infliximab and adalimumab) were available in Korea.

Statistical analysis
Survival curves were plotted using the Kaplan
Meier method and compared using the logrank test. 
Multivariate analyses for survival that included the 
variables that showed statistical significance in the 
logrank test were performed using Cox proportional 
hazards model with a 95%CI to assess the risk factors 
associated with surgical recurrencefree survival (SRFS) 
and clinical recurrencefree survival (CRFS). Statistical 
significance was defined as P < 0.05; all analyses were 
performed using SPSS software version 21 (IBM Corp., 
Armonk, NY).

RESULTS
Patient characteristics
The clinicopathological characteristics of the patients are 
summarised in Tables 1 and 2. The median followup 
time for the 260 patients was 101 mo (range, 12193 
mo). The interval between the first intestinal resection 
and clinical recurrence was 64 mo (range, 12148 mo) 

and the interval between the first intestinal resection 
and surgical recurrence was 77.5 mo (range, 15149 
mo).

Elective operations were performed for 210 (80.8%) 
patients; the remaining 50 (19.2%) patients underwent 
emergency operations because of generalised peritonitis 
or severe obstruction. Among 260 patients, 122 
(46.9%) patients had perianal disease before first 
surgery. Of these, 42 (34.4%) patients had perianal 
disease after first operation. Because of the strict 
Korean government health insurance reimbursement 
policy, only 27 (10.4%) patients treated with antiTNF 
agents before first surgery, and 17 (63%) patients 
continued antiTNF agents after first operation. 
Antibiotics such as ciprofloxacin or metronidazole 
were administered to 163 patients (62.7%) in case 
of infectious complications such as intraabdominal 
abscess, perianal abscess or fistula before first 
surgery. All the patients who underwent first surgery 
used antibiotics for a certain period of time. During the 
followup period, three patients (1.5%) experienced 
colorectal cancer, one patient experienced lung cancer 
(0.4%).

Montreal classification of the patients
The majority (215/260, 82.7%) of the patients 

were diagnosed between the ages of 17 and 40 years, 
with 9.6% experiencing childhood onset of CD (≤ 
16 years) and 7.7% diagnosed as older adults (> 
40 years). Montreal classifications were distributed 
as follows: 43.5% exhibited disease in the terminal 
ileum region (L1), 41.2% in the ileocolon (L3) and 
14.6% in the colon region (L2); 67% had penetrating 
disease (B3, fistula, abscess or perforation), 31% had 
stricturing disease (B2) and 2% had inflammatory 
disease (B1, nonstricturing and nonpenetrating). 
Because these patients were treated with surgical 
intervention, proportion of disease behavior was 
different from the whole patients with CD in Korea. 
Disease behavior of whole CD patients at diagnosis 
was inflammatory (B1) in 1591 patients (77.1%), 
stricturing (B2) in 174 (10.3%), and penetrating (B3) 
in 211 (12.6%)[9].

Clinical and surgical recurrence
Clinical recurrence occurred in 1.9%, 24.2% and 68.3% 
of the patients at 1, 5 and 10 years, respectively, after 
the first intestinal resection (Figure 2). In multivariate 
analysis (Table 3), history of smoking, presence 
of perianal disease after the first operation and 
undergoing an emergency operation were associated 
with CRFS.  

During the followup period, 66 patients (25.4%) 
underwent a second intestinal resection for disease 
recurrence. Among these, 13 (20%) patients un
derwent a third intestinal resection, four patients 
(31%) a fourth and one patient (25%) a fifth. The 
cumulative rate of surgical recurrence was 1.1%, 9.2% 
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presence of perianal disease after the first intestinal 
resection (HR = 1.715, 95%CI: 1.0052.926, P = 
0.048); in addition, the risk was reduced with the 
postoperative use of antiTNF agents (HR = 0.521, 
95%CI: 0.3000.904, P = 0.020). Younger age at 
diagnosis seemed to be associated with an increased 
risk of surgical recurrence, but it was not statistically 
significant (HR = 3.512, 95%CI: 0.94413.068, P 
= 0.065). However, no impact on SRFS was found 
for disease location, presence of postoperative 
complications, length of resected small bowel, 
perforating disease or preoperative duration of the 
disease. Azathioprine and 6mercaptopurine did not 
demonstrate a clear clinical effect for the prevention of 
surgical recurrence after the first intestinal resection.

Discussion and conclusions
The increasing tendency in Korea over the past few 
decades calls for more attention to be paid to the 
natural course of CD in these newly developed disease 
population. Our study demonstrated the clinical feature 
and longterm prognosis of CD in a large cohort of 
nonCaucasian patients. 

Korean patients with CD differ from Western 
patients in sex distribution (a predominance of men), 
disease location (a lower proportion of isolated colonic 
disease) and the occurrence of perianal fistula (a 
higher incidence)[10,11]. Although the pathogenesis of 
CD is largely unknown, differences have been reported 
in susceptibility genes and phenotypic features of CD 
between Asian and Western populations. For example, 
NOD2 or ATG16L1, which are regarded as well

and 36.4% at 1, 5 and 10 years, respectively, after the 
first operation (Figure 1). In univariate analysis, the 
presence of perianal disease after the first operation, 
undergoing an emergency operation and postoperative 
use of antiTNF agents were all associated with SRFS.

Multivariate analysis revealed the following risk 
factors for SRFS (Table 3): undergoing the first 
resection as an emergency operation (HR = 2.431, 
95%CI: 1.3944.240, P = 0.002), history of smoking 
(HR: 1.798, 95%CI: 1.0882.969, P = 0.022) and the 

Patients who underwent intestinal
resection for CD

(n  = 401)

1st operation
at outside hospital

(n  = 103)

Previous bowel surgery
at ASAN medical center

(n  = 19)

Concurrent or previous
other malignancy

(n  = 13)

Follow up < 12 mo
(n  = 6)

260 Patients were included

Figure 1  Inclusion criteria.
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Figure 2  Cumulative rate of clinical and surgical recurrence.
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established CD susceptibility genes among Caucasians, 
are not replicated in Asians, whereas the association of 
TNFSF15 with CD is stronger in Koreans and Japanese 
than in Caucasians[12,13].

The surgical recurrence rate was 25% to 45% 10 
years after the first intestinal resection[14,15], although 
postoperative clinical recurrence occurred earlier 
during the disease course. Our study found that 
cumulative surgical and clinical recurrence rates were 
36.4% and 68.4%, respectively, at 10 years after the 
first intestinal resection. 

Our study demonstrated that patients with CD 
who had a higher risk of surgical recurrence after 
primary bowel surgery were those who underwent 
the first resection as an emergency operation, those 
with history of smoking and those with postoperative 
perianal disease. The use of postoperative antiTNF 

agents seemed to reduce surgical recurrence.
Korean patients with CD show higher incidence 

of perianal disease than Western patients[9]. Previous 
study in our center[11], perianal fistulas occurred in 
46.8% of patients. Also, the cumulative frequency 
of perianal fistula was 54.3% after 15 years. These 
results are in contrast to those of Western studies in 
which the cumulative frequency of perianal fistula 
in patients with CD attending referral centers was 
reported to be 13%38%[16]. Furthermore, the 
presence of perianal disease was one of the predictors 
of postoperative recurrence, as has been suggested by 
previous studies in Asian population[1719]. Gao et al[17] 
also assessed risk factors for surgical recurrence and 
advocated perianal CD correlated with a higher clinical 
recurrence rate. Korean CD patients with perianal 
disease had a higher risk of surgical recurrence[18,20]. 
The present study showed that patients with CD who 
developed perianal disease after the first resection 
had a high risk of surgical and clinical recurrence, 
indicating that these patients had a poor disease 

Variables Number of patients

(n  = 260)
SEX
   Male 187 (71.9)
   Female   73 (28.1)
Follow-up period, month     101 (12-193)
Age at diagnosis     23 (12-74)
Age at 1st  operation    28 (15-74)
Age at 2nd operation     34 (22-59)
Montreal classification
Age at diagnosis, yr
   A1 ( ≤ 16) 25 (9.6)
   A2 (17-40) 215 (82.7)
   A3 ( > 40) 20 (7.7)
Location 
   L1 (Terminal ileum)  113 (43.5)
   L2 (Colon)   38 (14.6)
   L3 (Ileocolon) 107 (41.2)
   L4 (Isolated upper disease)   2 (0.8)
Behavior 
   B1 (Inflammatory)   6 (2.3)
   B2 (Stricturing)   80 (30.8)
   B3 (Penetrating) 174 (66.9)
Family history (Crohn's disease)   7 (2.7)
Presence of extraintestinal manifestation  20 (7.7)
Perianal disease 
   at diagnosis 122 (46.9)
   after 1st operation   62 (23.8)
History of smoking   70 (26.9)
   Current smoker 12 (4.6)
   Ex-smoker    58 (22.3)
   Non-smoker  190 (73.1)
Preoperative use of medication
   Anti-TNF   27 (10.4)
   5-ASA  223 (85.8)
   Steroid  147 (56.5)
   Immunomodulator1  128 (49.2)
   Antibiotics2  128 (49.2)
Malignancy  163 (62.7)
   Colorectal cancer    3 (1.2)
   Lung cancer    1 (0.4)

Table 1  Demographic and clinical characteristics of the 
patients undergoing intestinal resection n  (%)

1Use of azathioprine/6-mercaptopurine or methotrexate; 2Ciprofloxacin 
or metronidazole.  EIM: Extraintestinal  manifestation;  5-ASA: 
Aminosalicylates; TNF: Tumor necrosis factor.

Table 2  Operative details and outcomes n  (%)

Variables Number of patients
(n  = 266)

Operative approach
   Open  215 (82.7)
   Laparoscopy    45 (17.3)
Type of operation
   Elective  210 (80.8)
   Emergency   50 (19.2)
Indication for 1st operation
   Perforating  167 (64.2)
   Non-perforating    93 (35.8)
OP name
   ICR    85 (32.7)
   RHC    72 (27.7)
   SB R&A    49 (18.8)
   TC/STC    32 (12.3)
   TPC/APR 19 (7.3)
   Others   3 (1.2)
Type of anastomosis
   Handsewn   5 (1.9)
   Stapled  225 (86.5)
   Permanent stomy   28 (10.8)
Postoperative use of medication
   Anti-TNF    95 (36.5)
   5-ASA 244 (93.8)
   Steroid    82 (31.5)
   Immunomodulator  220 (84.6)
Presence of complication   58 (22.3)
   Wound infection  17 (6.5)
   Anastomosis leakage  12 (4.6)
   Intra-abdominal abscess  11 (4.2)
   Entero-cutaneous fistula    7 (2.7)
   Bleeding    4 (1.5)
   Ileus    3 (1.2)
   Others   4 (1.5)
Time to clinical recurrence, mo 64 ± 29.8
Time to surgical recurrence, mo 77.5 ± 30.8

ICR: Ileocecal resection; RHC: Right hemicolectomy; SB R&A: Small bowel 
resection and anastomosis; TC: Total colectomy; STC: Subtotal colectomy; 
TPC: Total proctocolectomy; Others: Segmental resection of colon.
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outcome after the primary operation. Similarly, despite 
a wide variation on reported risk of recurrence, the 
presence of perianal disease is thus considered to be 
a risk factor for postoperative recurrence in Caucasian 
population[3,21,22]. The presence of perianal disease is 
a sign of an increased inflammatory process and this 
may also influence intestinal CD.

Most patients with CD can be operated on electively, 
with only few patients requiring acute surgical 
intervention. In the present study, an indication for an 
emergency first intestinal resection was significantly 
associated with surgical recurrence. Riss et al[23] 
reported that an urgent indication for surgery was 
found to be significantly associated with the rate of 
surgical recurrence. Another retrospective study of 116 
consecutive patients undergoing their first ileocolectomy 
at a large Austrian referral centre between 1997 and 
2006 demonstrated that urgent index ileocolectomy 
increased the risk of repeat surgery approximately 
sixfold[24]. An emergency presentation could be a 
sign of a significant lack of an immune response to 
the ongoing inflammation, making an emergency 
operation necessary. Furthermore, preoperative 
work up and intraoperative evaluation were limited 
in emergency situation and an emergency operation 
was usually performed by less experienced surgeons. 
As a consequence, these patients may be prone 
to developing early recurrence after the surgical 
treatment.

Smoking is the most widely recognized envi
ronmental risk factor for the initiation and recurrence 
of Crohn’s disease[25]. Sutherland et al[26], reported that 
the 5- and 10-year recurrence rates were significantly 
higher in smokers (36% and 70%) than in non
smokers (20% and 41%; OR = 2.1, P = 0.007). 
Indeed, smoking is a significant predictive risk factor 

for all types of recurrences: endoscopic, clinical and 
surgical[6,27]. Cottone et al[25], conducted multivariate 
analyses to examine predictive factors for three 
types of recurrence (clinical, endoscopic and surgical 
recurrences) after primary surgery. They found that 
smoking was an independent significant factor for 
clinical, endoscopic and surgical recurrence. In the 
present study, history of smoking was significant risk 
factor for clinical and surgical recurrence. 

Another important finding was that postoperative 
exposure to antiTNF agents significantly reduced 
the likelihood of surgical recurrence. The introduction 
of antiTNF agents has significantly changed the 
treatment strategy for CD. Recent studies have 
shown that antiTNF agents reduced postoperative 
recurrence[2830]. In the present study, postoperative 
use of antiTNF agents seemed to reduce the risk of 
reoperation, indicating that medical treatment is one of 
the important factors affecting surgical recurrence[31]. 
A randomised controlled trial was able to demonstrate 
clearly an advantage of antiTNF agents in maintaining 
clinical remission in patients with CD[32]. 

Immunomodulators such as azathioprine or 6MP 
has been widely used, and several studies[33,34] showed 
that immunomodulators could reduce rate of surgery. 
Similarly, previous study [9] in our center revealed that 
early use of immunomodulators was independently 
related to the decreased surgery rate (P = 0.01). 
However, because immunomodulators were generally 
used after first surgery, it is difficult to determine their 
impact on decreasing the postoperative recurrence. In 
present study, 85% of patients used azathioprine or 
6-MP after first surgery and use of immunomodulator 
showed no significant difference in postoperative 
recurrence. More recently, these drugs are used 
in combination with antiTNF drugs to decrease 
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Table 3  Univariate and multivariate analysis of factors associated with surgical and clinical recurrence free survival after 1st intestinal 
resection 

Univariate Multivariate
P value HR 95%CI P value

Clinical recurrence free survival
Type of operation 0.001a 0.002a

   Elective 1
   Emergency 1.856 1.246-2.763
Perianal disease after the 1st operation 0.077 1.446 1.005-2.081 0.047a

History of smoking 0.001a 1.727 1.220-2.444 0.002a

Surgical recurrence free survival
Age at diagnosis, yr 0.097 0.065
   A1 ( ≤ 16) 3.512 0.944-13.068
   A2 ( 17-40) 1.547 0.475-5.036
   A1 ( > 40)
Type of operation 0.001a 0.002a

   Elective 1
   Emergency 2.431 1.394-4.240
Perianal disease after the 1st operation 0.056 1.715 1.005-2.926 0.048a

History of smoking 0.047a 1.798 1.088-2.969 0.022a

Postoperative use of anti-TNF 0.016a 0.521 0.300-0.904 0.02a

 aP < 0.05; HR: Hazard ratio.
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their immunogenicity and increase antiTNF drug 
concentrations.

