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Abstract

BACKGROUND

Inflammatory bowel disease (IBD) is associated with complications, frequent
hospitalizations, surgery and death. The introduction of biologic drugs into the
therapeutic arsenal in the last two decades, combined with an expansion of
immunosuppressant therapy, has changed IBD management and may have
altered the profile of hospitalizations and in-hospital mortality (IHM) due to IBD.

AIM

To describe hospitalizations from 2008 to 2018 and to analyze IHM from 1998 to
2017 for IBD in Brazil.

METHODS

This observational, retrospective, ecological study used secondary data on hospit-
alizations for IBD in Brazil for 2008-2018 to describe hospitalizations and for 1998-
2017 to analyze IHM. Hospitalization data were obtained from the Hospital
Information System of the Brazilian Unified Health System and population data
from demographic censuses. The following variables were analyzed: Number of
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deaths and hospitalizations, length of hospital stay, financial costs of hospital-
ization, sex, age, ethnicity and type of hospital admission.

RESULTS

There was a reduction in the number of IBD hospitalizations, from 6975
admissions in 1998 to 4113 in 2017 (trend: y = -0.1682x + 342.8; R*= 0.8197; P <
0.0001). The hospitalization rate also decreased, from 3.60/100000 in 2000 to 2.17
in 2010. IHM rates varied during the 20-year period, between 2.06 in 2017 and 3.64
in 2007, and did not follow a linear trend (y = -0.0005049x + 2.617; R*= 0,00006; P =
0.9741). IHM rates also varied between regions, increasing in all but the southeast,
which showed a decreasing trend (y = -0.1122x + 4.427; R*= 0,728; P < 0.0001). The
Southeast region accounted for 44.29% of all hospitalizations. The Northeast
region had the highest IHM rate (2.86 deaths/100 admissions), with an increasing
trend (y = 0.1105x + 1.110; R?= 0.6265; P < 0.0001), but the lowest hospitalization
rate (1.15). The Midwest and South regions had the highest hospitalization rates
(3.27 and 3.17, respectively). A higher IHM rate was observed for nonelective
admissions (2.88), which accounted for 81% of IBD hospitalizations. The total cost
of IBD hospitalizations in 2017 exhibited an increase of 37.5% compared to 2008.

CONCLUSION
There has been a notable reduction in the number of hospitalizations for IBD in
Brazil over 20 years. IHM rates varied and did not follow a linear trend.

Key Words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis;
Hospitalization; Hospital mortality; Hospital information systems; Epidemiology

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

Core Tip: This study provides an epidemiological profile of IBD hospitalizations in
Brazil from 2008 to 2018 and analyzes in-hospital mortality (IHM) between 1998 and
2017. There was a reduction from 6975 hospital admissions in 1998 to 4113 in 2017
(trend: y = -0.1682x + 342.8; R2 = 0.8197; P < 0.0001). The hospitalization rate
decreased from 3.60/100000 in 2000 to 2.17 in 2010. The total cost of hospitalizations
in 2017 showed an increase of 37.5% compared to 2008. [HM rates varied during the
20-year period and did not follow a linear trend, decreasing in the Southeast region but
increasing in the Northeast region.

Citation: Guedes ALV, Lorentz AL, Rios LFAR, Freitas BC, Dias AGN, Uhlein ALE, Vieira
Neto FO, Jesus JFS, Torres TSN, Rocha R, Andrade VD, Santana GO. Hospitalizations and in-
hospital mortality for inflammatory bowel disease in Brazil. World J Gastrointest Pharmacol
Ther 2022; 13(1): 1-10

URL: https://www.wjgnet.com/2150-5349/full/v13/i1/1.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v13.il.1

INTRODUCTION

Inflammatory bowel disease (IBD), which is characterized by a chronic and relapsing
idiopathic gastrointestinal inflammatory process, includes Crohn’s disease (CD) and
ulcerative colitis (UC). IBD pathogenesis is complex and involves multiple factors,
such as genetic predisposition, environmental factors, intestinal microbiota and host
immune response[1].Despite the unique features of CD and UC related to the extent
and location of inflammation, both impact quality of life, which is remarkable
considering that they affect young patients[2]. IBD can also be associated with
extraintestinal complications, frequent hospitalizations, surgery and death[3]. Hospit-
alizations in IBD occur mainly for disease activity, diagnostic procedures and surgery.
The causes of in-hospital deaths may be IBD complications or nosocomial complic-
ations, such as infections and venous thromboembolism[4].
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Adequate treatment is essential to avoid complications, and the introduction of
biologic drugs into the therapeutic arsenal in the last two decades, combined with an
expansion of immunosuppressant therapy, has importantly altered the management of
IBD[5]. In Brazil, infliximab [an antagonist of tumor necrosis factor alpha (TNFa)] was
introduced as a therapeutic possibility for patients in the early 2000s[6].

Since we have not found any nationwide population-based study on IBD in Brazil in
the literature, our study is probably the first, contributing to the analysis of the impact
of IBD in the country. In Brazil, there is still no integrated database of patients with
IBD, limiting the development of comprehensive epidemiological studies. On the other
hand, Unified Health System (SUS) has a hospital admission data collection system
that allows partial analysis of the impact of IBD in the country. This article aims to
describe the profile of hospitalizations and in-hospital deaths due to IBD in Brazil over
10 years and to analyze in-hospital mortality (IHM) over 20 years.

MATERIALS AND METHODS

This observational, retrospective, ecological study aimed to describe the profile of
hospitalizations for IBD in Brazil between 2008 and June 2018 (data available in
August 2018) and to analyze IHM from 1998 to 2017. Secondary data referring to
hospitalizations due to IBD were obtained from the Hospital Information System of
the Brazilian SUS (SIH/SUS), Department of Informatics of the Brazilian SUS
(DATASUS). Hospitalizations from 1998 to 2007 were not included because not all
data were available. We carried out a survey of data from the twenty-year period to
make a parallel with the introduction of infliximab in 2002 by the SUS. But the data
from 1998 to 2007 are only given by year of processing, which does not include the
other data, such as length of stay, costs per stay. The most detailed data in information
by SIH/SUS are those from 2008, which are given by year of hospitalization.

The following variables were analyzed: Number of deaths, number of hospitaliz-
ations, length of hospital stay, financial costs of hospitalization, sex, age, ethnicity and
type of hospital admission (elective or nonelective). The variables were correlated with
CD and UC (ICD-10 codes K50 and K51). The database used for this research does not
distinguish between CD and UC. The information was obtained from hospital
admission authorization forms and cost and exit reports managed by the Ministry of
Health and State and Municipal Health Secretariats. IBD was the main diagnosis on
the hospital admission authorization forms. The SIH maps hospitalizations only in the
public sphere and does not include those with private funding or through private
health insurance.

For the geographic analysis, variables were corrected for population numbers in
2000 and 2010, according to region, using the Brazilian Institute of Geography and
Statistics (IBGE) database, which provides data regarding the Brazilian population via
periodic censuses. The number of available hospital beds can also be obtained from
DATASUS.

The data were tabulated and subjected to statistical analysis using Excel®, 2013. The
temporal trend in hospitalizations and IHM was evaluated using simple linear
regression. For correlation analysis, the Spearman correlation coefficient was used
through Free Statistics Software (v1.2.1), 2017. The IHM rate is given as the ratio
between the number of IBD-related deaths and the number of hospitalizations due to
IBD, multiplied by 100. The costs of hospitalization are presented in Brazilian reals
(R$).

The DATASUS database is in the public domain. The approval of the research ethics
committee was not required.

RESULTS

From January 2008 to June 2018, 43560 hospitalizations in Brazil were due to IBD,
accounting for 0.037% of hospitalizations for all causes. The demographic data are
summarized in Table 1. The number of hospitalizations was higher in women, in those
of white ethnicity and in those younger than 30 years of age. The IHM rate among
ethnic groups was higher in Asian Brazilian patients. In the analyzed period, although
more women were hospitalized for IBD, the IHM rate was higher in males.

Regarding age groups, the IHM rate grew with age, except in infants younger than
one year old; these patients presented an IHM rate similar to that of the elderly, at
5.61/100 hospitalizations (Figure 1).
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Table 1 Characteristics of inflammatory bowel disease inpatients and in-hospital mortality rate, Brazil, 2008-2018

Hospitalizations (n) Hospitalizations (%) In-hospital mortality rate (per 100 hospitalizations)

Sex
Female 23383 53.67 2.33
Male 20177 46.32 2.84
Ethnicity
White 18166 41.70 2.55
Black 1211 2.78 2.15
Pardo (mixed-race) 10432 23.95 2.37
Brazilian Indian 44 0.10 227
Asian Brazilian 316 0.72 5.38
Unknown 13391 30.74 2.72
Age
<30 years 16299 37.41 0.80
30-49 years 13127 30.15 1.61
50-64 years 5534 12.70 5.02
265 years 6390 14.67 7.81
Hospital admission
Nonelective 35188 80.78 2.88
Elective 8358 19.19 1.28

14%
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<}
£
= 6%
=
3
< 4% A
=

2% -

0% - T ———
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Figure 1 In-hospital mortality rate per 100 inflammatory bowel disease hospitalizations per age group, Brazil, 2008-2018.

Data on hospitalizations by region are shown in Table 2. The Southeast region had
44.29% hospitalizations. Although the Northeast region had the highest IHM rate (2.86
deaths per 100 admissions), it had the lowest hospitalization rate for IBD (1.15 hospit-
alizations per 100000 population). Nonetheless, this region has a small proportion of
hospital beds in gastroenterology units and in training gastroenterology units, second
only to the North. The Midwest and South regions, on the other hand, showed the
highest hospitalization rates. Approximately 81% of hospital admissions were
nonelective, and the IHM rate was higher in this type of hospitalization in all regions,
except in the North. The Midwest exhibited the lowest mortality rate for elective
hospitalizations.

There was a reduction in the number of hospitalizations for IBD over the 20 years
(Figure 2A), from 6,975 admissions in 1998 to 4,113 in 2017 (trend: y = -0.1682x + 342.8;
R?=0.8197; P < 0.0001). The year with the lowest number of hospitalizations was 2014,
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Table 2 Characteristics of inflammatory bowel disease hospitalizations and hospital beds in gastroenterology units per region, Brazil,

2008-2018, n (%)

North Northeast Southeast  South Midwest  Brazil

Hospitalizations 3364 (7.72) 7878 (18.08) 19292 (44.29) 8988 (20.63) 4038 (9.27) 43560 (100)
Deaths () 63 225 503 236 92 1119
In-hospital mortality rate (per 100 hospitalizations) 1.87 2.86 2.61 2.63 2.28 2.57
In-hospital mortality rate for elective admissions (per 100 4.23 1.38 0.99 1.37 0.96 1.28
hospitalizations)

In-hospital mortality rate for nonelective admissions (per 100 1.53 3.34 311 2.75 2.52 2.88
hospitalizations)

Mean hospitalization costs (R$) 467.33 663.65 834.19 736.91 476.42 721.78
Mean hospitalization costs in elective admissions (R$) 854.78 800.14 915.41 795.32 477.85 840.94
Mean hospitalization costs for nonelective admissions (R$) 411.15 618.49 808.99 731.72 476.15 693.51
Mean length of hospital stay (days) 54 8.9 7.3 6.6 59 7.1
Mean length of hospital stay for elective admissions (days) 7.9 11 74 6.1 58 8.0
Mean length of hospital stay for nonelective admissions (days) 5.0 8.2 7.2 6.6 5.9 6.9
IBD hospitalizations/100000 population’ 2.06 115 238 3.17 3.27 2.17
Hospital beds in gastroenterology units/100,000 population’ 0.87 0.70 1.21 1.57 1.49 1.11
Hospital beds in training gastroenterology units/100,000 0.25 0.20 0.72 0.77 0.48 0.53
population’

TBase year, 2010.
IBD: Inflammatory bowel disease; R$: Brazilian reals.

at 3926. The IBD hospitalization rate was 3.60/100000 in 2000 and decreased to
2.17/100000 in 2010.

IHM rates varied during the 20-year period, between 2.06 in 2017 and 3.64 in 2007,
and did not follow a linear trend (y = -0.0005049x + 2.617; R* = 0,00006; P = 0.9741)
(Figure 2B). Analyzing IHM per region, rates increased in all but the Southeast, which
showed a decreasing trend (y = -0.1122x + 4.427; R* = 0,728; P < 0.0001). Conversely,
the Northeast displayed an increasing trend (y = 0.1105x + 1.110; R? = 0.6265; P <
0.0001). In the other regions, IHM rates did not follow a linear trend (North: y =
0.1385x + 0.04941; R? = 0.4028; P = 0.026; South: y = 0.02891x + 2.205; R* = 0.035; P =
0.43; Midwest: y = 0.03739X + 1.936; R? = 0.0536; P = 0.33).

The mean national hospital length of stay was 7.1 d from 2008 to 2018 and remained
steady during this period. The average cost of hospitalization exhibited an upward
trend from 2008 to 2017 (y = 28.57x + 561.1; R? = 0.867; P < 0.0001), which was more
pronounced from 2009 to 2010 and from 2014 to 2016 (Figure 3), with a total increase of
45.12% from 2008 to 2017. The total cost of IBD hospitalizations in Brazil from 2008 to
2017 was R$ 29433616.56. The total cost in 2017 was R$ 3258401.28, which represents
an increase of 37.5% in relation to 2008.

From January 2008 to June 2018, there was no correlation between mean hospital-
ization costs and IHM (p = 0.0107; P = 0.9) or the mean length of hospital stay and IHM
(p =-0.1604; P = 0.072). The mean length of hospital stay correlated with mean hospit-
alization costs for all admissions (p = 0.4391; P < 0.0001) and for elective (p = 0.36; P =
0.0002) and non-elective hospitalizations (p = 0.4961, P < 0.0001).

DISCUSSION

Although our study cannot analyze the incidence and prevalence of IBD in Brazil, we
have shown using nationwide IBD hospitalization data that the number of IBD
admissions and hospitalization rates is decreasing. Between 1998 and 2017, there was a
notable reduction in the number of hospitalizations due to IBD, probably reflecting
better patient care. The epidemiology committee of ECCO considers that decreases in
the frequency of hospitalization are evidence of improvement in IBD medical
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Figure 2 Hospitalizations and in-hospital mortality rate in Brazil. A: Hospitalizations for inflammatory bowel disease (IBD) from 1998 to 2017, per region;
B: In-hospital mortality rate per 100 IBD hospitalizations from 1998 to 2017 per region. IBD: Inflammatory bowel disease.
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Figure 3 Mean inflammatory bowel disease hospitalization costs in Brazil from 2008 to 2017 in Brazilian reals. R$: Brazilian reals.

management[5].

There was a tendency of reductions in IBD hospitalization rates after the
introduction of biologic drugs, with a consequent switch of hospitalization expenses
for high-cost medications[3]. However, despite the reduction in the number of hospit-
alizations in Brazil, total expenditures with hospitalizations for IBD increased by 30%
from 2008 to 2018. Perhaps this reflects greater access to exams, procedures or even the
need for hospitalization for the application of anti-TNFa. DATASUS data do not differ-
entiate 1-d hospitalizations. The average cost of hospitalization for IBD in USA
increased from 2003 to 2008, but remained stable from 2008 to 2014, on the other hand,
in Canada, the cost remained increasing from 2000 to 2009[7,8]

European studies show that IBD is one of the most expensive chronic diseases, and
it is important to analyze the costs involved with patient care[9]. The difference in
hospitalization costs between regions in Brazil is important: while the average cost of
hospitalizations in the North is R$ 467.33, it is R$ 834.19 in the Southeast, probably
reflecting the greater amount of diagnostic and therapeutic resources available in the
latter region.
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Hospitalization costs were higher for elective hospitalizations, perhaps reflecting
patients admitted for surgical procedures. It may also explain why the average length
of hospital stay was longer for elective hospitalizations. As it was expected, the length
of hospital stay correlated with average hospitalization costs. The length of stay for
elective and nonelective admissions was higher in the Northeast, which may reflect a
difficulty in obtaining diagnostic procedures and surgery. The mean length of hospital
stay in our study was 7.1, slightly higher than that found in the United States (5.8 d for
CD and 6.8 d for UC)[10] and lower than that found in Canada (8.1 d for CD and 10.2 d
for UC)[4] and Scotland (9.0 d for CD)[11].

We found a predominance of IBD hospitalizations in women and in the young. This
is consistent with several studies from different countries, such as the United States
and Canada, and the known incidence of IBD in the second and third decades of life[4,
12,13]. Although more women were hospitalized for IBD, the IHM rate was higher in
men, as was found in the Ananthakrishnan et al[12] study in the United States.

The Brazil is a country with racial miscegenation and regional differences in racial
composition. In our study, IBD hospitalizations predominated among white patients,
followed by mixed-race, with a small percentage of blacks, Brazilian Indians and Asian
Brazilians. This might be explained by the fact that the white ethnic group is the most
prevalent group in the South and Southeast regions, which have the highest number of
hospitalizations. Victoria et al[2] also demonstrated a predominance of IBD in whites
in the Midwest of Sdo Paulo State during 1986-2005. However, in a study of CD
patients in Bahia State in the Northeast, Santana et al[13] found a predominance of
mixed-race (43.1%), followed by white (32.3%) and Afro-Brazilians (24.6%). Another
study from the Northeast also demonstrated a predominance of mixed-race IBD in
67.9% of IBD patients[14].

The mortality rates due to UC in the 21 different countries from 1951 to 2005 were
initially higher than those due to CD but that CD death rates increased until they
reached a rate similar to that of UC. Since then, both mortality rates followed a parallel
declining course[15].

It is believed that the introduction of anti-TNFa into the therapeutic arsenal has
modified the natural course of IBD. Although the findings show an increased risk of
death in patients taking immunomodulators, up to 2-fold mortality in patients with
CD taking infliximab compared to a general population, there is no consensus
regarding any change in mortality[5]. In Brazil, infliximab became a therapeutic
possibility in the early 2000s[6].

In Brazil, we found an IHM rate of 7.81% in those > 65 years of age, 2-fold higher
than that in Canada and almost 10-fold higher than that among Brazilians under 30
years of age[4]. In our database, IBD was the main diagnosis on hospital admission
authorization forms and not the cause of death; thus, our study was unable to
elucidate whether the increasing IHM with older age is related to IBD.

It is interesting to note that the IHM rate was much higher (2-fold) in Asian
Brazilian patients. The prevalence of IBD in Asia is still lower than that in Western
countries, but it is possibly increasing with the westernization of lifestyle[16]. By
sharing a western lifestyle, Asian Brazilians would be more likely to develop IBD.
Some studies have shown that CD in Asia is as severe or even worse than that in
Western countries, with complicated and penetrating diseases[16]. If this is related to a
genetic component, it may partially explain the higher rate of IHM in Asian Brazilians.

Nonelective hospitalizations accounted for 81% of all IBD hospitalizations, with an
IHM rate higher than 2-fold that of electives, which is expected considering the
severity of cases admitted as urgent or emergent. A Scottish study also demonstrated
predominance in nonelective admissions in patients with CD (62.5%)[11].

Our analysis of the IHM rate by region revealed an increase in all regions, except in
the Southeast, which showed a decreasing trend and where nearly half of hospitaliz-
ations occurred. Appropriate treatment of IBD involves specialized knowledge,
familiarity with therapeutic options, early recognition of complications, and the need
for surgical interventions[12]. Thus, it is expected that geographic regions with higher
resources will have lower hospital mortality rates. The main Brazilian regions in
descending order by per capita gross domestic product are the Southeast, South,
Northeast, Midwest and North[17]. From this perspective, we can initially highlight
that the difference in resources between Brazilian regions, as an isolated factor, does
not fully explain the contrast between IHM rates.

The Northern region, which includes the greatest part of the Brazilian Amazon
forest and is one of the poorest regions, had the lowest IHM rate. Perhaps this occurs
because of underreporting or patient transference to other regions. For elective hospit-
alizations, the North showed a high IHM rate, unlike the rest of the country. The issue
of underreporting should be taken into account when using DATASUS. One study
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analyzed the relevance of the use of the SIH/SUS in the evaluation of quality of care
for acute myocardial infarction, observing underreporting in the procedures
performed, which interferes with hospitalization cost analyses. There was also
underreporting for the number of days of hospitalization[18]. Another study of
myocardial infarction reported a higher number of intrahospital deaths registered in
the Information System on Mortality than in the SIH/SUS. This occurred due to the
absence of the hospital admission authorization form for 32.9% and to underreporting
of death in 3.3%[19].

A Canadian study analyzed the mortality of UC patients admitted under specialist
care compared to care by other providers, demonstrating that the primary in-hospital
care provided by gastroenterologists was associated with lower IHM[20]. In our study,
we found that the Midwest and South regions have the largest number of hospital
beds in gastroenterology units but that the South and Southeast have the greatest
number of hospital beds in training gastroenterology units. This may help to explain
the lower IHM compared to the Northeast region.

In Brazil, the South and Southeast regions have the highest IBD hospitalization
rates, whereas less industrialized areas (the North, Northeast and Midwest) have the
lowest rates. Victoria et al[2] in a study in Sdo Paulo state and Parente et al[14] in a
study in Piaui state also reported that most IBD patients live in urban districts. The
Northeast region had the highest IHM rate and an upward trend, despite being the
region with the lowest IBD hospitalizations per 100000 inhabitants. This may reflect
difficulty in accessing health resources or underreporting. Another possibility to
explain this is related to environmental factors, as the Northeast region is less
developed[14].

The Southeast region is the richest, most industrialized and populous region of the
country, with more hospital beds and more resources, and it often receives patients
from other regions[17]. This region accounted for 44.29% of all IBD hospitalizations.
Despite having a low mortality rate for elective hospitalizations, this rate increased
and was lower only than the Northeast region rate for nonelective hospitalizations.
This may reflect more severe patients coming to the Southeast states, mainly Sao Paulo
and Rio de Janeiro, from all over the country.

