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Abstract

Long-term nucleos(t)ide analogue therapy in chronic hepatitis B virus (HBV)
infection is effective in suppressing viral replication and reducing liver-related
complications. However, HBV-related liver events can still occur in different
patient sub-groups. There is emerging evidence that, similar to chronic hepatitis
C virus infection, metabolic risk factors may play a role in the disease process of
chronic HBV. While the mechanistic nature of metabolic-HBV interactions
remains uncertain, studies in different HBV-infected populations have
demonstrated that hepatic steatosis, increased body-mass index, diabetes, or a
combination of different metabolic risk factors are associated with an increased
risk of hepatocellular carcinoma and cirrhosis. The impact of metabolic risk
factors is especially prominent in patients with quiescent virological activity,
including on-treatment patients with effective viral suppression. As the
proportion of on-treatment chronic HBV patients increases worldwide,
longitudinal studies determining the relative risks of different metabolic
parameters with respect to clinical outcomes are needed. Future studies should
also determine if metabolic-directed interventions can improve disease outcomes
in chronic HBV.

Key words: Hepatitis B virus; Diabetes; Obesity; Steatosis; Non-alcoholic fatty liver
disease; Body-mass index
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and diabetes, may be associated with worsened disease outcomes and reduced treatment
response in chronic hepatitis B. Their effect may be most pronounced in patients with
quiescent viral activity, including patients on long-term nucleos(t)ide analogue therapy.
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INTRODUCTION

Affecting 248 million individuals worldwide, chronic hepatitis B virus (HBV)
infection is a leading cause of liver-related morbidity and mortality!l. Current
nucleos(t)ide analogues, when taken long-term, can effectively suppress viral
replication, improve liver histology, and reduce liver-related complications!”. Yet
nucleos(t)ide analogue therapy is never a “magic bullet” that can eliminate and
prevent all HBV-related complications, with the benefit of therapy mitigated in
certain patient sub-groups. For example, in an Asian population-based study,
nucleoside analogue failed to significantly reduce liver cancer incidence in elderly
chronic HBV patientst.

Metabolic parameters have been demonstrated to play a prominent role in the
disease course of chronic hepatitis C virus infection!”l. The interaction of metabolic
factors with chronic HBV has been less extensively studied. Now, there is emerging
evidence on how metabolic risk factors may influence the natural history and
treatment response of chronic HBV (Figure 1), and these will be described in detail in
this editorial.

HEPATIC STEATOSIS

The impact of liver fat on the disease course of HBV is controversial. There are studies
indicating that steatosis may actually be protective. A cohort study from Taiwan
involving 83339 participants showed hepatitis B surface antigen (HBsAg)-positive
patients to have a lower risk of non-alcoholic fatty liver disease (NAFLD)
development compared to HBsAg-negative individualsl. Another study
demonstrated that a treatment-naive chronic HBV patient with co-existing NAFLD
had significantly lower serum HBV DNA levels compared to chronic HBV without
steatosis, after adjusting for potential confounders!®l.

Paradoxically, there is evidence that co-existing hepatic steatosis may contribute to
the chronic HBV disease process. A study employed the noninvasive quantification of
steatosis using controlled attenuation parameter (commonly known as CAP)
measurements, with standardized cut-off values used to categorize steatosis
severityl’l. Severe steatosis (CAP > 280 dB/m) was found to be independently
associated with increased liver fibrosis in both treatment-naive patients and on-
treatment patients achieving long-term virological suppression. The results suggest
that even during quiescent viral activity, fibrogenesis can still develop in the presence
of hepatic steatosis!”l.

The above findings will require longitudinal validation in the clinical setting, as
well as mechanistic studies for any HBV-steatosis interaction. Nonetheless, the
management implications can be potentially huge, since both chronic HBV and
NAFLD are common diseases. In Asia, the prevalence of NAFLD is greater than
30%!""1, while more than a quarter of chronic HBV patients have concomitant
NAFLD!"L.

OBESITY

An increased body-mass index (BMI) has been demonstrated to worsen the disease
outcome of chronic HBV. In a population-based study involving 2903 HBsAg-positive
men after a mean follow-up of 14.7 years, obesity (BMI = 30 kg/m?) was associated
with increased risk of both hepatocellular carcinoma (HCC) and liver-related
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Figure 1 Potential association of metabolic risk factors with the natural history and treatment response of
chronic hepatitis B virus infection. HBV: Hepatitis B virus.

mortality!'l. Obesity also diminishes treatment response by lessening fibrosis
regression during long-term nucleos(t)ide analogue therapy. In a study with paired
liver biopsies over a course of five years, increased BMI (= 25 kg/m?) in HBV-infected
patients of majority European descent was associated with persistent severe fibrosis
or cirrhosis during treatment when compared to patients with normal BMI®. Results
were also similar in another study involving Asian on-treatment patients with paired
transient elastography over a median duration of 87.5 mol'?l.

Obesity is associated with adipokine dysregulation, including reduced adiponectin
and increased leptin production, which leads to enhanced liver fibrogenesis!.
However, it remains unclear whether this adipokine dysfunction has any mechanistic
interaction with HBV. With the prevalence of obesity in HBV-endemic regions
increasing!¥l, studies specifically concentrating on the obese HBV population will be
needed.

DIABETES MELLITUS

Diabetes has a synergistic impact on the disease course of chronic HBV. While the
exact mechanism remains unclear, hyperglycemia activates oxidative stress!"”], which
can be linked with the severity of liver disease in chronic HBV infection!"!. Diabetic
chronic HBV patients have an increased chance of alanine aminotransferase elevation
and liver damage compared to non-diabetic patients!'”). Diabetes also increases the
risk of HBV-related cirrhotic decompensation? and liver-related mortality!.

Large-population cohort studies have further established the association of diabetes
with liver-related clinical outcomes. A cohort study involving 23,820 Taiwan residents
and a mean follow-up duration of 14 years found that diabetes independently
increased the risk of HCC in HBsAg-positive individuals”. In addition, in a recent
study involving 512,891 Chinese adults (both HBsAg-positive and -negative) with a
median follow-up duration of 10.1 years, the presence of diabetes significantly
increased the risk of HCC and cirrhosis (adjusted hazards ratios of 1.49 and 1.87,
respectively). In addition, in patients without previously diagnosed diabetes, an
increase of plasma glucose levels by 1 mmol/L, even in the non-diabetic range,
significantly increased the probability of HCC and cirrhosis (adjusted hazards ratios
of 1.04 and 1.07, respectively)”l.

METABOLIC RISK FACTORS IN COMBINATION

The combination of different metabolic risk factors in HBV-infected patients can
increase the risk of liver-related events. Metabolic syndrome, which is a combination
of increased waist circumference or obesity with the presence of different metabolic
risk factors (hyperglycemia, hyperlipidemia, hypertriglyceridemia or hypertension) is
a known risk factor for the development of HBV-related fibrosis progression!”’. More
recently, a Taiwanese study followed up with 1690 men with chronic HBV infection
for a median duration of 19 years. Having three or more metabolic risk factors
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(including diabetes, obesity, hypertriglyceridemia, hypercholesterolemia or
hypertension) increased the risk of HCC and liver-related death (hazards ratios of 2.32
and 2.72, respectively). Notably, in patients with available virological data, the risk of
HCC among patients with three or more metabolic risk factors was especially
accentuated when serum HBV DNA was less than 2000 IU/mL (hazards ratio of
14.38)11,

CONCLUSION

HBYV and metabolic risk factors: Partners in crime?

Despite the emerging evidence of metabolic risk factors being associated with HBV-
related outcomes, one fundamental question remains unanswered: are HBV and
metabolic-related liver injury synergistic, or simply two unrelated and different
disease processes? Mechanistic studies to investigate their interaction are technically
difficult, mainly due to the limitations of current HBV animal models which are
unable to support the full HBV life cycle, restricting the study of host-viral
interactions.

Nonetheless, the more important clinical question will be the magnitude of impact
of different metabolic risk factors on HBV-related clinical outcomes. From available
evidence, this impact is especially prominent in quiescent HBV diseasel*'>*’, either in
treatment-naive patients with intrinsically low HBV DNA levels or in nucleos(t)ide
analogue-treated patients with effective virological suppression. The proportion of
patients receiving long-term treatment is increasing worldwide®!, while at the same
time, the HBV patient cohort is ageing, suggesting that the concomitant presence of
metabolic risk factors will increase. Taken together, these data suggest that the
metabolic impact on the disease course of HBV will become more and more
predominant. Finally, well-designed longitudinal studies will be needed to determine
whether interventions directed at metabolic risk factors e.g., glycemic control in
diabetes or weight loss, can improve HBV-related outcomes. Clinical data on this
metabolic-HBV interaction will prove useful if we are to meet the World Health
Organization’s objective in removing HBV as a public health threat by 2030.
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Abstract

The Na*/Ca? exchanger (NCX) protein family is a part of the cation/Ca?
exchanger superfamily and participates in the regulation of cellular Ca*
homeostasis. NCX1, the most important subtype in the NCX family, is expressed
widely in various organs and tissues in mammals and plays an especially
important role in the physiological and pathological processes of nerves and the
cardiovascular system. In the past few years, the function of NCX1 in the
digestive system has received increasing attention; NCX1 not only participates in
the healing process of gastric ulcer and gastric mucosal injury but also mediates
the development of digestive cancer, acute pancreatitis, and intestinal absorption.
This review aims to explore the roles of NCX1 in digestive system physiology
and pathophysiology in order to guide clinical treatments.
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©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The Na*/Ca?* exchange 1 protein (NCX1) is a membrane transporter and
participates in the regulation of cellular Ca?>* homeostasis. As we known,NCX1 is
expressed widely in various organs and tissues and plays an especially important role in
the physiological and pathological processes of nerves and the cardiovascular system.
This review aims to explore the roles of NCX1 in digestive system physiology and
pathophysiology in order to guide clinical treatments.
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INTRODUCTION

Ca?" is an important cellular signal. Changes in intracellular Ca** control various
cellular processes that are relevant to the regulation of normal function and to the
development of diseases. These processes include muscle contraction, blood
coagulation, nerve excitation, angiogenesis, cell apoptosis!', and the development of
cancer!*’l. The homeostasis of intracellular calcium is controlled by a variety of
proteins and ion channels, including the plasma membrane Na*/Ca** exchanger
(NCX). Members of the NCX family can exchange Na* and Ca*" in either direction
depending on the transmembrane electrochemical gradients and membrane
potential), and these exchangers have a two-way transport mode such that under
physiological conditions, one Ca*" ion exits and three Na* ions enter the cell but the
reverse transport occurs under special conditions (such as cancer or inflammation),
that is, three Na* ions exit and one Ca* ion enters'”l. The NCX family contains three
separate gene products exhibiting differential expression: NCX1, NCX2, and NCX3.
NCX1 is widely expressed in mammalian organs and tissues!”, and NCX2 and NCX3
are expressed mainly in nerves and skeletal musclel”. Numerous studies have shown
that NCX1 is involved in a variety of physiological and pathophysiological processes.
For example, in the cardiovascular system, NCX1 can control the contraction and
relaxation of vascular smooth muscle!'”, while NCX1 can regulate heart rhythm,
which is related to arrhythmial''?, and participate in the regulation of myocardial
ischemia-reperfusion injury!’!. In the nervous system, NCX1 regulates
neurotransmitter release!"”! and microglia-related functions!"”, which is associated with
cerebral ischemia-reperfusion and Alzheimer's diseasel'*'"]. In the urinary system,
NCX1 is involved in renal Ca?* reabsorption and associated with renal ischemia-
reperfusion*'”l, In the endocrine system, NCX1 can regulate insulin secretion. In the
immune system, NCXI1 is associated with the development of systemic lupus
erythematosus”l. In recent years, NCX1 has been found to be expressed in all of the
organs of the digestive system and play important roles in the physiological processes
and digestive diseases (such as pancreatitis, gastric ulcer, and gastrointestinal
cancers)”*1, However, the mechanism and function of NCX1 in the gastrointestinal
tract have not yet been completely elucidated, particularly relating to certain digestive
diseases and tumors. This review intends to explore the roles of NCX1 in digestive
system physiology and pathophysiology as well as current treatments utilizing
NCX1-based therapeutics.

STRUCTURAL FEATURES OF NCX1

NCX1 is a transmembrane bidirectional transporter with a molecular weight of 110
kDa and consists of 970 amino acids. NCX1 has 9 transmembrane segments, forming a
large central cytoplasmic loop between the 5th and 6th transmembrane segments**1.
In addition, the NCX1 transmembrane segment has two internal repeat regions, the
al and a2 repeat regions 7. The first half of the transmembrane segment, including
the a-repeat region, may be involved in ion transport™®-‘. In contrast, the second half,
which contains the central cytoplasmic ring, has an inhibitory effect on the entire
sodium-calcium exchanger™*?. In addition, there are two binding sites that can
regulate Na" and Ca?**, and there is a secondary Ca*" adapter sitel™ (Figure 1).

NCX1 AND THE ESOPHAGUS

The esophagus is a muscular portion of the digestive tract that transports food from
the pharynx to the stomach depending on the contraction of muscle. In normal
conditions, the tension of the lower esophageal smooth muscle (LES) depends mainly
on the intracellular Ca® concentration. A high concentration of intracellular Ca*" can
cause smooth muscle contraction, and a low concentration of Ca?" causes smooth
muscle relaxation”!. However, the contraction of the esophageal body is mainly
dependent on the gradient of extracellular calcium. The occurrence of esophagitis is
also closely related to the regulation of Ca*" in pathological conditions. Calcium
channel blockers (CCBs) have been used in the treatment of esophageal-related
diseases, such as achalasial”*l. Achalasia is a kind of neuropathy where the smooth
muscle fiber is not relaxed or cannot relax completely, a partial loss of esophageal
body peristalsis occurs, and the motility is not coordinated. Gelfond et all*! first
reported that use of the L-type CCB nifedipine can relax the esophageal smooth
muscle to reduce the pressure of the lower esophageal sphincter by blocking the flow
of calcium ions into the cells and intracellular calcium release, thereby achieving the
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Figure 1 Structural features of NCX1.

purpose of treating achalasia. However, taking CCBs for a long time will cause the
LES to become too relaxed and will lead to reflux esophagitis (RE)". There is no
definitive evidence as to whether NCX1 plays a regulatory role in RE. However, Kim
et al found that NCX1 is widely expressed in the esophageal muscle layer.
Furthermore, the estrogen E2-induced inhibition of smooth muscle contraction in the
esophagus and the mucus secretion in the esophageal mucosa are mainly achieved by
downregulating the expression of calcium-related genes such as NCX1, CaBP-9k, and
PMCA1 and decreasing the intracellular calcium level. It is suggested that NCX1 may
play an important role in the regulation of contraction and relaxation in the LES. In
addition, at present, our research group also confirmed that NCX1 expression was
significantly increased along with the expression of TRPC6, TRPV4, and other acid-
sensitive calcium channels that have a regulatory role in Barrett’s esophagus or reflux
esophagitis caused by acid reflux or bile reflux. Interfering with NCX1 can
significantly inhibit the release of inflammatory mediators and the expression of
intestinal metaplasia genes caused by the aforementioned pathogenic factors.
Therefore, NCX1 is likely to be an important treatment target for esophageal
functional diseases.

NCX1 also plays an important role in the correlation between smoking and the
pathogenesis of esophageal squamous cell carcinoma (ESCC)!*'l. Clinical evidence
showed that the expression of NCX1 in ESCC tissue was significantly higher than that
in esophageal noncancerous tissue and demonstrated a positive correlation between
the NCX1 expression level and the smoking status of ESCC patients. The tobacco-
derived carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) can
significantly enhance NCX1 expression in normal esophageal cells and human ESCC
cells. NNK mediates an increase in the intracellular Ca* concentration through NCX1
activation and promotes the proliferation and migration of human ESCC cells!*!l.
These findings indicate that tobacco smoking could cause Ca*" entry through
enhanced expression and function of NCX1, finally resulting in the pathogenesis of
ESCC. Furthermore, NCX1 is also involved in the proliferation and migration of ESCC
cells. To elucidate the mechanism of NCX1 in ESCC, it is necessary to study the
function of NCX1 in ESCC in the future.

EXPRESSION AND FUNCTION OF NCX1 IN THE STOMACH

The stomach, the main digestive organ of the human body, is connected to the
esophagus and the duodenum. It is known that the plasma membrane Ca*" -ATPase
(PMCA), NCX, and the endoplasmic reticulum (ER) Ca?* -ATPase are the main
mechanisms for the transport of intracellular Ca** to the extracellular space of gastric
smooth muscle cells>*’l. Studies have shown that NCX1 is widely expressed in the
antrum of guinea pigs, while NCX2 has higher expression in the fundus!*.
Researchers believe that different NCX subtypes, which have different physiological
functions, are expressed in different parts of the stomach and regulate each other.
NCX1 is mainly involved in gastric antral motility, while NCX2 mainly changes the
intracellular Ca** homeostasis in fundus smooth muscle cells to control the contraction
and relaxation of the fundus smooth muscle!*. This information suggests that the
NCX family may control the movement of the whole stomach by controlling the
movement of the gastric antrum and fundus smooth muscle.

In a study of gastrointestinal motility diseases, Hagi et al'**! found that NO and
PACAP act as important mediators of the transient and sustained relaxation in the
mouse gastric fundus. A change in functional coupling and/or collaborative functions
between NO signaling and PACAP signaling may cause intracellular Ca?*
concentration changes, thereby controlling gastric fundus relaxation in mice. The
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overexpression of NCX1 in smooth muscle may result in increased functional
coupling and/ or collaborative functions between NO signaling and PACAP signaling,
resulting in the occurrence of functional gastrointestinal disorders!*l. Interestingly,
studies on experimental gastric ulcer (GU) indicate that nitric oxide synthase (NOS)
activity may be an important marker of neutrophil infiltration*”**l. NO also
contributes to ethanol-induced gastric ulceration and inflammatory bowel diseases
(IBD) due to its role in the stimulation of cell proliferation in the gastric mucosal*-'l.
However, the overexpression of NCX1 in gastrointestinal smooth muscle may affect
the function of the NO signaling pathway, and whether this change will promote GU
and IBD process through the NO signaling pathway needs further study. It has also
been reported that electric field stimulation (EFS) can induce sustained relaxation of
the stomach fundus, but not other intestinal regionst*. The study suggested that this
sustained status may be closely related to the regulatory functions of NCX1 and
NCX2. In the past few years, studies have shown that NCX1 and NCX2 are expressed
in smooth muscles and neurons to regulate the relaxation and motility of the gastric
fundus. Upon NCX1 or NCX2 heterozygosity deletion, the fundus relaxation and the
gastric peristalsis can be enhanced by EFSl. Therefore, the NCX family may be an
important treatment target for functional gastrointestinal diseases. In addition, Lajos
V also found that NCX family members (NCX1, NCX2, and NCX3) are expressed
extensively in human gastric myofibroblasts and participate in the regulation of
intracellular calcium oscillations. Knockdown of NCX1 significantly inhibited the
migration and proliferation of gastric myofibroblasts induced by insulin-like growth
factor II (IGF-II)*l. Gastric myofibroblasts are a kind of contractile, nonexcitatory cell
induced by inflammatory factors such as transforming growth factor (TGF-p), and
these cells are localized to the subepithelium throughout the whole gastrointestinal
tractl*”1. It is known that gastric myofibroblasts can not only regulate the secretion of
extracellular matrix proteins and the formation of new blood vessels, promoting the
healing process of ulcerst® ), but also participate in the development of chronic
gastritis and gastric cancer cell invasion and metastasis**'l. Further study on the role
of NCX in gastrointestinal smooth muscle may elucidate the regulatory mechanisms
of ulcer healing and tumor invasion and metastasis.

NCX1 AND THE INTESTINE
NCX1 and the small intestine

The expression of NCX1 protein has been detected in the small intestine, colon, and
rectum!®>*), and it participates in the physiological regulation mechanism of intestinal
calcium absorption, bicarbonate secretion, ileal smooth muscle movement and so on.
The small intestine absorbs 90% of calcium!*“*l. Additionally, NCX1 mainly
participates in the process of extracellular discharge of calcium ions from the basal
membrane of intestinal epithelial cells. NCX1 can transport three Na* ions into the cell
and transport one Ca* ion out of the cell; this transport is regulated by vitamin D and
1,25-(OH),D,’], which can enhance the expression and activity of NCX on the basal
membrane and promote the transport of Ca?* from the cell to the outside!*l. Moreover,
Wongdee et al found that vitamin D can upregulate the expression of the Ca*"
transporter gene NCX1, thus enhancing the Ca* transmembrane transport*’.

It is well known that the gastric acid defense barrier involves bicarbonate, and the
hyposecretion of bicarbonate is one of the key mechanisms for the pathogenesis of
duodenal ulcers. It has been reported that intracellular calcium signals can promote
HCO; secretion depending on the activation of the HCO; secreting channel cystic
fibrosis transmembrane conductance regulator (CFTR) or on the activation of the
intermediate-conductance Ca*" activated K* channel (IKCa*"), which provide a driving
force for HCO; secretion*l. However, NCX1 may be the key to the regulation of
intracellular calcium changes. Dong et al found that the NCX1 protein is functionally
expressed in the mouse duodenal mucosal epithelium, and a dynamic calcium ion
experiment determined that the reverse regulation mode of NCX1 occurs, causing Na*
efflux and Ca?*" entry to regulate HCO; secretion!”l. Subsequent research confirmed
that the muscarinic receptor agonists carbachol and 5-hydroxytryptamine (5-HT) can
increase the intracellular calcium concentration and promote duodenal bicarbonate
secretion after stimulating mouse duodenal mucosal or epithelial cells and confirmed
that disturbing or inhibiting the function of NCX1 can obviously block the
intracellular calcium change and promote bicarbonate secretion!’’l. These results
suggest that NCX1 and its mediated Ca*" influx play a critical and extensive role in
regulating the secretion of HCO, in the duodenal mucosa. Other studies have shown
that NCX1 and NCX2 are also involved in ileal smooth muscle contraction and ileal
motility regulation”!l. Nishiyama et al found that NCX2 regulates ileal motility
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primarily by controlling the sensitivity of acetylcholine (AchE) and substance P (SP) in
smooth musclel’). Compared with that in the wild-type model, the contraction
amplitude induced by AchE and SP after NCX2 knockout was significantly reduced;
although NCX1 also plays a role in the regulation of ileal contraction, this decline was
not evident in the NCX1 knockout model. This finding suggests that NCX2 plays a
more important role than NCX1 in ileal movement.

NCX1 and the colon

NCXs (NCX1 and NCX2) are also widely expressed in colonic smooth muscle and the
myenteric plexus layers”. Nishiyama et al showed that NCX1 overexpression in the
mouse distal colon enhanced the relaxation amplitude induced by EFS, suggesting
that NCX1 can affect the distal colonic smooth muscle movement in micel™.
Furthermore, it was found that the secretion of the mucin MUC5AC induced by ATP
depends on the influx of Ca*" into colonic goblet cells and that ATP requires the
activation of TRPM5 channels to increase intracellular Na*, which activates the NCX
reverse transport mode and increases intracellular Ca?" uptake; thus, inhibiting NCX
can significantly reduce the MUCS5AC secretion in goblet cells”. There is also
evidence that the NCX family may also be involved in the pathogenesis of diarrhea.
Although NCX1 and NCX2 were found to be expressed in the myenteric nerve plexus
of the proximal colon and the colon transversum as well as longitudinal and annular
muscular layers, the function of NCX1 and NCX2 in intermuscular neurons may be
different from that in smooth muscle!™l. Kazuhiro et al have found that in a diarrhea
model induced with magnesium sulfate or 5-HT, the diarrhea in NCX2 heterozygous
knockout mice (NCX2 HET) was more serious than that in wild-type mice (WT), but
the diarrhea in NCX1 heterozygous knockout mice (NCX1 HET) showed no
significant changes from that of WT"". Magnesium sulfate-induced diarrhea was
exacerbated in NCX2 HET by decreasing normal and soft fecal materials and
increasing watery fecal materials, however, PGE2-induced diarrhea in NCX1 HET and
NCX2 HET was similar to that in the WTI”l. The researchers believe that this finding
may be due to the mechanism of 5-HT-induced diarrhea involving stimulation of the
5-HT3 receptor in myenteric plexus neurons and its downstream cholinergic and
tachykinin excitatory pathways/*”’l. However, PGE2 acts directly on smooth muscle
and stimulates fluid accumulation to induce diarrheal”®”’l. Therefore, NCX2 rather
than NCX1 in the myenteric plexus may play a critical role in the occurrence and
development of diarrhea. Further study of NCX may provide new targets for the
diarrhea caused by gastrointestinal dysfunction.

NCX1 AND THE PANCREAS

Expression and distribution of NCX in the pancreas

NCX1 is functionally expressed in the p-cells, acinar cells, and ductal cells of the rat
pancreas and has a distinct pattern of distribution in pancreatic ducts depending on
their size and proximity to acini®®’. Two splicing variants of NCX1, NCX1.3 and
NCX1.7, are mainly expressed in rat pancreatic cells®*1; however, three other
variants, NCX1.2, NCX1.9, and NCX1.13, were also found in guinea pigs, hamsters
and mice. In the past few years, studies have proved that different types of NCX1
have different expression levels between different species.

Role of NCX1 in pancreatic physiological processes

The physiological functions of the pancreas include secreting various digestive
enzymes and insulin. Normally, the intracellular ATP/ADP ratio increases after
pancreatic -cells uptake glucose, via the closure of K*-ATP channels, causing p-cell
depolarization and inducing extracellular calcium influx through calcium channels in
the membrane; the intracellular calcium increase causes fusion of the vesicular
membrane containing insulin with the cytoplasmic membrane and the subsequent
secretion of insulin from cells via vesicular exocytosis“l. It has been found that both
the voltage-dependent calcium channel (CaV) and the intracellular IP3-sensitive
calcium pool are important in insulin secretion regulation in the past few years!™], but
the role of the NCX family in this process is just beginning to be evaluated.

In normal pancreatic islet f-cells, NCX1 is mainly responsible for Ca** efflux from
cells. The aim is to control the Ca*" concentration within the normal physiological
range in order to accurately control the insulin release level® 1. In native pancreatic
ducts, the NCX1 expression level is downregulated by acetylcholine and secretin but
upregulated by insulin®}; as the main physiological stimulant of insulin release,
glucose has the reverse regulatory effect on the transcription, expression, and activity
of NCX™,
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NCX1 and pancreatic diseases

Pathologically, NCX also has a regulatory mechanism affecting the insulin secretion
from the B-cells of diabetic patients. In the past few years, research has shown that
NCX overexpression can lead to ER stress and Ca* release from the ER, thus
promoting B-cell apoptosis, reducing p-cell proliferation, and decreasing insulin
secretion™l. Herchuelz et al®! found that heterozygous inactivation of NCX1 (Nex1+/-
) leads to an increase in p-cell function and a 5-fold increase in both p-cell mass and
proliferation. The mutation also increases the P-cell resistance to hypoxia, and
Nex1+/- islets show a 2-4 times higher rate of curing diabetes than Ncx1+/ + islets
when transplanted into diabetic animals. However, in some cases, NCX may change
into the reverse regulation mode to promote Ca?* entry, prolonging the duration of
the peak electrical activity associated with glucose and increasing insulin release!. In
summary, the different NCX1 expression and transport modes can regulate insulin
secretion, so selective inhibition of NCX1 may improve insulin secretion, which
provides more theoretical evidence for novel glucose-sensitive insulinotropic drugs
for type 2 diabetes that target NCX1.

In addition to regulating physiological insulin secretion, the Ca?* homeostasis is
also a key factor leading to pancreatitis, hypercalcemia, pancreatic cancer, and other
diseases. Pancreatitis is one of the most common acute abdomen problems, and the
pathogenesis is the abnormal accumulation of intracellular Ca** (calcium overload) to
promote excessive activation of trypsinogen, resulting in pancreatic autodigestive
injury”l. Previous studies have reported that the calcium overload in acute
pancreatitis may be related to calcium channels such as CRAC/TRPV1/TRPV3/"*;
however, it has recently been found that the NCX1 reverse regulation mode may also
be involved in this overload. Yu et al confirmed that the mRNA and protein
expression of NCX1 in tissues of acute pancreatitis induced by cerulein was
significantly increased in cell experiments and animal experiments!”. The authors
found that the expression of inflammatory mediators such as TNF-a and interleukin-6
(IL-6) caused by cerulein was decreased significantly after treatment with KB-R7943 (a
specific inhibitor of NCX1)". This finding suggests that NCX1 may play a critical role
in the occurrence and development of acute pancreatitis. In addition, pancreatic
cancer is a kind of cancer with high malignancy and poor prognosis, and duct cell
carcinoma is the main pathological type of pancreatic cancer™l. However, it is
generally accepted that alterations in TGF-p signaling and its downstream SMAD
pathway play an important role in pancreatic cancer development!””). The study by
Chow et al found that TRPC1 and NCX1 are expressed and functional in pancreatic
cancer cells. TGF-p activates TRPC1 and NCX1 channels to mediate a cytoplasmic Ca*
concentration increase in pancreatic cancer cells, which activates the downstream
PKC/SMAD4 pathway to regulate pancreatic cancer cell motility!™l. These results
suggest that NCX1 may be involved in the malignant biological behavior regulation of
pancreatic cancer (Figure 2).

NCX1 AND THE LIVER

NCX1 and hepatic ischemia-reperfusion

Although NCX1 is expressed in normal livers, liver fibrosis, and liver cancer, the
transcription levels and regulation modes are different under these three conditions,
suggesting that NCX may have different functions and effects in the development of
hepatitis, liver fibrosis, and liver cancer””. In the study of liver ischemia-reperfusion
injury, intracellular calcium accumulation is a critical mechanism of cell apoptosis and
injury!*l. NCX mainly adopts the forward control mode in ischemic-reperfusion
injury. Trisulfated disaccharide (TD) can transport excess intracellular calcium out of
the cell by activating NCX1, thus reducing the serum levels of inflammation markers
(TNEF-q, IL-6, and IL-10) and the lipid peroxidation after liver injury!"l.

NCX1 and liver fibrosis

Hepatic fibrosis is a necessary process in the progression from chronic hepatitis to
cirrhosis. The activation and proliferation of hepatic stellate cells (HSCs) are the
central link of hepatic fibrosis. Nakamura et al found that the NCX mRNA and protein
expression levels were significantly upregulated in response to the activation of rat
HSCs induced by CCl4!'™. It was also reported that NCX expression is upregulated in
cirrhotic tissue, although the specific mechanism is not clear; NCX may be a new
target in liver fibrosis or cirrhosis research!™.

NCX1 and liver cancer
Finally, in hepatocellular carcinoma (HCC) research, our research group has
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Figure 2 The regulated signal pathways and transcription factors of NCX1 in digestive diseases. Transforming growth factor-8 (TGF-B) stimulates the
activation of PLC-IP3 and Ca?* release from the endoplasmic reticulum, which activates TRPC1 and the reverse mode of NCX1 resulting in Ca* influx, and the
increase of Ca®* mediates cell motility directly or indirectly via activation of Ca**-dependent PKC in pancreatic cancer. Cerulein activates NCX1 and induces activation
of inflammatory factors TNF-a and IL-6 and the downstream NK-kB pathway in pancreatic cells. TGF-B can upregulate the expression of NCX1 and TRPC6 and
activate the downstream SMAD pathway to regulate the migration and invasion of hepatocellular carcinoma cells.
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published articles confirming that the expression of NCX1 is obviously upregulated in
hepatoma cells and tissues and that NCX1 can affect the intracellular calcium level to
affect the cytokines TGF-f or IL-6 in the malignant behavior of hepatoma cells. A
study found that TGF-P can upregulate the expression of NCX1 and the transient
receptor potential channel TRPC6 in hepatoma cells and further induce intracellular
calcium activation in HCC to promote the formation of a complex between NCX1 and
TRPC6, thus activating the downstream SMAD pathway, which can regulate HCC
malignant biological behaviors such as migration and invasion!'””l. Not only was the
phosphorylation of Smad proteins dependent on TRPC6 and NCX1, but also the Smad
signaling, especially the phosphorylation of Smad2, augmented the expression of
TRPC6 and NCX1. At the same time the upregulated expression of TRPC6 and NCX1
can be strongly correlated with the stage and pathologic grade of HCC, which may
become useful biomarkers for monitoring disease progression of liver cancer
patients!'”'*l. In a related study of IL-6 and liver cancer, it was also confirmed that an
intracellular pH regulator (NHE1), NCX1, and calmodulin (CaM) coexisted in the
same lipid-crossing structure of the cell membrane and that their expression levels
were upregulated in liver cancer tissues!”! (Figure 2). Moreover, IL-6 activated NHE1
to promote H* excretion and an NCX1-induced external Ca*" influx, and NHE1
pumped H* in exchange for Na* influx to promote NCX1 activation, which enhanced
the interaction between NCX1 and CaM, thus promoting the occurrence and
development of liver cancer!'”l. The above findings provide the basis for the
important role of NCX in hepatic carcinogenesis and also provide a new possibility
for drug development for early intervention in inflammation-associated tumors.

CONCLUSION

In summary, the NCX1 channel protein regulates the Ca?* signaling pathway via its
forward/reverse modes in the digestive system and regulates the cell function, thus
participating in the occurrence and development of digestive system diseases (Figures
3 and 4). The functions of NCX1 in inflammation-associated digestive diseases (such
as inflammatory bowel disease and hepatitis ) will become a new research hotspot.
NCX1 could be a new molecular marker for the digestive system disease diagnosis
and treatment, and drug development targeting NCX1 will represent a new direction
of the treatment of digestive system diseases.
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Figure 4 The roles of NCX1 reverse mode in the digestive system. In duodenal epithelial cells, carbachol and 5-HT can activate the reverse mode of NCX1,
enhancing Ca** influx to release HCO,". In hepatoma cells, NHE1 can promote H* excretion and Na* influx and activate the reverse mode of NCX1 to induce Ca?*
influx. In colon goblet cells, ATP activates the TRPM5 channel to induce Na* influx, and an increase of Na* concentration starts the NCX1 reverse mode and
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Abstract

Endoscopic polypectomy and endoscopic mucosal resection (EMR) are the
established treatment standards for colorectal polyps. Current research aims at
the reduction of both complication and recurrence rates as well as on shortening
procedure times. Cold snare resection is the emerging standard for the treatment
of smaller (< 5mm) polyps and is possibly also suitable for the removal of non-
cancerous polyps up to 9 mm. The method avoids thermal damage, has reduced
procedure times and probably also a lower risk for delayed bleeding. On the
other end of the treatment spectrum, endoscopic submucosal dissection (ESD)
offers en bloc resection of larger flat or sessile lesions. The technique has obvious
advantages in the treatment of high-grade dysplasia and early cancer. Due to its
minimal recurrence rate, it may also be an alternative to fractionated EMR of
larger flat or sessile lesions. However, ESD is technically demanding and
burdened by longer procedure times and higher costs. It should therefore be
restricted to lesions suspicious for high-grade dysplasia or early invasive cancer.
The latest addition to endoscopic resection techniques is endoscopic full-
thickness resection with specifically developed devices for flexible endoscopy.
This method is very useful for the treatment of smaller difficult-to-resect lesions,
e.g., recurrence with scar formation after previous endoscopic resections.