Antibiotics have not been shown to be effective 
for induction and maintenance of remission for active 
CD. The best data for antibiotics are in the shortterm 
treatment of perianal disease and in combination with 
antiTNF[35]. Aside from these indications, antibiotics 
should really be used to treat the inflammatory 
complications of CD such as enteric fistula or abscess. 
The main limitations to using these agents long 
standing are antibiotic resistance and side effect.

Surgical recurrence rates differ immensely between 
studies. One reason could be that there is crossover 
with a period of rapidly changing management options, 
both medical and surgical. Stapled anastomosis has 
now virtually replaced the handsewn technique in 
the majority of centres performing surgery for CD. 
Stapled anastomosis following ileocecal resection is 
an example, as it has been reported to be safe and 
feasible in patients with CD[36], with a few studies 
demonstrating a lower incidence of anastomotic 
recurrence after stapled functional rather than hand
sewn endtoend anastomosis[37]. The vast majority 
of patients in the present study (225/230, 97.8%) 
received a stapled anastomosis. Among them, 210 
patients (93.3%) received a functional endtoend 
anastomosis with linear stapler, with 15 patients (6.7%) 
receiving an endtoend or a sidetoend anastomosis 
with circular stapler. Only 5 patients (2.2%) received 
a handsewn anastomosis because of severe bowel 
edema or dilatation.

Several other risk factors for postoperative re
currence have been found over the past decades, 
such as a family history of CD, perforating type, 
younger age at diagnosis, the type of anastomotic 
configuration, sex, disease location, and the presence 
of postoperative complications[15,38,39], but none of 
these factors was associated with an increased risk for 
repeat surgery in the present analysis. 

The present study had several limitations. First, 
the number of patients was relatively small. Owing 
to this limited study population, we were unable to 
demonstrate an increased risk of recurrence when 
there were known risk factors such as a perforating 
type disease, family history and a presence of 
complication. As this study was retrospective in 
design, there was no standardised followup protocol 
of endoscopy or image study for the patients who 
underwent primary bowel resection.

However, relatively large cohort of patients in Korea 
was included in this study with near complete follow 
up, so that these results showed a clinical importance 
in Asian population. 

In conclusion, our present referral center study of 
longterm course of CD in Korea revealed a several 
factors that were significantly associated with a higher 
risk for surgical recurrence: the initial surgery as an 
emergency, history of smoking and the presence of 
perianal disease after the first intestinal resection. Anti-

TNF agents seemed to reduce surgical recurrence. 
These findings indicate that affected patients with CD 
may benefit from close postoperative surveillance and 
probably from the early administration of antiTNF 
agents.
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Abstract
AIM
To evaluate the evolution, trends in surgical approaches 
and reconstruction techniques, and important 
lessons learned from performing 1000 consecutive 
pancreaticoduodenectomies (PDs) for periampullary 
tumors.

METHODS
This is a retrospective review of the data of all patients 
who underwent PD for periampullary tumor during the 
period from January 1993 to April 2017. The data were 
categorized into three periods, including early period 
(1993-2002), middle period (2003-2012), and late 
period (2013-2017).
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RESULTS
The frequency showed PD was increasingly performed 
after the year 2000. With time, elderly, cirrhotic and 
obese patients, as well as patients with uncinate process 
carcinoma and borderline tumor were increasingly 
selected for PD. The median operative time and 
postoperative hospital stay decreased significantly over 
the periods. Hospital mortality declined significantly, 
from 6.6% to 3.1%. Postoperative complications 
significantly decreased, from 40% to 27.9%. There was 
significant decrease in postoperative pancreatic fistula in 
the second 10 years, from 15% to 12.7%. There was a 
significant improvement in median survival and overall 
survival among the periods.

CONCLUSION
Surgical results of PD significantly improved, with 
mortality rate nearly reaching 3%. Pancreatic re-
construction following PD is still debatable. The survival 
rate was also improved but the rate of recurrence is still 
high, at 36.9%.

Key words: Pancreaticoduodenectomy; Pancreaticogas-
trostomy; Pancreaticojejunostomy; Postoperative 
pancreatic fistula; Periampullary tumor

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

Core tip: Pancreaticoduodenectomy (PD) is a complex 
abdominal procedure. The hospital mortality rate 
has decreased to less than 5%; however, the rate of 
postoperative morbidities remains high, from 40% 
to 50%. Pancreatic reconstruction following PD is 
still debatable. The long survival rate after PD is 
clearly improved with time but still poor. Frequency 
showed PD is increasingly performed. With time, 
elderly, cirrhotic and obese patients, and patients with 
uncinate process carcinoma and borderline tumor are 
increasingly selected for PD. Median operative time 
and postoperative hospital stay decreased significantly. 
Hospital mortality declined significantly, from 6.6% 
to 3.1%. Postoperative complications significantly 
decreased.
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INTRODUCTION
The first successful localized resection of periampullary 

tumor was performed by Dr William S Halsted in 
1898. For the first time, Allen O Whipple described 
pancreaticoduodenectomy (PD) in the year 1935, 
when he modified the procedure that was performed 
before by Alessendro Codinivillan in Italy and Walter 
Keusch in Germany[1,2]. In 1963, Whipple performed 
37 PDs in his era. From this era till 1980, PD was 
infrequently performed because the hospital mortality 
was high (> 25%). After 1990, with development of 
high-volume centers and improvement of operative 
technique, surgical equipment, and perioperative 
care, PD has become a relatively safe and commonly 
performed procedure[3-5].

PD is one of the most complex abdominal ope-
rations that is performed for a heterogeneous group of 
periampullary lesions, either benign or malignant. PD 
involves extensive dissection, resection and different 
reconstruction procedures[3-8]. The rate of postoperative 
morbidities remains high, from 40% to 50%. However, 
the hospital mortality rate has decreased to less than 
5% in many published series[5-8,9-11].

Many studies were performed to determine the 
risk factors of post-operative pancreatic fistula and 
try to present a fistula risk scoring system after PD. 
These various systems used many factors including 
pancreatic duct diameter, consistency of pancreas, 
body mass index (BMI) > 25 kg/m2, and final 
pathology[4-6,11-15]. Pancreatic reconstruction following 
PD is still debatable, even for pancreatic surgeons. 
Ideally, pancreatic reconstruction after PD should 
reduce the risk of post-operative pancreatic fistula 
(POPF) and its severity if developed with preservation 
of pancreatic functions (exocrine and endocrine 
functions)[5-8].

The prognosis of pancreatic head adenocarcinoma is 
one of the most dismal of all cancers. After PD, the 
5-year survival is 5% to 20%, representing the worst 
survival among the periampullary cancers. Numerous 
prognostic factors have been found to improve survival 
rate after PD, including lymph node status, free safety 
margins, tumor size, differentiation, complete excision 
of mesopancreas, and vascular invasion[11-14].

Many points are still debatable regarding PD, 
including selection of patients, pancreatic reconstruction, 
and factors that improve survival rate. Thus, the aim 
of this study was to evaluate the evolution, trends in 
surgical approaches and reconstruction techniques, 
and important lessons learned from performing 
1000 consecutive PD for periampullary tumors in the 
Gastrointestinal Surgery Center of Mansoura University 
over a period of 25 years.

MATERIALS AND METHODS
Study design
This is a retrospective review of the data of all patients 
who underwent PD for periampullary tumor in the 
Gastrointestinal Surgery Center (Mansoura University, 
Egypt) during the period from January 1993 to April 
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2017. Patient data were recorded in a prospectively 
maintained database for all patients undergoing PD 
since the year 2000; for patients from before 2000, 
the data were obtained from the archived files. An 
informed consent for the surgical procedures was 
obtained from each patient. The Gastrointestinal 
Surgery Center of Mansoura University is a high-
volume center of pancreatic surgery that was 
established in 1992. The first PD was performed in 
1993, and was regularly performed afterwards in our 
center over a period of 25 years.

Inclusion criteria
This study included 1000 patients who underwent 
PD for different periampullary tumors (benign 
and malignant lesions) at our Center in Mansoura 
University, Egypt during the period from January 
1993 to April 2017. Over the 25-year period, 1000 
consecutive PD were performed by 20 surgeons. 
For this study, the data were categorized into three 
periods, early period (1993-2002), middle period 
(2003-2012), and late period (2013-2017). This study 
was approved by the local institutional review board 
(IRB). 

Exclusion criteria
Patients with periampullary lesions who were explored 
during the same period and failed to complete the PD 
procedure due to the presence of locally advanced or 
distant metastatic disease that was not detected in 
preoperative radiological workup.

Preoperative assessment
Preoperative diagnostic workup included clinical 
assessment, detailed laboratory investigations, 
including tumor markers, and radiological investigations 
(abdominal ultrasound, abdominal triphasic computed 
tomography (CT), CT angiography, magnetic resonance 
cholangiopancreatography, chest X-ray and bone 
survey). Preoperative biliary drainage was performed 
by endoscopic retrograde cholangiopancreatography in 
selected patients[16].

Surgical procedures
Over the study period and with accumulating experience, 
evolution of the surgical approach and techniques 
occurred. 

Dissection technique
In the early period, the anterior approach was utilized 
in surgical dissection. Afterwards, we shifted to 
utilize the posterior approach (one of the artery first 
approaches), aiming to identify vascular invasion at 
an early stage of the dissection, and to allow more 
radical excision of the mesopancreas[17]. Standard 
regional lymphadenectomy was performed, which 
included resection of nodes within the outlines of the 
hepatoduodenal ligament, right side of the superior 

mesenteric vessels, and inferior vena cava. In the early 
period, diathermy dissection and ligatures were used 
during the resection stage. Afterwards, a shift to use 
modern energy devices occurred, such as for Ligasure 
and Harmonic scalpel.

Approach
In most of our study period, we utilized an open 
surgical approach through extended right subcostal 
or inverted J incisions. In the late period, we started 
to utilize laparoscopic approach, with laparoscopy-
assisted approach used in the beginning. This included 
complete dissection by the laparoscopy followed by 
reconstruction carried out through a small upper 
midline or transverse incision. In the last year, we 
performed a total of 10 laparoscopic PDs. This included 
completing the whole approach (dissection and 
reconstruction) by laparoscopy.

Meso-pancreatectomy
A complete removal of all lympho-vascular tissues 
between the uncinate process and superior mesenteric 
artery was mandatory in PD. These tissues are the 
most important site for local recurrence after PD. This 
concept had evolved in the recent years and became a 
standard step in the radical resection of periampullary 
tumors. We adopted this concept in the recent years of 
our study.

Division of the pancreatic neck
Initially, we divided the pancreatic neck sharply by 
surgical scalpel and then carried out the hemostasis 
after division. Recently, we started to divide the 
pancreatic neck by diathermy and Harmonic scalpel.

Reconstruction
In the beginning of our series, we performed simple loop 
pancreaticojejunostomy (PJ) for the reconstruction of 
the pancreatic stump. However, a high rate of pancreatic 
fistula was noticed. A shift of the reconstruction plan 
occurred to pancreaticogastrostomy (PG). Short-term 
outcomes were improved and lower rate of pancreatic 
fistula was noticed, but the long-term outcomes 
regarding the digestive and nutritional conditions were 
not appropriate. 

With accumulating experience and refinement of 
the surgical technique, a re-shift to PJ (simple loop 
or isolated loop) occurred, which improved long-
term outcomes[18,19]. Recently, we adopted a tailored 
approach for pancreatic stump management. In 
patients at high risk of pancreatic fistula (presence 
of two or more risk factors) PG is preferred. In low- 
and moderate-risk patients (absence of risk factors or 
presence of one risk factor) PJ is preferred.

Postoperative management
All patients were transferred to the intensive care unit 
(ICU) postoperatively. Antibiotics and analgesic were 
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variables were described using frequency distributions. 
The χ 2 test was used to compare categorical variables 
and one-way ANOVA for continuous variables. The 
predictive factors for postoperative complications 
were evaluated by binary logistic regression method. 
Survival outcomes were calculated by the Kaplan-
Meier method. The predictive factors for survival were 
evaluated by the Cox regression method. P values < 
0.05 were considered to be significant.

RESULTS
One thousand patients underwent PD for resection of 
periampullary tumors from January 1993 to April 2017. 
Of the 1000 patients who underwent PD, 556 involved 
pancreatic head mass, 312 were ampullary tumors, 61 
were duodenal tumors, 41 were cholangiocarcinoma 
and 30 were uncinate process mass. The median 
age of patients was 54-years-old. The data were 
categorized into three periods. For the first 10 years 
(1993-2002), a total of 300 patients underwent PD 
(30 cases/year). In the next 10 years (2003-2012), 
the total number was 442 patients who underwent PD 
(44.2 cases/year). In the last 5 years (2013-2017), 
the total number was 258 patients who underwent PD 
(51.6 cases/year) (Figure 1). 

Preoperative data
Elderly patients were increasingly selected for PD, as 
the median age was 53 in the first 10 years and 55 
in the last 5 years. Obese patients were increasingly 
selected in the last five years. There were no 
significant changes for selection of patients for PBD in 
the period of the study. PBD was indicated for patients 
with high serum bilirubin (> 10 mg%) with high liver 
enzymes, renal impairment or associated cholangitis 
(Table 1).

Intraoperative data
Patients with periampullary tumors and well-
compensated chronic liver disease were increasingly 
selected for PD (Table 2). In the early period, we 
performed simple loop PJ (21.7%) for the reconstruction 
of the pancreatic stump, then shifted to PG (78.3%). In 
the second 10 years, 94.3% of cases underwent PG. In 
the last 5 years, there was a re-shift to PJ (simple loop or 
isolated loop) (46.1%). Complete meso-pancreatecomy 
was achieved in all cases in the last 5 years Operative 
time was significantly reduced, from 6 h in the first 10 
years to 5 h in last 5 years. The median intraoperative 
blood loss decreased from 500 cc in the first 10 years to 
300 cc in last 5 years.

Postoperative data
The overall morbidity of all 1000 patients was 32.3%. 
The postoperative complications decreased markedly 
in the recent years, from 40% to 27.9%. There 
was a significant decrease in POPF in the second 10 

given to all patients. Octreotide analogue was given to 
some patients postoperatively. Abdominal drains and 
nasogastric tubes outputs were recorded daily. Patients 
started oral feeding once bowel sounds restarted and 
they were able to tolerate nutrition by a fluid diet, then 
a regular diet.

Abdominal ultrasound was done routinely in all 
patients postoperatively. Serum amylase and liver 
function tests were measured on postoperative day 
(POD) 1 and POD 5. Ultrasound-guided tubal drainage 
was carried out in patients who had an abdominal 
collection.

Follow-up occurred at 1 wk, 3 mo and 6 mo po-
stoperatively, and then at 1 year. Patients were also seen 
at outpatient clinics if symptoms developed between 
follow-up visits.