CONCLUSION

There has been a notable reduction in the number of hospitalizations for IBD in Brazil
over 20 years. IHM rates varied and did not follow a linear trend. To date, there are a
small number of epidemiological studies in Brazil on IBD. Considering that the
majority of the population depends on SUS and that DATASUS involves nationwide
data, this study is an important contribution to greater knowledge of the impact of IBD
in Brazil. Nevertheless, the data analyzed only involved hospitalized patients and did
not cover part of the patients cared for by private health insurance. In addition, there
was no distinction between CD and UC and no data on the reason for admission,
procedures performed or readmissions. Because we used secondary data, much of it
collected from hospital admission authorization forms, such information is prone to
errors. To carry out a more comprehensive and reliable study, it is necessary to create a
national IBD database.

ARTICLE HIGHLIGHTS

Research background

Inflammatory bowel disease (IBD) is associated with complications, frequent hospital-
izations, surgery and death. The major causes of hospitalizations are disease activity,
diagnostic procedures and surgery. The introduction of biologic drugs into the
therapeutic arsenal in the last two decades, combined with an expansion of
immunosuppressant therapy, has changed IBD management and may have altered the
profile of hospitalizations and in-hospital mortality (IHM) due to IBD.

Research motivation

In Brazil, there is still no integrated database of patients with IBD, limiting the
development of comprehensive epidemiological studies. On the other hand, the
Brazilian Unified Health System (SUS) has a hospital admission data collection system
that allows partial analysis of the impact of IBD in the country.
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Research objectives
We aim to describe the profile of hospitalizations and in-hospital deaths due to IBD in
Brazil over 10 years and to analyze IHM over 20 years.

Research methods

This observational, retrospective, ecological study used secondary data on hospitaliz-
ations for IBD in Brazil for 2008-2018 to describe hospitalizations and for 1998-2017 to
analyze IHM. Hospitalization data were obtained from the Hospital Information
System of the Brazilian SUS and population data from demographic censuses. The
temporal trend in hospitalizations and IHM was evaluated using simple linear
regression.

Research results

There was a reduction in the number of IBD hospitalizations, from 6,975 admissions in
1998 to 4113 in 2017 (trend: y = -0.1682x +342.8; R? = 0.8197; P < 0.0001). The hospital-
ization rate also decreased, from 3.60/100000 in 2000 to 2.17 in 2010. IHM rates varied
during the 20-year period, between 2.06 in 2017 and 3.64 in 2007, and did not follow a
linear trend (y = -0.0005049x + 2.617; R* = 0.00006; P = 0.9741). IHM rates also varied
between regions, increasing in all but the southeast, which showed a decreasing trend
(y =-0.1122x +4.427; R* = 0.728; P < 0.0001). The Northeast region had the highest IHM
rate (2.86 deaths/100 admissions), with an increasing trend (y = 0.1105x +1.110; R? =
0.6265; P < 0.0001). A higher IHM rate was observed for nonelective admissions (2.88),
which accounted for 81% of IBD hospitalizations. The total cost of IBD hospitalizations
in 2017 exhibited an increase of 37.5% compared to 2008.

Research conclusions
There has been a notable reduction in the number of hospitalizations for IBD in Brazil
over 20 years. Because we used secondary data, such information is prone to errors. To

carry out a more comprehensive and reliable study, it is necessary to create a national
IBD database.

Research perspectives
For the future perspective, the creation of a national IBD database will allow more
comprehensive and reliable studies.
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Abstract

BACKGROUND

Melatonin (MLT) is a potent antioxidant molecule that is shown to have a
beneficial effect in various pathological situations, due to its action against free
radicals.

AIM
To evaluate the effect of MLT on carbon tetrachloride (CCl,) induced liver injury
in rats in terms of oxidative stress, reticular stress, and cell damage.

METHODS

Twenty male Wistar rats (230-250 g) were divided into four groups: Control rats,
rats treated with MLT alone, rats treated with CCl, alone, and rats treated with
CCl, plus MLT. CCl, was administered as follows: Ten doses every 5 d, ten every
4 d, and seven every 3 d. MLT was administered intraperitoneally at a dose of 20
mg/kg from the 10" wk to the end of the experiment (16" wk).
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RESULTS

MLT was able to reduce the release of liver enzymes in the bloodstream and to decrease oxidative
stress in CCl, treated rats by decreasing the level of thiobarbituric acid reactive substances and
increasing superoxide dismutase activity, with a lower reduction in serum zinc levels, guaran-
teeing a reduction in liver damage; additionally, it increased the expression of nuclear factor
(erythroid-derived 2)-like 2 and decreased the expression of Kelch-like ECH-associated protein 1.
MLT also decreased the expression of the proteins associated with endoplasmic reticulum stress,
i.e., glucose-regulated protein 78 and activating transcription factor 6, as well as of heat shock
factor 1 and heat shock protein 70.

CONCLUSION
MLT has a hepatoprotective effect in an experimental model of CCl,-induced liver injury, since it
reduces oxidative stress, restores zinc levels, and modulates endoplasmic reticulum stress.

Key Words: Liver injury; Cell damage; Antioxidant; Melatonin; Carbon tetrachloride

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

Core Tip: Liver cirrhosis is a chronic condition of the liver that is characterized by inflammation, steatosis,
and formation of fibrotic tissue that impair liver function. Several studies have demonstrated the
relationship between oxidative stress and the development of different diseases. As oxidative stress can
damage lipids, proteins, and DNA, causing changes in cell homeostasis, it is important to study therapeutic
substances that can minimize or delay the effects of the disease. Hepatotoxic drugs are commonly used as
an experimental model to assess different stages of liver disease. Melatonin was used in this work as a
therapeutic strategy and showed hepatoprotective action in a chronic hepatotoxicity model.
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Melatonin restores zinc levels, activates the Keap1/Nrf2 pathway, and modulates endoplasmic reticular stress and
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INTRODUCTION

Chronic liver diseases are characterized by multistep processes that involve several molecules and
cellular events to transform a normal parenchyma into a parenchyma with steatosis, increased collagen
deposition, fibrosis, and cirrhosis[1]. Many studies have demonstrated the presence of overproduction
of free radicals and reactive oxygen species (ROS) in inflammatory chronic diseases. ROS are able to
oxidize macromolecules or activate transcription factors[2-4]. The relation between the development of
chronic liver diseases and ROS has been widely discussed since oxidative stress may cause damage in
lipid, protein, and DNA, producing alterations in cellular redox homeostasis[5].

Cellular homeostasis can be disrupted by a variety of stimuli, including metabolic imbalance,
oxidative stress, and folding of malformed proteins. In response to these stressors, cells induce specific
molecular pathways that usually involve the activation of signaling cascades or changes in gene
expression. These responses allow cells to adapt to stress and to regain homeostasis. However, if stress
is intense or prolonged, the cells are unable to reestablish homeostasis and, in turn, activate pathways
that result in cell death[6].

Carbon tetrachloride (CCl,) is a hepatotoxic drug used in experimental models to evaluate different
stages of liver disease and thus define therapeutic strategies. Exposure to CCl, have a toxic effect on
liver cells, promoting damage in tissue and causing changes in the antioxidant defense mechanism. This
process results in an imbalance between ROS production and antioxidative enzymes release[5].

The antioxidant defense mechanism is dependent on some minerals, including zinc. This mineral is
essential for a large number of structural proteins, enzymatic processes, and transcription factors. Its
deficiency causes numerous clinical manifestations, such as appetite loss, smell and taste disturbances,
cerebral and immune dysfunction, and reduced drug elimination capacity. These clinical characteristics
have been observed in chronic liver diseases[7].

The alteration in cellular redox homeostasis either results in mitochondrial dysfunction or can affect
other organelles, such as the endoplasmic reticulum (ER). The ER stress may impair protein synthesis,
resulting in accumulation of misfolded proteins. ER stress induces the activation of the intracellular
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signaling pathway called unfolded protein response (UPR), which contributes to the pathogenesis of
several chronic diseases[8,9].

Melatonin (N-acetyl-5-methoxytryptamine; MLT) is an indoleamine lipophilic derivative of
tryptophan. It is produced primarily by the pineal gland of vertebrates and is also detected in other
organs[10-13]. MLT has effects on sleep, mood, sexual maturation and reproduction, immune function,
aging, and the antioxidative defense system[14,15], and exhibits numerous actions, including anti-
inflammatory, antioxidant, and oncostatic properties. In hepatocytes, it was observed that MLT protects
from oxidative damage. Its action is based on scavenging the free radicals and stimulating antioxidant
enzymes[15-17]. Reducing the generation of ROS would be a way to slow the progression of cell damage
observed in liver diseases.

Our aim was to study the effects of MLT on biochemical indexes, serum zinc levels, and oxidative
stress in rats exposed to CCl,. Also, we evaluated the expression of proteins involved in cell damage, ER
stress, and unfolded protein response in animals with liver injury induced by CCl, and treated with
MLT.

MATERIALS AND METHODS

Animal experiments and drug treatment

Twenty male Wistar rats with an average weight of 230-250 g were used. The animals were housed at 22
°C with 12 h light-dark cycles, had free access to water, and received a restricted diet (16 g of chow per
day for each animal).

All experiments were performed in accordance with the Guiding Principles for Research Involving
Animals (NAS) and the Committee of Ethics and Research in Health of the Graduate and Research
Group of Hospital de Clinicas de Porto Alegre under protocol number 100316.

The animals were divided into four groups: Control (CO) rats, rats treated with MLT alone (MLT),
rats treated with CCl, alone (CCl,), and rats treated with CCl, plus MLT (CCl, + MLT). The CCl, and
CCl, + MLT groups received 27 intraperitoneal doses of 0.5 mL of CCl, dissolved in mineral oil (1:6). The
first ten doses were given at an interval of 5 d, the following ten at an interval of 4 d, and the last seven
at an interval of 3 d[18]. In order to promote cytochrome P450 enzyme induction, phenobarbital was
added to the drinking water of each animal at a concentration of 0.3 g/L 7 d before the first application
and throughout the experiment[19].

MLT (Sigma Aldrich, St. Louis, MO) was administered intraperitoneally to the MLT and CCl, + MLT
groups at a dose of 20 mg/kg/day from the 10" wk to the end of the experiment (16" wk)[20].

At 24 h after the last administration of CCI,, the animals were anesthetized with 1% xylazine and 10%
ketamine, and then we collected blood samples from the retro-orbital plexus. Liver samples were
obtained for the remaining analyses. At the end of the experiment, the animals were killed under deep
anesthesia by exsanguination, as described in the guidelines of the American Veterinary Medical
Association (AVMA) on Euthanasia (AVMA, 2007).

Biochemical analysis

Serum levels of alanine aminotransferase (ALT) (U/L) and aspartate aminotransferase (AST) (U/L)
were determined by the kinetic UV test. Alkaline phosphatase (AP) (U/L) was quantified by the colori-
metric kinetic test. The levels of these enzymes were measured using routine laboratory methods of the
Hospital de Clinicas de Porto Alegre by enzymatic methods (automated - Siemens Advia 1800
Chemistry system).

Lipid peroxidation and cytosolic superoxide dismutase

Frozen tissue from each rat was homogenized in ice-cold phosphate buffer (KCl 140 mmol/L,
phosphate 20 mmol/L, pH 7.4) and centrifuged at 3000 rpm for 10 min. Protein concentration in liver
homogenates was determined using a bovine albumin solution[21]. Lipid peroxidation (LPO) was
determined by measuring the concentration of thiobarbituric acid reactive substances (TBARS)
(nmol/mg protein)[22]. Spectrophotometric absorbance in the supernatant was measured at 535 nm.
Cytosolic superoxide dismutase (SOD) (EC 1.15.1.1) was assayed as described previously[23]. The auto-
oxidation rate of epinephrine, which is progressively inhibited by increasing amounts of SOD in the
homogenate, was monitored spectrophotometrically at 560 nm. The amount of enzyme that inhibited
50% of epinephrine auto-oxidation was defined as 1 U of SOD activity.

Western blot analysis

Western blot analysis was performed using cytosolic and nuclear extracts prepared from liver
homogenates as previously described[24]. The supernatant fraction was collected and stored at -80 °C in
aliquots until use. Protein concentration was measured as described previously[21]. Lysate proteins
were fractionated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene fluoride membranes[25]. The membranes were then blocked with 5%
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nonfat dry milk in Tris-buffered saline containing 0.05% Tween 20 (TTBS) for 1 h at room temperature
and probed overnight at 4 °C with polyclonal antibodies against nuclear factor (erythroid-derived 2)-like
2 (Nrf2) (SC30915/57kDa), Kelch-like ECH-associated protein 1 (Keap1) (SC33569/69kDa), activating
transcription factor 6 (ATF6) (5C166659/90kDa), and 78-kDa glucose-regulated protein (GRP78/BiP)
(SC376768/78kDa) (Santa Cruz Biotechnology, Santa Cruz, CA, United States) at a dilution of 1:200-1000
with TTBS in 5% nonfat dry milk. Antibodies against heat shock factor 1 (HSF1) (H4163/75kDa) and
heat shock protein 70 (HSP70) (H5147/73 and 72kDa) (Sigma Aldrich, St Louis, MO, United States) were
used at a dilution of 1:5000 with TTBS in 5% nonfat dry milk, as well as antibodies against -actin
(A5060/42kDa) and anti-glyceraldehyde 3-phosphate dehydrogenase (G9545/37kDa) (Sigma Aldrich, St
Louis, MO, United States) at a dilution of 1:2,000 with TTBS in 5% nonfat dry milk. After washing with
TTBS, the membranes were incubated for 1 h at room temperature with secondary HRP conjugated
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, United States, 1:4000). Protein detection was
performed via chemiluminescence using a commercial ECL kit (Amersham Pharmacia Biotech, Little
Chalfont, UK)[24]. The density of the specific bands was quantified with imaging densitometer software
(Scion Image, Maryland, MA).

Zinc measurement

The serum zinc concentration was measured using a Zinc Assay Kit (Abnova Corporation, Taipei City,
Taiwan). The absorbance (425 nm) of the supernatant was measured by spectrophotometry, and the
values are expressed in pg/dL.

Statistical analysis
The mean and standard deviation (SD) were calculated for all data. Significant differences between
means were evaluated by one-way analysis of variance (ANOVA). Statistical significance was assessed

using Tukey’s test. P values < 0.05 were deemed significant. All analyses were carried out using
Statistical Package for Social Sciences (SPSS), version 18.0 (SPSS Inc., Chicago, IL).

RESULTS

Effect of MLT on biochemical analysis

We evaluated the hepatoprotective activity of MLT against CCl,-induced liver injury in rats (Table 1).
Analyses of transaminase enzymes showed that in the CCl, group, AST and ALT were increased
compared to the CO, MLT, and CCl, + MLT groups. Also, AP demonstrated a significant increase in the
CCl, group compared to the other groups, indicating the presence of hepatocellular injury. Animals
treated with MLT showed reduced enzymatic levels when compared to the CCl, group (P < 0.001).

Effect of MLT on LPO and SOD activity

Determination of lipid peroxidation in liver tissue with liver injury induced by CCl, and treated with
MLT was performed by the TBARS method, which showed an increase of malondialdehyde (MDA)
formation in tissues exposed to CCl,. Lipid peroxidation was significantly increased in the CCl, group (+
61%) vs control animals. The CCl, + MLT group had LPO levels similar to the controls (Table 1). SOD
activity was lower in the CCl, group (- 27%) compared to animals of the control group. However,
treatment with MLT reduced LPO and restored SOD activity in the CCl, + MLT group in comparison
with the CCl, group (Table 1).

Effect of MLT on Keap1/Nrf2 pathway regulation

Protein markers related to oxidative stress were also evaluated. Animals in the CCl, group overex-
pressed Keapl and underexpressed nuclear factor Nrf2. Conversely, animals in the CCl, + MLT group
underexpressed Keapl and overexpressed Nrf2 (Figure 1). The overexpression of Keapl observed in the
CCl, group suggested an inhibitory action on nuclear factor Nrf2. However, the underexpression of
Keap1 evidenced in the CCl, + MLT group suggested that MLT shows a cytoprotective effect on
hepatocytes by stimulating the action of Nrf2.

Effect of MLT on endoplasmic reticular stress

Concerning markers of ER stress, ATF6 and GRP78/BiP expression was strongly increased in animals
treated with CCl, (P < 0.05), while that in the CCl, + MLT group had expression similar to the control
group (Figure 2).

Effect of MLT on HSP70 and HSF1 expression

Stressful insults, such as exposure to toxic agents, stimulate HSF1 to act as a master activator of the
response of HSPs, including HSP70[26]. HSF1 and HSP70 expression was significantly higher in animals
from the CCl, group compared with the control group and significantly reduced in animals from the
CCl, + MLT group compared with the CCl, group (Figure 3).
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Table 1 Effect of melatonin on liver function, lipid peroxidation, superoxide dismutase activity, and zinc level

Parameter co MLT CCl, CCl, + MLT
AST (U/L) 175.4 +34.4 161.8 +20.3 1016.8 + 340.8° 519.6 +127.5
ALT (U/L) 50.2£5.6 43.8+6.6 270 £ 90.8° 177 £42.7
AP (U/L) 80.2+25.4 75+143 395 +130.8° 238 £24.5
TBARS (nmol/ mg protein) 0.18 + 0.01 0.15 + 0.01 0.29 £0.03° 0.18 £0.05
SOD (U/SOD/mg protein) 12.84 +1.08 1143 0.7 9.32£0.3° 1318 +1.6
Zinc (ng/dL) 48.66 4.9 0.62+10.4 11.11 + 4.31° 28.96 + 6.67

4P < 0.001, carbon tetrachloride (CCl,) group vs other groups. Data are expressed as the mean + SD. CO: Control group; Melatonin (MLT): Rats receiving
MLT alone; CCl;: Rats treated with CCl, alone; CCl, + MLT: Rats treated with CCl, plus MLT; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; AP: Alkaline phosphatase; TBARS: Thiobarbituric acid reactive substances; SOD: Superoxide dismutase.
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Figure 1 Western blot analysis. A: Cytoplasmic and nuclear fractions were analyzed by Western blot with antibodies against Kelchlike-ECH-associated protein

1, nuclear factor (erythroid-derived 2)-like 2, and B-actin; B: Arbitrary values expressed as the mean and standard deviation. P < 0.05 CCl, vs other groups. MLT:
Melatonin.
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Figure 2 Western blot analysis. A: Nuclear and cytoplasmic fractions were analyzed by Western blot with antibodies against activating transcription factor 6,
glucose-regulated protein 78, and glyceraldehyde 3-phosphate dehydrogenase; B: Arbitrary values expressed as the mean and standard deviation. *P < 0.05 CCl, vs
other groups. MLT: Melatonin.

Effect of MLT on serum zinc levels

When assessing serum zinc levels in different groups, we observed that the induction of liver injury by
CCl, caused damage to hepatocytes associated with a significant reduction in zinc levels. In contrast,
animals treated with CCl, + MLT showed zinc levels similar to those in the control group, indicating
that MLT has a hepatoprotective effect (Table 1).
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Figure 3 Western blot analysis. A: Nuclear and cytoplasmic fractions were analyzed by Western blot with antibodies against heat shock factor 1, heat-shock
protein (HSP70), and B-actin; B: Arbitrary values expressed as the mean and standard deviation. ?P < 0.05 CCl, vs other groups. MLT: Melatonin.
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DISCUSSION

Many studies have demonstrated the presence of overproduction of free radicals and ROS in chronic
liver diseases. ROS are able to oxidize macromolecules or activate transcription factors, resulting in
oxidative stress and ER stress[27,28,29] Our study evidenced that MLT treatment in rats with liver
injury chemically induced by CCl, was promising. We observed that MLT was able to activate the Nrf2
pathway and modulate the unfolded protein response and ER stress in rats with liver injury. MLT plays
a key role in hepatoprotection, which results in the reduction of hepatic enzymatic levels and oxidative
stress.

We evaluated the efficacy of MLT regarding the protection of macromolecules against the oxidative
damage during hepatotoxicity process in animals exposed to CCl,. In general, MLT consistently
improved the pattern of the hepatic enzymes. Also, this study observed a reduction of oxidative stress
in animals that were treated with MLT. With respect to oxidative damage, MLT stimulated the
Keapl/Nrf2 pathway and restored the normal expression of the proteins involved in the ER stress.

In the present study, chronic exposure to CCl, induced liver injury, as evidenced by the significant
increase in the liver enzymes under study. MLT treatment protected the liver from toxicity promoted by
the toxic agents (CCl,). AST and ALT in the CCl, group increased significantly compared to the other
groups. This analysis characterized a condition of necrosis or alteration of cell membrane permeability.
This increase is indicative of acute liver injury and hepatocellular damage[30]. Animals treated with
CCl, + MLT had significantly reduced AST and ALT activities, indicating a significant cytoprotective
effect for MLT on hepatocytes[31]. Other studies reported that the use of hepatotoxic agents such as
CCl, and thioacetamide to generate free radicals affects the permeability of hepatocyte membranes and
increases serum levels of enzymatic biochemical parameters. The use of antioxidants such as quercetin
was able to reduce the release of these enzymes, probably due to the restoration of liver parenchyma[32,
33].

The involvement of ROS in liver injury and in the death of hepatocytes exposed to toxic agents has
been extensively documented both in vitro and in vivo[8]. It is believed that the changes in redox
homeostasis may play a significant role in the pathogenesis of many diseases characterized by chronic
inflammation, activation of wound healing, and fibrogenesis[27,28,32,34]. The mechanism of CCl,
toxicity occurs through the generation of highly toxic free radicals. In the present study, this evidence is
reinforced by the increase in TBARS levels in the CCl, group. Among many effects attributed to MLT,
we highlight its potent antioxidant effect[20,35-37]. Our results showed that MLT significantly reduced
liver LPO, which is consistent with previous reports indicating that MLT is capable of removing free
radicals and has a protective effect in experimentally induced hepatotoxicity[20,37,38]. There is evidence
that MLT increases the efficiency of the electron transport chain and, as a consequence, reduces the
generation of ROS[39,40]. This antioxidant property is due to the double bond existing in its chemical
structure, which allows electrons to be transferred to unstable chemical species[40].

The antioxidant enzyme system, represented in this study by SOD, prevents the accumulation of
oxygen and hydrogen peroxide, and thus is considered the main line of defense of the body[41]. CCl,
significantly decreased SOD activity, and MLT reversed this process. Reduced SOD activity, along with
increased LPO in animals from the CCl, group, establishes a situation of oxidative stress[41-43]. MLT
protects hepatocytes against damage from free radicals by directly scavenging free radicals and
stimulating antioxidant enzymes[44,45]. Similar to previous studies, our study found that MLT
increased the activity of the antioxidant enzyme SOD, which occurred in parallel with Nrf2 activation
[46,47].

