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Abstract

Obesity is increasingly prevalent in the post-industrial era, with increased
mortality rates. The gut microbiota has a central role in immunological,
nutritional and metabolism mediated functions, and due to its multiplexity, it is
considered an independent organ. Modern high-throughput sequencing
techniques have allowed phylogenetic exploration and quantitative analyses of
gut microbiome and improved our current understanding of the gut microbiota in
health and disease. Its role in obesity and its changes following bariatric surgery
have been highlighted in several studies. According to current literature, obesity
is linked to a particular microbiota profile that grants the host an augmented
potential for calorie release, while limited diversity of gut microbiome has also
been observed. Moreover, bariatric surgery procedures represent effective
interventions for sustained weight loss and restore a healthier microbiota,
contributing to the observed fat mass reduction and lean mass increase. However,
newer evidence has shown that gut microbiota is only partially recovered
following bariatric surgery. Moreover, several targets including FGF15/19 (a gut-
derived peptide), could be responsible for the favorable metabolic changes of
bariatric surgery. More randomized controlled trials and larger prospective
studies that include well-defined cohorts are required to better identify associ-
ations between gut microbiota, obesity, and bariatric surgery.

Key Words: Bariatric surgery; Obesity; Gut microbiota; Micronutrient deficiency;
Probiotics
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Core Tip: Obesity represents a major cause of morbidity and mortality globally. Current knowledge
suggests a connection between gut microbiota characteristics and obesity, while bariatric surgery has been
shown to promote a healthier microbiota composition. However, the exact effects of these procedures
remain unclear. In general, an increase in members of the phylum Bacteroidetes and Proteobacteria, and a
decrease in members of the phylum Firmicutes is a common finding. This field of research can also inform
clinicians’ predictions of outcomes before and after bariatric surgery through analysis of patterns in gut
microbiota.
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INTRODUCTION

Obesity represents a huge health burden in society, and is linked with an increase in mortality rates[1].
Recent data suggest a crosstalk between gut microbiota (GM) and obesity, while obesity itself seems to
be both a cause and a result of GM alterations[2]. In health, the GM is involved in energy intake,
adjustment of glucose and lipid homeostasis, and micronutrient and vitamin composition[3]. This GM
balance is disturbed in obesity presenting a series of pathological manifestations, including chronic
inflammation, insulin resistance, and metabolic disturbance[2,3]. Moreover, obesity is linked with
vitamin and mineral deficiencies, that aggravate GM synthesis and function[4,5].

Bariatric surgery (BS) is currently the sole long-term effective therapeutic option for morbid obesity
[6]. A number of studies have identified important qualitative and quantitative changes in the GM after
BS. Such treated patients have micronutrient deficiencies that may lead to deficiency-related syndromes
[7,8], that include anemia (10%-74%) and neurological disorders (5%-9%)[7,9].

Given the presence of other coexisting factors that impair the postoperative nutritional status of these
patients [energy-restricted higher protein intake and adequate nutritional supplementation diet,
anatomical and physiological impairment of the gastrointestinal tract (GIT)][7,10], a consistent follow-
up is essential.

The complicated interaction between obesity and GM phyla that includes gut microbiome
modulations (and of their by-products) in obese subjects who undergo BS as treatment, are the aim of
this review.

OBESITY

Obesity represents the discrepancy between caloric intake and energy expenditure and is affected by
genetic and environmental factors[11]. Obesity has been associated with type 2 diabetes mellitus
(T2DM), increased arterial pressure, hypercholesterolemia, cardiovascular disease, apnea, musculo-
skeletal disorders, cancer, impaired fertility, anxiety, and psychiatric disorders[12]. Currently, obesity
results in more deaths than undernourishment and starvation together[13].

Worldwide, the term body mass index (BMI) is a tool for estimating obesity severity and is calculated
by dividing the body weight (kg) by the square of height (m?) of the individual. In adult subjects, a BMI
between 18.5 to 25 kg m? is considered normal; overweight is BMI 25 to 30, while obesity is defined as
BMI over 30 kg m™ Obesity is classified by the World Health Organization into three categories; class I
corresponds to a BMI of 30.00 to 34.99; class II between 35.00 and 39.99 and class III is a BMI that
exceeds 40[14]. Additionally, a BMI > 50 kg m™ is termed superobesity. Regarding the treatment of
obesity, it has been shown that in a time period of 2 years, most subjects reach or even exceed their
initial weight[15].
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GUT MICROBIOTA IN HEALTHY SUBJECTS

Glossary of microbiota-related terms
Microorganisms are present in the skin, respiratory system, the GIT, and the male and female
genitourinary tracts[16].

The ecological community of symbiotic and pathogenic microbes composes the microbiota[17]. The
term microbiota includes all species which form microbial communities, such as eubacteria, archeo-
bacteria, fungi, and protists[18].

The term ‘microbiome” refers to the microorganisms themselves. The study of all microbial DNA
directly recovered from a sample such as from the gut is called metagenomics. The metagenome, refers
to the complete genome of the microbiota[17], while the term ‘shotgun metagenomics’ describes the
process of a sample’s next-generation sequencing. This process produces primer-independent data that
can then be analyzed with various reference-based and/ or reference-free methods[16].

Gut microbiota under normal conditions

In health, the microbial composition remains constant[19]. The largest microbe concentrations are found
in the intestine, the skin, and the oral cavity[20]. Of these sites, the GIT is the most intensively colonized
organ. In the past, it was widely shown that a healthy gut contains 1-1.5 kg of microbes a number that
exceeds by about 10 times the number of the host’s (human) cells[21]. However, more recent estimates
suggest that the number of gut bacteria is of the same order as the number of human cells, weighing a
total of 0.2 kg[22]. Approximately 1000 species colonize the gut, with microbial density increasing along
the GIT from 10" to 10* microbes in the stomach to 10" to 10" cells per gram in the colon[17].

Due to the antimicrobial effects of hydrochloric acid and nitric oxide, microbes in the stomach and the
small intestine are few[23,24]. However, the large intestine presents a better milieu for microbes, with
better conditions to extract energy as well as essential nutrients[25,26]. The largest number of living
microbes is located in the colon but due to the impermeable adherent mucus layer, there is no direct
contact with the epithelium[27]. It is believed these bacterial species collectively yield 2 million genes
(100 times the number of human genes. The number above agrees with the actual extent of microbial
gene catalogs found in MetaHIT and the Human Microbiota Project[28].

Gut microbiota in obese subjects
The GM along with the host’s genotype and lifestyle, affect the pathophysiology of the disease and thus
research interest in these associations has increased[2,29].

An important increase in adipose tissue of germ-free (GF) mice implanted with microbiota harvested
from the cecum of ob/ob mice has been found, when compared to mice transplanted with a GM from
lean rodents[30]. Transferring GM from genetically obese mice resulted in a 47% increase in fat mass,
while the inoculation from lean mice increased adipose tissue mass by 26%[31].

Several factors contribute to how GM affects obesity, such as nutrient metabolism. For instance,
hippurate, a microbial metabolite of dietary polyphenols, is reported to be associated with Eubacterium
dolichum and visceral fat mass[32]. Additionally, it has been postulated that the circadian clock, which
regulates diurnal oscillations of different biological processes such as feeding, can be influenced by the
GM and therefore act as a contributor to diet-induced obesity[33].

Obesity also triggers low-grade chronic inflammation. A high-fat diet for 28 d, increased more than
twice the systemic lipopolysaccharide (LPS) levels and the LPS-containing GM, thus presenting what is
known as “metabolic endotoxemia”. The increased LPS levels could trigger inflammation thus
contributing to obesity and T2DM[34,35].

BARIATRIC SURGERY

Bariatric surgery modalities

When lifestyle and/or medication-based approaches are ineffective, BS is an option, as it is a highly
effective therapeutic procedure for the treatment of obesity[36]. BS can be either restrictive or
malabsorptive, by reducing food intake and promoting weight loss[37]. The available metabolic surgery
procedures includes laparoscopic adjustable gastric band, vertical sleeve gastrectomy (VSG), Roux-en-Y
gastric bypass (RYGB), biliopancreatic diversion (BPD), and BPD with duodenal switch (BPD/DS)[7,37].

Vertical banded gastroplasty

This is a restrictive procedure. An incision is made on the lesser curvature of the stomach 6 cm from the
esophagogastric junction. The lesser omentum is dissected followed by a 2 cm opening of the lesser sac.
Dissection continues downward to 1 cm above the uppermost portion of the short gastric vessels. A
calibrated transgastric window is created using a circular stapler creating a 20 mL gastric pouch volume.
A polypropylene band is placed around the distal part of the gastric pouch[36,38,39].
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Laparoscopic adjustable gastric band

This is a restrictive procedure, more widely performed in the past, but its use has declined in popularity
in the last 5 years[38]. A synthetic band is placed around the upper portion of the stomach, immediately
after the gastroesophageal junction, thus creating a small gastric pouch of 20-30 mL. The band is inflated
or deflated with saline to alter the level of constriction and to maintain a feeling of fullness with a
smaller volume of food. At first, the early and prolonged satiety was attributed to the physically
restricted meal volume and the delayed emptying of food from the pouch[40]. Today, it has been
proved that most of the procedure’s efficiency is due to the pressure applied on the intraganglionic
laminar endings which convey afferent signals resulting in hunger reduction[41]. The average weight
loss is about 45%-47% of the excess weight by 4-5 years postoperatively[42].

RYGB

RYGB represents both a restrictive and malabsorptive procedure. Of note, apart from the mechanical
restriction of caloric intake, RYGB impairs the absorption of nutrients. Of note, 15%-30% of the weight
loss is maintained for at least 20 years after RYGB[43]. Moreover, after RYGB glycemic control improves
in 90% of recipients[44].

VSG

This is a restrictive procedure. VSG has increased in popularity as it is relatively easy to perform and a
good clinical outcome is achieved[45]. In VSG, a vertical excision of approximately 75% of the stomach
lengthwise with preservation of the pylorus is performed. It aims to make a small gastric pouch
(“sleeve”), with a volume of approximately 100 mL, and to create a high-pressure chamber that easily
produces sufficient pressure to overcome the tone of the pyloric sphincter, thus resulting in rapid gastric
emptying[46]. This decreased gastric reservoir does not permit any distention and therefore provokes
premature satiety, resulting in substantially reduced portion sizes.

Sleeve creation has an impact on hormone regulation, decreasing blood ghrelin levels and enhancing
a state of satiety. The average weight loss is 60% excess body weight after two years postoperatively,
along with an improvement in associated comorbidities[42]. Both short- and medium-term research
reports showed that VSG is almost as effective as RYGB in reducing body weight and improving
glycemic control[10,47].

BPD and BPD with duodenal switch (BPD and BPD/DS)

This is a malabsorptive procedure. Being a quite radical procedure, it is only used occasionally. The BPD
procedure involves a sleeve gastrectomy with the creation of a 200-500 mL gastric pouch. A Roux-en-Y
gastroileostomy of 200 cm is formed with a common channel 50 cm from the ileocecal valve joining
biliary and digestive enzymes. The weight loss achieved via BPD and/or BPD/DS is the greatest among
any of the other bariatric procedures with excess weight loss of 70%-80% postoperatively[42,48].

Of all the aforementioned procedures, half of the bariatric procedures are VSG and approximately
40% are RYGB[49]. RYGB has been the primary choice for decades and thus millions of RYGB patients
are present in the general population[13]. Table 1 shows the comparison between these bariatric
approaches.

Today, BS is regarded as the only effective treatment for a pronounced and permanent weight loss
[13]. The Swedish Obese Subject trial reported a weight loss following RYGB of 27% in 15 years, while
non-operative approaches (lifestyle changes or pharmacological treatment) had no effect over this
period. Controlled long-term studies (> 5 years) on the effects of VSG on weight loss are still scarce, but
weight loss up to 5 years is similar to that of RYGB[13].

Lastly, branched-chain amino acids were significantly reduced after BS, a finding associated with
alleviation of the “metabolic overload” observed in some tissues[50]. Trimethylamine-n-oxide, a
metabolite proposed as a cardiovascular marker, was found to increase following BS. This increase was
probably related to the GM changes observed after BS[50].

THE MECHANISMS OF GASTRIC BYPASS

The gastric bypass procedure is an artificial condition in which the intestinal mucosal energy outflow is
variable and capable of altering BMI and glucose levels.

The main reason behind weight reduction is a modified eating behavior that reduces energy intake.
According to the foregut theory, food bypasses both the stomach and the duodenum, and the release of
gut-derived hormones originating from these areas is altered, e.g., the release of glucose-dependent
insulinotropic peptide from the duodenum. A second theory known as the hindgut theory states that
since the more distal parts of the intestine are now (following the procedure) exposed to nutrients and
contact food sooner than normal, this provokes faster humoral responses.

RYGB also changes the circulating bile acid levels and those of the intestinal microbiota: Bile acids
regulate glucose metabolism causing the release of GLP-1, provoking the synthesis and release of
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Table 1 Comparison of the two main bariatric surgery procedures

Roux-en-Y gastric bypass

Vertical sleeve gastrectomy

Technique

Mechanism of
action

Advantages

Disadvantages

(1) 15-30 mL gastric pouch; (2) Gastrojejunostomy (GJ); (3) Jejunojejunal
anastomosis (Roux-en-Y); (4) 30-50 cm distal to the ligament of Treitz; and
(5) Remnant disconnected but left in situ

(1) Instantaneous food transfer to small intestine, altering: Gut hormones;
Bile acids; Neural signaling; Gut microbiota; Gut-brain-endocrine;
Adipocyte-brain axes; and (2) Results in reduced food intake, increased
satiety and altered food preferences

(1) Significant long-term weight loss; (2) Glycemic control improvement in
90% of cases; (3) Maintain percent EWL in the long term; (4) Hunger
reduction and satiety; (5) Food preferences changes; and (6) Increases
energy expenditure

(1) Technically complex (two anastomoses) compared with AGB or VSG;
(2) Higher complication rate than AGB or LSG; for example, anastomotic
leak or dumping syndrome can occur; (3) Longer length of stay; (4) Long-
term vitamin and/or mineral deficiencies (for example, vitamin B12, iron,
calcium or folate); (5) Requires lifelong vitamin and/or mineral supple-
mentation; (6) Lifelong dietary changes; (7) Increases alcohol addiction and
suicide rates; and (8) postprandial hypoglycemia

(1) Excision of lateral 70%-80% of stomach along the greater
curvature; and (3) Approximately 100 mL gastric reservoir
(sleeve)

(1) Alterations in: Gut hormones; Bile acids; Neural
signaling; Gut microbiota; Gut-brain-endocrine; Adipocyte-
brain axes; and (2) Results in reduced food intake, hunger,
increased satiety and altered food preferences

(1) Significant long-term weight loss (approximately 10%
less than RYGB); (2) Glycemic control as effective as RYBG;
(3) Maintain percent EWL in the long-term; (4) Hunger
reduction and satiety; (5) Food preferences changes; (6) No
anatomical rerouting of food; (7) Short length of stay (<2
d); (8) Technically simpler than RYGB; and (9) Lower
complication rate than RYGB

(1) Anastomotic leak can be difficult to manage; (2)
Susceptible to long-term vitamin and/or mineral
deficiencies (less common than with RYGB); (3) Precau-
tionary lifelong vitamin and/or mineral supplementation;
(4) Lifelong dietary changes; (5) Irreversible; and (6)
potential risk of Barrett esophagus

EWL: excess weight loss; RYGB: Roux-en-Y gastric bypass.
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fibroblast growth factor 19 which improves insulin sensitivity and glycemic control[51].

Circulating exosome microRNAs (miRNAs) constitute another mechanism that could explain
bariatric surgery-associated outcomes[6]. Several studies have identified miRNAs that tend to increase
or decrease in expression after bariatric surgery[52,53]. Of these, miRNA MiR-7, which has shown the
most concrete post-surgical increase in studies, plays a role in the regulation of pancreatic beta-cell
function in humans[53].