Key words: Colorectal neoplasia; Colorectal cancer screening; Cold snare resection;
Endoscopic polypectomy; Endoscopic mucosal resection; Endoscopic submucosal

dissection; Endoscopic full-thickness resection; Adenoma recurrence rate
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Core tip: Endoscopic polypectomy and endoscopic mucosal resection are the standard
treatment options for colorectal neoplasia. Current research is evaluating cold snare
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resection for the treatment of smaller non-cancerous polyps, aiming to reduce procedure
times and complication rates. Endoscopic submucosal dissection has great potential for
the en bloc resection of larger flat or sessile lesions. However, it is technically
demanding and time consuming and should be reserved for histologically advanced
lesions. Endoscopic full-thickness resection is a welcome addition to the armamentarium
of endoscopic resection techniques and is very useful for the treatment of smaller
difficult-to-resect lesions.
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INTRODUCTION

Colorectal cancer screening and endoscopic polyp resection can reduce mortality from
colorectal cancer!'’ and are now recommended by many national guidelines!. Snare
polypectomy and endoscopic mucosal resection (EMR) are the established treatment
standards for polyp removall™. The advantages of these methods are relatively short
procedure times and an accepted complication rate, with delayed bleeding in 0.9%
and a risk of perforation between 0.4% and 1.3% depending on the size and location
of the resected lesionl”. A recent modification is underwater EMR. A limited number
of studies suggest that larger lesions can be removed en bloc with low complication
rates and short procedure times!”l. However, despite being widely practiced, the
standard EMR techniques are not perfect. Thus, there still is a considerable rate of
adverse events, particularly perforation and bleeding. Moreover, larger lesions cannot
reliably be removed, which results in incomplete resections. Finally, dense fibrosis
results in nonlifting, difficult-to-treat lesions. This minireview will focus on current
advances in endoscopic resection techniques attempting to overcome these problems,
particularly cold snare resection to reduce complication rates, endoscopic submucosal
dissection (ESD) to increase the en bloc resection rate for larger flat or sessile lesions,
and endoscopic full-thickness resection (EFTR) for difficult-to-resect (nonlifting)
lesions.

REMOVING POLYPS MORE QUICKLY AND SAFELY: COLD
SNARE RESECTION

The disadvantages of conventional hot snare resection are caused by thermal injury.
Possible complications are delayed bleeding and thermal injury resulting in
postpolypectomy syndrome and delayed perforation. Recently, cold snare resection
has been introduced as a possible alternative. The method involves snaring - mostly
with dedicated devices - without the use of additional electrocautery (Figure 1). It has
mainly been applied to small (up to 5 mm) polyps but has recently been extended to
larger lesions. This method offers possible advantages of reducing procedure time
and postinterventional complications while maintaining the same efficacy as
conventional hot snare resection.

Several studies have been published on this subject. A recent meta-analysis
included eight randomized controlled studies with 3195 interventions!l. Compared to
conventional techniques, cold snare resection showed similar efficacy but significantly
shortened procedure times and a trend towards reduced rates of delayed bleeding.
On the other hand, possible disadvantages of cold snare resection techniques were
highlighted in a histopathology study on 184 polyps!”. In this study, cold snare
resection was associated with increased rates of specimen damage, increased rates of
positive margins and a decreased resection depth. Incomplete resections were
observed predominantly for serrated/hyperplastic lesions”. Therefore, cold snare
resection does not seem to be suitable for malignant lesions where one-piece EMR or
ESD are recommended!. In addition, cold snare resection has also been applied to
slightly larger lesions. Along these lines, piecemeal cold snare resection was reported
for 94 lesions > 10 mm with no adverse events and a short-term recurrence rate of
9.7%1". A similar series of 41 lesions with a median size of 15 mm showed no
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Figure 1 Cold snare resection. A: Endoscopic appearance of a small polyp in the sigmoid colon. B: Positioning of a specifically dedicated snare for cold snare
resection. C: Appearance of the resection field with mild bleeding. D: Histopathology showing tubular adenoma (hematoxylin/eosine, magnification: 80-fold).

evidence of complications or recurrence after a follow-up period of 6 mo!"'l. The
current European guideline recommends cold snare resection as the preferred
technique for removal of diminutive polyps (size < 5 mm). In addition, the guideline
recommends this technique also for sessile polyps of 6-9 mm size, although formal
evidence comparing efficacy with conventional hot snare polypectomy is still
lacking!l. With regard to technical issues, the use of dedicated snares seems to be
beneficiall'”l.

In summary, cold snare resection is becoming the standard of treatment for
diminutive (up to 5 mm) and also to small sessile non-cancerous polyps (up to 9 mm).
Larger studies will need to define the exact role of cold snare resection in polyp
removal.

EXPANDING THE BORDER FOR THE RESECTION OF
LARGER LESIONS: ESD

The major advantages of EMR are the relatively short procedure times (ca. 35 min for
larger lesions!"”) and an acceptable complication rate, with delayed bleeding in 0.9%!
and a perforation rate between 0.4% and 1.3%"'“l. It should be emphasized that the
complication rates depend on the size and location of the resected lesion. Thus, a
delayed bleeding rate of 6.7% was reported in a recent multicenter study including >
2000 EMRs!"l. Risk factors for bleeding included the size lesion, polyp location in the
right colon and patient comorbidity!”l. The frequency of perforation after EMR is
between 0.4% and 1.3% and depends on the size and location of the resected lesion!'l.

The disadvantage of EMR is its size limitation of approximately 20 mm. Larger
lesions cannot be resected en bloc and instead must be removed in fragments
(piecemeal EMR technique). This fragmentation implies that a complete resection
cannot be confirmed by histopathology and piecemeal EMR is associated with
recurrence rates of approximately 15%-20% in retrospective series!'"*'! and more than
30% in a recent prospective study on endoscopic piecemeal resection of 252 adenomas
> 20 mm in sizel"". Many risk factors for recurrences have been identified, including
lesion size, number of resected fragments, and more advanced histology
(tubulovillous adenoma or high-grade intraepithelial neoplasia)!'”'’l. Moreover,
multiple recurrences are not a rare event (ca. 20%-40%), although most of them are
amenable to further endoscopic treatment!’l. Notably, incomplete endoscopic
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resection of adenomas is thought to be responsible for 20%-25% of interval cancers.
The recurrence rate implies the necessity of endoscopic controls and compliance with
follow-up endoscopy!'*'".

Whereas EMR of larger flat or sessile lesions will result in fragmented resection,
ESD - developed in Japan for the treatment of early gastric cancer - offers the
possibility of en bloc resection for larger lesions. The method consists of incision of the
mucosa followed by submucosal dissection underneath the lesion to yield an en bloc
specimen with no size restriction (Figure 2). ESD is much more technically demanding
than EMR and requires longer procedure times, with a median procedure time of ca.
70 min in a recent meta-analysis?®*l. The procedure time and level of complexity
depend primarily on endoscopic access to the lesion and access to the submucosal
compartment®]. The method is not considered standard in Europel”, but it has been
included in the Japanese guidelines as the standard technique for larger neoplastic
lesions for which en bloc resection is desirablel’. Most clinical data on colorectal ESD
are from Asia. Larger (> 500 patients) retrospective or prospective observational
studies report en bloc and RO resection rates of 84% to 94.5%, with very few
recurrencest*?!l. In contrast, experience with colorectal ESD is very limited in the
Western world. This is mainly due to the lack of training opportunities, the high level
of skills necessary to perform colorectal ESD and the fact that this method has longer
procedure times and probably also higher complication rates than piecemeal EMR.
However, it is possible to achieve competence in colorectal ESD without prior
expertise in gastric ESD, particularly if training is performed under the supervision of
(Eastern) ESD experts” 1. Consequently, data from Western endoscopists are rare,
with smaller case series and only two publications on larger (n > 150) series, mainly
including lesions localized in the rectum®). Both en bloc and RO resection rates are
lower in those publications than in studies from Asian populations, which is
particularly true for larger lesions in the proximal colonl. Adverse events are more
common for ESD than for EMR, with published perforation rates of approximately
4.8% (2%-14%) for the former!**’!l. However, most perforations are minor and can be
closed with standard clips during or at the end of the procedure, and the rate of
emergency surgery is relatively low (ca. 0.5%). Delayed bleeding is observed after
1.5%-2.8% of interventions. Strictures are observed only occasionally, e.g., after
circumferential resections in the rectum!™.

A recent meta-analysis highlighted the differences between EMR and ESDF, with
the latter having higher en bloc resection rates that come at the cost of higher
complication rates (although most complications can be treated conservatively) and
longer procedure times. Finally, while the concept of en bloc resection of neoplasia is
appealing, ESD also has higher costs than EMR. A recent cost-effectiveness analysis of
wide-field EMR vs ESD concluded that selective ESD for high-risk lesions is the most
cost-effective application of colorectal ESDI™2. Compared with laparoscopic surgery,
ESD has major advantages, although a formal head-to-head comparison is still
lacking**l.

TREATMENT OPTION FOR DIFFICULT-TO-RESECT
NEOPLASIA: EFTR

Conventional endoscopic resection may not be technically feasible in cases of severe
fibrosis, e.g., due to scar formation in adenoma recurrences after previous resection or
in cases of adenomas in specific anatomical locations, e.g., close to a diverticulum or at
the appendiceal orifice. In these situations, EFTR may be a useful alternative. This
method involves a full-thickness plication of the bowel wall, which is secured by an
over-the-scope clip followed by resection of the bowel wall above the clip. The full
thickness resection device (FTRD®) System (Ovesco, Tiibingen, Germany) is a single-
step full-thickness resection device combining a modified over-the-scope clip with an
integrated snarel”’l. After the lesion is marked, the colonoscope is retracted, and the
FTRD is mounted and advanced to the target. The lesion is then pulled into the
resection cap, and after deployment of the clip, the snare is closed and the tissue is cut
(Figure 3). Alternatively, a flat over-the-scope clip (Padlock clip, US Endoscopy,
Mentor, Ohio, United States) is used to create a plication, and the tissue above is then
resected with a snare.

EFTR is particularly useful for the resection of smaller (up to 15-20 mm) nonlifting
lesions. To date, there are only limited data on the efficacy of the method, usually
performed with the FTRD devicel**l. Procedure time depends mainly on the location
of the lesion (sometimes passage to proximal locations can be difficult or even
impossible). It is more time consuming than EMR, and the size of the lesions is limited
by the size of the cap. In the largest prospective study published so far, the RO

Jaishidengs WJG | https://www.wjgnet.com 303 January 21,2019 | Volume25 | Issue3 |



Dumoulin FL et al. Endoscopic resection for colorectal neoplasia

Figure 2 Endoscopic submucosal dissection. A: Endoscopic aspect of a large sessile lesion (Paris 0-Is/0-Ila; lateral spreading tumor, granular type) in the cecum.
B: Start of endoscopic submucosal dissection at the proximal site. C: Mucosal incision at the distal margin. D: Completed resection with resection bed in the cecum. E:
Resected specimen on corkboard. F: Histopathology: tubulovillous adenoma with focal high-grade intraepithelial neoplasia (hematoxylin/eosine, magnification: 80-

fold).

resection rate was 77.7% for 127 patients with nonlifting adenomas. The overall
complication rate was 9.9% and included perforation, fistula, bleeding and
appendicitis; the rate of emergency surgery was 2.2%".

CONCLUSION

Polypectomy and EMR remain the standard treatment options for the removal of
most colorectal neoplasia. They are relatively easy and quick to perform in terms of
technique and have an acceptable complication rate. New developments are
underway with cold snare resection as a method that might be associated with even
shorter procedure times and lower complication rates. In addition, ESD has the
potential for the en bloc resection of larger lesions; it should probably be reserved for
larger lesions suspicious of high grade dysplasia or early invasive cancer. Finally,
smaller difficult-to-resect lesions can now be treated effectively by EFTR.
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Figure 3 Endoscopic full-thickness resection with the full thickness resection device. A: Endoscopic aspect of a recurrence after piecemeal endoscopic
mucosal resection in the ascending colon. B: The lesion is marked and retracted into the resection cap using a grasping forceps. C: Resection bed with over the scope
clip in situ. Note the periluminal fat within the clip. D: Resected specimen on corkboard. E: Histopathology: full-thickness resection specimen with tubulovillous
adenomal/low-grade intraepithelial neoplasia (hematoxylin/eosine, magnification 80-fold).
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Abstract

Elastography-based liver stiffness measurement (LSM) is a non-invasive tool for
estimating liver fibrosis but also provides an estimate for the severity of portal
hypertension in patients with advanced chronic liver disease (ACLD). The
presence of varices and especially of varices needing treatment (VNT) indicates
distinct prognostic stages in patients with compensated ACLD (cACLD). The
Baveno VI guidelines suggested a simple algorithm based on LSM < 20 kPa (by
transient elastography, TE) and platelet count > 150 G/L for ruling-out VNT in
patients with cACLD. These (and other) TE-based LSM cut-offs have been
evaluated for VNT screening in different liver disease etiologies. Novel point
shear-wave elastography (pSWE) and two-dimensional shear wave elastography
(2D-SWE) methodologies for LSM have also been evaluated for their ability to
screen for “any” varices and for VNT. Finally, the measurement of spleen
stiffness (SSM) by elastography (mainly by pSWE and 2D-SWE) may represent
another valuable screening tool for varices. Here, we summarize the current
literature on elastography-based prediction of “any” varices and VNT. Finally,
we have summarized the published LSM and SSM cut-offs in clinically useful
scale cards.

Key words: Elastography; Liver stiffness; Spleen stiffness; Shear wave; Magnetic
resonance elastography; Varices; Portal hypertension; Cirrhosis; Advanced chronic liver

disease

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Elastography-based measurement of liver stiffness (LSM) and spleen stiffness
(SSM) represent an important non-invasive screening tool for esophageal varices (EVs).
Transient elastography (TE) is most widely validated, and the combined TE-based LSM
<20 kPa and platelet count (PLT) > 150 G/L algorithm has been adopted by newest
guidelines as a tool to rule-out varices-needing-treatment (VNTs). While LSM and SSM
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by novel shear wave elastography devices and magnetic resonance elastography (MRE)
may be more accurate to reflect the risk of EV and VNT, their value in clinical practice
remains to be established.
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INTRODUCTION

In 2015, the Baveno VI consensus defined the term “compensated advanced chronic
liver disease” (cACLD) in order to better define the spectrum of advanced fibrosis and
cirrhosis in asymptomatic patients!'l. In patients with chronic liver diseases, transient
elastography (TE) is recommended to screen for cACLD, with values between 10-15
kPa being suggestive and > 15 kPa being highly suggestive for cACLD!. Importantly,
patients with cACLD should be evaluated for the presence of clinically significant
portal hypertension (CSPH) and undergo regular surveillance for hepatocellular
carcinoma (HCC). Detection of CSPH most commonly relies on endoscopic screening
for esophageal varices (EV) but may be (earlier) identified by hepatic venous pressure
gradient (HVPG) measurements showing HVPG > 10 mmHg. Screening for EV is a
cornerstone in the management of cirrhotic patients, since the presence of EV
indicates a distinct inferior prognosis within cACLD patients. Moreover, varices-
needing-treatment (VNT) are defined by large size (= 5 mm) but also include small
varices (< 5 mm) in case of Child-C cirrhosis or if red spot signs are present (1,4).
Patients with VNTSs should receive primary prophylaxis of varices bleeding in order
to prevent variceal bleeding, and reduce the risk of decompensation and death*.

Fibrosis-induced increases of hepatic vascular resistance represents the main
causative factor for CSPH. Consequently, CSPH leads to development of
portosystemic collaterals, such as esophageal-, umbilical-, fundal- and/or rectal-
varices. Thus, in cACLD patients the degree of hepatic fibrosis, i.e., LSM results are
highly suggestive of CSPH and thus, for EV and VNT. Pathophysiologically, CSPH
precludes the formation of EV and can be present in compensated patients that have
not yet developed EVFl. However, due to the limited availability of HVPG, CSPH is
clinically most often diagnosed only after EV are detected by upper-gastrointestinal
endoscopy!“l. Nevertheless, endoscopy is an invasive procedure, requiring training
and specialized infrastructure and is not well perceived by patients. Therefore in
recent years, several studies have investigated liver elastography as a non-invasive
method for the diagnosis of EV and VNT. The Baveno VI consensus statement defined
non-invasive criteria based on liver stiffness measurement (LSM) by transient
elastography and platelet count by which patients can safely avoid screening
endoscopy!'l. In this comprehensive literature review, we summarize current
knowledge on non-invasive elastography-based methods for the detection of EV and
VNT and its implications in daily clinical practice.

Esophageal varices

Referring to our national guidelinest, EV should be graded as: absent, small (< 5mm
of diameter) or large (> 5 mm of diameter), and the presence of red spots should be
indicated for risk stratificationl. While international guidelines also discriminate
between small, medium and large varices!"”! this discrimination is neither clinically
useful, as the international recommendations for the management of medium-to-large
varices are similar but only different to small varices and there is considerable inter-
observer disagreement during endoscopical assessment of variceal size. Thus, we
define for the purpose of this review the following categories: “any EV” as any EV
detected on endoscopy (including small varices) and “varices-needing-treatment”
(VNT) as all (medium)/large varices (= 5mm) and small varices found in patients
with Child-Pugh C cirrhosis or small varices presenting red spot signs. Accordingly,
the capability of non-invasive elastography methods to detect “any varices” and
“VNT” was analyzed seperately.
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ELASTOGRAPHY METHODS

Over the years, several methods to non-invasively stage fibrosis have been
implemented: vibration-controlled or transient elastography (TE), point shear-wave-
elastography (pSWE), two dimensional shear wave elastography (2D-SWE) and
magnetic resonance elastography (MRE).

Elastography assesses tissue elasticity, which is defined as the tendency of tissue
that resists deformation when force is applied and the return to its original form once
the force is removed!”l. To calculate stiffness certain formulas are used that include
variables for tissue elasticity, tissue density and shear wave velocity”l. In SWE,
dynamic stress is applied to the tissue via mechanical vibrations in TE, and acoustic
radiation impulses in pSWE and 2D-SWE!l. Shear waves generated by the device are
propagated by the underlying tissue, and measured perpendicular to the acoustic
radiation force or parallel to the one-dimensional TE impulsel®l. The shear wave
propagation speed varies between tissue densities. This propagation velocity is then
measured by the device and reflects tissue elasticity!”. In MRE, a passive driver,
stimulated by acoustic waves enacts physical pressure pulses on the right abdomen
and thus, the liver, which is captured and visualized using specific magnetic
resonance sequences and software algorithms. In contrast to TE and ultrasound-based
SWE that evaluate liver stiffness only locally in small, defined areas limited to a few
mm? (pSWE, TE) or up to 4 cm? (2D-SWE), MRE is able to assess stiffness within the
entire volume of the liver (3D-SWE). MRE has been reported to be highly
reproducible and very accurate in differentiating between low stages of liver
fibrosis(®’1.

While most studies on TE, pSWE, 2D-SWE and MRE have focused on correlation
with liver fibrosis on histology, several other studies have focused on their potential
to non-invasively predict the presence of EV and VNT. We summarized the most
important studies in Table 1 (TE), Table 2 (pSWE), Table 3 (2D-SWE) and Table 4
(MRE). We furthermore created graphical charts marking important cut-offs for each
method, that can easily be implemented in daily clinical practice (see Figure 1 for TE-,
Figure 2 for pPSWE-, Figure 3A for 2D-SWE- and Figure 3B for MRE-derived cut-offs).

TE

TE is a one dimensional SWE method that measures liver (LSM) or spleen (SSM)
stiffness at a depth of 2.5-6.5 cm beneath the skin with an exploration volume of 3
cm?’l. The propagation velocity of the shear wave is directly proportional to the
stiffness of the liver, which in other words means “the faster, the stiffer”!""l. Results
measured by SWE are usually presented as either m/s (tissue velocity) or kPa
(estimated tissue elasticity). To secure reliability and validity, at least ten
measurements should be performed and results must fulfill established quality
criteria (median/interquartile range ratio < 30%)!'"""l. However, LSM results obtained
in obese patients and patients with ascites have to be interpreted with caution; in
some rare cases, valid measurements cannot be obtainable by TE-based LSM!'"’\. For
obese patients, a separate probe (XL) has been developed that increases the
proportion of (obese) patients in whom valid LSM can be obtained since
measurements are read at high depth and recommendation to use the XL-probe are
based on higher skin-to-liver-capsule distances. However, the LSM results obtained
by the TE-XL probe may slightly deviate from the standard TE-M probel'>'*l.

One of the first studies to report LSM cut-offs for predicting EV was Kazemi et al. in
2006""). In a prospective cohort with mixed etiologies, the authors identified 13.9 kPa
for any varices (including small varices) and 19.0 kPa for VNT as the suitable cut-offs.
In the same year, Foucher et all'”l published a cut-off of 27.5 kPa for ruling-out VNT,
also in a mixed cohort of patients. Since then, several studies have been published
(Table 1); unfortunately, results on optimal LSM cut-offs vary exceedingly. For the
prediction of presence of varices of any size (“any varices”), cut-offs between 6.8
kPal'? and 28.0 kPal'! were reported. For the prediction of VNT, which should not be
missed by non-invasive screening, values ranged between 14 kPal'! and 43 kPa™. One
of the main issues for the highly variable results are diverse aims and approaches of
the authors: in studies with a focus on ruling in the presence of EV reporting positive-
predictive values (PPV) > 90%, cut-offs range from 15 kPa”" to 28kPal'"l, whereas
studies focusing on ruling out EV and reporting negative-predictive values (NPV) >
90%, results ranged between 19 kPal""l and 48 kPal*’l.

In 2015 the Baveno VI consensus report on the treatment of portal hypertension!'!
was published. These guidelines proposed that in cACLD patients with LSM values <
20 kPa and platelet count (PLT) > 150 G/L, screening endoscopy for esophageal
varices can be omitted, since these patients have a very low risk for VNT. Since then,
multiple studies validating these criteria have been published!"”***1. Finally, in a meta-
analysis by Marot?*! analyzing data of 3364 patients, the LSM cut-off of 20 kPa (alone)
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Table 1 Studies on transient elastography for the prediction of varices

Main
Author, et oo g conclusions
j I, year of Country Study design Etiology i T A A 2 (Specificity/Sen
jourrlla , y with VNT AUC EVIVNT e
publication sitivity,
PPVINPV)
Foucher, Gut, France Prospective Mixed EV: VNT: 144 42 (29%) 85 LSM:n/a 27.5 LSM: EV:n/a
2006!'°! (59%) kPa, AUC0.73  VNT: Sens. 88%,
Spec. 53%, PPV:
45%, NPV: 90%
Kazemi, | France Prospective Mixed EV: VNT Total: 165 74 LSM: 13.9 kPa, LSM: EV: Sens.
Hepatol, 2006!'"] (44.8%) 47 (28.5%) AUC:0.8419.0  92%, Spec. 39%,
kPa, AUC 0.83, PPV 55%, NPV
85% VNT: Sens.
89%, Spec. 59%,
PPV 47%, NPV:
93%
Vizzutti, Ttaly Prospective HCV EV: VNT Total: 61 30 LSM: 17.6 kPa, LSM: EV: Sens.
Hepatology, (49.2%) 18 (38.2%) AUCO0.76 27.4 90%, spec. 43%,
200711 kPa, AUCO0.76 PPV 77%, NPV
66% VNT: Sens.
70%, spec. 78%,
PPV 90%, NPV
55%
Bureau, Aliment France Prospective Mixed EV: VNT Total: 150 64 LSM: EV: 21.1 LSM: EV: sens.
Pharmacol Ther, (42.6%) 43 (28.6%) kPa, AUC 0.85 84%, spec. 71%
2008111 VNT/large: 29.3  VNT: sens. 81%,
kPa, AUC 0.76 spec. 61%
Castéra, | France Prospective HCV EV: VNT Total: 70 25 LSM: 139 kPa, LSM: Cut-off 13.9
Hepatol, 20091 (35.7%) 15 (21.4%) 17.6kPa,21.5kP;  kPa: Sens. 96%,
AUC0.96 19 kPa,  Spec. 39%, PPV
21.5 kPa; 30 kPa,  49%, NPV 94%
AUC 0.87 Cut-off 17.6 kPa:
Sens. 84 %, Spec.
61%, PPV 57%,
NPV 86% Cut-off
21.5 kPa: Sens.
76%, Spec. 78%,
PPV 68%, NPV
84% Cut-off 19.0
kPa: Sens. 85%,
Spec. 62%, PPV
35%, NPV 94 %
Cut-off 21.5 kPa:
Sens. 85%, Spec.
68%, PPV 39%,
NPV 95% Cut-off
30.5 kPa: Sens.
77%, Spec. 5%,
PPV 56%, NPV
94%10
Nguyen-Khac, France Prospective Mixed EV: VNT Total: 183 NR 41 LSM: 48 kPa; LSM: Sens. 73%,
Alcohol Clin Exp (22%) AUC 0.75 ALD: Spec. 73%, PPV
Res; 20101 47.2KPa, AUC  44%, NPV 90%
0.77 Viral: 19.8 ~ ALD: Sens. 85%,
kPa, AUC 0.73 Spec. 64%, PPV
44%, NPV 93%
Viral: Sens. 89%,
Spec. 55%, PPV
27%, NPV 96 %
Stefanescu, | Romania Prospective ALD and/or EV: VNT Total: 137 116 LSM: EV: 28 kPa, LSM: Sens. 74%,
Gastroenterol HCV or healthy (85%) 60 (44 %) AUC0.75SSM:  Spec. 64%, PPV
Hepatol, 20111"%1 controls EV: 46.4 kPa, 92%, NPV 31%
AUCO0.78LSM + SSM: Sens. 84%,
SSM: EV:LSM 19  Spec. 71%, PPV
kPa, SSM 55 kPa  94%, NPV 46%
NR LSM (19 kPa) +
SSM (55 kPa):
Sens. 93%, Spec.
40%, PPV 95%,
NPV 33% NR
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Stefanescu, |
Gastrointestin
Liver Dis, 20111%°]

Chen, |
Gastroenterol
Hepatol, 201254

Wang, |
Gastroenterol
Hepatol, 201211

Colecchia,
Gastroenterology,
20121

Sporea, Med
Ultrason, 20131°]

Calvaruso, |
Viral Hepat,
201311

Shi, Liper Int,
201311

Sharma, Am |
Gastroenterol,
201381

Romania

China

Taiwan

Italy

Romania

Italy

China

India

Prospective

Prospective

Prospective

Prospective

Prospective

Prospective

Meta-analysis

Prospective
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ALD and/or
HCV

HBV

HBV

HCV

Viralalcoholic

HCV

Mixed Sub-
analyses for viral
etiologies

Mixed

312

EV: VNT Total: 231 157 LSM: 19 kPa, LSM: Sens. 84%,
(68%) 68 (30%)  AUC 0.66 38 kPa,  Spec. 32%, PPV
AUC 0.69 72%, NPV 49%
Sens. 56%, Spec.
75%, PPV 47%,
NPV 81%
EV: VNT Total: 222 96 LSM: NR Al117.1 LSM: NR Cut-off
(43%) 82 (40%) kPa, AUC 0.73 17.1 kPa: Sens.
ALT >5 x ULN: 90%, Spec. 44%,
36.1 kPa, AUC PPV 47%, NPV:
0.92 CPC A, rule-  88% Cut-off 36.1
out EV : 7.9 kPa, kPa: PPV 73%,
AUCO0.79CPCA, NPV 100% Cut-
rule-in 34.6 kPa, off 7.9 kPa: Sens.
AUC0.79 97%, NPV 95%
Cut-off 34.6 kPa:
Spec. 94%, PPV
73% LSPS: Cut-off
3.5: Sens. 78%,
NPV 86%
(exclusion) Cut-
off 5.5: Spec. 90%,
PPV 76%
(inclusion)
EV: VNT Total: 126 48 LSM:12.0kPa, = LSM: Sens. 67%,
(38%) 13 (10%) AUC0.79 21.0 Spec. 77%, PPV
kPa, AUC 0.87 64%, NPV 79%
Sens. 77%, Spec.
87%, PPV 40%,
NPV 97%
EV: VNT: Total: 100 53 LSM (AUC 0.90):  LSM: Sens. 96%,
(53%) 26 (26%) cut-off 164 kPa  Spec. 60% (rule
cut-off 25.0kPa  out) Sens. 57%,
SSM (AUC 0.94):  Spec. 98% (rule
cut-off 41.3 kPa in) SSM: Sens.
cut-off 55.0 kPa 98%, Spec. 66%
NR (rule out) Sens.
72%, Spec. 96%
(rule in) NR
EV: VNT: Total: 697 387 NR All: 29.5kPa  NR Sens. 77.5%,
(54.5%) 273 (0.871) Alcohol:  Spec. 86.9% Sens.
(39.1%) 32.5 kPa (0.836) 85.0%, Spec.
Viral: 24.8 kPa 74.6% Sens.
(0.867) 81.0%, Spec.
80.7%
EV: VNT: Total: 96 54 LSM:17.0 kPa, LSM: Sens. 71%,
(56.3%) 26 (27.1%) AUC0.71 Spec. 57%, PPV
Modified SSM (0-  67%, NPV 62%
150kPa): 50.0kPa,  Modified SSM:
AUCO0.70LSM:  Sens. 65%, Spec.
19.0 kPa, AUC 61%, PPV: 69%,
0.71 Modified NPV: 57% LSM:
SSM (0-150kPa):  Sens. 72% Spec.
54.0 kPa, AUC 55%, PPV 38%,
0.82 NPV 84%
Modified SSM:
Sens. 80%, Spec.
70%, PPV: 47%,
NPV:90%
EV: VNT: Total: 3644 1786 LSM (pooled): LSM (pooled):
(49.0%) 1166 15.1-28.0 kPa; Sens. 87%, Spec.
(32.0%) AUCO0.8417.8- 53%, PPV 79%,
48.0 kPa; AUC NPV 64% Sens.
0.78 86%, Spec. 59%,,
PPV 79%, NPV
66%
EV: VNT: Total: 174 124 LSM: 27.3 kPa, LSM: Sens. 91%,
(71.3%) 78 (44.8%) AUC 0.91;SSM:  Spec. 72%, PPV
40.8 kPa, AUC 89%, NPV 76%,
0.90 NR SSM: Sens. 94%,
Spec. 76%, PPV
91%, NPV 84%
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EV: VNT:

EV: VNT:

EV: VNT:

EV: VNT:

EV: VNT:

EV: VNT:

EV: VNT:

EV: VNT

EV: VNT:

EV: VNT:

Total: 62 50 (81%)
32 (52%)

Total: 60 47 (78%)
32 (53%)

Total: 200 110
(55%) 69 (35%)

Total: 2,994
Studies: 20 NR
NR

Total: 144 31
(21.5%) 2 (1.4%)

Total: 310 72
(23%) 15 (5%)

Total: 518 217
(42%) 67 (13%)

Total: 3364 NR
(49.0%) NR
(32.0%)

Total: 2697 NR
NR

LSM: 18.2 kPa,
AUCO0.79 22.4
kPa, AUC 0.80

LSM: 15 kPa,
AUC 0.96 28.8
kPa, AUC 0.90

LSM: 20.3 kPa,
AUCO0.8425.6
kPa, AUC 0.86

LSM NR 14.5-48.0
KkPa (0.83)

LSM: (0.690) Rule
out: 6.8 kPa Rule
in: 20.8 kPa SSM:
(0.736) Rule out:
21.4 kPa Rule in:
50.5 kPa NR

LSM: 20 kPa,
AUC 0.686 LSM
(20 kPa) and PLT
(150 G/L): AUC

0.746

NR (AUC 0.71)
LSM: 14.0 kPa
(AUC 0.67) LSM
(20 kPa) and PLT
(150 G/L): AUC
0.76

LSM: 20 kPa:
AUC: NR LSM
(20 kPa) and PLT
(150 G/L): AUC:
NR

LSM (pooled): 20
kPa, AUC 0.83 30
kPa, AUC: 0.83

LSM: Sens. 82%,
Spec. 73%, PPV
89%, NPV 49%
Sens. 84%, Spec.
72%, PPV 84%,
NPV 72%

LSM: Sens. 95%,
Spec. 100%, PPV
100%, NPV 86%
Sens. 87%, Spec.
83%, PPV: 84%,
NPV: 86%

LSM: Sens. 84 %,
Spec. 73%, PPV
72%, NPV: 91%
Sens. 86 %, Spec.
72%, PPV 79%,
NPV: 81%

LSM Sens 81%,
Spec 71%,

Sens. 90.3%, Spec
29.2%, PPV
25.9%, NPV 91.7%
Sens. 29.0%, Spec.
90.3%, PPV
45.0%, NPV 82.3%
Sens. 90.3%, Spec
43.4%, PPV
30.4%, NPV 94.2%
Sens. 45.2%, Spec.
90.3%, PPV
56.0%, NPV 85.7%
NR

Sens. 67 %, Spec.
55%, PPV 7%,
NPV 97% Sens.
87%, Spec. 34%,
PPV 6%, NPV
98%

NR NR NR

LSM and PLT
(150 G/L): Sens.
89%, Spec. 38%,
PPV:43%, NPV:

86% Sens. 93%,
Spec. 30%, PPV
14%, NPV 97%

LSM: Pooled:
Sens. 84%, Spec.
62%, Cut-off 20
kPa: Sens. 83%,
Spec. 68%, PPV:
n/a, NPV:n/a

Pooled: Sens.
78%, Spec. 76%,
Cut-off 30 kPa:
Sens. 73%, Spec.
74%,PPV:n/a,

NPV:n/a

Total: 161 25 LSM: 20.0 kPa, LSM: Sens. 76%,
(15.5%) NR AUC: NR LSM Spec. 71%, PPV:
(20kPa) and Plt  32%, NPV: 94%
(150 G/L), AUC:  LSM+PIt: Sens.
NR 88%, Spec. 38%,
PPV 21%, NPV
94%
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2018171

Manatsathit, |
Gastroenterol
Hepatol, 20180*"]

Petta, | Hepatol,
201811

Colecchia, |
Hepatol, 20181

Hong Kong

USA

Italy

Ttaly

Prospective Mixed EV: VNT: TE exam.: 264 51 LSM:20.0 kPa, LSM: Sens: 96%,
(18.6%) 11 (4.0%) AUC:NRLSM  Spec.: 26%, PPV:
(20 kPa) and PIt ~ 47%, NPV:91%
(150 G/L): AUC: LSM+PLT: Sens.
NRSSM:41.3  91%, Spec.: 18.1%,
kPa; AUC:NR  PPV:10%, NPV:
96% NR
Meta-analysis Mixed EV: VNT: LSM: 4,337 SSM:  LSM (pooled): LSM (pooled):
1,1119 LSM: 1681 cut-offs NR; AUC  Sens. 84%, Spec.
(56 %) SSM: 968 0.82 SSM 64% SSM
(51%) LSM: 1466  (pooled): cut-offs  (pooled): Sens.
(34%) SSM: 383 NR; AUC: 0.90 91% Spec. 66%
(34%) LSM (pooled): LSM: Sens. 85%,
cut-offs NR; AUC  Spec. 64% SSM:
0.83 SSM Sens. 90%, Spec.
(pooled): cut-offs ~ 73% LSM: Sens.
NR; AUC 0.81 85%, Spec. 63%
SSM: Sens. 87%,
Spec. 52%
Retrospective NAFLD/NASH EV: VNT: Total: 790 249 NRLSM:20kPa  NR Validation
analysis of (31.5%) 91 (11.5%)  +PIt150 G/L: set: Sens. 37%,
prospective data AUC LSM 25 kPa spec. 96%,
+Plt 110 G/L: PPV:18%,
AUCLSM30kPa  NPV:0.96 XL
+PIt 110 G&L:  probe, Validation
set: Sens. 93%,
spec. 51%, PPV:
18%, NPV:98% M
probe, validation
set: Sens. 78 %,
spec. 68%,
PPV:27%,
NPV:96%
Prospective + Mixed EV: VNT: Total: 498 252 NR LSM: AUC: NR NR Sens.
retrospective (50.6%) 100 0.768 LSM (20 98%, Spec. 26%,
validation cohort (20.1%) kPa) + Plt (150 NPV 98% Sens.
G/L): AUCO0.732  98%, Spec. 44%,
SSM: 46 kPa: NPV 99% Sens.
AUC0.847 LSM  96%, Spec. 53%,
(20 kPa)+PIt (150 NPV 98%
G/L)+SSM (46
kPa):AUC 0.787

AUC: Area under the (receiver operating) curve; CSPH: Clinically significant portal hypertension; LSM: Liver stiffness measurement; L-SWE: Liver shear
wave elastography esophageal varices; TE: Transient elastography; Plt: Platelet count; VNT: Varices needing treatment; Se: Sensitivity; SSM: Spleen
stiffness measurement; Sp: Specificity; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio; NR: Not reported; S-SWE: Spleen share wave
elastography; ASPS: ARFI-spleen diameter to platelet ratio; ARFI: Acoustic radiation force impulse; PRED: Prediction of significant EV score.
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was found to predict the presence of EV with a PPV of 43% and a NPV of 86%.
Importantly, another meta-analysis by Pu including 2697 patients reported similar
results with a sensitivity of 84% and a specificity of 68% (PPV and NPV not
reported)®l.