Definitions
Complications were defined as adverse events resulting 
in deviation from the normal postoperative course 
within 30 d after operation. Severity of complications 
was assessed using the Clavien classification system, 
from 1 to 5. Major complications represent those 
requiring endoscopic, radiologic or surgical intervention, 
and were defined as class 3 or higher[20].

Postoperative pancreatic fistula was defined by 
International Study Group of Pancreatic Fistula as any 
measurable volume of fluid on or after POD 3 with 
amylase content greater than three times the serum 
amylase activity, and classified into three grades: A, B 
or C[21-23].

Delayed gastric emptying (DGE) was defined as 
output from a nasogastric tube of greater than 500 
mL per day that persisted beyond POD 10, the failure 
to maintain oral intake by POD 14, or reinsertion of a 
nasogastric tube[21-24]. 

Outcomes of the study
The aim of this study was to evaluate the milestones, 
trends in surgical approaches, reconstruction 
techniques and important lessons learned from 
performing 1000 consecutive PD for periampullary 
tumors in the Gastrointestinal Surgery Center of 
Mansoura University over a period of 25 years. 
The main outcome of the study was the rates of 
postoperative morbidity, according to Clavien-Dindo 
classifications, and of mortality after PD. Special 
concern was focused on POPF, biliary complications, 
DGE and the predictive factors of each. In addition, we 
evaluated the survival outcomes of the PD patients, 
including recurrence, overall survival (OS) and the 
different predictive factors of each.

Statistical analysis
Statistical analysis of the data in this study was 
performed using SPSS software for windows, version 
20. For continuous variables, descriptive statistics 
were calculated and reported as median. Categorical 
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years, from 15% to 12.7% with a decrease in the 
severity. But the incidence of POPF increased again in 
last 5 years to 14.7%. DGE was the most common 
complication (18%). It was secondary to other 
postoperative complications in 15.2%. Primary DGE 
presented in 2.8% of cases (Table 3).

The median hospital stay and the day of drain 
removal were significantly shortest in the late period, 
decreasing from 9 days to 8 days. The overall hospital 
mortality of all 1000 patients was 4.3% (43 patients). 
The hospital mortality declined significantly, from 6.6% 
to 3.1%. The causes of death were sepsis secondary 
to POPF in 17 patients, with 6 cases due to cardiac 
arrest, 6 cases due to liver cell failure, 5 cases due to 
pulmonary embolism, 3 cases due to pancreatitis, 3 
cases due to respiratory failure secondary to severe 
chest infection, 2 cases due to secondary hemorrhage, 
and 1 case due to PG–related uncontrolled bleeding. 

Seventy patients developed intra-abdominal 
collection and were managed by ultrasound-guided 
tubal drainage. Seventy-four patients (7.4%) required 
re-explorations due to internal hemorrhage (26 
patients, with 7/26 due to erosion of gastroduodenal 
artery), bleeding GJ (17 patients), bleeding PG (15 
patients), peritonitis (12 patients) or debridement 
and drainage (4 patients). Completion spleno-
pancreatectomy was needed in 2 cases due to POPF 
that eroded the gastroduodenal artery and were 
complicated by secondary internal hemorrhage 

The overall recurrence rate in 870 patients who had 
malignant pathology after PD was 36.9.2%. This rate 
decreased from 50.4% to 28.7%

Univariate analysis of risk factors for development 
of POPF found that six variables were significantly 
associated with POPF (BMI > 25 kg/m2, liver cirrhosis, 
soft pancreas, main pancreatic duct < 3 mm, 
pancreatic duct close to posterior edge < 3 mm, and 
period of the study). These six risk factors of POPF 

identified in univariate analysis were further analyzed 
in multivariate analysis. Soft pancreas, main pancreatic 
duct < 3 mm pancreatic duct close to posterior edge < 
3 mm, BMI > 25 kg/m2 and period of the study were 
found to be independent risk factors (Table 4).

Postoperative pathology
There was significant difference among groups 
regarding site of periampullary tumor, type of 
pathology, number of dissected lymph nodes, number 
of infiltrated lymph nodes, lymph node ratio, safety 
margin, perivascular infiltration and perineural invasion 
(Table 5).

Survival rate
The 1-, 3- and 5-year OS rates for all cases were 
90%, 33% and 19% respectively, with a median 
survival of 26 mo. There was a significant difference 
among the groups regarding the median survival and 
the OS rates at 1-, 3- and 5-years (Tables 3 and 6, 
Figure 2). The survival analysis in this study revealed 
that female sex, patients who did not develop major 
complications, presence of ampullary tumor, type of 
pathology, negative safety margin, negative lymph 
nodes, chemoradiotherapy and period of the study 
were all favorable prognostic variables in univariate 
and multivariate analyses. The improvement of 
survival with recent years may be due to complete 
excision of mesopancreas, greater use of postoperative 
chemoradiotherapy, improvement of surgical 
techniques, and strict follow up of most of cases (Table 
6).

DISCUSSION
PD is a complex procedure including extensive 
dissection, resection and multiple reconstruction. 
Allen O Whipple described PD in the year 1935. From 
Whipple’s era till 1980, PD was performed infrequently 

Figure 1  In the first 10 years (1993-2002), the total number of patients who 
underwent PD was 300 (30 cases/yr), in the next 10 years (2003-2012) 442 
patients underwent PD (44.2 cases/yr), and in the last 4 years (2013-2017) 
258 cases underwent PD (51.6 cases/yr).
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Variable Total, 
n  = 1000

First 10 yr,
1993-2002

Second 10 yr,
2003-2012

Last 5 yr,
2013-2017

P-value

Cirrhosis   129 (12.9)       28 (9.3)      62 (14) 39 (15.1) 0.009
Mass size in cm     3 (0.5-15) 3 3    3
   < 2   418 (41.8)     123 (41)       174 (39.4) 123 (46.9) 0.14
   > 2   582 (58.2)     177 (59)       268 (60.6) 137 (53.1)
Pancreatic texture
   Soft   596 (59.6)       190 (63.3)       263 (59.5) 143 (55.4) 0.23
   Firm   404 (40.4)        110 (36.7)       179 (40.5) 115 (44.6)
Median pancreatic duct diameter in mm       5 (1-15) 0.47
   < 3 313 (31.3) 97(32.3) 137 (30.9) 79 (30.6)
   > 3   687 (68.7) 20367.7)    305 (60.1)   179 (69.4)
Pancreatic duct to posterior border in mm 0.45
   < 3 421 (42.1) 128 (42.7)   185 (41.9) 108 (41.9)
   > 3     579 (57.9) 172 (57.3)      257 (58.1) 150 (58.1)
Pancreatic stump mobilization in cm     2 (1-4) 2 2     2 0.45
CBD diameter in mm     15 (5-30) 15 15   15 0.06
Type of reconstruction
   PG   791 (79.1)       235 (78.3)       417 (94.3) 139 (53.9) 0.0001
   Simple PJ   163 (16.3)     65 (21.7)       25 (5.7) 73 (28.3)
   Isolated loop PJ   46 (4.6) 0 0 46 (17.8)
Duct to mucosa   134 (13.4)       9 (3)         65 (14.7) 60 (23.3)
Invaginated type with duct to mucosa   644 (64.4)     234 (78)       250 (65.6) 160 (62) 0.0001
Invaginated type without duct to mucosa 221 (22.1) 57 (19) 126 (28.5) 38 (14.7)
No anastomosis   1 (0.1)      0         1 (0.2)   0
Standard approach  908 (90.8)       277 (92.3)      388 (87.8) 243 (94.7) 0.004
Posterior approach   92 (9.2)       23 (7.7)        54 (12.2) 15 (5.8)
Complete meso-pancreatectomy   574 (57.4)         83 (27.7)       233 (52.7) 258 (100) 0.0001
Laparoscopic assisted PD    11 (1.1) 0 0 11 (4.3) 0.0001
Complete laparoscopic PD 10 (1) 0 0 10 (3.9)
Vascular resection    12 (1.2) 0         4 (0.9) 8 (3.1) 0.003
   Primary anastomosis 0 0         3 (0.7) 8 (3.1)
   Gortex 0 0         1 (0.2)    0
Operative time in h           5 (3.5-10) 6 5    5 0.001
Blood loss in cc 500 (50-4000) 500 400 300 0.001

Data are presented as n (%) or n (range). PD: Pancreaticoduodenectomy; PG: Pancreaticogastrostomy; PJ: Pancreaticojejunostomy.
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because the hospital mortality was high above 25%[2]. 
Patient selection is still an important factor in 

decreasing postoperative morbidity and mortality. In 
our series, the frequency of PD had been increasingly 
performed after the year 2000. Elderly patients were 

increasingly selected for PD, as the median age was 53 
years in the first 10 years and became 55 years in the 
last 5 years. In the last 5 years, we accepted patients 
over the age of 75. 

The significant improvement in the surgical 

Table 1  Demographic and preoperative data

Variable Total,
n  = 1000

First 10 yr,
1993-2002

Second 10 yr,
2003-2012

Last 5 yr,
2013-2017

P-value

Age in yr 54 (12-88) 53 55 55 0.22
Sex 
   Male 614 (61.4) 190 (63.3) 260 (58.8) 164 (63.6) 0.33
   Female 386 (38.6) 110 (36.7) 182 (41.2) 94 (36.4)
DM 145 (14.5) 39 (13) 60 (13.6) 46 (17.8) 0.21
BMI in kg/m2

   < 25 723 (72.3) 250 (38.3) 326 (73.8) 147 (57)      0.0001
   > 25 277 (27.7) 50 (16.7) 116 (26.2) 111 (43)
Abdominal pain 753 (75.3) 230 (76.7) 329 (74.4) 194 (74.2)  0.12
Jaundice 909 (90.9) 265 (88.3) 406 (91.9) 238 (92.2  0.18
Preoperative biliary drainage 511 (51.1) 163 (54.5) 226 (51.1) 122 (47.3)  0.23
Preoperative serum albumin in mg 4 (3.2-5.2)   4.1 4    3.9  0.23
Preoperative serum bilirubin in mg 4 (0.5-38)    3.1    4.7    4.3      0.0001
Preoperative CEA   6.4 (0.5-394) 8 8  6  0.09
Preoperative CA19-9 27 (0.5-1200)   32   33 34  0.12

Data are presented as n (%) or n (range), unless otherwise indicated. BMI: Body mass index; CEA: Carcinoembryonic antigen; DM: Diabetes mellitus.

Table 2  Operative data
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outcome of PD has encouraged surgeons to approach 
periampullary tumors as aggressively in elderly 
patients[7,12]. Patients with periampullary tumors and 
well-compensated chronic liver disease are increasingly 
selected for PD with accepted surgical outcomes. PD 
is only recommended in patients with Child A cirrhosis 
without portal hypertension[13]. PD is associated 
with an increased risk of postoperative morbidity in 
obese patients. With time, obesity has lost its status 
as a limitation for PD and such patients have been 
increasingly selected[25-27]. 

Patients with uncinate process carcinoma are 
increasingly selected for PD as well. However, the 
loco-regional recurrence rate was found to be 
common and the OS rate to be lower than other 
periampullary tumors[28]. The role of postoperative 
chemoradiotherapy may improve the results. 
Borderline resectable pancreatic cancer should be 
included as an indication of PD with advancements 
in chemoradiotherapy and techniques of vascular 
resection[29].

The impact of PBD on postoperative outcomes 
remains controversial. PBD before PD was associated 

with major postoperative morbidities and stent-
related morbidities, including infection, pancreatitis 
or adhesions. There are no significant changes for 
selection of patients for PBD in the period of the 
study. PBD is indicated for patients with high serum 
bilirubin (> 10 mg%) with high liver enzymes, renal 
impairment, or associated cholangitis[16,30,31].

In our Center, laparoscopic pancreaticoduo-
denectomy (LPD) has been introduced as a feasible 
alternative to open PD since 2013, involving dissection 
in some cases, then complete LPD was performed at 
the end of 2013; unfortunately, however, the patients 
died on POD 7. We restarted again in January 2016 to 
perform 10 complete LPDs; in all cases, the pancreatic 
reconstruction was PG. The median operative time was 
8 h, so the procedure was performed by two teams 
(one team for complete dissection and the other 
one to perform all reconstruction). Only one hospital 
mortality occurred due to severe pancreatitis, and all 
cases passed smoothly without any complications. The 
median hospital stay was 5 days. The most important 
point to performing a safe LPD is to perform the 
procedure under skilled hands in selected patients and 

 
Table 3  Postoperative data

Variable Total, 
n  = 1000

First 10 yr,
1993-2002

Second 10 yr,
2003-2012

Last 5 yr,
2013-2017

P-value

Hospital stay in d       8 (5-71)  9   8   8 0.0001
Time to oral intake in d       5 (4-56)  6   5   5 0.33
Total amount of drainage in mL 700 (40-35000) 1200 600 600 0.0001
Drain removal in d       8 (4-71)   8 8   8 0.03
Total postoperative complications   323 (32.3) 120 (40) 131 (29.6) 72 (27.9) 0.02
Dindo grade
   I   114 (11.4) 24 47 43
   II   97 (9.7) 40 45 12 0.11
   III   69 (6.9) 36 24   9
   IV and V   43 (4.3) 20 15   8
Severe complications, ≥ III
   Minor   211 (21.1) 84 92 55 0.23
   Major   109 (10.9) 56 69 17
Pancreatic fistula   139 (13.9) 45 (15) 56 (12.7) 38 (14.7) 0.01
   Grade A   67 (6.7) 14 33 20 0.04
   Grade B   48 (4.8) 20 17 11
   Grade C   24 (2.4) 11   6   7
DGE 180 (18) 76 (25.3) 67 (15.2) 37 (14.3) 0.06
Types of DGE
   Secondary DGE   152 (15.2) 70 (23.3) 54 (12.2) 27 (10.5) 0.03
   Primary DGE   28 (2.8) 5 (1.7) 13 (2.9) 10 (3.9)
Pulmonary complications   46 (4.6) 20 (6.7) 21 (4.8) 5 (1.6) 0.01
Bile leak   73 (7.3) 39 (13) 19 (4.3) 15 (5.8) 0.001
Postoperative bleeding   25 (2.5) 13 (4.3) 7 (1.6) 5 (1.9) 0.49
Pancreatitis 20 (2) 12 (4.3) 7 (1.6) 1 (0.4) 0.004
Bleeding PG   15 (1.5) 8 (2.7) 5 (1.2) 2 (0.8) 0.14
Wound infection 50 (5) 13 (4.6) 25 (5.7) 12 (4.7) 0.77
Re-operation    74 (7.4) 25 (8.3) 33 (7.5) 16 (6.2) 0.21
Recurrence    321 (36.9) 130 (50.4) 125 (32.6) 66 (28.7) 0.0001
Hospital mortality    43 (4.3) 20 (6.6%) 15 (3.4) 8 (3.1) 0.02
Postoperative chemoradiotherapy    275 (27.5) 0 132 (29.9) 143 (55.4) 0.0001
Overall median survival in mo         26 (1-300) 21 30 37 0.0001
   1 yr 90% 87% 93% 87%
   3 yr 33% 19% 37% 64%
   5 yr 19% 11% 21%