SIDE EFFECTS OF BARIATRIC SURGERY

The 1-year mortality rate after BS is 1% and the 5-year mortality rate is 6%[54]. 4% of patients after BS
experience surgical complications during the first month[55,56]. These include anastomotic leakage,
hemorrhage, perforation, infection and inner herniation[55]. However, the latter is considerably
decreased when the closure of any mesenteric defect became routine practice during the BS approach
[57].

Chronic abdominal pain is a common side effect seen in patients after RYGB; half of RYGB patients
experience abdominal pain and in a 5-year follow-up, a third of them still experienced pain[58]. It is
important to clarify the underlying pathology following BS but its etiology remains obscure[59].
Furthermore, it is believed that 4% of patients who were not on opioids, became chronic users after BS
[60] and therefore the attending physician of such patients who develops nausea and pain, must bear in
mind the risk of iatrogenic opioid addiction.

Hypoglycemia in non-diabetic subjects appears in more than 64% of patients during the first 5 years
after BS[61]. Several theories related to this have been proposed including enhanced B cell mass and
function, lowered ghrelin levels, improved insulin sensitivity, and inadequate counter regulation[62].
Unfortunately, the side effects of hypoglycemia often persist for years and can decrease the patient’s
quality of life.

GUT MICROBIOTA AFTER BARIATRIC SURGERY

A plethora of diseases are connected to GM changes including, atherosclerosis, non-alcoholic fatty liver
disease, inflammatory bowel disease, and colorectal cancer[16]. BS plays a central role by affecting the
abundance of many microbial species of the GM.

Most often, a decrease in Firmicutes and an increase in Bacteroidetes and Proteobacteria, abundance is
observed after BS[63]. Both RYGB and vertical banded gastroplasty, have comparable long-term effects
on GM function and composition. Moreover, feces from BS patients were transplanted in germ-free
mice, and the mice gained less fat when compared to reciprocal mice transplanted with GM from obese
subjects. These findings show a causal relationship between GM and BS-induced weight reduction[64].
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Another study employed GM transplantation from mice that underwent RYGB to sham-surgery germ-
free mice, which provoked weight loss compared to recipients of GM from non-operated mice[65].

The increase in pH (following BS) in the lumen and high levels of dissolved oxygen, affect the growth
of aerobic microorganisms (such as Proteobacteria) and inhibit the growth of anaerobic bacteria[66].

In a recent systematic review, Davies et al[67] summarized 14 clinical studies involving 222 subjects
(RYGB = 146, VSG = 25, biliointestinal bypass = 30, vertical banded gastroplasty = 7, and adjustable
gastric band = 14). Major changes included a reduction in the abundance of Faecalibacterium prausnitzii
and an increase in E. coli. Following VSG, a decrease in the abundance of Firmicutes was observed, while
after RYBG an increase in Bacteroidetes and Proteobacteria was observed.

Their findings are summarized in Table 2. It was found that different types of BS result in dramatic
changes in GM.

A systematic meta-analysis of 22 articles investigated the effect of BS on metabolic and GM profiles.
Only two studies were randomized, while the rest were prospective studies[64,68,69]. The total sample
size was 562; 411 patients underwent RYGB, and 97 underwent VSG[70].

As shown in Table 3, several microbes are affected by BS: some authors found increased Bacteroides
while Firmicutes and Bifidobacterium had lower abundance in post-RYGB subjects[70,71].

In summary, it appears that BS reestablishes a healthier microbiota together with a slimmer metabolic
profile, and possibly this microbiota readjustment contributes to a diminished fat mass and an increased
lean mass. Nevertheless, the pathways through which the gut microbiota and their metabolites affect
obesity are still obscure, and robust microbe manipulations that interfere with the host-bacteria
interactions for the management of obesity still need to be developed[16].

EFFECT OF BARIATRIC SURGERY ON SMALL INTESTINE BACTERIA

Obese subjects after BS can develop small intestine bacterial overgrowth (SIBO), which is defined as
greater than 10° colony-forming units per mL of proximal jejunal aspiration[72]. SIBO is a manifestation
of obesity and a prospective study including 378 subjects with morbid obesity, reported that 15% of
patients before undergoing RYGB had SIBO, and that this figure increased to 40% following the
procedure[72].

SIBO diagnosis is made following a small intestine aspirate test. However, due to the invasive nature
of this process the most acceptable detection technique is the “therapeutic trial”, by empirically adminis-
tering antibiotics due to the clinical complications associated with SIBO[73].

The malabsorption of vitamins A, D, E, and K (fat-soluble vitamins) is due to the bacterial dec-
onjugation of bile acids by small intestine bacteria, while the formation of a toxic compound (lithocholic
acid) further aggravates intestinal epithelial cell dysfunction and aggravates carbohydrate and protein
malabsorption[74]. In contrast, in subjects with SIBO, vitamin K levels are within normal levels or
increased as bacteria are capable of synthesizing menaquinone[75].

EFFECT OF BARIATRIC SURGERY ON GUT HORMONES

Typically, food intake suppresses the hunger hormone ghrelin; however, in obese subjects, this
mechanism might be disrupted. Thus, it has been reported that within days after BS, as a more quick
release of nutrients to the distal small intestine starts to occur, increased production of gut satiety
hormones such as PYY and GLP-1, and a reduced increase in ghrelin takes place[76].

After a meal, both PYY and GLP-1 are, proportional to the consumed calories, released from the L
cells of the distal small intestine[77]. Following BS, the postprandial PYY levels are increased and the
new levels are correlated with postoperative weight loss[78]. Also, the role of PYY in the regulation of
feeding after RYGB has been assessed using octreotide, which blocks the secretion of most gut
hormones and therefore increases food consumption[76].

Although the effects of PYY and GLP-1 on gastric emptying, glucagon secretion, and insulin release
from the pancreas are well understood, the appetite change after BS seems to be a synergistic response
of more than one gut hormone[79].

Gut microbiota signatures as predictors of long-term outcomes in bariatric surgery

In a study by Gutiérrez-Repiso et al[80], fecal samples from 24 patients who had undergone bypass
surgery at least two years previously were studied. The authors reported that patients who would go on
to show greater rates of weight loss and low weight maintenance in the long-term tended to have a
higher diversity of core microbiota in the mid-term. Furthermore, the bacterial genera Sarcina,
Butyrivibrio, Alkaliphilus, Lachnospira, Pseudoalteromonas, and Cetobacterium were more abundant in stool
samples in patients for whom gastric bypass surgery was more successful in the long-term[80].
Nevertheless, another study by Fouladi et al[81] failed to prove a significant difference in the microbiota
between subjects with successful and poor BMI reduction after RYGB surgery[81]. In the same study,
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Table 2 Changes in human gut microbiota following bariatric surgery

Yl RYGB VSG
1 Akkermansia (Verrucomicrobia) Bulleidia (Firmicutes)

i Escherichia (Protobacteria) Roseburia intestinalis (Firmicutes)

T Kilebsiella (Protobacteria) Faecalibacterium prausnitzii (Firmicutes)
l Lactobacillus (Firmicutes) Coprococcus comes (Firmicutes)

l Bifidobacterium (Actinobacteria)

l Faecalibacterium prausnitzii (Firmicutes)

l Coprococcus comes (Firmicutes)

RYGB: Roux-en-Y gastric bypass; VSG: Vertical sleeve gastrectomy.

Table 3 Literature findings on the postoperative changes of gut microbiota

Postoperative GM changes

Ref.
Increased abundance Decreased abundance Comments
Graessler et Enterobacter, Citrobacter, Neurospora, Veillonella, Salmonella, Shigella, E. Faecalibacterium, Coprococcus, Helicobacter, -
al[71], 2013 coli tended to increase Dictyostelium, Epidinium, Anaerostipes,
Nakamurella, Methanospirillum, Thermomic-
robium
Kong et al Bacteroides, Alistipes, Escherichia Firmicutes (Lactobacillus, Dorea, Blautia) Increased richness
[68], 2013 Bifidobacterium of GM after RYGB

Palleja et al Escherichia coli, Klebsiella pneumoniae, 10 species belonging to the genus  E. prausnitzii -
[50], 2016 Streptococcus, 4 from Veillonella, 2 from Alistipes, Bifidobacterium
dentium, Enterococcus faecalis, F. nucleatum, and Akkermansia muciniphila

Tremaroliet Gammaproteobacteria; Several Proteobacteria (Escherichia, Klebsiella, 3 species of Firmicutes; (Clostridium difficile, -
al[64], 2015 Pseudomonas); E. coli tended to increase but was not statistically Clostridium hiranonis, Gemella sanguinis)
significant

GM: Gut microbiota; RYGB: Roux-en-Y gastric bypass.

Fouladi et al[81] transplanted fecal samples from patients with poor weight loss (PWL) and successful
weight loss in antibiotic-treated mice, and reported that mice transplanted with PWL feces tended to
gain more weight despite exhibiting similar feeding behaviors. Steinert et al[82] reported decreased
mycobiotic diversity in fecal samples from patients before and after RYGB surgery.

MICRONUTRIENT DEFICIENCIES AFTER BARIATRIC SURGERY

After BS, the micronutrient status of patients further deteriorates, which, in turn, affects the structure
and composition of the GM[83]. Thus, after BS, more than 30% of patients develop nutritional
deficiencies that may result in edema, hypoalbuminemia, anemia, and even peripheral neuropathy and
Wernicke encephalopathy[83].

Unfortunately, these deficiencies persist despite vitamin and mineral supplementation. The
deficiencies observed after BS are affected by eating behavior, decreased absorption, SIBO, or poor
compliance to the suggested optimization of diet[84].

There is strong evidence that after RYGB and VSG, food intake restriction, reduced appetite, and
gastrointestinal hormones changes are mechanisms for the observed weight loss[85]. VSG promotes
gastric emptying, reduces gastroduodenal transit time, and decreases the release of hydrochloric acid
and intrinsic factor. These effects, due to gastric fundus resection, affect gastrointestinal motility and
therefore, the release and dissolution of several vitamins and minerals are diminished[86].

Vitamin B,,

The anatomic alterations of the GIT due to BS lead to impaired release of both HCl and pepsin from the
functional part of the remnant. In turn, this leads to diminished vitamin B,, absorption, as well as to less
interaction of gastric content with parietal cells, which produce the intrinsic factor, causing
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malabsorption and deficiency of cobalamin[87,88]. It has also been shown that the deficiency of intrinsic
factor is the main driver of post-surgical B,, deficiency, although other molecules such as transco-
balamin-1 may participate[89]. As expected, RYGB patients display a higher frequency of vitamin B,
deficiency (37%-50%) than VSG patients (10%-20%)[90]. It has been reported that, despite adequate
supplementation with physiological doses, B,,levels are found to decrease within a few months
following BS, and therefore, administration of high doses of B,,is recommended right after BS[91].

Folic acid

It is expected that after BS, folate absorption should be impaired due to hypochlorhydria and altered pH
in the proximal jejunum[92]. However, it has been reported that folic acid may also be synthesized by
bacteria in the colon. It seems that it is absorbed throughout the small intestine and even the colon, with
a lowered rate of absorption. Therefore, following RYGB, the administration of usual doses of folate
supplement is sufficient to prevent or correct folate deficiency, because a compensatory mechanism of
intestinal absorptive capacity may be present[93].

Vitamin B, (thiamine)

Thiamine deficiency symptoms rapidly develop after only 20 d of insufficient oral intake, faster than for
any other vitamins[94]. Hyperemesis, a symptom rather common after BS surgery, impairs B, absorption
and thus its deficiency can appear despite any oral supplementation. A large variety of pathologies are
associated with thiamine deficiency, including beriberi, neuropathy, and Wernicke encephalopathy[95],
which may present a medical emergency.

Bariatric patients may develop vitamin B, deficiency within six months following surgery. A study
reported that in 118 cases of Wernicke encephalopathy detected postoperatively after either RYGB or
VSG, almost 90% had hyperemesis[96]. A study reported that two years after RYGB, thiamine levels
were deficient in 18% of patients[96]. In a recent retrospective study of VSG patients, 25.7% of subjects
showed decreased thiamine levels within one year after VSG [97].

Vitamin D and calcium

Following BS, bariatric patients have an increased risk of developing metabolic bone disease at any time
during the rest of their lives. Furthermore, after BS, SIBO can also aggravate vitamin D deficiency[98].
As diminished acid secretion occurs after both RYGB and VSG, impaired dissolution and solubilization
of nutrients can develop. Chronic vitamin D deficiency which subsequently leads to decreased bone
mineral density has been observed three years after RYGB and VSG[99].

Following VSG, vitamin D malabsorption might be the effect of diminished exposure of nutrients to
the digestive mucosa[100]. Although VSG does not involve intestinal anatomy, calcium uptake might be
hampered through several possible mechanisms such as reduced calorie intake, hypochlorhydria, or the
use of proton pump inhibitors[100]. In a large cohort study including 999 subjects, the prevalence of
hypocalcemia postoperatively was 3.6%, with 15 patients (1.9%) undergoing RYGB, and 13 patients
(9.3%) undergoing VSG. In the same study, the lowest calcium concentrations were found after approx-
imately 3 years in the RYGB group, and after 239 d in the VSG group, respectively. The daily calcium
intake administered was approximately 1750 mg[101].

Iron

Following RYGB, 18%-53% of patients develop iron deficiency compared to 1%-53% of patients after
VSG[102]. This is rather expected after RYGB, as the duodenum, which is the most efficient area for iron
absorption, is bypassed. A study including 72 post-RYGB patients reported red meat intolerance in
49.2%, 42.2%, 46.4%, and 39% of subjects after 1, 2, 3, and 4 postoperative years, respectively[103].
Following VSG, iron deficiency is dominant and defined by malabsorption secondary to the amount of
gastric resection which prevents reduction of Fe** to Fe?".

Several mechanisms underlie the pathogenesis of postsurgical iron deficiency: After ingestion, the
gastric acidic environment enhances iron absorption by favoring its ferrous form (2+), the only form of
iron that can be absorbed[104]. Reduced HCI release in the gastric pouch and administration of H,
blockers significantly impair iron absorption[105]. Also, iron-rich alimentation after BS is largely
decreased due to caloric restriction and food aversions, especially to red meat[87].

OTHER MICRONUTRIENT DEFICIENCIES

Fat-soluble vitamins
After BS, some deficiencies of fat-soluble vitamin (vitamin A, E, and K) levels in plasma are observed
due to malabsorption[7], but the frequency of these deficiencies is low with rarely reported clinical
manifestations[106,107].

Vitamin A deficiency can be induced by diminished retinol and carotenoid intake due to calorie
restriction. Additionally, the recommended low-fat diet following BS, contributes to poor absorption.
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Interestingly, cirrhosis observed in BS subjects may impede vitamin A storage and synthesis[107]. Thus,
the prevalence of vitamin A deficiency following RYGB is approximately 10%[108]. However, no
changes in serum vitamin A concentration or optical function following RYGB or VSG were reported in
a recent study[109].

Zinc, copper, and selenium
A study analyzing micronutrient deficiencies after both RYGB and VSG during a follow-up of five years
found reduced serum zinc concentrations in 25.7% and 12.5% of patients, respectively[110].
The prevalence of copper deficiency after RYGB is 10%. The development of symptomatic hypocu-
premia after BS is uncommon among subjects who adhere to the prescribed supplementation[111].
Selenium is a trace element and an important antioxidant (selenocysteine)[112]. Serum levels of zinc,
selenium, and copper were stable following RYGB and VSG in subjects receiving supplementation[113].

PROBIOTICS AND GUT MICROBIOTA: IMPLICATIONS FOR BARIATRIC PATIENTS

Probiotics are beneficial to the host even without inhabiting the gut or making major changes to GM
[29]. The most common administered probiotics are Lactobacillus, Bifidobacterium, and Sacharomyces
genera[114].