Nrf2 is a major transcriptional regulator that secures a vast range of tissues and cells from ROS
mediated induction because of its various antioxidant and phase II detoxification enzymes[4].
Furthermore, several chemopreventive compounds can abate tissue fibrosis by enhancing nuclear
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translocation of Nrf2 and induction of glutathione S-transferases (GSTs) and SOD expression[4]. One of
these essential mechanisms responsible for the induction of enzymes in response to stress is the
pathway of Nrf2 and its inhibitor Keapl. When translocated into the nucleus, Nrf2 binds to the
antioxidant responsive element (ARE), regulating the expression of endogenous antioxidants and
proteins involved in the regulation of cell cycle and death[46-50]. In an Nrf2-knockout mouse model
after long term CCl, treatment, the liver fibrosis was aggravated[4].

In this study, Nrf2 expression was significantly reduced, whereas Keapl expression was greater in
animals from the CCl, group. Studies have shown that Nrf2 plays a protective role in liver disease, with
Nrf2-deficient rats being more sensitive and susceptible to liver injury and fibrosis induced by hepato-
toxins[51]. Our study showed that the improvement in liver damage was due to MLT treatment. This
improvement was due to MLT that is able to activate the nuclear factor Nrf2, resulting in less oxidative
stress[51-54]. It has also been documented that Nrf2 activators, a wide variety of compounds such as
sulfur-containing compounds, polyphenols, terpenoids, carotenoids, and selenium, exert the cytopro-
tective effect and emerge to play a part in the antioxidative response, presumably providing a series of
protections needed for normal cellular activities. Furthermore, it is widely recognized that reduced
Nrf2-mediated antioxidant defense plays a key role in the process of CCl,-induced liver fibrosis. Nrf2
activators thus far exhibit hepatoprotective effects and significantly attenuate liver injury and fibrosis in
clinical studies[4]. Kaufman et al in 2020 related that the modulation of the Nrf2 is dependent of zinc
[55]. They evaluated cells incubated in zinc deficient medium and evidenced a reduction of the nuclear
Nrf2 levels[55]. Zinc deficits aggravated the oxidative stress and reduced Nrf2 nuclear translocation[55-
58].

As already observed in the study by Fernandes et al[59], cirrhotic animals showed significantly lower
serum levels of zinc when compared to controls, showing an association of zinc deficiency with liver
damage in sick animals.

Studies linking zinc and liver diseases often described that the replacement of the zinc element results
in an improvement in the clinical and morphological condition[7,59]. We determined the zinc levels in
the liver of rats exposed to CCl,. Our results demonstrated reduced levels of zinc in injured livers. MLT
treatment was effective in restoring normal zinc levels. A study with old rats treated with MLT showed
a link between zinc and MLT. It is believed that MLT is able to modulate zinc turnover, due to the
synchronization of circadian patterns of zinc and MLT and the concomitant increase in the levels of both
in animals treated with MLT[56-58].

Our results show that MLT treatment in animals treated with CCl, resulted in an improvement in the
liver enzyme pattern, lower oxidative stress, activation of Nrf2, and normalization of serum zinc levels.
In addition to these findings, we measured the expression of ATF6 and GRP78/BiP, two important
proteins involved in ER stress.

In the presence of stressors, GRP78/BiP is released, leading to the activation of the UPR signaling
pathway, including ATF6[60]. Under the action of released GRP78/BiP, ATF6 decouples from the ER
and undergoes cleavage in the Golgi system. At that moment, the activation of the nuclear factor (ATF6
50-kDa) that regulates the GRP78/ BiP and GRP94 proteins occurs, and the maintenance of this
activation results in ER stress[61].

Physiological or pathological processes that disturb ER homeostasis led to a pathologic response
called ER stress, causing the activation of the intracellular signaling pathway called UPR, thereby
contributing to the pathogenesis of several conditions, including liver diseases[8,9,29,62]. A growing
amount of evidence reinforces that increased ROS production is strongly related to induction of ER
stress[6]. Our findings suggest the presence of ER stress in the animals from the CCl, group, since there
was an increase in the expression of ATF6 and GRP78/BiP. The transcription of these chaperones is
increased in response to various stimuli that disturb or overload ER function, including exposure to
xenobiotics[29]. A significant decrease in the expression of proteins that predict ER stress was observed
in animals receiving MLT. Our data are consistent with recent findings showing that MLT reduces ER
stress in different models of cell injury[24]. For example, treatment with MLT reduced ER stress and
modulated UPR in rabbits with fulminant hepatitis of viral origin, an effect that was associated with a
reduction in apoptosis, cell death, and liver damage[24]. MLT also showed a neuroprotective effect
through the reduction of ER stress in neuronal cells of newborn rats after hypoxia-ischemia[63].
Typically, ROS are controlled by intracellular antioxidants such as SOD; however, the excess demand in
protein folding can overload antioxidant response. In support of this theory, the use of antioxidants has
been shown to enhance protein folding and reduce apoptosis in response to ER stress[29].

Another highly regulatory mechanism essential for cellular redox homeostasis and protein folding
involves HSPs and the nuclear factor HSF1[29]. Among HSPs, HSP70 is one of the protein families that
has been more conserved in evolution, being expressed in the cell both constitutively and inductively.
Our data show that animals exposed to CCl, showed higher expression of HSP70 and HSF1. One of the
cellular responses to stress is HSP activation[64]. Several lines of evidence highlight the deleterious
effects of HSPs on various human diseases, including cancer, in which case it promotes survival and
proliferation of tumor cells and drug resistance[65]. Members of the HSP70 family have been partic-
ularly implicated in the pathophysiology and pathogenesis of several liver diseases such as hepatitis B
and C, non-alcoholic steatohepatitis, autoimmune hepatitis, primary biliary cirrhosis, and others[26].
Treatment with MLT reduced HSP70 and HSF1 expression.
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The exact mechanism leading to xenobiotic-induced cellular stress is still not well understood and
may involve multiple factors, such as xenobiotic concentration, time of exposure, mechanism of action,
cell type affected, among others. The combination of different cell damages, including oxidative stress,
ER stress, UPR, and cytosolic responses, may lead to cell apoptosis[29].

CONCLUSION

We conclude that MLT acts as a potent antioxidant, promoting the activation of the nuclear factor Nrf2,
which allows the reduction in oxidative stress. Concomitantly, we observed the restoration of serum
zinc levels, which contributes to numerous hepatic cytoprotective processes. With the reduction of
oxidative stress, it is possible to attenuate the ER stress and the unfolded protein response, as well as the
cell damage caused by the toxic agent CCl,.

The evaluation of new markers in this model may contribute to a better understanding of other
pathophysiological mechanisms of cirrhosis and its complications. MLT may offer a promising
therapeutic approach to liver diseases, given its effectiveness in the attenuation of oxidative stress. A
major limitation in the application of MLT is that most of the studies were designed especially on rats.
More research is needed in clinical trials to approve the potentials of this indolamine in humans.

ARTICLE HIGHLIGHTS

Research background

Chronic liver diseases are characterized by a multistep process that involves several molecules and
cellular events to transform a normal parenchyma into a parenchyma with steatosis, increased collagen
deposition, fibrosis, and cirrhosis. Melatonin (MLT) is a potent antioxidant molecule that is shown to
have a beneficial effect in various pathological situations, due to its action against free radicals.

Research motivation
To reduce the generation of reactive oxygen species would be a way to slow the progression of cell
damage observed in liver diseases.

Research objectives

To study the effects of MLT on biochemical analysis, on serum zinc levels, and on oxidative stress in rats
exposed to carbon tetrachloride (CCl,), and to evaluate the expression of proteins involved in cell
damage, endoplasmic reticular stress, and unfolded protein response in animals with liver injury
induced by CCl, and treated with MLT.

Research methods

Twenty male Wistar rats (230-250 g) were divided into four groups: Control rats, rats treated with MLT
alone, rats treated with CCl, alone, and rats treated with CCl, plus MLT. CCl, was administered as
follows: Ten doses every 5 d, ten every 4 d, and 7 every 3 d. MLT was administered intraperitoneally at
a dose of 20 mg/kg from the 10" wk to the end of the experiment (16 wk).

Research results

Administration of CCl, caused an increase in liver enzyme levels, a reduction in serum zinc levels, and
greater oxidative stress and ER stress. MLT treatment was able to reverse the changes promoted by the
toxic agent CCl,.

Research conclusions

We conclude that MLT acts as a potent antioxidant, promoting activation of the nuclear factor Nrf2,
which allows the reduction in oxidative stress. Concomitantly, we observed the restoration of serum
zinc levels, which contributes to numerous hepatic cytoprotective processes. With the reduction of
oxidative stress, it is possible to attenuate the ER stress and the unfolded protein response, as well as the
cell damage caused by the toxic agent CCl,.

Research perspectives

MLT may offer a promising therapeutic approach to liver diseases, given its effectiveness in the
attenuation of oxidative stress. A major limitation in the application of MLT is that most of the studies
were designed especially on rats. More research is needed in clinical trials to approve the potentials of
this indolamine in humans.
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Abstract

BACKGROUND

Eosinophilia and related organ damage are extensively studied hot topics among
rare disorders. Any addition to the cohort of available case reports of the same
will be adding knowledge for better management of this less known entity.

CASE SUMMARY

In this article, we describe a 27-year-old Indo-Aryan man who presented with
abdominal pain, abdominal distension, and loose stools for variable days. He had
splinter hemorrhages in the majority of fingernails. He was diagnosed with
predominant eosinophilic gastrointestinal involvement with bowel obstruction
and ascites, and was managed with intravenous immunoglobulin. He was
subsequently treated with oral low dose steroid therapy and responded
completely.

CONCLUSION

Our experience is evidence that prompt management of this hypereosinophilic
lethal gastrointestinal (all three layers) infiltrative disease provides a cure and
avoids complications. Splinter nail hemorrhages may be seen in the same disease.

Key Words: Ascites; Diarrhea; Eosinophilia; Intravenous immunoglobulin; Leuco-
proliferative disorder; Case report
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Core Tip: This case reveals the wide spectrum of atypical manifestations of hyper-eosinophilic syndrome.
Clinicians must be vigilant in order to diagnose primary instead of secondary eosinophilia as the former
can cause diffuse organ infiltration and widespread tissue damage. Eosinophilic gastrointestinal disorder
can present with involvement of all three layers of the gastrointestinal tract. Hypereosinophilic syndrome
can also present with splinter hemorrhages. Prompt management of this lethal infiltrative disease provides
a cure and avoids organ complications.
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INTRODUCTION

Hypereosinophilic syndrome (HES) is an idiopathic, less defined, less known, primary leuco-prolif-
erative disorder associated with peripheral blood eosinophilia and organ damage. The term HES was
first used by Anderson[1] in 1968 in a case series, and since then, there have been considerable
improvements in the understanding and hence changes in the definition and criteria for the diagnosis of
this syndrome. The old definition (1975, Chusid et al[2]) included persistent blood eosinophilia > 1.5 x
10°/L lasting for > 6 mo, associated with eosinophil-mediated organ damage. However, the new
definition (2010, Simon et al[3]) includes more than peripheral blood eosinophilia or duration of
symptoms, and the evidence of eosinophil-mediated organ damage is enough for diagnosis of HES.

Presentations may vary, and can be organ-specific, may present as a myeloproliferative disorder, or
may be asymptomatic. Treatment guidelines are not yet defined. Patients mostly present with organ
damage in organ-specific eosinophilia syndrome and thus require an immediate intensive phase
treatment to avoid organ failure and then a continuous phase of immunomodulator or steroids to avoid
recurrences.

Eosinophilic gastroenteritis is a term reserved for an entity, where there is eosinophilic inflammation
of more than one histologically distinct anatomic location in the gut[4]. Clinical presentation depends on
the anatomical site and histological layer of the gut. The presentation can be as mild and chronic as
dyspepsia, nausea, diarrhea, or as a differential for protein-losing enteropathy with mucosal layer
involvement to as severe as crampy abdominal pain and intestinal obstruction with muscular layer
involvement. The least common serosal type presents with eosinophilic ascites and abundant peripheral
eosinophilia or rarely in severe cases as perforation[5].

Here we report a case of HES who presented with abdominal pain, distension, diarrhea, and splinter
hemorrhages.

CASE PRESENTATION

Chief complaints
A 27-year-old Indo-Aryan man, resident of North-India, an electrician by profession, without addictions

or co-morbidities presented with abdominal pain of 20 d, abdominal distension of 10 d, and loose stools
of3d.

History of present illness

Abdominal pain was a continuous dull ache around the umbilicus. The pain became intermittent
associated with the non-passage of flatus and feeling of fullness in the abdomen that was relieved with
passage of flatus after some time. In the previous 10 d he had abdominal distension, which started
around the left flank, and progressed to involve the whole abdomen. He had no vomiting, fever,
jaundice, significant weight loss, urinary problems, chest problems, or lower limb swelling. Reports
from outside our hospital showed eosinophilia (absolute count, 11400/ pL).

History of past illness
He had no allergic tendency, pruritus ani, any recent intake of drugs, or B symptoms.

Personal and family history
No history of atopy in his family and no history suggestive of the same.
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Figure 1 Cutaneous manifestations and endoscopic findings in the patient with eosinophilic gastrointestinal disorder. A and B: Sections
show splinter hemorrhages (arrows) in different nails; C and D: Show terminal ileum and colonic mucosal erythematous erosions (arrows).
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Physical examination

On examination, he was of average built (body mass index, 22 kg/m?) with stable vitals. His local
examination revealed splinter hemorrhages in digital nails (Figure 1A and B); however, fundoscopy did
not show any Roth spots. Abdominal examination showed a distended abdomen with shifting dullness
and sluggish bowel sounds without organomegaly or any stigmata of chronic liver disease. His systemic
examination was non-contributory.

Laboratory examinations

His initial hemogram showed a leucocyte count of 33000/ pL (absolute eosinophil count, 25000/ uL) and
normal hemoglobin and platelet count. Peripheral smear confirmed eosinophilic leukocytosis without
any blasts or hemiparasites. Midnight diethyl carbamazine provocation test was negative (diethyl
carbamazine single dose 300 mg at midnight to increase yield). His kidney and liver functions were
essentially normal. Total IgE was 830 kUA/L (normal range, < 64 kUA/L). The ascitic fluid study
revealed low SAAG ascites (ascitic albumin: 2.9 g/dL and SAAG: 0.7 g/dL) with raised leukocyte count
(6000 cells/mm?®) and numerous eosinophils (95% polymorphs and 5% monomorphs) and reactive
mesothelial cells. Multiple stool microscopy samples were obtained, however no evidence of parasites
was observed.

Imaging examinations

Ultrasonography of the abdomen showed ascites with multiple echogenic foci (septated) and few
subcentimetric mesenteric lymph nodes. ECG and chest X-ray were normal. A contrast-enhanced
computed tomography (CT) of the abdomen was performed to rule out any occult abdominal
pathology, which revealed diffuse bowel wall thickening and submucosal edema. Both upper
gastrointestinal (GI) endoscopy and colonoscopy were performed and showed erythematous mucosa
(Figure 1C and D). The biopsy from multiple sites (antrum, duodenum, ileum, cecum, rectum) revealed
eosinophilic infiltration in the lamina propria with dense infiltration of muscularis mucosa at the
terminal ileum (Figure 2). His esophageal biopsies were essentially normal.

FINAL DIAGNOSIS

At initial evaluation, differentials were parasitic infiltrations with secondary eosinophilia vs hyper-
eosinophilic gastroenteritis vs hyper IgE syndrome. However, after all the investigations, the patient
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Figure 2 Histopathology images. A: Terminal ileal/ileocecal biopsy section shows mucosal lining with marked eosinophil rich infiltrates in the lamina propria.
The eosinophils infiltrate the muscularis mucosae; B: Higher magnification (400x) of the duodenum section shows the infiltration of crypt epithelium by eosinophils
(arrow); C: Section from the ascending colon lamina propria shows a mild increase in eosinophils; however, no cryptitis or crypt abscess is seen; D: Higher
magnification (400x) of the rectum shows crypt lining epithelium infiltrated by eosinophils (arrow).
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was confirmed to have hypereosinophilic syndrome presenting as eosinophilic gastroenteritis disorder
(EGD) with atypical splinter hemorrhages.

TREATMENT

He was started on intravenous immunoglobulin (IVIG) at a total dose of 2 gm/kg divided over 5 d, after
which he showed significant symptom improvement. He was started on a six food elimination diet
(cow’s milk, soy, wheat, egg, peanut, seafood/shellfish). His abdominal girth had reduced from 96 cm
to 81 cm at discharge. His eosinophilic count also reduced to 1200/ uL.

He was discharged on oral prednisolone 30 mg/d and planned to taper off.

OUTCOME AND FOLLOW-UP

In his last follow-up after 2-mo, there was no evidence of ascites or splinter hemorrhages. He has
resumed work with normal eosinophil counts on low-dose steroid (prednisolone 10 mg/d) and plans to
stop the steroid after 6-mo with a wait and watch policy.

DISCUSSION

This particular case revealed two major findings concerning HES. One is EGD and the other is splinter
hemorrhages. EGD is proposed to have a centrifugal eosinophilic infiltrate starting from the mucosa to
serosa evidenced by the fact that the disease with serosal and muscular types always has mucosal
involvement[6]. This case had symptoms suggestive of the involvement of all the three layers of the GI
tract: Diarrhea and hypoalbuminemia suggestive of mucosal involvement, intestinal obstruction, and
related symptoms suggestive of muscular involvement, and exudative ascites suggestive of serosal
involvement. Such extensive symptomatology, whether reported in a single case or not is to our
knowledge unknown. The classification or therapeutic guideline for HES is still limited as most review
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Figure 3 The classification of hypereosinophilic syndrome as per Simon et al[3]. CSS: Cyberchondria severity scale; IBD: Inflammatory bowel
disease; HES: Hypereosinophilic syndrome; CEL: Carboxyl ester lipase. Citation: Simon HU, Rothenberg ME, Bochner BS, Weller PF, Wardlaw AJ, Wechsler ME,
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articles are based on case reports and case series. To date, no randomized studies have been carried out
in the adult population regarding management. Simon et al[3] classified HES into multiple independent
categories based on clinical manifestations and pathogenesis (Figure 3). Lymphoproliferative HES is
associated with increased production of eosinophil hematopoietin (mainly IL-5) by activated T-
lymphocytes[7]. Another feature associated with the same is increased levels of serum IgE, dermatologic
manifestations, and gastrointestinal symptoms. Hence our case could be a type of this variety. Other
types such as undefined and organ-specific variants are also associated with a similar pathogenesis,
lymphocyte-mediated increased eosinophil hematopoietin production, and related eosinophilic infilt-
ration and organ damage[8]. These variants are responsive to immunosuppressive therapy, both to
steroids and steroid-sparing immunomodulatory agents.

Eosinophilic gastroenteritis was first reported in 1937; however, the pathogenesis and management
are unknown. There are two main reasons for this apparent contradiction. Firstly, it presents just like
any other GI disorder with heterogeneous and nonspecific symptoms and is thus under-diagnosed.
Secondly, it is a less prevalent disease[4]. The pathogenesis of EGD is complex and multifactorial. A
trigger factor such as a food allergen, helminth, or bacterial infection is often involved, leading to and
IL-5 mediated eosinophilic recruitment to the GI tract. The eosinophil-mast cell axis is a known factor
involved in functional GI disorder[4]. Activated mast cells secrete histamine and serotonin, which
results in visceral sensitivity and motility disorder. The same axis is proposed to function in EGD. EGD
can be associated with or without peripheral eosinophilia and diagnosis thus remains tricky. In the
presence of ascites, a diagnostic tap showing exudative ascites with eosinophilia is suggestive of the
disease[9]. Endoscopy guided biopsy is a useful test; however, patchy involvement of the GI tract means
that diagnosis can be missed in 25% of cases[10]. In such cases, CT imaging is useful to identify
thickened bowel areas where a surgical biopsy can be attempted[11]. Small bowel MRI, as well as CT
scanning, are nonspecific in diagnosing eosinophilic gastroenteritis and use of imaging is to guide
biopsies. Presently, no studies comparing the diagnostic accuracy of these procedures are available.
Capsule endoscopy[12] may be used to detect eosinophilic gastroenteritis as it may provide clues for
lesions in the small bowel which may be difficult to diagnose with conventional endoscopy; however,
studies pertaining to the same are not available.

Subungual splinter hemorrhages are vertical hemorrhages occurring in the capillary loops of the nail.
Their association with an eosinophilic syndrome was provided in a case report of eosinophilic
endomyocarditis[13]. Their association with HES or EGD has not been reported to date. The
pathogenesis is questionable as cutaneous manifestations of HES are related to dermal microthrombosis.
Usual cutaneous manifestations are angioedema, erythematous pruritic papules and nodules,
generalized erythroderma, and blistering skin lesions in the form of vesiculobullous lesions[14]. In
infective endocarditis, splinter hemorrhages are thought to be due to the embolic phenomenon and
subsequent hemorrhagic changes[15]. Thus, hemorrhagic changes on microthrombosis can be the reason
for splinter hemorrhages in HES but further research and clarification are needed.
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EGD is still a novel disease requiring extensive research for further knowledge expansion. Until then
treatment is based primarily on clinician experience. Treatment strategies involve immunosuppression
with corticosteroids, leukotriene receptor antagonists, mast cell stabilizers, antihistamines, or treatment
with immunomodulators such as 6-mercaptopurine and azathioprine. Novel therapies include
biologicals like Reslizumab (IL5 antagonist), Infliximab (TNF alpha inhibitor), Omalizumab (a
monoclonal antibody against IgE), or IVIG[4]. Our patient presented with alarming symptoms of bowel
obstruction and exudative ascites, hence we preferred to start him on IVIG therapy, to which he
responded, potentially avoiding surgical intervention, and then started him on oral prednisolone
therapy. Hence, we suggest the use of IVIG therapy in patients with alarming symptoms for rapid
response. However, this was a single case report and hence requires blinded, prospective and
randomized studies to determine the efficacy of IVIG for HES.