Data are presented as n (%) or n (range), unless otherwise indicated. DGE: Delayed gastric emptying; PG: Pancreaticogastrostomy.
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using suitable surgical techniques[32,33].
The ideal and safe pancreatic reconstruction 

following PD is still debatable. We performed a 
comparative randomized study between PG and 
isolated loop PJ which revealed no significant difference 
between both methods in regards to POPF, but the 

pancreatic function was preserved with isolated loop 
PJ[18,19]. Recently, with accumulating experience and 
refinement of the surgical technique, we adopted a 
tailored approach for the management of pancreatic 
stump management. Another prospective randomized 
study comparing duct to mucosa and invagination PJ 

Table 4  Univariate and multivariate analyses of risk factors of development of post-operative pancreatic fistula

Univariate Multivariate Exp(B) 95%CI for Exp(B)

P -value P -value Lower Upper
Age grouping > 60 yr 0.2
Sex   0.99
DM   0.58
BMI >25 kg/m2       0.0001 0.0001 6.468 4.193 9.977
Preoperative serum bilirubin > 10 mg%   0.62
Preoperative ERCP   0.52
Liver cirrhosis   0.05 0.328 0.699 0.341 1.434
Size of the tumor > 2 cm  0.91
Soft pancreas       0.0001 0.0001 0.218 0.14 0.341
Pancreatic duct diameter > 3 mm       0.0001 0.0001 0.182 0.118 0.279
Pancreatic duct closely related to posterior border of pancreas > 3 mm       0.0001 0.0001 0.372 0.243 0.57
Blood loss > 1000 mL   0.67
Blood transfusion   0.94
Type of pancreatic reconstruction   0.62
Duration of operation   0.75
Site of the tumor   0.34
Period of the study     0.001 0.001 0.615 0.461 0.82

BMI: Body mass index; DM: Diabetes mellitus; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 5  Postoperative pathology n  (%)

Variable Total, 
n  = 1000

First 10 yr,
1993-2002

Second 10 yr,
2003-2012

Last 5 yr,
2013-2017

Site of the tumor
   Ampullary tumor 312 (31.2)     92 (30.7) 145 (32.8) 75 (29)
   Pancreatic head mass 556 (55.6) 171 (57) 257 (58.1) 128 (49.6) 0.0001
   CBD duct tumor     41 (4.1)   16 (5.3) 13 (2.9)  12 (4.7)
   Duodenal tumor     61 (6.1)   20 (6.7) 27 (6.1)  14 (5.4)
Uncinate process mass 30 (3)      1 (0.3) 0    29 (11.3)
Pathological diagnosis
   Adenocarcinoma 836 (83.6)   250 (83.3) 357 (80.7) 229 (88.8)
   Undifferentiated carcinoma 20 (2)     1 (1.7) 19 (4.3) 0
   Papillary cystadenocarcinoma      6 (0.6)     4 (1.3)  2 (0.5) 0 0.0001
   Lymphoma      4 (0.4)     2 (0.6)  2 (0.5) 0
   Neuroendocrine tumor     28 (2.8) 12 (4) 10 (2.3)    6 (2.3)
   Solid pseudopapillary tumor 20 (2)     5 (1.7)  8 (1.8)    7 (2.7)
   Chronic pancreatitis    24 (2.4)  6 (2) 14 (3.2)   4 (1.6)
   Benign cyst    12 (1.2)  3 (1)  8 (1.8)    1 (0.4)
   Adenoma with dysplasia    41 (4.1) 15 (5) 19 (4.3)   7 (2.7)
   Gastrointestinal stromal tumor     2 (0.2) 0   1 (0.2)   1 (0.4)
   Glomus      1 (0.1)     1 (0.3) 0 0
   Adenosquamous      2 (0.2)      1 (0.3)   1 (0.2) 0
   Pleomorphic adenoma      1 (0.1) 0  1(0.2) 0
   Adenomyoma      3 (0.3) 0 0    3 (1.2)
Malignant 870 (87) 258 (86) 382 (86.4) 230 (89.1) 0.38
Borderline    48 (4.8) 17(5.7) 18 (4.1)  13 (5.1)
benign    82 (8.2)   25 (8.3) 42 (9.5)  15 (5.8)
Number of dissected lymph node        6 (0-40)      5 (0-18)    6 (0-40)      6 (0-40) 0.59
Number of lymph node infiltration        0 (0-14)    0 (0-3)    0 (0-14)      0 (0-14) 0.07
Perineural infiltration    187 (18.7)     62 (20.7) 75 (17)    50 (19.9) 0.09
Perivascular infiltration   134 (134)    40 (13.3) 66 (14.9)    28 (10.9) 0.13
Pancreatic safety margin
   R1    91 (9.1)    40 (13.3) 41 (9.3)  10 (3.8) 0.01
   R2    15 (1.5)    7 (2.3)  6 (1.4)    2 (0.7)
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Table 6  Univariate and multivariate analyses of factors affecting the survival

Median 
survival

1 yr 
survival

3 yr 
survival

5 yr 
survival

Univariate 
P -value

Multivariate 
P -value

Exp(B) 95%CI for Exp(B)

Lower Upper
> 60 yr 26 91 35 20 0.07
< 60 yr 24 87 31 18
Male 24 89 30 16 0.001 0.003 0.77 0.651 0.914
Female 30 91 39 25
BMI < 25 kg/m2 27 92 32 19 0.99
BMI > 25 kg/m2 25 84 37 20
Preoperative serum bilirubin < 10 mg% 26 90 34 21 0.6
Preoperative serum bilirubin > 10 mg% 25 90 33 18
Preoperative CA19-9 < 37 26 90 35 24 0.17
Preoperative CA 19-9 > 37 25 89 31 14
Preoperative CEA < 5 26 90 34 21 0.69
Preoperative CEA > 5 25 91 33 18
History of preoperative ERCP 25 88 33 15 0.19
No history of ERCP 26 92 33 25
Normal liver 32 90 37 24 0.11
Liver cirrhosis 25 90 33 19
Size of the tumor < 2 cm 28 91 37 20 0.16
Size of the tumor > 2 cm 25 89 31 19
Type of pancreatic reconstruction
PG 25 90 31 17 0.11
Simple loop PJ 32 90 44 28
Isolated loop PJ 32 80 48 48
Without POPF 26 90 34 19 0.79
With POPF 25 89 28 23
Without major postoperative complications 27 93 35 20 0.03 0.005 0.784 0.661 0.929
With major postoperative complications 24 82 31 18
Site of the tumor
   Ampullary tumor 33 90 42 22
   Pancreatic head mass 23 81 28 11 0.02 0.3 1.049 0.958 1.148
   CBD duct tumor 32 90 30 20
   Duodenal tumor 31 90 42 21
   Uncinate process mass 12 79 18 0
Type of pathology
   Adenocarcinoma 26 90 27 8
   Neuroendocrine tumor 65 85 71 60
   Solid pseudopapillary tumor 150 100 94 94 0.0001 0.005 0.97 0.951 0.991
   Chronic pancreatitis 160 96 96 84
   Benign cyst 130 100 90 70
   Adenoma with dysplasia 85 91 67 48
Lymph node negative 29 92 38 27 0.0001 0.0001 0.559 0.413 0.757
Lymph node infiltrated 25 87 27 8
Lymph node ratio
   0 28 91 38 27
   < 0.2 25 89 31 18 0.0001 0.15 0.908 0.797 1.034
   0.2-0.4 25 86 28 11
   > 0.4 24 88 21 4
Without perineural infiltration 25 89 35 21 0.06
With perineural infiltration 24 91 28 12
Without perivascular infiltration 29 91 44 24 0.29
With perivascular infiltration 25 86 35 14
Pancreatic safety margin
   R0 26 90 35 20
   R1 22 92 27 19 0.0001 0.0001 1.695 1.345 2.136
   R2 12 70 19 0
With postoperative chemoradiotherapy 39 92 53 34 0.0001 0.0001 0.567 0.435 0.741
Without postoperative chemoradiotherapy 24 89 28 15
Period of the study
   1993-2002 21 87 19 11
   2003-2012 30 93 37 21 0.001 0.0001 0.64 0.555 0.738
   2013-2017 37 87 63

BMI: Body mass index; CBD: Common bile duct; CEA: Carcinoembryonic antigen; ERCP: Endoscopic retrograde cholangiopancreatography; PG: 
Pancreaticogastrostomy; PJ: Pancreaticojejunostomy; POPF: Postoperative pancreatic fistula.



7034 October 14, 2017|Volume 23|Issue 38|WJG|www.wjgnet.com

carried out in our center concluded that invagination 
PJ is preferred in small pancreatic duct and provides 
less incidence of postoperative steatorrhea and was 
associated with less severity of POPF, if developed, 
than duct to mucosa[19]. 

In our series, 32.3% of patients undergoing PD 
had complications. The majority of complications were 
minor and not life threatening. The postoperative 
complications decreased markedly in the recent years, 
from 40% to 27.9%. There was significant decrease 
in POPF in the second 10 years, from 15% to 12.7% 
with decrease in severity due to shift of pancreatic 
reconstruction from PJ to PG. But, the incidence of 
POPF increased again in last 5 years to 14.7%, due 
to re-shift again to PJ in order to achieve better long-
term outcomes regarding function and morphology of 
pancreas[18,19]. In this study, the development of major 
complications had a negative impact on OS.

The median hospital stay was significantly shortest 
in the last 10 years. In many high-volume centers, there 
has been significant decrease in postoperative stay after 
PD as a result of the increase in the frequency of PD, 
the decrease in incidence of complications, especially 
of DGE, the decrease in use of pylorus-preserving PD, 
which is complicated by high incidence of DGE, and the 
improvements in postoperative care and management 
of postoperative complications[6,7,34-36].

In this study, the overall hospital mortality was 
4.3%. Of the patients who died, 17/43 (39.5%) of 
the deaths were due to sepsis secondary to POPF. 
The decrease in hospital mortality following PD over 
the time is the most prominent achievement in PD. 
In this study, the hospital mortality rate decreased 
significantly from 6.6% to 3.1%, which is comparable 
to the reported mortality rates in other high-volume 
centers[6-8].

Long-term survival after PD for periampullary 
tumor adenocarcinoma is still poor. However, the 
survival after PD has clearly improved with time, due 
to improvement of surgical techniques, complete 
excision of mesopancreas, greater use of neoadjuvant 
and/or adjuvant chemoradiotherapy, and strict follow 
up of most of cases. There are many high-volume 
centers in which patients with pancreatic head 
carcinoma treated by PD have a 5-year survival rate of 
around 20%[6,7,35,36]. 

In conclusion, the frequency of PD has increased 
and become a relatively safe procedure in our Center. 
With time, elderly, cirrhotic, obese patients, patients 
with uncinate process carcinoma and borderline tumors 
have been increasingly selected for PD. Surgical 
results of PD, including operative time, hospital stay 
and postoperative complications, have significantly 
improved, with the mortality rate reaching nearly 3%. 
Pancreatic reconstruction following PD is still debatable. 

PG provides better short-term outcomes including 
POPF, but the long-term outcomes regarding the 
pancreatic function and nutrition were not appropriate. 
However, PJ provides better long-term outcomes. 
The survival rate also improved due to complete 
meso-pancreatectomy and utilization of adjuvant 
chemoradiotherapy, but the rate of recurrence is still 
high at 36.9%. LPD has been introduced as a feasible 
alternative to open PD.
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Abstract
AIM
To determine whether hepatitis B virus (HBV)-testing 
could serve as a gateway to vaccinate non-immunized 
individuals in a low-prevalent country.

METHODS
Non-immunized subjects participating in a multi-center, 
HBV-testing campaign in Paris, France were identified 
and contacted via telephone 3-9 mo after testing in 
order to determine vaccination status. Vaccination 
coverage was evaluated in per-protocol (for all 
respondents) and intent-to-treat analysis (assuming all 
non-responders did not vaccinate).

RESULTS
In total, 1215/4924 (24.7%) enrolled subjects with 
complete HBV serology were identified as non-
immunized and eligible for analysis. There were 99/902 
successfully contacted subjects who had initiated 
HBV vaccination after screening: per-protocol, 11.0% 
(95%CI: 9.0-13.2); intent-to-treat, 8.2% (95%CI: 
6.7-9.8). In multivariable analysis, vaccination was 
more likely to be initiated in individuals originating 
from moderate or high HBV-endemic countries (P  < 
0.001), patients with limited healthcare coverage (P 
= 0.01) and men who have sex with men (P  = 0.02).  
When asked about the reasons for not initiating HBV 
vaccination, the most frequent response was “will be 
vaccinated later” (33.4%), followed by “did not want to 
vaccinate” (29.8%), and “vaccination was not proposed 
by the physician” (21.5%). Sub-group analysis indicated 
a stark contrast in vaccination coverage across centers, 
ranging from 0%-56%.

CONCLUSION
HBV-vaccination after HBV screening was very low 
in this study, which appeared largely attributed to 
physician-patient motivation towards vaccination. 
Increased vaccination coverage might be achieved by 
emphasizing its need at the organizational level.

Key words: Health service organization; Hepatitis B 
virus vaccination; Public health; Testing intervention; 
Vaccine coverage

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

Core tip: Testing for hepatitis B virus (HBV) not only 
serves as a means to identify HBV-infected individuals, 
but also those who are non-immunized and could 
further benefit from HBV vaccination.  In this mass 

HBV-screening study within the Paris metropolitan 
region, vaccine uptake was achieved in 11% of non-
immunized patients and was deemed poor. Strategies 
to increase vaccination after testing need to be 
considered.

Boyd A, Bottero J, Carrat F, Gozlan J, Rougier H, Girard 
PM, Lacombe K. Testing for hepatitis B virus alone does not 
increase vaccine coverage in non-immunized persons. World J 
Gastroenterol 2017; 23(38): 7037-7046  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i38/7037.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i38.7037

INTRODUCTION
Hepatitis B virus (HBV) is one of the most frequent 
chronic infectious diseases in Western countries[1], 
with a prevalence of roughly one million in the United 
States[2] and 14 million in Europe[3]. The effectiveness 
of HBV vaccination in reducing infection incidence has 
been demonstrated in several countries with varying 
HBV prevalence[4-6], making it the single most effective 
tool for prevention. Nevertheless, coverage rates 
remain insufficient despite the wide availability of 
vaccines[3,7] and are particularly low in certain at-risk 
infection groups[8,9].

In France, the proportion of vaccinated individuals 
is surprisingly modest compared to other industrialized 
countries[10], even though vaccination is reimbursed 
in part by the national healthcare system. Recent 
epidemiological studies have estimated vaccine 
coverage at 50%[6], compared to 83% worldwide 
and higher than 90% in the Western Pacific region[1]. 
Prevalence of individuals with hepatitis B surface 
antigen (HBsAg) positive serology has remained 
exceedingly low over the past decade (0.7%)[11]. 
Nevertheless, 2500 persons are acutely infected 
each year, with the majority belonging to high-risk 
groups[12]. Vaccination campaigns targeted at these 
risk groups could help curb incident infections.