In summary, LSM is a very valuable non-invasive tool for non-invasive exclusion of
VNT. However, due to the high variance of results (cut-offs, PPV and NPV values)
reported in the literature, we cannot recommend to rely on TE as a single tool for the
prediction of EV or VNT, but advise using combination algorithms instead.

TE: combination algorithms
Since the publication of the Baveno VI guidelines!", most studies reported data on the
combination algorithm of LSM + PLT (commonly at the cutoff 150G/L) to rule-out
VNT. One of the first studies was the "Anticipate study’l"”; however, with an AUC of
0.76, results for this algorithm were rather disappointing. Maurice et al*? evaluated
these criteria in 310 patients and reported a PPV of 6% and a NPV of 98%, indicating
that these criteria be highly accurate for ruling out VNT as intended. Wong et al*’!
prospectively analyzed 274 patients and found similar results with a PPV of 9.5% and
a NPV of 95.5%. Most recently, the Baveno VI criteria were tested in a large cohort of
NAFLD patients and performed very well, missing only 0.9% of large EV*I.
Moreover, a large meta-analysis by Marot including 3364 patients with mixed
etiologies of liver disease reported an excellent NPV for ruling out VNT (98%) using
the cut-offs proposed by the Baveno VI consensus™!.

However, according to a recent study by Augustin et al, 40% of all endoscopies
performed when applying the Baveno VI criteria to rule out VNTs did not detect
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Figure 1 Summary of studies that reported transient elastography derived cut-offs on the non-invasive diagnosis of any varices (A), varices needing
treatment (B) using liver stiffness measurement and spleen stiffness measurement respectively (C).

varices. The surprisingly low number of spared endoscopies could be increased by
raising the cut-off for LSM to 25kPa and lowering the PLT threshold to 110 G/L
(‘expanded Baveno VI criteria’)*1. Also Jangouk et al. refined and redefined the Baveno
VI criteria by applying the ‘Meld-6" rule, where patients that did not fulfill the Baveno
VI criteria due to PLT < 150 G/L but had a MELD of six (i.e., normal/preserved liver
function) were all not found with VNT, proposing that the number of spared
endoscopies could be increased by this adaption of the Baveno VI criteria®.

In 2013, Sharma et al®’! identified not only LSM, but also spleen stiffness
measurement (SSM) as a non-invasive surrogate parameter for the prediction of EV.
Indeed, several studies have subsequently investigated the predictive value of SSM
using TE” 4. Importantly, SSM is also able to capture portal hypertension that is
due to pre-sinusoidal or pre-hepatic causes that may not be detected by LSM. SSM has
universally been shown to be at least equal, if not superior to LSM in regard to the
detection of EV as well as of VNT!****I, This includes a very recent meta-analysis
from 2018 by Manatsathit!”'! including 4337 patients of mixed etiologies who
calculated a pooled AUC of 0.90 for SSM for the detection of any EV as compared to a
pooled AUC of 0.82 for LSM, and a pooled AUC of 0.81 vs 0.83 for the detection of
VNT for LSM and SSM, respectively. Sharma et al®! even concluded in their study
that, in contrast to LSM, SSM can differentiate between small and large varices.

However, there is a limitation to SSM, as routine TE units (Fibroscan®, Echosens,
France) are generally capped at a fibrosis value of 75 kPa. While LSM mostly remains
within this range in cACLD patients, in severe portal hypertension SSM can exceed
this threshold, especially in patients at highest risk of VNT. For this reason, in a study
by Calvaruso et al*! investigating SSM for the prediction of VNT, the authors used a
modified TE unit with a maximum stiffness limit of 150 kPa, demonstrating superior
ability of SSM to predict VNT with an AUC of 0.80 as compared to LSM with an AUC
of 0.71, respectively. Accordingly, Stefanescu et al*! combined LSM (cutoff 19 kPa)
and SSM (cutoff: 55kPa) into a simple diagnostic algorithm to rule-in any EV with a
sensibility of 93% and a PPV of 95%.

In conclusion, combining TE-based LSM with other non-invasive parameters such
as PLT or SSM significantly increases the diagnostic accuracy for predicting the
presence of EV. Given the convincing evidence, the combined Baveno VI criteria to
rule out VNT at TE-based LSM < 20kPa and PLT > 150G/L have already been
adapted into national guidelines.

Point shear wave elastography

In contrast to TE as a 1D-SWE that uses vibration-controlled dynamic stress, pPSWE
and 2D-SWE are based on the ultrasound-based acoustic radiation force impulse
(ARFI) technology!”l. In pSWE, ARFI is used to generate a high-intensity short-
duration acoustic pulse that slightly displaces liver tissue at one specific pointl®”l. As
AREFI is usually implemented into modified ultrasound probes, one of the major
advantages compared to TE is the availability to visualize liver tissue via B-Model"'"].
Furthermore, the tissue is being displaced directly in the liver with focus on the ROI
rather than on the body surface, making the technique less prone to ascites or
obesityl®'l. However, pSWE is limited by the small region of interest (ROI) compared
to other SWE modalities, which makes it more prone to “sample” bias and to artefacts,
e.g., due to patient movements!'’l. In 2014, Salzl et al™! reported an AUC of 0.855 for
the prediction of CSPH and an AUC of 0.743 for the prediction of EV using pSWE (as
compared to EV prediction by TE with an AUC of 0.802). Similar results were found
in a Japanese cohort of patients with mixed etiologies with an AUC 0.833 for the
prediction of CSPH, an AUC of 0.789 for any varices and AUC an 0.788 for VNT
respectively!”l. Most recently LSM via pSWE was found to predict presence of EV
with an AUC of 0.913, as compared to pSWE-based SSM with an AUC of 0.675,
however, only 21 patients with “low-grade EVs” and none with VNT have been
included.

After the promising result of TE-based SSM, several studies have been published
on the value of pSWE-based SSM for the diagnosis of CSPH and for EV*. The AUC
of pSWE-based SSM ranged from 0.5780*1 to 0.9591*1 for any EV and between 0.580!""!
to 0.955" for VNT. In a large cohort of 340 patients with mixed etiologies, SSM had
the best diagnostic accuracy for the identification of patients with any EV (AUC 0.937
for viral, AUC 0.923 for non-viral etiologies) or VNT (AUC 0.924 for viral, 0.944 for
non-viral etiologies) when compared to other non-invasive parameters (such as LSM,
spleen diameter and PLT)!.
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Table 2 Point shear wave elastography for the prediction of varices

Cut-off Sens/Spec/ Cut-off Se/Sp/+LR/

Ref. Country :::,d}:, N Etiology Device  (AUC)for +LR/-LR/p (AUC)for -LR/pfor Comments
g EV forEV  VNT VNT
Vermehren Germany  Prospective 166 Mixed Acuson NR NR L-SWE:  NR Youden:  Cut-offs
, Liver 52000 (0.58)S-  35%/83%/2. only
Internationa SWE: (0.58) 06/0.78/PP  calculated
12011141 Youden:  V54%/NPV  for SSWE
413m/s  69% Highest and TE, but
Highest NPV: not for L-
NPV:3.04 90%/25%/1. SWE
m/s 19/0,4/PPV
40% /NPV
81%
Bota, Romania  Prospective 145 Mixed, Acuson NR NR L-SWE: 2.25 LSM: VNT:
Annals of Cirrhosis: 24 healthy S2000 m/s (0.596) 93.4%/28.9 Varices
Hepatology, S-SWE: 255 9%/PPV48.5  >grade?2
201211 m/s (0.578) %/NPV:85.7
PRED: 0.395 % SSM:
(0.721) 96.7%/21%/
PPV:47.6%/
NPV:53.1%
PRED:
75%/61.8%/
PPV:61.4%/
NPV:69.6%/
p=0.0001
Ye, Journal China Prospective 264, Chronic Acuson L-SWE:3.16 841%/81.0 L-SWE:3.39 78.9%/78.3 Main focus
of cirrhosis: HBV, S2000 m/s (0.83) %/NR m/s (0.83) % on liver
Ultrasound 141 healthy stiffness
in Medicine, evaluation
201211 VNT:
Varices
>grade 3
Takuma et Japan Prospecttive 340 Mixed Acuson S-SWE: 98.4% /60.1 S-SWE: 98.9%/62.9 No cut-offs
al. 52000 cirrhosis:  %/2.468/0.0  cirrhosis:  %/2.661/0.0 for L-SWE
Gastroenter 317 m/s 25/PPV 3.30m/s 18/PPV reported -
ology (0.933) 61.0%/NPV (0.930) 47.8%/NPV significantly
201311 Comp.:3.18 98.4%/acc. Comp:3.30 99.4%/acc. superior S-
m/s (0.934) 75.0% m/s (0.921) 72.1% SWE results
Decomp:  98.4%/63.4  Decomp:  97.5%/66.7
322m/s  %/2.689/0.0 345m/s  %/2.925/0.0
(0.936) Viral: ~ 25/PPV: (0.934); S- 38/PPV:
318 m/s 50.4%/NPV: Viral:3.30 38.6%/NPV:
(0.937) 99.0%/acc:  m/s (0.924); 99.2%/acc:
Nonviral: 73.0% Nonviral: 72.1%
324m/s  98.6%/500 341m/s 97.9%/73.1
(0.923) L-  %/1.971/0.0 (0.944) %/3.643/0.0
SWE: NR 29/PPV: 29/PPV:
(0.746) 75.8%/NPV: 71.9%/NPV:
85.7% /acc: 98.0% /acc:
79.8% 83.3%
98.9% /59.9 98.2%/63.8
%/2.464/0.0 %/2.243/0.0
19/PPV: 29/PPV:
57.5%/NPV: 43.2% /NPV:
99.0% / acc: 99.2% [ acc:
73.7% 71.3%
97.7% /65.2 96.9%/71.9
%/2.808/0.0 %/2.267/0.0
36/PPV: 43/PPV:
57.5%/NPV: 66.0% /NPV:
99.0% /acc: 97.6% /acc:
73.7% 80.9%
Mori, Japan Prospective 33 cirrhosis: Mixed, Acuson 2000 NR NR NR NR Neither liver
BioMed 24 including nor spleen
Research healthy stiffness
Internationa correlated
12013 with
presence of
EV
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Ultrasound
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Austria Prospective

Japan Prospective

South Korea Prospective

Germany  Prospective

Korea Prospective

South Korea Prospective

UK Prospective

Italy Prospective

88

181

143

78

125

366

58

42

Mixed Acuson
S2000
Chronic Acuson
HCV S2000
Mixed Acuson
S2000
Mixed Acuson
S2000
Mixed Acuson
S2000
ALD or viral iu22
Mixed Acuson
S2000
Mixed iu22

L-SWE: 2.74
m/s (0.743)

L-SWE: 2.05
m/s (0.890)

L-SWE: 2.08

m/s (0.769)

ASPS: 1.67
(0.903)

L-SWE
(HVPG
>10mmHg):
229m/s
(0.840) L-
SWE (HVPG
>12mmHg):
270 m/s
(0.878) S-
SWE
(HVPG210m
mHg):2.55
m/s(0.899)
S-SWE
(HVPG212m
mHg):2.71
m/s (9.31)

L-SWE:
cutoff NR
(0.747) S-
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m/s(0.785)

L-SWE: NR
S-SWE: 29.9
KkPa (0.859)

NR

L-SWE:
12.27 kPa
(0.913)s-
SWE:
23.87kPa
(0.675)

62.5%/89.5
%/PPV:
91.5%/NPV:
56.9%

Training set:
83%/76% /P
PV:

78% /NPV:
81%
Validation
set:
83%/77% /P
PV
59%/NPV:
92%

64.9% /81.1
%/3.44/0.43
/PPV
54.5% /NPV:
86.9%
81.1%/84.0
%/5.06/0.23
/PPV
63.8% /NPV:
92.7%

91%/85% /6.
08/0.1/<0.0
01/PPV
95% /NPV
74%
93%/77% /4
00,/0.09/<0.
001/PPV
89% /NPV
85%
95%/90% /9.
06/0.05/<0.
001/PPV
97%/NPV
85%
95%/92% /1
1.86/0.06/<
0.001/PPV9
7% /NPV
89%

NR
87.0%/60.4
%/PPV
77.9% /NPV
64.4%

L-SWE:NR
S-SWE:
58.1%/79.1
%/<0.001/P
PV:81.6%/N
PV:82.8%

NR

100%/66.67
%/NR
73,81%/59.5
2%/NR

NR

L-SWE: 2.39
m/s (0.868)

L-SWE: 1.90
(0.786)
ASPS: 2.83
(0.946)

NR

L-SWE:
cutoff NR
(0.687) S-
SWE: 3.40

m/s (0.762)

NR

NR

NR

NR

Training set:
81%/82% /P
PV:

69% /NPV:
89%
Validation
set:
83%/77% /P
PV:

59% /NPV:
92%

85%/67.5%/
2.61/0.22/P
PV:
29.8% /NPV:
96.5%
90%/94.3% /
15.81/0.11/
PPV:
72.0%/NPV:
98.3%

NR

NR
78.9%/63.0
%/PPV
60.3% /NPV
80.7%

NR

NR

NR

Size of EV
was not
defined

High
discriminati
ve power of

ASPS
confirmed in

validation
cohort

SSM
independent
ly predicted
presence of

CSPH+EV

VNT:
medium-
large varices

High rate of
unreliable
results (25%)
No
significant
correlation
with L-SWE

ARFI not
suitable to
predict GOV
(P=0.15)

High rate of
inconclusive
results (22%)

AUC: Area under the (receiver operating) curve; CSPH: Clinically significant portal hypertension; LSM: Liver stiffness measurement; L-SWE: Liver shear
wave elastography esophageal varices; TE: Transient elastography; Plt: Platelet count; VNT: Varices needing treatment; Se: Sensitivity; SSM: Spleen
stiffness measurement; Sp: Specificity; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio; NR: Not reported; S-SWE: Spleen share wave
elastography; ASPS: ARFI-spleen diameter to platelet ratio; ARFI: Acoustic radiation force impulse; PRED: Prediction of significant EV score.

Importantly, while TE-based elastography is a simple technique that can be
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Figure 2 Summary of studies that reported point shear wave elastography derived cut-offs on the non-invasive diagnosis of any varices and varices

needing treatment (A) using liver stiffness measurement and spleen stiffness measurement respectively (B).

performed by trained personal (e.g. nurses), while ultrasound-based pSWE (and 2D-
SWE) is critically dependent on the experience of the ultrasound operator!*’l. In
addition, the accuracy of pSWE-based assessment of LSM and SSM can be improved

by following quality criterial*.

In synopsis, pPSWE has been widely evaluated for the prediction of EV, mostly
through SSM. Nevertheless this technique might not be available everywhere, AUC of
SSM vary and too few studies have been published about pSWE-LSM to predict

presence of EV.

2D shear wave elastography

In contrast to pSWE , 2D-SWE uses two-dimensional measurement of shear wave
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Table 3 Two-dimensional shear wave elastography for the prediction of varices

Stud Cut-off Sens/Spec/ Cut-off Se/Sp/+LR/
Ref. Country desi {1 Nr. Etiology Model (AUC) for +LR/-LR/p (AUC)for -LR/pfor Comment
b EV forEV  VNT VNT
Kim, Liver Korea Prospective 92 Mixed Aixplorer L-SWE: All L-SWE: All NR NR Main focus
Internationa patients: patients: on
1,20150 263kPa  61.4%/75.0 prediction of
(0.683) % /PPV PHT/CSPH
Compensate 89.6% /NPV
d cirrhosis:  35.7%/P =
14.2 kPa 0.004
(0.925) Compensate
d cirh.:
87.5%/90.0
% /PPV
93.3%/NPV
81.8%/ P <
0.001
Grgurevic, Croatia  Retrospectiv 44 Mixed Aixplorer L-SWE:19.7  L-SWE: NR NR
Croatian e kPa (0.796)  83.3%/66.6
Medical S-SWE:30.3 %/2.5/0.25/
Journal kPa (0.790) 0.037 S-
201571 SWE:
79.6%/75.8
%/3.3/0.27/
0.009
Kasai Japan Retrospectiv 273 Mixed Aixplorer  Cut-off: NR NR NR NR No cut-offs
Journal of e AUC: (0.807) or
Medical sensitivity
Ultrasonics, analyses
201514 reported;
varices: >
grade 2
Elkrief et al. France Prospective 79 Mixed Aixplorer NR NR NR NR EV not
Radiology evaluated;
201511 Neither L-
SWE, nor S-
SWE, nor L-
TE, nor
LSPS
predictive of
VNT, but
predictive of
CSPH
Cassinotto, France Prospective 401 Mixed Aixplorer NR NR L-SWE: 12.8 L-SWE:
Digestive 0.70)S-  92%/36%/1.
Liver SWE:25.6 44/0.22/NR
Disease (0.75) /PPV:
201511 44% /NPV:
90% S-SWE:
94% /36%/1.
47/0-
17/NR/PPV
:50% /NPV:9
0%
Kim et al. Korea Retrospectiv 103 Mixed Aixplorer L-SWE:13.9 75%/88.9%/  16.1kPa 84.6%/85.6
Journal of e kPa (0.887) 6.75/0.28/< (0.880) %/5.86/0.18
Ultrasound 0.001 /<0.001
in Medicine
2016

AUC: Area under the (receiver operating) curve; CLD: Chronic liver disease; CSPH: Clinically significant portal hypertension; L-SWE: Liver shear wave
elastography esophageal varices; TE: Transient elastography; Plt: Platelet count; VNT: Varices needing treatment; Se: Sensitivity; Sp: Specificity; +LR:
Positive likelihood ratio; -LR: Negative likelihood ratio; NR: Not reported; S-SWE: Spleen share wave elastography.

speed and multiple focal zones are measured!’l. Furthermore, real-time measurement -
as displayed “on-screen” - is possiblel">*.. This enables the operator to analyze a larger
amount of liver tissue in real-time and improves the applicability of elastography!l.
Nevertheless, 2D-SWE has not yet been introduced into clinical routine and are
limited to specialized centers and should be only performed by experienced
operators™l. Importantly, there are not established/accepted quality criteria for 2D-
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Figure 3 Summary of studies that reported two-dimensional shear wave elastography (A) and magnetic resonance elastography (B) derived cut-offs on the
non-invasive diagnosis of any varices and varices needing treatment using liver stiffness measurement and spleen stiffness measurement respectively.

SWE measurements for LSM and/or SSMI™\.

2D-SWE-based LSM has been validated as a valid tool for non-invasive assessment
of fibrosis in several studies!”**l. The reliability of 2D-SWE-based LSM measurements
was significantly higher as compared to the widely established TE-based LSM!"": The
AUC for 2D-SWE-based LSM for prediction of F > 2 (cut-off 8.03 kPa) and F4 (cut-off
13.1 kPa) were 0.832 and 0.915, respectively. Indeed, most recently, two meta-analysis
on 2D-SWE including 1134 patient!**! and 746 patients"””! have been published that
both reported superior accuracy to detect significant fibrosis or cirrhosis using 2D-
SWE as compared to TE.

Kim et all! evaluated 2D-SWE for the prediction of CSPH and reported an AUC of
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Table 4 Magnetic resonance elastography for prediction of varices

Author, EV: VNT: Prevalence
Journa,l Liver/Sol Patient N Etiolo Cut-offs for Sens/Spec/+ Cut-offs for Sens/Spec/+ of EVand  Comment
’ pieen  Fau 1009Y ey (auc) LR-  VNT(AUC) LR mmen
Year VNT
LR/acclp LR/acclp
Ronot ef al. yes/yes 36 mixed NR NR Gl, 84 Hz:42 54%/100%/P Any EV:75%; Liver MRE
Eur Radiol kPa (0.93) PV: VNT:72%  not predictive
20141 33% /NPV: of EV or VNT.
79% /P = Advantage of
0.001 3D
multifrequenc
y MRE
Sunetal. | yes/no 126 mixed L-MRE: 4.63 NR L-MRE: 5.803 L-MRE: Any EV: 49%; Pearson
Magn Reson kPa (0.859) kPa (0.810) 96%/60%/n.r  VNT:19% correlation
Imaging coefficient
20141 between liver
stiffness and
EV:0.63 (P <
0.0001).
Shin et al. yes/yes 139 mixed L-MRE: 4.58 L-MRE: L-MRE: 4.81 L-MRE: Any EV:56%; Data cross-
Radiology kPa (0.821) S- 87.4%/65.6% kPa (0.755)S- 84.4%/56.7%  VNT:32% validated;
201411 MRE: 723 /nr.SMRE: MRE:7.60 /nrS-MRE: several false-
kPa (0.833) 85.8%/65.4%  kPa (0.750)  68.3%/61.6% positive
/n.r. /n.r. diagnoses of
EV and VNT
due to high
liver stiffness
and non-
esophageal
collaterals; 11
cases of false-
negative
diagnoses of
EV: pre-
hepatic PHT,
iron
deposition,
large ascites.
Matsui, yes/no 627 mixed MRE: 4.2 kPa MRE: MRE: 4.2 kPa MRE: Any EV: 3T device;
Journal of (0.85) PLT:  85%/69%/PP  (0.85) PLT:  94%/65% /PP 15.6% VNT: also validated
Gastroenterol 18*10*(0.77) 'V 32%/NPV  18*10* (0.77) 'V 17%/ NPV 4.5% Baveno VI
ogy and 96% MRE + 99% MRE + criteria (1)
Hepatology, PLT: PLT: and modified
2018011 93%/43% /PP 100%/35% /P Baveno VI
V 22%/NPV PV 10%/ criteria (30);
96% NPV 100% excellent
performance
in NAFLD
and viral
hepatitis
Bookwalter, yes/no 55 PSC 6.27 kPa (NR) Sens. NR NR NR Several
Abdominal 100% /Spec. sequences, 2D
Radiology, 76.7% and 3D
2018001l modes, at
1,5T and 3T;
Varices
assessed by
global LSM
Kim, yes/no 84 NR GRE-MRE: NR GRE-MRE: NR Any EV: Neither SE-
European (0.948) SE- 4.493 kPa 17.9% VNT: EPI-, nor
Radiologist, EPI-MRE: (0.752) SE- 8.3% GRE-MRE
20171171 (0.914) EPLI-MRE: reached
5.880 kPa significance
(0.839) regarding
diagnostic
performance

AUC: Area under the (receiver operating) curve; CSPH: Clinically significant portal hypertension; LSM: Liver stiffness measurement; EV: Esophageal
varices; MRE: Magnetic resonance elastography; TE: Transient elastography; Plt: Platelet count; VNT: Varices needing treatment; NR: Not reported; SSM:
Spleen stiffness measurement; SE-EPI: Spin-echo echoplanar imaging; GRE: Gradient recalled echo.
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measurement of portal pressure by hepatic venous pressure gradient (HVPG).
Importantly, a recent meta-analysis by Suh*"! showed an excellent diagnostic
performance of 2D-SWE for predicting the presence of CSPH with sensitivity and
specificity around 85%.

Studies reporting on the performance of 2D-SWE based non-invasive screening for
EV are scarce. In a large prospective study investigating 2D-SWE-based liver (L-SWE)
and spleen (S-SWE) for the diagnosis of CSPH yielded an AUC of 0.861 for L-SWE
(24.6 kPa) and of 0.837 for S-SWE (26.3 kPa), respectively™.

A Croatian study reported a cut-off of 19.7 for L-SWE (AUC 0.796) and 30.3 kPa for
S-SWE (AUC 0.790) for the prediction of any EV in a cohort of 44 patients with
cACLDP . Kasai et al""! found significantly higher L-SWE values in 16 patients with
EV than in 257 patients without EV, with similar AUC of 0.807. In a retrospective
cohort of 103 cACLD patients 2D-SWE of L-SWE yielded an AUC of 0.887 (cut-off 13.9
kPa) for any EV and 0.880 (cut-off 16.1 kPa) for VNTI. Interestingly, a prospective
study published in 2015 including 79 patients found no difference between LSM and
SSM values (measured by 2D-SWE and by TE respectively) between patients with
VNT and patients without VNTF. The resulting AUCs of 2D-SWE for detection of
VNT were consequently unacceptably low with an AUC of 0.600 for L-SWE and an
AUC of 0.580 for S-SWE, respectivelyl™l.

In conclusion, while there is strong evidence for the value of 2D-SWE-based LSM
for fibrosis assessment, studies on the value of 2D-SWE based LSM and SSM for the
screening of EVs are limited. Larger studies using 2D-SWE-based liver and spleen
stiffness measurement for the assessment of patients with cACLD are needed to
establish its value for the prediction of any EV and of VNTs in daily clinical practice.

Magnetic resonance elastography

Several studies have been already been published on the correlation of MRE with
liver fibrosis and found high diagnostic accuracies (> 90%) for the diagnosis of
advanced fibrosis and cirrhosis!'""”’*"l. Most recently, few studies on the value of MRE
for the prediction of EV have been published with data on both liver MRE (L-MRE)
and spleen MRE (S-MRE). Major advantages of MRE are its capability to evaluate the
whole liver three-dimensionally (3D-SWE) and its excellent diagnostic accuracy for
staging fibrosis!"’l. Furthermore, failure rate is low and was reported to be mostly due
to physical “non-fitting” into the MR device, claustrophobia or low hepatic signal
related to iron overload!’”.. Importantly, MRE shows excellent inter-observer and
intra-observer agreement!®!. The main limitations of MRE include its high costs,
limited availability and the need for specialized infrastructure and equipment. Shin et
al® reported MRE data on 139 cirrhotic patients: Any EV were predicted by an L-
MRE cut-off at 4.58 kPa (AUC 0.821) and by an S-MRE cut-off at 7.23 kPa (AUC 0.833).
Furthermore, VNT were predicted by an L-MRE cut-off at 4.81 kPa (AUC 0.755) and a
S-MRE cut-off at 7.6 kPa (AUC: 0.750).

In a South-Korean cohort of 126 patients!”, L-MRE cut offs were 4.63 kPa (AUC
0.859) for any EV, and 5.8 kPa (AUC 0.81) for VNT, respectively. Finally, Ronot et all*’!
reported data on a small cohort of 36 patients and found 4.2 kPa (AUC 0.93) as an
optimal cut-off for ruling out VNT (PPV 33%, NPV 79%).

Despite these promising results of MRE-based LSM and SSM for predicting any EV
or VNT, more prospective studies are needed before implementing MRE for the non-
invasive screening of EV/VNT in clinical practice. Furthermore, the feasibility of MRE
is limited due to its inherent high costs, long examination times and considerable
need for radiological expertise. Considering the limited data on MRE-based screening
for EV/VNTs, as of now TE, pSWE and 2D-SWE are likely the first choice for
screening of EV/VNTs in clinical practice - given their wider availability and lower
costs.

CONCLUSION

In this review we summarized the current knowledge on elastography-based methods
for the non-invasive prediction of any EVs and VNTs in adult patients with advanced
chronic liver disease.

TE is an easy to use device with good applicability and well-trained nursing staff
can usually perform LSM after training. Nevertheless the area of TE-based LSM is
small and values can be significantly altered or even impossible to obtain in patients
with obesity or ascites. Importantly, the combined TE-based LSM < 20 kPa plus PLT >
150 G/L has become a widely accepted non-invasive algorithm for ruling out VNTs!'!

Following TE-based LSM, pSWE and 2D-SWE have been developed as novel
ultrasound-based elastography methods. Importantly, next to LSM also SSM - mostly
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by pSWE and 2D-SWE have been additionally introduced as a valuable screening tool
for EV/VNTs. Both pSWE and 2D-SWE methods have the benefit of “seeing what you
measure”, given the integration of the technique in standard ultrasound machines.
However, the operator performing pSWE and 2D-SWE needs to be well-trained in
ultrasound sonography and quality criteria for valid LSM and SSM have to be
rigorously followed. Nevertheless there are some potential limiting factors that may
hamper interpretation of results irrespective of operators experience and elastography
method. It is known that in states of chronic inflammation such as viral
hepatitis****,autoimmune hepatitis®! and alcoholic steatohepatitis’’! and in cases of
acute liver damagel*! liver stiffness can be false positively increased. Furthermore
increased LSM has also been described due to mechanical cholestasis*’l. Lastly hepatic
congestion due congestive heart failurel’”"! and Budd-Chiari syndromel”>”*! thus
generally speaking through increased venous pressurel’ is also known to increase
elastography-based LSM valuesl™. In a recent review by Lemmer et al"! non-invasive
methods to diagnose fibrosis in patients with congestive hepatopathy were discussed
and conclusions were quite disillusioning since only very limited data exists. In a
study that evaluated LSM in 32 patients with valvular heart disease that underwent
valve operation, LSM was found to be consistently higher than in the control group,
even though none of the participants were found with evidence of underlying chronic
liver diseasel”l. Furthermore LSM at baseline was significantly positively correlated
with NT-proBNP, and central venous pressure during the operation and negatively
with left ventricular ejection fraction”l. Ninety days after surgery LSM values
significantly decreased compared to 7 d after surgery (8.4 kPa vs 6.0 kPa, P = 0.026).
On the other hand a study evaluating MRE-LSM and -SSM in congestive hepatopathy
found promising results and reported significant correlation of LSM (r = 0.74, P =
0.02) and SSM (r = 0.97, P = 0.002) with fibrosis stage, although liver biopsy results
were only available in 8 patients”. Therefore, given the potential pitfalls, we suggest
that irrespective of the elastography method used, clinical signs of chronic liver
disease, laboratory data and other co-morbidities should always be taken into account
when performing LSM or SSM respectively.

Our extensive literature search revealed significant discrepancies between
published LSM and SSM cut-offs using pSWE and 2D-SWE for EV/VNT screening.
The absence of generally-accepted quality criteria for pPSWE and 2D-SWE remains and
validated cut-offs for ruling-in/out EVs/VNTs calls for further research on the clinical
applicability of pSWE and 2D-SWE for the screening of EVs/VNTs. Moreover,
presence of esophageal varices may be relied on cofounding factors, other than liver
stiffness. Most recently, patients with large or even small portosystemic shunting
were found to have an increased prevelance of esophageal varices”, and although
grade of portosystemic shunting was related to liver dysfunction, varices might be
missed by transient elastography in those cases. Interestingly patients with preserved
liver function (defined as MELD 6-9 or Child Pugh Stage A) and portosystemic
shunting showed higher HVPG values and were found with significantly more portal
hypertension related complications such as bleeding or ascites than in those without
shunting!! and this emphasizes even more that especially in those patients, where
LSM might be low, esophageal varices might be missed. Furthermore, in the era of
successful and highly efficient treatment of hepatitis C, nowadays quite a lot of
cirrhotic patients present without the initial trigger for their underlying liver disease
and it has been shown that directly acting antivirals significantly lower portal
pressurel’””l. Concerning this matter, no study has up to date evaluated applicability of
elastography-based methods to predict esophageal varices in this cohort, and
therefore it is not known whether published cut-offs work in this large subgroup of
patients.

More recently, MRE-based LSM has been introduced as a very accurate method to
stage liver fibrosis and with concomitant MRE-based LSM and SSM yielding excellent
performance for non-invasive diagnosis of EV/VNTs. Consequently, MRE seems to
be a highly accurate screening method for EVs/VNTs, however, studies are scarce
and further evidence is needed.