CONCLUSION

Our experience provides evidence that prompt management of this infiltrative disease offers a cure and
avoids organ complications. Clinicians must be vigilant in order to diagnose primary instead of
secondary eosinophilia as the former can cause diffuse organ infiltration and widespread tissue damage.
EGD can present with the involvement of all three layers of the GI tract. HES can also present with
splinter hemorrhages.
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Abstract

The effect of Fuzhuan brick tea (FBT) on metabolism in obese mice is mediated by
regulation of N-methyltransferase by aryl hydrocarbon receptor. The expression
of the phosphatidylethanolamine N-methyltransferase gene is regulated by many
transcription factors, and those specific to this effect need further investigation.
Experimental animal studies have been designed to observe the effects of a single
drug or the sequential effects of drugs. A washout period should be included if
different drugs (e.g., antibiotics and FBT) are given to avoid or reduce additive
effects or synergy. Currently, most experimental studies performed in mice used
only male animals. However, experience has revealed that the results of using
only male mice are very likely to have sex differences.

Key Words: Intestinal flora; Mice; Tea; Sex bias; Fuzhuan brick tea

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

Core Tip: Some studies found that Fuzhuan brick tea has an effect on the gut
microbiome. Many transcription factors regulate the expression of the phosphatidyleth-
anolamine N-methyltransferase gene. Only selecting aromatic hydrocarbon acceptors
for research needs to be given a sufficient basis. In germ-free mice, sex differences in
metabolism were reduced, i.e., antibiotics may cause changes in the homogeneity of the
mice, and if the mice are of different sexes, the gut microbiota of the mice may be
different. Under the influence of antibiotics, sex differences in the microbiota may be
reduced or even flattened.
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TO THE EDITOR

We were pleased to read the research article by Liu et al[1]. They conducted a study of the effects of
Fuzhuan brick tea (FBT) on metabolism in a mouse model of obesity induced with a high-fat diet. They
found that FBT had an impact on intestinal microbes. Most importantly, they pointed out that the
beneficial effects of FBT on metabolism were strongly correlated with the intestinal flora of the mice.
This article provides very detailed research and data analysis, study background, and very clear figures,
and the results are reasonable. However, we believe that the study has issues worthy of further
discussion.

The authors mentioned that abnormal levels of serum phosphatidylcholines (PCs) and/or a
decreased PC to phosphatidylethanolamine (PE) ratio (PC/PE) are risk factors for obesity. Phosphatidy-
lethanolamine N-methyltransferase (PEMT) catalyzes poor synthesis of PC or restricted conversion of
PE to PC, which may be one of the factors responsible for abnormal metabolism of PC and PE. Many
transcription factors are known to regulate the expression of the PEMT gene[2]. What was the basis for
choosing only aryl hydrocarbon receptors? We recommend that the authors perform RNA sequencing
to analyze the specific transcription factors regulated by PEMT. In addition, we also recommend that the
authors provide the corresponding experimental steps so that subsequent works can replicate this
experiment. Additionally, both Bernhard[3] and Tseng and Wu[4] reported that the effects of the human
gut microbiome on host metabolism and inflammation greatly contribute to an increased risk of obesity.
Therefore, high expression of inflammatory factors and abnormal metabolism constitute a high risk of
obesity. We suggest that the authors explore the relationship between inflammatory factors and PEMT
to strengthen their results and improve the study credibility.

All 35 mice used in the study were male, which ignored the impact of sex differences on the intestinal
flora. Although male mice are more widely used in scientific research, this phenomenon generally only
appears in the field of brain research. Investigators have increasingly found that the view that women
are more "emotional and unstable", introduced in the 19th century, and having a strong influence on
research design, falls short. The American neurologists Shansky and Murphy[5] explained that "do not
use female animals for the primary reason for the research is that the influence of female hormones
complicates many factors, especially when studying the brains of female animals." Problems caused by
sex differences in response to drug treatment and difference in the misdiagnosis rate are recognized in
fields other than neurology[6,7]. Some drugs are more effective in men than in women, such as the
common anti-inflammatory drugs paracetamol and naproxen; others, such as alosetron, which treats
acute diarrhea, is not effective for most men. In addition, Weger et al[8] described sex-specific
differences in gene expression and metabolism that require the presence of microbiota. In germ-free
mice, sex differences in metabolism were reduced. Male mice metabolized more like female mice, and
female mice metabolized more like males. Antibiotics may cause changes that also introduce
homogeneity in mice, and the intestinal flora of mice may be different if the sex of the mouse is different
[9]. Under the influence of antibiotics, sex differences in microbiota are likely to be reduced or even
flattened. Therefore, we suggest that the authors supplement their results with data obtained from a
repeat study including a group of female mice.

In the experimental design, mice treated with antibiotics did not undergo a short washout period of
1-3 d, to eliminate the possible overlapping effects of antibiotics and FBT. Yi et al[10] found that
polyphenols, the main active ingredient in tea, inhibited or killed intestinal bacteria, especially
Streptococci. Koo and Cho[11] reported that tea reduced the absorption of cholesterol and lipids from the
gastrointestinal tract, which synergistically interacted to improve disease state. Kiss et al[12] reported
that the ingredients in tea affected the absorption of amoxicillin, thereby reducing its effectiveness. We
thus suggest that the authors consider adding a transition period in the experimental design to avoid
overlapping or interference between the effects of antibiotics and FBT.

We believe that analysis of the FBT components extracted in only one solvent was not comprehensive
enough and may be a limitation, as the composition of FBT is complex, including both fat-soluble and
water-soluble components. There may also be some kind of cross-linking between the components. We
believe that these factors should all be taken into account.
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Abstract

Biliary atresia (BA) and choledochal cysts are diseases of the intrahepatic and
extrahepatic biliary tree. While their exact etiopathogeneses are not known, they
should be treated promptly due to the potential for irreversible parenchymal liver
disease. A diagnosis of BA may be easy or complicated, but should not be
delayed. BA is always treated surgically, and performing the surgery before the
age of 2 mo greatly increases its effectiveness and extends the time until the need
for liver transplantation arises. While the more common types of choledochal
cysts require surgical treatment, some can be treated with endoscopic retrograde
cholangiopancreatography. Choledochal cysts may cause recurrent cholangitis
and the potential for malignancy should not be ignored.
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Core Tip: Biliary atresia (BA) and choledochal cysts are diseases that cause obstructive
cholestasis. While the diagnosis of BA can be rather complicated, it should be made as
early as possible and treated with a Kasai hepatoportoenterostomy before the age of 2
mo for a good prognosis. All patients with persistent acholic stool and elevated gamma-
glutamyl transferase should be evaluated for BA, although normal ultrasonography will
not rule out BA, and such patients are candidates for intraoperative cholangiography.
Choledochal cysts can present symptoms at any age, and as recurrent cholangitis attacks
will lead to chronic liver disease with potential malignancy, treatment and long-term
follow-up are essential.
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INTRODUCTION

Jaundice develops as a result of excessive bilirubin production, a decrease in its excretion, or both. An
increase in the conjugated bilirubin fraction is observed in cholestatic patients. Conjugated and direct
bilirubin are often treated as synonyms, although direct hyperbilirubinemia is the sum of conjugated
bilirubin and delta bilirubin, and an increase in both results in jaundice[1]. Conjugated (direct) hyperbi-
lirubinemia is defined as serum conjugated bilirubin > 1 mg/dL when total bilirubin is < 5 mg/dL, or
when serum conjugated bilirubin accounts for > 20% of the total bilirubin when the total bilirubin is > 5
mg/dL. All infants with direct bilirubin levels of > 1 mg/dL, however, should be evaluated for
cholestasis[2]. Biliary atresia (BA) and choledochal cysts are known to cause obstructive jaundice, and
conjugated hyperbilirubinemia will be observed. Jaundice develops in the first weeks of life in BA,
whereas in choledochal cysts, it may develop at any time during infancy or childhood, or may be
recognized incidentally. In both cases there is an indication for surgery or endoscopic retrograde cholan-
giopancreatography (ERCP)[3,4]. The present study opens a discussion on BA and choledochal cysts.

BILIARY ATRESIA

BA is characterized by progressive fibro-obliteration and destruction of the intrahepatic and/or
extrahepatic bile ducts in the neonatal period, and is the most common cause of cholestasis in infants. If
left untreated, it quickly advances to biliary cirrhosis and death[3]. In the 1950s, with the development
of Kasai portoenterostomy by Dr. Morio Kasai, it became possible to treat BA surgically, although early
diagnosis and treatment increase the effectiveness of surgery[5]. BA is the most common indication for
liver transplantation (LT) in childhood, which can be performed successfully if surgical treatment fails
or decompensated cirrhosis develops[6].

Epidemiology

Different frequencies of BA have been reported in different geographical regions, reported as 22371 live
births in North America[7], 17049 live births in the United Kingdom[8], 18400 live births in France[9],
1.06 cases per 10000 live births in Korea[10], 9640 live births in Japan[11] and 1.7-1.85 per 10000 live
births in Taiwan[12], with a greater incidence in rural locations than in urban areas reported. The reason
for the higher incidence in the East than in the West is unknown, although different studies have
suggested that ethnicity may play a role and that an association with human leukocyte antigen (HLA)
molecules exists, suggesting that the dominant HLA molecule in a population is correlated with BA[13].

Clinical phenotypes

BA has been identified in embryonic or syndromic, and perinatal or non-syndromic forms, the latter of
which accounts for more than two-thirds of all cases. The perinatal, or non-syndromic, type is generally
not accompanied by other anomalies, although the association of the embryonic or syndromic type with
multiple anomalies is more common (Table 1)[14]-the most common being situs inversus and intra-
abdominal vascular anomalies, in addition to BA with splenic malformation (BASM) syndrome. In an
earlier study by the author involving 59 BA patients, BASM was identified in seven (11%) cases, with
the most common associated anomalies being midgut malrotation (in all patients), polysplenia/asplenia
(in four and one patient) and preduodenal portal vein (in five patients)[15].

In a third clinical form or variant of BA, an extrahepatic cyst similar to a choledochal cyst acc-
ompanied by a fibrosing obstruction has been described, which has been reported in studies to account
for 5%-10% of the total BA[16]. In all forms, bile duct proliferation and portal fibrosis are common
histological features and are not distinctive[17], although a cholangiogram may reveal features specific
to each form[18].

Clinical features

BA with extrahepatic cysts can be identified early with antenatal ultrasonography. Indirect findings can
also be observed through antenatal ultrasonography in species with BASM[19], with the first symptom
being jaundice (conjugated hyperbilirubinemia)[20]. In the embryonal type, jaundice is noticeable at
birth, that is, there is no jaundice-free interval, while in the postnatal type, the physiological jaundice is
followed by conjugated hyperbilirubinemia. Jaundice lasting more than 2 wk is always pathological and
should be investigated. A greenish-yellow color is observed in conjugated hyperbilirubinemia, and is
unlikely to occur after 8 wk. Acholic stool and dark urine usually accompany jaundice, with acholic
stool usually presenting at 2 wk of age that is almost indisputable at one month of age[21]. The color of
the stool may sometimes be light and not definitely acholic, and the recognition of acholic stool by
parents may be delayed if the diaper is stained with dark urine.

Familial transmission is unlikely in BA. In our case series, we found the rate of consanguineous
marriage to be higher in cholestatic cases not linked to BA (mostly idiopathic neonatal cholestasis) than
in those with BA (56% vs 24%)[22]. Babies with BA are usually term and of normal birth weight. In the
most common perinatal type, weight gain is normal in the first weeks, but begins to decrease in
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Table 1 Associated anomalies of embryonic or syndromic biliary atresia

Origin of anomaly

Description

Splenic anomalies

Asplenia, double splen, polysplenia

Cardiovascular anomalies  Interrupted/absent inferior vena cava, dextrocardia, left atrial isomerism, other cardiac anomalies (pulmonary stenosis, ASD,

VSD, PDA, total anomalous pulmonary venous return, coarctation of the aorta, TOF, hypoplastic left heart syndrome)

Portal vein and hepatic Preduodenal portal vein, anomaly originated hepatic artery

artery anomalies

Abdominal anomalies Situs inversus, midgut malrotation, intestinal atresia (esophageal, duodenal or jejunal), anular pancreas, short pancreas

Renal anomalies

Other uncommon
anomalies

Renal agenesis, hypoplastic or polycystic kidneys

Primary ciliary dyskinesia, caudal regression syndrome

ASD: Atrial septal defect; PDA: Patent ductus arteriosus; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect.
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untreated patients. Bleeding may occur due to vitamin K malabsorption; hepatomegaly and spleno-
megaly are signs of cirrhosis and portal hypertension, and ascites will be observed in decompensated
cases[20].

Pathogenesis

The pathogenesis of BA is not yet fully known, although it has been suggested that it may stem from
abnormalities in the duct morphogenesis, or genetic or postnatal factors that lead to progressive fibro-
obliteration in the duct morphology (while the bile duct tree is present at birth)[23].

Defect in morphogenesis

The coexistence of other organ anomalies in the embryonal type of BA suggests the presence of an
abnormality in the embryonal development process. Bile ducts emerge as a result of a series of processes
in which the fetal ductal plate is remodeled at the level of the intrahepatic bile ducts of the porta hepatis.
If there is a failure in the remodeling, a ductal plate malformation (DPM) develops with fetal configur-
ations in the intrahepatic bile ducts. DPM has also been described in extrahepatic BA[24], with
suggestions that ducts are present in morphogenesis, but lack periductular mesenchymal tissue support,
with bile leakage causing inflammation and progressive ductal fibro-obliteration. Whether inflam-
mation is a cause or an effect, however, is unknown.

Viral infections
Previous data indicating that diagnoses of BA in infants are seen more frequently in the autumn and
spring suggest that a viral agent may be behind the development of BA in the perinatal period. No
association has been identified with hepatitis A, B or C, or Rubella. Cytomegalovirus (CMV), Reovirus
and Rotavirus are the most studied viruses. In a study conducted in a developed nation, the high CMV
seroprevalence of mothers of infants with BA and the detection of CMV DNA in the hepatocytes
suggested that CMV may play a role in the pathogenesis[25], while a further study identified no CMV
DNA in the porta hepatis specimens of a group of patients with BA[26], meaning that further studies of
the role of CMV are required.

Reovirus type 3 and group C rotavirus have been shown to cause fibro-obliterative cholangiopathy in
several experimental studies, although any relationship between these viruses and BA in humans has
yet to be proven[27,28].

Environmental toxins

After an outbreak of BA in lambs and calves in Australia, it was concluded that BA had developed in
the offspring of pregnant animals exposed to certain environmental toxins. In experiments, an
isoflavonoid named biliatresone, isolated from the Dysphania plant in the epidemic region of Australia
was found to cause a loss of cilia in cholangiocytes, and was associated with bile duct injury[29]. BA in
pregnant women has not been linked to any known environmental toxin exposure.

Maternal microchimerism

Previous studies have associated immunodysregulation with BA, and it has been suggested that
maternal microchimerism plays a role in its pathogenesis. There have also been studies specifying an
increased number of maternal cells in the sinusoids and portal areas of patients with BA, and another
suggesting the presence of a graft-versus-host disease caused by engrafted maternal effector T
lymphocytes[30]. There may be particular factors causing the second hit, however further studies will be
needed to clarify this issue.
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Genetic factors

The absence of Mendelian inheritance in the postnatal type and the presence of an unaffected sibling by
BA in monozygotic twins suggest an absence of genetic origin in this type. It has been suggested,
however, that genetic factors may play a role in the etiology of the embryonal type, accompanied by
other congenital anomalies. Studies have identified different gene loci, although it cannot be said with
any certainty that they cause BA alone. The CFCI gene encodes the cilium-associated protein inversin
and the cryptic protein that provide signaling during embryonic development. PKD1L1 encodes
Polycystin 1 Like 1 and regulates cilier functions, and both gene defects are associated with visceral
heterotaxy. Heterozygous CFC1 and PKD1L1 mutations have been determined in some patients with
BASM[31,32]. XPNPEP1 (mediates the metabolism of inflammatory mediators in epithelial cells) and
ADD3 (plays a role in the spectrin-actin network in the biliary tract) mutations have been observed in
some patients with BA[33]. The genes associated with other diseases have also been found in patients
with BA, including JAGI (Alagille syndrome), MYO5B (microvillus inclusion disease), ABCC2 (Dubin-
Johnson syndrome), ABCB11 (PFIC type 2), UG1A1l (Crigler-Najjar syndrome), MLL2 (Kabuki
syndrome), REX6 (Mitchell-Riley syndrome), ERCC4 (Fanconi anemia) and KCNH1 (Zimmermann-
Laband syndrome)[34].

Diagnosis

The early recognition of BA is important for the effectiveness of surgery, although centers follow
different diagnostic algorithms based on their own experience. Diagnosing the disease as early as
possible and performing the Kasai procedure before 2 mo of age (especially before 30-45 d) increases
the effectiveness of the procedure and delays LT[5]. The average age at which the Kasai procedure is
performed, however, usually exceeds 2 mo. In an earlier study by the author, the parents of patients
diagnosed with BA noticed jaundice on the postnatal 11* day, although the average age at which
patients are referred to us as a tertiary hospital is 58 d[35], due primarily to the similarity of the
symptoms to common benign causes, such as physiological jaundice or breast milk jaundice. It may also
be missed in well-baby visits, as jaundice may not be visible in the first days of life. The European
Society for Paediatric Gastroenterology Hepatology and Nutrition and the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) recommend the evaluation of
total and direct serum bilirubin in newborns whose jaundice persists after 2 wk of age, and the referral
of those with high serum direct bilirubin levels (direct bilirubin levels > 1.0 mg/dL or > 17 mmol/L) to a
pediatric gastroenterologist or hepatologist[2]. A physical examination can thus be considered an
important screening test, and so looking for signs of cholestatic jaundice during well-baby and
vaccination visits by primary healthcare givers is advised.

Being a common disease, BA screening tests have been developed to extend the transplant-free period
through early diagnosis and treatment. BA meets the requirements for inclusion in the newborn
screening program[35]. One screening method involves the use of a stool color card, with a card
carrying photos of normal and pale stools being given to the parents who are advised to contact their
healthcare providers upon encountering an abnormal stool color. Stool color may also be discussed with
healthcare providers during the 1st-month well-baby visit. Stool color tests were first applied in Japan
and Taiwan. In Japan, the sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of the test have been reported to be 76.5%, 99.9%, 12.7% and 99.9%, respectively, in the 1+
month[21]; while in Taiwan, the sensitivity, specificity, PPV and NPV of the test at 2 mo is reported to
be 89.7%, 99.9%, 28.6% and 99.9%, respectively[12]. Since the age of performing a Kasai operation with
the screening test in these two countries has shortened significantly when compared to the pre-
screening test (59.7 d vs 70.3 d in Japan, and 48.2 d vs 59.9 d in Taiwan) countries[35] such as Germany,
Canada, Switzerland and Brazil have also started to implement this screening program. The main
advantage of the stool color card method is its non-invasive nature. In a few studies in which a
serum/plasma conjugated bilirubin measurement approach is applied, as an alternative method, the
sensitivity and specificity of high conjugated bilirubin levels in predicting BA have been reported as
100% and 99.9%, respectively[36,37]. While this method can also facilitate the early diagnosis of other
liver diseases associated with direct bilirubinemia, there are such disadvantages as its invasive nature,
and uncertainties of its cost-effectivity and which thresholds to use. There have been studies identifying
cholic acid and chenodeoxycholic acid in dried blood specimens[38,39] and urinary oxysterols[40] as
potential markers in the screening of BA, although these metabolic products need to be tested in
prospective studies.

There is no single test for the diagnosis of BA. As in all diseases, family history and birth character-
istics should first be questioned as a family history of cholestasis and preterm birth suggest neonatal
hepatitis rather than BA. Unlike metabolic diseases, infants with BA appear well unless cirrhosis
develops, and vomiting/feeding intolerance is not expected. Despite conjugated hyperbilirubinemia,
pruritus is uncommon in BA. Acholic stool may initially be absent and some stools may contain bile
pigment, although acholic stool may also be observed in neonatal hepatitis, but as fibroobliteration
progresses in BA, acholic stool persists. Persistent pigmented stool is not an expected finding in BA[20].
Transaminases and gamma-glutamyl transferase (GGT) are almost always elevated in BA, and GGT is
disproportionately higher than transaminases, while this is opposite in neonatal hepatitis. GGT
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continues to rise over time. In one study, the mean GGT levels in infants aged < 2, 2-3 and 3-4 mo were
recorded as 371.6, 600.5 and 697.2 respectively[41].

Ultrasound is widely used for the evaluation of the biliary tract and liver, and the sonographic
findings of patients with BA are gall bladder absence, hypoplastic gall bladder, triangular sign, absence
of gallbladder contractility after feeding, and polysplenia and vascular anomalies in syndromic types
[42]. Most, but not all of those with BA have a hypoplastic or absent gallbladder, and so normal
ultrasonography does not exclude BA. Absence of gallbladder results are variable and may occur in
0%-53% of cases. Previous studies have reported a triangular sign to be more sensitive (58%-100%) and
specific (83%-100%) for the prediction of BA, while others say report gallbladder abnormalities (short,
lack of lumen) to be more sensitive (50%-100%) and specific (82%-95%)[43]. There are reports of 100%
sensitivity and NPV in the identification of BA together with gallbladder anomalies and GGT[44]. In our
series, GGT, pale stool and abnormal ultrasonography had maximum sensitivity and PPV (sensitivity
and PPV were both 95%, diagnostic accuracy 70%)[22].

Hepatobiliary scintigraphy has been used for the diagnosis of BA. The passage of the radionuclide
into the intestine is a good finding in excluding BA, although an absence of intestinal transit in hepato-
biliary scintigraphy can also be seen in intrahepatic cholestasis besides BA. In a recent meta-analysis, the
sensitivities and specificities of hepatobiliary scintigraphy were reported to be 84%-100% and 35%-93%,
while PPV was 64.5% and NPV was 97.2%[45]. In some centers, phenobarbutal is used for 5 days prior
to examination to increase the sensitivity, although hepatobiliary scintigraphy may delay a diagnosis,
leading some centers to exclude hepatobiliary scintigraphy from their BA diagnostic algorithm[20].