Accordingly, in current national guidelines, 
vaccination of non-immunized individuals who fall into 
these high-risk categories is strongly recommended[13].  
Considering that HBV testing is necessary in 
determining those eligible for vaccination and HBV 
tests are given frequently in France (at almost 3.4 
million tests per year), HBV screening could serve as a 
wide-reaching gateway to vaccination.  Unfortunately, 
vaccination practices, specifically following HBV-
testing, are poorly understood. The objective of this 
study was then to describe rates of vaccination among 
non-immunized individuals during a mass-screening 
program. We also intended to evaluate the reasons for 
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not initiating HBV vaccination after testing.

MATERIALS AND METHODS
Study design and participants
Participants were selected from the multi-center 
OPTISCREEN-B study, which took place in the Paris, 
France metropolitan region from 2011-2012[14,15]. 
Briefly, the study was conducted in two phases. The 
first phase was a cross-sectional study aimed at 
evaluating several rapid test candidates that could 
detect serological markers commonly used in HBV 
screening. The second phase was a parallel-group, 
randomized trial aimed at comparing the use of 
standard HBV serological tests versus rapid tests 
(NCT01767597). Participant recruitment occurred at 
10 primary healthcare centers, with various objectives 
related to HBV screening, vaccination, and care - three 
were sexually transmitted disease (STD) clinics, three 
were clinics with predominately general practitioners, 
three focused on immigrant health, and one on 
incarcerated individuals. The study procedures of 
both phases have been described in detail[14,15]. The 
study was approved by the Hôtel-Dieu Hospital Ethics 
Committee (Paris, France) in accordance with the 
Helsinki Declaration.

Volunteers were asked to participate during their 
regular consultations if ≥ 18 years old and could be 
available for further contact and medical follow-up at 
a single university teaching hospital. For both studies, 
only individuals eligible for HBV screening were invited 
to participate. Individuals were not included for the 
following reasons - for both phases: unwilling to 
participate; for Phase II only: already participated in 
the OPTISCREEN-B Phase I validation study or were 
not covered under the national healthcare system.  
Signed written informed consent was obtained for all 
eligible participants.

In this sub-study, we restricted our sample po-
pulation to participants who were identified as non-
immunized by complete HBV serological testing [i.e. 
HBsAg, anti-hepatitis B core (HBc) antibody, and anti-
hepatitis B surface (HBs) antibody negative serology].

Hepatitis B virus serological testing
During the study visit, roughly 10 mL of blood was 
drawn and then tested for HBsAg, anti-HBs antibody, 
and anti-HBc antibody. Serostatus was determined 
using a commercially-available enzyme-linked 
immunoassay assay (MONOLISA AgHBs Ultra, anti-
HBs plus, anti-hepatitis B core antibody-anti-HBc-
plus; Bio-Rad, Hercules, California, United States of 
Americ). Results were provided 7-14 d after testing 
and, depending on the study center, were either 
mailed to the participants or left at the study center for 
collection.

Hepatitis B virus risk-factor questionnaire
Questionnaires were administered by a trained clinical 

research assistant during a face-to-face interview with 
the participant. Questions were asked in lay terms 
on a variety of sociodemographic characteristics, 
healthcare coverage, HBV transmission risk-factors, 
as well as other potential risk-factors. HBV-endemicity 
of birth country was established according to World 
Health Organization classification (prevalence of 
HBsAg-positive individuals): high (8%), intermediate 
(2%-8%), and low (2%).

Assessing post-test hepatitis B virus vaccination
Non-immunized individuals were identified by serology 
(HBsAg, anti-HBs antibody and anti-HBc antibody 
negative) and then contacted via telephone roughly 6-9 
and 3-6 mo after testing in Phase I and II, respectively. 
If a participant could not be contacted after the third 
attempt, they were considered as having “no reply”.  
Subjects were asked whether or not they initiated 
immunization against HBV and at which dates their 
injection(s) were administered. As we conducted 
follow-up during a telephone interview, physical 
verification of the participants’ vaccination card was 
not performed. If they indicated no vaccination, they 
were asked to choose one or several reason(s) from a 
list for not initiating HBV immunization.

Statistical analysis
The primary outcome in per-protocol analysis was 
defined as the proportion of non-immunized par-
ticipants initiating vaccination during follow-up who 
were able to be contacted.  In intent-to-treat analysis, 
the outcome was defined as the proportion of non-
immunized participants initiating vaccination assuming 
that those who were unable to be contacted did not 
initiate or complete vaccination. Clopper-Pearson 95% 
confidence intervals (CI) were calculated for these 
proportions.

In order to evaluate the determinants of HBV va-
ccination during follow-up (defined by per-protocol 
analysis), we used random-effects logistic regression 
to estimate univariate odds ratios (OR) of various 
risk-factors and their 95% CIs while accounting for 
within-center correlation. A multivariable model was 
then constructed in a backwards-stepwise fashion.  
A full model containing risk-factors with a P-value ≤ 
0.10 in univariable analysis was initially selected and 
covariates with a P-value > 0.10, as tested using a 
likelihood ratio test, were sequentially excluded from 
the model.

All statistical analysis was performed using STATA 
(v13.1, College Station, TX, United States of America) 
and reviewed by two biomedical statisticians. 
Significance was determined using a P-value < 0.05.

RESULTS
Study participants
The flow of study participants is represented in Figure 
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countries. A smaller proportion was men who had sex 
with men (MSM) or partook in nasal or intravenous 
drug-use.  Characteristics of study participants were 
compered between enrollment phases in Supplementary 
Table 1.

Post-test hepatitis B virus vaccination rates
Among the 1215 participants included in analysis, 99 
(8.2%) claimed to have initiated HBV vaccination, 
while the first injection was given a median 31 d (IQR 
= 12-55) after testing; 803 (66.1%) did not initiate 
vaccination; and 313 (25.7%) did not respond after 
the third contact attempt. Participants who did not 
respond were significantly younger (P = 0.02), more 
likely to come from an intermediate HBV-endemic 
country (P < 0.001), did not have any healthcare 
coverage (P < 0.001), and had a lower number of 
lifetime sexual partners (P = 0.001) (Table 1).

In per-protocol analysis (Table 2), immunization 
coverage was 11.0% (95%CI 9.0-13.2) during follow-
up. This proportion varied substantially across centers 
(0%-55.6%), with the lowest vaccine coverage 
observed in STD clinics (7.5%) and centers with 
mainly general practitioners (6.3%) and the highest 

1. A total of 4924 participants were included in the 
OPTISCREEN-B study, 1876 (38.1%) of whom were 
non-immunized and considered for the present sub-
study. Of them, 661 were not included because they 
sought care at a center where, at the time of Phase I, 
did not offer vaccination services (n = 478) or declined 
participation in the follow-up questionnaire (n = 183).  
In total, 1215 participants were included in analysis.

Description of the study population
Table 1 provides a summary of the study population.  
The majority of individuals was male, coming from a 
country of low HBV-prevalence, and covered under 
the French national healthcare system.  Included 
participants were born in the following geographical 
regions: West/East Europe, n = 710 (58.4%); 
Mediterranean, n = 183 (15.1%); Asia, n = 90 (7.4%); 
Sub-Saharan Africa, n = 135 (11.1%); South America, 
n = 43 (3.5%); other, n = 54 (4.4%).  A total of 1043 
(85.8%) of participants were indicated for vaccination 
according to French recommendations, the most 
frequent reasons for which were multiple lifetime 
sexual partners, originating from a moderate/high 
HBV-endemic country and traveling to high endemic 

Figure 1  Study flow chart. 1Only applies to certain participants in PhaseⅠ.

4924 included in initial study 
Phase Ⅰ, n  = 3929
Phase Ⅱ, n  = 995

1876 non immunized 
Phase Ⅰ, n  = 1475
Phase Ⅱ, n  = 401

1215 included in intent-to-treat analysis
Phase Ⅰ, n  = 814
Phase Ⅱ, n  = 401

902 included per-protocol analysis
Phase Ⅰ, n  = 564
Phase Ⅱ, n  = 338

Non-Inclusion
Recruited in center without 
vaccinaticn services, n  = 4781

Declined participation in the 
follow-up questionnaire, n  = 183

Excluded from analysis:
Did not reply, n  = 313
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rates in immigrant-health clinics (46.8%). Assuming 
those with no reply did not initiate HBV vaccination 

(intent-to-treat analysis), immunization coverage was 
8.2% (95%CI 6.7-9.8), also with high between-center 

Table 1  Description of the study population n  (%)

Total (n  = 1215) Follow-up contact P  value
Reply No reply

(n  = 902) (n  = 313)
Male 702 (57.8) 511 (56.7) 191 (61.0) 0.18
Age (yr), mean ± SD 36 ± 15 37 ± 15 34 ± 14 0.02
HBV prevalence of birth country < 0.001
   Low (< 2.0%) 670 (55.1) 527 (58.4) 143 (45.7)
   Intermediate (2.0%-8.0%) 331 (27.2) 222 (24.6) 109 (34.8)
   High (> 8.0%) 214 (17.6) 153 (17.0)   61 (19.5)
Parents from high endemic region 276 (22.7) 205 (22.7)   71 (22.7) 0.9
Traveled to high endemic region1 284 (23.4) 204 (22.6)   80 (25.6) 0.3
Healthcare in high endemic region 177 (14.6) 124 (13.8)   53 (16.9) 0.17
Health insurance plan < 0.001
   Social security/CMU2 913 (75.2) 719 (79.7) 194 (62.0)
   CMUc3 61 (5.0) 47 (5.2) 14 (4.5)
   AME4/Other/ None 241 (19.8) 136 (15.1) 105 (33.6)
Received transfusion 48 (4.0) 33 (3.7) 15 (4.8) 0.4
Received tattoos 151 (12.4) 100 (11.1)   51 (16.3) 0.02
Received piercing 510 (42.0) 387 (42.9) 123 (39.3) 0.3
Close contact with HBV+ individual 75 (6.2) 57 (6.4) 18 (5.8) 0.7
Number of life-time sexual partners 0.001
   0-1 181 (14.9) 118 (13.1)   63 (20.1)
   2-9 560 (46.1) 409 (45.3)  151 (48.2)
   ≥ 10 474 (39.0) 375 (41.6)  99 (31.6)
   > 1 sexual partner within 12 mo 593 (48.8) 447 (49.6) 146 (46.7) 0.4
Men who have sex with men 93 (8.9) 73 (8.1) 20 (6.4) 0.3
Nasal drug-use 145 (11.9) 108 (12.0)  37 (11.8) 0.9
Intravenous drug-use   5 (0.4)  5 (0.6) 0 0.3
Long-term stay at a medical center 50 (4.1) 38 (4.2) 12 (3.8) 0.8
Previously incarcerated 87 (7.2) 63 (7.0) 24 (7.7) 0.7

Participants with reply and no reply were compared using Kruskal-Wallis test for continuous variables and Pearson χ ² test or Fisher's exact test for 
categorical variables. 1Period of stay was longer than 3 mo; 2Couverture médicale universelle, minimum health insurance coverage that is given to persons 
living in precarious situations (i.e. unemployed, poverty, etc.); 3Couverture médicale universelle complémentaire, additional health insurance coverage that 
is given to stable residents in France living with limited financial resources; 4Aide médicale d’état, health insurace generally given to immigrants without 
proper documentation.

Table 2  Hepatitis B virus vaccination and no reply rates across study centers

No reply Immunization coverage 
Vaccinated

n 3
Per protocol1 

(%)
ITT2

(%)n n  (%)
Total 1215  313 (25.8) 99 11   8.2
General practitioner   418    85 (20.3)  21     6.3   5
Policlinique Saint Antoine  165    47 (28.5) 10     8.6   6.1
Travel clinic Saint Antoine     31     5 (16.1)   3   11.5 10
CPAM   222    33 (14.9)   8     4.2    3.6
STD clinics   635  166 (26.1) 35     7.5    5.5
CDAG Saint Antoine     51    10 (19.6)   0   0   0
CDAG Figuier   275    78 (28.4) 22   11.2   8
CDAG Belleville   309    78 (25.2) 13     5.6   4.2
Immigrant-health clinics   140     61 (43.6) 37   46.8 26.4
Croix-Rouge Moulin Joly      9 0 (0)   5   55.6 55.6
CRAMIF     18 0 (0)   9 50 50
Médecin du Monde   113     61 (54.0) 23   44.2 20.4
Prison (UCSA Paris)    22 0 (0)   6   27.3 27.3

1Per-protocol end-point defined as the proportion of non-immunized participants initiating vaccination who were contacted; 2Intent-to-treat (ITT) end-
point defined as the proportion of non-immunized participants initiating vaccination assuming that those who were unable to be contacted did not initiate 
or complete vaccination; 3Participants initiating HBV vaccination sequence after HBV testing in the OPTISCREEN-B study. CDAG: Centre de dépistage 
anonyme et gratuit; CPAM: Caisse primaire d’assurance maladie; CRAMIF: Caisse régionale d'assurance maladie d'Ile-de-France; UCSA: Unité de 
consultations et de soins ambulatoire; STD: transmitted disease.
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variability (Table 2).
Table 3 describes the per-protocol analysis of risk-

factors associated with HBV vaccination. Of note, 
there was no association between vaccination and 
study phase (Phase II versus I, OR = 0.66, 95%CI 
0.27-1.62, P = 0.4).  In multivariable analysis, 
vaccination was more likely to be initiated in MSM 
(P = 0.02), participants born in intermediate/high 
endemic zones (P < 0.001) and those without national 
healthcare coverage (P = 0.006).  When replacing 
gender with MSM in the multivariable model, there was 
no significant difference between males and females 
(adjusted - OR = 0.66, 95%CI 0.40-1.10).

Reasons for not initiating vaccination
In the 803 non-vaccinees who were able to be con-
tacted, Table 4 summarizes their reasons for not 
vaccinating.  Roughly one-third stated that they would 
vaccinate at a later time.  Other reasons included 
no desire to vaccinate (29.8%), vaccination was 
not suggested by their physician (21.5%), or the 
participant did not return to obtain their serological 
results confirming non-immunized status (14.0%).  
Participants who preferred not to vaccinate were 
significantly more likely to be male (P = 0.002), 
older (P < 0.001), come from a low endemic country 
(P < 0.001), be covered under the French national 

healthcare system (P < 0.001), and have higher 
number of lifetime sexual partners (P = 0.004) 
(Supplementary Table 2).

DISCUSSION
HBV testing has been proposed as a useful gateway 
to identify non-immunized individuals and encourage 
them to initiate vaccination[16], yet data regarding 
the extent of how successful this strategy would be, 
if applied, are sparse.  Previous studies in France 
and California have shown that vaccine coverage 
ranges from 8.6%-11.2% after testing for HBV 
in the context of STD clinics[17,18]; however, these 
results were obtained from mostly younger, sexually-
active individuals or more specifically, among adults 
diagnosed with chlamydia, gonorrhoae and/or syphilis 
who were still susceptible to HBV infection. In the 
OPTISCREEN-B studies, serving as a testing campaign 
against HBV infection in a population with diverse 
at-risk characteristics, we similarly observed a low 
vaccination rate of 11.0% in per-protocol and 8.2% in 
intent-to-treat analysis.