In conclusion a vast amount of studies on the diagnostic performance of
elastography-based methods for the presence of EV/VNTs have been published,
mostly reporting data on TE. Both pSWE and 2D-SWE-based LSM and SSM represent
promising tools for EV/VNT screening but further clinical studies and evaluation of
specific cut-offs are required. MRE-based LSM and SSM-based screening of EV/VNT
holds promise but is limited by its high costs. At the moment we strongly recommend
to use the combined TE-LSM < 20 kPa and PLT > 150 G/L algorithm to rule-out
VNTs. Considering the promising data on SSM and the ability of SSM to capture pre-
sinusoidal/ pre-hepatic components of CSPH, we strongly encourage further research
on SSM for screening of CSPH and EV/VNTs. Finally, we have summarized the
currently available data and published cut-offs for EV/VNT prediction by TE, pSWE,
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2D-SWE and MRE on scale-cards for clinical practice.
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Abstract

BACKGROUND

Atrophic gastritis is characterized by loss of appropriate glands and reduction in
gastric secretory function due to chronic inflammatory processes in gastric
mucosa. Moreover, atrophic gastritis is considered as a precancerous condition of
gastric cancer. However, little is known about the molecular mechanism
underlying gastric mucosal atrophy and its contribution to gastric carcinogenesis.
Thus, we hypothesized that transcription factor NKX6.3 might be involved in
maintaining gastric epithelial homeostasis by regulating amyloid 3 (Af)
production.

AIM
To determine whether NKX6.3 might protect against gastric mucosal atrophy by
regulating Af3 production.

METHODS

We identified NKX6.3 depletion induced cell death by cell count and Western
blot assay. Production and mechanism of AP oligomer were analyzed by enzyme-
linked immunosorbent assay, Western blot, immunoprecipitation, real-time
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quantitative polymerase chain reaction and immunofluorescence analysis. We
further validated the correlation between expression of NKX6.3, Helicobacter
pylori CagA, AP oligomer, apolipoprotein E (ApoE), and -secretase 1 (Bacel) in
55 gastric mucosae.

RESULTS

NKX6.3 depletion increased both adherent and floating cell populations in HFE-
145 cells. Expression levels of cleaved caspase-3, -9, and poly ADP ribose
polymerase were elevated in floating HFE-145N6%63 cells. NKX6.3 depletion
produced A peptide oligomers, and increased expression of ApoE, amyloid
precursor protein, AP, Bacel, low-density lipoprotein receptor, nicastrin, high
mobility group box1, and receptor for advanced glycosylation end product
proteins. In immunoprecipitation assay, y-secretase complex was stably formed
only in HFE-145:"Nkxe3 cells. In gastric mucosae with atrophy, expression of A
peptide oligomer, ApoE, and Bacel was detected and inversely correlated with
NKX6.3 expression. Treatment with recombinant AP 1-42 produced AP
oligomeric forms and decreased cell viability in HFE-1454~%63 cells. Additionally,
NKX6.3 depletion increased expression of inflammatory cytokines and
cyclooxygenase-2.

CONCLUSION
NKX6.3 inhibits gastric mucosal atrophy by regulating Ap accumulation and
inflammatory reaction in gastric epithelial cells.

Key words: NKX6.3; Gastric mucosa; Atrophy; Amyloid B; Gastrokine 1
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Core tip: In human gastric epithelial cells, NKX6.3 depletion induced production of
amyloid  (AP) oligomers, and also increased expression of apolipoprotein E (ApoE),
AP, B-secretase 1 (Bacel), nicastrin, and receptor for advanced glycosylation end
product proteins. Moreover, NKX6.3 depletion leads to stably formed of y-secretase
complex and binding to Bacel protein. In gastric mucosae with atrophy, expression of
AP oligomer, ApoE, and Bacel was detected and inversely correlated with NKX6.3
expression. Additionally, treatment with recombinant AP 1-42 produced oligomeric
forms of AP and significantly decreased cell viability in NKX6.3 depleting cells. These
observations provide evidences that NKX6.3 can inhibit gastric mucosal atrophy by
regulating A peptide accumulation and inflammatory reaction in gastric epithelial cells.

Citation: Yoon JH, Lee YS, Kim O, Ashktorab H, Smoot DT, Nam SW, Park WS.
NKX6.3 protects against gastric mucosal atrophy by downregulating p-amyloid
production. World | Gastroenterol 2019; 25(3): 330-345
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INTRODUCTION

Atrophic gastritis is characterized by loss of appropriate glands and reduction in
gastric secretory function due to chronic inflammatory processes in gastric mucosal'l.
In South Korea, the prevalence of atrophic gastritis is relatively high. It is 59.4% in
people older than 60 years!”, and the crude incidence for cancer is 1.7% in atrophic
gastritis’. It has been widely accepted that chronic inflammation of the stomach can
initiate histopathologic progression from chronic gastritis to gastric atrophy, intestinal
metaplasia, dysplasia and finally gastric cancer!-l. Thus, atrophic gastritis is
considered as a precancerous condition of gastric cancer. However, little is known
about the molecular mechanism underlying gastric mucosal atrophy and its
contribution to gastric carcinogenesis.

Amyloid 3 peptide (AP) plays a key role in pathogenesis of Alzheimer’s disease. It
is a 4-kDa metalloprotein with 39- to 43-amino acids derived from proteolytic
cleavage of amyloid precursor protein (APP) by p- and y-secretase!”. In contrast, a-
secretase ADAM10, a metalloprotease, cleaves APP within the Ap domain, thus
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preventing Af generationl. It has been reported that B-site amyloid precursor protein
cleaving enzyme (BACE) is a novel transmembrane aspartic protease that exhibits
properties of B-secretasel”. y-secretase is a high molecular weight complex minimally
composed of four components: presenilin (PS), nicastrin (NCT), anterior pharynx-
defective-1 (APH-1), and presenilin enhancer-2 (PEN2)!'"*l. BACE1 cleaves APP not
processed by a-secretase to generate carboxy-terminal fragments of 99 amino acids.
This is further processed by y-secretase to AP40 and AP42 that are transported to the
cell surface which they are secreted via recycling vesiclel!'’l. In addition, receptor for
advanced glycation end products (RAGE) is one of receptors that medicate Ap effects
on neurons and microglial””! and is implicated in a wide spectrum of pathological
responses, including inflammation and cancer!'"l. Apolipoprotein E (ApoE) increases
oligomerization of AP peptide in an isoform-dependent manner!"”! and major ApoE
receptors belong to low-density lipoprotein (LDL) receptor family!'*l. It has been
proposed that accumulated AP proteins can generate oligomers and induce synaptic
dysfunction and death of neurons!'**!.

NKX family of homeodomain transcription factors are involved in a variety of
developmental processes, and the NKX6.3 member is expressed in epithelium of the
most distal stomach?”*?. Previously, we have reported that NKX6.3 functions as a
master regulator of gastric differentiation by modulating SOX2 and CDX2 expression
and as a tumor suppressor by inhibiting cell proliferation and inducing apoptosis?**.
Interestingly, gastric tumor suppressor gastrokine 1 (GKN1), a downstream target of
NKX6.3, interacts with APP and inhibits polymerization of AP\, Thus, we
hypothesized that transcription factor NKX6.3 might be involved in maintaining
gastric epithelial homeostasis by regulating AP production. Here, we provide the first
evidence that NKX6.3 may protect gastric mucosal epithelial cells from atrophy by
inhibiting AP production and polymerization.

MATERIALS AND METHODS

Samples

A total of 55 patients with sporadic gastric cancer who underwent a gastrectomy at
Chonnam National University Hwasun Hospital were included. Fresh-frozen non-
neoplastic gastric mucosae remote (= 5 cm) from the tumor were used in this study. In
addition, gastric mucosal tissues adjacent to each frozen specimen were fixed in
formalin and stained with hematoxylin-eosin. Patients with a history of familial
gastric cancer were excluded. Two expert gastrointestinal pathologists independently
assessed the histologic specimens according to the updated Sydney system and the
reached a consensus for all specimens!”l. Atrophy was defined as loss of appropriate
glands and a periodic acid Schiff staining was used to identify intestinal metaplasia.
Gastric mucosae with atrophy and intestinal metaplasia were considered as atrophic
gastritis. The presence of Helicobacter pylori (H. pylori) CagA was determined by
Western blot analysisi*l. This study was approved by the Institutional Review Board
(IRB) of The Catholic University of Korea, College of Medicine (approval number:
MC16SISI0130).

Cell culture and transfection of NKX6.3

HFE-145 immortalized gastric epithelial cell line expressing NKX6.3 was cultured at
37 °C and 5% CO, in RPMI-1640 medium supplemented with 10% heat-inactivated
fetal bovine serum. shNKX6.3 was cloned into pSilencer 3.1 Hl-neo (Invitrogen,
Carlsbad, CA, United States). We generated stable shNKX6.3 transfectants of HFE-145
cells (HFE-145tNk*e3 cells), stably silencing human NKX6.3 expression, as well as
shControl transfectants of HFE-145“"" cells as described previously®. Expression
levels of NKX6.3 in HFE-145""“"" and HFE-145"N¥X¢3 cells were confirmed by Western
blot analysis. The CagA gene of H. pylori was cloned into a pSP65SRalpha vector
containing a hemagglutinin (HA) tag, and the HFE-145 cells were transfected with
CagA gene, as described previously”. The CagA construct was kindly provided by Dr.
Hatakeyama (Tokyo University, Tokyo, Japan).

Cell count of floating and adherent cells

HFE-145" and HFE-145NKX63 cells in complete medium were seeded onto 12-well
plates at a density of 1 x 10* cells per well. Floating and adherent cells were harvested
after 48 h of culture and counted using a hemocytometer.

Cell viability and proliferation assay

For cell viability analysis, MTT assay were performed for HFE-145 immortalized
gastric epithelial cells at 24, 48, 72, and 96 h after treatment with recombinant AP (1
pg/mL, rAB, Sigma, St. Louis, MO, United States). Absorbance at 540 nm was
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measured using a spectrophotometer and cell viability was expressed relative to non-
treated cells.

Measurement of caspase 3/7 activity

To analyze the effect of NKX6.3 on apoptosis, caspase-3 and -7 activities were
examined using an Apo-One Homogeneous caspase 3/7 assay kit (Promega
Corporation, Madison, WI, United States) as described previously™!.

Measurement of NKX6.3, ApoE, Bace1, and inflammatory cytokine expression
Expression levels of NKX6.3, ApoE, and Bacel mRNA transcripts were examined in 55
gastric mucosal tissues by real-time RT-PCR. In addition, to investigate whether
ablation of NKX6.3 might contributed to inflammatory cytokine expression, the
expression of IL-1f, IL-6, IL-8, and COX-2 mRNAs in HFE-145*"! and HFE-145"Nkx63
cells were analyzed by real-time RT-PCR. The effects of ApoE silencing with siApoE on
expression levels of inflammatory cytokines were also examined. After quantification
of total RNA extracted from 55 frozen gastric mucosal tissues, HFE-145*“", and HFE-
145hNKxX63 ce]]s, RT-PCR was carried out using SYBR Green Q-PCR Master Mix (Bio-
Rad, Hercules, CA, United States) according to the manufacturer’s protocol. The
mRNA expression of these genes was quantified by quantitative real-time reverse
transcription PCR (QRT-PCR) and normalized to mRNA level of f-actin. Primer
sequences are presented in Supplementary Table 1. Data are reported as relative
quantities according to an internal calibrator using a 244" method™. The standard
curve method was used for quantification of the relative amounts of gene expression
products. This method provides unit-less normalized expression values that can be
used for direct comparison of the relative amount of RNA in different samples.

Immunoblot and immunofiuorescent studies

Primary anti-Af3 antibody (Merck-millipore, Darmstadt, Germany), anti-BACE1
(Abcam, Cambridge, United Kingdom) and secondary anti-alexa-488 conjugated goat
anti-mouse IgG antibody (Invitrogen, CA, United States) were used to visualize
immunoreactivity. The specificity of reactions was tested by incubation with non-
immune mouse serum (Invitrogen).

We examined expression levels of NKX6.3 and AP-related genes in cell lysates by
Western blot analysis. We separated equal amounts of cell lysates by 12.5% SDS-
PAGE and transferred them to Hybond-polyvinylidene difluoride transfer
membranes (Amersham Biosciences, NJ, United States). After blocking with 0.5%
skim milk, we blotted the membranes with the primary antibodies and then incubated
them with horseradish peroxidase-conjugated secondary antibodies. We detected the
protein bands using westernsure ECL substrate (LI-COR Biosciences, NE, United
States) and visualized the intensity of bands using a LAS 4000 image analyzer (Fuji
Film, Japan). The antibody list is described in Supplementary Table 2.

Chromatin immunoprecipitation assay

For assessing the NKX6.3 binding activity to the promoter regions of ApoE and Bacel,
chromatin immunoprecipitation (ChIP) assays were performed using the Thermo
Scientific Pierce Agarose ChIP kit (Thermo Scientific Pierce, Rockford, IL, United
States), as previously described”!l. Briefly, HFE-145""“"! and HFE-145""N%X¢3 cells were
cultured in a 10-cm dish for 4 d. The cells were fixed with 1% formaldehyde in PBS for
10 min, washed twice with ice-cold PBS and re-suspended in lysis buffer. Nuclei were
recovered by centrifugation and MNase digestion was carried out at 37 °C for 15 min.
Nuclei were lysed and the extracts were immunoprecipitated with 4 pg of antibody
against NKX6.3 at 4 °C overnight. Normal rabbit IgG was used as a negative control.
Protein-bound DNA was recovered using affinity chromatography purification
columns according to the manufacturer’s protocol (Thermo Scientific), and 5 pL of
lysed nuclei were also purified under the same procedure and used as input. DNA
amplification was performed by PCR using primers for the ApoE and Bacel promoters
described in Supplementary Table 1. Amplification products were separated on a 2%
agarose gel.

AB ELISAs

ELISAs for measuring AB42 peptide were performed using commercial kits
(Invitrogen) following the manufacturer’s instructions. Briefly, AB42 ELISAs were
performed using 6E10 as a capture antibody and anti-Ap42 HRP-conjugated
antibodies (Covance, Dedham, MA, United States) as detection antibodies. Synthetic
AB42 were used to generate a standard curve for each experiment. The plates were
developed using TMB substrate kit (Pierce, Rockford, IL, United States) and the
reaction was stopped by addition of equal volume of 1 mol/L HCI. The results were
read using a Spectramax colorimetric plate reader (Molecular Devices, Sunnyvale,
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CA, United States).

Immunoprecipitation

For coimmunoprecipitation experiments, cells were harvested in PBS, centrifuged at
800 g for 10 min, and lysed in 125 mmol/L NaCl, 50 mmol/L Hepes, pH 7.4
(supplemented with 1% Triton X-100 or CHAPS and Complete protease inhibitors) for
30 min at 4 °C. After centrifugation at 16000 g for 15 min, cleared cell extracts were
incubated overnight at 4 °C with protein A/G-agarose (Santa Cruz Biotechnology,
Santa Cruz, CA, United States) and anti-PSN1 or anti-rabbit IgG beads.
Immunoprecipitated proteins were resolved on 12% SDS-polyacrylamide gels and
transferred to PVDF membranes (Bio-Rad, Richmond, CA, United States). The
membranes were blocked for 1 h in PBS containing 0.1% Tween 20 (PBS-T) and 5%
non-fat dry milk (Sigma) and reacted with antibodies against PSN1, each diluted
1:1000. The membranes were washed with PBS-T, then incubated for 1 h at room
temperature with horseradish peroxidase-conjugated anti-rabbit IgG antibody
(Sigma), diluted 1:5000, and developed with westernsure ECL substrate (LI-COR
Biosciences). Inmunoreactive bands were identified by co-migration of prestained
protein size markers (Fermentas, Glen Burnie, MD, United States). To confirm
equivalent protein loading and transfer, the blots were stripped and re-probed for
GAPDH (Santa Cruz Biotechnology).

Statistical analyses

Pearson and Student’s t-tests were used to analyze the correlation between expression
of NKX6.3, GKN1, AP peptide oligomer, ApoE, and BACE1. We performed all
experiments in duplicate to verify the reproducibility of the findings. Data are
expressed as means * SD from two independent experiments. A P-value < 0.05 was
considered to be the limit of statistical significance.

RESULTS

Loss of NKX6.3 expression induces both cell death and proliferation

During cell culture, NKX6.3 depletion in HFE-145"NKX63 cells increased populations of
both adherent and floating cells compared to HFE-145<"" cells (Figure 1A). Since
previously we have reported that NKX6.3 depletion increases cell population of HFE-
145 cells™l, here we focused on the increase of floating HFE-145""N<63 cells. When we
examined the effects of NKX6.3 depletion on cell death, caspase 3/7 activity was
significantly increased only in floating HFE-145"N%X¢3 cells (Figure 1B). Interestingly,
NKX6.3 depletion did not affect expression of apoptosis markers including caspase-3,
-9, and PARP in attached cells. However, expression levels of cleaved forms of
caspase-3, -9, and PARP were increased in floating HFE-145""N¢3 cells compared with
those in floating HFE-145"<" cells (Figure 1C). Thus, it is likely that NKX6.3 may
inhibit both cell proliferation and apoptotic cell death in gastric epithelial cells.

NKX6.3 inhibits AB accumulation by regulating ApoE, B-, and y-secretase

Next, we examined whether NKX6.3 was involved in Ap production in HFE-145 cells.
Interestingly, NKX6.3 depletion markedly induced expression of ApoE, APP, A
peptide, BACE1, LDLR, NCT, high-mobility group box 1 (HMGB1), and RAGE
proteins but decreased expression of presenilinl (PSN1) protein in HFE-145 cells
(Figure 2A). There are three distinct pools of A} species: monomers, soluble
oligomers, and insoluble fibrils*!. Interestingly, HFE-145"“" cells only expressed A
monomer, while NKX6.3 depleted HFE-145"N¢X63 cells induced production of Ap
oligomers and increased expression of A} monomer (Figure 2A). When we examined
the effect of NKX6.3 on y-secretase assembly by immunoprecipitation assay, y-
secretase complex, including PSN1, PSN2, NCT, and PEN2 was stably formed and
binding to BACE1 protein only in NKX6.3 depleted HFE-145NK63 cells (Figure 2B). In
immunofluorescence analysis, strong expression of AP peptides were detected in the
cytoplasm of NKX6.3 depleted HFE-145NKX63 cel]s (Figure 2C). Notably, aggregated
Ap peptide was not detected in HFE-145" cells expressing NKX6.3 whereas NKX6.3
depletion significantly increased concentrations of the aggregated A peptide in both
cell lysate and culture media (Figure 2D). In NKX6.3 depleted HFE-145NKX62 cells,
mRNA expression of ApoE and Bacel genes were significantly increased (Figure 2E)
while binding capacity of NKX6.3 to promoter regions of ApoE and Bacel genes was
dramatically decreased in ChIP assay (Figure 2F), suggesting that NKX6.3 might be a
transcriptional repressor of ApoE and Bacel genes. When we treated HFE-145""! and
HFE-145""N%X63 cells with recombinant AP 1-42 (rAf 1-42), ApoE and oligomeric forms
of AP were detected in NKX6.3 depleted HFE-145""NkX63 cells (Figure 2G). Taken
together, these results suggest that NKX6.3 may inhibit accumulation and
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Figure 1 NKX6.3 inhibits both cell proliferation and apoptotic cell death in gastric epithelial cells. A: NKX6.3 depletion in HFE-145°hNKX63 gglls increased both
adherent and floating cell populations. Shown are the means + SEM from three experiments. Superscript letter represents significant difference (°P < 0.005). B:
Caspase 3/7 activity was significantly increased in floating HFE-145""NKX63 cells. Shown are the means + SEM from three experiments. Superscript letter significant
difference (°P < 0.0001). C: In Western blot analysis, expression of cleaved forms of caspase-3, -9, and poly ADP ribose polymerase (PARP) was increased in floating
HFE-145°"NKX63 gglls,

oligomerization of AP peptide in gastric epithelial cells.

AB oligomerization is strongly associated with gastric mucosal atrophy
Histologically, gastric mucosal atrophy was found in 18 (32.7%) of 55 gastric mucosae.
In Western blot analysis, AP oligomers, including tetramer, were mainly expressed in
gastric mucosae with atrophy. In addition, expression levels of ApoE, Bacel, and
cleaved form of caspase-3 were increased in atrophic gastric mucosae along with
reduced NKX6.3 expression (Figure 3A). To further confirm the effect of NKX6.3 on
ApoE and Bacel expression, we compared expression levels of NKX6.3 with ApoE and
Bacel mRNA expression levels in 55 non-neoplastic gastric mucosae by real-time RT-
PCR. Previously, NKX6.3 expression has been found to be significantly reduced in the
cases with atrophy™!. As expected, mRNA expression levels of ApoE and Bacel were
significantly higher in gastric mucosae with atrophy (Figure 3B), showing inverse
correlations with NKX6.3 expression (P = 0.0001) (Figure 3C). In addition, reduced
expression of NKX6.3 protein, expression of Af3 oligomer, Bacel, ApoE, and cleaved
caspase-3 proteins, and CagA were significantly associated with gastric mucosal
atrophy. The expression of A oligomer was positively correlated with expression of
Bacel, ApoE, cleaved caspase-3, and CagA (Figure 3D). We also measured aggregated
AP peptide concentrations in 55 gastric mucosae by ELISA and found significantly
higher AP peptide concentrations in gastric mucosae with atrophy (1.20 + 0.60
pg/mL) than those in gastric mucosae without atrophy (0.09 + 0.09 pg/mL; Figure
3E). When we transfected HFE-145 cells with CagA, ectopic expression of CagA
reduced the expression of NKX6.3 but increased A oligomerization and expression
of ApoE, Bacel, and cleaved caspase-3 (Figure 3F). Next, we examined A oligomer
expression in 6 non-neoplastic gastric mucosae with atrophy (n = 3) and without
atrophy (n = 3) using specific antibody against Ap oligomer by immunofluorescent
assay. Consistent with above result, expression of A oligomer was detected in gastric
mucosae with atrophy in immunofluorescent assay (Figure 3G). Interestingly, Ap
oligomer was present only in gastric mucosal epithelial cells, but not in extracellular
matrix including inflammatory cells (Figure 3G).

A induces cell death in gastric epithelial cells

Next, to investigate whether oligomeric forms of AP were associated with gastric
mucosal atrophy, we analyzed cell viability of gastric epithelial cells after treatment
with rAp 1-42. Because we found 1.18 + 0.57 ng/mL of aggregated A peptide in
gastric mucosae with atrophy (Figure 3), we treated HFE-145"<" and HFE-145NkX63
cells with 1 pg/mL of rAp for 4 d. As shown in Figure 4A, treatment with rAp 1-42
produced oligomeric forms of AP only in HFE-145"N%X¢3 cells, but not in HFE-145%
cells (Figure 4A). In addition, recombinant GKN1 (rGKN1) partially reduced
expression of AP oligomers (Figure 4A). In HFE-145"N%*63 cells, treatment with rAp 1-
42 significantly reduced cell viability but markedly increased floating cell population
in HFE-145"NK%63 cells (Figure 4B and C). Notably, rGKNT1 partially revoked the effect
of rAp on cell viability (Figure 4D). However, treatment with rA{3 1-42 did not affect
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from three experiments. Superscript letter represents significant difference (P < 0.005 and ¢P < 0.0001). G: When we treated HFE-145"“t! and HFE-145°hNKX63
cells with AB 1-42 recombinant protein (rAB 1-42), expression levels of ApoE and oligomeric forms of AR were makedly increased in NKX6.3 depleted HFE-1455hNKX63
cells. CHAP: Chaps buffer; TX: Triton-100; ApoE: Apolipoprotein E; APP: Amyloid precursor protein; AB: Amyloid 3; Bace1: B-secretase 1; LDLR: Low-density
lipoprotein receptor; NCT: Nicastrin; HMGB1: High mobility group box1; RAGE: Receptor for advanced glycosylation end product; PSN1: Presenilin 1; CTF: C-
terminal; PEN2: Presenilin enhancer 2; rAB 1-42: AB 1-42 recombinant protein.

cell viability of HFE-145"<"! cells (Figure 4B). These results suggest that AP
oligomerization prompted by NKX6.3 depletion may induce cell death in gastric
epithelial cells.

NKX6.3 depletion induces inflammatory cytokine expression in gastric epithelial
cells

It is known that AP accumulation in human nerve cells leads to synthesis of
proinflammatory cytokines and activation of inflammatory pathways™. Thus, we
further examined the expression of inflammatory markers including IL-1p, -6, -8, and
COX-2 by real-time RT-PCR. Expectedly, NKX6.3 depletion in HFE-145"N¢X¢3 cells
dramatically increased the expression of these inflammatory cytokines and COX-2
(Figure 5A). In HFE-145"NKX63 cells, silencing of ApoE with siApoE markedly inhibited
oligomerization and aggregation of AP peptide. It also suppressed expression of NF-
kB p-p65 and inflammatory cytokines (Figure 5B and C). This suggests that ApoE
plays an important role in A oligomerization and synthesis of inflammatory
cytokines.

DISCUSSION

Inflammatory disorders have been well recognized as key risk factor for many types
of cancers. Stages of precancerous cascade for gastric adenocarcinoma are a series of
histologically discernible changes in gastric mucosa with the following sequence: non-
atrophic gastritis, multifocal atrophic gastritis, intestinal metaplasia (IM), and
dysplasial®l. H. pylori infection has been identified as the causative agent of chronic
gastric inflammation, such as atrophic gastritis and metaplastic gastritisl™l. However,
molecular mechanisms underlying gastric mucosal atrophy still remain to be
determined for the prevention and early diagnosis of gastric cancer. Since intracellular
generation of the AP protein is known to lead to neuronal death!"”) while NKX6.3
expression is confined to the gut and caudal hindbrain"l. Thus, we hypothesized that
NKX6.3 could protect gastric mucosa from atrophic changes by inhibiting A
accumulation.

We first examined whether NKX6.3 was involved in proliferation and death of
gastric mucosa. As shown in Figure 1A, NKX6.3 depletion in HFE-145NKX63 cells
significantly increased proportions of both adherent and floating cells. In addition,
increased caspase 3/7 activity was found in floating HFE-145""N%X¢3 cells (Figure 1B).
In Western blot analysis, NKX6.3 did not affect expression of apoptosis markers,
including PARP, caspase-3, or caspase-9 in adherent HFE-145:"%¢3 cells, but NKX6.3
depletion induced expression of these apoptotic markers (Figure 1C), providing an
intriguing scenario where NKX6.3 might be a key regulator of gastric mucosal
homeostasis by inhibiting both cell proliferation and death. Here, we focused on the
inhibitory activity of NKX6.3 on death of gastric mucosal epithelial cells.

In general, regulation of proteolysis plays a crucial role in many processes of
development, cell proliferation and death. Dysregulation of proteolytic system can
destroy cellular homeostasis by accumulation of specific proteins, thus contributing to
disease pathogenesis. Amyloid aggregates have been found to be associated with
disruption of several cellular functions, including mitochondrial activity!™], oxidative
stresst™, and apoptosis!”l. AP acts as a neurotoxin that directly induces oxidative
stress whereas RAGE mediates AB-induced oxidative stress and inflammatory
response. Increased expression of RAGE has been implicated in the pathogenesis of
neuronal dysfunction and death!”l. In the present study, we hypothesized that Ap
peptide accumulation caused by NKX6.3 depletion could induce gastric epithelial cell
death which subsequently could contribute to gastric mucosal atrophy. Interestingly,
depletion of NKX6.3 induced AP peptide accumulation in the cytoplasm of HFE-
145"NKX63 ce]ls and increased expression of AP in cell lysate and culture medium
(Figure 2). These results suggest that NKX6.3 may inhibit accumulation and
oligomerization of AP peptide in gastric epithelial cells.

Cleavage of APP by Bacel produces a large soluble ectodomain form and a
membrane-bound 99-amino acid C-terminal fragment. Subsequently, the y-secretase
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Figure 3 Amyloid B oligomerization is strongly associated with gastric mucosal atrophy. A: In Western blot analysis, amyloid 8 (AB) oligomers were expressed
only in gastric mucosae with atrophy. Expression of apolipoprotein E (ApoE), B-secretase 1 (Bace1), and cleaved form of caspase-3 were increased in atrophic gastric
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mucosae with reduced NKX6.3 expression. B and C: Expression levels of ApoE and Bace? mRNAs were significantly higher in gastric mucosae with atrophy (B),
showing inverse correlations with NKX6.3 expression (P < 0.0001, C). Shown are the means + SEM from three experiments. Superscript letter represents significant
difference (*P < 0.0001, P < 0.0001 and °P < 0.0001). D: In AB42 enzyme-linked immunosorbent assay, concentrations of aggregated AR were significantly increased
in gastric mucosae with (W/) atrophy (1.20 + 0.60 pg/mL) compared to without (W/O) atrophy (0.09 + 0.09 pg/mL). Shown are the means + SEM from three
experiments. Superscript letter represents significant difference (4P < 0.0001). E: Western blot analysis showing decreased expression of NKX6.3 and increased
expression of ApoE, Ap oligomer, Bace1, and cleaved caspase-3 proteins in CagA transfected HFE-145 cells. In addition, CagA significantly increased concentrations
of aggregated AB in both cell lysate and culture media. Shown are the means + SEM from three experiments. Superscript letter represents significant difference (°P <
0.005 and ‘P < 0.0001). F: Knock-down of AR inhibited CagA-induced floating cells populations. Shown are the means + SEM from three experiments. Superscript
letter represents significant difference (3P < 0.005 and "P < 0.0001). G: Immunofluorescence analysis showing expression of AB oligomer and Bace1 only in gastric
mucosae with atrophy, but not in gastric mucosa without atrophy. Right panel is a higher magnification of the AB oligomer and Bace1 in the inlet in gastric mucosae
with atrophy. ApoE: Apolipoprotein E; AB: Amyloid 3; Bace1: B-secretase 1; W/: With atrophy; W/O: Without atrophy.

protein complex will cleave the C-terminus of C99 to produce a 40- to 42-amino acid
ApB-peptidel™. After sequential cleavage of APP by B- and y-secretases™*’!, A
monomer can aggregate to form oligomers, protofibrils, and fibrils that deposit as
amyloid plaque*!. RAGE and HMGBI1 are involved in activating NF-xB"!], and the
interaction of RAGE and HMGBI can be lined to necrosis and a proinflammatory
response in cells!*’l. Here, we found that NKX6.3 depletion induced expression of
ApoE, APP, AB, Bacel, LDLR, NCT, HMGBI, and RAGE proteins in HFE-145¢hNkx63
cells (Figure 2A). In addition, NKX6.3 inhibited the y-secretase complex assembly
(Figure 2B) and down-regulated expression of the APOE and Bacel genes by acting as
a transcriptional repressor (Figure 2D and E). In gastric mucosae with atrophy,
oligomeric forms of AP and Bacel were detected by immunofluorescent and Western
blot analyses (Figure 3A and G), and the increased expression of APOE and Bacel was
inversely correlated with NKX6.3 expression (Figure 3B and C). Interestingly,
expression of AP oligomer, Bacel, ApoE, cleaved caspase-3, and H. pylori CagA was
closely associated with gastric mucosal atrophy and inversely correlated with NKX6.3
expression (P < 0.0001, Table 1). Furthermore, AP peptide concentrations were
significantly higher in gastric mucosae with atrophy (1.18 £ 0.57 pg/ml) than those in
gastric mucosae without atrophy (0.07 + 0.04 pg/ml; Figure 3D). In HFE-145 cells, H.
pylori CagA increased the expression of ApoE, Bacel, and cleaved caspase-3 and
induced oligomerization and aggregation of AP peptide (Figure 3E). Notably, siAf
markedly inhibited CagA effect of cell viability (Figure 3F), indicating that AP be
involved in CagA-induced cell death in non-neoplastic gastric epithelial cells. Taken
together, these results suggest that NKX6.3 may prevent gastric mucosal atrophy by
regulating AP degradation or clearance pathway.

Recent studies have shown that soluble oligomeric species of A} have direct
adverse effects, whereas fibrillar or monomeric AP seems to be less harmful in vitro
and in animal models**1. Soluble A oligomers can produce cognitive deficits in the
absence of plaques!*! while blocking the AP oligomerization can protect cells from
toxicity’], suggesting that oligomerization of A} peptide may be a key event in the
development of cerebral atrophy. In addition, it has been reported that AP oligomers
can induce inflammation through RAGE receptor®! and inhibition of RAGE has
therapeutic potential to prevent Ap-induced inflammatory damage to the brain*’. NF-
kB, a key regulator of inflammation, is activated by AP which then transcriptionally
regulates IL-6 and IL-8"".. HMGB1 binds to RAGE receptor to activate a multitude of
proinflammatory genes”l. Recent studies have shown that GKN1 can prevent
amyloid aggregation and fibril formation and block the access of y-secretase to APP in
vitro**%. Experimental studies showed that partial atrophy of the gastric mucosa in
aging rat is not related to the inflammation and gastric mucosa of aging rat has
increased susceptibility to injury by a variety of damaging agents"”*!. Previously, we
have reported that NKX6.3 transcriptionally suppresses reactive oxygen production
and NF-kB activation which is required for expression of IL-6 and IL-8"°l. Here, we
found that treatment with rAp 1-42 produced oligomeric forms of AP and
significantly decreased cell viability of HFE-145"NKX63 cells (Figure 4A and B). In
addition, NKX6.3 depletion dramatically increased expression of inflammatory
cytokines and COX-2 by upregulating ApoE (Figure 5). These results are consistent
with our previous report showing that NKX6.3 transcriptionally suppresses reactive
oxygen production and NF-«B activation which is required for expression of IL-6 and
IL-81. Thus, upregulation of ApoE prompted by NKX6.3 depletion might play an
important role in Af oligomerization and gastric mucosal inflammation. These
findings suggest that depletion of NKX6.3 may account for increased susceptibility of
gastric epithelial cells to APB-induced cytotoxicity and contribute to gastric mucosal
atrophy.