Magnetic resonance cholangiopancreatography (MRCP) is a non-invasive imaging method that is
used for selective biliary imaging. In the diagnosis of BA, the sensitivity and specificity of MRCP have
been reported as 85%-100% and 36%-96%, respectively. Previous studies have reported that MRCP and
ultrasonography had better sensitivity and specificity[23,45].

It is not easy to diagnose BA through solely non-invasive methods. Extrahepatic bile ducts can be
visualized with ERCP with high sensitivity (86%-100%) and specificity (79%-94%), and with high PPV
(88%-96%) and NPV (100%)[46,47], although the procedure requires an experienced endoscopist and a
neonatal dudenoscope, which very few centers keep. In a large patient-series study, the success of the
ERCP technique was reported to be 89.2%[46].

Among the histopathological findings of BA are duct/ductular bile plugs, ductular reaction and bile
duct proliferation, portal stromal edema, marked portal fibrosis, pseudorosette formation, peribiliary
neutrophilic infiltrates and interlobular bile duct injury (Figure 1). Giant cell transformation may be
observed in BA, but not as intense as in neonatal hepatitis[48]. A multicenter study concluded that
duct/ductal bile plugs and portal stromal edema were the strongest independent histologic predictors
of obstruction[17]. The sensitivity and specificity of histological findings are over 90%, although
histopathological findings similar to those seen in BA may also be observed with other neonatal
cholestasis diseases [such as alpha 1 antitrypsin deficiency, progressive familial intrahepatic cholestasis
(PFIC), cystic fibrosis], though not necessarily in the early period[49,50]. The absence of an extrahepatic
biliary tree in intraoperative cholangiography is, therefore, the leading indicator of BA[2]. In our center,
where the pathological differential diagnosis of cholestasis cannot be sufficiently performed, suspected
BA cases are referred immediately to the pediatric surgery department for intraoperative cholan-
giography in the early period. As a result, 68% of cases undergoing intraoperative cholangiography
were diagnosed with BA and underwent the Kasai procedure[22]. This procedure can also be carried
out laparoscopically[51]. If BA is confirmed, the Kasai procedure can be performed in the same session
or in a second session. If extrahepatic bile ducts are present, a liver biopsy is taken and the procedure is
terminated.

While performing all these diagnostic procedures, we recommend each center use the procedures
they are most experienced with to make the diagnosis as early as possible and to avoid any delay.

In recent years there have been studies reporting the high sensitivity and specificity (> 90%) of serum
matrix metalloproteinase-7 as a biomarker for the diagnosis of BA[52,53].

Differential diagnosis
As several diseases can cause neonatal cholestasis, efforts should focus both on the identification of BA
and the exclusion of other diseases.

Choledochal cysts: Infants with choledochal cysts sometimes present with cholestasis. Generally,
ultrasonography is sufficient to distinguish choledochal cysts from BA, although it may be difficult to
identify the cystic dilated BA form, and so other diagnostic tests can be performed.

Alagille syndrome: This is a cholestatic disease that is characterized by bile duct paucity, and that can
be difficult to recognize in the neonatal period. A typical facial appearance (prominent forehead, deep-
set eyes, pointed chin and straight nose), and ocular, cardiac, renal and skeletal anomalies may
accompany. In Alagille, GGT can reach very high values. If a differential diagnosis is difficult, a liver
biopsy can be performed before resorting to intraoperative cholangiography. Bile duct proliferation is a
prominent feature in BA, while bile duct paucity is present in Alagille[54].
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Figure 1 Liver biopsy of a patient with biliary atresia. A: Cholestasis (arrow) and ballooning degeneration (asterisks) (hematoxylin-eosin, magnification x
100); B: Portal fibrosis (hematoxylin-eosin, magnification x 100); C: Bile duct proliferation (Cytokeratin 19, magnification x 100).
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PFIC

PFIC 1-2 is the cause of cholestasis when GGT is normal, while PFIC-3 is the cause of cholestasis with
high GGT. Persistent acholic stool is not an expected finding in PFIC-3[55].

Cystic fibrosis

Cystic fibrosis may cause neonatal cholestasis, and GGT may increase in cystic fibrosis. Persistent
acholic stool is not an expected finding. Family history, abnormal neonatal screening test, and presence
of meconium ileus or steatorrhea are strong indicators of cystic fibrosis[56].

Bile acid synthesis disorders

Bile acid biosynthesis defects are a known cause of neonatal cholestasis. Acholic stool may be observed
in some cases. It is differentiated from BA when the GGT level is normal or low. Where possible, it can
be confirmed through the measurement of urine bile acids, which will be normal or low[57].

Inborn errors of metabolism

Several inborn metabolism errors can lead to neonatal cholestasis that may be difficult to distinguish
from BA[2]. In our center we routinely check glucose (for hypoglycemia), blood gasses, serum amino
acids, urine organic acid and lactate-pyruvate levels while making differential diagnoses of cholestasis.
Acyl carnitine profile, succinyl acetone and galactose-1-phosphate uridylyltransferase enzyme activity
can be planned in some cases.

Endocrine disorders

As the initial differential diagnosis in our center, we routinely check fasting glucose, serum thyroid-
stimulating hormone, free t4, morning fasting cortisol and adrenocorticotropic hormone for the
evaluation of the hypopituitarism, hypothyroidism and adrenal insufficiency causing cholestasis[1].

Infections

All patients with cholestasis should be tested for urinary infection, regardless of whether they have
acholic stool or not, for which a urine culture should be taken[58]. CMV infection is the most common of
all congenital infections around the world, and is confirmed by the presence of serum CMV immuno-
globulin M, or by the more sensitive blood or urinary CMV polymerase chain reaction. However, two
significant problems may be encountered here. First, CMV infection and BA may coexist, and second,
the patient may have CMV viremia rather than CMV infection and so we recommend intraoperative
cholangiography so as not to delay diagnosis in the absence of other findings of CMV (intracranial
calcification, chorioretinitis, deafness). Although there are inter-communal differences, toxoplasma,
rubella, herpes and syphilis are rare, but should be investigated[59]. Although hepatitis b and c rarely
cause neonatal cholestasis, they should be tested[1].

Alpha 1 antitrypsin deficiency

Alpha 1 antitrypsin deficiency with a ZZ phenotype may cause neonatal cholestasis, and acholic stool
may even be observed. A normal serum alpha 1 antitrypsin level, which is an acute-phase reactant, does
not exclude alpha 1 antitrypsin deficiency. If there is a strong suspicion of alpha 1 antitrypsin deficiency,
such as the presence of family history, a phenotype analysis and liver biopsy may be performed[60],
although intraoperative cholangiography should not be delayed by such diagnostic procedures.

Gestational alloimmune liver disease
Gestational alloimmune liver disease should also be considered in patients with cirrhosis and liver
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failure in the neonatal period. High bilirubin levels are always present in gestational alloimmune liver
disease, while transaminases may not be too high. Ferritin and alpha-fetoprotein are high but not
specific to the disease. Hypoglycemia, marked coagulopathy, hypoalbuminemia, edema and death are
important findings. Recurrent miscarriages, history of siblings with neoanatal hemocromatosis,
intrauterine growth retardation, oligohydramnios and premature birth are greater indicators of
gestational alloimmune liver disease than BA[61].

Treatment

In cases where the extrahepatic biliary tree cannot be visualized in intraoperative cholangiography, bile
drainage is provided via Kasai hepatoportoenterostomy. A biliary anastomosis is performed at the liver
hilum involving the creation of a Roux-en-Y bowel loop[6]. The syndromic type does not benefit from
the Kasai procedure. If the Kasai portoenterostomy is successful, bilirubin will begin to decrease within
a few weeks. If there is no improvement in cholestasis, early LT is inevitable. Should the Kasai
procedure be unsuccessful, revisional surgery is not recommended as the chance of success is not high,
leading to increased adhesions and complicating a subsequent LT. If cholestasis improves while
cholestasis recurs, however, second surgery may be considered[62]. In the original Kasai portoenter-
ostomy, fibrous biliary remnants from the hepatic hilum are resected and a jejunal anastomosis is
performed. There have been several modifications to this technique over time. In the “extended Kasai
portoenterostomy’” technique, a deeper and longer incision is made into the portal hilus to the
bifurcation of the portal vein. The rationale for this technique is that ducts may be present along the
entire line and therefore this entire area should be included in the hepaticojejunostomy. It has been
suggested that an extended Kasai portoenterostomy is superior to the traditional technique[63]. The
Kasai procedure can also be performed laparoscopically, and it has been suggested that the success of
laparoscopic surgery is similar to that of open surgery, offering better perioperative results such as
fewer intraoperative blood transfusions and the early initiation of postoperative oral feeding. A laparo-
scopic Kasai procedure may reduce postoperative complications that necessitate re-laparotomy in LT,
such as bowel perforation, re-bleeding or portal vein reconstruction.

Adjuvant treatments

The use of corticosteroids to increase choleresis in the postoperative period was shown not to be
beneficial in the START study[64], and there may even be negative effects on growth, although some
centers still use corticosteroids. Another drug used to increase choleresis is ursodeoxycholic acid-a
hydrophilic bile acid. Although there have been a few studies reporting that ursodeoxycholic acid
improves liver enzymes, reduces itching and improves weight gain, others state that it does not change
the LT requirement[65]. We use it in doses of 15-30 mg/kg/day in our center.

Nutrition

Patients with BA can encounter malabsorption and malnutrition due to chronic liver disease, absence of
gallbladder and cholestasis. The daily calorific requirements of these patients increase, and it should be
ensured that patients maintain a 125-150 percent intake of the recommended dietary calorie allowance.
Enteral nutrition is usually required, and should include middle-chain triglycerides (MCT) due to their
ability to be absorbed directly through the portal vein. Some 30%-70% of the energy derived from fats
can be obtained from MCT, although the diet should also contain long-chain fatty acids to avoid
essential fatty acid deficiencies. If necessary, tube feeding (nasogastric or gastrostomy) should be
provided[66]. In the presence of cholestasis, vitamins A, D, E and K should be given to prevent the
development of fat-soluble vitamin deficiency, with vitamin A 5000-25000 IU/day, vitamin E 25 IU/kg
day, vitamin D 1200-4000 IU/day and vitamin K 2.5 mg three times a week recommended. Vitamin
levels and prothrombin time should be monitored regularly[20].

Complication

Patients who have undergone a Kasai portoenterostomy procedure are at risk of ascending cholangitis
due to the resulting abnormal biliary anatomy. More than two-thirds of cases experience at least one
episode of cholangitis, and each attack can shorten the time to LT. Although the effectiveness of
antibiotic prophylaxis is uncertain, 4-5 mg/kg/ trimethoprim is used daily for 3-12 mo[2], after which,
prophylaxis can be given in cases with frequent cholangitis attacks.

Prognosis

Survival rates without LT range from 41%-87% at 5 years, 35%-76% at 10 years and 26%-60% at 20
years[29], although this may vary depending on the success of the Kasai procedure. There are several
factors affecting the success of the Kasai procedure, the most important of which is the timing of the
operation. The performing of the Kasai procedure at the age of < 60 d gives the best (up to 90%) results
in the maintenance of bile flow, while the outcomes after > 90 d are the worst (20%-25%)[5,45]. The
second factor is whether a visible bile duct exists to be anastomized during the operation[66], and those
with a visible duct in porto hepatitis have a good prognosis. The third factor is the experience of the
surgical team. Serum bilirubin levels have prognostic value for the success of the Kasai procedure. The
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complete improvement of jaundice within 3 mo of a Kasai hepatoportoenterostomy is considered the
best prognostic marker. In a large prospective cohort study, 2 years transplant-free survival was
significantly higher in the TB < 2.0 mg/dL group than in the TB > 2 mg/dL group (86% vs 20%)[67]. If
jaundice persists, survival rates drop.

LT

Overall, more than 60% of patients require LT, and with the advances in surgical techniques, new
immunosuppressive therapies and advances in infection treatment, LT can be successfully performed in
cases of BA. Unless there are significant complications (e.g., hepatopulmonary syndrome, sepsis, etc.),
the success of LT is higher than 95% in patients > 10 kg or > 2 years of age[68]. Accordingly, certain
conditions should be met for transplantation, among which progressive liver dysfunction (cirrhosis) is
the most common. Growth retardation is another indication for transplantation, with cases of moderate
and severe growth retardation despite nutritional support, in particular, being considered. Another LT
indication is the primary failure of the Kasai procedure, with persistent jaundice after the operation
indicating early LT. The guidelines of the American Association for the Study of Liver Diseases, the
American Society of Transplantation and the NASPGHAN, it is recommended that "BA patients who
are post-hepatoportoenterostomy should be promptly referred for LT evaluation if the total bilirubin is
greater than 6 mg/dL 3 mo after hepatoportoenterostomy; and liver transplant evaluation should be
considered in BA patients with a total bilirubin of 2-6 mg/dL”[68]. In general, LT success is high in
patients with BA. In a large study involving 1818 children who underwent LT for BA, the 1- and 5-year
patient survivals for patients transplanted younger than 2 years and older than 2 years were, 95.2%,
93.8%, and 97.8 % and 97.1%, respectively[69].

CHOLEDOCHAL CYSTS

Choledochal cysts are rare congenital anomalies of the biliary system, and can be intrahepatic,
extrahepatic or both. They are more common in females than males (3:1 to 4:1), and while the incidence
is 1:100000 in live births in Western countries, this can reach as high as 1:1000 in live births in Asia. The
progression of liver damage due to recurrent cholangitis and the malignant transformation of
choledochal cysts is an important disease[53].

Types
There are five types of choledochal cysts (Table 2 and Figure 2), among which type Ia, Ic and IVa
choledochal cysts are associated with pancreatobiliary junction anomalies[4].

Clinical features

Choledochal cysts can produce symptoms at any age, including infancy, childhood or adulthood. Less
than a quarter of cases are diagnosed at under 1 year of age, while most are symptomatic under 10 years
of age[53]. The most common symptom in children is jaundice, while the classic triad of abdominal pain
and jaundice with a palpable mass in the right upper quadrant is uncommon in children. Abdominal
pain in children is usually associated with pancreatitis, as in adults, and nausea, vomiting and fever can
be observed in those with cholangitis[70].

Pathogenesis

The pathogenesis of choledochal cysts is not yet as well-known as BA, although several theories have
been put forward. The first relates to the reflux of pancreatic fluid into the bile duct due to an
abnormality in the common bile duct and the pancreatic duct union (pancreaticobiliary maljunction or
malunion) in the proximal of the Oddi sphincter, resulting in epithelial damage and subsequent
weakness in the bile duct wall[71]. Normally, the common bile duct and pancreatic duct join just before
entering the duodenum and open into the papillae vateria. In a pancreaticobiliary junction anomaly,
however, the bile duct and pancreatic duct unite outside the duodenal wall, and enter via a common
channel, which means that the Oddi sphincter cannot perform its anti-regurgital function. Pancre-
aticobiliary junction anomalies can result from a migration abnormality during the embryological
period. The second theory is that an abnormal union leads to mechanical dilation, while a third
suggestion relates to the presence of a congenital weakness in the duct wall that may even be segmental.
Viral infection during the intrauterine period may result in an abnormality in the formation of the
biliary epithelium[72]. Fourth, there may be genetic or environmental toxin exposure, with studies
suggesting that common choledochal cysts are seen together with other anomalies as a result of this,
including BA, duodenal atresia, anal atresia, congenital absence of the portal vein, and autosomal
recessive and autosomal dominant polycystic kidney disease[73].

Histology

An acute and chronically inflamed fibrotic cyst wall is frequently observed in children. In adults,
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Table 2 Classification of the choledochal cysts

Type  Description

Typel  Cystic dilatation of the common bile duct. Also cysts there may be at extrahepatic right and left hepatic ducts and at common hepatic ducts.
Intrahepatic bile ducts are unaffected

Typela Large saccular cystic dilatation of the common bile duct, with dilatation of the common hepatic duct and the right and left hepatic duct

TypelIb Focal and segmental dilation of the common bile duct

Typelc Diffuse fusiform dilation of the common bile duct

TypeIl ~Common bile duct diverticulum

TypeIll  Cysts in the intraduodenal part of the common bile duct - known as choledochocele

Type IV Multiple extrahepatic alone, or multiple extrahepatic and intrahepatic cysts together

Type Extrahepatic and intrahepatic cysts

IVa

Type Multiple extrahepatic cysts (common hepatic duct, common bile duct and intraduodenal common bile duct)

IVb

Type V. One or more cystic dilatation of the intrahepatic bile duct. Multiple intrahepatic bile duct cysts are defined as Caroli disease

g

:r

Type Ia cyst Type Ib cyst Type Ic cyst Type II cyst

AN
Type III cyst Type IVa cyst Type IVb cyst Type V cyst
DOI: 10.4292/wjgpt.v13.i4.33 Copyright ©The Author(s) 2022.

Figure 2 Classificiation of choledochal cysts[4].
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metaplasia and biliary intraepithelial neoplasia, which are precursors of cholangiocarcinoma, may also
be observed[53].

Diagnosis

The initial examination of a patient with jaundice or right upper quadrant pain should involve
ultrasonography, on which intrahepatic and/or extrahepatic cysts will be well-defined. The subsequent
diagnosis is confirmed with MRCP, which can also accurately identify any biliary or pancreatic duct
anomalies and variations. ERCP (Figure 3) can be used, offering the advantage of preemptive treatment
by sphincterotomy in the presence of bile duct or pancreaticodudenal junction obstructions, or in the
presence of cholodococell[53]. In our center, ERCP is performed for Type-I and Type-III cysts.

Treatment

The timing of surgery for cysts is controversial. The treatment of choledochal cysts depends on the type
of cyst, the age of the patient and the presence of recurrent cholangitis. Patients with choledochal cysts
experience cholangitis attacks at different frequencies, and such attacks may complicate surgery due to
adhesions. In addition, liver fibrosis of varying degrees may be observed in patients with choledochal
cysts. Choledochal cysts have malignancy potential, with the risk being higher in older ages (0.4% in
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Figure 3 An endoscopic retrograde cholangiopancreatography image of type IVa choledochal cyst.
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those under the age of 18, and between 5% and 50% in adults). Elderly adults are at the greatest risk,
and Type I and Type IV cysts have the highest risk of malignancy[74]. Although the risk is lower in
other cysts, such risks still exist, and given all the above reasons, it would be prudent to treat them
without delay after diagnosis. In cases diagnosed in the neonatal period, surgical treatments can be
performed successfully when the patient is a few months old, while the success of surgical treatment in
older children is similar to that of adults.

The standard approach in Type-I and Type-IV cysts is complete cyst excision and Roux-en-Y
choledochojejunostomy. Intrahepatic cysts in type IVa choledochal cysts should be excised due to the
risk of cholangitis and the malignancy potential, and a hepatic segmentomy may be required. For Type-
IVa cysts, a hepatico jejunostomy is performed, while for Type-II cysts, cyst excision is sufficient[72]. If
type III cysts are symptomatic, they are treated with endoscopic sphincterotomy, and although the risk
of malignant transformation is low, surgical treatment may be required in asymptomatic or
symptomatic cases. A mucosal biopsy should be taken from the cyst wall during ERCP to evaluate
whether the cyst mucosa has a duodenal or biliary epithelium. Endoscopic or surgical excisions may be
required in the presence of biliary epithelium, as the risk of malignancy from the biliary epithelium is
higher than that of the duodenal epithelium[75]. If Type-V cysts cause frequent cholangitis and the cysts
are segmental, a resection or hepatectomy can be performed. LT may be required in symptomatic cysts
with diffuse distribution[72].

In cysts extending distally, the pancreaticobiliary junction is preserved during surgical treatment,
while the cystic mucosa in this part should be excised due to the risk of malignancy in remnant tissues
[76].

Biliary tract surgery is a complex procedure. The common treatment option for choledochal cysts is
the traditional open surgery technique, but with the development of laparoscopic techniques in recent
years, choledochal cysts have come to be treated laparoscopically in children. It has been suggested that
laparoscopic cyst excision and Roux-en-Y hepaticojejunostomy in children provide better intraoperative
and postoperative results than open surgery[76].

Monitoring

There is no widely accepted follow-up procedure for patients who have undergone surgery, although
we recommend that patients be followed up for anastomotic stricture and malignancy. We periodically
check liver enzymes, ultrasonography and carbohydrate antigen 19-9, and as such patients may still
have cholangitis, appropriate antibiotics should be administered.

CONCLUSION

In conclusion, BA and choledochal cysts are diseases that cause obstructive cholestasis. While the
diagnosis of BA can be rather complicated, it is important to diagnose as early as possible and to
perform a Kasai hepatoportoenterostomy before the age of 2 mo for a good prognosis. All patients with
persistent acholic stool and elevated GGT should be evaluated in terms of BA. Normal ultrasonography
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will not rule out BA, and such patients are candidates for intraoperative cholangiography. Choledochal
cysts can present symptoms at any age, and since recurrent cholangitis attacks will lead to chronic liver
disease, and due to their malignant potential, treatment and long- term follow-up are important.
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Abstract

BACKGROUND

Acute pancreatitis (AP) presenting as an initial manifestation of primary
hyperparathyroidism (PHPT) is uncommon, and its timely diagnosis is crucial in
preventing recurrent attacks of pancreatitis.

AIM
To determine the clinical, biochemical, and radiological profile of PHPT patients
presenting as AP.

METHODS

This is a retrospective observational study, 51 consecutive patients admitted with
the diagnosis of PHPT during January 2010 and October 2021 at a tertiary care
hospital in Puducherry, India was included. The diagnosis of AP was established
in the presence of at least two of the three following features: abdominal pain,
levels of serum amylase or lipase greater than three times the normal, and charac-
teristic features at abdominal imaging.

RESULTS

Out of the 51 consecutive patients with PHPT, twelve (23.52%) had pancreatitis [5
(9.80%) AP, seven (13.72%) chronic pancreatitis (CP)]. PHPT with AP (PHPT-AP)
was more common among males with the presentation at a younger age (35.20 +
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16.11 vs 49.23 + 14.80 years, P = 0.05) and lower plasma intact parathyroid hormone (iPTH) levels
[125 (80.55-178.65) vs 519.80 (149-1649.55, P = 0.01)] compared to PHPT without pancreatitis
(PHPT-NP). The mean serum calcium levels were similar in both PHPT-AP and PHPT-NP groups
[(11.66 = 1.15 mg/dL) vs (12.46 + 1.71 mg/dL), P = 0.32]. PHPT-AP also presented with more
gastrointestinal symptoms like abdominal pain, nausea, and vomiting with lesser skeletal and
renal manifestations as compared to patients with PHPT-NP.