Although probiotic use is common postoperatively, studies on their efficacy after BS are scarce[115]. It
is been reported that the high pH setting after RYGB, allows higher survival of probiotic bacteria during
transition through the acidic milieu of the GI, thus making BS patients suitable candidates for probiotic
therapy. Administration of probiotics appears to offer many beneficial effects to BS patients such as
greater weight loss, decreased SIBO, improved vitamin synthesis and availability, and optimized
micronutrient status[116].

CONCLUSION

BS, the most effective operation for severe obesity, is continuously expanding its applications. However,
the role of GM on the host’s metabolism and digestion is also widely recognized. Nevertheless, current
understanding of the mechanisms that link obesity and concurrent changes in GM remains unclear and
current data suggest that BS can only partially restore the microbial imbalance.

The exact mechanisms that induce GM changes after BS remain unclear as different factors including
diet, weight loss, and surgery are involved. Moreover, side effects that are triggered by the SIBO effect
may also affect the weight loss process in patients who undergo BS.

The impact of BS is not well described, as microbiota alterations are not consistent, and they should
be considered in the context of energy intake restriction and altered dietary quality. At the same time,
no differences regarding GM modulation were observed among the two most common weight loss
surgery techniques (RYGB and VSG). In general, an increase in members of the phylum Bacteroidetes and
Proteobacteria, and a decrease in members of the phylum Firmicutes are the most consistently reported
findings.

In brief, BS attempts to restore a healthier GM with a leaner metabolic profile, and this microbiota re-
alignment could contribute to the observed reduced adipose tissue reduction, the increase in lean mass,
and the reduction in obesity-related morbidity. However, the mechanisms by which microorganisms
and their by-products restore the GM are poorly understood. Finally, the prognostic significance of
microbiota patterns on long-term outcomes after BS require further elucidation.
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or a sham procedure. After 7 d repeat digoxin PK studies were completed and
tissue samples were taken to determine the expressions of cell membrane
transport proteins by quantitative western blot and real-time polymerase chain
reaction. Data were analyzed using SigmaStat 3.5. Means between pre-surgery
and post-surgery in the same experimental group were compared by paired ¢-test,
while independent t-test was employed to compare the means between sham and
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Digoxin clearance was decreased and liver function, but not renal function, was impaired in BDL
rats. BDL resulted in significant up-regulation of multidrug resistance 1 expression in the liver and
kidney and its down-regulation in the small intestine. Organic anion transporting polypeptides
(OATP)1A4 was up-regulated in the liver but down-regulated in intestine after BDL. OATP4C1
expression was markedly increased in the kidney following BDL.

CONCLUSION

The results suggest that cell membrane transporters of digoxin are regulated during extrahepatic
cholestasis. These regulations are favorable for increasing digoxin excretion in the kidney and
decreasing its absorption from the intestine to compensate for reduced digoxin clearance due to
cholestasis.

Key Words: Cholestasis; Digoxin clearance; Organic anion transporting polypeptides; P-glyco-
proteins/multidrug resistance 1; Bile duct ligation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The heart, kidney and liver are inextricably linked by virtue of blood flow and metabolism of
medications. Cholestasis induced by bile duct ligation resulted in liver functional injury and a decrease in
digoxin clearance. Quantitative western blot and real-time polymerase chain reaction demonstrated the up
or down regulation of membrane transporters multidrug resistance 1, organic anion transporting
polypeptides (OATP)1A4, and OATP4CI in the liver, kidney, and intestine. Cell digoxin transporters are
regulated during cholestasis which is favorable for increasing digoxin excretion.
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INTRODUCTION

The heart and liver are inextricably linked by virtue of blood flow and metabolism of medications,
respectively. Chronic cardiac failure is characterized by cholestatic liver disease, manifested as elevation
of gamma-glutamyl transferase and bilirubin[1]. Conversely, cholestatic liver disease can lead to cardiac
dysfunction. Drugs with biliary elimination may have a decreased clearance in patients with cholestasis
[2]. In an experimental model of cholestasis, bile duct ligation (BDL) in rats results in cardiomyopathy
characterized by impaired basal cardiac contractility and reduced left ventricular pressure[3].
Furthermore, obstructive cholestasis results in impaired excretion of digoxin[4,5].

The identification of a number of organic anion transporting polypeptides (OATP) and P-
glycoproteins also known as multidrug resistance 1 (MDR1) has revolutionized our understanding of
the transport of biologic compounds and medications. To date, three transporters have been identified
which are integral in digoxin clearance - MDR1, OATP1A4, and OATP4Cl1.

The main route of elimination of digoxin is renal excretion, which is closely correlated with the
glomerular filtration rate and combined with tubular secretion and reabsorption. Smaller portion of
digoxin is eliminated by bile duct with certain degree of enterohepatic recycling[6]. The movement of
digoxin in to and out of cells is mediated by different cell membrane transporters. In the rat, OATP1A4
(also known as OATP2) is found on the basolateral membrane of hepatocytes and the membrane of
enterocytes serving as an influx transporter[7-9]. Administration of the OATP1A4 inhibitor,
amiodarone, resulted in increased plasma levels of intravenously administered digoxin secondary to
decreased biliary excretion, liver distribution, and intestinal distribution of digoxin[10]. Administration
of phenobarbital increased expression of OATP1A4 mRNA and protein, resulting in a 4-fold increase in
digoxin uptake[11].

The MDRI transporter is found in the canaliculus of the liver, the apical membrane of mucosal cells in
the intestine, and the apical membrane of proximal tubule epithelial cells in the kidney, and it has been
shown as an efflux pump for digoxin[12,13]. In rodents MDR1 is coded for by 2 genes, MDR1A and
MDRI1B. MDRI1A is highly expressed in the intestine, intermediately expressed in the brain, low
expression in the kidney, and minimally expressed in the liver[14]. MDR1B is intermediately expressed
in the kidney and has low expression in the brain and liver[14]. The ontogeny of MDR1A and MDR1B
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expression in the kidney correlates with digoxin clearance[15]. MDR1 is important in the elimination of
digoxin. It is located on the canalicular membrane of hepatocytes, where it transports digoxin into the
canaliculus. In the intestine, MDR1 is found on the apical membrane of enterocytes, where it serves an
effluxer role to inhibit absorption of digoxin. In the kidney, MDR1 is found on the apical membrane of
the proximal tubule, where it transports digoxin into the urine[16]. OATP4C1 is found in the kidney,
located on the basolateral membrane of proximal tubule epithelia cells[17]. The physiological role of
OATP4C1 in the kidney has been shown to be coupled with MDR1 to promote the renal clearance of
digoxin[17].

The distributions of cell membrane transporters vary in different tissues, and a transporter may
function differently among the tissues[18]. This makes it difficult to explain the body’s response to
increased blood digoxin during cholestasis. Cholestasis results in increased expression of OATP1A4 and
MDR1 in the liver which favors improved hepatobiliary excretion of digoxin[19-21]. The effect of
cholestasis on OATP4C1 has not been studied to date.

We performed this study to determine the effect of cholestasis on the expression of transporters
responsible for the uptake and excretion of digoxin in the liver, kidney, and intestine. The implications
of the changes in the transporters for digoxin pharmacokinetics (PKs) are discussed.

MATERIALS AND METHODS

Chemicals

Unless otherwise stated, all chemicals used in this study were purchased from Sigma Chemical Co. (St.
Louis, MO, United States). Digoxin injection solution was purchased from Baxter Healthcare
Corporation (Deerfield, IL, United States). Antibodies for western blot were purchased as follows: Anti-
MDR1 (Cat: ab170904; Lot: GR21757-38) and anti-OATP1A4 antibody (Cat: ab224610; Lot: GR319515-7)
were purchased from abcam (Cambridge, MA, Unite States). Anti-OATP4C1 (Cat: 24584-1-AP) was
purchased from Proteintech (Rosemont, IL, United States).

Animals and treatment

Adult male Sprague Dawley rats (225-250 g, Harlan Sprague Dawley, Inc. Indianapolis, IN, United
States) were used for the study. They were kept in plastic cages with free access to food and water with
alternating 12-h periods of light and darkness. Rats were randomly divided into a sham group (1 = 6)
and a BDL group (n = 6).

BDL was performed as described in previous publications[22,23]. In brief, rats were anaesthetized
with isoflurane, and a midline ventral incision was made through the linea alba and the bile duct was
isolated. A ligature was placed to the proximal portion and another ligature to the distal portion of the
bile duct and then the ligatures were tightened. The bile duct was divided between the ligatures. The
abdomen was closed by double-layer running suture, and the animal was allowed to wake up on a
heating pad. Sham-operated control rats underwent similar surgical procedures except the ligatures
were withdrawn, leaving the bile duct intact. The animals were sacrificed post-surgery day 7 after a
post-surgery PK study. Tissue samples (liver, small intestine, and kidney) were collected and saved at -
80 °C and RNAlater solution (Ambion, Foster City, CA, United States). The study was approved by the
Institutional Animal Care and Use Committee at the University of Mississippi Medical Center.

PK Study for digoxin clearance

Digoxin clearance was examined by PK studies two days prior to BDL/sham surgery and seven days
following the surgeries. In brief, digoxin 0.02 mg/kg was injected through penile vein. Blood samples
were obtained via tail vein at 0, 2, 5, 10, 30, 60, 120, 240, and 360 min following administration of digoxin
for the measurement of digoxin. A separate blood sample (250 pL) was collected from tail vein for the
measurement of liver function and bilirubin. Biochemical measurements were performed using a Roche-
cobas® c501 analyzer (Roche Diagnostics, Indianapolis, IN, United States) for serum digoxin, total
protein, albumin, alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase
(ALP), bilirubin, blood urea nitrogen (BUN), and creatinine.

Real time-polymerase chain reaction for MDR1, OATP1A4, AND OATP4C1

RNA was isolated from the tissues (liver, small intestine, and kidney) using a PureLink RNA Mini Kit
(Invitrogen, Waltham, MA, United States) following the manufacturer’s protocol. First-strand cDNA
was synthesized through reverse transcription of 0.5 pg of total RNA using iScript cDNA Synthesis
system (Bio-Rad Hercules, CA, United States). Controls without reverse transcriptase were performed
for each sample to ensure absence of genomic DNA. Real time polymerase chain reaction (RT-PCR) was
carried out in a real time thermal cycler (iCycler, Bio-Rad) using iQ SYBR Green Supermix (Bio-Rad).
Cycling conditions were 3 min at 95 °C, followed by 40 cycles of 15 s at 95 °C, 20 s at 60 °C, then 30 s at
72 °C. PCR specificity was tested via analysis of the melting curve and agarose gel electrophoresis. To
semi-quantify input amounts of templates, standard curves were constructed with serial dilutions of
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cDNA sample from a positive control (kidney cDNA for MDR1 and OATP4C1, liver cDNA for
OATP1A4). To standardize results, interpolated values for each sample were divided by the value of the
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase. Primers were designed with Primer 3
software[24] and checked for absence of cross-reactivity by BLAST search. The primer pairs used,
product size, and positive controls are shown in Table 1.

Quantitative western blotting for MDR1, OATP1A4 and OATP4C1

Cell membrane proteins were extracted from liver, intestine, and kidney tissues by using a Mem-PER
Plus kit (Thermo Scientific, Rockford, IL, United States) following the manufacturer’s protocol. Halt
Protease & Phosphatase inhibitor cocktail (Thermo Scientific, Rockford, IL, United States) was added to
the extracting buffer to avoid protein degradation during procedures. Sample protein concentration was
determined by using a BCA Protein Assay kit (Thermo Scientific). The protein sample was prepared for
western blot by a Pierce SDS-PAGE Sample Prep Kit (Thermo Scientific) for concentrating samples
while removing interfering substances. After sample buffer treatment proteins were loaded and
separated on a pre-casted 4%-20% gradient SDS-PAGE gel (Bio-Red, Hercules, CA, United States) and
transferred to an Immobilon-FL PVDF membrane (Merck KGaA, Darmstadt, Germany). After transfer,
membrane was stained with REVERT™ Total Protein Stain (LI-COR Biosciences, Lincoln, NE, United
States) for 5 min at room temperature, and then the blot image was analyzed with the Odyssey CLx®
infrared imaging system (LI-COR Biosciences, Lincoln, NE, United States). Following total protein stain,
the membranes were incubated with Odyssey Blocking Buffer (Li-cor, Lincoln, NE, United States) for 1
h at room temperature for blocking nonspecific binding sites. Then membranes were incubated
overnight at 4 °C with primary antibodies against MDR1 (1:1600, Cat: ab170904; Lot: GR21757-38, abcam
Cambridge, MA, United States), anti-OATP1A4 antibody (1:1000, Cat: ab224610; Lot: GR319515-7,
abcam)[25], and anti-OATP4C1 (1:600, Cat: 24584-1-AP, Proteintech, Rosemont, IL, United States).
Following the primary antibody treatments, the membranes were incubated with secondary IR dye-800
conjugated anti-rabbit antibody (1:10000, IRDy 800CW, Li-cor, Lincoln, NE, United States) for 1 h at
room temperature. Western blot images were captured with the Odyssey CLx® infrared imaging system
(LI-COR Biosciences, Lincoln, NE, United States) and analyzed for fluorescence density using Odyssey
2.0 software. Validation tests for sample loading sizes of each tissue, primary antibodies and secondary
antibody were performed before the measurements. MDR1, OATP1A4 and OATP4C1 signals were
normalized to total protein of each sample.

Statistical analysis

Data were analyzed by SigmaStat 3.5. The paired t-test was used to compare the means between pre-
surgery and post-surgery in the same experimental group sham or BDL. The independent t-test was
employed to compare the means between sham and BDL groups. The values from 6 rats in each group
showed normal distributions. All tests were two-sided. The PKs of digoxin was analyzed by non-
compartmental techniques. The area under the plasma area under the curve (AUC) was calculated.
Values are expressed as mean * SD. Statistical significance was considered at P < 0.05. The statistical
methods of this study were reviewed by Dr. Lei Zhang, a biostatistician, at University of Mississippi
Medical Center, Jackson, MS, United States.

RESULTS
Effect of BDL on PKs of digoxin in rats

Digoxin PK studies were performed 2 d prior to BDL or sham surgery; the results were compared with
digoxin PK studies performed 7 d following surgery. As shown in Figure 1, there was no difference in
digoxin PKs between BDL and sham group prior surgery (Figure 1A). Following surgery, digoxin
clearance was reduced in the BDL group as compared to the sham group (Figure 1B).

AUC of the post-BDL rats was significantly increased compared to the AUC of the pre-BDL and the
post-surgery sham group (Figure 1C). AUC of the post-surgery sham group was slightly higher than
that of the pre-surgery sham group but did not reach statistical significance. The change of AUC in the
sham group following surgery may result from stress, change of gastrointestinal motility, or other
factors induced by the sham surgery.