In conclusion, NKX6.3 is a key regulator of gastric mucosal homeostasis via
inhibiting both cell proliferation and apoptotic cell death. A accumulation was
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Figure 4 Amyloid B induces cell death in gastric epithelial cells. A: Treatment with recombinant amyloid {8 (rAB) 1-42 produced oligomeric forms of AB in HFE-
145°hNKX63 cells, but not in HFE-145°"t" cells. Recombinant gastrokine 1 (rGKN1) partially reduced expression of AB oligomers. B: Treatment with rAB 1-42 did not
affect viability of HFE-145°h“"! cells, although it significantly decreased viability of HFE-145°hNKX63 gells in a time dependent manner. Shown are the means + SEM
from three experiments. Superscript letter represents significant difference (*P < 0.05, ®P < 0.005 and <P < 0.0001). C: Floating cell population was markedly
increased in HFE-145"NKX63 gells treated with rAB 1-42. Shown are the means + SEM from three experiments. Superscript letter represents significant difference (4P
<0.001). D: In HFE-145°hNKX63 celis, treatment with rAB 1-42 for 72 hrs decreased cell viability while treatment with rGKN1 revoked the effect of rAB on cell viability.
Shown are the means + SEM from three experiments. Superscript letter represents significant difference (P < 0.05 and P < 0.005). rAB: Recombinant amyloid f;
rGKN1: Recombinant gastrokine 1; AB: Amyloid f.

detected in the cytoplasm of HFE-145®NKX3 cells and gastric mucosae with atrophy.
NKX6.3 inhibited accumulation and oligomerization of AP peptide in gastric
epithelial cells by regulating Ap degradation or clearance pathways. Finally, NKX6.3
suppressed gastric mucosal inflammation by modulating ApoE-induced NF-xB and
expression of cytokines. These observations provide evidence that NKX6.3 can
restrain gastric mucosal atrophy by regulating AP accumulation and inflammatory
reaction in gastric epithelial cells (Figure 6).
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Table 1 Protein expression of amyloid  oligomer, B-secretase 1, apolipoprotein E, cleaved caspase-3, and Helicobacter pylori CagA was

significantly associated with gastric mucosal atrophy and inversely correlated with NKX6.3 expression

Atrophy NKX6.3 AB oligomer Bace1 ApoE Cleaved Casp3
+ - Pvalue + - Pvalue + - Pvalue + - Pvalue + - Pvalue + - Pvalue
NKX6.3 + 3 33 0.0001
- 15 4
ABoligomer + 17 2 00001 3 16  0.0001
- 1 35 33 3
Bacel + 16 5 00001 2 19 00001 18 3  0.0001
-2 32 34 0 1 33
ApoE + 18 5 00001 4 19 00001 19 4 00001 21 2  0.0001
-0 32 32 0 0 32 0 32
Cleaved Casp3 + 16 8 00001 5 19 00001 19 5 00001 21 3 00001 22 2  0.0001
- 229 31 0 0 31 0 31 1 30
CagA + 14 12 00041 9 17 00001 16 10 00002 19 7 00001 19 7 00001 21 5  0.0001
- 4 25 27 2 3 26 2 27 4 25 3 26

ApB: Amyloid ; ApoE: Apolipoprotein E; Bacel: B-secretase 1; Casp3: Caspase-3.
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Figure 5 NKX6.3 depletion induces inflammatory cytokine expression in gastric epithelial cells. A: NKX6.3 depletion in HFE-1455"NKX63 cells dramatically
increased expression of inflammatory cytokines, including interleukin (IL)-1B, IL-6, and IL-8, and cyclooxygenase-2. Shown are the means + SEM from three
experiments. Superscript letter represents significant difference (*P < 0.005 and *P < 0.001). B and C: In HFE-145°"NKX63 gglls, silencing of apolipoprotein E (ApoE)
with siApoE markedly inhibited oligomerization and aggregation of amyloid § and expression of nuclear factor kappa B p-p65 and inflammatory cytokines. Shown are
the means + SEM from three experiments. Superscript letter represents significant difference (P < 0.05, 4P < 0.005 and P < 0.0001). IL: Interleukin; COX-2:
Cyclooxygenase-2; ApoE: Apolipoprotein E; AB: Amyloid B; NF-kB: Nuclear factor kappa B.
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Figure 6 Schematic model of the role of NKX6.3 in gastric mucosal atrophy. In gastric mucosal cells, NKX6.3 prevents gastric mucosal atrophy by regulating
amyloid B (AB) peptide accumulation and oligomerization through inhibiting the y-secretase complex formation and the expression of apolipoprotein E (ApoE), and -
secretase 1. In addition, NKX6.3 suppresses gastric mucosal inflammation by modulating ApoE-induced nuclear factor kappa B activity and expression of cytokines.
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ARTICLE HIGHLIGHTS

Research background

Atrophic gastritis is characterized by loss of appropriate glands and considered as a
precancerous condition of gastric cancer. However, little is known about the molecular
mechanism underlying gastric mucosal atrophy. NKX6.3 plays a key role in the maintaining
gastric epithelial homeostasis. Amyloid  (AP) acts as a neurotoxin that directly induces
oxidative stress and receptor for advanced glycation end products (RAGE) mediates AfB-induced
oxidative stress and inflammatory response. Increased expression of RAGE has been implicated
in the pathogenesis of neuronal cell death. Interestingly, gastrokine 1, a downstream target of
NKX6.3, interacts with amyloid precursor protein (APP) and inhibits polymerization of Ap.

Research motivation
A better understanding of molecular mechanism underlying gastric mucosal atrophy could
protect against gastric mucosal atrophy and gastric carcinogenesis.

Research objectives
To investigate whether NKX6.3 might play a critical role in the development of gastric mucosal
atrophy by regulating Ap production.

Research methods

We examined whether NKX6.3 depletion induces cell death by cell count and Western blot
assay. Production and mechanism of AP oligomer were analyzed by enzyme-linked
immunosorbent assay, Western blot, immunoprecipitation, real-time quantitative polymerase
chain reaction and immunofluorescence analysis in HFE-145 non-neoplastic gastric epithelial
cells and gastric mucosal tissues. We further validated the correlation between expression of
NKX6.3, Helicobacter pylori CagA, AP oligomer, apolipoprotein E (ApoE), and B-secretase 1
(Bacel) in gastric mucosae.

Research results

We found that NKX6.3 depletion increased floating cell populations in HFE-145 cells and
induced production of A peptide oligomers. In addition, NKX6.3 depletion increased
expression of APP, AB, and RAGE proteins. In gastric mucosae with atrophy, expression of A3
peptide oligomer, ApoE, and Bacel was detected and inversely correlated with NKX6.3
expression. Treatment with rAp 1-42 produced oligomeric forms of A and significantly

Reishidenge WJG | https://www.wjgnet.com 342 January 21,2019 | Volume25 | Issue3 |



Yoon JH et al. NKX6.3 inhibits -amyloid production

decreased cell viability only in HFE-145"NKX63 cells. Furthermore, NKX6.3 depletion in HFE-
1455hNKX63 cells increased expression of inflammatory cytokines and cyclooxygenase-2.

Research conclusions
These data strongly suggest that NKX6.3 inhibit gastric mucosal atrophy by regulating A
accumulation and inflammatory reaction in gastric epithelial cells.

Research perspectives
Additional studies are needed to validate the results obtained. Identification of molecular
mechanism underlying gastric mucosal atrophy could contribute to the prevention of atrophic
gastritis and gastric cancer.
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Abstract

BACKGROUND

Exposure to high sustained +Gz (head-to-foot inertial load) is known to have
harmful effects on pilots’ body in flight. Although clinical data have shown that
liver dysfunction occurs in pilots, the precise cause has not been well defined.

AIM
To investigate rat liver function changes in response to repeated +Gz exposure.

METHODS

Ninety male Wistar rats were randomly divided into a blank control group (BC
group, n = 30), a +6 Gz/5 min stress group (6GS group, n = 30), and a +10
Gz/5min stress group (10GS group, n = 30). The 6GS and 10GS groups were
exposed to +6 Gz and +10 Gz, respectively, in an animal centrifuge. The onset
rate of +Gz was 0.5 G/s. The sustained time at peak +Gz was 5 min for each
exposure (for 5 exposures, and 5-min intervals between exposures for a total
exposure and non-exposure time of 50 min). We assessed liver injury by
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measuring the portal venous flow volume, serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), liver tissue malondialdehyde (MDA), Na*-
K*-ATPase, and changes in liver histology. These parameters were recorded at 0
h, 6 h, and 24 h after repeated +Gz exposures.

RESULTS

After repeated +Gz exposures in the 6GS and the 10GS groups, the velocity and
flow signal in the portal vein (PV) were significantly decreased as compared to
the BC group at 0 h after exposure. Meanwhile, we found that the PV diameter
did not change significantly. However, rats in the 6GS group had a much higher
portal venous flow volume than the 10GS group at 0 h after exposure. The 6GS
group had significantly lower ALT, AST, and MDA values than the 10GS group 0
h and 6 h post exposure. The Na*-K*-ATPase activity in the 6GS group was
significantly higher than that in the 10GS group 0 h and 6 h post exposure.
Hepatocyte injury, determined pathologically, was significantly lower in the 6GS
group than in the 10GS group.

CONCLUSION
Repeated +Gz exposures transiently cause hepatocyte injury and affect liver
metabolism and morphological structure.

Key words: Positive acceleration; +Gz; Liver function; Animal models; Liver metabolism;
Ischemia-reperfusion injury

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Some clinical data showed that liver dysfunction was observed in pilots.
However, the reason was not clear. We conducted this experimental study to investigate
rat liver function changes in response to repeated +Gz exposures, and to observe the
portal venous flow volume, liver function indexes, liver tissue malondialdehyde, Na*-K*-
ATPase activity, and changes in liver histology. We found that repeated +Gz exposures
transiently cause hepatocyte injury and affect liver metabolism and morphological
structure.

Citation: Shi B, Wang XQ, Duan WD, Tan GD, Gao HJ, Pan YW, Guo Q]J, Zhang HY.
Effects of positive acceleration (+Gz stress) on liver enzymes, energy metabolism,
and liver histology in rats. World | Gastroenterol 2019; 25(3): 346-355

URL: https:/ /www.wjgnet.com/1007-9327/full /v25/i3 /346.htm

DOI: https:/ /dx.doi.org/10.3748 / wjg.v25.i3.346

INTRODUCTION

Exposure to high sustained +Gz (head-to-foot inertial load) is known to have harmful
effects on pilots” body in flight!'l. Along with fast developments in aviation and
aerospace technologies, pilots are required to undertake sustained high G-acceleration
stress. The characteristics of modern high performance aircraft flight in particular
involve high acceleration (>9 Gz) that occurs repeatedly and is continued for 15-45 s,
and may transcend the physiological tolerance of flight personnel, even resulting in
pilot incapacitation and subsequent loss of lifel*’l. Repeated high-acceleration force
exposures may result in cumulative adverse stress responses in the body!™.
Accordingly, safe flying is an issue that is attracting broad attention®.

The vascular beds that ensure hepatic circulation include two vascular systems, the
portal vein (PV) and hepatic artery (HA)I. Fighter pilots are frequently exposed to
high Gz acceleration with the vector oriented in the foot-head direction. Under these
conditions, blood and fluids are redistributed in the body and into the lower body"!.
There are some clinical reports in which liver dysfunction has been observed in
pilots’l. However, the reason for these abnormalities remains unclear. An important
question to address is whether or not changes in the blood flow direction after +Gz
exposure impairs liver function. Moreover, the manner in which portal venous
hemodynamics changes after repeated +Gz exposures, and whether or not oxidative
stress parameters increase the duration of these changes, are additional questions
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awaiting answers. To answer these questions, further studies on liver damage and the
mechanisms of liver damage induced by high +Gz exposure are needed to provide
evidence for effective preventative measures. In recent years, studies on the effects of
high +Gz on the heart, brain, and lung have been addressed in considerable numbers
of human and animal studies”'"l. With the above in mind, we attempted to research
the effects of acceleration on liver blood flow, function, and histology.

MATERIALS AND METHODS

Animals

Healthy male Wistar rats, weighing 200-250 g, were raised in comfortable
environment, and fed and water naturally. All animal experiments and procedures
performed in this study were conducted in accordance with the Nursing Guidelines
and Usage Specification.

Experimental groups and animal exposure to acceleration

In this experiment, we chose +6 and +10 Gz as the acceleration test parameters, as
reported previously!*"l. Ninety rats were divided randomly into three groups: blank
control group (BC group, n = 30), +6 Gz/5 min stress group (6GS group, n = 30), and
+10 Gz/5 min stress group (10GS group, n = 30). The animal centrifuge used has a
diameter of 2 m and has the capacity to generate a wide series of gravities, between +1
Gz and +15 Gz, with an initial rate of 0.1-6 Gz/s!""l. In the 6GS and 10GS groups, rats
were repeatedly exposed to +6 Gz or +10 Gz stress (each time for 5 min, initial rate of
approximately 1 G/s, 5 times with 0 Gz, at 5-min intervals), respectively. The rats in
the blank control group were placed in the centrifuge arm and were subjected to the
same process as the test groups, but were not exposed to acceleration. For sample
collection, the combined exposure and interval time was 50 min. At 0, 6 h, or 24 h after
the last centrifuge run, experimental rats were harvested and blood samples were
obtained from the infra-hepatic vena cava to measure hepatic enzyme levels (n = 10
per measurement point). Half of liver lobe was instantly stored in liquid nitrogen and
stored at -80 °C. The other half was fixed in 4% formalin, stained with hematoxylin
and eosin, and analyzed by a microscopic examination. At the end of the observation
period, all the rats were ultimately killed using chloral hydrate.

Determination of portal blood flow

Using color Doppler ultrasound, we evaluated blood vessel diameter and the blood
flow velocity in the PV. The blood flow volume of the PV was calculated with the
flow equation: Q =11 x (D/2)2 x Vmean % 60 (Q: flow volume per minute; Vmean:
mean blood flow velocity; D: vessel diameter).

Liver function tests
The extent of liver damage and activity changes in serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were quantified.

Malondialdehyde (MDA) level measurements

MDA is involved in the metabolism of lipid peroxidation products. The MDA content
was determined using a standardized MDA assay kit (Nanjing Jiancheng
Biotechnology Institute, Nanjing, China), in accordance with the operation manual. A
peach red color is generated during the condensation reaction between thiobarbituric
acid (TBA) and MDA. The results are expressed as nmol/mg protein.

Measurement of Na*-K*-ATPase activity levels

Hepatic Na*-K*-ATPase activity was measured using an ATPase assay kit (Nanjing
Jiancheng Biotechnology Institute, Nanjing, China). The measurement of the Na*-K*-
ATPase activity was based on the quantification of inorganic phosphate that is formed
by adenosine triphosphate decomposition!”l.

Morphological assessment

Liver specimens were deparaffinized for morphological assessment. The histologic
damage severity was stratified using Suzuki’s criterial’l. Liver tissue slices were
microscopically examined in a blinded method by an experienced histologist.

Statistical analysis

Statistical analyses were performed using SPSS version 13.0 statistical software (SPSS,
Chicago, IL, United States). Experimental results are expressed as the mean *
standard deviation (SD). Differences were regarded as statistically significant at P <
0.05.
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RESULTS

Portal venous flow after repeated +Gz exposures

The normal portal venous flow in Wistar rats was 11.468 + 0.237 mL/min. After
repeated +Gz exposures in the 6GS and the 10GS groups, the velocity and flow signals
in the PV were significantly reduced compared to the BC group (P < 0.01 at 0 h post
exposure; Figure 1). Meanwhile, we found that the PV diameter did not change
significantly. However, rats in the 6GS group had a much higher portal venous flow
volume than those in the 10GS group (P < 0.01 at 0 h post exposure). All rats exhibited
normal portal venous flow 6 h after repeated +Gz exposure. To summarize, as the G
force increased, the portal venous blood flow decreased significantly, but transiently.

Liver function after repeated +Gz exposures
To assess liver cell damage in rats, plasma ALT and AST levels were determined 0, 6,
and 24 h after repeated +Gz exposures. ALT and AST levels in the BC group were 46.6
+4.71U/L and 110.5 £ 7.6 IU/L, respectively.

After repeated +Gz exposures, ALT and AST values in the 6GS and the 10GS
groups were higher than those in the BC group (P < 0.01 at 0 and 6 h time-points after
exposure). However, rats in the 6GS group exhibited lower ALT and AST levels than
those in the 10GS group at 0 and 6 h post exposure (P < 0.01, 6GS group vs 10GS
group). The experimental groups showed normal ALT and AST levels 24 h after
exposure (Figure 2). These consequences display that the degree of damage to the
liver function positively correlated with the increase in G-value, but the abnormalities
were transient.

Tissue MDA levels after repeated +Gz exposures

MDA concentration in both the 6GS and the 10GS groups had increased 0 h and 6 h
after exposure. The MDA concentration in the 6GS group was lower than that in the
10GS group at 0 h (2.89 * 0.24 nmol/mg protein vs 3.32 £ 0.25 nmol/mg protein, P <
0.01) and 6 h (2.64 + 0.18 vs5 3.18 £ 0.19; P < 0.01) post exposure (Figure 3). Notably, the
6GS and 10GS group MDA concentrations did not recover to normal 24 h after
exposure. Based on these data, it was concluded that repeated +Gz exposures may
induce lipid peroxidation in the rat liver.

Evaluation of Na*-K*-ATPase activity

Na*-K*-ATPase is a cell membrane enzyme that is highly susceptible to lipid
membrane peroxidation and free radical reactions!”). Loss of its activity is a signal of
indirect membrane damage. Na*-K*-ATPase activity decreased significantly after
exposure in both the 6GS and the 10GS groups, compared to the BC group. The 6GS
group had higher Na*-K*-ATPase activity than the 10GS group at 0 h (0.85 + 0.04
pmolPi/mg protein/h vs 0.73 £+ 0.05 pmolPi/mg protein/h, P < 0.01) and 6 h (0.87 +
0.03 pmolPi/mg protein/h vs 0.78 + 0.05 pmolPi/mg protein/h, P < 0.01) post
exposure. There was no significant difference between the 6GS and the 10GS groups
at 24 h after exposure (Figure 4).

Histopathological observations in the liver after repeated +Gz exposures

The hepatic pathological injury after repeated +Gz exposures was assessed and scored
according to Suzuki’s criterial”. The structures of the hepatic lobules and liver antrum
were clear, and cellular edema was not obvious in the BC group (Figure 5B, Suzuki’s
score = 2.12 + 0.35). At the 0 h time-point after exposure, the hepatic sinus cord-like
structure was maintained in the 6GS group (Figure 5C, Suzuki’s score = 3.21 + 0.13),
whereas it was less well maintained in the 10GS group, which presented with
hepatocyte edema (Figure 5D, Suzuki’s score = 4.63 + 0.25). At the 6 h time-point post
exposure, hepatocyte edema had been significantly relieved in the 10GS group (Figure
5F, Suzuki’s score = 3.53 + 0.31, P < 0.01). There was no significant score difference
between the 0 and 6 h time-points after exposure in the 6GS group (Figure 5C and E,
Suzuki’s score = 3.21 £ 0.13 vs 3.24 £ 0.28, P < 0.01). The hepatic histology profiles in
both the 6GS and the 10GS groups were nearly normal 24 h after exposure (Figure 5G,
Suzuki’s score = 2.14 + 0.33; Figure 5H, Suzuki’s score = 2.13 + 0.36).

DISCUSSION

In this study, the effects of high +Gz acceleration on rat liver function was
investigated. To this end, we devised an animal model of short-term repeated +Gz
exposures. We chose Wistar rats as the experimental subjects because the human
Glisson’s capsule is similar to that of rats and the model is simple and easy to control.
Hepatic energy metabolism and an optimal intracellular environment rely on an
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Figure 1 Comparison of the rat portal venous blood flow at 0, 6, and 24 h after repeated +Gz exposures in the blank control group, +6 Gz/5 min stress
group, and +10 Gz/5 min stress group. A: Portal vein blood flow; B: Portal flow velocity.

adequate blood supply. Hepatocytes are very sensitive to ischemia and/or hypoxia in
liver tissuel'*"’l. Therefore, factors related to ischemia and/or hypoxia will definitely
influence their metabolism’. Direct action and stress reaction caused by +Gz
exposure can result in obvious hemodynamic changes between the upper and the
lower body, in important organs, and on the body surface, which is similar to hepatic
ischemia-reperfusion (I/R). Indeed, repeated +Gz exposures may cause hepatic I/R.
Ischemia is defined as inadequate blood supply to an organ or part of an organ as a
result of obstructed blood flow™. Our findings were consistent with those reported
effects, with some significant differences between the acceleration exposed and the
control rats observed.

Color Doppler ultrasound is a well-established method for assessing hemodynamic

described by Kim et al™], exposure to high +Gz accelerating force acting along the
body axis from the head to the feet severely reduces blood supply to the internal
organs.

Levels of ALT and AST can be used as measures of hepatic damage, and were used
in this study to assess damage incurred due to repeated +Gz exposures. The 6GS
group was associated with less cellular damage than the 10GS analogue; this was
reflected by the lower serum ALT and AST levels. The results indicated that the
degree of functional liver damage increased gradually with increasing G value. Zhang
et al* reported that repeated +10 Gz stress had some impact on the oxygen radical
metabolism in the rat liver. MDA is widely used as an indicator of oxidative stress,
which is one of the end products of lipid peroxidation in the liver™!. The results of our
study displayed that rats in the 10GS group had more hepatic MDA than those in the
6GS group. After repeated +10 Gz exposures, the oxygen and nutrients supplied to
the liver were reduced. After exposure, rats in the 6GS group presented with less
oxidative stress-induced damage than rats in the 10GS group, as manifested by the
lower MDA levels. In this study, changes in the MDA levels were in accordance with
those caused by ischemia and/or hypoxia in rat livers®””], which also points toward
ischemia or hypoxia as one of the main causes of high +Gz stress-induced liver injury.

Early research in this field found that positive acceleration affected the
physiological indexes of the liver. Daligcon et al*! reported that hyper-G stress
increased levels of circulating catecholamines and glucagon, both effective stimulators
of hepatic gluconeogenesis, and that continued hyperglycemia may be due, in part, to
the control of the insulin-stimulated uptake by muscle tissues. They also found that
hyper-G stress not only increased circulating and blood glucose levels, but also
increased the content of liver glycogen. This was attributed to an increased rate of
gluconeogenesis and the key role that epinephrine plays during the beginning of
centrifugation exposure!™. Later research reported that hypergravity exposure caused
significant injury to the livert™.

Our study has some limitations. First, we did not measure the blood flow changes
in the HA due to technical limitations. This may be possible through technical
advances in the future or the use of larger animal models, and we plan to actively
pursue this research avenue in the near future. Additionally, other serum liver
parameters such as alkaline phosphatase, gamma-glutamyl transferase, bilirubin, and
serum lactate were not measured. We also plan to assess these parameters in future
work. Moreover, physiological differences between rats and humans may render the
data obtained herein non-transferable to human pilots under similar conditions of
exposure.

In summary, the main findings of the study can be summarized as follows: first,
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Figure 2 Comparison of rat serum alanine aminotransferase and aspartate aminotransferase levels at 0, 6, and 24 h after repeated +Gz exposures in the
blank control group, +6 Gz/5 min stress group, and +10 Gz/5 min stress group. A: Alanine aminotransferase; B: Aspartate aminotransferase. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase.

short-term repeated exposures to either +6 Gz or +10 Gz temporarily reduced the
portal venous flow. Second, ALT and AST levels only slightly increased in response to
G exposure and soon reverted back to normal. An increase in G force resulted in
additional liver damage. Third, evidence of oxidative damage was found, which may
have been due to liver ischemia. Finally, repeated exposures were associated with a
transient decrease of the liver energy, as indicated by the decrease in Na*-K*-ATPase
activity. Although the rat data may not be directly extended to that of pilots, because
of similar conditions of +Gz exposure, this model may be helpful in identifying more
potential adverse effects of high +Gz stress on the human liver, and help develop
practical effective protective measures. In the future, we will further expand our
study to explore the effects of +Gz exposure over longer durations on liver function,
with a view to elucidating the underlying pathophysiological mechanisms and
proposing feasible protection to decrease adverse +Gz effects. This could be
accomplished by applying an understanding of aviation medicine to aeronautical
engineering technology development. This would be significant in aviation progress
by ensuring flight safety, extending pilot flying-life, promoting good performance of
combat aircrafts, and improving fighting capacity. These factors are essential for the
development of a new generation of high-performance fighter aircrafts.
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Figure 4 Comparison of the rat liver Na*-K*-ATPase activity at 0, 6, and 24 h after repeated +Gz exposures in the blank control group, +6 Gz/5 min stress
group, and +10 Gz/5 min stress group.
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Figure 5 Pathological changes in the liver tissue at 0, 6, and 24 h after repeated +Gz exposures in the blank control group, +6 Gz/5 min stress group, and
+10 Gz/5 min stress group. A: The hepatic pathological injury after repeated +Gz exposures was assessed and scored according to Suzuki’s criteria. B: The
structures of the hepatic lobules and liver antrum were clear, and cellular edema was not obvious in the BC group. C: At the 0 h time-point after exposure, the hepatic
sinus cord-like structure was maintained in the 6GS group. D: It was less well maintained in the 10GS group, which presented with hepatocyte edema. E: There was
no significant score difference between the 0 and 6 h time-points after exposure in the 6GS group. F: At the 6 h time-point post exposure, hepatocyte edema had been
significantly relieved in the 10GS group. G and H: The hepatic histology profiles in both the 6GS and the 10GS groups were nearly normal 24 h after exposure.

ARTICLE HIGHLIGHTS

Research background

Some clinical data show that liver dysfunction was observed in pilots. However, there are many
reasons for this: hepatitis virus, drug abuse, excessive drinking and so on. The objective of this
study was to probe into whether positive acceleration affects rat liver function.

Research motivation

Exposure to high sustained +Gz (head-to-foot inertial load) is conclusively known to have
harmful effects on the human body during aviation activities. High-acceleration force exposures,
particularly when occurring repeatedly, may result in accumulative adverse stress responses in
the body, and safe flying is a social problem that has attracted broad attention. An important
question to address is whether changes in the blood flow direction after +Gz exposure impair
liver function in rats. Moreover, the manner in which the portal venous hemodynamics changes
after repeated +Gz exposures, and whether oxidative stress parameters increase the duration of
these changes are additional questions awaiting answers. To clarify these questions, further
studies on liver damage and the mechanisms of liver damage induced by high +Gz exposures
are needed, and this will provide evidence to take effective preventive measures.

Research objectives
In this article, an animal centrifuge model was used to study whether positive acceleration
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impairs liver function. This research may help find more potential adverse effects of high +Gz
stress on the human liver, and help develop practical, effective protective measures. In the
future, we will further expand our study to explore the effects of +Gz exposures of longer
duration on the liver function, to illuminate the pathophysiological mechanisms that are
involved.

Research methods

Completely random grouping design and exploratory experimental research were performed
based on the experimental animals. We adopted the method of acceleration exposure in rats. The
difference of experimental data was detected by analysis of variance using SPSS version 13.0
statistical software (SPSS, Chicago, IL, United States). Experimental results are expressed as the
mean * standard deviation.

Research results

The main findings of the study showed that repeated +Gz exposures not only transiently impair
liver function but also affect liver metabolism and morphological structure. Although there are
some gaps between experimental animal model and real flight environment, this research may
help find more potential adverse effects of high +Gz stress on the human liver, and help develop
practical effective protective measures.

Research conclusions

While fighter pilots are frequently exposed to high Gz acceleration with the vector in the foot-
head direction, the blood and fluid of the body will be redistributed and flow along the direction
of inertia force to the lower body. Many studies have demonstrated the harmful effects of
repeated +Gz stress on the cardiac ultrastructure, metabolism, and function. It was, however, of
scarcity that to investigate the effect of high +Gz exposure on the hepatobiliary system.
Therefore, we propose some doubts: Do high +Gz exposures impair liver function of rats? How
does the portal venous hemodynamics change after repeated +Gz exposures? Do oxidative stress
parameters increase? Well then, should the changes of blood flow direction after +Gz exposure
cause hepatic ischemia, so as to affect the liver function? We hypothesized that repeated +Gz
exposures could transiently impair the liver function in rats.

The main findings of the study can be summarized as follows: First, short-term repeated
exposures to either +6 Gz or +10 Gz reduced the portal venous flow. Blood redistribution
between the liver and body surface or other organs is similar to liver ischemia reperfusion.
Repeat +Gz exposures may result in liver ischemia-reperfusion injury. Second, alanine
aminotransferase and aspartate aminotransferase levels were only slightly increased and could
soon revert back to normal. With an increase in the G force, additional damage also occurred in
the liver function of the rats. The results showed that this damage should be functional and
reversible. Third, oxidative damage might be engaged in the pathophysiologic process during
liver ischemia. After repeated +Gz exposures, the blood and nutrient substance supplied to the
liver were reduced. The exposed group had oxidative stress injury, as reflected in the higher
malondialdehyde (MDA) levels. In addition, the MDA levels increased as the G value increased.
Fourth, repeated +Gz exposures had something to do with a temporary reduction of the liver
metabolism, as indicated by a decrease in the Na*-K*-ATPase activity. The main role of the Na'-
K*-ATPase is to maintain the structure and function of mitochondria. When the activities of the
Na*-K*-ATPase decline, the structure of mitochondria is likely to change. Morphologically
mitochondria became swelling and matrix density decreased.

Research perspectives

Although trained pilots may not use the same way as the rats under similar conditions of
exposure due to species difference, the research method in rats may help in investigating the
pathophysiological mechanism of high +Gz stress in humans. In addition, this research may aid
discovery of more potentially harmful effects of high +Gz stress on the human liver, and
subsequently, help to prevent liver injury. Flight crews will be the research subject of the project
in the future. Prospective study will be the best research method.
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Abstract

BACKGROUND
Mediastinal leakage (ML) is one of the most feared complications of
esophagectomy. A standard strategy for its diagnosis and treatment has been
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difficult to establish because of the great variability in their incidence and
mortality rates reported in the existing series.

AIM
To assess the incidence, predictive factors, treatment, and associated mortality
rate of mediastinal leakage using the standardized definition of mediastinal leaks

recently proposed by the Esophagectomy Complications Consensus Group
(ECCG).

METHODS

Seven Italian surgical centers (five high-volume, two low-volume) affiliated with
the Italian Society for the Study of Esophageal Diseases designed and
implemented a retrospective study including all esophagectomies (n = 501) with
intrathoracic esophagogastric anastomosis performed from 2014 to 2017.
Anastomotic MLs were defined according to the classification recently proposed
by the ECCG.

RESULTS

Fifty-nine cases of ML were recorded, yielding an overall incidence of 11.8%
(95%ClI: 9.1%-14.9%). The surgical approach significantly influenced the
occurrence of ML: the proportion of leakage was 10.5% and 9% after open and
hybrid esophagectomy (HE), respectively, and doubled (20%) after totally
minimally invasive esophagectomy (TMIE) (P = 0.016). No other predictive
factors were found. The 30- and 90-d overall mortality rates were 1.4% and 3.2%,
respectively; the 30- and 90-d leak-related mortality rates were 5.1% and 10.2%,
respectively; the 90-d mortality rates for TMIE and HE were 5.9% and 1.8%,
respectively. Endoscopy was the first-line treatment in 49% of ML cases, with the
need for retreatment in 17.2% of cases. Surgery was needed in 44.1% of ML cases.
Endoscopic treatment had the lowest mortality rate (6.9%). Removal of the gastric
tube with stoma formation was necessary in 8 (13.6%) cases.

CONCLUSION

The incidence of ML after esophagectomy was high mainly in the TMIE group.
However, the general and specific (leak-related) mortality rates were low. Early
treatment (surgical or endoscopic) of severe leaks is mandatory to limit related
mortality.

Key words: Transthoracic esophagectomy; Minimally invasive esophagectomy;
Mediastinal leak; Esophagectomy complications

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Anastomotic mediastinal leaks represent one of the most feared complications
of esophageal resection. The incidence of mediastinal leaks and their associated
mortality rates are reported with great variability, and a standard strategy for the
diagnosis and treatment has been difficult to establish. Data on all esophagectomies
performed in seven Italian centers from 2014 to 2017 were collected and analyzed. The
two take-home messages of our multicenter retrospective study are as follows: (1) the
surgical approach significantly influenced the rate of mediastinal leaks, with the highest
leakage rate occurring after totally minimally invasive esophagectomy and lowest rate
occurring after hybrid esophagectomy; and (2) early (surgical or endoscopic) treatment
of mediastinal leaks is an essential tool to address this complication and prevent other
major complications of esophagectomy.
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INTRODUCTION

Cancer of the esophagus is a highly malignant disease with a poor prognosis. Surgical
treatment is usually indicated for localized disease. Notwithstanding recent
improvements in perioperative care, esophagectomy is still a highly invasive surgical
procedure, with significant morbidity rates ranging from 50% to 60%!"~"! and 30- and
90-d mortality rates as high as 3% and 7.4%, respectively!"l.

Minimally invasive esophagectomy was introduced with the aim of improving
postoperative morbidity rates’’l. However, the application of this approach may
require a modification of the technique for esophagogastric anastomosis, possibly
affecting the results of esophagectomy in terms of the leakage ratel*..

Anastomotic mediastinal leakage (ML) represents one of the most feared
complications of esophageal resection. MLs are associated with a wide spectrum of
complications, such as mediastinitis, sepsis, and acute respiratory distress syndrome,
in addition to prolonged hospitalization and decreased quality of life. Studies have
also shown that MLs are associated with a reduced life expectancy”. The incidence,
the associated mortality rates, and the treatment strategies of MLs reported in the
literature vary widely"l.

Additionally, a variety of factors have been described as correlated with this
complication”'). Therefore, a standard strategy for both the diagnosis and treatment
of MLs remains difficult to establish.

In this context, studies using standardized and commonly agreed upon definitions
of postoperative complications and relying on large and comprehensive datasets of
esophagectomies are very welcome. The aim of this retrospective study [multicenter
study on mediastinal leaks (MuMeLe)] was to evaluate the incidence, predictive
factors, treatments, and associated mortality rates of ML after transthoracic
esophagectomy in seven Italian surgical centers (5 high-volume and 2 low-volume),
which are members of the Italian Society for the Study of Esophageal Diseases
(SISME) and form a representative sample of Italian centers with surgical teams
having significant expertise in esophageal resection.

MATERIALS AND METHODS

Ethics

The study was approved by the Institutional Review Board of the Department of
Clinical and Experimental Sciences of the University of Brescia, Italy. Informed
consent for the surgical procedure was obtained from the patients after explaining to
them that they were suitable candidates for transthoracic esophagectomy with
intrathoracic esophagogastric anastomosis given their diagnosis. Patients were not
required to provide informed consent for the study because the analysis used
anonymous clinical data that were obtained after each patient agreed to treatment by
written consent.