The reasons for low vaccine coverage are somewhat 
difficult to pinpoint. While examining individual 
characteristics, it was interesting to find that those 
originating from regions of moderate or high HBV 

Table 3  Determinants for initiating hepatitis B virus vaccination sequence

Risk-factor Univariate Multivariable5

OR (95%CI) P  value OR (95%CI) P  value
Female vs male 0.61 (0.37-0.99) 0.04
Age (per yr) 1.00 (0.98-1.02) 0.8
Parents from high endemic region 1.52 (0.89-2.58)   0.12
Traveled to high endemic region1 1.43 (0.83-2.45)   0.19
Care in high endemic region 1.45 (0.79-2.67) 0.2
Transfusion 0.28 (0.03-2.28) 0.2
Tattoos 1.26 (0.63-2.55) 0.5
Piercing 1.05 (0.66-1.67) 0.8
Close contact with HBV+ individual 1.14 (0.48-2.70) 0.8
Men who have sex with men 2.05 (0.97-4.34)   0.06 2.53 (1.14-5.60)  0.02
Nasal drug-use 0.37 (0.13-1.07)   0.07 0.41 (0.14-1.21) 0.1
Intravenous drug-use 3.42 (0.41-28.40) 0.3
Long-term stay at a medical center 1.02 (0.33-3.14) 0.9
Previously incarcerated 0.71 (0.24-2.06) 0.5
HBV-prevalence of birth region
   Low (< 2.0%) 1 1
   Intermediate (2.0%-8.0%) 4.39 (2.35-8.19) < 0.001 3.58 (1.85-6.95) < 0.001
   High (> 8.0%) 4.43 (2.24-8.75) < 0.001 3.44 (1.65-7.15) 0.001
Health insurance plan
   Social security or CMU2 1 1
   CMUc3 1.13 (0.35-3.62) 0.8 0.76 (0.23-2.58) 0.7
   AME4, Other, or none 4.54 (2.21-9.30) < 0.001 2.60 (1.23-5.52)   0.01
Number of life-time sexual partners
   0-1 1
   2-9 0.93 (0.47-1.87) 0.8
   ≥ 10 0.75 (0.35-1.60) 0.5

Per-protocol analysis on the 902 non-immunized participants who were able to be contacted. 1Period of stay was longer than 3 mo; 2Couverture médicale 
universelle, health insurance coverage that is given to persons living in precarious situations (i.e. unemployed, poverty, etc; 3Couverture médicale 
universelle complémentaire, additional health insurance coverage that is given to stable residents in France living with limited financial resources; 4Aide 
médicale d’état, health insurace generally given to immigrants without proper documentation; 5When constructing the multivariable model, gender was 
not included due to collinearity with men who have sex with men.
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endemicity and those in difficult socioeconomic 
situations, based on their healthcare plan, were 
significantly more likely to initiate HBV vaccination 
after testing. These data are relieving considering that 
these two risk-factor groups constitute the largest 
number of newly identified infections in France[12]. 
However, it should be mentioned that these groups 
also had the highest proportions of non-response, 
particularly individuals without healthcare or from 
intermediate HBV-endemic countries. MSM were also 
observed to have a significantly higher vaccination 
initiation rates, while this key population has shown 
rather high vaccine uptake in previous intervention 
studies[19,20]. Unfortunately, two groups with high HBV-
infection risk, namely persons having close contact 
with an infected individual or engaging in nasal or 
intravenous drug use, were not more likely to become 
vaccinated.

When addressing the reasons for not vaccinating, 
approximately one-third responded that they did not 
want to be vaccinated, mainly because they were not 
receptive to HBV vaccination or not perceived to be 
at risk. Vaccine hesitancy has already been illustrated 
in a study from a French STD clinic, where most non-
immunized persons did not trust the safety of HBV 
vaccines or viewed it as “not well characterized”[21]. 
We also observed that individuals covered under the 
French national healthcare plan or those coming from 
a low HBV-endemic country were more likely not to 
vaccinate. Their lack of motivation could stem from 
a lower perception of HBV-transmission risk, which 
has been previously evidenced in persons with higher 
socioeconomic status in France[22].

Another one-fifth of non-vaccinated individuals 
claimed that their physician did not propose va-
ccination. This result is rather surprising given that 
professionals have been recommended to initiate 
vaccination for all non-immunized persons susceptible 
to transmission since 1995. Few (3.2%) participants 
stated that they were not indicated for vaccination by 

their physician, implying that recommendation criteria 
did not play a major role in the low vaccine coverage 
observed with this group.  One striking feature of our 
data, however, was that post-testing vaccination rates 
varied from 0% to 56% across study centers, largely 
implicating organizational factors in promoting HBV 
vaccination.

These results support the need for structural 
reorganization in testing facilities as a means to 
encourage vaccination.  Promising data on interventions 
at the organization level have been presented in other 
research, in which increased vaccination rates were 
achieved after providing focused training to healthcare 
professionals and individuals seeking testing[23] or 
when free vaccinations were offered directly after 
HBV serological results were returned[17]. Other 
interventions involving financial incentives have also 
shown substantial effects in at-risk populations, such 
as intravenous drug-users[24,25]. These strategies 
would certainly be helpful in counterbalancing vaccine 
hesitancy, which has been an emerging topic over 
the past decades[10], notably among health-care 
providers in general and in France[26-28].  Without these 
interventions, the proportion of individuals at risk of 
HBV-infection could rebound and persist as a public 
health issue[6].

Nevertheless, many of the participants in 
this analysis came from difficult socioeconomic 
backgrounds.  Past research has underscored the lack 
of access to preventative health services especially 
among migrants[29], certain racial/ethnic groups[30], 
and homeless individuals[31]. Since the majority of 
vaccination occurs within the context of these services, 
social inclusion of disadvantaged groups, particularly 
at primary care centers, would probably be necessary 
in order to achieve greater vaccine outreach. Although 
the French healthcare system attempts at addressing 
care in these groups[32], further improvements could 
be made with other strategies, such as mobile clinics 
providing vaccinations[33] or culturally-adapted text 
message reminders[34].  The services provided at these 
healthcare centers should also emphasize education on 
HBV disease and the benefits of vaccination, possibly 
in combination with care related to other health issues.

There were several noteworthy parallels with 
the results from this study compared to previous 
analyses in the OPTISCREEN-B program. The profile 
of participants accepting vaccination (i.e. from regions 
of moderate to high HBV endemicity, without health 
care coverage) were also those who more frequently 
tested for HBV in the past[35], which are perhaps 
indicators of effective prevention efforts in these at-
risk groups.  In addition, the between-center variability 
in the proportion receiving vaccination mirrored that of 
the proportion of physicians who would propose HBV 
testing[35]. The similar variation offers evidence that 
any organizational changes to promoting vaccination 
would have to include a more comprehensive HBV 
prevention strategy.  Finally, our study group has 

 Table  4 Reasons for not initiating hepatitis B virus 
vaccination 

Reason n  (%)

Serology results were never obtained 112 (14.0)
Vaccination was not proposed by physician 173 (21.5)
Vaccination was not indicated (according to physician)   26 (3.2)
   Not at risk   14 (1.7)
   Vaccination was already done1   12 (1.5)
Participant did not want to be vaccinated 239 (29.8)
   Not perceived to be at risk   95 (11.8)
   Vaccination was already done   21 (2.6)
   Not receptive to vaccinations in general   44 (5.5)
   Not receptive to HBV vaccination   89 (11.1)
Will be vaccinated later 268 (33.4)

Among the 803 contacted individuals who did not initiate HBV 
vaccination. More than one response was possible (only applies to 15 
participants). 1No indication for revaccination despite undetectable anti-
HBs antibodies.
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observed in a past evaluation that roughly 20%-50% 
participants newly diagnosed with HBV returned for 
further consultation at a referent center[15], reflecting 
the potential for inadequate transition to “appropriate 
care”[36]. The increased need to foster individuals into 
appropriate care appears to be shared among non-
immunized patients.

Several methodological limitations need to be 
noted when interpreting the results of our study.  First, 
we used a convenience sample combining participants 
from two studies. Certain risk-factor groups, such as 
intravenous drug-users and sex-workers, might not 
be adequately represented and could have different 
vaccine coverage than those reported herein. In 
addition, the lack in numbers may have resulted in 
inadequate power in order to establish whether they 
were less likely to complete vaccination. Second, 
the time-frame of follow-up was relatively short and 
perhaps some participants received vaccination 6-9 
mo or more after their interview. Non-immunized 
patients did vaccinate a median 30 d, suggesting that 
few individuals would have initiated vaccination after 
the end of follow-up and vaccine coverage would have 
been similar if follow-up were prolonged. Nevertheless, 
roughly one-third of unvaccinated individuals stated 
that they would do so in the future. Third, the short 
time-frame also made it impossible to ascertain 
whether participants completed HBV vaccination, as 
the date of last vaccination would have fallen outside 
the follow-up period. Lastly, the proportion with no 
reply, which was comparable to other studies[17], could 
have biased results.

Furthermore, we should highlight that individuals 
with low levels of anti-HBs antibodies (> 0-10 mIU/
mL), who could possibly benefit from booster HBV 
vaccination, were not included in this analysis.  The 
results from our study might not be generalizable to 
these individuals.

In conclusion, HBV vaccination after screening 
was very low in this study, implying that HBV testing 
alone cannot encourage non-immunized individuals 
to vaccinate. The fact that large discrepancies in 
vaccine coverage were observed across centers and 
that both physician and participant motivation towards 
vaccination was rather limited provides evidence that 
involvement at the health structure level is crucial in 
increasing vaccination coverage.  Future interventions 
and campaigns should work at increasing local 
awareness of low vaccine coverage rates, especially 
in groups with poor access to health services, and the 
need to vaccinate non-immunized individuals as soon 
as they are identified.

ARTICLE HIGHLIGHTS
Research background
Testing campaigns for hepatitis B virus (HBV) have 
often focused on identifying infected patients [i.e. 

those with hepatitis B surface antigen (HBsAg)-positive 
serology] and increasing disease-status awareness. 
Few evaluations have been performed on how testing 
campaigns can impact vaccination uptake after 
receiving non-immunized status.

Research motivation
Since France has a low proportion of vaccinated 
individuals compared to other Western countries, 
interventions to increase HBV vaccination rates need 
to be evaluated in this population. This analysis 
addressed vaccination initiation among non-immunized 
participants in a large-scale screening campaign within 
the Paris metropolitan region.  These individuals reflect 
a wide range of groups at-risk of HBV infection, allowing 
potential identification of subgroups with low vaccination 
coverage.

Research objectives
We aimed to describe rates of vaccination among 
non-immunized individuals during a mass-screening 
program. We also intended to evaluate the reasons 
for not initiating HBV vaccination after testing. This 
allows a first-hand account of why individuals do 
not vaccinate and helps tailor the needs for future 
intervention campaigns.

Research methods
Participants were recruited from two large phases 
of a multi-center, HBV-testing campaign in Paris, 
France. Non-immunized subjects were identified and 
contacted via telephone 3-9 mo after testing in order 
to determine whether they initiated vaccination. We 
considered vaccination coverage of all respondents (in 
a per-protocol analysis) and the overall non-immunized 
study population while assuming no vaccination in 
non-responders (in an intent-to-treat analysis).

Research results
Overall vaccination uptake was low with 11% of 
respondents declaring HBV vaccination initiation 
within 3-6 mo of testing. Few risk-factors for increased 
vaccination initiation were identified: from moderate or 
high HBV-endemic countries, with limited healthcare 
coverage, and men who have sex with men.  Compelling 
differences were observed between centers with 
vaccination coverage ranging from 0%-56%.

Research conclusions
Given the low vaccine uptake in individuals at potential 
risk of HBV-infection, there is a major concern in the 
cascade of care among non-immunized individuals.  
The contrasting vaccination rates between centers 
indicate that the challenge to increase vaccination 
initiation lies within center-specific practices. At the 
individual level, increasing motivation to vaccinate 
among physicians and non-immunized persons alike 

Boyd A et al.  Immunization practices after HBV screening

 ARTICLE HIGHLIGHTS



7045 October 14, 2017|Volume 23|Issue 38|WJG|www.wjgnet.com

should be stressed.
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Abstract
Herein, we present a case of gastric adenocarcinoma 
of fundic gland type (GA-FG) spreading to heterotopic 
gastric glands (HGG) in the submucosa. A 58-year-old 
man with epigastric pain was referred to our hospital 
and underwent an esophagogastroduodenoscopy. A 
Borrmann type II gastric cancer at the antrum and 
a 10 mm submucosal tumor-like lesion in the lesser 
curvature of the upper third of the stomach were 
detected. Histological examination of the biopsy 
specimens obtained from the submucosal tumor-
like lesion suggested a GA-FG. Therefore, endoscopic 
submucosal dissection was performed as excisional 
biopsy, and histopathological examination of the 
resected specimen confirmed a GA-FG and HGG 
proximal to the GA-FG. Although the GA-FG invaded 
the submucosal layer slightly, the submucosal lesion of 
the GA-FG had a poor stromal reaction and was located 
just above the HGG in the submucosa. Therefore, we 
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finally diagnosed the lesion as a GA-FG invading the 
submucosal layer by spreading to HGG.

Key words: Gastric adenocarcinoma of fundic gland 
type; Heterotopic gastric glands; Endoscopic submucosal 
dissection; Paracancerous lesion; Pepsinogen-I; H/
K-ATPase
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Core tip: A 58-year-old man had a 10mm submucosal 
tumor-like lesion in the lesser curvature of the upper 
third of the stomach. Histological examination of the 
biopsy specimens suggested a gastric adenocarcinoma 
of fundic gland type (GA-FG), therefore, endoscopic 
submucosal dissection was performed as excisional 
biopsy. Histopathological examination of the resected 
specimen confirmed a GA-FG invading the submucosal 
layer slightly, and heterotopic gastric glands (HGG) 
proximal to the GA-FG. A GA-FG spreading to HGG in 
the submucosa was diagnosed because the submucosal 
lesion of the GA-FG had a poor stromal reaction and 
was located just above the HGG. 

Manabe S, Mukaisho K, Yasuoka T, Usui F, Matsuyama T, 
Hirata I, Boku Y, Takahashi S. Gastric adenocarcinoma of fundic 
gland type spreading to heterotopic gastric glands. World J 
Gastroenterol 2017; 23(38): 7047-7053  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i38/7047.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i38.7047

INTRODUCTION
Gastric adenocarcinoma of fundic gland type (GA-FG) 
is a new histological type of gastric cancer proposed 
by Ueyama et al[1] in 2010. As the concept of GA-
FG has spread since then, new findings have been 
reported[2]. GA-FG tends to invade the submucosal 
layer while it is still small because it arises from the 
deep layer of the lamina propria mucosae[1]. On the 
other hand, heterotopic gastric glands (HGG) are 
regarded as paracancerous lesions[3,4], and gastric 
cancers associated with HGG have been reported[5,6]. 
However, HGG are not considered to contribute to the 
development of GA-FG because the pathogenesis of 
GA-FG is different from that of the regular histological 
type of gastric cancer. We encountered a case of GA-
FG suggested to have invaded the submucosal layer 
by spreading to HGG, which coincidentally existed 
proximal to the GA-FG. In addition to a GA-FG with 
a very rare mode of submucosal invasion, this case 
demonstrated the possibility of GA-FG arising from the 
gastric mucosa with atrophic change, provided there 
are remnant gastric fundic glands. Herein, we report 
this case with a brief review of the literature.