Biochemical parameters

Biochemical parameters including serum total protein, albumin, ALT, AST, ALP, total bilirubin, direct
bilirubin, BUN, and creatinine are represented in Table 2. There was significant liver functional injury in
BDL rats as indicated by decreased serum albumin and increased ALT, AST and ALP. Obstructive
jaundice developed in the post-BDL group as shown by increased total and direct bilirubin. Sham
surgery did not affect liver function or bilirubin levels as compared to pre-surgery sham rats. Kidney
function as measured by BUN and creatinine was not altered by BDL or sham surgery.
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Table 1 Real time polymerase chain reaction primer sequences, product size and positive controls

Target gene Primer sequences (5’-3’) Size (bp) Positive control

MDR1 ATCAACTCGCAAAAGCATCC (F) 116 Kidney
AATTCAACTTCAGGATCCGC (R)

OATP1A4 TGTGATGACCTGTGATAATTTTCCA (F) 81 Liver
TTCTCCACATATAGTTGGTGCTGAA (R)

OATP4C1 TCAAGCTGGCAAAACTTCCC (F) 239 Kidney
CCGCAAAGCTCGATGTCAAT (R)

GAPDH AAGATGGTGAAGGTCGGTGT (F) 98 Liver

GTTGATGGCAACAATGTCCACT (R)

OATP: Organic anion transporting polypeptides; MDR1: Multidrug resistance 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Table 2 Liver panel, bilirubin, blood urea nitrogen and creatinine

Sham BDL

Pre-surgery Post-surgery Pre-surgery Post-surgery
Tot protein 6.63+0.27 6.53 +0.35 6.53 +0.42 6.75+0.23
Albumin 4.08+0.17 3.85+0.34 4.05+0.14 3.40 +0.13°
ALP 137.8 +19.78 122.3 +14.45 141.5 +12.74 467.2 +59.79°
Bilirubin, D 0.04 +0.01 0.03 £ 0.01 0.03 +0.01 6.62+1.72°
Bilirubin, T 0.04 +0.02 0.06 +0.01 0.05 + 0.02 11.67 £1.82°
ALT 36.00 +12.02 57.00 +10.47 24.83 +8.28 191.8 + 42.29°
AST 71.83 +11.53 82.17 +4.92 64.17 +7.57 525.8 +107.11°
BUN 17.54 +2.71 16.17 £3.13 18.23 +4.21 19.00 557
Creatinine 0.27+0.03 0.25 +0.02 0.29+0.03 0.28+0.04

P < 0.05 vs pre-surgery.
Values are expressed as means + SD of 6 rats per group. BDL: Bile duct ligation; ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline
phosphatase; BUN: Blood urea nitrogen.

Effect of BDL on protein expressions of MDR1, OATP1A4, and OATP4C1

The expression of the organic anion transporters was analyzed by quantitative western blot as described
in the methods. MDR1 was expressed in all the tissues examined: Liver, kidney, and small intestine
(Figures 2A and 2B). BDL resulted in significant up-regulation of MDR1 expression in the liver and
kidney and its down-regulation in the small intestine.

OATP1A4 protein was expressed in the liver and small intestine but it was not detectable in the
kidney. OATP1A4 was significantly up-regulated by BDL in the liver and down-regulated in the small
intestine (Figures 3A and 3B). The expression of the organic anion transporter OATP4C1 was tested in
the kidney. BDL led to a significantly increased expression of OATP4C1 as compared with sham
surgery rats (Figures 4A and 4B).

Effect of BDL on mRNA expressions of MDR1, OATP1A4, and OATP4C1

Transcription levels of MDR1, OATP1A4 and OATP4C1 were examined by mRNA expressions via RT-
PCR. MDR1 mRNA was presented in all the tissues examined (Figure 5A). BDL markedly up-regulated
MDR1 expression in the liver and kidney, down-regulated it in the small intestine as compared with
sham surgery rats. OATP1A4 mRNA was expressed in the liver and small intestine (Figure 5B). A trace
amount of OATPIA4 mRNA was tested in the kidney tissue. OATP1A4 mRNA was significantly up-
regulated by BDL in the liver and down-regulated in the small intestine as compared with sham surgery
rats. BDL did not alter OATP1A4 mRNA expression in the kidney (Figure 5B). OATP4C1 mRNA was
expressed in the kidney and was significantly elevated after BDL surgery as compared with sham
surgery rats (Figure 5C). A summary of the regulations of cell membrane transporters in kidney,
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Figure 1 Effect of bile duct ligation on pharmacokinetics of digoxin in rats. A: Pre-surgery digoxin pharmacokinetic studies was compared and
presented as digoxin concentration-versus-time line curves; B: Post-surgery digoxin pharmacokinetic studies were compared and presented as digoxin concentration-
versus-time line curves, C: Area under the curve, the area under the digoxin plasma concentration-versus-time. Values are expressed as means + SD, n = 6; 2P <
0.05 vs pre-surgery bile duct ligation group, °P < 0.05 vs post-surgery sham. BDL: Bile duct ligation; AUC: Area under the curve.
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Figure 2 Effect of bile duct ligation on protein expressions of multidrug resistance 1. Multidrug resistance 1 (MDR1) protein assay was performed
by quantitative western blot. A: Fluorescence densities of the protein bands were measured and normalized to the relative total protein amount of each sample; B:
The representative western blot images for the expression of MDR1 in the liver, kidney, small intestine; C: Representative western blot image for the total protein
stain by REVERT™ Total Protein Stain kit. Values are depicted as means + SD; n = 6; P < 0.05 compared with sham surgery rats. BDL: Bile duct ligation; MDR1:
Multidrug resistance 1.

intestine and liver, and potential effects on digoxin clearance are shown in Table 3.

DISCUSSION

Digoxin remains an important medication for treatment of cardiac dysfunction, a condition known to
predispose to hepatic injury resulting in cholestasis. Cholestasis predisposes to elevated serum levels of
digoxin with increased risk of toxicity. Clearance of digoxin is a complex process with differences
between humans and rodents. In the rat about 60%-70% of digoxin is metabolized and the remainder
excreted by the kidney (about 20%-30%) and liver (about 10%)[26,27]. In normal conditions, renal
excretion of digoxin is closely correlated with the glomerular filtration rate with certain degree of
tubular secretion and reabsorption. A small portion of digoxin eliminated by the bile duct goes through
enterohepatic cycling[6]. The trafficking of digoxin in and out of cells is mediated by different cell
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Table 3 Summary of the regulations of cell membrane transporters and potential effects on digoxin clearance

Efflux Influx Effects
Kidney MDR1: Up-regulated OATP4C1: Up-regulated Increase tubule exclusion
Intestine MDR1: Down-regulated OATP1A4: Down-regulated Decrease intestinal absorption
Liver MDR1: Up-regulated OATP4C1: Up-regulated Increase exclusion into bile duct

OATP: Organic anion transporting polypeptides; MDR1: Multidrug resistance 1.
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Figure 3 Effect of bile duct ligation on protein expressions of organic anion transporting polypeptides 1A4. Organic anion transporting
polypeptides (OATP)1A4 protein assay was performed by quantitative western blot. A: Fluorescence densities of the protein bands were measured and normalized to
the relative total protein amount of each sample; B: The representative western blot images for the expression of OATP1A4 protein in the liver, small intestine.
OATP1A4 was not detected in the kidney by western blot; C: Representative western blot image for the total protein stain by REVERT™ Total Protein Stain kit.
Values are expressed as means + SD; n = 6; 2P < 0.05 compared with sham surgery rats. ND: Not detected; BDL: Bile duct ligation; OATP: Organic anion
transporting polypeptides.
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Figure 4 Effect of bile duct ligation on protein expressions of organic anion transporting polypeptides 4C1 in the kidney. Organic anion
transporting polypeptides (OATP)4C1 protein assay was performed by quantitative western blot. A: Fluorescence densities of the protein bands were measured and
normalized to the relative total protein amount of each sample; B: The representative western blot images for the expression of OATP4C1 protein in the kidney. Liver
sample was loaded with kidney samples as negative control for OATP4C1; C: Representative western blot image for the total protein stain by REVERT™ Total
Protein Stain kit. Values are expressed as means + SD; n = 6; ?P < 0.05 compared with sham surgery rats. BDL: Bile duct ligation; OATP: Organic anion transporting

polypeptides.

membrane transporters. Previous studies have demonstrated that uptake and efflux of digoxin are
mediated by OATP1A4 and MDRI, respectively, in the liver and intestine[7-9], and by OATP4C1 and
MDR1 in the kidney[17]. Cholestasis alters expression of MDR1 and OATP1A4 in a manner favorable
for an increase in excretion of digoxin[19-21], while the effect of cholestasis on OATP4C1 in the kidney
has not been studied to date. We undertook this study to determine changes in these digoxin
transporters in a model of cholestasis and their implications for digoxin clearance.

Cholestasis was induced by BDL as evidenced by elevated serum transaminase and bilirubin levels.
Digoxin clearance was decreased in the BDL group in keeping with prior studies in a rabbit model[4,5].
In the earliest study, BDL also resulted in elevation of serum creatinine prompting the authors to
propose decreased renal excretion of orally administered digoxin as the major mechanism for decreased
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Figure 5 Effect of bile duct ligation on mRNA expressions of multidrug resistance 1, organic anion transporting polypeptides 1a4 and
4C1. mRNA expression in each sample was standardized to its glyceraldehyde-3-phosphate dehydrogenase level. A: Expressions of multidrug resistance 1 in the
liver, kidney, small intestine, and the effect of bile duct ligation (BDL) on the mRNA expressions in each tissue; B: Expression of organic anion transporting
polypeptides (OATP)1A4 mRNA in the liver, kidney and small intestine, and the effect of BDL on OATP1A4 mRNA expressions; C: Expression of OATP4C1 mRNA in
the kidney and the effect of BDL on its expression. Values are depicted as means + SD; n = 6; 2P < 0.05 compared with sham surgery rats. BDL: Bile duct ligation;
OATP: Organic anion transporting polypeptides; MDR1: Multidrug resistance 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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clearance with disruption of the enterohepatic circulation as a potential complicating factor[4]. In a
follow-up study, BDL led to decreased clearance of intravenously administered digoxin, but with
absence of elevated serum creatinine. The authors concluded that impaired hepatic function and
interruption of the enterohepatic circulation impaired digoxin elimination[5]. Discovery of MDR1,
OATP1A4, and OATP4C1 has allowed more in-depth investigation into the mechanisms of digoxin
absorption and clearance.

MDR1 is found on the apical membranes of proximal tubule cells, enterocytes, and hepatocytes where
it is responsible for efflux of digoxin. In rodents MDR1 is the product of the MDR1 gene, which is made
up of two forms, MDRIA and MDRI1B[28]. Initial studies assessing the role of MDR1 in digoxin
clearance focused on inhibiting the protein with quinidine, which inhibits intestinal excretion of digoxin
[29]. To further study the role of MDR1 in digoxin clearance a knock-out model for MDR1A was created.
In this model, fecal excretion of digoxin decreased and renal excretion increased compared to wild type
animals, while there was no significant change in biliary excretion[30]. The authors concluded that the
lower fecal excretion of digoxin was secondary to a decrease in drug excretion by the intestinal
epithelium, rather than a decrease in biliary excretion. Increased renal excretion was surprising in the
absence of MDR1A expression in the kidneys. The authors surmised that the increased renal clearance
may be explained by other transporters (MDR1B) or increased glomerular filtration. They concluded
that MDR1 contributes substantially to digoxin excretion via the intestinal epithelium and decreased re-
uptake after biliary excretion[30].

Transport of digoxin in the liver is mediated by OATP1A4, responsible for uptake at the hepatocyte
basolateral membrane, and MDRI, responsible for excretion into the bile at the apical membrane[7,14].
In the present study cholestasis/BDL led to increased expression of OATP1A4, increasing hepatic
uptake of digoxin from the blood, and increased expression of MDR1, increasing biliary excretion of
digoxin. Although these changes would predict increased clearance of digoxin through bile, ligation of
the bile duct precludes this mode of clearance.

A carrier-mediated uptake of digoxin is responsible for its reabsorption of digoxin in intestine[31].
The carrier-mediated uptake was found to be sensitive to the OATP inhibitors BSP and apple juice,
suggesting an OATP transporter as a likely candidate. Further support for an OATP transporter came
from experiments using rat intestinal brush-border membrane vesicles which showed that an increased
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digoxin uptake in the presence of proton and bicarbonate gradients and outwardly directed glutathione
gradient[31]. Recent studies demonstrated that intestinal OATP1A4 is a carrier protein that transports
drugs from gut into the portal circulation[8], and digoxin has been shown as a substrate of OATP1A4
[10]. Our result showed that BDL led to decreased expression of OATP1A4 in the intestine. Decreased
expression of OATP1A4 in the intestine favors decreased absorption predicting improved drug
clearance in the feces.

Although cholestasis results in changes in MDR1 and OATP1A4 favoring increased digoxin
clearance, in the BDL model of cholestasis clearance of intravenously administered digoxin is limited to
renal excretion. Although BDL led to changes that would predict increased clearance of digoxin through
bile, ligation of the bile duct precludes this mode of clearance. Similarly, changes in the intestine
following BDL favoring digoxin clearance in the feces are minimized by the study design. Digoxin
administered intravenously would limit to amount of drug in the intestinal lumen. Further, BDL
inhibits hepatic excretion of digoxin into the intestine.

In the kidney MDR1 is responsible for excretion of digoxin across the apical membrane of renal cells
into urine[16]. Our result showed that OATP1A4 is not expressed in the kidney suggesting another
transporter is responsible for transport of digoxin across the basolateral membrane into renal cells[17].
Mikkaichi et al[17] isolated an organic acid transporting peptide denoted OATP4C1 both in humans and
rats. It is localized on the basolateral membrane of the proximal tubules of the kidney where it has been
shown to be the primary transporter of digoxin into renal cells. MDR1 is co-localized with OATP4C1 in
the proximal tubule. Renal failure leads to decreased expression in OATP4C1 but has no effect on
expression of MDR1 suggesting that decreased digoxin clearance in renal failure is due to loss of
OATP4C1 activity[17,32]. We have shown that cholestasis due to BDL results in increased expression in
both MDR1 and OATP4C1 in the kidney favoring enhanced vectorial transport of digoxin from blood to
urine by proximal tubule cells. To the best of our knowledge, the current report is the first study to
investigate the regulation of OATP4C1 in kidney in a pathological model in vivo.

It is interesting that MDR1 and OATP1A4 participate in transport of both bile acids and digoxin[33].
Also, there is marked similarity in the method of excretion for bile acids and digoxin in obstructive
cholestasis. OATP4C1 may also participate in the excretion of bile acids by the kidney through increased
uptake at the basolateral membrane, although the data is conflicting. To date, two studies assessed the
transport of bile acids in Madin-Darby canine kidney cells transfected with a plasmid containing
OATP4C1, one showed no transport of taurocholate[17], while the other showed transport of both
chenodeoxycholate and glycocholate[34]. Our study showed upregulation of OATP4C1 in cholestasis
which would increase uptake of bile acids by proximal tubule cells with subsequent excretion at the
apical membrane by MDRI1.

Bile acids activate the nuclear hormone receptors farnesoid-X-receptor and pregnane-X-receptor
(PXR) and in cholestasis there were increased activations of these receptors[35,36]. MDR1 and OATP1A4
are both PXR-responsive and their expression increased in cholestasis. OATP4C1 expression is induced
through transitional factor Aryl hydrocarbon receptor (AhR) through binding of the xenobiotic
responsive element[37]. Previous studies have shown that AhR is activated in cholestasis[38] through
the action of PXR[39]. We propose that the increased expression of OATP4C1 in cholestasis is best
explained by this mechanism.

This is an exploratory research to study how the body responds to increased digoxin during
cholestasis. Further studies are needed to confirm the implications by measuring digoxin tissue distri-
butions and digoxin concentrations in urine and along the intestinal tract from the duodenum to the
ileum. We believe that the findings from the current study will serve as a base for future study of
digoxin clearance mediated by renal-expressed OATP4C1 during cholestasis.

CONCLUSION

In conclusion, under physiological conditions, the main route of elimination of digoxin is renal excretion
which is closely correlated with glomerular filtration rate. Biliary excretion is the major non-renal route.
Enterohepatic cycle has minor importance[6]. Our finding demonstrated that under pathological
condition, cholestasis in the current study, cell membrane digoxin transporters are regulated which is in
favor of an increase in digoxin excretion in renal tubules and a decrease in its absorption from the
tubules of intestine. These changes compensate the reduced digoxin clearance due to cholestasis. This
finding could have clinical application by modifying transporters” activities through pharmaceutical
approaches for improving digoxin clearance during cholestasis.

ARTICLE HIGHLIGHTS

Research background
The heart and liver are inextricably linked by virtue of blood flow and metabolism of medications.
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Drugs with biliary elimination, such as digoxin, decrease clearance with cholestasis.