Patients and surgical procedures

A total of 501 patients (416 men and 85 women; Table 1) were identified by
retrospective review of the prospectively maintained medical databases of the seven
Italian surgical centers participating in this study. Five centers were considered high-
volume centers, performing more than 20 esophagectomies per year. The global
database included all patients who underwent transthoracic esophagectomy with
intrathoracic esophagogastric anastomosis from 2014 to 2017. Esophago-jejunal,
esophago-colic, and neck anastomoses were excluded.

Most (78.6%) patients had adenocarcinoma. Neoadjuvant treatment was
administered to 62.7% of the patients. Body mass index (BMI) ranged from 15 to 35
kg/m?

Common approaches for performing transthoracic esophagectomy were
laparotomy and thoracotomy (152 patients), laparoscopy and thoracotomy [hybrid
esophagectomy (HE); 244 patients], and laparoscopy and thoracoscopy [totally
minimally invasive esophagectomies (TMIE); 105 patients]. Minimally invasive
techniques were routinely used in four surgical centers, whereas robotic surgery was
a routine procedure in one center. These four centers had a large experience with the
hybrid technique, whereas the number of totally minimally invasive esophagectomies
should be considered to be still in the learning curve for all 7 centers. One center had
the largest experience with TMIE including more than 60 cases.

Mechanical, semimechanical, and manual anastomosis was performed according to
thoracic access and the surgeon’s preference at each center. Most (90.3%) patients did
not undergo any pyloric procedures during surgery. Nutritional jejunostomy was
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Table 1 Patients’ characteristics and perioperative information

Number of patients Patients with ML n (%) P value

Total 501 59 (11.8)

ASA score 0.43
1-2 266 32 (12.0)

3-4 158 24 (15.2)

Histology 0.96
Adenocarcinoma 385 44 (11.4)

Squamous carcin. 101 12 (11.8)

Other 7 2 (28.5)

T 0.34
1-2 212 34 (16.0)

3-4 280 34 (12.1)

N 0.098
0 200 36 (18.0)

+ 274 31 (11.3)

Neoadjuvant chemotherapy 0.89
Yes 314 37 (11.8)

No 187 22 (11.8)

Pyloric procedure 0.14
Yes 53 10 (18.9)

No 448 49 (10.9)

Patients with no ML Patients with ML P value

Median body mass index (range) 25 (15-33.3) 27.5 (17.7-35) 0.0328
Median surgery duration (range) 360 (127-700) 330 (173-615) 0.6707

ML: Mediastinal leakage.

routinely positioned in only some surgical centers.

Standardization of the definitions of major postoperative complications is a
fundamental step for delivering accurate analyses and facilitating global comparisons,
which are prerequisites for proposing quality improvement strategies!""'?. Therefore,
anastomotic leakages were defined here according to the taxonomy recently proposed
by the Esophagectomy Complications Consensus Group!"': Full thickness GI defect
involving the esophagus, anastomosis, staple line, or conduit irrespective of
presentation or method of identification and graded into 3 types: Type I - local defect
requiring no change in therapy or treated medically or with dietary modification;
Type II - localized defect requiring interventional but not surgical therapy, for
example, interventional radiology drain, stent or bedside opening, and packing of
incision; Type III - localized defect requiring surgical therapy.

Statistical analysis

The following variables were coded and analyzed to assess their correlation with ML
development: patient ASA score and BMI, tumor histology and stage, use of
neoadjuvant treatment, pyloric procedure, duration of surgery, surgical approach,
and anastomotic technique.

The Mann-Whitney U test was used to compare continuous variables not normally
distributed [presented as the median and interquartile range (IQR)]. The normality of
the distribution of variables was determined using the D’ Agostino-Pearson test. Chi-
square or Fisher’s exact tests, when appropriate, were used to compare categorical
variables. Statistical analysis was performed with statistical software for biomedical
research (MedCalc Software for Windows).

The statistical methods of this study were reviewed by Giuseppe Verlato, Professor
of Biostatics, Department of Diagnostics and Public Health, University of Verona,
Verona, Italy.

RESULTS
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The analysis of the entire set of 501 esophagectomies performed from 2014 to 2017 in
seven Italian centers with expertise in esophageal resection delivered the following
findings.

First, the overall incidence of ML was 11.8%, with a leakage rate varying across
centers from 1.6% to 20% (Table 2). Leakage incidence did not correlate with center
volume.

The median postoperative day of diagnosis of the ML was the third postoperative
day (range: 1-58) (Table 3). Leaks were diagnosed as follows: 38 radiologically, 18
endoscopically, 2 clinically, and 1 surgically.

Second, the 30- and 90-d total mortality rates were 1.4% and 3.2%, respectively.
Meanwhile, the 30- and 90-d leak-related mortality rates were 0.6% and 1.8%,
respectively. Among the patients who developed this postoperative complication, the
30- and 90-d mortality rates were 5.1% and 10.2, respectively.

Third, the ASA score, tumor histology and stage, use of preoperative (neoadjuvant)
treatment, and duration of surgery did not correlate with the occurrence of ML. BMI
was significantly correlated with an increased risk of ML (P = 0.032) (Table 1).

Fourth, the surgical approach significantly influenced the incidence rate of ML
(Table 4): the proportion of leakages was 10.5% and 9% after open Ivor Lewis
esophagectomy (IL) and HE, respectively, and doubled (20%) after TMIE (P = 0.016).
The 30-d mortality rates for TMIE and HE were 5.9% and 1.8%, respectively (P = 0.03).
Most anastomoses in TMIE were performed with a semimechanical linear side-to-side
technique, whereas only a few were performed manually.

Fifth, conservative treatment was the first-line treatment in 13.6% of ML cases
(Table 5). Endoscopy was the first-line treatment in 49% of ML cases; most of these
patients either had an endoscopic stent or a nasoesophageal extraluminal drain
placed. Other endoscopic treatments (clips or glue) were seldom used. Surgery, as a
first-line treatment, consisting of surgical debridement with or without stent
placement, re-anastomosis or demontage, was performed in 37.3% of patients.
Surgery was generally the preferred treatment for very early leaks when a redo
anastomosis was considered the elective treatment before septic signs would appear.
The presence of ischemic tissue at the anastomotic site or septic patients with non-
contained leaks represented the other instances in which surgery was considered the
recommended treatment and, as such, it was performed. Surgery was also performed
when conservative treatment had failed.

Endoscopy had the highest rate of retreatment (17.2%) but the lowest mortality rate
(6.9%). Surgery as a primary, secondary, or tertiary treatment was needed globally in
44.1% of ML cases. Removal of the gastric tube with stoma formation was considered
necessary in 8 (13.6%) cases.

DISCUSSION

The MuMelLe study group, consisting of 5 high-volume and 2 low-volume surgical
centers affiliated with the Italian Society for the Study of Esophageal Diseases, serves
as a representative sample of the Italian surgical community with expertise in
esophageal resection. Similar to a recent worldwide trend”"”, minimally invasive
techniques were used in a significantly high percentage of the total number (349/501,
69.6%) of esophagectomies performed in these seven Italian surgical centers from 2014
to 2017.

The incidence of ML reported in the MuMeLe series (11.8%) was higher than
expected (although widely varying across the seven surgical centers) and higher than
rates reported in other recent western series!”'"], which vary from 6.8% to 9.3% (the
incidence of ML in the Swedish database including 559 patients undergoing surgery
from 2001 to 2005 was 7.9%!"!). The western series, however, display incidence rates of
ML that are significantly higher than those in eastern series (Table 6): for example,
Guo et al'™ recently reported an incidence rate of ML after esophagectomy of 1.8%,
significantly lower than the 6.3% reported in the latest results from the United
Kingdom National Oesophago-Gastric Cancer Audit!""l.

The main novel finding from the analysis of our series is that technical aspects of
esophageal resection, more specifically the use of a minimally invasive approach,
seem to be one of the two predictive factors for the occurrence of ML (BMI being the
other). In contrast, other factors, such as tumor histology and stage, multimodality
treatment, and duration of surgery, did not seem to influence the occurrence of this
postoperative surgical complication. From this perspective, the findings from our
series are consistent with similar findings in the literature. More specifically, Rutegard
et alt®! found no statistically significant predictive factors for the occurrence of ML;
however, the period examined in that series did not include minimally invasive IL

Jaishidengs WJG | https://www.wjgnet.com 360 January 21,2019 | Volume25 | Issue3 |



Fumagalli U et al. MLs after esophagectomy

Table 2 Number of esophagectomies and leaks by center

Center 1 2 3 4 5 6 7 All
Number of esophagectomies 64 66 16 127 62 151 15 501
Number of leaks 1 3 1 10 11 30 3 59
Leak/esophagectomies (%) 1.6 45 6.3 7.9 17.7 19.9 20.0 11.8

Centers 1, 2, 4, 5, and 6 are high-volume centers, whereas centers 3 and 7 are low- volume centers.

(MIIL) esophagectomies. Another study found that neoadjuvant therapy did not seem
to carry an inherent risk of esophageal leakage greater than the baseline risk!"’l.

Other predictive factors for anastomotic leakage have been reported in the
literature, such as factors involved in vascularization of the gastric tube, associated
diseases (cardiovascular diseases, diabetes, renal insufficiency), active smoking,
corticosteroid usel”), center volume for esophagectomy!”, intraoperative hypotensive
episodes!'], intraoperative blood loss, and anastomosis site (cervical vs thoracic).
Given these findings, strategies to reduce the incidence of ML include techniques for
improving the detection of gastric tube vascularization. Intraoperative tools for
detecting vascular insufficiency of the gastric tube are now being used routinely in
some centers; a significant advantage in reducing the rate of ML with the use of these
tools has been reported in the literaturel"**.

In our series, the main predictive factor for ML occurrence was the use of a totally
minimally invasive approach. One can speculate that such approaches require the
introduction of a new technique for constructing the anastomosis, thus generating a
learning curve before reaching satisfactory results in terms of the rate of ML.
Interestingly, in a recently published paper on the MIIL approach, the reported mean
incidence of anastomotic leakage was 18.8% during the learning curve and 4.5% after
the plateau had been reached™!. The length of the learning curve for preventing
anastomotic leakage using the MIIL approach was 119 cases. The four centers
performing TMIE are still in the learning curve for this type of procedure, and this
factor may partly explain the higher incidence of ML with this approach.

There is still no consensus on the safest anastomotic technique in the MIIL
approach; some studies argue that a semimechanical side-to-side anastomotic
approach is better*, whereas other studies maintain that an end-to-side circular
anastomosis, though technically more complex, may be safer”). Robotic anastomosis
may be a suitable alternative”!. However, data on the different techniques are scant
and cannot be used for clinical evidence.

In our series (Table 3), the time of ML diagnosis (median = 3 d) was earlier than
that (median = 7 d; range: 3-18) reported in other studies!’), even if the range was
definitely wider (1-58 d), with 13 leaks being diagnosed later than 10 d
postoperatively. Earlier diagnosis supports the hypothesis that a technical problem
during construction of the anastomosis was likely the factor associated with the
occurrence of the complication (vascular insufficiency of the gastric tube is usually
considered responsible for later leaks).

The 30- and 90-d mortality rates (total and leak-related) in our series can be
compared to the corresponding rates reported recently in the literature (Table 7).

The early diagnosis and treatment of ML are key factors for achieving a low
mortality ratel*] because one can treat the cause of contamination and sepsis, which in
turn increase the mortality rate. MLs are generally associated with a high rate of
postoperative mortality, even in a series with a low incidence of ML, which reported a
mortality rate of 21.2%!""l. The overall 90-d mortality rate for all patients undergoing
esophagectomy was 2.1% in Dent’s series”], quite close to our 90-d mortality rate of
3.2%, which is lower than corresponding values reported in other series.

Even in the totally minimally invasive Ivor Lewis group in our series, in which the
incidence of ML was higher than the incidence reported in other series, the ML-
related mortality rate was lower than those previously reported in the literature. This
means that either the leaks in our series were different (less severe) or the treatment of
this complication was quite effective. This latter scenario is in line with the concept of
rescuing patients from severe complications. From this perspective, other factors
beyond the occurrence of a severe complication such as ML need to be considered: for
example, the surgeon and hospital volume®®), the nurse-to-patient ratio, and the
multidisciplinary approach to the treatment of the complication can definitely be
important in reducing the mortality rate*.

In our series, most patients with a leak were initially treated either conservatively
or endoscopically (Table 5). Endoscopic treatment was usually limited to either
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Table 3 Mediastinal leaks and mortality rates in the multicenter study on mediastinal leaks

30-d mortality 90-d mortality
TEG Post-op day of diagnosis'
Leak n (%) All n (%) Leak n (%) All n (%)
Patients 501 3(0.6) 7 (1.4) 9(1.8) 16 (3.2)
Leaks” 59 (11.8) 3(5.1) 6 (10.2) 3 (1-58)
Necrosis’
Type 5 0 8 (4-8)
Type II 30 2(6.7) 2(6.7) 4 (1-28)
Type III 24 3 (12.5) 7(29.2) 10 (41.7) 7 (4-58)
P value 0.038 <0.001

"Median values for the postoperative day on which the mediastinal leak was diagnosed;
*Mediastinal leak was defined according to the taxonomy recently proposed by the Esophageal Complications Consensus Group!"l. TEG: Transthoracic
esophagectomy with intrathoracic anastomosis.

endoscopic stenting or nasoesophageal extraluminal drainage because Eso-SPONGE
is not yet commercially available in Italy. This factor, as well as the fact that several
leaks were diagnosed earlier than the typical timing reported in the literature
(indicating a possible technical problem in the construction of the anastomosis), may
explain the relatively high number of redo anastomoses.

The need for surgery was similar in our study and in other reported series!>’!], even
if the rate of esophageal diversion was higher in our series. Surgical intervention is
recommended for septic patients with uncontained leaks or when conservative
treatment has failed. Based on our experience and the insights from the analysis of
our large series, it is extremely important not to delay the decision to perform surgery
in patients with sepsis persisting after conservative treatment. In patients who need
surgery when extensive necrosis of the tube is found and/or when the patient’s
general condition is critical, removal of the gastric tube by cervical esophagostomy
and delayed reconstruction should be an option. The anastomosis can be
reconstructed only when the gastric tube is well vascularized.

Similar to what has been reported in other studies!'”], the mortality rate was higher
among patients with leaks treated surgically than among patients with leaks treated
endoscopically; this is likely a selection effect because the medical conditions of
patients with surgical indications are more severe and patients undergoing surgery
have more severe local conditions. We acknowledge that, like other retrospective
analyses of prospectively collected data, our study has limitations. In addition, the ML
treatment strategies differed among the seven surgical centers, which makes it
difficult to recommend a specific treatment strategy for this severe complication.
However, the MuMelLe study group is a representative sample of Italian surgical
centers with expertise in esophageal resection and, as such, can serve as an important
benchmark for future studies. It is also noteworthy that the reported mortality rates in
our series are definitely low, which means that the therapeutic choices were overall
quite effective despite differing among centers.

In summary, our series shows that the incidence of ML after esophagectomy was
high. ML occurred mainly in the group of patients undergoing TMIE, suggesting that
technical problems during the initial phase of the learning curve are likely the main
drivers behind the occurrence of ML. General and specific (leak-related) mortality
rates were, however, low, demonstrating that the therapeutic choices were correct.
Based on our experience and the analysis of our series, we strongly believe that the
early treatment (surgical or endoscopic) of severe leaks, presenting either directly as
severe or causing persistent sepsis after initial conservative treatment, is mandatory,
and that there should be no hesitation before reoperation if the first attempt of
conservative management fails.
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Table 4 Mediastinal leakage rate by surgical technique

Surgical technique

Total P value
Open IL Hybrid IL MiIL
Number of TEG 152 244 105 501
Number of leaks 16 22 21 59
Leakage rate (%) 10.5 9.0 20.0 11.8
Necrosis - type I 1 4 0 5
Necrosis - type II 9 10 11 30
Necrosis - type I 6 8 10 24
Hybrid vs MI 0.0072
Open vs MI 0.0520
Open + hybrid vs MI 0.0560

!Minimally invasive Ivor Lewis (MIIL) procedure performed in 4 of the 7 surgical centers. Anastomoses in MIIL are mainly semi-mechanical (highest
leaking rate compared to manual and mechanical). TEG: Transthoracic esophagectomy with intrathoracic anastomosis; MIIL: Minimally invasive Ivor
Lewis; IL: Ivor Lewis; MI: Minimally invasive.

Table 5 Treatment of mediastinal leaks

Conservative Endoscopic Surgical

NGT antibiotics NED ES Other Deb RedoA  Dem
Primary, 1 8! 11 12 6" 6 10 6
Primary, % 13.6 49.2 373
Retreat, n 1 2 1 2 2
Retreat, % 125 17.2 9.1
Secondary 1 stent 2 end stent 1 restent 1 surg+stent; 1 stent 1 redo A 1 restent
Tertiary 1 reanast 1 reanast; 1 restent 1 dem
Total leaks 7 26 26
Mortality 2 2 3 2
Mortality (%) 25 6.9 227

'Eight patients: radiologically guided drainage (pleural/mediastinal collections).
%One patient transferred to another hospital. NED: Naso-esophageal extraluminal drainage. ES: Endoscopic stent; Other: Other endoscopic treatment (clip,
glue); Deb: Surgical debridment with or without stent; Redo A: Redo anastomosis; Dem: Demontage.

Table 6 Mediastinal leakage and mortality rates: Multicenter study on mediastinal leaks and other studies

Patients Mortality rates Leakage rates Leak-related mortality rates

Price’s in 2013 268 3.7! 59
Dent et al®*1 2016 377 0' 7.2 0
Van Daele et all’l 2016 412 2.9
Guo et all™ 2014 1867 1.8 18.2

30-d 90-d 30-d 90-d
Rutegérd et all®l 2012° 559 6.2 7.9
Kassis et all'*1 2013 1559 3.6 9.3
MuMeLe study* 501 14 32 118 5.0 153

Operative mortality rate;

2Multicenter prospective study;

SMulticenter retrospective study;

“Multicenter retrospective study. MuMeLe: Multicenter study on mediastinal leaks.
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Table 7 Mediastinal leakage and mortality rates by minimally invasive technique: Multicenter study on mediastinal leaks and other

studies

Technique Study Patients Operative mortality rate Mediastinal leakage rate
MIIL van Workum et al””! 2019 646 23 14.4
Schmidt et all'™ 2017 49 6.1 6.1
Zhang's in 2017 15 0.0
Mungo et all* 2016 52 3.8 14.0
MuMeLe study 105 5.9 20.0
Hybrid Woodard'’s in 2017 143 25 25
MuMeLe study 244 1.8 9.0

MIIL: Minimally invasive Ivor Lewis; Hybrid: Hybrid Ivor Lewis; MuMeLe: Multicenter study on mediastinal leaks.

ARTICLE HIGHLIGHTS

Research background

Cancer of the esophagus is a highly malignant disease with a poor prognosis. Esophagectomy is
still a highly invasive surgical procedure, with significant morbidity rates and mortality rates.
Minimally invasive esophagectomy was introduced with the aim of improving postoperative
morbidity rates, yet possibly affecting the leakage rate. In fact, anastomotic mediastinal leakage
(ML) represents one of the most feared complications of esophageal resection, being associated
with mediastinitis, sepsis, acute respiratory distress syndrome, prolonged hospitalization,
decreased quality of life, and reduced life expectancy.

Research motivation

A standard strategy for both the diagnosis and treatment of MLs remains difficult to establish
because the incidence, the underlying risk factors, the associated mortality rates, and the
treatment strategies of MLs reported in the literature vary widely. This heterogeneity in the
reported findings is partly explained by the fact that different series and studies use different
definitions of ML, which make it difficult to compare their findings, and, hence, to derive clear
indications regarding the best strategy for the diagnosis and treatment of MLs.

Research objectives

The aim of our retrospective study was to evaluate the incidence, predictive factors, treatments,
and associated mortality rates of ML after transthoracic esophagectomy using a standardized
and commonly agreed upon definition of ML recently proposed by the Esophagectomy
Complications Consensus Group (ECCG) and relying on a large, multicenter and comprehensive
dataset of esophagectomies.

Research methods

The data include all transthoracic esophagectomies intrathoracic esophagogastric anastomosis
performed from 2014 to 2017 in seven Italian surgical centers (5 high-volume and 2 low-volume),
which form a representative sample of Italian centers with surgical teams having significant
expertise in esophageal resection. A total of 501 patients were identified by retrospective review
of the prospectively maintained medical databases. MLs, patient ASA score and body mass
index (BMI), tumor histology and stage, use of neoadjuvant treatment, pyloric procedure,
duration of surgery, surgical approach, and anastomotic technique were coded. The Mann-
Whitney U test was used to compare continuous variables not normally distributed [presented
as the median and interquartile range (IQR)]. The normality of the distribution of variables was
determined using the D’Agostino-Pearson test. Chi-square or Fisher’s exact tests, when
appropriate, were used to compare categorical variables.

Research results

The overall incidence of ML was 11.8%, with a leakage rate varying across centers from 1.6% to
20%. Leakage incidence did not correlate with center volume. The 30- and 90-d total mortality
rates were 1.4% and 3.2%. Meanwhile, the 30- and 90-d leak-related mortality rates were 0.6%
and 1.8%. The ASA score, tumor histology and stage, use of preoperative (neoadjuvant)
treatment, and duration of surgery did not correlate with the occurrence of ML. BMI was
significantly correlated with an increased risk of ML (P = 0.032). The surgical approach
significantly influenced the incidence rate of ML: the proportion of leakages was 10.5% and 9%
after open Ivor Lewis esophagectomy and hybrid esophagectomy, respectively, and doubled
(20%) after total minimally invasive esophagectomy (P = 0.016). Conservative treatment was the
first-line treatment in 13.6% of ML cases. Endoscopy was the first-line treatment in 49% of ML
cases. Surgery, as a first-line treatment, consisting of surgical debridement with or without stent
placement, re-anastomosis or demontage, was performed in 37.3% of patients. Endoscopy had
the highest rate of retreatment (17.2%) but the lowest mortality rate (6.9%).
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Research conclusions

The main novel finding from the analysis of our series is that technical aspects of esophageal
resection, more specifically the use of a minimally invasive approach, seem to be one of the two
predictive factors for the occurrence of ML (BMI being the other). In contrast, other factors, such
as tumor histology and stage, multimodality treatment, and duration of surgery, did not seem to
influence the occurrence of this postoperative surgical complication.

Research perspectives

Our series shows that ML occurred mainly in the group of patients undergoing totally minimally
invasive esophagectomy, suggesting that technical problems during the initial phase of the
learning curve are likely the main drivers behind the occurrence of ML. The take-home message
of our study is that early treatment of severe leaks, presenting either directly as severe or causing
persistent sepsis after initial conservative treatment, is mandatory, and that there should be no
hesitation before reoperation if the first attempt of conservative management fails. Further
studies using large and comprehensive datasets from other countries yet relying on the same
standardized definition of ML recently proposed through international consensus by the ECCG
will enable to compare different series in a meaningful way. This in turn will significantly
improve the understanding of the risk factors, incidence and treatment strategies for mediastinal
leaks after esophageal resection.
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Abstract

BACKGROUND

A recent retrospective study confirmed that hepatic stiffness and splenic stiffness
measured with magnetic resonance elastography (MRE) are strongly associated
with the presence of esophageal varices. In addition, strong correlations have
been reported between splenic stiffness values measured with MRE and hepatic
venous pressure gradients in animal models. However, most studies have been
conducted on adult populations, and previous pediatric MRE studies have only
demonstrated the feasibility of MRE in pediatric populations, while the actual
clinical application of spleen MRE has been limited.

AIM
To assess the utility of splenic stiffness measurements by MRE to predict
gastroesophageal varices in children.

METHODS

We retrospectively reviewed abdominal MRE images taken on a 3T system in
pediatric patients. Patients who had undergone Kasai operations for biliary
atresia were selected for the Kasai group, and patients with normal livers and
spleens were selected for the control group. Two-dimensional spin-echo echo-
planar MRE acquisition centered on the liver, with a pneumatic driver at 60 Hz
and a low amplitude, was performed to obtain hepatic and splenic stiffness
values. Laboratory results for aspartate aminotransferase to platelet ratio index
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(APRI) were evaluated within six months of MRE, and the normalized spleen size
ratio was determined with the upper normal size limit. All Kasai group patients
underwent gastroesophageal endoscopy during routine follow-up. The Mann-
Whitney U test, Kendall's tau b correlation and diagnostic performance analysis
using the area under the curve (AUC) were performed for statistical analysis.

RESULTS

The median spleen MRE value was 5.5 kPa in the control group (n =9, age 9-18
years, range 4.7-6.4 kPa) and 8.6 kPa in the Kasai group (1 = 22, age 4-18 years,
range 5.0-17.8 kPa). In the Kasai group, the APRI, spleen size ratio and spleen
MRE values were higher in patients with portal hypertension (n = 11) than in
patients without (n = 11) (all P < 0.001) and in patients with gastroesophageal
varices (n = 6) than in patients without (n = 16) (all P < 0.05), even though their
liver MRE values were not different. The APRI (r = 0.477, P = 0.007), spleen size
ratio (t = 0.401, P = 0.024) and spleen MRE values (7 = 0.426, P = 0.016) also
correlated with varices grades. The AUC in predicting gastroesophageal varices
was 0.844 at a cut-off of 0.65 (100% sensitivity and 75% specificity) for the APRI,
and 0.844 at a cut-off of 9.9 kPa (83.3% sensitivity and 81.3% specificity) for
spleen MRE values.

CONCLUSION

At a cut-off of 9.9 kPa, spleen MRE values predicted gastroesophageal varices as
well as the APRI and spleen size ratio in biliary atresia patients after the Kasai
operation. However, liver MRE values were not useful for this purpose.

Key words: Biliary atresia; Magnetic resonance elastography; Kasai operation; Splenic
stiffness; Portal hypertension

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Non-invasive monitoring of portal hypertension is important in children with
hepatic fibrosis. Spleen magnetic resonance elastography (MRE) values predicted
gastroesophageal varices at a cut-off of 9.9 kPa in biliary atresia patients after the Kasai
operation, and the diagnostic performance was comparable to that of the aspartate
aminotransferase to platelet ratio index and the spleen size ratio. However, liver MRE
values did not differ in patients with and without portal hypertension or gastroesophageal
varices.

Citation: Yoon H, Shin HJ, Kim M]J, Han SJ, Koh H, Kim S, Lee MJ. Predicting
gastroesophageal varices through spleen magnetic resonance elastography in
pediatric liver fibrosis. World | Gastroenterol 2019; 25(3): 367-377
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INTRODUCTION

Biliary atresia is a perinatal disease of unclear etiology characterized by inflammatory
obstruction of the biliary tree, leading to biliary cirrhosis and early death if left
untreated. The Kasai hepatoportoenterostomy is the first surgical step aimed at
restoring bile flow. Performing the Kasai operation earlier increases its chance of
success!'l. However, even if the Kasai operation is performed in the first month of life,
up to 60% of children who receive the operation will require liver transplantation
before the age of 20 years due to liver cirrhosis®*’. In 70% of children with successfully
established bile drainage, the disease progresses, presenting as fibrosis, portal
hypertension and cirrhosis”. Therefore, regular long-term monitoring of fibrosis and
cholestasis is important for patients with biliary atresiall.

Liver biopsy is the reference standard for evaluating hepatic fibrosis. However,
repeated monitoring with liver biopsy is difficult because of its invasive nature,
relatively high cost, small sampling size, interpretational variability and limited
patient acceptance, especially in children*l. As a result of these limitations, many
investigators have focused on identifying alternative, noninvasive methods to assess

January 21,2019 | Volume25 | Issue3 |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Yoon H et al. Spleen MRE in pediatric liver fibrosis

hepatic fibrosis. Magnetic resonance elastography (MRE) is an imaging technique that
assesses tissue stiffness by measuring the speed of shear wave propagation within the
parenchyma. MRE can quantitatively measure the stiffness of the liver parenchyma to
facilitate safe, rapid, cost-effective and noninvasive evaluations of a wide range of
hepatic diseases. MRE hepatic stiffness values correlate well with hepatic fibrosis, and
thus play a crucial role in monitoring disease progression in adults with chronic liver
diseasel”'". Through the use of MRE, it is possible to measure both hepatic stiffness
and splenic stiffness and comprehensively assess liver fibrosis and portal
hypertension.

Previous studies have revealed that splenic stiffness best correlates with the
presence of gastroesophageal varices observed upon endoscopy in chronic liver
diseasel'”""l. A recent retrospective study confirmed that hepatic stiffness and splenic
stiffness measured with MRE are strongly associated with the presence of esophageal
varices!"!. In addition, strong correlations have been reported between splenic
stiffness values measured with MRE and hepatic venous pressure gradients in animal
models!"'l. However, most studies have been conducted on adult populations, and
previous pediatric MRE studies have only demonstrated the feasibility of MRE in
pediatric populations, while the actual clinical application of spleen MRE has been
limited.

Therefore, the primary aim of this study was to evaluate the utility of MRE for
hepatic and splenic stiffness assessments to evaluate portal hypertension in pediatric
patients with biliary atresia after the Kasai operation.

MATERIALS AND METHODS

Patients

Our institutional review board approved this study and waived the requirement for
informed consent because of its retrospective nature. From January 2015 to December
2016, we retrospectively reviewed patients who were under the age of 18 and had
undergone liver magnetic resonance imaging (MRI), including MRE and T2*
mapping, due to various indications. Patients with a history of biliary atresia who had
undergone the Kasai operation, with lab results obtained within six months of MRE
imaging, were included in the Kasai group. Patients without any previous medical or
surgical history who had undergone liver MRI to evaluate the possibility of fatty liver,
and who were thereby found to have no liver pathology, were included in the control
group. The normal criteria for liver MRI were a hepatic fat fraction < 6%, liver MRE
values < 2.71 kPal"*'l and a liver T2* value > 6.7 msec.

Clinical charts were reviewed to determine the absence or presence of clinical
portal hypertension (PHT). Clinically evident PHT was defined as being present when
there was either a history of a complication of PHT (esophageal or gastric variceal
bleed, ascites or hepatopulmonary syndrome) or clinical findings consistent with PHT
in terms of both splenomegaly and thrombocytopenia (platelet count < 150000
cells/mL)P.. The modified aspartate aminotransferase to platelet ratio index (APRI)
was calculated™!. In the Kasai group, all patients had previous endoscopy results,
which were reviewed by one gastroenterologist to determine the presence of varices.
The varices grade was classified as 0, no varices; 1, varices running straight; 2, varices
with a beaded appearance; and 3, varices running obliquely and tortuously, with a
tumor-like appearance™.

Liver MRI with MRE

Liver MRI was performed with a 3T system (Discovery 750w; GE Healthcare,
Milwaukee, WI, United States). The routine liver MRI protocol included coronal and
axial single-shot fast spin-echo T2-weighted images for morphological liver
assessment, a three-dimensional volumetric multi-echo gradient sequence (IDEAL-IQ;
GE Healthcare) for fat quantification using the proton density fat fraction and T2*
decay assessment, and MRE. Spleen size was measured as the longest diameter of the
spleen on either a coronal or axial image. The spleen size ratio was calculated as the
spleen length divided by the suggested upper normal limit of spleen length at each
agel™, to compensate for growth effects due to age. The total scan time was less than
15 min, and the imaging study was done without sedation. All patients fasted for at
least 4 h prior to MRE.

For MRE, a 19-cm diameter passive pneumatic driver was positioned over the right
anterior abdominal wall and attached to an acoustic waveform generator. The driver
amplitude power was reduced by 20%, and a 60 Hz waveform was applied to the
driver to prevent abdominal wall discomfort and pain in pediatric patients™!. A two-
dimensional spin-echo-based echo-planar MRE sequence was acquired with the
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following parameters: repetitive time/echo time = 1000/62, 60 Hz magnetization
encoding gradient, 64 X 64 matrix and 8-mm slice thickness with a 2-mm gap and a
38-cm field of view. Four slices were obtained, including the level of the porta hepatis,
during a 24-s breath hold. If the patient could not hold his or her breath, the scan was
performed while the patient was breathing freely, with a single average rather than
multiple averages. Wave images and MRE images with cross-hatching were
automatically generated on the operating console.

The inversion algorithm used for stiffness map calculation involved a multi-scale
direct inversion. Hepatic stiffness was measured by one experienced radiologist. A
single maximum region of interest (ROI) was placed on each stiffness map, mainly in
the right hepatic lobe, avoiding large vessels and areas with inadequate wave
propagation or cross-hatching marks. The cross-reference tool in our system was used
for guidance. The average of four stiffness maps was used to represent the hepatic
stiffness of each patient, and the mean values were recorded in kilopascals (kPa).
Splenic stiffness was measured through the placement of a free-hand single maximum
ROI at each visible splenic area on the stiffness map. The average of the spleen ROIs
was used to represent the splenic stiffness of each patient and was recorded in kPa.

Statistical analysis

Data management and statistical calculations were performed with MedCalc software
(version 18.10.2, Ostend, Belgium). The Mann-Whitney U test was performed for
group comparisons. For the varices grade groups, the Kruskal-Wallis test was used
for group comparisons, and Kendall's tau b test was used for correlation analysis.
Area under the curve (AUC) analyses were also performed to evaluate the diagnostic
performance for gastroesophageal varices. P values less than 0.05 were considered
significant.

RESULTS

Group comparison between the Kasai and control groups

During the study period, 26 biliary atresia patients who had previously undergone
the Kasai operation underwent liver MRI including MRE. Four of these patients were
excluded: three had a history of splenic artery embolization, and one did not have a
spleen MRE value because the spleen was outside the field of view. Thus, a total of 22
patients (10 male and 12 female) were enrolled in the Kasai group, with ages ranging
from 4 to 18 years (median age of 10 years). None of the patients had difficulty
holding their breath during the liver MRI. All 22 patients had a native liver, and none
had a clinical or radiological diagnosis of a hepatic tumor. For the control group, 10
patients met the inclusion criteria. However, one was excluded because the spleen
was outside the field of view during MRE. Therefore, nine patients (five male and
four female, age 9-18 years with a median of 14 years) were ultimately included in the
control group.

Table 1 displays the clinical and radiological results of both groups. The body mass
index, hepatic fat fraction and liver T2* values did not differ between the two groups.
However, the Kasai group had higher APRI (median 0.61 vs 0.33, P = 0.033), spleen
size (median 11.8 cm vs 9.5 cm, P = 0.009), spleen size ratio (median 1.03 vs 0.83, P =
0.004), liver MRE (median 3.4 kPa vs 2.2 kPa, P < 0.001) and spleen MRE values
(median 9.0 kPa vs 5.5 kPa, P < 0.001) than the control group. The range of spleen
MRE values in the control group was 4.7-6.4 kPa.