CASE REPORT
A 58-year-old man with epigastric pain was referred 
to our hospital.  Esophagogastroduodenoscopy (EGD) 
revealed a Borrmann type II gastric cancer at the 
antrum (Figure 1A) and a 10 mm submucosal tumor-
like lesion in the lesser curvature of the upper third 
of the stomach (Figure 1B and C). Atrophy of the 
gastric mucosa was classified as O-1 (according to 
the Kimura and Takemoto classification[7]), although 
the patient had undergone Helicobacter pylori (H. 
pylori) eradication therapy 4 years ago, and has 
not taken any proton pump inhibitors since then. 
Histological examination of the biopsy specimens 
obtained from the submucosal tumor-like lesion 
showed that the superficial area retained the normal 
foveolar epithelium. However, atypical cells mimicking 
fundic gland cells with mildly enlarged nuclei were 
observed in the deep layer of the lamina propria 
mucosae. These findings suggested a GA-FG. Narrow-
band imaging with magnifying endoscopy (NBI-
ME) performed later showed a regular microvascular 
pattern and a regular microsurface pattern according 
to the vessel plus surface classification system[8] 

with a concomitant depressed area at the center of 
the submucosal tumor-like lesion expected to be a 
biopsy scar (Figure 2). Endoscopic ultrasonography 
(EUS) findings revealed the tumor slightly invading 
the third layer and a hypoechoic mass located in 
the third layer near the tumor (Figure 3). Blood test 
findings revealed carcinoembryonic antigen level of 2.2 
ng/mL and carbohydrate antigen 19-9 level of 14.3 
U/mL, indicating that the tumor markers were within 
the normal range. Although gastric wall thickening 
due to the advanced gastric cancer at the antrum 
was seen on the abdominal CT scan, nodal or distant 
metastasis was absent. Based on the above findings, 
a partial gastrectomy was required for gastric cancer 
at the antrum. The submucosal tumor-like lesion in 
the lesser curvature of the upper third of the stomach 
was suspected to be a GA-FG; hence, we decided to 
perform endoscopic submucosal dissection (ESD) as 
excisional biopsy. Since histopathological findings of 
the ESD-resected specimen may indicate the need 
for an additional surgery, ESD was performed before 
surgery for the gastric cancer at the antrum, and 
en bloc resection was achieved. The ESD-resected 
specimen was 30 mm in diameter, whilst a 7 mm × 
4 mm slightly elevated lesion was identified (Figure 
4). Similar to the histological findings of the biopsy 
specimens, atypical cells mimicking fundic gland 
cells, mainly chief cells and partially parietal cells, 
with mildly enlarged nuclei were seen mainly in 
the deep layer of the lamina propria mucosae. The 
mucosal surface was covered completely with non-
neoplastic foveolar epithelium; thus, the tumor was 
not exposed to the mucosal surface (Figure 5A). 
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Upon immunohistochemical examination, the tumor 
showed positivity for MUC6 and negativity for MUC2 
and MUC5AC, indicating a gastric phenotype (Figure 
5B-D). Moreover, diffuse positivity for pepsinogen-I 
and scattered positivity for H/K-ATPase was found, 
indicating a differentiation dominantly toward chief 
cells and focally toward parietal cells (Figure 5E and 
F). Although the lesion was located mainly in the 
deep layer of the lamina propria mucosae, it had 
partially invaded the submucosal layer up to 450 μm. 
Furthermore, HGG were observed in the submucosal 
layer, proximal to the tumor. The submucosal lesion 
of the tumor had a poor stromal reaction and was 
located just above the HGG in the submucosa (Figure 
6). Based on these findings, the final diagnosis 
was: U, Less, 30 × 20 mm, type 0-IIa, 7 × 4 mm, 
adenocarcinoma of fundic gland type, pT1b1 (450 

μm), UL (-), ly (-), v (-), pHM0, pVM0 (according to 
the Japanese classification of gastric carcinoma[9]). 
In addition, we have concluded that the GA-FG had 
invaded the submucosal layer by spreading to the 
HGG. After obtaining these results, we performed EUS 
again to examine the presence of other HGG. Thus, 
several hypoechoic masses considered to be HGG 
were seen in the entire stomach, and we diagnosed 
diffuse type HGG. A partial gastrectomy was required 
for the Borrmann type II gastric cancer at the antrum. 
Moreover, due to the high risk of cancer arising from 
the gastric remnant because of the diffuse type HGG, 
we performed a total gastrectomy upon the patient’s 
request. After the total gastrectomy, the gastric cancer 
at the antrum was diagnosed as: L, Less, type 2, 40 × 
35 mm, por1, pT3 (SS), intermediate type (int), INFa, 
ly2, v2, pN0, pPM0, pDM0 (according to the Japanese 
classification of gastric carcinoma[9]), and multiple 
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Figure 1  Esophagogastroduodenoscopy findings. A: A Borrmann type II gastric cancer was detected at the antrum; B and C: A 10 mm submucosal tumor-like 
lesion on the lesser curvature of the upper third of the stomach was detected. Atrophic gastritis O-1 according to Kimura and Takemoto classification was recognized.

Figure 2  Narrow-band imaging with magnifying endoscopy findings. 
There were few irregularities in the microvessel architecture and microsurface 
structure. Therefore, we diagnosed a regular microvascular pattern and a 
regular microsurface pattern. The depressed area at the center was expected 
to be a biopsy scar.

Figure 3  Endoscopic ultrasonography findings. The tumor slightly invaded 
the third layer, although it was located mainly in the second layer. Moreover, a 
hypoechoic mass located in the third layer near the tumor was detected.
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their number and range of distribution: solitary type 
with 3 sites or less, localized type with 4-9 sites at 
the focal area, broad type with 4-9 sites in the broad 
area, and diffuse type with at least 10 sites which exist 
in the entire stomach[4]. Of these, the diffuse type 
is seen in 98% of gastric cancer complications, and 
the rate of complication with multiple gastric cancers 
is reported to be 32%[3]. The association between 
HGG and gastric cancer is unclear. However, one 
dominant hypothesis is that both HGG and gastric 
cancer develop because of repeated erosion and 
regeneration of the mucosa, suggesting that HGG are 
paracancerous lesions[3,4]. Caution is required when 
performing EGD for patients with HGG, particularly 
diffuse type HGG, since there is the possibility that 
micro-gastric cancers that are difficult to detect 
endoscopically may be present. Indeed, as in our case, 
after total gastrectomy, histopathological examination 
revealed a micro-intramucosal cancer that was not 
detected endoscopically before surgery. There is no 
consensus on the treatment of HGG. As mentioned 
previously, because the rate of complication of gastric 
cancer is very high, particularly with diffuse type HGG, 
EGD must be conducted periodically with caution. In 
our case, in addition to the high risk of gastric cancer 
arising due to diffuse type HGG, a partial gastrectomy 
was required for the Borrmann type II gastric cancer 
at the antrum. Therefore, a total gastrectomy was 
performed upon the patient’s request. 

The GA-FG observed in our case presented a 
submucosal tumor shape, which corresponds to the 
endoscopic properties reported by Ueyama et al[10]. A 
possible reason the GA-FG presented a submucosal 
tumor shape is that, in addition to the proliferation of 
tumor cells in the deep mucosal layer, the HGG were 
also present in the submucosa. Retrospectively, the 
hypoechoic mass near the GA-FG that was seen on 
EUS before ESD was suggested to be HGG. The ESD-
resected specimen showed no tumor exposed to the 
mucosal surface; thus, NBI-ME showed a regular 
microvascular pattern and a regular microsurface 
pattern. Since GA-FG arises from the deep layer 
of the lamina propria mucosa, there is a high rate 
of submucosal invasion while the tumor diameter 
is small[1]. In our case also, the GA-FG invaded 
the submucosal layer up to 450 μm. However, the 
submucosal lesion of the GA-FG had a poor stromal 
reaction and was located just above the HGG in the 
submucosa. Therefore, the GA-FG was considered 
to have invaded the submucosal layer by spreading 
to the HGG. There are a few case reports of regular 
histological type of gastric cancer spreading to HGG[11]. 
However, to the best of our knowledge, this is the first 
case of GA-FG spreading to HGG. Currently, in the 
Japanese classification of gastric carcinoma, there is no 
definition concerning the depth of tumor invasion that 
spreads to HGG in the submucosa[9]. However, since 
similarly, esophageal cancer with intraductal spreading 
is handled as intramucosal cancer as long as it is 

HGG in the entire stomach were confirmed. However, 
we could not find evidence of this cancer related to 
diffuse type HGG. In addition, considering the risk of 
multiple gastric cancers associated with diffuse type 
HGG, the entire stomach was examined histologically. 
In doing so, we detected an intramucosal cancer in the 
lesser curvature of the lower gastric body, which was 
not previously detected by endoscopy before surgery. 
Although there was no remnant GA-FG near the ESD 
ulcer scar, a distribution of HGG was seen．

DISCUSSION
GA-FG is a new histological type of gastric cancer[1]. 
According to Ueyama et al[10], endoscopic properties 
of GA-FG include no intestinal metaplasia or atrophic 
change in the surrounding mucosa, faded or whitish 
color, submucosal tumor shape with a soft appearance, 
and dilated vessels with branching architecture. 
Although the pathogenesis of GA-FG is unclear, GA-
FG tends to arise from the normal gastric mucosa of 
the fundic gland region without atrophic change or 
intestinal metaplasia[2]. Therefore, H. pylori infection is 
not considered to contribute to the development of GA-
FG, unlike for the regular histological type of gastric 
cancer.

On the other hand, HGG are gastric glands that 
are observed in the submucosa and are naturally seen 
in the lamina propria mucosae[3,4]. Clinically, HGG are 
regarded as paracancerous lesions and are associated 
with gastric cancer, particularly, multiple gastric 
cancers[3,4]. HGG are classified into 4 types based on 

Figure 4  Spread of the gastric adenocarcinoma of fundic gland 
type and heterotopic gastric glands mapped on the endoscopic 
submucosal dissection-resected specimen. Yellow line spread of the 
gastric adenocarcinoma of fundic gland type (GA-FG), White dotted line 
spread of heterotopic gastric glands (HGG). The endoscopic submucosal 
dissection -resected specimen was 30 mm × 20 mm in size. The tumor was 
slightly elevated and measured 7 mm × 4 mm. The GA-FG and HGG partially 
overlapped.
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retained in the esophageal proper glands[12], gastric 
cancer spreading to HGG should likely be handled as 
intramucosal cancer[5,6].

As mentioned earlier, atrophic gastritis related to 
H. pylori infection is not considered to be involved 
in the development of GA-FG. On the other hand, 
gastric cancer associated with HGG is considered 
to result from chronic inflammation due to H. pylori 

infection. Therefore, it is thought that there is no 
correlation between GA-FG and HGG. In our case, the 
GA-FG and HGG were considered to be coincidentally 
present in the vicinity. Furthermore, it is thought 
that HGG resulted from chronic inflammation due 
to H. pylori infection before eradication therapy, and 
pseudopyloric gland metaplasia in the fundic gland 
region progressed. The GA-FG may have occurred 

A B

C D

E F

500 μm

Figure 5  Histopathological and immunohistochemical findings of the endoscopic submucosal dissection-resected specimen. A: H&E staining. There were 
atypical cells with mildly enlarged nuclei in the deep layer of the lamina propria mucosae. They mimicked fundic gland cells, mainly chief cells and partially parietal 
cells. The mucosal surface was covered completely with non-neoplastic foveolar epithelium; thus, the tumor was not exposed to the mucosal surface; B: MUC2 
staining: almost negative; C: MUC5AC staining: almost negative except for normal superficial foveolar epithelium; D: MUC6 staining: partially positive and indicating 
a gastric phenotype; E: Pepsinogen staining: diffusely positive in the deep layer of the lamina propria mucosae, corresponding to gastric adenocarcinoma of fundic 
gland type, and indicating a differentiation toward chief cells; F: H/K-ATPase staining: scattered positive in the deep layer of the lamina propria mucosae, indicating a 
differentiation toward parietal cells focally.
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from the remnant gastric fundic glands despite the 
progression of pseudopyloric gland metaplasia and 
spread continuous to the proximally located HGG. 

Until recently, GA-FG has been recognized as 
cancer arising from gastric mucosa without atrophic 
change[2]. However, cases of GA-FG arising from 
gastric mucosa with atrophic change have now been 
reported[13]. Together with these cases, our case 
suggests that GA-FG could occur even from the gastric 
mucosa with atrophic change, where HGG could be 
present, provided the remnant gastric fundic glands 
exist. This is an important case demonstrating that 
when performing endoscopy, one needs to keep in 
mind the possibility of GA-FG presenting on the gastric 
mucosa with atrophic change, chronic gastritis, or 
intestinal metaplasia. 

COMMENTS
Case characteristics
A 58-year-old man with epigastric pain but no other symptoms.

Clinical diagnosis 
A gastric adenocarcinoma of fundic gland type (GA-FG) was suspected based 
on the histological examination of the biopsy specimens obtained from the 
submucosal tumor-like lesion that revealed atypical cells mimicking fundic gland 
cells with mildly enlarged nuclei.

Differential diagnosis
Gastric submucosal tumors, including leiomyoma, leiomyosarcoma, gastro-
intestinal stromal tumor, and lipoma.

Laboratory diagnosis 
Initial laboratory findings were within the normal limits.

Imaging diagnosis
Esophagogastroduodenoscopy revealed a 10 mm submucosal tumor-like lesion 
in the lesser curvature of the upper third of the stomach, which had a regular 
microvascular pattern and a regular microsurface pattern based on narrow- 
band imaging with magnifying endoscopy.

Pathological diagnosis
An endoscopic submucosal dissection (ESD)-resected specimen revealed GA-
FG spreading to heterotopic gastric glands (HGG) in the submucosa because 
the submucosal lesion of the GA-FG had a poor stromal reaction and was 
located just above the HGG.

Treatment
ESD as excisional biopsy and total gastrectomy.

Related reports
Although there are a few case reports of regular histological type of gastric 
cancer spreading to HGG, this is the first case of GA-FG spreading to HGG.

Term explanation
GA-FG, which differentiates into chief cells, is a new histological type of gastric 
cancer proposed by Ueyama et al in 2010. HGG, which are observed in the 
submucosa, are considered to be paracancerous lesions.

Experiences and lessons
We need to keep in mind the possibility of GA-FG presenting on the gastric 
mucosa with atrophic change, chronic gastritis, or intestinal metaplasia.