Research motivation
We performed this study to better understand the effect of extrahepatic cholestasis on regulations of
membrane transporters involving digoxin and its implication for digoxin clearance.

Research objectives
The efflux transporter, multidrug resistance 1 (MDR1), and influx transporters, organic anion
transporting polypeptides (OATP)1A4 and OATP4CI1 in kidney, intestine and liver were examined.

Research methods

Twelve adult Sprague Dawley rats were included in this study; baseline hepatic and renal laboratory
values and digoxin pharmacokinetic (PK) studies were established before evenly dividing them into two
groups to undergo bile duct ligation (BDL) or a sham procedure. After 7 d repeat digoxin PK studies
were completed and tissue samples were taken to determine the expressions of MDR1, OATP1A4 and
OATP4C1 by quantitative western blot and real-time polymerase chain reaction.

Research results

Digoxin clearance was decreased and liver function, but not renal function, was impaired in BDL rats.
BDL resulted in significant up-regulation of MDR1 expression in the liver and kidney and its down-
regulation in the small intestine. OATP1A4 was up-regulated in the liver but down-regulated in
intestine after BDL. OATP4C1 expression was markedly increased in the kidney following BDL.

Research conclusions

The results suggest that cell membrane transporters of digoxin are regulated during cholestasis. These
regulations are favorable for increasing digoxin excretion in kidney and decreasing its absorption from
intestine in order to compensate the reduced digoxin clearance due to cholestasis.

Research perspectives

The current study was designed as an exploratory research for providing clues for future study in this
field. Previous studies on the transporters in kidney and intestine were done only by in vitro
experiments. To the best of our knowledge, the current report is the first study to investigate the
regulation of the digoxin transporters in kidney and intestine in animal model of cholestasis. Our results
does demonstrate that the cell membrane transporters were regulated which is in favor of digoxin
excretion during cholestasis. To confirm our finding, more detailed PK studies need to be done, for
example, tissue distributions of digoxin and digoxin concentrations in urine and in intestine. Knock-out
(KO) animal lacking the transporters, especially tissue-specific KO, will be a powerful tool in further
study.
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Abstract

BACKGROUND

The prevalence of Crohn’s disease (CD) and ulcerative colitis (UC) is on the rise worldwide. This
rising prevalence is concerning as patients with CD and UC may frequently relapse leading to
recurrent hospitalizations and increased healthcare utilization.

AIM
To identify trends and adverse outcomes for 30 d readmissions for CD and UC.

METHODS

This was a retrospective, interrupted trends study involving all adult (= 18 years) 30 d
readmissions of CD and UC from the National Readmission Database (NRD) between 2008 and
2018. Patients < 18 years, elective, and traumatic hospitalizations were excluded from this study.
We identified hospitalization characteristics and readmission rates for each calendar year. Trends
of inpatient mortality, mean length of hospital stay (LOS) and mean total hospital cost (THC) were
calculated using a multivariate logistic trend analysis adjusting for age, gender, insurance status,
comorbidity burden and hospital factors. Furthermore, trends between CD and UC readmissions
were compared using regression of the interaction coefficient after adjusting for age and gender to
determine relative trends between the two populations. Stata® Version 16 software (StataCorp, TX,
United States) was used for statistical analysis and P value < 0.05 were considered statistically
significant.

RESULTS

Total number of 30 d readmissions increased from 6202 in 2010 to 7672 in 2018 for CD and from
3272 in 2010 to 4234 in 2018 for UC. We noted increasing trends for 30-day all-cause readmission
rate of CD from 14.9% in 2010 to 17.6% in 2018 (P-trend < 0.001), CD specific readmission rate from
7.1% in 2010 to 8.2% in 2018 (P-trend < 0.001), 30-day all-cause readmission rate of UC from 14.1%
in 2010 to 15.7% in 2018 (P-trend = 0.003), and UC specific readmission rate from 5.2% in 2010 to
5.6% in 2018 (P-trend = 0.029). There was no change in the risk adjusted trends of inpatient
mortality and mean LOS for CD and UC readmissions. However, we found an increasing trend of
mean THC for UC readmissions. After comparison, there was no statistical difference in the trends
for 30 d all-cause readmission rate, inpatient mortality, and mean LOS between CD and UC
readmissions.

CONCLUSION
There was an increase in total number of 30 d readmissions for CD and UC with a trend towards
increasing 30 d all-cause readmission rates.

Key Words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Readmissions; Trends

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective interrupted trend study analyzed 30 d readmissions of Crohn’s disease (CD)
and ulcerative colitis (UC) in the United States from 2010-2018. There was a rising trend for 30 d all-
cause readmission rate of CD and UC, and CD- and UC-specific readmission rate throughout the study
period. However, we noted no change in the risk adjusted trends of inpatient mortality and mean length of
hospital stay (LOS) for 30 d readmissions of CD and UC. Furthermore, there was no statistical difference
in the trends for 30 d all-cause readmission rate, inpatient mortality, and mean LOS between CD and UC
readmissions.
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INTRODUCTION

Inflammatory bowel disease (IBD) is characterized by chronic inflammation of the gastrointestinal tract
with a propensity of remission and relapse over time[1]. It consists of Crohn’s disease (CD) and
ulcerative colitis (UC)[2]. The exact pathogenesis of IBD is relatively unknown, but researchers believe
that factors such as immune response dysregulation, gut microbiota dysbiosis, environmental changes
and genetic variants play a key role[3]. In 2017, there were 6.8 million patients with IBD worldwide with
studies reporting continuously rising incidence and prevalence, particularly in North America[4]. The
rising rates of IBD are concerning as it is associated with a poor quality of life and places significant
social and economic burden on individuals and the United States healthcare system[5,6].

Despite outpatient management by gastroenterologists, patients with IBD are at increased risk of
readmission due to relapse, complications of the disease or for additional interventions after index
hospitalization. This further exacerbates the impact of the disease on individuals and the healthcare
system. Additionally, studies have demonstrated that about 9%-50% of IBD readmissions are
preventable and may be directly linked to the quality of hospital care and inadequate post-discharge
care[7]. Hence, hospital systems have developed scoring systems to identify individuals at the highest
risk of readmission and implemented strategies to reduce readmissions and improve the overall quality
of care[8].

In current literature, a majority of the studies investigating readmissions of IBD have been single-
center experiences or primarily focused on surgical patients[9,10]. There continues to be relative paucity
of data on early (30 d) readmissions of CD and UC in the United States. Hence, this national,
retrospective, interrupted trends study was designed to identify the hospitalization characteristics and
estimate readmission rates of CD and UC in the United States between 2010-2018. We also identified the
trends of inpatient mortality to determine improvements in therapeutic management of the disease.
Furthermore, we calculated the burden of the disease on the United States healthcare system in terms of
healthcare utilization and hospitalization costs.

MATERIALS AND METHODS

Design and data source

This was a retrospective interrupted trends study involving all adult readmissions of IBD (UC and CD)
in the United States between 2010-2018. Data for analysis was extracted from the Nationwide
Readmissions Database (NRD) which is a part of the Agency for Healthcare Research and Quality
(AHRQ) Healthcare Cost and Utilization Project (HCUP) State Inpatient Databases (SID)[11]. It allows
for weighted analysis to obtain 100% of the United States hospitalizations within a given calendar year
[11]. The data for NRD is collected using the International Classification of Diseases, Ninth/Tenth
Revision, Clinical Modification (ICD-9/10-CM/PCS) codes.

Study population

The study involved all adult (= 18 years) 30 d readmissions of CD and UC from the NRD for the years
2010, 2012, 2014, 2016 and 2018. We used all available ICD-9-CM/PCS codes for CD (555X) and UC
(556X) along with the equivalent ICD-10-CM/PCS codes K50X and K51X for CD and UC, respectively.
The precedence for the utilization of these codes has been established in prior published studies[12].
Individuals < 18 years of age, elective and traumatic hospitalizations were excluded from the analysis.
Using unique hospitalization identifiers, index hospitalizations of CD and UC were identified and one
subsequent hospitalization within 30 d was tagged as a readmission.

Statistical analysis and outcome measures

The data was analyzed using Stata® Version 16 software (StataCorp, TX, United States). All analyses
were conducted using weighted samples for national estimates. P value < 0.05 was set as the threshold
for statistical significance. We highlighted hospitalization trends and obtained the 30 d all-cause
readmission rate, disease specific readmission rate and readmission proportion for specific calendar
years. The comorbidity burden was assessed using Sundararajan’s adaptation of the modified Deyo’s
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Charlson comorbidity index[13]. Trends of inpatient mortality, mean length of stay (LOS) and mean
hospital cost (THC) for CD and UC readmissions were calculated using a multivariate logistic trend
analysis adjusting for age, gender, insurance status, comorbidity burden and hospital factors. The total
hospital cost was obtained using the HCUP Cost-to-Charge Ratio files and adjusted for inflation using
the Medical Expenditure Panel Survey index for hospital care, with 2018 as the reference point[14,15].
Additionally, trends between CD and UC readmissions were compared using regression of the
interaction coefficient after adjusting for age and gender to determine relative trends between the two
populations. Furthermore, we report no missing data in this study.

Ethical considerations

The NRD database lacks patient and hospital-specific identifiers. Hence, this study was exempt from
Institutional Review Board (IRB) approval for analysis as per guidelines put forth by our institutional
IRB for research on database studies.

Data availability statement

The NRD is a large publicly available, multi-ethic, all-payer inpatient care database in the United States,
containing data on more than 18 million hospital stays/year. The database can be accessed at:
https:/ /www.hcup-us.ahrq.gov/nrdoverview jsp.

RESULTS

CD: Hospitalization characteristics and outcomes for 30 d readmissions

The total number of 30 d readmissions of CD increased from 6202 in 2010 to 7672 in 2018 (Figure 1). The
mean age increased from 41.8 + 0.9 in 2010 to 43.9 £ 0.7 years in 2018. A female predominance was noted
throughout the study period (Table 1); however, a statistically significant trend for gender was absent.
Additionally, 30 d readmissions of CD were noted to have an increasing comorbidity burden with time
(Table 1). Furthermore, metropolitan teaching hospitals had the majority of the readmissions with a
statistically significant trend towards increasing readmissions from 52.1% in 2010 to 77% in 2018
Table 1).

( There) was a statistically significant trend towards increasing 30 d all-cause readmission rate of CD
from 14.9% in 2010 to 17.6% in 2018 (P-trend < 0.001) (Figure 2). The CD specific readmission rate also
had a statistically significant increasing trend with an increase from 7.1% in 2010 to 8.2% in 2018 (P-
trend < 0.001). However, we did not observe a significant change in the risk adjusted trends of inpatient
mortality, mean LOS, and mean THC for these readmissions.

UC: Hospitalization characteristics and outcomes for 30 d readmissions

Similar to CD, the total number of 30 d readmissions of UC increased from 3272 in 2010 to 4234 in 2018
(Figure 1). The mean age for these readmissions increased from 49.8 + 1.6 in 2010 to 51.2 + 0.8 years in
2018. A female predominance without a statistical trend for gender and increasing comorbidity burden
with time was also noted. Furthermore, metropolitan teaching hospitals had an increasing trend of
readmissions from 53.6% in 2010 to 76.3% in 2018 (Table 2), similar to that for CD.

A rising trend was noted for 30 d all cause readmission rate of UC from 14.1% in 2010 to 15.7% in
2018 (P-trend = 0.003) (Figure 2) and for UC specific readmission rate from 5.2% in 2010 to 5.6% in 2018 (
P-trend = 0.029). Additionally, the mean THC increased from $13783 in 2010 to $15929 in 2018 (P-trend
= 0.009) with a rising trend unlike CD. However, similar to CD, a significant change in the risk adjusted
trends was absent for of inpatient mortality and mean LOS (Table 3).

Comparison of trends for 30 d readmissions of CD and UC

Although CD had higher number of 30 d readmissions every year, we did not observe a statistically
significant difference in the in the trends for 30 d all-cause readmission rate (interaction P-trend = 0.087),
inpatient mortality (interaction P-trend = 0.231), and mean LOS (interaction P-trend = 0.388). However,
there was a statistically significant trend towards increasing mean THC for 30 d readmissions of UC
relative to 30 d readmissions of CD (interaction P-trend < 0.001).

DISCUSSION

It is essential to identify early (30 d) readmissions of IBD as they may be associated with quality of
inpatient care, increased risk of adverse outcomes and place significant burden on the United States
healthcare system in terms of healthcare costs and resource utilization. Additionally, as providers
become aware of the magnitude of these readmissions and the patient demographics most effected,
efforts could be directed at index admissions to further optimize medical therapy before discharge,
promote patient education and encourage a greater degree of involvement in their care, and increase
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Table 1 Biodemographic characteristics and hospitalization trends for 30 d readmissions of Crohn’s disease

Year
Variable

2010 2012 2014 2016 2018
Number of readmissions 6202 6580 6475 8278 7672
Age (mean * SE, yr) 41.8+0.9 41.6+1.1 41.2+0.8 425+0.7 43.9+0.7
Gender (%)
Males 45.5 44.0 45.7 46.7 46.5
Females 54.5 56.0 543 53.3 53.5
Charlson comorbidity index score (%)
0 69.7 72.0 69.9 64.9 61.3
1 19.2 155 173 195 20.0
2 5.9 6.1 6.7 7.5 9.0
>3 5.2 6.4 6.1 8.1 9.7
Insurance type (%)
Medicare 20.5 29.1 293 289 30.6
Medicaid 215 249 264 25.5 24.7
Private 41.2 37.1 37.0 40.8 39.0
Uninsured 8.8 8.9 7.3 48 5.7
Household income quartile (%)
1 27.8 29.2 27.9 29.0 28.6
Z 234 25.6 285 26.8 30.0
3 24.9 25.1 225 245 237
4th 23.9 20.1 21.1 19.7 17.7
Hospital characteristics
Hospital bed size (%)
Small 9.9 9.9 142 13.3 15.0
Medium 224 224 273 26.9 26.3
Large 67.7 67.7 58.5 59.8 58.7
Teaching status (%)
Metropolitan non-teaching 39.2 34.4 25.2 21.8 17.3
Metropolitan teaching 521 56.8 68.4 723 77.0
Non-metropolitan 8.7 8.8 6.4 5.9 57
Hospital volume quintiles (%)
Q1 1.8 1.9 1.5 1.7 1.3
Q2 43 54 51 42 45
Q3 10.3 10.0 10.2 8.4 104
Q4 194 18.1 181 18.6 19.1
Q5 64.2 64.6 65.1 67.1 64.7

outpatient follow-up, thereby decreasing early readmissions. A single center retrospective study from
2007-2010 revealed that about 5% patients with IBD were readmitted within 1 wk of hospital discharge,
14% within 1 mo, 23% within 3 mo and about 39% within the year[16]. Another study in the United
States reported similar findings with a readmission rate of 18% within 1 mo of hospital discharge[17]. In
2013, an NRD-based study estimated 3037 (7%) readmissions of IBD at 30 d[7].
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Table 2 Biodemographic characteristics and hospitalization trends for 30 d readmissions of ulcerative colitis

Year
Variable

2010 2012 2014 2016 2018
Number of readmissions 3272 3399 3426 4449 4234
Age (mean * SE, yr) 498+1.6 49.6+1.5 484+1.1 499+1.0 512+0.8
Gender (%)
Males 48.1 45.6 47.5 46.7 494
Females 51.9 544 5245 53.3 50.6
Charlson comorbidity index score (%)
0 57.8 59.6 60.6 55.6 50.9
1 20.3 20.0 18.6 194 20.7
2 9.4 9.0 8.5 10.6 103
>3 12.5 11.4 12.3 14.4 18.1
Insurance type (%)
Medicare 36.3 36.6 324 BHAl 34.8
Medicaid 17.8 17.0 223 17.5 19.5
Private 394 37.0 40.1 422 404
Uninsured 6.5 9.4 52 52 53
Household income quartile (%)
1 255 29.2 26.5 27.2 25.0
Z 225 23.1 259 27.5 26.7
3 264 24.6 229 25.0 26.1
4th 25.6 23.1 247 20.3 222
Hospital characteristics
Hospital bed size (%)
Small 10.2 9.8 13.2 13.5 16.8
Medium 19.8 224 26.8 25.7 243
Large 70.0 67.8 60.0 60.8 58.9
Teaching status (%)
Metropolitan non-teaching B8 38.2 26.1 245 193
Metropolitan teaching 53.6 53.5 67.7 70.3 76.3
Non-metropolitan 9.1 8.3 6.2 52 44
Hospital volume quintiles (%)
Q1 24 24 2.5 21 2.0
Q2 6.0 74 510 58 515)
Q3 11.8 10.5 11.7 103 123
Q4 20.2 20.1 19.0 204 214
Q5 59.6 59.6 60.9 614 58.8