CONCLUSION
AP can be the only presenting feature of PHPT. Normal or higher serum calcium levels during AP
should always draw attention towards endocrine causes like PHPT.

Key Words: Acute pancreatitis; Chronic pancreatitis; Parathyroid hormone; Primary hyperparathyroidism;
Skeletal manifestations

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

Core Tip: Acute pancreatitis (AP) is a rare complication of primary hyperparathyroidism (PHPT) and can
be its only presenting symptom. In this study, we retrospectively analyzed our single-center data of 51
PHPT patients between 2010 and 2021. The study showed that 9.8% of PHPT patients presented with AP.
Patients with PHPT with AP patients presented at a younger age with a male preponderance and a lower
frequency of skeletal and renal involvement as compared to patients with PHPT without pancreatitis. Early
diagnosis and surgery for PHPT in AP will prevent recurrent attacks of AP and other PHPT-related
complications.
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is an endocrine disease characterized by excessive secretion of
parathyroid hormone (PTH) from one or more parathyroid glands[1]. PHPT has become an asym-
ptomatic disease in most Western countries. However, in developing countries such as India, it
continues to be a symptomatic disease with skeletal, renal, cardiovascular, neuropsychiatric, and
gastrointestinal manifestations[2-4].

Traditionally, 80% of acute pancreatitis (AP) cases are related to alcohol abuse and biliary stone
disease, and < 10% have metabolic causes such as diabetic ketoacidosis, hypertriglyceridemia, and
hypercalcemia with or without PHPT as an etiology[5]. PHPT has been linked with the development of
both AP and chronic pancreatitis (CP). The first case report of AP in PHPT was published by Smith and
Cook in 1940[6]. Later, in 1980, a study by Bess et al[7] from the Mayo Clinic involving 1153 patients
with histopathologically confirmed PHPT showed that only 17 (1.5%) had coexisting or prior pancre-
atitis. This frequency was comparable to the reported incidence of pancreatitis among patients admitted
to a hospital without PHPT. However, the link between the two diseases cannot be excluded based on
data from hospitals with a large number of symptomatic PHPT patients[8-11]. Shepherd reported this
association in Australia, where seven (5.1%) of 137 PHPT patients had pancreatic disease[12]. Western
studies have shown a pancreatitis prevalence in PHPT patients that ranges from 5.1 to 8.1 percent, with
predominantly AP cases[8,9,12]. However, studies from India have reported a higher prevalence of AP
in PHPT patients, ranging from 12.9 to 16 percent, with a roughly equal number of CP and AP patients
[11,13]. Despite its rarity, the fact that parathyroidectomy has been shown to prevent the recurrence of
pancreatitis attacks suggests a causal link between the two diseases[14-16].

Serum calcium plays a crucial role in the pathogenesis of pancreatitis. Three mechanisms have been
suggested for the development of AP in patients with PHPT. The earliest abnormalities of AP arise
within the acinar cells. Calcium is a vital intracellular second messenger in acinar cells that initiates
enzyme release through phosphorylation cascades. Elevated extracellular calcium levels due to PHPT
may augment intracellular calcium signaling[17], and activate calcium-dependent proteins, such as
calcineurin, as well as pancreatic proteases (especially trypsin)[18,19], or activate NF-«B,[20]leading to
initiation of the pancreatic inflammatory cascade. In addition, hypercalcemia can lead to the formation
of pancreatic calculi, ductal obstruction, and subsequent attacks of AP or CP[21]. Felderbauer et al[22]
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showed that PHPT patients with AP had a higher prevalence of mutations in serine protease inhibitor
kazal type 1 (SPINK-1), cystic fibrosis transmembrane conductance regulator (CFTR), and chymotrypsin
C genes. Hence, hypercalcemia per se, as well as genetic factors, may be implicated in the pathogenesis
of pancreatitis in PHPT. Hence, we conducted this retrospective study to determine the prevalence of
AP in PHPT patients and to distinguish PHPT-AP patients from PHPT-NP patients based on their
clinical, biochemical, and radiological profiles.

MATERIALS AND METHODS

This retrospective study included 51 patients admitted with a diagnosis of PHPT between January 2010
and October 2021. Data from these patients were obtained from the PHPT registry of the Department of
Endocrinology, Jawaharlal Institute of Postgraduate Medical Education and Research, Puducherry,
India. The study was approved by the Institutional Ethics Committee (JIP/IEC/2021/329). PHPT was
diagnosed based on elevated levels of plasma intact parathyroid hormone (iPTH) in the presence of
hypercalcemia or normocalcemia. All patients had sporadic PHPT. Patients with a diagnosis of multiple
endocrine neoplasia, a history of alcoholism and smoking, evidence of hypertriglyceridemia, and the
presence of gallstone disease on abdominal imaging were excluded. The medical records of all the
patients were studied for clinical, biochemical, and radiological parameters. The clinical symptoms were
categorized as skeletal, renal, gastrointestinal, and neuropsychiatric symptoms. Data on biochemical
parameters [serum calcium, serum phosphorous, serum magnesium, serum albumin, serum alkaline
phosphatase (ALP), serum 25-OH vitamin D, and plasma iPTH] and radiological investigations were
obtained from case records as well as from the Hospital Information System (HIS) and the Picture
Archiving and Communication System (PACS).

AP was diagnosed by the presence of two of the following three features: (1) Abdominal pain
consistent with AP; (2) Serum lipase (or amylase) elevated more than 3-fold the upper normal range;
and (3) Characteristic features of AP, such as edema or pancreatic necrosis and/or collection[23]. The
diagnosis of CP was made based on clinical and radiological investigations. A thorough diagnostic
evaluation was performed in patients with chronic abdominal pain (> 6 mo duration), and the diagnosis
of CP was established if there was evidence of pancreatic calcification on abdominal X-ray and/or
ultrasonography and/or abdominal computed tomography[24]. Parathyroid tumor localization was
performed using ultrasound of the neck or technetium-99m sestamibi parathyroid single-photon emission
computed tomography (SPECT)/ contrast-enhanced computerized tomography.

Serum calcium [reference range (RR), 8.8-10.6 mg/dL], inorganic phosphorous (RR, 2.5-5 mg/dL),
magnesium (RR, 1.9-2.5 mg/dL), albumin (RR, 3.5-5.2 g/dL), serum alkaline phosphatase (ALP) (RR,
30-120 IU/L), serum creatinine (RR, 0.5-0.9 mg/dL), serum lipase (RR, 0-67 IU/L), and serum amylase
(RR, 22-80 IU/L) were measured using an autoanalyzer (Beckman-Coulter AU5800 clinical chemistry
analyzer). Serum 25-OH vitamin D (RR, 20-100 ng/mL) and plasma iPTH (RR, 18.4-80.1 pg/mL) were
quantified using the ADVIA Centaur XP VitD assay (Rev. C, 2012-08, Siemens) kit and ADVIA Centaur
XP PTH assay (Rev. B, 2017-07, Siemens) kits, respectively. Vitamin D deficiency was defined as a serum
25-OH vitamin D level of <12 ng/mL.

STATISTICAL ANALYSIS

Statistical analysis was carried out using MedCal Statistical software version 20.015. Categorical
variables are described in terms of frequency and percentage. Continuous data are expressed as the
mean * SD or median with interquartile range (IQR). The student’s f test was used for normally
distributed data, while the Mann-Whitney U test was used for comparing nonparametric variables. P <
0.05 was considered statistically significant.

RESULTS

A total of 51 PHPT patients were included in the study. The patients” ages ranged from 38.25 to 60 years,
and the mean age of presentation was 47.80 + 14.51 years, with a female-to-male ratio of 1.55:1, as shown
in (Table 1). The major clinical presentation of PHPT was bone pain (54.90%), followed by fatigue
(49.01%), abdominal pain (43.13%), nephrolithiasis (33.33%), and nephrocalcinosis (21.56%). The mean
serum calcium level was 12.41 + 1.58 mg/dL, and the median plasma iPTH level was 328.10 (143-1111)
pg/mL.

Twelve out of 51 (23.52%) PHPT patients had pancreatitis. Five (9.8%) patients had AP, and seven
(13.72%) had CP. All of them had abdominal pain (100%) as the major presentation, followed by nausea
with vomiting (91.67%) and anorexia (83.33%). The mean serum calcium level of PHPT-AP/CP patients
was 12.26 + 1.05 mg/dL, and the mean plasma iPTH was 283.48 pg/mL.
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Table 1 Demography, clinical and biochemical profile of all primary hyperparathyroidism patients

Parameters

n=51

Age (y1)
Female gender

Sex (female: male)

47.80 +14.51
31 (60.78%)

1.55:1 (female 31, male 20)

Bone pain 28 (54.90%)
Fracture 04 (7.84%)
Pain abdomen 22 (43.13%)
Nausea and vomiting 16 (31.37%)
Weight loss 12 (23.52%)
Fatigue and weakness 25 (49.01%)
Anorexia 16 (31.37%)
Psychiatric features 06 (11.76%)
Nephrolithiasis 17 (33.33%)
Nephrocalcinosis 11 (21.56%)
Cholelithiasis 04 (7.84%)
Serum creatinine (mg/dL) 0.80 (0.63-1.14)
Serum corrected calcium(mg/dL) 12.41 +1.58
Serum phosphorous (mg/dL) 2.7 (2.2-3.17)
Serum magnesium (mg/dL) 1.80 (1.7-2)
Serum albumin (g/dL) 3.90 (3.5-4.2)
Serum alkaline phosphatase (IU/L) 196 (127.5-502)
Serum 25-OH vitamin D (ng/mL) 18.09 £9.93
Plasma iPTH (pg/mL) 328.10 (143-1111)

PHPT: Primary hyperparathyroidism; iPTH: Intact parathyroid hormone.

PHPT-AP patients were younger than PHPT patients without pancreatitis (PHPT-NP) (35.20 + 16.11
vs 49.23 +14.80 years, P = 0.05), and all of them were male, as shown in (Table 2). The PHPT-AP patients
also presented with more gastrointestinal symptoms, such as abdominal pain (100%), nausea, and
vomiting (100%), whereas skeletal disease (bone pain 56.41% and fracture 10.26%) and renal manifest-
ations (nephrocalcinosis 23.07% and nephrolithiasis 35.89%) were more frequently seen in PHPT-NP.
The mean calcium levels in patients with PHPT-AP were above the normal range (8.8-10.6 mg/dL).
Serum ALP and plasma iPTH were significantly higher in PHPT-NP patients than in PHPT-AP patients
(242 vs 1121IU/L, P = 0.03 and 519.80 vs 125 IU/L, P = 0.01, respectively) (Figure 1). The biochemical and
imaging characteristics of PHPT-AP are shown in (Table 3) wherever available.

In our study, ultrasonography of the neck was performed in 34 patients, technetium-99m sestamibi
parathyroid SPECT was performed in 48 patients, and computed tomography of the neck was performed
in 18 patients for localizing parathyroid lesions, with sensitivities of 79.06%, 95.83%, and 100%,
respectively.

DISCUSSION

The causal relationship between PHPT and pancreatitis has been debated for decades. There have been
at least 12 retrospective studies or case series[25,26] on pancreatitis associated with PHPT since 1980,
originating from the United States, India, France, Australia, Spain, and Germany, as shown in (Table 4).
Our experience with five PHPT-AP patients and the findings of an additional 111 such patients in the
literature establish an etiological relationship between PHPT and AP. In our study, 23.52% of PHPT
patients had pancreatitis; of these, 9.80% presented with AP at the time of diagnosis. However, studies
from the Western population have shown a prevalence of AP as 0.86%-5.1% in patients with PHPT
(Table 4). Several factors, including severity, delays in diagnosis, and asymptomatic vs symptomatic
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Table 2 Comparison between primary hyperparathyroidism without pancreatitis and primary hyperparathyroidism with acute

pancreatitis

Parameters PHPT-NP, n =39 PHPT-AP, n =05 P value
Age (yr) 49.23 +14.80 35.20 £16.11 0.05
Female gender 27 (69.23%) 0

Bone pain 22 (56.41%) 1(20%) 0.17
Fracture 04 (10.26%) 0

Pain abdomen 10 (25.64%) 5 (100%) <0.01
Nausea and vomiting 05 (12.82%) 5 (100%) <0.01
Weight loss 06 (15.38%) 1(20%) 1
Fatigue and weakness 18 (46.15%) 2 (40%) 1
Anorexia 06(15.38%) 4 (80%) <0.01
Psychiatric features 03 (7.69%) 0

Nephrolithiasis 14 (35.89%) 0

Nephrocalcinosis 09 (23.07%) 0

Cholelithiasis 02 (5.12%) 1(20%) 0.31
Serum creatinine(mg/ dL) 0.80 (0.60-1.19) 0.74 (0.66-0.89) 0.66
Serum corrected calcium(mg/dL) 1246 £1.71 11.66 £1.15 0.32
Serum phosphorous (mg/dL) 2.7 (2.2-3.17) 2.7 (2.02-2.90) 0.62
Serum magnesium (mg/dL) 1.82+0.33 1.76 £ 0.34 0.72
Serum albumin (g/dL) 3.90 (3.5-4.1) 4.2 (3.7-4.75) 0.18
Serum ALP (IU/L) 242 (148-764.5) 112 (106.25-147) 0.03
Serum 25-OH vitamin D(ng/mL) 15.48 (10.24-21.37) 2591 (13.88-31.72) 0.33
Plasma iPTH (pg/mL) 519.80(149-1649.55) 125 (80.55-178.65) 0.01

PHPTAP: Primary hyperparathyroidism with acute pancreatitis; PHPT-NP: Primary hyperparathyroidism without pancreatitis; ALP: Alkaline
phosphatase; iPTH: Intact parathyroid hormone.

Table 3 Biochemical and imaging findings of patients with primary hyperparathyroidism with acute pancreatitis

n . Modified CT severit

No Age Sex S Amylase (lU/mL)  Slipase (IlU/mL)  Imaging index ¥
1 46 M 160 770 Acute pancreatitis on CECT 4
2 27 M 1487 NA Acute interstitial pancreatitison =~ NA

MRCP
3 20 M NA NA Acute pancreatitis on CECT 6
4 25 M 514 260 Acute necrotizing pancreatitison 6

CECT
5 58 M 1276 1365 Acute necrotizing pancreatitison 8

CECT

PHPT-AP: Primary hyperparathyroidism with acute pancreatitis; iPTH: Intact parathyroid hormone; MRCP: Magnetic resonance cholan-
giopancreatography; CECT: Contrast enhanced computed tomography; NA: Details not available.

presentation of PHPT, are possible explanations for the higher prevalence of pancreatitis in patients
with PHPT in studies from India, including ours. Among the two Indian studies that have reported a
higher prevalence of AP, Jacob et al[13] reported the occurrence of AP in 6 of 101 (5.94%) patients with
PHPT, while Arya et al[11] reported it in 18 of 218 (8.25%) such patients. Nevertheless, pancreatitis
seems to be at least ten times more common in PHPT patients than in the general population[27].
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Table 4 Rates of pancreatitis among patients with primary hyperparathyroidism in different studies

Ref. Country Number of PHPT Patients PHPT with pancreatitis n (%) Type of pancreatitis
Bess et al[7] USA 1153 17 (1.5) 10 AP (0.86%), 7 CP
Sitges-Serra et al[8] Spain 86 7 (8.1) 3 AP (3.4%),1RP, 3 CP
Koppelberg et al[9] Germany 234 13 (5.6) 9 AP (3.8%), 4 CP
Shepherd et al[12] Australia 137 7 (5.1) All AP (5.1%)

Carnaille et al[10] France 1224 40 (3.3) 18 AP (1.47), 8 RP, 14 CP
Agarwal et al[32] India 87 6 (6.9) 5RP,1CP

Jacob et al[13] India 101 13 (12.9) 6 AP (5.94%), 6 RP, 1 CP
Bhadada et al[29] India 59 9 (15.3) AllCP

Khoo et al[33] USA 684 10 (1.5) All AP (1.5%)
Felderbauer et al[22] Germany 1259 57 (4.52) 16 AP (1.27%), 15 CP, 26 NA
Aryaet al[11] India 218 35 (16) 18 AP (8.25%), 17 CP
Misgar et al[5] India 242 15 (6.19) 14 AP (5.78%), 1 CP
Total 5484 229 (4.17) 111 (2.02) AP

AP: Acute pancreatitis; CP: Chronic pancreatitis; NA: Details Not available; PHPT: Primary hyperparathyroidism; RP: Recurrent pancreatitis.
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Figure 1 Serum alkaline phosphatase and plasma intact parathyroid hormone were significantly higher in primary hyperparathyroidism
without pancreatitis patients than in primary hyperparathyroidism with acute pancreatitis patients. A: Median alkaline phosphatase in primary
hyperparathyroidism without pancreatitis (PHPT-NP) vs primary hyperparathyroidism with acute pancreatitis (PHPT-AP); B: Median intact parathyroid hormone in
PHPT-NP vs PHPT-AP. ALP: Alkaline phosphatase; iPTH: Intact parathyroid hormone.

PHPT-AP presented at a younger age with a male preponderance, in contrast to the female prepon-
derance (27 out of 39) seen in PHPT-NP. In both studies by Carnaille et al[10] from France and the study
by Jacob et al[13] from India, a younger age of presentation with a male preponderance of AP was
reported, which is in agreement with our observation. Abdominal pain was the most common (100%)
clinical presentation of PHPT-AP in our study, and the same finding was reported by others[13,28,29].
Skeletal manifestations such as bone pain and fracture were respectively seen in only 20% and none of
the PHPT-AP patients, which is lower than the corresponding prevalence among patients with PHPT-
NP (56.4% and 10.6%, respectively). This observation is similar to those of Arya et al[11] and Yadav et al
[30]. The exact pathogenesis of this younger age of presentation, male preponderance, and presence of
fewer skeletal /renal manifestations has not been established. A possible explanation could be the earlier
detection of disease due to AP at a relatively mild stage with a lesser degree of elevation in iPTH levels.
Additionally, genetic risk factors for the development of AP could have contributed to the younger age
of presentation. One patient in the PHPT-AP group had a history of gallstones and underwent treatment
for the same condition elsewhere before coming to our institute with AP. In the background of
hypercalcemia and other PHPT-related complications, such as renal stones, and the absence of evidence
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of cholelithiasis on subsequent imaging with CT of the abdomen, the possibility of AP due to
hypercalcemia was considered in this patient.

Several studies[10,13] have reported elevated serum calcium levels among PHPT patients with
pancreatitis compared to patients with PHPT-NP. The results suggest that the serum calcium level
above a threshold predisposes PHPT patients to pancreatitis. However, in our study, PHPT patients
with AP had serum calcium levels similar to those in PHPT patients without pancreatitis. At the time of
presentation, normocalcemia was seen in 1 (20%) patient and could be attributed to saponification of
calcium in the pancreatic tissue. The diagnosis of PHPT was suspected in this patient due to the absence
of other risk factors for AP, and the patient was subsequently found to have increased plasma iPTH
levels. Thus, a normal calcium level at the time of presentation in patients with an acute episode of
pancreatitis does not exclude the possibility of PHPT. The current study highlights the importance of
measuring intact PTH levels and rechecking calcium levels in patients with an unexplained etiology of
AP. Because pancreatitis primarily occurs in severely hypercalcemic patients, it is rarely associated with
PHPT in developed countries where PHPT is diagnosed at a much earlier and milder stage. Serum ALP
was significantly higher in patients with PHPT-NP than in PHPT-AP patients, most likely due to more
severe bone disease.

In patients with PHPT who undergo parathyroidectomy, the course of pancreatitis is unclear due to a
lack of long-term studies. Most published reports had a follow-up of only approximately two years.
Despite this short period, there was a 42%-100% reduction in pancreatitis recurrence rates[31]. In our
study, all patients with PHPT and pancreatitis underwent parathyroidectomy. After successful
parathyroidectomy, four out of five patients with PHPT-AP did not report a recurrence of pancreatitis
over a median follow-up of 8 mo (range, 8-50 mo). Histopathology revealed parathyroid adenoma in 3
cases and parathyroid carcinoma in 1 case. However, the report was inconclusive in one patient.
Additionally, this patient had recurrent episodes of pancreatitis, and further evaluation could not be
performed, as the patient was lost to follow-up due to the COVID pandemic. Our findings, like others,
emphasize the importance of parathyroid surgery in these patients. It has been suggested that
parathyroid surgery should precede any pancreatic surgery because of its beneficial effect on the course
of the latter.

The limitations of this study are that we were not able to perform a gene mutation analysis of SPINK-
1 and CFTR; hence, the exact prevalence of genetic risk and idiopathic pancreatitis could not be
established. Additionally, we could not determine the cause of the lower frequency of renal manifest-
ations in patients with PHPT-AP compared to patients with PHPT-NP, as data on urinary calcium
profiles were not available for all patients given the retrospective nature of this study.

CONCLUSION

The current study demonstrated a causal relationship between PHPT and AP. Compared to patients
with PHPT-NP, patients with PHPT-AP were younger, had a male preponderance, and had a lower
frequency of skeletal and renal involvement. Our findings emphasize the importance of thoroughly
investigating for PHPT in any patient with pancreatitis and high-normal or elevated serum calcium
levels, especially in the absence of other common causes of pancreatitis. Pancreatitis should be an
anticipated complication of PHPT and may be the sole presenting complaint of PHPT. Early diagnosis
and resection of parathyroid lesions will prevent recurrent attacks of AP and other PHPT-related
complications.

ARTICLE HIGHLIGHTS

Research background

Primary hyperparathyroidism (PHPT) is an endocrine disease characterized by excessive secretion of
parathyroid hormone (PTH) from one or more parathyroid glands. PHPT has been linked with the
development of both acute and chronic pancreatitis.

Research motivation
Early diagnosis and surgery for PHPT will prevent the recurrence of acute pancreatitis (AP).