Group comparison with and without portal hypertension in the Kasai group

In the Kasai group, 11 patients (11/22, 50%) had clinical PHT. The patients with and
without PHT (Table 2) did not differ in age (median 10.0 years vs 10.0 years, P =
0.797). The APRI (median 1.17 vs 0.30, P < 0.001), spleen size (median 14.6 cm vs 9.6
cm, P < 0.001), spleen size ratio (median 1.30 vs 0.91, P < 0.001), and spleen MRE
values (median 11.1 kPa vs 7.6 kPa, P < 0.001) were higher in the patients with PHT
than in those without PHT. However, the liver MRE values did not differ between
these groups (median 3.7 kPa vs 3.1 kPa, P = 0.056).

Gastroesophageal varices evaluation in the Kasai group
Six patients were found to have esophageal or gastric varices upon endoscopy. The
endoscopies were performed within 0-104 mo of the liver MRI (median 52 mo) in all
patients, and within 0-98 mo (median 15 mo) in patients with varices. Four patients
had grade 1 esophageal varices, one patient had grade 2 esophageal varices and one
patient had grade 2 gastric varices.

When patients with and without gastroesophageal varices were compared (Table
3), the APRI (median 1.21 vs 0.40, P = 0.013), spleen size ratio (median 1.33 vs 0.95, P =
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Table 1 Patient characteristics in the Kasai group and control group

Kasai group (n = 22) Control group (n=9) P value!
Clinical and laboratory findings Age (yr) 10.0 (4.0-18.0) 14.0 (9.0-18.0) 0.012
BMI (kg/m?) 17.1 (14.8-29.9) 20.6 (14.7-24.2) 0.593
APRI 0.61 (0.18-5.00) 0.33 (0.18-0.51) 0.033
Varices n=6 n=0

Liver MRI findings Spleen size (cm) 11.8 (7.1-19.0) 9.5 (7.9-10.1) 0.009
Spleen size ratio 1.03 (0.63-1.73) 0.83 (0.68-0.92) 0.004
Liver fat fraction (%) 3.0 (1.0-18.0) 3.1(2.5-5.8) 0.313
Liver T2* value (msec) 23.5 (15.0-64.1) 25.6 (12.0-30.0) 0.824

Liver MRE value (kPa) 3.4 (2.5-6.0) 2.2 (1.6-2.5) <0.001

Spleen MRE value (kPa) 9.0 (5.0-17.8) 5.5 (4.7-6.4) <0.001

IFrom the Mann-Whitney U test. The values are the median (range). BMI: Body mass index; APRI: Aspartate aminotransferase to platelet ratio index; MRE:
Magnetic resonance elastography; MRI: Magnetic resonance imaging.

0.027) and spleen MRE values (median 12.0 kPa vs 8.4 kPa, P = 0.013) were found to be
significantly higher in patients with varices. However, the liver MRE values did not
differ between these groups (median 3.7 kPa vs 3.3 kPa, P = 0.541).

When the groups were compared according to the varices grade, only the APRI
(median 0.40, 1.10 and 3.72 for grades 0, 1 and 2; P = 0.029) and spleen MRE values
(median 8.4, 12.2 and 12.0 for grades 0, 1 and 2; P = 0.045) differed among the different
grade groups (Figure 1). However, the spleen size (P = 0.183) and spleen size ratio (P
= (0.084) did not differ in this comparison. In the correlation analysis between the
measurement variables and varices grades, the APRI (r = 0.477, P = 0.007), spleen size
ratio (t = 0.401, P = 0.024) and spleen MRE values (r = 0.426, P = 0.016) correlated with
the varices grade (Figure 2).

Table 4 summarizes the diagnostic performance of the APRI, spleen size ratio and
spleen MRE values. The APRI had 100% sensitivity and 75.0% specificity for
predicting varices when a cut-off value of 0.65 was used (AUC = 0.844). The cut-off
value for the spleen size ratio was 1.08, with 83.3% sensitivity and 75.0% specificity
(AUC = 0.813). The AUC of the spleen MRE values in predicting varices was 0.844 at a
cut-off value of 9.9 kPa. When the AUCs of these three methods were compared, the
diagnostic performance was not found to differ among them (Figure 3).

DISCUSSION

The results of our study indicate that spleen MRE values can predict gastroesophageal
varices as well as the APRI and spleen size ratio in biliary atresia patients after the
Kasai operation. However, liver MRE values did not differ between patients with and
without portal hypertension and patients with and without varices. These results are
in good agreement with a previous study in adults, which also demonstrated that
splenic stiffness values were superior to hepatic stiffness values for identifying the
presence of varices in patients with chronic liver diseasel™!.

One of the major complications of biliary atresia is the development of PHT. Often,
PHT is defined by the development of complications, or by endoscopic findings.
However, surveillance endoscopy of children with cirrhosis is not undertaken by
many pediatric gastroenterologistsl®'l. Therefore, a clinically accessible and
reproducible modality for surveillance is required. Monitoring the APRI or
splenomegaly can be an easy way for clinicians to predict liver cirrhosis. In 2011,
Chongsrisawat ef al”! demonstrated that the APRI (at a cut-off value of 1.92) had 84%
sensitivity and 83% specificity for predicting varices in 73 biliary atresia patients after
operation. They also found that splenomegaly had high sensitivity and specificity
(92% and 85%, respectively). Another study revealed that the APRI (r = 0.5, P < 0.001)
and spleen size (r = 0.38, P < 0.001) correlated with portal venous pressure in Kasai
patients, but had limitations as prognostic factors for variceal development”. The
APRI (at a cut-off value of 0.6) also had greater predictive accuracy than liver stiffness
measurements for esophageal varices in pediatric patients with various liver
diseases!”]. Our study also demonstrated the high diagnostic performance of the APRI
and spleen size ratio for predicting gastroesophageal varices in biliary atresia patients.
However, the APRI is an indirect method of evaluating portal hypertension, and a
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Table 2 Characteristics of biliary atresia patients with and without portal hypertension

With PHT (n = 11) Without PHT (n = 11) P value'

Clinical and laboratory findings Age (yr) 10.0 (7.0-18.0) 10.0 (4.0-15.0) 0.797
BMI (kg/m?) 16.6 (15.1-25.6) 17.4 (14.8-29.9) 0.797

APRI 1.17 (0.47-5.00) 0.30 (0.18-1.82) <0.001

Liver MRI findings Spleen size (cm) 14.6 (10.9-19.0) 9.6 (7.1-12.1) <0.001

Spleen size ratio 1.30 (0.97-1.73) 0.91 (0.63-1.06) <0.001
Liver fat fraction (%) 3.0 (1.6-7.0) 2.0 (1.0-18.0) 0.300
Liver T2* value (msec) 22.5 (15.0-38.8) 24.1 (17.5-64.1) 0.654
Liver MRE value (kPa) 3.7 (2.9-6.0) 3.1(2.5-5.7) 0.056

Spleen MRE value (kPa) 11.1 (7.1-17.8) 7.6 (5.0-9.6) <0.001

'From the Mann-Whitney U test. The values are the median (range). BMI: Body mass index; APRI: Aspartate aminotransferase to platelet ratio index; MRE:
Magnetic resonance elastography; MRI: Magnetic resonance imaging; PHT: Portal hypertension.

wide range of cut-off values were reported in the previous studies. Furthermore, to
obtain the spleen size ratio, precise anatomical imaging is essential.

Several quantitative elastography technologies using ultrasound such as transient
elastography (TE), acoustic radiation force impulse (ARFI) imaging and supersonic
shear wave elastography (SSWE) have been used to evaluate liver fibrosis in pediatric
patients and showed good correlation between liver fibrosis and elastographic
valuest”?. However, TE has many pitfalls such as more technical failures in children
and inability to avoid other structures such as liver vessels and bile ducts". Unlike
TE, real-time elastographic methods such as ARFI and SSWE have been integrated to
conventional diagnostic ultrasound. However, ARFI cannot produce a real-time
quantitative map of liver tissue stiffness, and only a few studies have been performed
in children to predict liver fibrosis using SSWEF'*I. In our study, we performed short
liver MRI, including an anatomical sequence and MRE, which could be completed in
less than 15 min and did not require sedation. This allowed us to perform a minimal
and noninvasive study to evaluate the status of the liver and combined complications
during follow-up in patients with biliary atresia after the Kasai operation. We could
not only measure spleen size, evaluate anatomical lesions such as morphological
cirrhosis and identify biliary complications such as bile cysts or masses, but also
perform a functional evaluation using hepatic and splenic stiffness measurements.
The spleen size ratio measured from MRI images and spleen MRE values had a good
diagnostic performance for predicting gastroesophageal varices in children. However,
liver MRE values were not useful for this purpose.

In previous studies, hepatic fibrosis has been found to correlate with liver MRE
values in adult patients™ and children™!. However, although liver MRE values
appear to be a reliable surrogate for liver biopsies in identifying hepatic fibrosis, the
pathophysiological basis for their correlation with PHT remains poorly defined.
Hepatic stiffness can reflect increased intrahepatic vascular resistance caused by
anatomical changes, but it is not likely to be sensitive to changes in portal pressure
due to functional vascular changes!”. Our study revealed no difference in liver MRE
values between patients with and without PHT or gastroesophageal varices.

This is the first report of spleen MRE values in children. We obtained spleen MRE
values during routine liver MRI with the driver placed on the right side of the
abdomen. The normal range of spleen MRE values in our control group (aged 9-18
years) was 4.7-6.4 kPa, with a median of 5.5 kPa. In a previous study in which a 1.5T
MRI system was used, the mean spleen MRE value in healthy adult volunteers was
3.6 kPa (ranging from 2.4 to 4.4 kPa) with the driver placed on the right side of the
abdomen, and 4.3 kPa (ranging from 3.2 to 5.6 kPa) with the driver on the left side of
the abdomen™l. This indicates that the location of the driver can affect the stiffness
value, and this factor needs to be considered when results are interpreted in each
clinic.

Our study also demonstrated the clinical usefulness of spleen MRE values in
pediatric patients with biliary atresia. Spleen MRE values were higher in patients with
portal hypertension than in patients without (median 11.1 kPa vs 7.6 kPa, P < 0.001)
and in patients with gastroesophageal varices than in patients without (median 12.0
kPa vs 8.4 kPa, P = 0.013). The diagnostic performance of spleen MRE values in
predicting gastroesophageal varices was comparable to that of the APRI and spleen
size ratio. Therefore, clinicians may start gastroesophageal endoscopy in patients with
spleen MRE values above the cut-off value of 9.9 kPa. Moreover, spleen MRE values
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Table 3 Characteristics of biliary atresia patients with and without gastroesophageal varices

With varices (n = 6) Without varices (n = 16) P value!
Clinical and laboratory findings Age (yr) 9.0 (7.0-11.0) 10.0 (4.0-18.0) 0.203
BMI (kg/m?) 17.1 (15.3-25.6) 17.1 (14.8-29.9) 0.914
APRI 1.21 (0.83-5.00) 0.40 (0.18-3.39) 0.013
Liver MRI findings Spleen size (cm) 14.1 (10.9-17.2) 11.1 (7.1-19.0) 0.070
Spleen size ratio 1.33 (0.97-1.52) 0.95 (0.63-1.73) 0.027
Liver fat fraction (%) 3.0 (2.2-7.0) 2.8 (1.0-18.0) 0.294
Liver T2* value (msec) 24.7 (15.0-38.8) 23.5 (17.2-64.1) 0.791
Liver MRE value (kPa) 3.7 (2.9-4.6) 3.3 (2.5-6.0) 0.541
Spleen MRE value (kPa) 12.0 (7.1-17.8) 8.4 (5.0-11.4) 0.013

'From the Mann-Whitney U test. The values are the median (range). BMI: Body mass index; APRI: Aspartate aminotransferase to platelet ratio index; MRE:
Magnetic resonance elastography; MRI: Magnetic resonance imaging.

were different at different varices grades, even though the number of patients in each
grade was small (four in grade 1 and two in grade 2). Thus, clinicians can use this
method to monitor PHT noninvasively.

Although our experience suggests that liver MRI including spleen MRE is a
promising tool for assessing biliary atresia patients after the Kasai operation, there are
some limitations to this study. First, this was a retrospective study with a limited
number of patients in a single center. Also, we lacked portal venous pressure
measurements with hepatic venous pressure gradients. At our institution, hepatic
venous pressure measurements are not performed in routine practice for patients with
biliary atresia after the Kasai operation, and we did not perform an additional
invasive procedure for this retrospective analysis. A future study with a large number
of patients involving multiple institutions should be considered. Second, there were
varying time intervals between gastroesophageal endoscopy and MRE, even though
most patients were stable during follow-up. Third, we could not control other factors
that can influence hepatic elasticity, since hepatic stiffness reflects not only fibrosis,
but also inflammation. Despite these limitations, our study suggests the clinical utility
of spleen MRE in pediatric patients with biliary atresia. A further study with a large
number of patients with variable varices grades is needed to validate these results.

In conclusion, the median value of normal spleen MRE was 5.5 kPa in children,
with a maximum of 6.4 kPa. Spleen MRE values predicted gastroesophageal varices at
a cut-off of 9.9 kPa in biliary atresia patients after the Kasai operation, and the
diagnostic performance was comparable to that of the APRI and the spleen size ratio.
However, liver MRE values did not differ in patients with and without PHT or
gastroesophageal varices.
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Table 4 Diagnostic performance in assessing the presence of gastroesophageal varices

Parameter AUC 95%Cl Cut-off value Sensitivity (%) Specificity (%)
APRI 0.844 0.627-0.961 > 0.65 100.0 75.0
Spleen size ratio 0.813 0.591-0.945 >1.08 83.3 75.0
Spleen MRE (kPa) 0.844 0.627-0.961 >99 833 813

APRI: Aspartate aminotransferase to platelet ratio index; MRE: Magnetic resonance elastography; AUC: Area under the curve.

A B
5F 18 |
16 -
4 E H
< 14+
- 1% L
3t S
o m
<< 2L %: 10
> L
L Q
o 8f
i é == 5 L
6 -
0k L L L 4 1 1 L
0 1 2 0 1 2
Varices grades Varices grades

Figure 1 Box-and-whisker plots for the comparison of varices grades. The graphs are shown for (A) the aspartate aminotransferase to platelet ratio index (APRI)
and (B) spleen magnetic resonance elastography (MRE) values according to the grade of gastroesophageal varices. Among the different varices grades, there were
significant differences in the APRI (P = 0.029) and spleen MRE values (P = 0.045), but not in the spleen size ratio (P = 0.084) or liver MRE values (P = 0.795). MRE:
Magnetic resonance elastography; APRI: Aspartate aminotransferase to platelet ratio index.

Grade 0
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Figure 2 Liver magnetic resonance imaging of biliary atresia patients with different varices grades. Liver magnetic resonance imaging images are shown from
three respective patients with grade 0 (first row), grade 1 (second row) and grade 2 (third row) gastroesophageal varices, including (A) axial single-shot fast spin-echo
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T2-weighted images, (B) magnitude images and (C) post-processed shear stiffness maps with color-coded elastograms from 0 to 20 kPa. The elastograms display the
progressively increasing splenic stiffness in these patients.
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Figure 3 Comparison of area under the curve analyses for predicting varices. The area under the curve was 0.844 for the aspartate aminotransferase to platelet
ratio index (cut-off, 0.65), 0.813 for the spleen size ratio (cut-off, 1.08) and 0.844 for the spleen magnetic resonance elastography values (cut-off, 9.9 kPa) for
predicting gastroesophageal varices. The diagnostic performance did not differ among these three methods. APRI: Aspartate aminotransferase to platelet ratio index.

ARTICLE HIGHLIGHTS

Research background

Biliary atresia patients have high chance of disease progression to liver fibrosis even after Kasai
operation. Therefore, regular long-term monitoring is required to early diagnose liver cirrhosis
and portal hypertension. The primary aim of this study was to evaluate the utility of magnetic
resonance elastography (MRE) for hepatic and splenic stiffness assessments to evaluate portal
hypertension in pediatric patients with biliary atresia after the Kasai operation.

Research motivation

Hepatic fibrosis has been found to correlate with liver MRE values in adult and children.
However, there is little discussion about the relationship between spleen stiffness measurement
by MRE and portal hypertension in children.

Research objectives
This study analyzed the role of spleen MRE values in biliary atresia patients after Kasai
operation with portal hypertension.

Research methods

We retrospectively reviewed abdominal MRE images in pediatric patients. Patients who had
undergone Kasai operations for biliary atresia were selected for the Kasai group, and patients
with normal livers and spleens were selected for the control group. Hepatic and splenic stiffness
values were measured by MRE. Aspartate aminotransferase to platelet ratio index (APRI) from
laboratory results and the normalized spleen size ratio were calculated. These parameters were
compared between the Kasai group and the control group, and also among the Kasai group
patients depending on the existence of portal hypertension or gastroesophageal varices.

Research results

The median spleen MRE value was 5.5 kPa in the control group and 8.6 kPa in the Kasai group.
In the Kasai group, the APRI, spleen size ratio and spleen MRE values were higher in patients
with portal hypertension and in patients with gastroesophageal varices, even though their liver
MRE values were not different. The APRI, spleen size ratio and spleen MRE values also
correlated with varices grades. The AUC in predicting gastroesophageal varices was 0.844 at a
cut-off of 0.65 for the APRI, and 0.844 at a cut-off of 9.9 kPa for spleen MRE values.

Research conclusions

Spleen MRE values were useful for evaluating portal hypertension and gastroesophageal varices
in biliary atresia patients after Kasai operation. At a cut-off of 9.9 kPa, spleen MRE values
predicted gastroesophageal varices as well as the APRI and spleen size ratio. However, liver
MRE values did not differ in patients with and without portal hypertension or gastroesophageal
varices. Spleen MRE values may help screen out high-risk patients early and administer
adequate interventions during follow up.

Research perspectives
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fibrosis

For biliary atresia patients after Kasai operation, spleen MRE values can be used to evaluate
portal hypertension and gastroesophageal varices without invasive monitoring. The results of
this study, needs to be verified by a large sample size study with multiple institutions.
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Abstract

BACKGROUND

Cirrhosis is a chronic late stage liver disease associated with hepatitis viruses,
alcoholism, and metabolic disorders, such as Wilson disease (WD). There are no
clear markers or clinical features that define cirrhosis originating from these
disparate origins. We hypothesized that cirrhosis is not one disease and cirrhosis
of different etiology may have differential clinical hepatic features.

AIM
To delineate the liver features between WD-associated cirrhosis and hepatitis B-
associated cirrhosis in the Chinese population.

METHODS

In this observational study, we reviewed the medical data of consecutive
inpatients who had WD-associated cirrhosis or hepatitis B-associated cirrhosis
from January 2010 to August 2018, and excluded patients who had carcinoma,
severe heart or pulmonary diseases, or other liver diseases. According to the
etiology of cirrhosis, patients were divided into two groups: WD-associated
cirrhosis group (60 patients) and hepatitis B-associated cirrhosis group (56
patients). The liver fibrosis degree, liver function indices, and portal hypertension
features of these patients were compared between the two groups.
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RESULTS

No inter-group differences were observed in the diagnostic liver fibrosis markers,
however, clinical features clearly defined the origin of cirrhosis. WD-associated
cirrhosis patients (16-29 years) had lower levels of alanine transaminase,
aspartate transaminase, and bilirubin, lower prothrombin time, lower incidence
of hepatic encephalopathy, and lower portal vein diameter (P < 0.05), compared
to cirrhosis resulting from hepatitis B in older patients (45-62 years). Importantly,
they had decreased risks of progression from Child-Pugh grade A to B (odds
ratio = 0.046, 95% confidence interval: 0.006-0.387, P = 0.005) and of ascites (odds
ratio = 0.08, 95% confidence interval: 0.01-0.48, P = 0.005). Conversely, WD-
associated cirrhosis patients had a higher risk of splenomegaly (odds ratio = 4.15,
95% confidence interval: 1.38-12.45, P = 0.011).

CONCLUSION

WD-associated cirrhosis presents a higher risk of splenomegaly associated with
leukopenia and thrombocytopenia, although revealing milder liver dysfunction
and portal hypertension symptoms, which recommends WD patients to be
monitored for associated complications.

Key words: Chronic hepatitis B; Cirrhosis; Hepatic feature; Liver function; Portal
hypertension; Wilson disease

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In Asia, especially China, the incidence of Wilson disease (WD) and its
complications is much higher in the younger generation compared to Western societies.
This article looks beyond the well-characterized, generalized definition of cirrhosis. It
addresses an important but simple question: Can the origin of cirrhosis be classified by
clinical features, especially in WD-associated cirrhosis? In this manuscript we define
specific clinical characteristics of WD-associated cirrhosis in young patients which are
very distinct to those of hepatitis-associated cirrhosis in older patients. These important
findings may benefit the clinical diagnosis and ultimate treatment of these younger,
vulnerable WD patients.

Citation: Zhong HJ, Sun HH, Xue LF, McGowan EM, Chen Y. Differential hepatic
features presenting in Wilson disease-associated cirrhosis and hepatitis B-associated
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INTRODUCTION

Wilson disease (WD), also named hepatolenticular degeneration, is an autosomal
recessive disease of copper metabolism caused by mutations in ATP7B, which encodes
a copper transporting ATPasel'. Dysfunction of this ATPase causes copper overload
in the liver, brain, and other organs. Depending on the organs affected, WD has a
wide spectrum of clinical symptoms, including hepatic, neurological, psychiatric, and
ophthalmological manifestations!”. As the liver is the primary organ for copper
metabolism and has the highest expression level of copper transporting ATPase,
hepatic changes are usually the earliest and most frequent manifestations in WD
patients™1. Although the prevalence of symptomatic WD is low worldwide (about
1/30000), the frequency of this disease is much higher in the Chinese population
(about 5.87/100000)°!. Cirrhosis is a common manifestation in WD patients
compared to inpatients with other types of liver diseases!*’.

Cirrhosis is the 11" most common cause of death globally, accounting for 3.5% of
all-cause mortalities®. Therefore, it is important to understand the clinical features of
cirrhosis for prevention and treatment of these manifestations and complications. A
meta-analysis that investigated data from 12 studies estimated that the prevalence of
cirrhosis was 34% in WD patients”l. Clinical symptoms of WD, especially hepatic
manifestations, often present in the first decade of life, and most occur between the
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ages of 5-35['""l. As a result, WD frequently causes cirrhosis in children and young
adults. In some areas of Iran and India, WD was found to be the primary cause of
cirrhosis in children!"""?. Generally, cirrhosis is characterized by portal hypertension
and hepatic dysfunction, leading to esophageal varices, splenomegaly, ascites, and
liver injury!”l. However, cirrhosis caused by WD in children and young adults differs
from non-alcoholic fatty liver disease and chronic hepatitis B. As the etiology and
onset age of WD-associated cirrhosis are different from those of other kinds of liver
cirrhosis, WD-associated cirrhosis may involve a different liver injury pathogenesis.
Unfortunately, the hepatic features of cirrhosis in WD patients are less well reported.

Hepatitis B virus (HBV) infection, as the most common chronic viral infection, is
the main cause of cirrhosis worldwidel*"’l. Globally, nearly 257 million people are
living with HBV, and one third of them live in Chinal"*"l. About 10%-20% of Chinese
patients with chronic hepatitis progress to cirrhosis within 5 years!'], making HBV the
leading cause of cirrhosis in the Chinese population(’’l. Therefore, we performed this
study to delineate the liver features between WD-associated cirrhosis and hepatitis B-
associated cirrhosis in the Chinese population.

MATERIALS AND METHODS
Study populations

In this observational study, we retrospectively reviewed the medical data of
consecutive inpatients who were diagnosed with cirrhosis caused by either WD or
HBV presenting from January 2010 to August 2018 at the First Affiliated Hospital of
Guangdong Pharmaceutical University. The patients were excluded from the study if
they met any of the following criteria: (1) Carcinoma; (2) severe heart or pulmonary
diseases; (3) fatty liver disease, alcoholic liver disease, autoimmune liver disease,
drug-induced liver injury, or hepatic parasitic infection; and (4) incomplete medical
data. Patients who were hospitalized more than once were recorded only once. This
study was performed with the approval of the Ethical Committee of the First
Affiliated Hospital of Guangdong Pharmaceutical University. All patients in the study
were de-identified.

Data collection

The following medical data were extracted from the subjects” electronic medical
records: demographic characteristics, history of smoking and alcohol drinking,
medical history (diabetes, hypertension, and liver disease), disease duration,
manifestations of cirrhosis, imaging examinations, and laboratory test results
including alanine transaminase (ALT), aspartate transaminase (AST), serum albumin
(ALB), bilirubin, prothrombin time (PT), total cholesterol (TC), triglyceride, low-
density lipoprotein (LDL), high-density lipoprotein, white blood cell (WBC) count,
red blood cell (RBC) count, platelet count, procollagen type III N-terminal propeptide
(PIINP), type IV collagen, laminin, and hyaluronic acid.

In addition, disease duration was calculated based on the onset age of WD or HBV
infection. Child-Pugh classification was assessed as previously described!®.
Leukopenia was defined as a WBC count < 4.0 x 10°/L. Erythropenia was defined as
an RBC count < 4.0 x 10'2/L for males or 3.5 x 10*?/L for females. Thrombocytopenia
was defined as a platelet count < 100 x 10°/L. The indication for splenectomy was
hypersplenism, characterized by splenomegaly, leukopenia, erythropenia, and
thrombocytopenial"’. Smokers were defined as patients who have smoked at some
stages in their lifetime. Alcohol consumption was defined when patients drank more
than 140g of alcohol per week.

In China, diagnosis of WD is based on the classic criteria: Age of onset; family
history; low serum ceruloplasmin (< 200 mg/L); elevated urinary copper excretion (=
100 pg/24 h); elevated liver copper (> 250 ng/g dry weight); and elevated urinary
copper excretion after challenge with 2 x 500 mg D-penicillamine (> 1600 ng/24 h)™.
Chronic hepatitis B was diagnosed based on the clinical manifestations and
serological and virological examinations!.

Statistical analysis

The statistical analyses were performed using IBM SPSS statistics software, version 22
(IBM Corp., Armonk, NY, United States). Normally distributed continuous variables
are presented as the mean * standard deviation. Non-normally distributed continuous
variables are presented as medians and interquartile ranges. Categorical variables are
presented as frequencies and proportions. The statistical significance of the difference
in means between the two groups was tested using the unpaired t-test. The statistical
significance of the difference in medians between the two groups was tested using the
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Mann-Whitney U-test. Categorical variables were tested using the Chi-square test or
Fisher’s exact test. To assess the association between cirrhosis etiology and portal vein
diameter, and the association between cirrhosis etiology and liver fibrosis markers,
multivariable linear regression analysis with a forward stepwise approach was used
to adjust for confounders. To assess whether the risk of ascites, splenomegaly, and
progression from Child-Pugh grade A to B or C differed between WD-associated
cirrhosis patients and hepatitis B-associated cirrhosis patients, logistic regression
analysis with a backward stepwise approach was used. Odds ratios (ORs) and 95%
confidence intervals (ClIs) were estimated. A P-value < 0.05 (two-tailed) was
considered statistically significant.

RESULTS

Demographics and clinical characteristics

Based on the medical data, 56 inpatients with hepatitis B-associated cirrhosis and 60
with WD-associated cirrhosis were enrolled. The mean age and age range of these
patients recorded in Table 1 clearly demonstrate that WD-associated cirrhosis was
more prevalent in the younger age group, whereas, in general, hepatitis B occurred in
older adults. The percentage of males, disease duration, LDL level, and prevalence of
diabetes, hypertension, alcohol drinking, and smoking were significantly higher in
hepatitis B-associated cirrhosis patients than in WD-associated cirrhosis patients
(Table 1). In patients with hepatitis B-associated cirrhosis, 48.21% (27/56) were
undergoing treatment with antiviral agents, and 47.06% (24/51) presented with low
HBV DNA (<2000 IU/mL).

Relationship between cirrhotic etiology and liver fibrosis markers

The levels of PIIINP, type IV collagen, and hyaluronic acid were lower in WD-
associated cirrhosis patients than in hepatitis B-associated cirrhosis patients.
However, the level of laminin was higher in WD-associated cirrhosis patients (Table
2). Despite presenting with distinct clinical variations, after adjustment for age,
gender, disease duration, diabetes, hypertension, alcohol drinking, and smoking, the
multivariable linear regression analysis showed no overt differences in any of the four
liver fibrosis markers between the two groups of patients.

Relationship between cirrhotic etiology and liver function indices

The PT and the levels of ALT, AST, and bilirubin, but not the level of ALB, were lower
in WD-associated cirrhosis patients compared with hepatitis B-associated cirrhosis
patients. Additionally, the incidence of hepatic encephalopathy was lower in WD-
associated cirrhosis patients. An important observation showed that the percentage of
patients with Child-Pugh grades B and C was lower in WD-associated cirrhosis
patients compared with hepatitis B-associated cirrhosis patients (Table 3). Logistic
regression analysis showed that patients with WD-associated cirrhosis had a
significantly decreased risk of progression from Child-Pugh A to B (OR = 0.046, 95%
CI: 0.006-0.387, P = 0.005), and a non-significant decreased risk for progression to
Child-Pugh C (OR = 0.164, 95% CI: 0.013-2.063, P = 0.162; Table 4), after adjustment
for age, gender, disease duration, diabetes, hypertension, alcohol drinking, and
smoking, as compared to patients with hepatitis B-associated cirrhosis.

Relationship between cirrhotic etiology and features of portal hypertension

Table 5 shows that the portal vein diameter and incidence of ascites were lower in
WD-associated cirrhosis patients than in hepatitis B-associated cirrhosis. However,
WD-associated cirrhosis patients had a statistical trend toward a higher incidence of
splenomegaly (88.33% vs 75.00%, P = 0.062). Multivariable linear regression analysis
showed that WD-associated cirrhosis was associated with a lower portal vein
diameter. Moreover, after adjustment for age, gender, disease duration, diabetes,
hypertension, alcohol drinking, smoking, and Child-Pugh classification, the logistic
regression analysis showed that WD-associated cirrhosis patients had a significantly
decreased risk of ascites compared with hepatitis B-associated cirrhosis patients (OR =
0.08, 95%CI: 0.01-0.48, P = 0.005). However, the logistic regression analysis showed
that WD-associated cirrhosis patients had a significantly increased risk of
splenomegaly compared with hepatitis B-associated cirrhosis patients (OR = 4.15,
95%Cl: 1.38-12.45, P = 0.011).

Splenomegaly for hematocytopenia

Logistic regression analysis showed that splenomegaly was associated with a
significantly increased risk of leukopenia (OR = 4.41, 95%CI: 1.29-15.12, P = 0.018) and
thrombocytopenia (OR = 23.08, 95%CI: 2.86-186.11, P = 0.003; Table 6), but not
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Table 1 Characteristics of patients with cirrhosis

Wilson disease-associated cirrhosis (n = 60) Hepatitis B-associated cirrhosis (n = 56) P value
Age (yr) 22.00 (16.25-29.75) 52.00 (45.25-62.00) <0.001
Male gender 27 (45.00) 46 (82.14) <0.001
Disease duration (years) 3.00 (1.13-7.00) 17.50 (3.25-38.25) <0.001
Diabetes 1(1.67) 11 (19.64) 0.001
Hypertension 0 (0) 13 (23.21) <0.001
Alcohol drinking 0(0) 12 (21.42) <0.001
Smoking 2(3.33) 13 (23.21) 0.001
TC (mmol/L) 4.22 (3.67-4.67) (n = 39) 4.10 (2.71-4.67) (n = 39) 0.327
TG (mmol/L) 0.94 (0.70-1.37) (n = 39) 0.99 (0.65-1.60) (1 = 39) 0.853
HDL (mmol/L) 1.40 + 0.30 (n = 39) 1.16 + 0.32 (1 = 39) 0.786
LDL (mmol/L) 217 +0.61 (n = 39) 228 +0.91 (n = 39) 0.014

Data are presented as medians (interquartile ranges) or n (%). HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TC: Total cholesterol; TG:
Triacylglycerol.

erythropenia. Eight patients with WD-associated cirrhosis and seven with hepatitis B-
associated cirrhosis had undergone splenectomy. After splenectomy, 50.00% (4/8) of
WD-associated cirrhosis patients and 28.57% (2/7) of hepatitis B-associated cirrhosis
patients had a normal WBC count; 62.50% (5/8) and 28.57% (2/7) had a normal
platelet count.

DISCUSSION

Liver disease is the most common clinical manifestation of WD, and cirrhosis is
frequently presented in these patients*l. WD is not a common disease, and its
pathogenesis and early onset of age are quite different from those of other liver
diseases!”. The clinical manifestations of WD are diversel*, and the clinical features of
cirrhosis caused by WD are still unclear. To the best of our knowledge, this is the first
study to analyze the liver features of WD-associated cirrhosis and present clear
distinct features to distinguish WD-associated cirrhosis from hepatitis B-associated
cirrhosis.

In this observational study, compared with patients with hepatitis B-associated
cirrhosis, WD-associated cirrhosis presented in a younger age group, and patients
developed milder liver dysfunction and portal hypertension manifestations.
Consistent with our finding, a recent study involving 1357 WD patients showed that
39.5% of children and adolescents had cirrhosis at diagnosisi*’l. As shown in a
previous study, the prognosis of WD patients was excellent if the disease was treated
appropriately!"’l. Nonetheless, patients with WD-associated cirrhosis had a higher risk
of splenomegaly, which was found to be a risk factor for leukopenia and
thrombocytopenia. In contrast, due to long periods of immune tolerant phases and
inactive residual phases, liver injury is more likely to occur at more advanced age in
patients with HBV infection™). Thus, most patients with HBV infection who progress
to cirrhosis do so after the age of 35 years*.

The degree of liver fibrosis can be reflected by the levels of serum type III collagen,
type IV collagen, laminin, and hyaluronic acid, which are components of the
extracellular matrix during fibrosis**.. Based on the multivariable linear regression
analysis, no significant difference in any of these four markers was found between the
two groups of patients. The results showed that the degree of liver fibrosis might be
similar between WD-associated cirrhosis and hepatitis B-associated cirrhosis patients.
However, these markers do not reflect liver fibrosis directly, and liver biopsy remains
the gold standard method for fibrosis assessment. Thus, new diagnostic markers may
be needed to assess liver damage and prognosis, and discern WD-associated cirrhosis
and hepatitis B-associated cirrhosis treatments.