In our study, the total number of 30 d readmissions of CD increased from 6202 in 2010 to 7672 in 2018
and for UC from 3,272 in 2010 to 4,234 in 2018, both with a female predominance (Tables 1 and 2). This
coincides with rising prevalence of CD and UC in the general population[18]. We also noted an
increasing trend for 30 d all-cause readmission rates and disease specific readmission rates for 30 d
readmissions of CD and UC (Table 3). These findings may, in part, be due to a rising prevalence of IBD
in the general population which increased significantly from 0.9% (2 million adults) in 1999 to 1.3% (3
million adults) in 2015, an increase in the flare-ups of IBD which may account for about 50% of the
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Table 3 Readmission rates, inpatient mortality, and healthcare burden for 30 d readmissions of Crohn’s disease and ulcerative colitis

Year
Outcomes Ptrend
2010 2012 2014 2016 2018

Crohn’s disease
All-cause readmission rate (%) 149 15.5 15.2 18.9 17.6 <0.001
Crohn's disease specific readmission rate (%) 7.1 6.9 7.0 8.9 8.2 <0.001
Crohn’s disease readmission proportion (%) 54.9 51.8 53.0 55.8 54.6 0.002
Inpatient mortality (%) 0.9 1.4 0.7 0.7 1.0 0.059
Mean length of stay (d) 5.9 5.9 53 6.0 6.2 0.927
Mean total hospital cost (USD) 12327 13068 10988 13421 14260 0.210
Ulcerative colitis
All-cause readmission rate (%) 14.1 14.2 135 16.6 15.7 0.003
Ulcerative colitis specific readmission rate (%) 5.2 83 52 6.1 5.6 0.029
Ulcerative colitis readmission proportion (%) 42.6 424 434 43.0 41.0 0.566
Inpatient mortality (%) 2.5 1.8 22 2.0 23 0.912
Mean length of stay (d) 6.8 6.8 6.3 6.8 6.9 0.452
Mean total hospital cost (USD) 13783 13568 13790 15358 15929 0.009
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Figure 1 Total number of 30 d readmissions of Crohn’s disease and ulcerative colitis.

readmissions or due to non-IBD related causes such as infections secondary to the widespread use of
biological agents or immunosuppressants[16,18,19]. We performed a trend comparison between 30 d all-
cause readmission rate of CD and UC. It was not statistically significant and signified that all-cause
readmissions for both CD and UC were increasing proportionately in the United States.

The mean age for 30 d readmissions increased for both CD and UC without a statistically significant
trend. The difference in the mean age between the two groups is approximately 7 years. These finding
align with current literature which reports that patients with CD tend to be younger and the mean age
at the time of diagnosis of CD is usually 5-10 years earlier than that of UC[20]. From a gender
standpoint, there is a lower risk of CD until puberty for females when compared to males, after which
there is a reversal of this risk[21]. For UC, males and females have a similar incidence until the age of 45
after which males exhibit higher risk of incident UC than females[21]. However, for readmissions of CD
and UG, a slight female predominance has been noted in literature[22]. Similarly in our study, a slight
female predominance was noted for CD and UC readmissions. Furthermore, we did not find a statist-
ically significant readmission trend for gender over time which implied that the readmission rates for
both genders have remained relatively stable. Moreover, we noted an increase in the overall
comorbidity burden for 30 d readmissions of CD and UC. This was expected as readmissions for
individuals with multiple concurrent co-morbidities have been increasing.
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Figure 2 Trends of 30 d readmission following Crohn’s disease and ulcerative colitis hospitalizations. CDACR: Crohn’s disease all-cause
readmission; UCACR: Ulcerative colitis all-cause readmission; CDSR: Crohn’s disease specific readmission; UCSR: Ulcerative colitis specific readmission.
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From a hospital perspective, large bed-sized hospitals had the highest proportions of 30 d
readmissions of CD and UC. This may be due to the fact that larger hospitals have a higher capacity of
in-patient admissions. Additionally, metropolitan teaching hospitals consistently had the highest
readmission rates with an increasing trend. This may be because these hospitals are usually tertiary care
referral center accepting complex patients from large geographical areas and hence, are well equipped
with the necessary resources and specialists to manage these readmissions and their complications.
Moreover, an urban location, consisting of a greater population density which may be attributed to a
demographic shift of non-urban/rural population to urban locations between 2010 and 2018, is more
likely to yield higher readmissions[23].

Furthermore, IBD readmissions have been associated with significant inpatient mortality and
healthcare burden. As per literature, frailty and length of intensive care unit stay is independently
associated with higher rates of inpatient mortality for IBD readmissions[16,24]. From 2010-2014, a study
reported that the inpatient mortality for 30 d readmissions of CD was 2.85% per year, the LOS was 6 d,
and cost of hospitalization was $11402[25]. In 2017, for 30 d readmissions of UC, literature reported an
inpatient mortality of 1.99% along with longer LOS and higher hospitalization costs compared to index
admission[26]. In our study, despite an increasing co-morbidity burden (CCI) for the study period,
inpatient mortality, and mean LOS for 30 d readmissions of CD and UC did not have a significant
change in the risk adjusted trend (Table 3) over time. These stable mortality and LOS trends may reflect
optimal guideline driven therapeutic management for the study period. However, the mean THC for 30
d readmission of UC increased from $13783 in 2010 to $15929 (P-trend = 0.009) with an increasing trend,
while no trend in THC was identified for CD readmissions. Furthermore, a trend comparison of mean
THC between CD and UC yielded a statistically significant trend towards increasing mean THC for 30 d
readmissions of UC relative to 30 d readmissions of CD. The exact reason for these THC findings is
unclear but may be attributed to an increased complexity and complications of UC readmission
requiring immediate higher level of care, additional endoscopic interventions, and a multi-disciplinary
team approach for management.

Directing our focus to individual calendar years, we noted a decrease in the total number of
readmissions for both CD and UC from 2016 to 2018 (Tables 1 and 2). Similarly, the 30 d all-cause
readmissions rate and disease specific readmission rate also decreased from 2016 to 2018 (Table 3).
These findings may be due to an overall decrease in the readmissions for one particular calendar year
and do not reflect an overall trend. In fact, as discussed earlier, when trended from 2010 to 2018, we
noted an increasing trend for all-cause readmissions rate and disease specific readmission rate, and with
respect to 2010, there was an overall increase in the total number of 30 d readmissions of CD and UC.
Hence, future larger studies are needed to assess rate of readmissions from 2018 to evaluate the trends
further.

Strength and limitations

The key strengths of this study include the study population, unique study design, and methodology
which allowed for a comprehensive analysis. As the data was collected from one of the largest databases
containing information on readmissions from hospitals across the United States, the results are
applicable to hospitals throughout the United States. Additionally, we studied a 9-year time frame
which helped us establish meaningful trends. However, important limitations exist with this study. The
NRD does not contain data on the severity of the disease and therefore, we were unable to further
stratify the readmissions based on the severity of CD or UC. The NRD also lacks data on the total
duration of the illness and the exact duration after discharge to readmissions, limiting our ability to
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assess index admissions more prone to earlier readmissions. Furthermore, it does not contain
information on the pharmacological treatment, hospital course and management of IBD readmissions.
Hence, we could not comment on the treatment aspects of these readmissions. Moreover, this study is
amenable to all biases associated with retrospective studies. Finally, the NRD is an administrative
database and therefore, susceptible to coding errors. Despite these limitations, this study helps us better
understand the hospitalizations characteristics and trends of 30 d readmissions for CD and UC which is
critical for management of these patients.

CONCLUSION

In conclusion, the total number of 30 d readmission for CD and UC increased. UC readmissions were
older than CD readmissions. We noted an increasing trend for 30 d all-cause readmission rate for CD
and UC. However, there was no statistical change in the risk adjusted trends of inpatient mortality and
mean LOS for these readmissions. The mean total healthcare cost for 30 d readmissions of UC had a
rising trend while no trend was observed for CD readmissions. Future prospective studies are needed to
further study these findings.

ARTICLE HIGHLIGHTS

Research background

The prevalence of inflammatory bowel disease (IBD) continues to be on the rise around the globe.
Despite outpatient management, these patients are at increased risk of relapse leading to hospitaliz-
ations and subsequent readmissions.

Research motivation
Through this study, we attempted to outline the magnitude, characteristics and outcomes of early (30 d)
readmissions of IBD in the United States.

Research objectives

This national, retrospective, interrupted trends study aimed to identify hospitalization characteristics,
readmission rates, adverse outcomes, and healthcare burden for 30 d readmissions of Crohn's disease
(CD) and ulcerative colitis (UC) in the United States between 2010-2018.

Research methods

This was a retrospective, interrupted trends which analyzed data from the National Readmission
Database (NRD) on all adult 30 d readmissions of CD and UC in the United States between 2010-2018.
Patients < 18 years of age, elective and traumatic hospitalizations were excluded from the analysis.
Hospitalization characteristics, readmission rates, adverse outcomes and the healthcare burden was
identified. P-values < 0.05 were considered statistically significant.

Research results

Total number of 30 d readmissions increased from 6202 in 2010 to 7672 in 2018 for CD and from 3272 in
2010 to 4234 in 2018 for UC. There was an increase in the 30 d all-cause readmission rate of CD and UC
for the study period. We did not observe a change in the risk adjusted trends of inpatient mortality and
mean length of hospital stay (LOS) for CD and UC readmissions. However, there was a rising trend of
mean THC for UC readmissions. After comparison, there was no statistical difference in the trends for
30 d all-cause readmission rate, inpatient mortality, and mean LOS between CD and UC readmissions.

Research conclusions

From 2010 to 2018, there was an increase in the total number of 30 d readmissions with a trend towards
increasing 30 d all-cause readmission rates for CD and UC. However, there was no change in the risk
adjusted trends of inpatient mortality.

Research perspectives

This study helps clinicians better understand the magnitude and characteristics of 30 d readmissions of
CD and UC in the United States. Through this study, we also aim to encourage and promote future
research on readmissions of IBD.
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Abstract

BACKGROUND

Vibration-controlled transient elastography (VCTE) is proposed as a second step
of examination to assess liver fibrosis in patients with nonalcoholic fatty liver
disease (NAFLD) after triaging by the fibrosis-4 (FIB-4) index. Recently, VCTE-
based scoring systems, including FibroScan-AST (FAST), Agile 3+, and Agile 4,
emerged to determine the status of NAFLD. However, the significance of these
scoring systems remains unknown in narrowing the high-risk group of NAFLD
patients with comorbidities, including hepatocellular carcinoma (HCC) and
esophagogastric varices (EGV).

AIM

To clarify the significance of VCTE-based scoring systems to narrow the high-risk
group of NAFLD patients with comorbidities.

METHODS

We performed a cross-sectional study to investigate the usefulness of VCTE-based
scoring systems and other fibrosis markers to narrow the high-risk group of
patients with NAFLD. FIB-4 index was used for the first triage. Risk groups of
FAST, Agile 3+, and Agile 4 were stratified according to the published data.
Among the 191 patients with NAFLD, there were 26 (14%) and 25 patients (13%)
with HCC and EGV, respectively.

RESULTS
When 1.3 was used as a cutoff value, the FIB-4 index narrowed the risk group to
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120 patients, in which all patients with HCC and/or EGV were included. High risk group of Agile
3+ could subsequently narrow the risk group. The prevalence of HCC and EGV at this step were
33% (26/80) and 31% (25/80), respectively. In further narrowing of EGV, Agile 4 aggregated the
patients with EGV into 43 patients, of whom 23 (53%) had EGV. FAST failed to narrow the risk
group of patients with comorbidities. When 2.6 was used as a cutoff value of the FIB-4 index, three
patients with HCC and two patients with EGV were missed at the first triage.

CONCLUSION
Agile 3+ and Agile 4 are useful to narrow the NAFLD patient group, in which patients may have
HCC and/or EGV.

Key Words: Nonalcoholic fatty liver disease; Vibration controlled transient elastography; Non-invasive test;
Hepatocellular carcinoma; Varix

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is necessary to narrow the high-risk group of nonalcoholic fatty liver disease (NAFLD)
patients with comorbidities, including hepatocellular carcinoma (HCC) and esophagogastric varices
(EGV). Although the fibrosis-4 index is an excellent formula to narrow the high-risk group, there remain
many patients to be ruled out. Vibration controlled transient elastography (VCTE) is proposed as a second
step examination. FibroScan-AST, Agile 3+, and Agile 4 emerged as VCTE-based scoring systems to
determine the status of patients with NAFLD. Here, we demonstrated that Agile 3+ and Agile 4 are good
tools to narrow the high-risk group of patients with HCC and/or EGV.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide. A
subset of patients with NAFLD can progress to liver cirrhosis, in which patients may have
comorbidities, including hepatocellular carcinoma (HCC) and esophagogastric varices (EGV). Current
studies have demonstrated that liver fibrosis is a prognostic factor of patients with NAFLD because
comorbidities of NAFLD are noted in patients with liver fibrosis[1,2]. Thus, the assessment of liver
fibrosis is essential to identifying patients with comorbidities.

Although liver biopsy remains the gold standard to assess liver fibrosis, it is costly and has a risk of
complications, including bleeding. In addition, it is difficult to perform liver biopsy in all patients with
NAFLD because the global prevalence of patients with NAFLD is approximately 25%[3]. Thus, the
demand for noninvasive tests (NITs) to assess liver fibrosis is expanding. Currently, there are several
markers and formulae to assess liver fibrosis using clinical parameters without liver biopsy[4]. In
addition, imaging studies, including elastography and magnetic resonance imaging (MRI), are used as
NITs for the assessment of liver fibrosis. Each method has both advantages and disadvantages. Among
NITs, the fibrosis-4 (FIB-4) index is a widely used formula because this formula uses only 4 components,
including age, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and platelet count[5],
which are easily available not only for hepatologists but also for general physicians. The merits of using
the FIB-4 index are high accuracy and low cost[6]. In addition, many validation studies have been
performed in chronic liver diseases, including NAFLD. Furthermore, the FIB-4 index is useful for
identifying NAFLD patients with extrahepatic comorbidities, including cardiovascular diseases[7].
However, elderly patients tend to show a high score. In addition, there are many patients who show an
intermediate risk for liver fibrosis. As a result, the FIB-4 index is used in the first step to narrow the
high-risk group of patients who may have comorbidities of NAFLD.

FibroScan, a vibration-controlled transient elastography (VCTE), is proposed as the second step of
NIT that can identify such patients[8]. Liver stiffness measurement (LSM) = 11.9 KPa by FibroScan is
highly suspected of liver fibrosis over F4[9]. Although FibroScan shows high sensitivity and specificity
in the diagnosis of liver fibrosis, some patients have unexpectedly high LSM, probably due to the
presence of obesity and the examiners’ skill. Thus, a combination of LSM and laboratory data may
reflect a more accurate status of patients with NAFLD. To this end, FibroScan-based scoring systems,
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including FibroScan-AST (FAST)[10], Agile 3+[11] and Agile 4[12], have been developed. These scoring
systems use data obtained from FibroScan and some clinical parameters, including age, sex, AST, ALT,
platelet count, and diabetes status. Among these scoring systems, FAST was designed to identify
NAFLD patients with liver fibrosis F > 2. Agile 3+ and Agile 4 were designed to identify NAFLD
patients with liver fibrosis at F3-F4 and F4, respectively. Although these FibroScan-based scoring
systems are correlated with liver fibrosis, little data are available on the significance of identifying
NAFLD patients with comorbidities. Thus, the aim of the present cross-sectional study was to
investigate the utility of these FibroScan-based scoring systems to narrow the high-risk group of
NAFLD patients with comorbidities after triaging by the FIB-4 index.