Research objectives

To determine the prevalence of AP in PHPT patients and to distinguish PHPT with acute pancreatitis
(PHPT-AP) from PHPT without pancreatitis (PHPT-NP) patients based on their clinical and biochemical
and radiological profiles.
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Research methods
This is a retrospective observational study done on 51 consecutive patients admitted with the diagnosis
of PHPT between January 2010 to October 2021 at a tertiary care hospital in Puducherry, India.

Research results
In our study, the prevalence of AP in PHPT was found to be 9.80%. PHPT with AP was more common

among males with the presentation at a younger age with lower plasma intact parathyroid hormone
levels compared to PHPT-NP.

Research conclusions

The current study demonstrates a causal relationship between the PHPT and AP. Evaluation for PHPT
should be considered in any patient with pancreatitis with high normal or elevated serum calcium
levels, especially in the absence of other common causes of pancreatitis.

Research perspectives

Pancreatitis should be an anticipated complication of PHPT and may be the sole presenting complaint of
PHPT. Early diagnosis and surgery for PHPT in AP will prevent recurrent attacks of AP and other
PHPT-related complications.
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Abstract

BACKGROUND

Low bone mineral density (BMD) is common in patients with inflammatory bowel
disease. However, nutritional risk factors for low BMD in the ulcerative colitis
(UC) population are still poorly understood.

AIM

To investigate the association of anthropometric indicators and body composition
with BMD in patients with UC.

METHODS

This is a cross-sectional study on adult UC patients of both genders who were
followed on an outpatient basis. A control group consisting of healthy volunteers,
family members, and close people was also included. The nutritional indicators
evaluated were body mass index (BMI), total body mass (TBM), waist circum-
ference (WC), body fat in kg (BFkg), body fat in percentage (BF%), trunk BF (TBF),
and also lean mass. Body composition and BMD assessments were performed by
dual-energy X-ray absorptiometry.

RESULTS
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The sociodemographic characteristics of patients with UC (n = 68) were similar to those of healthy
volunteers (n = 66) (P > 0.05). Most patients (97.0%) were in remission of the disease, 58.8% were
eutrophic, 33.8% were overweight, 39.0% had high WC, and 67.6% had excess BF%. However,
mean BMI, WC, BFkg, and TBF of UC patients were lower when compared to those of the control
group (P < 0.05). Reduced BMD was present in 41.2% of patients with UC (38.2% with osteopenia
and 2.9% with osteoporosis) and 3.0% in the control group (P < 0.001). UC patients with low BMD
had lower BMI, TBM, and BFkg values than those with normal BMD (P < 0.05). Male patients were
more likely to have low BMD (prevalence ratio [PR] = 1.86; 95% confidence interval [CI]: 1.07-3.26).
Those with excess weight (PR = 0.43; 95%ClI: 0.19-0.97) and high WC (PR = 0.44; 95%CI: 0.21-0.94)
were less likely to have low BMD.

CONCLUSION
Patients with UC in remission have a high prevalence of metabolic bone diseases. Body fat appears
to protect against the development of low BMD in these patients.

Key Words: Ulcerative colitis; Bone mineral density; Body composition; Fat body; Abdominal fat

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

Core Tip: There is a high prevalence of osteopenia/osteoporosis in adult outpatients with ulcerative colitis
in remission. Patients with ulcerative colitis had a 22.4 times greater chance of developing reduced bone
mineral density than healthy individuals. Lower values of body mass index and body fat indicators were
identified in patients with ulcerative colitis with low bone mineral density. Low bone mineral density was
associated with males and those without excess weight and with normal waist circumference.
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INTRODUCTION

Low bone mineral density (BMD) is often seen in patients with inflammatory bowel disease (IBD)[1,2].
Patients with Crohn's disease and ulcerative colitis (UC), the main types of IBD, are at increased risk of
fracture compared to healthy controls, with an osteoporotic fracture risk around 32%[3-6]. In patients
with UC, the prevalence of osteoporosis varies between 2% to 9%[7].

The cause of osteoporosis in patients with IBD is multifactorial. Most studies involving patients with
UC demonstrate that the main risk factors for this disease are related to genetics, chronic inflammatory
status, treatment with steroids, and low weight[8-10].

Nutritional status appears to influence the BMD of patients with IBD. The inflammatory process and
complications of the disease in the active phase can lead to compromised nutritional status, with
reduced body mass and muscle mass reserves and micronutrient deficiency, and consequently to low
BMD and increased risk of osteoporotic fractures[11,12]. Although the increased prevalence of over-
weight/obesity is evident in patients with UC, studies explaining the relationship between abdominal
fat and disease complications in this group of patients are limited[13].

Studies that demonstrate the relationship between nutritional risk factors and low BMD are more
frequent among patients with CD considering the extension and severity of the disease, which can
compromise the main sites of nutrient absorption. Thus, there is little evidence that brings the
relationship of nutritional risk factors with the development of reduced BMD in patients with UC. The
aim of the present study was to investigate the association of indicators of total body mass and body
composition with BMD in patients with UC.

MATERIALS AND METHODS
Study design and patients

This is a cross-sectional study involving adult outpatients with UC from two reference centers.
Consecutive patients with a diagnosis of UC confirmed by clinical, endoscopic, radiological, and
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histological criteria were included[14]. The control group consisted of healthy volunteers, family
members, and close people with the same sociodemographic characteristics and lifestyle compared to
the UC group. Volunteers recruited were matched for gender and age, with no history of bowel surgery
or taking medications known to affect bone turnover.

Elderly people, pregnant women, patients with diseases that cause changes in bone metabolism
(chronic renal failure, chronic obstructive pulmonary disease, thyroid disease, liver disease, and
systemic lupus erythematosus), malignant diseases, diabetes mellitus, or celiac disease, menopausal or
post-menopausal patients, and those in use of estrogen therapy were not included in the study.

Clinical data

The clinical criteria for patients with UC were activity index and disease duration, past history of
intestinal resection, accumulated dose of glucocorticoids in the last year, use of glucocorticoids for 3 mo
or more, extent of disease according to Montreal classification[15], and serum calcium, albumin, and C-
reactive protein (CRP) levels, in addition to smoking, regular physical activity[16], and use of calcium
and vitamin D supplements.

Disease activity was assessed by the Lichtiger index[17], considering activity when a score > 10
points. Calcium (mmol/L) and serum albumin (g/dL) and CRP (mg/L) were collected on the same day
as the BMD evaluation and performed in the same laboratory. Calcium and albumin were measured
using the dry chemical method and CRP was measured by the turbidimetry method.

Anthropometric assessment and body composition

Anthropometric measurements were performed by a trained and standardized team. Height (in
centimeters) and body weight (in kg) were measured in duplicate, with subjects wearing light clothing
and without shoes, using a scale (Filizola, Sao Paulo, Brazil), 150 kg capacity and 100 g interval, with an
attached stadiometer with a 0.5 cm scale. The body mass index (BMI) was obtained using the formula
weight/height® and classified according to the World Health Organization[18]. For statistical analysis,
two groups were considered, those with excess weight (BMI > 25.0 kg/m?) and those without (BMI <
25.0 kg/m?).

Waist circumference (WC) was measured with the individual in an upright position, with feet
together and without shoes. The measurement was taken with an inelastic measuring tape, which
circled the individual at the midpoint between the iliac crest and the last rib[18]. High WC was
considered when = 80 cm for women and = 90 cm for men[19].

The evaluation of body composition was performed by dual-energy X-ray absorptiometry (DXA) of
the total body using a Prodigy Lunar Bone Densitometer (GE Medical Systems, United States). The
equipment calibration followed the manufacturer's recommendations and both the calibration and
analysis were performed by a single technician with experience in this type of assessment. The values of
total body fat in percentage (BF%), total body fat in kilograms (BFkg), trunk body fat in kg (TBF), and
lean mass in kilograms (LBM) were obtained. The percentage of body fat (BF%) was considered high
when 2 25% for men and 2= 32% for women[18].

Bone mineral density assessment

BMD was determined by DXA in the whole body, lumbar spine (L1-L4), and femoral neck. Results of
DMO are expressed in g/cm? and also presented as T-score or Z-score. The BMD classification was
based on the T-score for men 50 years of age and older and patients with UC and the Z-score for those
younger than 50 years of age for men and premenopausal women. For patients with UC, the T-score
was used regardless of age, considering the possibility of secondary loss of bone mass determined by
the underlying disease or by the therapies used. According to the T-score, the BMD was normal up to 1
standard deviation (SD), with osteopenia values below -1 and above -2.5 SD and with osteoporosis < -2.5
SD. For the Z-score, BMD < -2.0 SD was considered below the estimated for the age group (BMD
reduced for age). In the osteopenia/osteoporosis classification, the bone sites of the femoral neck or
lumbar spine were used[20].

Statistical analysis

Results are expressed as proportions for categorical variables, the mean and SD for continuous variables
with a normal distribution, and median and interquartile range for variables without a normal distri-
bution. Mann-Whitney test was used to compare continuous variables and the chi-square test or Fisher's
exact test to compare categorical variables. Poisson regression analysis with robust variance was used to
obtain estimates of the prevalence ratio and the respective 95% confidence interval (CI). For all tests, a P-
value < 0.05 was considered statistically significant. The Statistical Package for Social Science program
(SPSS, Chicago, IL, United States, version 21.0) was used for data tabulation and analysis.

Ethical considerations
Informed consent was obtained from all participants and the Ethics Committee of the University
Hospital Professor Edgar Santos approved the study protocol (n°117/2011).
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Table 1 Demographic, clinical, nutritional, and bone density characteristics of patients with ulcerative colitis

Variable UC (n = 68) Control (n = 66) P value
Age (yr), median (IR) 39.0 (31.0-44.8) 36.5 (29.0-43.0) 0.484
Sex (female), 11 (%) 42 (61.8) 39 (59.1) 0.867
Smoking (yes), 1 (%) 2(2.9) 4 (6.1) 0.437
Regular physical activity (yes), 1 (%) 16 (23.5) 15 (22.7) 1.000
Duration of illness (yes), median (IR) 5.0 (2.0-8.0)

Disease remission (yes), 1 (%) 66 (97.1)

Intestinal resection history (yes), n (%) 2(2.9)

Extent of disease, 1 (%)

Proctitis 13 (19.1)

Left colitis 25 (36.8)

Extensive colitis 30 (44.1)
Use of glucocorticoids (yes), n (%) 12 (17.6)

Use 23 mo (yes), 1 (%) 8 (66.7)
Accumulated dose of glucocorticoids (g), median (IR) 1.7 (1.2-2.5)
Calcium supplement (yes), 1 (%) 3(44) 0(0) 0.245
Vit D supplement (yes), 1 (%) 5(7.4) 0 (0) 0.058
Serum calcium (mmol/L), median (IR) 2.3 (2.2-2.4) 24(2.3-24) 0.065
Serum albumin (g/dL), median (IR) 4.3 (4.1-4.5) 4.4 (4.1-4.6) 0.801
C-RP mg/dL, median (IR) 1.4 (0.6-5.2) 5.0 (1.0-6.2) 0.004
BMI (kg/m?), median (IR) 23.7 (20.6-26.5) 26.3 (22.8-29.0) 0.16
BMI classification, 1 (%) 0.020

Thinness 5(7.4) 1(1.5)

Eutrophy 40 (58.8) 26 (39.4)

Overweight 16 (23.5) 28 (42.4)

Obesity 7 (10.3) 11 (16.7)
WC (cm), median (IR) 80.5 (72.0-89.1) 84.6 (79.7-93.7) 0.156
LBM (kg), median (IR) 40.1 (34.5-49.4) 415 (35.3-52.2) 0.604
BF (kg), median (IR) 17.8 (11.5-22.6) 23.2 (17.8-28.4) 0.001
BF (%), median (IR) 32.9 (23.7-37.6) 34.8 (28.1-42.3) 0.168
TBF (kg), median (IR) 8.6 (6.3-12.5) 12.8 (7.8-16.5) 0.354

BMD (g/cm?), median (IR)

Femoral neck 0.99 (0.90-1.07) 1.06 (0.96-1.15) 0.120
Lumbar spine 1.16 (1.08-1.26) 1.21 (1.13-1.31) 0.120
Total body 1.17 (1.11-1.24) 1.22 (1.19-1.29 0.000

UC: Ulcerative colitis; SD: Standard deviation; IR: Interquartile range; BMI: Body mass index; WC: Waist circumference; LBM: Lean body mass; BF: Body
fat; TBF: Trunk body fat; BMD: Bone density; C-RP: C-reactive protein.

RESULTS

Clinical and nutritional characteristics
In this study, 68 patients with UC and 66 people in the control group were included. In both groups, the

majority were female and demographics, lifestyle, and use of nutritional supplements were similar (P >
0.05) (Table 1).
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Figure 1 Anthropometry and body composition according to bone mineral density in patients with ulcerative colitis. *P < 0.05 (Mann-Whitney
test). BMI: Body mass index; TBM: Total body mass; WC: Waist circumference; BF: Body fat; TBF: Trunk body fat; LBM: Lean body mass.
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Most patients (97.0%) were in remission of the disease, only 2.9% had a previous history of intestinal
resection, and extensive colitis was present in 44.1%. The use of steroids in the last year occurred in
17.6% of the patients, and of these, 66.7% used it for 3 mo or more (Table 1).

Regarding the anthropometric nutritional status, it was observed that the majority of UC patients had
normal weight (58.8%); however, the frequency of overweight was high (33.8%), with six (8.8%) having
grade I obesity and one (1.5%) having grade II. Women had higher BF% (37.3% vs 19.7%; P = 0.00), BFkg
(22.5kg vs 12.7 kg; P = 0.00), and TBF (10.8kg vs 7.3 kg; P = 0.00) than men. BFkg and TBF of UC patients
were statistically lower compared to those of the control group (P < 0.05) (Table 1).

BMD characteristics

Low BMD was present in 41.2% (n = 28) of patients with UC (38.2% with osteopenia and 2.9% with
osteoporosis) and in 3.0% (n = 2) in the control group (P < 0.001). It was observed that UC patients had a
22.4 times greater chance of developing reduced BMD than healthy individuals (odds ratio = 22.4;
95%CI: 5.06 - 99.19). The majority (71.4%; 20/28) of UC patients with low BMD were younger than 45
years of age. The BMD of total body in UC patients was statistically lower compared to that of the
control group (P <0.05) (Table 1).

UC patients who had low BMD were mostly male, without regular physical activity, and had left
colitis compared to those with normal BMD (P < 0.05) (Table 2). Serum calcium had a lower concen-
tration in those with low BMD, although with a clinically irrelevant difference (Table 2). Low BMD
occurred equally at both sites, the spine and femur.

Individuals in the control group who had low BMD (3.0%; 2/66) had osteopenia located in the
lumbar spine, and all were female and without regular physical activity.

Anthropometric indicators and body composition vs BMD
Male patients with UC were more likely to have low BMD (PR = 1.86; 95%ClI: 1.07-3.26), and those with
excess weight (prevalence ratio [PR] = 0.29; 95%CI: 0.13-0.66) and high WC (PR = 0.36; 95%CI = 0.17-
0.75) were less likely to have low BMD (Table 3). Patients with UC with low BMD had a lower BMI
value than those with normal BMD (22.8 [20.5-24.4] vs 25.6 [21.9-28.4] kg/m? P = 0.02), TBM (58.5 [52.7-
65.7] vs 67.4 [59.1-76.8] kg; P = 0.02), and BFkg (17.2 [9.9-21.3] vs 21.2 [15.4-28.4] kg; P = 0.01) (Figure 1).
No significant differences were found in anthropometric nutritional characteristics or body
composition between those with UC with low and normal BMD when stratified by sex.

DISCUSSION

Our data demonstrate that in a sample of patients with UC, predominantly in remission, with reduced
frequency of glucocorticoid use and excess body fat, low BMD had a high prevalence, in patients under
45 years of age, being that excess weight and abdominal fat are associated with normal BMD.
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Table 2 Demographic and clinical characteristics according to normal and low bone mineral density of patients with ulcerative colitis

Variable Normal BMD (n = 40) Low BMD (n = 28) Pvalue

Age (yr), median (IR) 37.5 (30.0-43.0) 40.0 (32.5-46.0) 0.193

Age group, 1 (%)

<45yr 31 (77.5) 20 (71.4) 057
>45yr 9 (22.5) 8 (28.6)
Sex, 1 (%)
Male 11 (27.5) 15 (53.6) 0.03
Female 29 (72.5) 13 (46.4)

Regular physical activity, n (%)

No 27 (67.5) 25 (89.3) 0.04
Yes 13 (32.5) 3(10.7)
Duration of illness (yr), median (IR) 5.0 (2.0-9.0) 4.5 (1.2-6.7) 0.98

Extent of disease, 1 (%)

Proctitis 12 (30.0) 1(3.6) 0.01
Left colitis 11 (27.5) 14 (50.0)
Extensive colitis 17 (42.5) 13 (46.4)

Use of glucocorticoids, n (%)
No 33 (84.6) 22 (78.6) 0.75
Yes 6 (15.4) 6 (21.4)

Use of glucocorticoids > 3 mo, 1 (%)

No 3 (50.0) 1(16.7) 0.54
Yes 3 (50.0) 5(83.3)
Accumulated dose of glucocorticoids (g), median (IR) 1.8 (1.3-2.3) 1.5 (1.1-3.5) 0.55
Serum calcium (mmol/L), median (IR) 2.3 (2.3-2.4) 2.2 (2.2-2.3) 0.03
Serum albumin (g/dL), median (IR) 44 (4.1-4.6) 4.3 (4.0-4.5) 0.57
PCR mg/dL, median (IR) 3.1(0.9-6.1) 1.6 (1.6-6.3) 0.56

SD: Standard deviation; IR: Interquartile range; BMD: Bone mineral density; C-RP: C-reactive protein.

It is recommended that patients with IBD be screened based on established guidelines for the general
population (pre-existing fragility fracture, women aged 65 years and older and men aged 70 years and
older, and those with risk factors that increase probability of detecting low bone mass)[21]. However,
this is a matter of concern considering that in this sample the majority of patients with UC with reduced
BMD were younger than 45 years of age, with reduced frequency of glucocorticoid use and in remission.

Bone mass loss is a frequent complication in patients with UC[22-24] and with a higher prevalence
when compared to that in healthy controls[25]. Greater bone fragility increases the risk of fractures, and
consequently morbidity and reduced quality of life for patients. The mechanisms reported in the
literature associated with bone loss in UC patients are mainly related to the UC itself, the use of steroids,
hospitalization[25-27], and low BMI values[28-31].

The role of obesity in patients with IBD is still uncertain, although initially it is believed that the
greater inflammatory potential of adipose tissue could have a negative impact on the evolution of the
disease in these patients[32,33]. The effect of body weight on bone mass can be attributed to the
mechanical compression of weight on the skeleton, and in response, it increases bone mass to
accommodate greater load[34]. In UC patients, obesity appears to be associated with a lower risk of low
BMD[35], with a 5 kg/m? increase in BMI decreasing by 57% the chance of having low BMD in 327
patients with UC and ileo-anal anastomosis with pouch illegitimate[29].

The effects of body fat on BMD in patients with IBD have been discussed[36], considering the increase
in the prevalence of overweight individuals diagnosed with UC[37,38]. Although there is no clear
consensus in the literature, body fat seems to have a positive effect on bone mass, as a result of the
anabolic effect of mechanical tension of the fat mass on bone, in addition to the action of hormones
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Table 3 Prevalence and prevalence ratio of low bone mineral density according to demographic, clinical, and nutritional characteristics

of patients with ulcerative colitis

Variable Prevalence of low BMD, n (%) PR (95%Cl) P value
Sex

Female 15 57.7 1.00

Male 13 31.0 1.86 (1.07 - 3.26) 0.029
Age group

<45yr 20 39.2 1.00

245 yr 8 47.1 1.38 (0.46 - 4.16) 0.583
Regular physical activity

Yes 3 18.8 1.00

No 25 48.1 2.56 (0.89 - 7.39) 0.081
Steroid use

No 23 383 1.00

Yes 5 62.5 1.63 (0.87 - 3.05) 0.126
Steroid use

<3 mo 1 25.0 1.00

>3 mo 5} 62.5 2.50 (0.42 - 14.8) 0.313
BMI classification

Not overweight 23 51.1 1.00

Overweight B 21.7 0.43 (0.19 - 0.97) 0.043
WC classification

Normal 21 52A5 1.00

Elevated 6 23.1 0.44 (0.21 - 0.94) 0.034
BF classification (%)

Normal 10 455 1.00

Elevated 18 39.1 0.86 (0.48 - 1.54) 0.614

PR: Prevalence ratio; CI: Confidence interval; BMI: Body mass index; WC: Waist circumference; BF: Body fat; BMD: Bone density; C-RP: C-reactive protein.
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released by adipocytes, which influence the activities of bone cells, both osteoblasts and osteoclasts[34].

The influence of gender on the BMD of patients with IBD is discordant[1,4]. In our study, male
patients were more likely to have reduced BMD, which we suppose at the expense of lower body fat
compared to females.

No studies were found evaluating the association between WC/abdominal fat and BMD in patients
with IBD. It is known that the relationship between abdominal fat and BMD is quite complex and the
results of studies in the general population are conflicting[39,40]. The two adipose tissues present in the
abdominal region (subcutaneous and visceral) are highly metabolic, with the production of adipokines,
estrogens, and metabolic factors derived from bones, with feedback mechanisms that affect bone
remodeling and body composition[40].

Our study has some limitations. For example, serum levels of alkaline phosphatase, parathyroid
hormone, and vitamin D were not measured in this study. On the other hand, it has the advantage of
assessing body mass by DXA. More robust, prospective studies with larger samples and techniques for
more accurate quantification of adipose tissues are needed to better explain the relationship between
total and abdominal body fat and BMD.

CONCLUSION

In conclusion, we observed that male UC patients in remission have a high prevalence of metabolic bone
diseases, and nutritional parameters related to body fat seem to protect against the development of low
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BMD. Understanding the protective effect that each nutritional component exerts on the bone mass of
patients with IBD is important to assist in the development of strategies that can provide the control of
metabolic bone diseases in these patients.