The liver performs many biochemical functions, such as the synthesis of protein
and clotting factors and the metabolism of bilirubin and ammonia®!. Thus, liver
dysfunction, as a feature of cirrhosis, was assessed based on liver injury, synthesis
function, metabolism function, and hepatic functional reserve. Compared with WD-
associated cirrhosis patients, more severe liver injury was found in hepatitis B-
associated cirrhosis patients, based on higher levels of ALT and AST. Moreover, the
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Table 2 Relationship between cirrhotic etiology and liver fibrosis markers

Wilson disease-associated cirrhosis (n = 60) Hepatitis B-associated cirrhosis (n = 53) P value
Type IV collagen (ng/mL) 61.55 (52.18-72.11) 79.48 (63.16-107.56) <0.001
PITINP (pg/mL) 79.92(54.68-122.65) 109.16 (70.24-155.30) 0.019
Laminin (ng/mL) 104.09 (92.80-118.21) 96.27 (70.08-116.02) 0.013
Hyaluronic acid (ng/mL) 75.12 (39.27-131.98) 193.16 (74.77-625.90) <0.001

Data are presented as medians (interquartile ranges). PIIINP: Procollagen type III N-terminal propeptide.

lower ALB level and longer PT in hepatitis B-associated cirrhosis patients indicated a
more serious impairment of synthesis function. It is well known that hepatic
encephalopathy, associated with hyperammonemia, is caused by impairment of
ammonia detoxification in the liver!”l. Thus, a higher incidence of hepatic
encephalopathy and a higher level of bilirubin indicated a more severe impairment of
metabolism function in hepatitis B-associated cirrhosis patients. Additionally, the
Child-Pugh classification system, a comprehensive index, has been the most widely
used model to evaluate liver functional reservell. Our results showed that hepatitis B-
associated cirrhosis was a risk factor for progressing from Child-Pugh grade A to B,
which indicated that hepatitis B-associated cirrhosis could lead to a more serious
impairment of liver functional reserve. Therefore, compared with WD-associated
cirrhosis, hepatitis B-associated cirrhosis seemed to cause a more serious impairment
of liver function.

Portal hypertension, as another feature of cirrhosis, was assessed based on the
portal vein diameter, ascites, and splenomegaly!®. We found that the portal vein
diameter was higher in hepatitis B-associated cirrhosis patients than in WD-associated
cirrhosis patients. However, a previous study involving 167 healthy children from 1
mo to 15 years old showed that portal vein diameter was correlated with age and
height, which means that the wider portal vein diameter in hepatitis B-associated
cirrhosis patients might also result from their more advanced age”"l. Thus, a more
precise method, such as hepatic venous pressure gradient measurement, was needed
to evaluate the portal vein pressure between the two groups of patients™. Hepatitis B-
associated cirrhosis patients had a higher risk of ascites, which might result from the
more serious portal hypertension and lower level of ALB caused by liver
dysfunction!™.

Splenomegaly is the most common imaging finding of portal hypertension’. A
previous study involving 910 cirrhosis patients showed that 50.5% of the patients
presented with splenomegaly”’l. Interestingly, the present study showed that the
incidence of splenomegaly (88.3%) was not only much higher than the incidence in
the previous study, but also much higher than the incidence in hepatitis B-associated
cirrhosis patients (75%). In WD, splenomegaly seems to occur frequently, and it can
even be the earliest clinical manifestation, particularly in children"l. Consistent with
our finding, previous research estimated that the incidence of splenomegaly is 49.0%
(25/51) in WD patients!™], which is higher than that in chronic hepatitis B patients
(41.7%; 65/156)1. After adjustment for potential confounders, there was a 3.15-fold
increased risk of splenomegaly in WD-associated cirrhosis patients compared to
hepatitis B-associated cirrhosis patients. There are three possible explanations for
these results. First, non-autoimmune hemolytic anemia, which can lead to
splenomegaly, has been shown to be common and an onset symptom in 10%-15% of
WD patients!”’l. Second, high concentration of serum copper might also have toxic
effects on the spleen. Third, with increasing age, the size and function of the spleen
are easily affected™, and the younger age among WD-associated cirrhosis patients
might also lead to a higher sensitivity of the spleen to all kinds of stimulation.

Additionally, portal hypertension could bring about hypersplenism, which is
characterized by splenomegaly and pancytopenia due to excessive portal flow!™. In
this study, we found that splenomegaly was associated with increased risks of
leukopenia and thrombocytopenia. As risk factors for certain fatal infections and
bleeding (such as spontaneous bacterial peritonitis, urinary tract infection,
pneumonia, and esophageal variceal bleeding), leukopenia and thrombocytopenia in
WD-associated cirrhosis patients should receive more attention!*’l. Regarding
hypersplenism treatment, a clinical study in China revealed that splenectomy was a
safe and effective therapeutic method for hypersplenism in WD patients, and it
demonstrated obvious improvements in WBC and platelet counts in all the patients
after splenectomy!'”. Similarly, in our study, most of the WD-associated cirrhosis
patients with hypersplenism had normal WBC and platelet counts after splenectomy.

Jaishidengs WJG | https://www.wjgnet.com 383 January 21,2019 | Volume25 | Issue3 |



Zhong HJ et al. Cirrhosis, more than one disease state

Table 3 Relationship between cirrhotic etiology and liver function indices

Wilson disease-associated cirrhosis (n = 60) Hepatitis B-associated cirrhosis (n = 56) P value
ALT (U/L) 23.00 (17.00-34.75) 33.50 (19.33-81.25) 0.002
AST (U/L) 25.00 (19.00-40.00) 41.50 (27.25-96.50) <0.001
Albumin (g/L) 40.00 (37.00-43.00) 33.00 (29.25-39.75) <0.001
PT (s) 14.05 (13.43-14.78) 15.50 (13.93-18.18) 0.003
Bilirubin (pmol/L) 12.40 (8.55-18.38) 21.70 (12.73-41.08) <0.001
Hepatic encephalopathy 0 (0) 3 (5.36) 0.109
Child-Pugh classification <0.001
A 54 (90.00) 24 (42.86)
B 4 (6.67) 24 (42.86)
C 2(3.33) 8 (14.29)

Data are presented as medians (interquartile ranges) or N (%). ALT: Alanine transferase; AST: Aspartate transaminase; PT: Prothrombin time.

The present study had several limitations. First, as gastroscopy was not performed
regularly in the cirrhosis patients, esophageal varices, a typical feature of portal
hypertension, could not be compared between the two groups of patients. Second,
due to the low economic status of some of the patients and the poor medical services
in some areas of China, the patients often received a delayed diagnosis, which might
have biased the disease duration assessment. Third, some confounders (such as
medication use and duration from onset to diagnosis of disease), which might have
had an influence on the results, were not taken into consideration. Finally, the study
was a single-center study with a limited sample size. Thus, the results regarding the
comparison of hepatic features between WD-associated cirrhosis patients and
hepatitis B-associated cirrhosis patients should be interpreted with caution, and large-
scale, multi-center studies are needed to confirm these conclusions.

In conclusion, in this study, we provide evidence to show that cirrhosis is not one
disease and there is a need for further classification for treatment options. Depending
on the origin, cirrhosis presents different clinical features. Our findings, in
concurrence with other studies in the literature, show that clinical features occur
earlier in WD patients than in chronic hepatitis B patients. An important observation
made in this study is that progression from Child-Pugh grade A to B or C differed
between WD-associated cirrhosis patients and hepatitis B-associated cirrhosis
patients. Notably, WD-associated cirrhosis patients had a higher risk of splenomegaly,
which was found to be a risk factor for leukopenia and thrombocytopenia. Based on
these findings, it is highly recommended that young Wilson’s disease patients require
regular monitoring for blood disorders and infections to alleviate further clinical
complications. Additionally, splenectomy might be an effective therapy for
hypersplenism in WD-associated cirrhosis patients.
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Table 4 Logistic regression analysis of Child-Pugh classification in patients with Wilson disease-associated cirrhosis vs patients with

hepatitis B-associated cirrhosis

OR 95%Cl Pvalue
Child-Pugh classification
A Ref. - -
B 0.046 0.006-0.387 0.005
C 0.164 0.013-2.063 0.162

Data were adjusted for age, gender, disease duration, diabetes, hypertension, alcohol drinking, and smoking. CI: Confidence interval; OR: Odds ratio; Ref:
Reference.

Table 5 Relationship between cirrhotic etiology and features of portal hypertension

Wilson disease-associated cirrhosis (n = 60) Hepatitis B-associated cirrhosis (n = 56) P value
Portal vein diameter (mm) 10.00 (8.00-10.00) 14.00 (12.00-16.00) <0.001
Ascites 2 (3.33) 24 (42.86) <0.001
Splenomegaly/splenectomy 53 (88.33) 42 (75.00) 0.062

Data are presented as medians (interquartile ranges) or 1 (%).

Table 6 Logistic regression analysis of risk of hematocytopenia due to splenomegaly

OR 95%Cl P value
Leucopenia 4.41 1.29-15.12 0.018
Erythropenia - - -
Thrombocytopenia 23.08 2.86-186.11 0.003

Data were adjusted for age, gender, disease duration, diabetes, hypertension, alcohol drinking, smoking, and Child-Pugh classification. CI: Confidence
interval; OR: Odds ratio.

ARTICLE HIGHLIGHTS

Research background

Cirrhosis is a chronic late stage liver disease associated with hepatitis viruses, alcoholism, and
metabolic disorders, such as Wilson disease (WD). As the etiology and onset age of WD-
associated cirrhosis are different from those of other kinds of liver cirrhosis, WD-associated
cirrhosis may involve a distinct liver injury pathogenesis.

Research motivation
We hypothesized that cirrhosis is not one disease and cirrhosis of different etiology may have
differential clinical hepatic features.

Research objectives
To delineate the liver features between WD-associated cirrhosis and hepatitis B-associated
cirrhosis in the Chinese population.

Research methods

We performed a cross-sectional study of 60 WD-associated cirrhosis and 56 hepatitis B-
associated cirrhosis inpatients. We analyzed the liver fibrosis degree, liver function indices, and
portal hypertension features between these two groups.

Research results

No inter-group differences were observed in the diagnostic liver fibrosis markers, however,
clinical features clearly defined the origin of cirrhosis. Cirrhosis presenting in WD patients had
worse liver function, lower incidence of hepatic encephalopathy, and lower portal vein diameter,
compared to cirrhosis resulting from hepatitis B. They had decreased risks of progression from
Child-Pugh grade A to B and of ascites. Conversely, WD-associated cirrhosis patients had a
higher risk of splenomegaly, which was associated with a significantly increased risk of
leukopenia and thrombocytopenia.
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Research conclusions

WnD-associated cirrhosis presents a higher risk of splenomegaly associated with leukopenia and
thrombocytopenia, although revealing milder liver dysfunction and portal hypertension
symptoms. These findings indicated that cirrhosis is not one disease and further classification for
diagnosis and treatment options, dependent on origin, are needed.

Research perspectives

The higher risk of splenomegaly associated with leucopenia and thrombocytopenia in these
younger, vulnerable WD patients with cirrhosis, suggests early and regular monitoring of
associated blood disorders and infections to alleviate further clinical complications.
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Abstract

BACKGROUND

The clinical presentation of gastroesophageal reflux disease (GERD) shows a
large symptom variation also in different intensities among patients. As several
studies have shown, there is a large overlap in the symptomatic spectrum
between proven GERD and other disorders such as dyspepsia, functional
heartburn and/or somatoform disorders.

AIM
To prospectively evaluate the GERD patients with and without somatoform
disorders before and after laparoscopic antireflux surgery.

METHODS

In a tertiary referral center for foregut surgery over a period of 3 years patients
with GERD, qualifying for the indication of laparoscopic antireflux surgery, were
investigated prospectively regarding their symptomatic spectrum in order to
identify GERD and associated somatoform disorders. Assessment of symptoms
was performed by an instrument for the evaluation of somatoform disorders
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[Somatoform Symptom Index (SSI) > 17]. Quality of life was evaluated by
Gastrointestinal Quality of Life Index (GIQLI).

RESULTS

In 123 patients an indication for laparoscopic antireflux surgery was established
and in 43 patients further medical therapy was suggested. The portion of
somatoform tendencies in the total patient population was 20.48% (34 patients).
Patients with a positive SSI had a preoperative GIQLI of 77 (32-111). Patients with
a normal SSI had a GIQLI of 105 (29-140) (P < 0.0001). In patients with GERD the
quality of life could be normalized from preoperative reduced values of GIQLI
102 (47-140) to postoperative values of 117 (44-144). In patients with GERD and
somatoform disorders, the GIQLI was improved from preoperative GIQLI 75 (47-
111) to postoperative 95 (44-122) (P < 0.0043).

CONCLUSION

Patients with GERD and associated somatoform disorders have significantly
worse levels of quality of life. The latter patients can also benefit from
laparoscopic fundoplication, however they will not reach a normal level.

Key words: Gastroesophageal reflux disease; Antireflux surgery; Laparoscopic
fundoplication; Somatization; Gastroesophageal reflux disease symptoms

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The current level of evidence performing antireflux surgery in patients with
overlapping symptoms such as dyspepsia, functional heartburn and/or somatoform
disorders is limited and debated in small case series. In a tertiary referral center for
foregut surgery (the largest center for antireflux surgery in Germany), we studied
patients with gastroesophageal reflux disease (GERD) regarding their symptomatic
spectrum over a period of 3 years. It was found that patients with GERD and associated
somatoform disorders have significantly worse levels of quality of life. The latter
patients can also benefit from laparoscopic fundoplication, however they will not reach a
normal level.

Citation: Fuchs HF, Babic B, Fuchs KH, Breithaupt W, Varga G, Musial F. Do patients
with gastroesophageal reflux disease and somatoform tendencies benefit from
antireflux surgery? World | Gastroenterol 2019; 25(3): 388-397

URL: https:/ /www.wjgnet.com/1007-9327 /full /v25/i3 /388.htm

DOI: https:/ /dx.doi.org/10.3748 / wjg.v25.i3.388

INTRODUCTION

The clinical presentation of gastroesophageal reflux disease (GERD) shows a large
variety of symptoms also in different intensities among patients!”l. As several studies
have shown, there is a large overlap in the symptomatic spectrum between proven
GERD and other disorders such as dyspepsia, functional heartburn and/or
somatoform disorders!*'’l. This makes a precise diagnosis, just based on symptoms
quite unreliable for severe therapeutic decision making such as antireflux surgery!'l.
GERD can be diagnosed rather easily in patients by the presence of esophagitis during
upper gastrointestinal (GI) endoscopy and/or evidence of pathologic
gastroesophageal reflux in 24h-impedance-pH-monitoring, favourably optimised by a
positive symptom-reflux correlation as expressed by the symptom association
probability (SAP > 95% significant)!'?.

Symptom-overlapping disorders such as somatisation or a somatoform tendency
can be detected in a patient, if a given person suffers from an excessive number of
somatic complaints, which cannot be explained by pathophysiologic and/or
measurable findings!"’l. A symptomatic screening test by Rief et al*'! can be used to
identify those patients with somatoform disorders among those with proven GERD.
Recently we have shown that GERD patients do have an overlap with somatoform
tendencies in about 20% of patients of an investigated population in a tertiary referral
center"’l. A similar portion (20%) of patients with somatoform tendencies can be
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detected in a population with foregut symptoms!'’l.

In GERD reliable decision making in long-term therapeutic strategies focuses on the
reduction of troublesome symptoms and a dependable improvement of quality of life
for the patients after treatment. The majority of GERD patients can be treated by
conservative medical therapy such as protonpump inhibitors (PPI), while surgical
therapy should be reserved for patients with severe and progressive disease, such as
patients with anatomical and functional defects, substantial mucosal damage and/or
increasingly reduced quality of lifel'>'”*’l. The results of antireflux surgery are well
known and a good outcome ranges around 85%-90% in patients with proven GERDI".
However, little is known about the success of antireflux surgery in patients with an
overlapping problem of somatoform symptoms. The question emerges, whether it is
justified to operate these patients with a combined problem of proven GERD and
somatoform tendencies and if patients with a combination of GERD and somatoform
problems would benefit from surgical therapy.

There are many reports on the outcome of laparoscopic antireflux surgery in GERD
patients, but only few reports focusing on patients with associated and overlapping
disorders such as depression or somatoform tendencies!'>"-*"l. Especially data are
lacking on pre- and postoperative quality of life in patients with GERD and combined
somatoform disorders. As a consequence we performed a prospective evaluation of
patients with GERD with and without a combination of somatoform disorders before
and after laparoscopic antireflux surgery regarding their outcome.

MATERIALS AND METHODS
Methods

In a tertiary referral center for foregut surgery over a period of 3 years patients with
GERD, qualifying for the indication of laparoscopic antireflux surgery, were
investigated prospectively regarding their symptomatic spectrum in order to identify
GERD and associated somatoform disorders. Patients, fulfilling the criteria for the
indication for laparoscopic antireflux surgery, entered the protocol and were followed
pre-, intra- and postoperatively. This allowed for the analysis of outcome parameters
between patients with GERD with and without a combined problem of somatoform
tendencies.

Patients

All patients with foregut symptoms such as heartburn who were suspicious for GERD
and referred to our specialized referral center for GI functional disease over a time
frame of 3 years were asked for their permission and registered in this present study
after Institutional Review Board approval. This was followed by a prospective
protocol of investigations, assessments and therapy as well as follow up assessments.
Patients fulfilling the indication criteria based on the guidelines were informed and an
indication for laparoscopic antireflux surgery was established. In patients with minor
and /or non-progressive disease, a continuation of PPI-therapy was suggested.

Diagnostic work-up

Standardized questionnaires were used to assess all presenting symptoms, and all
patients underwent a validated screening test to assess somatoform disorders and
quality of lifel">*1. Medical history, physical exams, upper GI endoscopy, GI function
testing (esophageal manometry and 24 h-pH-monitoring) were performed in order to
determine the presence and severity of GERD. The severity of esophagitis was graded
according to the classification of Savary-Miller or the Los Angeles Classification and
the vertical extension of a hiatal hernia was recorded. Water perfusion esophageal
manometry, later High Resolution Manometry was performed. Position, length, and
pressure of the lower esophageal sphincter were determined with the pull-through
manometry. pH-monitoring or later Impedance-pH-monitoring were performed
using the DeMeester-reflux-scorel'l. A a value of 14.7 was used as the borderline.
Medication affecting motility and acid suppression was stopped one week prior to

testing.
A symptom evaluation to identify somatoform disorders was performed according
to Rief et al*"l. As a marker for the high probability for the presence of a somatoform

tendency or disorder the somatoform symptom index (SSI) was used, as recently
described’. The SSI is positive for the presence of a somatoform tendency, if a given
patient has more than 17 different symptoms, of which no explanation or cause can be
detected.

Quality of life was evaluated in this study population by the Gastrointestinal
Quality of Life Index (GIQLI), which is a well established instrument and validated in
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several languages”'l. The GIQLI carries 5 different components or dimensions of
quality of life such as GI-symptoms, emotional factors, physical factors, social factors
and influences by the administered therapy with a maximum index point of 144,
evaluated by 36 questions.

Surgical procedure

Therapeutic decision making, especially the indication for laparoscopic antireflux
surgery was based on the current guidelines!'’. Patients with progressive and
advanced disease, usually with evidence of past or present esophagitis, hiatal hernia,
incompetence of the lower esophageal sphincter, pathologic esophageal acid exposure
and/or good PPI response, preferably a PPI dosage increase over the past years as
well as a reduction in quality of Life were selected for surgical therapy. Patients with
lacking positive criteria were suggested to continue their conservative medical
therapy and change of life style.

Patients with indication for surgery had to sign an informed consent prior to
surgery. Standard laparoscopic antireflux procedure was a short floppy Nissen
fundoplication and a posterior hiatoplasty. In patients with severe esophageal
motility disorder usually with less than 50% of effective esophageal peristalsis left,
received a laparoscopic partial posterior Toupet hemifundoplication, also combined
with a posterior hiatoplasty and gastropexy.

The standard procedure was started with the insertion of a Verres-needle to create
a capnoperitoneum and after safety tests to access the abdominal cavity with a 10 mm
camera port. Additional 4 trocars were placed and the procedure was started with a
limited mobilisation of cranial gastric fundus especially the posterior part to create a
floppy mobile fundus with a posterior and an anterior fundic flap. In addition the
hiatus was dissected and subsequently the distal esophagus was mobilized in order to
gain a tension free esophageal segment of about 3cm of lower esophageal sphincter
within the abdominal cavity below the hiatal arch. Then the obligatory posterior hiatal
narrowing with 1-3 “figure-of-8” stitches were performed to adapt the narrowing
according to the diameter of the esophagus. Afterwards the Nissen fundoplication
was shaped around the esophageal sphincter, calibrated by a 18 mm bougie, and
sutured including the esophageal wall. Care was taken to shape the wrap
symmetrically regarding the posterior and anterior fundic flap, fixing it to the right
lateral wall of the distal esophagus. Care was also taken to identify both vagal truncs
and avoid damage.

Postoperatively the patients followed some dietary restrictions starting with fluid
postop day 1 and 2, and increasing to semisolid on day 3, followed by their dismissal
with the suggestion of several small meal rather than one main meal for 4-8 wk and
refrain from hard physical work for 8 wk. Postoperative follow-up consisted of
questionaires after 12 mo and a suggestion for endoscopic and functional
investigations. The same instruments were used as prior to surgery. Patients were
separately followed and analysed depending on their choice of therapy. As a
consequence, 2 groups were established: Group A post-surgical therapy; Group B:
Surgery suggested, medical therapy performed.

Statistical analysis

All data were recorded and stored in an Excel file for later comparison. The results of
the different groups were compared using the non-parametric test for paired samples
with Wilcoxon matched pairs signed rank test and the t-test for paired samples. For
comparison of quality-of-life data the Wilcoxon Two Sample test was used, since the
samples had different sizes.

RESULTS

Patients

A total of 166 patients with foregut symptoms and heartburn were prospectively
included in this study over 3 years. Mean age was 58 years (20-82) and there were 82
females. In 123 patients an indication for laparoscopic antireflux surgery was
established and in 43 patients further medical therapy was suggested, based on the
indication criteria of the EAES guidelines. Almost a third of the patients had some
kind of concomitant disease and some risk factors. The duration since the onset of the
symptoms was median 5 years (1-50). The most frequent chief complaint was
heartburn (61%), followed by regurgitation (18%) and epigastric pain (15%). The
previous response to medication was very limited in the recent months, which led to
the referral of the patients to surgery. Esophagitis was visible on endoscopy in 51% of
the patients. Hiatal hernia was documented in 78%. Esophageal manometry showed
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in 86% an incompetent lower esophageal sphincter and in 16% an ineffective motility
of the esophageal body. A pathologic esophageal acid exposure was documented in
88% of the patients.

After information about the disease and the operative procedure, finally 93 patients
(Group A) agreed to undergo a laparoscopic antireflux procedure. Thirty patients
decided to continue medical therapy despite the fact that an indication for
laparoscopic antireflux surgery was suggested (Group B). The portion of somatoform
tendencies in the total patient population was 20.48% (34 patients), when the SSI =217
symptoms was used as criterion for the presence of somatoform disorders. In Group
A (patients with laparoscopic fundoplication) 22% (20 patients) showed a positive SSI
for somatoform tendencies, while in Group B this portion was quite similar with 20%
(6 patients) (Figure 1).

Figure 2 shows the preoperative level of the GIQLI in patients with and without a
somatoform disorder as measured by the SSI (normal < 17 symptoms). Patients with a
positive SSI (number of present symptoms > 17) had a preoperative GIQLI of 77 (32-
111). Patients with a normal SSI (< 17 symptoms) had a GIQLI of 105 (29-140). This
difference was highly significant (P < 0.0001).

In all surgical cases the primary laparoscopic procedure could be performed
without conversion. In four patients intraoperative opening of the pleural cavity on
the left side occurred during mobilisation of the esophagus in the mediastinum,
resulting in a compression of the lung by gas-insufflation. Two patients showed
postoperative minor complications such as 1 patient with an extraordinary pain level,
which needed 3 d of extra hospitalisation as well as 1 patient with abdominal
distension and pain due to postoperative delayed intestinal motility recovery, which
also needed prolonged hospital stay. All patients had dysphagia in the first 4
postoperative days during their hospitalisation and a stepwise increase in fluid,
semisolid and finally solid food was given during this period in order to prevent
excessive gagging and vomiting, which could cause early migration.

Follow-up

After minimum of 1 year follow-up time all patients were contacted and
questionnaires were returned from 138 out of 166 patients, that were initially
investigated. From the initially 93 patients with laparoscopic fundoplication, 77
patients responded and follow-up information could be obtained. Twenty-five out of
30 patients responded, who had been suggested for surgery, but decided to continue
conservative treatment. Preoperative and postoperative quality of life as assessed by
the GIQLI showed a significant difference (P < 0.001) for patients in Group A,
operated upon with laparoscopic antireflux procedure (Figure 3).

The GIQLI of the operated patients, who responded to the follow-up, was elevated
from a preoperative level of 99 (47-140) up to postoperative 117 (44-144) (P < 0.001).
The normal level of GIQLI of healthy individuals is reported from 120 to 131. Patients
with GERD, who decided to continue with conservative medical therapy despite the
suggestion for laparoscopic surgery (group B), show after the follow-up time of at
least 1 year a constant level of reduced quality of life with GIQLI of 98 (51-130; P =
0.8279; Figure 3). Within group B quality of life in those patients without somatoform
tendency (SSI < 17) had an initial GIQLI of 102, which was documented at 1 year
follow-up at 104 (not significant). Patients with a SSI > 17 had an initial GIQLI of 73,
which was 1 year later at 72. Thus medical therapy did not change the level of Quality
of life in this cohort.

Figure 4 demonstrates the main finding of the study, comparing the pre- and
postoperative level of the GIQLI related to the presence of a somatoform disorder. In
both groups, patients with GERD alone and patients with GERD and combined
somatoform disorder, the quality of life could be significantly increased by the
laparoscopic antireflux procedure. In the operated patients with GERD alone, Quality
of Life could be normalized from preoperative reduced values of GIQLI 102 (47-140)
to postoperative values of 117 (44-144). In patients with GERD and combined
somatoform disorders, the GIQLI was improved from preoperative GIQLI 75 (47-111)
to postoperative 95 (44-122) (P < 0.0043).

In summary, quality of life in patients with GERD as selected for surgery using the
criteria as published in the guidelines is severely reduced and can be elevated by
laparoscopic fundoplication to normal levels. Patients with GERD and associated
somatoform disorders have significantly worse levels of quality of life. The latter
patients can also benefit from laparoscopic fundoplication, however they will not
reach a normal level due to the large amount of present symptoms, which can not all
be influenced by antireflux surgery.
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Figure 1 Incidence of somatoform symptoms in patients with gastroesophageal reflux disease. Group A:
patients with indication for surgery, willing to undergo surgery. The percentage of SSI = 17 was 22%; Group B:
Patients with GERD and indication for surgery, who has refused antireflux surgery and have continued protonpump
inhibitors therapy. The percentage of SSI = 17 was 20%. GERD: Gastroesophageal reflux disease; SSI: Somatoform
Symptom Index.

DISCUSSION

It has been shown that the classic clinical presentation of the GERD has a remarkable
symptom overlap with other often functional disorders such as heartburn,
somatization and/or hypertensive esophagus and otherst!"l. Several instruments have
been used in the past to assess the presence of such conditions in order to verify the
precise diagnosis and document the combination of GERD with somatoform
tendencies!'**"’l. Recently the relationship between GERD and somatoform disorders
was published demonstrating a 20% incidence of combined somatoform tendencies in
a population of GERD patients with more than 17 symptoms present!"’l. This confirms
early reports of similar involvement of patients with both conditions!""l. Two questions
emerge whether a patient with somatoform disorder can be detected within a
population of GERD-patients and secondly, if these patients should be selected for
antireflux surgery.

Somatization represents a situation where somatic complaints cannot be explained
by measurable findings!""”l. Psychodiagnostic instruments are necessary to clarify the
situation and establish an objective diagnosis. A variety of tests can be used to
evaluate persons with the suspicion of a somatoform tendency!**'>**!. Often these
patients may have depression and anxiety, which can influence the clinical assessment
of patients”*. The basis for an optimal selection of patients with GERD for surgery is
a comprehensive diagnostic work-up to generate evidence for an advanced,
progressive disease with proven damage and functional defects.

Besides a good surgical technique, the optimal selection of the right patients for
laparoscopic fundoplication is of utmost importance for the final result of surgical
therapy. Laparoscopic fundoplication can produce an ideal solution for a patient with
severe and progressive GERD, reducing most of the troublesome symptoms and
enabling the patient to live a normal joyful lifel"”. Having expressed this, it must be
emphasized that performing a fundoplication on the wrong patient, who either does
not need a fundoplication or who has other problems, which could be worsened by a
fundoplication, can easily destroy the patient's quality of life.

Patients with somatoform disorders usually have a large variety of symptoms,
where typical reflux symptoms such as heartburn and acid regurgitation may play
only a limited role or may be overrated by the patient due to the stress and heavy load
of all symptoms. In these cases the question emerges, whether surgery is justified.
Objective diagnostic testing is essential to verify pathologic gastroesophageal reflux,
but still given the tests are positive, there is still a dilemma, whether patients would
benefit from antireflux surgery. Some surgeons advise to see these patients as
contraindications for antireflux surgery!”'“l.

Little is known about the probability of success after surgical therapy in these
patients with the combined problem. Therefore the present study shows very clearly
that a precise diagnostic work-up is necessary to determine the presence of a
somatoform tendency as well as the presence of severe GERD. The study is helpful in
showing evidence that on one hand improvement of quality of life is possible, and on
the other hand that quality of life can rather not be normalized, since too many other
symptoms are involved with no connection the underlying reflux problem.

The problem is that patients with GERD and somatoform disorders start from a
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Figure 2 Preoperative quality of life, as measured by the Gastrointestinal Quality of Life Index in patients
with gastroesophageal reflux disease alone (median GIQLI: 105) and patients with gastroesophageal reflux
disease and associated somatoform tendencies (SSI 2 17) (median GIQLI: 77). This difference is significant (P <
0.001). SSI: Somatoform Symptom Index; GIQLI: Gastrointestinal Quality of Life Index; GERD: Gastroesophageal
reflux disease.

preoperative significantly lower level of quality of life than GERD patients without
somatoform tendencies. Interesting enough laparoscopic antireflux surgery can
elevate the GIQLI for about 20-25 points in patients. The latter causes in GERD-
patients without associated problems a postoperative quality of life level of nearly
normal levels while patients with both, GERD and somatisation will usually remain in
a lower level, which can cause postoperative disappointment and frustration. This
should be communicated to the patients prior to surgery to make sure that the
preoperative expectations will not be unrealistic.

In conclusion, patients with GERD and overlapping symptoms due to somatoform
disorders should not be withhold from laparoscopic antireflux surgery in general, if
their GERD is proven by objective assessment. It must be however emphasized that
these patients must be especially informed about their critical situation regarding
their large number of often atypical symptoms, which cannot be cured completely.
The latter causes continuing restrictions in their quality of life. As a consequence the
indication for antireflux surgery must be discussed in detail with the patients and
only those should be selected, in whom reflux-generated-symptoms are proven by
reflux symptom-correlation™l. These symptoms should be the major quality-of-life
restricting factors.
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Figure 3 Pre-and post-therapeutic quality of life, as measured by the Gastrointestinal Quality of Life Index, for both groups. Group A after laparoscopic
antireflux surgery (GIQLI preop: 91; postop 117; P < 0,001) and Group B after continued conservative treatment (GIQLI pre: 96; post: 98; P = 0.8279). In the surgical
group, GIQLI could be significantly increased. GIQLI: Gastrointestinal Quality of Life Index.
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Figure 4 Comparison of pre- and postoperative levels of Gastrointestinal Quality of Life Index in relation to the presence of somatoform disorders. Patients
with somatoform disorders will also improve their GIQLI postoperatively (GIQLI preop: 75; postop: 95; P < 0.0043), however it could not be increased to normal levels
due to the large number of non-related symptoms. Patients with SSI < 17 could reach normal levels of GIQLI postoperatively (preop: 102; postop: 117; P < 0.001).
GIQLI: Gastrointestinal Quality of Life Index; SSI: Somatoform Symptom Index; GERD: Gastroesophageal reflux disease.

ARTICLE HIGHLIGHTS

Research background

Gastroesophageal reflux disease (GERD) shows a large symptom variation also in different
intensities among patients. Up-to-date, patients with somatoform tendencies were often per se
excluded from surgery.

Research motivation

There is a large overlap in the symptomatic spectrum between GERD and other disorders such
as dyspepsia, functional heartburn or somatoform disorders. We intended to be able to better
differentiate between these different entities to provide optimal patient care. Before our study, it
was still unclear if patients with somatoform tendencies should undergo surgery at all.

Research objectives
The purpose of this study is an evaluation of patients with GERD with and without somatoform
disorders before and after laparoscopic antireflux surgery regarding their outcome.

Research methods

In the largest center for benign foregut surgery in Germany patients with GERD, qualifying for
antireflux surgery were investigated prospectively regarding their symptomatic spectrum in
order to identify GERD and associated somatoform disorders over a period of 3 years using an
instrument for the evaluation of somatoform disorders. Quality of life was evaluated by
Gastrointestinal Quality of Life Index (GIQLI). These parameters were compared depending on
the group assignment of patients.

Research results
One fifth of all included patients suffered from somatoform tendencies (20.48%; 34 patients).
Patients with this tendency had a preoperative GIQLI of 77 (32-111). Patients without this
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tendency had a GIQLI of 105 (29-140; P < 0.0001). Quality of life could be normalized from
preoperative reduced values of GIQLI 102 (47-140) to postoperative values of 117 (44-144) in
patients with GERD. GIQLI of patients with GERD and somatoform tendency was improved
from preoperative GIQLI 75 (47-111) to postoperative 95 (44-122; P < 0.0043).

Research conclusions

This is the first study to show that patients with a somatoform tendency should not be excluded
from surgery, however they will not reach a normal level of quality of life. Patients with GERD
and somatoform disorders have an impaired quality of life. The latter patients can also benefit
from laparoscopic fundoplication, however they will not reach a normal level.

Research perspectives

The investigated instruments for assessment of quality of life and somatoform disorders can help
to discriminate between the different symptom origins and should be used in all patients who
undergo antireflux surgery.
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