MATERIALS AND METHODS

Patients

We investigated 191 patients with NAFLD who visited our hospital between April 2019 and March
2022. The diagnosis of NAFLD was made as follows: Steatosis was determined by an ultrasonographic
examination conducted by well-experienced gastroenterologists. Steatosis pointing out past examin-
ations was included. Men who used alcohol > 30 g/d and women who used > 20 g/d were excluded.
Patients with HBV infection (positive for HBs antigen), HCV infection (positive for HCV antibody) and
other liver diseases, including autoimmune hepatitis and primary biliary cholangitis, were also
excluded. In addition, we used data obtained from FibroScan as well as blood tests, including the FIB-4
index and Wisteria floribunda agglutinin-positive Mac2-binding protein glycosylation isomer (M2BPGi).
Diagnosis of diabetes was defined as a fasting blood glucose = 126 mg/dL, hemoglobin Alc = 6.5%
and/or antidiabetic drug use. All patients in the present study had FibroScan examination as well as
blood tests. This study was approved by the Institutional Review Board of Jichi Medical University (20-
175). The study was performed according to the ethical guidelines of the Declaration of Helsinki.

FibroScan-based scoring systems
Transient elastography was performed with FibroScan (Echosens, Paris, France), using an M probe. The
FIB-4 index, FAST score, Agile 3+, and Agile 4 were calculated according to published formulae using
age, controlled attenuation parameter (CAP), LSM, AST, ALT, platelet count, and presence of diabetes
(Supplementary Figure 1). The impact of these parameters on the scoring systems were shown in
Supplementary Table 1. Blood data obtained on the same day of FibroScan examination or within 1 mo
from the examination were used (Supplementary Figure 2). CAP and LSM were the mean data of 10
consecutive examinations.

Risk assessments for each formula and factor are shown in Supplementary Table 2. In addition,
Baveno VI criteria[13], expanded Baveno VI criteria[14], and New NFLD-cirrhosis criteria[15] were also
assessed in narrowing the risk group of patients with EGV.

Diagnosis of HCC and EGV

The diagnosis of HCC was made by hepatologists and radiologists using contrast-enhanced computed
tomography and/or contrast-enhanced MRI and/or contrast-enhanced ultrasonography. Histologically
proven HCC were also added. Form 1 < were defined as having EGV in patients who underwent
esophagogastroduodenal endoscopy (EGD)[16,17]. Patients with histories of HCC and/or endoscopic
variceal treatment were included as shown in Supplementary Figure 2. If patients did not have EGD
examination within 1 year, we interviewed a history of gastrointestinal bleeding from gastrointestinal
varices. If patients reported no history of variceal bleeding, the patient was defined as having no EGV.

Statistical analysis

Statistical analyses were performed using Stata 17 (STATA Corporation, College Station, United States).
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were
calculated. For patient background evaluation, analyses were performed by the chi-square test or
Fisher’s test as appropriate. In addition, the Mann-Whitney U test was used in a comparison of two
groups. In a comparison of three groups, one-way analysis of variance was used. All P values < 0.05
were considered statistically significant.

RESULTS
The characteristics of NAFLD patients with HCC and/or EGV

Table 1 shows the characteristics of patients. The median age was 62 years old, 81 (42.4%) were male,
and 75 (39.3%) had diabetes. There were 26 patients with HCC and 25 patients with EGV. Among these
patients with HCC and/or EGV, 17 had HCC alone, 16 had EGV alone, and 9 had both HCC and EGV.
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Table 1 Characteristics of patients with nonalcoholic fatty liver disease

Patients (1) 191

Age (years old) 62 (20-90)
Men (%) 81 (42.4)
diabetes (%) 75 (39.3)
HCC 17

EGV 16

Both HCC and EGV 9

AST (U/L) 36 (13-208)
ALT (U/L) 40 (10-214)
Platelet count (x10°/L) 207 (45-445)

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; EGV: Esophagogastric varices; HCC: Hepatocellular carcinoma.
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Then, we investigated the scores and values of each formula and marker in patients with HCC
and/or EGV (Figure 1). In FIB-4 and FAST, the maximum and the minimum of scores were similar
among patients with HCC and/or EGV. In Agile 3+, patients with HCC and/or EGV aggregated into a
zone of high score. In Agile 4, LSM, and M2BPGi, the score and values tended to show a stepwise
increase from HCC, EGV, and both HCC and EVG.

The high to intermediate-risk group of FIB-4 index includes all patients with HCC and/or EGV

In a stratification of the FIB-4 index, there were 71, 51, and 69 patients in the low-, intermediate-, and
high-risk groups, respectively. No patients with HCC and/or EGV were noted in the low-risk group of
the FIB-4 index, while three patients with HCC and two patients with EGV were in the intermediate
stage. The remining patients with HCC and/or EGV were in the high-risk group (Tables 2 and 3). Thus,
the high to intermediate-risk group of FIB-4 index is suitable for the first triage.

The high-risk group of Agile 3+ includes all patients with HCC and/or HGV

Then, we investigated the prevalence of patients with HCC and/or EGV (Tables 2 and 3). When the
patients were divided into two groups, including low-risk and high to intermediate-risk, there were no
patients with HCC and/or EGV in the low-risk group of Agile 3+ (Table 2). In addition, Agile 3+ was
the only examination that included all patients with HCC and/or EGV in the high-risk group (Table 3).
As a result, Agile 3+ showed extremely high sensitivity and NPV. In contrast, there were patients with
HCC in the low-risk group of FAST, Agile 4, LSM, and M2BPGi and patients with EGV in the low-risk
group of FAST, Agile 4, and M2BPGi (Table 2), suggesting that FAST, Agile 4, LSM, and M2BPGi are
unsuitable for screening of patients with HCC and/or EGV. Thus, Agile 3+ is a good tool to narrow the
high-risk group of patients with HCC and/or EGV.

Agile 4 is a potential tool to narrow the patients with EGV

Although the Agile 3+ could narrow the patients with EGV, we further attempted to narrow the
patients with EGV. Patients with EGV tended to have a more advanced stage of fibrosis based on Agile
4, LSM, and M2BPGi (Figure 1). Although there were no patients with EGV in the low-risk group of
LSM, the PPV was 21% (Table 2). In contrast, the high-risk groups of Agile 4 and M2BPGi missed one
patient with EGV, their PPVs were higher than that of LSM. In addition, the PPV of the high-risk group
of Agile 4 was 56%, the highest among tests (Table 3). Despite the high-risk group of Agile 4 missed two
patients with EGV, Agile 4 is a potential tool to narrow the risk group of patients with EGV.

Baveno VI and its derivatives did not work in our patient group

Baveno VI criteria, expanded Baveno VI criteria, and new NAFLD-cirrhosis criteria, using LSM and
platelet count, are simple tools to rule out patients with varices needing treatment. There were 13 (52%),
17 (68%), and 19 patients (76%) with EGV who were defined as “rule out “of the Baveno VI criteria,
expanded Baveno VI criteria, and new NAFLD-cirrhosis criteria, respectively (Table 4). Thus, it was
difficult to narrow the patients with EGV using a combination of LSM and platelet count.

Agile 3+ and Agile 4 are good tools to narrow the patients with HCC and/or EGV
We applied our patient group to determine whether VCTE-based scoring systems and other fibrosis

markers can narrow the risk group of patients with HCC and/or EGV after triaging by the FIB-4 index
(Figure 2A). There were 26 patients with HCC (14%) and 25 patients with EGV (13%) among 191
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Table 2 Sensitivity, specificity, positive predictive value, and negative predictive value of each score and marker (L vs I-H)

FIB-4 FAST Agile 3+ Agile 4 LSM M2BPGi

Risk L, I-H IL, I-H L I-H IL, I-H L I-H L, I-H
n 71 120 87 104 96 95 131 60 73 118 102 89
HCC 0 26 10 16 0 26 7 19 4 22 5] 21
P value <0.01 0.44 <0.01 <0.01 <0.01 <0.01
Sensitivity 1 0.62 1 0.73 0.85 0.81
Specificity 0.43 0.53 0.58 0.79 0.44 0.62
PPV 0.22 0.17 0.27 0.36 0.19 0.25
NPV 1 0.90 1 0.95 0.95 0.95
EGV 0 25 6 19 0 25 1 24 0 25 1 24
P value <0.01 0.02 <0.01 <0.01 <0.01 <0.01
Sensitivity 1 0.76 1 0.96 1 0.96
Specificity 0.43 0.52 0.58 0.79 0.44 0.61
PPV 0.21 0.19 0.26 0.41 0.21 0.27
NPV 1 0.94 1 0.99 1 0.99

L: Low-risk; I: Intermediate-risk; H: High-risk; HCC: Hepatocellular carcinoma; EGV: Esophagogastric varix; HCC: Hepatocellular carcinoma; EGV:
Esophagogastric varices; PPV: Positive predictive value, NPV: Negative predictive value; M2BPGi: Mac2-binding protein glycosylation isomer; FAST:

FibroScan-AST; FIB-4: Fibrosis-4; LSM: Liver stiffness measurement.

Table 3 Sensitivity, specificity, positive predictive value, and negative predictive value of each score and marker (L-l vs H)

FIB-4 FAST Agile 3+ Agile 4 LSM M2BPGi

Risk L1 H L1 H L1 H L1 H L1 H L1 H

n 122 69 146 45 111 80 148 43 136 55 148 43
HCC 3 23 18 8 0 26 12 14 10 16 11 15
P value <0.01 0.35 <0.01 <0.01 <0.01 <0.01
Sensitivity 0.89 031 1 0.54 0.62 0.58
Specificity 0.74 0.89 0.67 0.90 0.82 0.90
PPV 035 0.30 0.33 045 0.36 047
NPV 0.98 0.89 1 0.93 0.93 0.93
EGV 2 23 14 11 0 25 2 23 3 22 4 21
P value <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Sensitivity 0.92 0.44 1 0.92 0.88 0.84
Specificity 0.74 0.88 0.67 0.89 0.82 0.89
PPV 0.34 036 031 0.56 042 0.54
NPV 0.98 091 1 0.9 0.98 0.97

EGV: Esophagogastric varices; HCC: Hepatocellular carcinoma; PPV: Positive predictive value; NPV: Negative predictive value; M2BPGi: Mac2-binding
protein glycosylation isomer; FAST: FibroScan-AST; FIB-4: Fibrosis-4; LSM: Liver stiffness measurement.

patients. At the first triage using the FIB-4 index at 1.3 (high to intermediate-risk group), we could
narrow the risk group to 120 patients, in whom all patients with HCC and/or EGV were included. In
the first step, the prevalence of HCC and EGV was 22% (26/120) and 21% (25/120), respectively. Then,
we narrowed the patients using Agile 3+ at the second step, in which all patients with HCC and/or
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Table 4 The prevalence of esophagogastric varices in Baveno VI criteria and its derivatives

Baveno VI Exp. Baveno VI New NASH C.C
LSM platelet LSM platelet LSM platelet
<20 150 < <25 110 < <30 110 <
EGV/rule in (1) 12/26 8/13 6/9
EGV/rule out (1) 13/165 17/178 19/182

Exp. Baveno VI: Expanded Baveno VI; New NASH C.C: New NASH cirrhosis criteria; LSM: Liver stiffness measurement (KPa); Platelet count (x10°/L);
EVG: Esophagogastric varix.
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Figure 1 Scores (Fibrosis-4, FibroScan-AST, Agile 3+, Agile 4) and values (Liver stiffness measurement, Mac2-binding protein
glycosylation isomer) of patients with hepatocellular carcinoma (n = 17), esophagogastric varices (n = 16), and both hepatocellular

carcinoma and esophagogastric varices (n =9). 2P < 0.05, °P < 0.01. HCC: Hepatocellular carcinoma; EGV: Esophagogastric varices; LSM: Liver stiffness
measurement; FAST: FibroScan-AST; M2BPGi: Mac2-binding protein glycosylation isomer.

EGV were included. When the high to intermediate-risk group of Agile 3+ was used, the prevalence of
HCC was 27% (26/95) and 26% (25/95), respectively. When the high-risk group of Agile 3+ was used,
the prevalence of HCC was 33% (26/80) and 31% (25/80), respectively. Because the low-risk group of
Agile 4, LSM, and M2BPGi included patents with HCC, further narrowing was difficult without missing
patients with HCC.

Then, we attempted to narrow the patients with EGV. The high to intermediate and high-risk of Agile
3+ groups subsequently narrowed the patients with EGV. Although the high to intermediate-risk group
of LSM successfully narrowed the risk group without missing patients with EGV, the prevalence was a
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Figure 2 Flow chart. A: A flowchart in sorting nonalcoholic fatty liver disease (NAFLD) patients using the fibrosis-4 index, Agiles, and other fibrosis markers; B: A
proposal algorithm to narrow the high-risk group of NAFLD patients with hepatocellular carcinoma and/or esophagogastric varices. HCC: Hepatocellular carcinoma;
EGV: Esophagogastric varices; LSM: Liver stiffness measurement; M2BPGi: Mac2-binding protein glycosylation isomer; NAFLD: Nonalcoholic fatty liver disease.
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small increase, up to 33% (25/75). In contrast, high-risk group of Agile 4 could concentrated the patients
with EGV. Although the high-risk group of Agile 4 missed two patients (8%), the prevalence of patients
with EGV increased to 53% (23/43). Thus, Agile 4 is a good tool to further narrow the risk group of
patients with EGV.

Based on our results, sorting patients using the FIB-4 index, Agile 3+, and Agile 4 is a potential
screening method to narrow the high-risk group of NAFLD patients with comorbidities (Figure 2B).

DISCUSSION

The requirement for NITs to narrow the risk group of patients with comorbidities is expanding because
a quarter of people in the world have NAFLD, a risk factor for HCC and/or EGV. The FIB-4 index,
which is simple and inexpensive, was used in the first triage to narrow the high-risk group of NAFLD
patients with comorbidities. However, there remain many patients even after triage. In the present
study, we demonstrated that Agile 3+ and Agile 4, VCTE-based scoring systems, were good tools for
further narrowing the high-risk group of patients with HCC and/or EGV at the second and third steps,
respectively.

Agile 3+, developed by Yonoussi’s group, was suitable to narrow the risk group of patients with HCC
and/or EGV in the present study. Agile 3+ has been designed to optimize PPV and reduce cases of
intermediate stage (Gray zone) among patients with advanced liver fibrosis[11]. Our data demonstrated
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that Agile 3+ had high sensitivity and high NPV for HCC and EGV. Although the number of patients in
the high-risk group of Agile 3+ was larger than that of other scoring systems and fibrosis markers, Agile
3+ did not miss the patients with HCC and/or EGV, which is contrast to other tools, including FAST,
Agile 4, LSM, and M2BPGi. Indeed, all patients with HCC and/or EGV were included in the high-risk
group of Agile 3+, suggesting that Agile 3+ is useful for screening patients with HCC and/or EGV.
Because the background liver of NAFLD patients with HCC is often characterized by less fibrosis[18],
fibrosis markers sometimes fail to identify patients with HCC. Some patients with HCC were included
in the low-risk group of Agile 4, LSM, and M2BPGi. The Agile 3+ scoring system includes age, AST,
ALT, platelet count, LSM, sex, and diabetes. Because old age and diabetic individuals are prone to HCC
[19], it is reasonable to include these variables in the scoring system to find HCC.