Peer-review
Dear Editor, this is well done case report with literature review. Authors 
described the case extensively and compare it against the literature. Also they 
provided excellent documentation and provided all necessary explanations.
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Abstract
Only two cases of myofibroblastic sarcoma in the 
liver have been reported in the literature. Here, we 
report the case of a male patient with high-grade 
myofibroblastic sarcoma mimicking echinococcosis in 
the liver. The 25-year-old male patient complained 
of right upper quadrant swelling pain for one week 
and was initially diagnosed with echinococcosis. He 
was then scheduled for an exploratory laparotomy. 
During the operation, a huge mass exceeding 16 cm 
in diameter was found to occupy nearly the entire 
right trisegment of the liver, with a clear boundary 
and a round shape, and the mass was resected by 
right hepatic trisegmentectomy. Immunohistochemical 
staining revealed that the tumor tissue was positive for 
desmin, α-smooth muscle actin, CD56, and vimentin 
and negative for ALK-1, myogenin, calponin, β-catenin, 
S100, and glypican-3, with a Ki-67 (MIB-1) index 
of approximately 20%. Based on the histological 
manifestations and immunohistochemical staining, a 
diagnosis of myofibroblastic sarcoma was established. 
The postoperative recovery was uneventful. There was 
no evidence of recurrence or metastasis through the 
last follow-up, 6 mo after surgery, despite a lack of 
postoperative chemotherapy or radiotherapy. To the 
best of our knowledge, the present case is the first 
reported case of high-grade myofibroblastic sarcoma in 
the liver, and it is also the first reported case in a male 
patient. 
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Core tip: The development of myofibroblastic sarcoma 
in the liver is exceedingly rare. We present a case of 
high-grade myofibroblastic sarcoma in a male patient. 
The 25-year-old male patient complained of right upper 
quadrant swelling pain for one week and was diagnosed 
with high-grade myofibroblastic sarcoma after right 
hepatic trisegmentectomy based on the histological 
manifestations and immunohistochemical staining. 
There was no evidence of recurrence or metastasis 
through the last follow-up, 6 mo after surgery, despite 
a lack of postoperative chemotherapy or radiotherapy. 
The case presented is the first reported case of high-
grade myofibroblastic sarcoma in the liver.

Wen J, Zhao W, Li C, Shen JY, Wen TF. High-grade 
myofibroblastic sarcoma in the liver: A case report. World J 
Gastroenterol 2017; 23(38): 7054-7058  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i38/7054.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i38.7054

INTRODUCTION
Myofibroblastic sarcoma is a rare disease that was 
initially identified by Mentzel et al[1] in 1998, and all 
its reports are case reports or case series. It is widely 
accepted that myofibroblastic sarcoma predominantly 
develops in the head and neck region, followed by the 
extremities and then the trunk, with the abdominal 
cavity being rarely involved. The development of 
myofibroblastic sarcoma in the liver is exceedingly 
rare, and there have been only two relevant case 
reports to date[2,3]. Although there is generally a slight 
male predominance[1,4], both of the case reports 
described female patients. In the present report, 
we present a case of high-grade myofibroblastic 
sarcoma in a male patient. The clinical manifestations, 
blood test results, imaging findings, histological and 
immunohistochemical findings, and treatment are 
discussed here.

CASE REPORT
A 25-year-old male patient was referred to the liver 
surgery department because of right upper quadrant 
swelling pain for one week without any concomitant 
symptoms. His medical history was unremarkable, 
with no hepatitis or surgical history. No family or 
genetic history was claimed either, and a general 
physical examination showed no abnormal signs.

Hematological and blood biochemical tests revealed 
no abnormalities. Serum tumor markers were within 

the normal limits: α-fetoprotein (AFP), 4.14 ng/ml; 
carcinoembryonic antigen (CEA), 1.30 ng/ml; and 
carbohydrate antigen (CA19-9), 6.06 U/mA. Among all 
of the hepatitis B markers, only surface antibody was 
positive.

Abdominal color ultrasound revealed a heteroechoic 
mass in the right trisegment of the liver, measuring 
18 cm × 15 cm × 11 cm, with a clear boundary but 
with no remarkable blood signal. Abdominal contrast-
enhanced color ultrasound revealed a heteroechoic 
mass showing peripheral hyper-enhancement in the 
arterial phase and peripheral hypo-enhancement in 
the portal phase, whereas the central portion showed 
no enhancement throughout the two phases. Dynamic 
contrast-enhanced computed tomography (CT) 
imaging revealed a cyst-like lesion with an obvious 
capsule located in the right trisegment of the liver; 
this lesion contained a stripe-like, slightly hyperdense 
area and patchy hypodense areas that were hyper-
enhanced in the arterial phase and hypo-enhanced in 
the portal phase, whereas the central portion remained 
unenhanced throughout the arterial and portal phases 
(Figure 1).

Based on the aforementioned findings, liver 
echinococcosis was suspected. For treatment, a right 
hepatic trisegmentectomy was scheduled.

Upon laparotomy, a huge solid mass exceeding 
16 cm in diameter with a clear boundary was found 
to occupy nearly the entire right trisegment of the 
liver. The remnant liver had a normal appearance, 
showing no cirrhosis. There was also no ascites or 
peritoneal dissemination, and enlarged lymph nodes 
were not found in the peritoneal cavity. Intraoperative 
ultrasound showed that the right hepatic vein was 
occluded, whereas the middle hepatic vein was pushed 
away by the mass. In addition, no disseminated 
lesions were found to be located in the remnant liver. 
The resected tumor measured 19 cm × 16 cm × 11 
cm and weighed 2400 g. Sections through the tumor 
disclosed grayish-yellow, solid tissue that showed 
relatively homogenous internal structures (Figure 1).

Histologically, the tumor cells were spindle 
shaped and located in a loose myxoid background 
and contained small-to medium-sized nucleoli with 
readily identified mitotic figures (Figures 2 and 3). 
Histological images revealed high mitotic activity, 
with more than 19 mitoses per 10 high-power fields 
(HPFs), along with certain small necrotic areas (< 
50%). Immunohistochemical staining showed that 
the tumor tissue was positive for desmin (Figure 4), 
α-smooth muscle actin (α-SMA), CD56, and vimentin 
and negative for ALK-1, myogenin, calponin, β-catenin, 
CD34, CD10, S100, glypican-3, CDK4, PCK, and 
CD117, with a Ki-67 (MIB-1) index of approximately 
20%. For differential diagnosis, the tumor tissue was 
negative for CD31 (Figure 5), Factor VIII (to deny 
vascular tumor, such as angiosarcoma or epithelioid 
hemangioendothelioma), Melan A or HMB45 (to 
deny angiomyolipoma). Based on the histological 
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and immunohistochemical findings, a diagnosis of 
myofibroblastic sarcoma was established, and this 
sarcoma was further classified as grade 3 according 
to the French Federation of Cancer Centers Sarcoma 
Group (FNClCC) system[5].

The postoperative recovery was uneventful. The 
patient refused postoperative chemotherapy and 
radiotherapy; fortunately, however, there was no 
evidence of recurrence through the last follow-up, 6 
months after surgery, despite the lack of postoperative 
chemotherapy or radiotherapy.

DISCUSSION
Since Mentzel et al[1] first defined a distinctive 
clinicopathological entity now known as low-grade 
myofibroblastic sarcoma in 1998, myofibroblastic 
sarcoma has been increasingly investigated, with most 
reports consisting of case reports or case series[2,3,6-11]. 

Although the World Health Organization (WHO) 
included low-grade myofibroblastic sarcoma, when 
characterized reproducibly, in the WHO Classification 
of Tumors in 2002[12], the definition of intermediate- 
and high-grade myofibroblastic sarcoma with less 
reproducible characteristics has not reached a 
consensus, even in the latest edition of the WHO 
Classification of Tumors of Soft Tissue and Bone[4].

Given the rare incidence of myofibroblastic 
sarcoma, there have been few reports describing its 
etiology. Although a slight male predominance was 
suggested in the latest WHO classification[4], Chan et 
al[11] found that the majority of cases involve female 
patients. To date, the present case is the first reported 
case of high-grade myofibroblastic sarcoma in the 
liver and also the first case reported in a male patient, 
whereas the two existing case reports described 
female patients[2,3]. Painless swelling or an enlarging 
mass is the most common complaint[4], with other 
symptoms depending on the location; for example, 
obstruction is typical when the lesion develops in the 
nasal cavity[7]. In the present case, the chief complaint 
was right upper quadrant swelling pain, which was 
also present in a report by Yi et al[3], whereas Pan et 
al[2] reported no pain but abnormal liver function. In 
the present case and the report by Yi et al[3], the lesion 
showed a well-defined growth pattern, whereas this 
type of tumor is commonly reported to display an 
infiltrative and destructive growth pattern[4,7].

According to the WHO classification, ultrasound 
examination should be conducted first, but CT or 
magnetic resonance imaging (MRI) is recommended 
for further investigation, with equivalent value[4]. 
Imaging by dynamic contrast-enhanced CT in the 
report by Yi et al[3] was in close accordance with what 
was found in the present case. The lesion, which 
was well defined and round shaped and showed 
hypodensity on plain CT scans, was peripherally 
enhanced, whereas the central portion remained 
unenhanced throughout the arterial and portal phases. 
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Figure 1  Computed tomography imaging and surgical specimen. Dynamic 
contrast-enhanced computed tomography (CT) imaging showed that a cyst-
like lesion (A) contained a stripe-like, slightly hyperdense area and patchy 
hypodense areas that were hyper-enhanced in the arterial phase (B) and 
hypo-enhanced in the portal phase (C), whereas the central portion remained 
unenhanced throughout the arterial and portal phases. Sections through the 
tumor disclosed grayish-yellow, solid tissue that showed relatively homogenous 
internal structures (D).

Figure 2  Histological image showing that the tumor cells were spindle 
shaped and located in a loose myxoid background (hematoxylin-eosin 
staining; original magnification, × 400).  

Figure 3  Histological image showing that the tumor cells 
contained small- to medium-sized nucleoli with readily 
identified mitotic figures (hematoxylin-eosin staining; original 
magnification, × 400).
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positive surgical margins are associated with a 
high risk of local recurrence, distant metastasis 
and death[4]. Retroperitoneal sarcomas show a 
much lower survival rate than extremity soft-tissue 
sarcomas, and high-grade myofibroblastic sarcomas 
are more aggressive[4]. However, little is known 
about myofibroblastic sarcoma, especially high-grade 
myofibroblastic sarcoma, in the liver. There were no 
signs of recurrence or metastasis in the reported 
intermediate-grade case[3] or in the high-grade 
myofibroblastic sarcoma case described in the present 
report 6 mo after surgery, despite the fact that both 
patients refused further treatment. Unfortunately, 
the patient in the report by Pan et al[2] was lost to 
follow-up 3 mo after discharge from the hospital. 
Meng et al[7] reported that myofibroblastic sarcoma of 
the nasal cavity and paranasal sinus exhibited diverse 
histological characteristics and strongly aggressive 
behavior, indicating that myofibroblastic sarcomas 
with different anatomic distributions may have diverse 
histological characteristics, biological behaviors 
and prognoses. We hypothesize that as long as it 
is resected with a sufficient margin, irrespective of 
grading, myofibroblastic sarcoma in the liver probably 
has an optimistic prognosis, as indicated by the report 
by Yi et al[3] and the present case. However, long-term 
follow-up and more patient data are needed before we 
can draw reliable conclusions.

Myofibroblastic sarcoma is a rare disease. The 
present case is the first reported case of high-grade 
myofibroblastic sarcoma in the liver, and it is also the 
first reported case in a male patient. The diagnosis 
of myofibroblastic sarcoma was established by 
histopathology and immunohistochemical staining. 
With a well-defined growth pattern and resection 
with a sufficient margin, regardless of its grade, the 
myofibroblastic sarcoma in the liver showed no signs 
of recurrence or metastasis 6 mo after surgery.

COMMENTS
Case characteristics
A 25-year-old male patient complained of right upper quadrant swelling pain for 

Although these characteristics have been reported in 
only two cases, they constitute a “consensus” that 
could be referred to when myofibroblastic sarcoma 
in the liver is suspected. Yi et al[3] also reported a 
honeycomb appearance on T2WI images and a 
progressive enhancement pattern as characteristic 
manifestations on MRI.

The presence of ultrastructural features, such as 
fibronexus (microtendons) and stress fibers, is no 
longer emphasized as important for the diagnosis of 
myofibroblastic sarcoma[13]. Instead, the diagnosis 
of myofibroblastic sarcoma is now established by 
histopathology and immunohistochemical staining[13]. 
Although there is no constant immunophenotype, 
myofibroblastic sarcoma stains positively for muscle 
actin, α-SMA, and/or desmin in general, but it is 
typically negative for S100 protein, epithelial markers, 
nuclear β-catenin, and h-caldesmon[1,4,13].

Because high-grade myofibroblastic sarcoma was 
not included in the latest WHO classification[1,4,13], 
the two grading systems proposed by the National 
Cancer Institute (NCI) and the FNClCC are the 
most widely used[4,5]. The FNClCC system, which is 
precisely defined and more reproducible, with better 
performance in prognostic prediction, is preferred over 
the NCI system and other systems[14,15]. The present 
case, which showed high mitotic activity (more than 
19 mitoses/10 HPFs) and certain small necrotic areas 
(< 50%), was classified as grade 3 according to the 
FNClCC system[5]. Although low-grade myofibroblastic 
sarcomas have a local recurrence rate of 5%-10% 
when treated by wide-margin excision, they rarely 
metastasize. In fact, Fisher C reported 13 (33%) 
recurrences and 3 (8%) metastases in 39 published 
cases with follow-up information[16]. In contrast, high-
grade myofibroblastic sarcoma shows a high rate of 
metastasis, along with recurrence; Fisher C reported 7 
(32%) recurrences and 15 (68%) metastases among 
22 ultrastructurally confirmed cases[16].

Surgery is the first choice for treatment, with 
the role of chemotherapy and radiotherapy being 
controversial. Generally, a wide margin of at least 
1-2 cm is recommended because microscopically 

Figure 4  Immunohistochemical image showing that the tumor 
tissue was positive for desmin (original magnification, × 400).
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Figure 5  Immunohistochemical staining for differential diagnosis. The 
tumor tissue was negative for CD31 (A), Factor VIII (B), Melan A (C) and 
HMB45 (D) (original magnification, × 200).
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1 week without any concomitant symptoms.

Clinical diagnosis
Liver echinococcosis was suspected.

Differential diagnosis
Liver echinococcosis, gastrointestinal stromal tumor, vascular tumor, such as 
angiosarcoma or epithelioid hemangioendothelioma, angiomyolipoma.

Laboratory diagnosis
All laboratory tests were within normal limits.

Imaging diagnosis
CT imaging found a cyst-like lesion with an obvious capsule located in the right 
trisegment of the liver.

Pathological diagnosis
The diagnosis of high-grade myofibroblastic sarcoma was established by 
histopathology and immunohistochemical staining.

Treatment
The patient successfully underwent a right hepatic trisegmentectomy.

Related reports
There have been no case reports on high-grade myofibroblastic sarcoma 
in the liver. Only two reports were published reporting intermediate-grade 
myofbroblastic sarcoma or myofibroblastic sarcoma. The diagnosis was 
established on the basis of morphology and immunohistochemistry features. 
Surgical resection was the treatment of choice with gratifying results.   

Experiences and lessons
The diagnosis of myofibroblastic sarcoma is established by histopathology and 
immunohistochemical staining. Surgical resection is the treatment of choice 
with gratifying results. 

Peer-review
The authors report a case of myofibroblastic sarcoma of the liver. The 
manuscript is well-written and the case is pathologically interesting.
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