Agile 4, also developed by Yonoussi's group, was suitable to narrow the high-risk group of patients
with EGV. Agile 4 was designed to identify patients with NASH cirrhosis. Agile 4 showed high
specificity and high PPV for EGV. There were 23 (92%) and 24 patients (96%) with EGV in the high- and
high to intermediate-risk groups, respectively. We also applied our patient group to the Baveno VI
criteria, expanded Baveno VI criteria, and New NAFLD-cirrhosis criteria, which are combinations of
LSM and platelet count. However, more than half of the patients were included in the rule-out group. In
the Asian cohort, the Baveno VI criteria performed better than the expanded Baveno VI criteria[20],
suggesting that Asian people may have EGV at lower LSM and higher platelet counts than people in the
USA and Europe. Although it remains unknown why the Baveno VI criteria and its derivatives did not
work in the present study, further studies are required. As a result, Agile 4 can be used at the third step
to identify patients with EGV.

FAST failed to narrow the high-risk group of patients with HCC and/or EGV. FAST showed low
sensitivity to identify such patients. In addition, there were 10 (38%) with HCC and 6 patients (23%)
with EGV in the low-risk (rule out) group, respectively. FAST, designed for identifying patients with
NAFLD activity score > 4 and fibrosis stage (F > 2), is calculated using LSM, CAP, and AST. However,
the FAST score did not include risk factors for HCC, including age, sex, and diabetes. The association
between the grade of CAP, fat content in the liver, and HCC remains unknown. Izumi et al[21] reported
that CAP was significantly lower in the HCC group than in the non-HCC group in patients with
NAFLD. Indeed, our data revealed that CAP tended to be low in patients with HCC (data not shown).
Thus, FAST is unlikely suitable for the screening of patients with HCC and/or EGV. However, patients
with high FAST scores should be followed up because these patients have a risk of progressive NASH in
the future.

There are a couple of limitations in the present study. Our study is a single-center study, and the
number of patients examined was small. Thus, the bias of NAFLD population is noted. In a previous
study, the proportions of patients in the low- and high-risk FIB-4 index groups were 58.3% and 10.2%,
respectively, among patients with biopsy-proven NAFLD[22]. The proportions in the present study
showed small size of the low-risk group (37.2%) but large size of the high-risk group (36.1%). In
addition, a total of 42 patients (22.0%) had HCC and/or EGV among patients with NAFLD. Because our
hospital is a referral center, patients with comorbidities were aggregated into our hospital. In addition,
the present study counted patients with histories of HCC and/or EGV, suggesting that scores of FIB-4
and Agile 3+ may be higher than those when comorbidities first developed. Thus, prospective study
will clarify the significance of Agiles for finding patients with HCC and/or EGV. At least, the stream
from FIB-4 index to Agiles worked in narrowing the high-risk patients with HCC and/or EGV in the
present study.

CONCLUSION

In conclusion, Agile 3+ and Agile 4 can narrow the high-risk group of patients who may have HCC
and/or EGV after triaging by the FIB-4 index. Because Agile 3+ and Agile 4 share common parameters,
including LSM and clinical data, they have a potential use in screening for such patients.

ARTICLE HIGHLIGHTS

Research background
It is necessary to narrow the high-risk group of nonalcoholic fatty liver disease (NAFLD) patients with
comorbidities, including hepatocellular carcinoma (HCC) and esophagogastric varices (EGV).

Research motivation
Although the fibrosis-4 index is an excellent formula to narrow the high-risk group, there remain many
patients to be ruled out.
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Research objectives
This study aimed to assess the utility of VCTE-based scoring systems to narrow the risk group of
nonalcoholic fatty liver disease with comorbidities.

Research methods
We performed a cross-sectional study to investigate the usefulness of VCTE-based scoring systems and
other fibrosis markers to narrow the high-risk group of patients with NAFLD.

Research results
The high-risk group of Agile 3+ could narrow the patients with HCC and/or EGV without missing one
patient. The high-risk group of Agile 4 showed a high PPV for patients with EGV.

Research conclusions
The brand new VCTE-based scoring systems, Agile 3+ and Agile 4, are useful to narrow the NAFLD
patient group, in which patients may have HCC and/or EGV.

Research perspectives
Agile 3+ and Agile 4 will be used for screening of NAFLD patients with HCC and/or EGV.
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Abstract

BACKGROUND

The differential diagnosis of abdominal masses is somewhat troublesome,
especially when there is a malignancy to be evaluated. We report herein a unique
case of gastric adenocarcinoma concurrent with a pancreatic schwannoma.
Correct assessment of intraoperative findings is essential for adequate tumor
staging and to decide the proper management of a concurrent pancreatic lesion.

CASE SUMMARY

Computed tomography scan performed for gastric cancer staging revealed a solid
and cystic pancreatic mass that had no signs of local invasiveness. Surgical
resection of the pancreas was decided preoperatively since a radical approach of
the gastric tumor could be performed. There were no signs of distant metastases,
and the large pancreatic mass was in contact with the posterior gastric wall.
Histopathological study revealed a pancreatic schwannoma, which is an
uncommon neoplasm that arises from Schwann cells around peripheral nerves.

CONCLUSION

Therefore, pancreatic masses deserve special attention regarding the differential
diagnosis in patients with gastric cancer. The presence of a large pancreatic mass
should not preclude the potentially curative intent of the gastric cancer treatment.

Key Words: Stomach neoplasms; Gastric adenocarcinoma; Schwannoma; Pancreas; Case
report
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Core Tip: We display here the first case of synchronous gastric cancer and pancreatic schwannoma,
highlighting the relevance of the differential diagnosis in approaching pancreatic masses in the context of
staging gastric neoplasm. Correct intraoperative staging was essential in treatment decision-making.
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INTRODUCTION

Accurate staging is essential in gastric cancer treatment decision-making, and any lymph nodes or
masses observed in staging assessment should be investigated[1]. Schwannomas, also referred to as
neurilemmomas, are rare neoplasms that arise from Schwann cells around peripheral nerves, usually
epineurium of either autonomic sympathetic or parasympathetic fibers[2,3]. Pancreatic locations are
unusual, with about 70 cases reported in the last 40 years, and most of them are benign. However,
malignancy can be found in up to 15% of cases, especially in lesions greater than 6 cm[3-5].
Schwannomas are usually well-encapsulated firm masses, and two-thirds may undergo degenerative
changes, which can be cystic formation, calcification, and hemorrhage, among others[2,6]. Due to these
alterations, they can mimic cystic pancreatic lesions or metastasis of a different primary site tumor in
radiologic investigation, including gastric cancer.

CASE PRESENTATION

Chief complaints
A 73-year-old woman presented with epigastric pain and weight loss.

History of present illness
She had a history of non-insulin-dependent diabetes mellitus, arterial hypertension, and elevated
cholesterol level.

History of past illness
She did not report a history of other previous illnesses.

Personal and family history
She was unaware of a family history of cancer.

Physical examination
Abdominal examination did not detect any marked change.

Laboratory examinations
All laboratory data were normal, including hemoglobin of 12.2 g/dL. Serum amylase was 50 U/mL,
serum CEA was 1.3 ng/mL, and CA19-9 was 12.7 U/mL.

Imaging examinations

Upper gastrointestinal endoscopy revealed an ulcerated and infiltrative (Borrmann III) lesion measuring
4 cm in the lesser curvature extending to the posterior wall of the antrum and body region. Biopsy
revealed a moderately differentiated adenocarcinoma. Preoperative evaluation using computed
tomography (CT) scan showed a well-defined 8 cm x 5 cm solid and cystic tumor in the body and tail of
the pancreas in close contact to the posterior wall of the gastric body. No sign of infiltration in the
surrounding tissue was detected. No liver mass, peripancreatic lymph node swelling, or free peritoneal
fluid was detected (Figure 1).
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Figure 1 Computed tomography scan showing solid and cystic tumor in the body and tail of the pancreas (pancreatic schwannoma).
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MULTIDISCIPLINARY EXPERT CONSULTATION

Laparotomy disclosed a localized gastric tumor in the body and a distinct solid, well-encapsulated
tumor at the body of the pancreas without signs of inflammation or neoplastic infiltration. However, the
lesion was in close contact to the posterior gastric wall (Figures 2 and 3). Due to the locoregional infilt-
ration of the gastric tumor, absence of distant metastases, and proximity to a large pancreatic lesion, a
total gastrectomy with D2 lymph node dissection plus distal pancreatectomy and splenectomy was
performed. The final gastric cancer stage was pT2NO0, with 0/73 lymph nodes examined (Figure 4). The
cut surface of the excised 8 cm pancreatic tumor was pale yellow with hemorrhage foci. On microscopic
examination, the lesion showed spindle cells with Antoni A and B patterns and was strongly positive
for S100 protein (Figure 5).

FINAL DIAGNOSIS

Gastric adenocarcinoma and concurrent pancreatic schwannoma.

TREATMENT

Total gastrectomy with D2 lymph node dissection, plus distal pancreatectomy and splenectomy.

OUTCOME AND FOLLOW-UP

The patient recovered without any complication, and she was discharged after 12 d. After 44 mo of
follow-up, the patient has no evidence of recurrence.

DISCUSSION

In this case report, the patient presented unspecific symptoms including epigastric pain and weight loss.
Therefore, it was not possible to define if these symptoms were related to the gastric cancer or if it was a
symptomatic case of pancreatic schwannoma. Pancreatic schwannoma appear to be indolent, corrob-
orating its benign nature, and around one-third of the pancreatic schwannomas are asymptomatic.
Abdominal pain is the most displayed symptom, ranging from 30% to 57% of patients. Other symptoms
are reported less frequently, such as back pain, jaundice, anorexia, vomiting, weight loss, anemia,
abdominal mass, and gastrointestinal bleeding[7,8].

CT scan performed for gastric cancer staging showed a solid and cystic pancreatic mass, and it was
necessary to make differential diagnosis with a primary pancreatic neoplasm or metastases from the
gastric tumor. CT scan may be beneficial in pancreatic schwannoma initial evaluation, and most of them
revealed low density or cystic masses, as presented in this case[9,10]. Moreover, magnetic resonance
imaging appears to be more helpful in characterizing schwannomas by their typical encapsulation,
hypointensity on T1-weighted images, and hyperintensity on T2-weighted images[11,12]. These charac-
teristics are typical radiological features of Antoni A areas, suggesting that these should be classified as
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Figure 2 Laparotomy view of pancreatic body mass.
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Figure 3 Macroscopic examination showed a well-encapsulated, pale yellow solid pancreatic tumor with areas of hemorrhage.
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solid hypervascularized tumors of the pancreas. Meanwhile, type Antoni B tumor areas are charac-
terized by a significant cystic component, in which differential diagnosis must be made from a large
amount of pancreatic cystic neoplasms[9,12]. Fluorodeoxyglucose-positron emission tomography-CT
usually demonstrates a hypermetabolic appearance[8,9]. Complementary magnetic resonance imaging
and fluorodeoxyglucose-positron emission tomography-CT were not performed in this patient but
would be helpful in better characterizing morphological tumoral features.

Endoscopic ultrasound-guided fine needle aspiration may be useful, but this method remains contro-
versial due to high false-negative rate. In two reviews, only 44% and 50% of patients were correctly
diagnosed with pancreatic schwannomal4,8].

Intraoperative analysis is also a helpful tool in diagnosis, especially to ensure negative margins and
correct resection of pancreatic neoplasms, as demonstrated in this case. One review showed that 47% of
pancreatic schwannomas were correctly diagnosed, and 33% were reported as benign[8], showing that
the intraoperative assessment of these tumors may aid the decision making in these cases.

Surgical treatment includes Whipple procedure (pancreaticoduodenectomy) or distal pancreatectomy
with or without splenectomy, either because a definite diagnosis was not made pre- or intraoperatively
or due to large tumor size[13,14] (Table 1). Enucleation should be considered a surgical option when
preoperative histopathology confirms the diagnosis. However, a tumor size larger than 6.0 cm, vascular
encasement, or visceral invasion should elicit suspicion of malignant transformation, and a more radical
approach should be chosen[4].

Gastrectomy with D2 lymph node dissection is a gold standard treatment considering the gastric
neoplasm; however due to the pancreatic tumor size and the proximity to the posterior gastric wall
harboring the tumor, it was decided to perform a partial pancreatectomy with splenectomy in addition
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Case presented in the article

Literature review presented in the article

Type of surgery performed
Number of Mean

Types of pancrea- 1 f i

Ref. Type of study e Moment of . ) ypes ofp Surgical resection Malignancy,
. . Surgery performed Size (cm) sizelrange tectomy or . i 0
diagnosis Enucleation otherwise non- T
(cm) pancreato- e
(]

duodenectomy, % P ’
Paranjape et al  Case report and 40 Postoperative Enucleation 3.5 8.79 27 (67.5) 4 (10.0) 5(12.5) 5(12.5)
[3], 2004 review
Ma et al[4], Case report and 68 Postoperative Whipple pancreaticoduodenectomy 6 x5 6.1£5.7(1-33) 40 (59.0) 8 (12.0) 14 (21.0) 8 (12.0)
2017 review
Su et al[5], Case report and 65 Intraoperative Central pancreatectomy 1.6x11x 5.83+4.59(1- 40 (61.5) 9 (13.8) 13 (20.0) 5(7.7)
2016 review frozen pathology 1.1 20)
Guptaetal[6], Case report and 37 Postoperative Whipple pancreaticoduodenectomy 7.9 %83 - 19 (51.3) 6(16.2) 9(24.3) -
2009 review
Moriya et al Case report and 47 Intraoperative Enucleation 4x4x3  62+51(1-200 25(53.0) 7 (15.0) 12 (26.0) 5 (11.0)
[7], 2012 review frozen pathology
Zhang et al[8], Case report and 75 Postoperative Central pancreatectomy 28and 4.0 5.5%5.0(1.0- 45 (60.0) 11 (15.0) 14 (19.0) 4 (5.0
2019 review 30.0)
Watanabe et al Case report 1 Postoperative Subtotal stomach-preserving pancre- 54 x54 - - - - -
[9], 2018 aticoduodenectomy
Wang et al Case report 1 Postoperative Distal pancreatectomy with splenectomy 2.0 x2.0x - - - - -
[11], 2019 1.8
Shi et al[14], Case series and 6 Postoperative Pancreaticoduodenectomy 5 (83%) and 3.7 (range 4.3+22(14-10) - - - -
2021 systematic review distal pancreatectomy 1 (17%) 2.0-6.4)
Kimura et al Case report 1 Postoperative Distal pancreatectomy with splenectomy 1.1 x 0.8 - - - - -

[15], 2021
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to the gastric resection.

Microscopically, schwannomas are divided in two main subareas: Antoni A areas, displaying an
organized hypercellular component, characterized by closely packed spindle cells with occasional
nuclear palisading; and Antoni B areas, featuring a hypocellular component with loose myxoid stroma,
often with degenerative changes[4,7]. Immunohistochemistry is crucial to the differential diagnosis
since immunostaining is strongly positive for S-100 protein, vimentin, and CD56 and negative for
cytokeratin AE1/AE3, desmin, smooth muscle myosin, CD34, and CD117[4,7,15]. In this case, diagnosis
was confirmed by the presence of these typical findings in pathology: Antoni A and B areas as well as
immunohistochemistry with strong S-100 (+) staining.
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Figure 5 Microscopic examination. A and B: Representative areas of pancreatic schwannoma; Hematoxylin and eosin; Magnification x 20).

Pancreatic schwannomas usually have good prognosis, showing no rates of recurrence over a mean
follow-up of 19 mol[4,8].

CONCLUSION

Therefore, we present the first case of synchronous gastric cancer and pancreatic schwannoma reported
in the literature. Intraoperative staging examination was decisive in the adequate management of this
patient. The presence of a large pancreatic mass should not preclude the potentially curative intent of
the gastric cancer treatment.
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