ARTICLE HIGHLIGHTS

Research background

Inflammatory bowel disease is associated with complications such as low bone mineral density and
increased risk of fracture compared to healthy controls. In patients with ulcerative colitis, the prevalence
of osteoporosis varies between 2% to 9% and the main risk factors are related to genetics, chronic
inflammatory status, treatment with steroids, and low weight.

Research motivation

There is little evidence that brings the relationship of nutritional risk factors with the development of
reduced bone mineral density (BMD) in patients with ulcerative colitis, despite the studies
demonstrating the relationship between nutritional risk factors and low BMD are more frequent in
patients with Crohn’s disease, considering the extension and severity of factors the disease, which can
compromise the main sites of nutrient absorption

Research objectives
To investigate the association of indicators of total body mass and body composition with BMD in
patients with ulcerative colitis (UC).

Research methods

This is a cross-sectional study on adult UC patients of both genders who were followed on an outpatient
basis. A control group consisting of healthy volunteers, family members, and close people was also
included. The nutritional indicators evaluated were body mass index (BMI), total body mass (TBM),
waist circumference (WC), body fat in kg (BFkg), BF in percentage (BF%), trunk body fat (TBF), and also
lean mass. Body composition and BMD assessments were performed by dual-energy X-ray absorp-
tiometry.

Research results

Most UC patients (97.0%) were in remission of the disease, 58.8% were eutrophic, 33.8% were
overweight, 39.0% had high WC, and 67.6% had excess BF%. However, mean BMI, WC, BFkg, and TBF
of UC patients were lower when compared to those of the control group (P < 0.05). Reduced BMD was
present in 41.2% of patients with UC (38.2% with osteopenia and 2.9% with osteoporosis) and 3.0% in
the control group (P < 0.001). UC patients with low BMD had lower BMI, TBM, and BFkg values than
those with normal BMD (P < 0.05). Male patients were more likely to have low BMD (prevalence ratio
[PR] = 1.86; 95% confidence interval [CI]: 1.07-3.26). Those with excess weight (PR = 0.43; 95%CI: 0.19-
0.97) and high WC (PR = 0.44; 95%CI = 0.21-0.94) were less likely to have low BMD.

Research conclusions
Patients with UC in remission have a high prevalence of metabolic bone diseases and body fat appears
to protect against the development of low BMD in these patients

Research perspectives
The future perspective is to evaluate other nutritional characteristics such as food consumption.
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Abstract

BACKGROUND

In monotherapy studies for bleeding peptic ulcers, large volumes of epinephrine
were associated with a reduction in rebleeding. However, the impact of epine-
phrine volume in patients treated with combination endoscopic therapy remains
unclear.

AIM
To assess whether epinephrine volume was associated with bleeding outcomes in
individuals who also received endoscopic thermal therapy and/or clipping.

METHODS

Data from 132 patients with Forrest class la, Ib, and Ila peptic ulcers were
reviewed. The primary outcome was further bleeding at 7 d; secondary outcomes
included further bleeding at 30 d, need for additional therapeutic interventions,
post-endoscopy blood transfusions, and 30-day mortality. Logistic and linear
regression and Cox proportional hazards analyses were performed.

RESULTS

There was no association between epinephrine volume and all primary and
secondary outcomes in multivariable analyses. Increased odds for further
bleeding at 7 d occurred in patients with elevated creatinine values (aOR 1.96,
95%CI 1.30-3.20; P < 0.01) or hypotension requiring vasopressors (aOR 6.34,
95%CI 1.87-25.52; P < 0.01). Both factors were also associated with all secondary
outcomes.

CONCLUSION

Epinephrine maintains an important role in the management of bleeding ulcers,
but large volumes up to a range of 10-20 mL are not associated with improved
bleeding outcomes among individuals receiving combination endoscopic therapy.
Further bleeding is primarily associated with patient factors that likely cannot be
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overcome by increased volumes of epinephrine. However, in carefully-selected cases where ulcer
location or size pose therapeutic challenges or when additional modalities are unavailable, it is
conceivable that increased volumes of epinephrine may still be beneficial.

Key Words: Peptic ulcer disease; Gastrointestinal bleeding; Upper endoscopy; Endoscopic hemostasis;
Epinephrine

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

Core Tip: To our knowledge, this is the only study specifically aimed at clarifying the impact of
epinephrine volume in patients treated with combination endoscopic therapy. Our findings suggest that
larger volumes of epinephrine are unlikely to improve clinical outcomes among patients who also receive
thermal therapy and/or clipping.
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INTRODUCTION

Peptic ulcer disease (PUD) is the most common cause of upper gastrointestinal bleeding (UGIB),
accounting for one-third to one-half of all cases[1-3]. Therapeutic endoscopic modalities are indicated
for peptic ulcers with high-risk findings, including: (1) Spurting (Forrest class Ia); (2) Oozing (Forrest
class Ib); or (3) Non-bleeding visible vessels (Forrest class Ila). Dilute epinephrine is a widely-available,
safe, and effective therapy frequently used by endoscopists[4-6]. When it is injected circumferentially
near an ulcer margin, epinephrine induces transient vasospasm and mechanical tamponade, often
achieving rapid hemostasis. Clinical trials investigating this technique for monotherapy demonstrated
that large volumes of epinephrine (up to 30-45 mL) are associated with a reduced risk for rebleeding[7-
9].

In the last two decades, the combination of epinephrine with additional endoscopic modalities,
including thermal therapy and/or clipping, for UGIB due to PUD has been shown to be more effective
than epinephrine monotherapy in preventing rebleeding[10-11]. Guidelines have suggested that large
volumes of epinephrine are not routinely necessary when additional endoscopic therapy is applied, and
clinicians have anecdotally opted to use smaller quantities[5]. However, combination therapy studies
have not assessed the impact of epinephrine volume on UGIB outcomes[12-22]. To address this ques-
tion, we identified a contemporary cohort of patients at our tertiary center who received combination
endoscopic therapy for high-risk PUD. We hypothesized that, while ulcer characteristics and other host
factors may influence endoscopic therapy, patients who received larger volumes of epinephrine would
have a reduction in further bleeding, need for additional therapeutic interventions, and post-endoscopy
blood transfusions.

MATERIALS AND METHODS

Patient selection

The study was exempted by the Institutional Review Board at Yale-New Haven Hospital. Electronic
endoscopy records were queried from June 2017 to October 2020; 288 patients who underwent upper
endoscopy for PUD and received endoscopic injection of dilute epinephrine (1:10000) at any point
during the procedure were identified. Patients were subsequently excluded if they: (1) Did not have
symptoms of overt bleeding; (2) Were not treated with combination endoscopic therapy; (3) Received
interventions only for Forrest class IIb, Ilc, or III ulcers; (4) Had multiple high-risk ulcers in different
locations that required endoscopic treatment and could account for UGIB; (5) Received hemostatic spray
(Hemospray®; Cook Medical, Bloomington, Indiana, United States); (6) Had missing data; or (7) Were
initially screened into the cohort due to findings from interval endoscopies but did not meet the
inclusion criteria at the time of index endoscopy. All patients received proton pump inhibitors (PPIs),
and our cohort included patients with both in-hospital and out-of-hospital UGIB.
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Table 1 Baseline characteristics (n = 132)

Demographics n (%) mean * SD Medications n (%) mean * SD
Age (yr) 70+ 16 Antiplatelet agents 64 (48)

Sex (male) 86 (65) Anticoagulants 36 (27)

Race (White) 96 (73) NSAIDs 28 (21)

Presentation Medical interventions

In-hospital bleeding 64 (48) ICU admission 66 (50)

Hematemesis 25 (19) Hypotension requiring vasopressors 39 (30)

Melena 93 (70) Blood transfusion (units) 4+4
Hematochezia 29 (22)

Systolic BP (mmHg) 112 £22 Endoscopic findings

Diastolic BP (mmHg) 63 +14 Time to endoscopy (h) 29+29
Heart rate (BPM) 95+ 19 Ulcer location (gastric) 54 (41)

Hemoglobin (g/dL) 8+2 Forrest classification

Platelets (10°/uL) 275 +129 ITa 13 (10)

BUN (mg/dL) 51+29 Ib 47 (36)

Creatinine (mg/dL) 16+1 Ila 72 (55)
Glasgow-Blatchford score 15+3 Size (mm) 13+9
Medical history Endoscopic interventions

Cardiovascular disease 55 (42) Additional modality

Congestive heart failure 37 (28) Thermal therapy 60 (45)

Active malignancy 18 (14) Clipping 53 (40)

Chronic renal dysfunction 59 (45) Both thermal therapy and clipping 19 (14)

Dialysis use 22 (17) Epinephrine volume (mL) 853
Cirrhosis 11 (8) Large-volume epinephrine use (210 mL) 18 (14)

BP: Blood pressure; BPM: Beats per minute; BUN: Blood urea nitrogen; ICU: Intensive care unit; NSAIDs: Non-steroidal anti-inflammatory drugs.

WJGPT
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Data collection

Clinical data were collected from the time of presentation up to a follow-up period of 30-days using
electronic medical records (EMR). Presenting symptoms, vital signs, and labs were obtained from the
initial emergency department or urgent care center evaluation for patients who experienced out-of-
hospital bleeding. For patients who developed in-hospital bleeding, these variables were acquired at or
near the time overt UGIB was documented. Medical history and medication data were attained from
clinic, admission, and inpatient progress notes, nursing documentation, and medication administration
records. Endoscopy records were reviewed for exam indications, findings, and interventions, including
epinephrine volume and additional therapeutic maneuvers; endoscopic images were evaluated for
clarification when deemed necessary. Epinephrine volume was categorized as follows: small (up to 5
mL), moderate (more than 5 mL but less than 10 mL), or large (10 mL or more).

Outcomes

The primary outcome was further rebleeding, defined as the presence of either: (1) Persistent bleeding
without successful hemostasis at the time of index endoscopy; or (2) Rebleeding from the index source
within 7 d of initial hemostasis based on clinical assessment by a gastroenterologist. Secondary
outcomes included: (1) Further bleeding within 30 d of index endoscopy; (2) Need for additional
therapeutic interventions; including endoscopic therapies; vascular embolization, or surgery; (3) Post-
endoscopy blood transfusions; measured as units of packed red blood cells (pRBCs) administered after
the initial endoscopy; (4) All-cause mortality at 30 d; and (5) Serious adverse effects (AEs) attributed to
epinephrine use; including ventricular arrhythmias or cardiac ischemia. The etiology of bleeding,
occurrence of rebleeding or AEs, and cause of death were determined by the authors of this study by
synthesizing assessments in the EMR from gastroenterology, internal medicine, critical care, surgery,
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Figure 1 Flow diagram for the study cohort detailing endoscopic findings, management, and outcomes.

and/or interventional radiology (IR) providers.

Statistical analysis

The impact of endoscopic findings, including ulcer location, absolute size, and Forrest classification
(Ia/Ib vs I1a), on the absolute volume of epinephrine injected was examined using a multivariable linear
regression model. For the main analyses, logistic and linear regression and Cox proportional hazards
models were used to evaluate the impact of epinephrine volume on UGIB outcomes in relation to the
effect of other relevant covariates, including age, presenting features (admission status, presence of
hematochezia, creatinine levels, and hypotension requiring vasopressors), comorbidities [cardiovascular
disease and congestive heart failure), medications (antiplatelet therapy, anticoagulant, and/or non-
steroidal anti-inflammatory drugs (NSAIDs) use], and endoscopic factors (time to endoscopy, ulcer
location, Forrest classification, and size). Epinephrine volume was assessed as a continuous variable; the
remaining covariates were dichotomized with the exception of creatinine values, which were also
maintained as continuous variables. Variables with P values less than 0.05 in univariable analyses were
subsequently included in multivariable analyses. All analyses were performed in R (R Core Team, 2019);
survival analysis was done using the survival package[23].

RESULTS

Characteristics of the study cohort

During a period of more than three years, 132 PPI-treated patients received combination endoscopic
therapy that included epinephrine injection for Forrest class Ia, Ib, and Ila ulcers in the stomach or
duodenum and met the remaining criteria for our study (Figure 1 and Table 1). Our cohort predom-
inantly consisted of elderly individuals who had comorbid conditions such as cardiovascular disease
(42%) or chronic renal dysfunction (45%) and used one or more antiplatelet agents, NSAIDs, and/or
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Table 2 Univariable and multivariable logistic regression analyses for factors associated with further bleeding at 7 d

Variable OR 95%Cl P value

Univariable logistic regression:

Age (275 yr) 247 0.88-7.60 0.09
Admission status (in-hospital) 291 1.01-9.63 0.06
Hematochezia 2.96 0.98-8.6 0.04
Creatinine (mg/dL) 1.86 1.31-2.78 <0.001
Hypotension requiring vasopressors 5.70 1.98-17.88 <0.01
Cardiovascular disease and/or congestive heart failure 271 0.94-8.98 0.08
Antiplatelet therapy, anticoagulants, and/or NSAIDs 0.57 0.20-1.70 0.30
Time to endoscopy (> 24 h) 0.71 0.23-2.00 0.53
Location of ulcer (duodenal) 6.19 1.65-40.43 0.02
Forrest class (Ia and Ib) 2.47 0.88-7.60 0.09
Size of ulcer (> 20 mm) 0.89 0.13-3.59 0.88
Epinephrine volume (mL) 1.06 0.92-1.22 0.38

Multivariable logistic regression:

Hematochezia 1.48 0.41-5.05 0.54
Creatinine (mg/dL) 1.96 1.30-3.20 <0.01
Hypotension requiring vasopressors 6.34 1.87-25.52 <0.01
Location of ulcer (duodenal) 3.44 0.81-23.72 0.13

Variables with P < 0.05 in univariable analysis were included in multivariable analysis. aOR: Adjusted odds ratio; BPM: Beats per minute; BUN: Blood urea
nitrogen; CI: Confidence interval; NSAIDs: Non-steroidal anti-inflammatory drugs; OR: Odds ratio.

anticoagulants (70%). In-hospital bleeding was common (48%); half were either already in the intensive
care unit (ICU) or required admission to the ICU and 30% needed vasopressors for hypotension.
Endoscopy occurred at a mean time of 29 h (standard deviation 29 h, range 1-199 h). Ulcers were present
in the following locations: 8 (6%) in the gastric cardia, 7 (5%) in the gastric fundus, 23 (17%) in the
gastric body, 1 (1%) in the gastric incisura, 15 (11%) in the gastric antrum, 57 (43%) in the first portion of
the duodenum, 20 (15%) in the second portion of the duodenum, and 1 (1%) in the third portion of the
duodenum. Ulcer size ranged from 2 to 50 mm, and actively bleeding ulcers (Forrest class Ia or Ib) were
encountered in 45% of cases. The mean volume of epinephrine was 5.5 mL (standard deviation 3 mL,
range 1-20 mL), and 18 patients (14%) received 10 or more mL. There was no association between the
volume used and ulcer location (P = 0.50), ulcer size (P = 0.15), or Forrest classification (P = 0.92).

Overall outcomes

Initial endoscopic hemostasis was achieved in 128 patients (97%), and vascular embolization was
performed by IR for the remaining 4 individuals. Among patients who had successful endoscopic
hemostasis, rebleeding within 7 d occurred in 13 (10%) and rebleeding within 30 d occurred in 21 (16%);
of those who had failure of initial endoscopic hemostasis, one experienced rebleeding less than 48 h
after endoscopy and embolization. Among all 22 (17%) patients who experienced rebleeding within 30
d, 19 (14%) required at least one additional endoscopic or endovascular intervention, including 10 (8%)
who required endoscopic hemostasis, 3 (2%) who required vascular embolization, and 6 (5%) who
required both; none required surgery. Among the entire cohort, 15 (11%) died within 30 d, and 5 deaths
were due to probable refractory UGIB. No serious AEs attributed to epinephrine injection were
reported.

Further bleeding

In univariable logistic regression analysis, epinephrine volume did not correlate with further bleeding at
7 d (OR 1.06, 95%CI 0.92-1.22; P = 0.38); however, 4 other variables with P values < 0.05 were included
in multivariable logistic regression analysis (Table 2). Increased odds for further bleeding were observed
in patients who had elevated creatinine values (aOR 1.96, 95%CI 1.30-3.20; P < 0.01) or hypotension
requiring vasopressors (aOR 6.34, 95%CI 1.87-25.52; P < 0.01). This analysis was repeated using a follow-
up period of 30 d. There was a positive association between increased epinephrine volume and further
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Table 3 Multivariable logistic regression and cox proportional hazards analyses for factors associated with further bleeding at 30 d,

need for additional therapeutic interventions, and mortality at 30 d

Variable aOR or aHR 95%Cl P value
Further bleeding at 30 d':

Hematochezia 2.83 0.95-8.44 0.06
Creatinine (mg/dL) 1.73 1.18-2.64 <0.01
Hypotension requiring vasopressors 7.68 2.69-24.38 <0.001
Epinephrine volume (mL) 1.07 0.93-1.24 0.31
Need for additional therapeutic interventions':

Admission status (in-hospital) 1.36 0.37-5.18 0.64
Hematochezia 1.49 0.43-4.90 0.52
Creatinine (mg/dL) 1.60 1.06-2.47 0.03
Hypotension requiring vasopressors 8.53 2.51-34.72 <0.01
Epinephrine volume (mL) 1.09 0.93-1.26 0.27
Mortality at 30 d*

Creatinine (mg/dL) 1.77 1.36-2.30 <0.001
Hypotension requiring vasopressors 4.09 1.39-12.09 0.01

Logistic regression analysis.

2Cox proportional hazards analysis. Variables with P < 0.05 in univariable analysis were included in multivariable analysis. aHR: Adjusted hazard ratio;
aOR: Adjusted odds ratio; BUN: Blood urea nitrogen; CI: Confidence interval.
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bleeding at 30 d in univariable analysis (OR 1.14, 95%CI 1.01-1.30; P = 0.03) but not in multivariable
analysis (aOR 1.07; 95%CI 0.93-1.24; P = 0.31). Increased odds for further bleeding at 30 d were observed
in those with elevated creatinine values (aOR 1.73, 95%CI 1.18-2.64; P < 0.01) or hypotension requiring
vasopressors (aOR 7.68, 95%CI 2.69-24.38; P < 0.001) in multivariable analysis (Table 3).

Need for additional therapeutic interventions

There was a positive association between increased epinephrine volume and the need for additional
endoscopic or endovascular interventions in univariable logistic regression analysis (OR 1.14, 95%CI
1.00-1.30; P < 0.05) but not in multivariable logistic regression analysis (aOR 1.09; 95%CI 0.93-1.26; P =
0.27). Only elevated creatinine values (aOR 1.60, 95%CI 1.06-2.47; P = 0.03) and hypotension requiring
vasopressors (aOR 8.53, 95%CI 2.51-34.72; P < 0.01) were associated with additional therapeutic
interventions in multivariable analysis (Table 3).

Post-endoscopy blood transfusions

A mean of 2 units of pPRBCs were transfused after the initial endoscopy (standard deviation 3 units;
range 0 to 14 units); 49 patients required no transfusions, 32 required 1 unit, and 51 required 2 or more
units. In a univariable linear regression model, there was no correlation between epinephrine volume
and the units of pRBCs transfused after initial endoscopy (P = 0.28). However, 6 other variables
(admission status, presence of hematochezia, creatinine values, hypotension requiring vasopressors,
time to endoscopy, and ulcer location) with P values < 0.05 in univariable linear regression models were
included in a multivariable model (analysis not shown); increased post-endoscopy blood transfusions
were only observed among patients with elevated creatinine values (P < 0.01) or hypotension requiring
vasopressors (P < 0.001).

Mortality

In a univariable Cox proportional hazards model, there was no association between epinephrine volume
and death up to a follow-up of 30 d (HR 1.11, 95%CI 0.98-1.26; P > 0.10). In multivariable analysis
(Table 3), elevated creatinine values (aHR 1.77, 95%CI 1.36-2.30; P < 0.001) and hypotension requiring
vasopressors (aHR 4.09, 95%CI 1.39-12.09; P = 0.01) were associated with increased mortality.
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Table 4 Prospective combination therapy studies incorporating epinephrine for peptic ulcer disease

Ref. Additional therapy Mean volume (mL) PPl Forrestclass  Number Rebleeding  Follow-up
Karaman et al[14], 2011 Thermal 6 Yes laand 1b 78° 4 5% 4wk
Kim et al[12], 2015 Thermal 6 Yes 1a, 1b, 2a 151 12 8% 30d
Lin et al[20], 1999 Thermal 7 Yes 1a, 1b, 2a 30 2 7% 14d
Tekant et al[22], 1995 Thermal 7 No 1b and 2a 48" 3 6% 5d
Chau et al[18], 2003 Thermal 8 Yes 1a, 1b, 2a 164° 34 21% 10d
Chung et al[19], 1999 Thermal 10 No 1a, 1b, 2a 41 4 10% 7d
Lin et al[17], 2003 Thermal and Clipping 10 Yes 1a, 1b, 2a 86 7 8% 14d
Chung et al[21], 1997 Thermal 10 Some laand1b 135 5 4% 4wk
Grgov et al[13], 2013 Clipping 11 Yes 1la,1b, 2a 35 2 6% 8 wk
Bianco et al[16], 2004 Thermal 12 Yes 1a, 1b, 2a 58 5] 9% 30d
Taghavi et al[15], 2009 Thermal and Clipping 21 Yes 1a, 1b, 2a 147¢ 13 9% 30d
Total 10 973 91 9%

2All patients received between 5 and 6 mL of epinephrine.

PPatients who received endoscopic therapy for pigmented spots or adherent clots were excluded.

“Patients who received endoscopic therapy for adherent clots were excluded. PPI: Proton pump inhibitor.
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DISCUSSION

Our study suggests that larger volumes of epinephrine up to a range of 10 to 20 mL for Forrest class Ia,
Ib, and Ila PUD are unlikely to be associated with improved UGIB outcomes in the combination therapy
era. In the context of improvements in standard medical therapy, including widespread PPI use, and the
incorporation of additional endoscopic modalities such as thermal therapy and clipping, further
bleeding due to therapeutic failure has become less common, and the relative impact of epinephrine
volume is likely limited in most cases[24].

Our findings support the notion that adverse UGIB outcomes such as further bleeding, additional
therapeutic interventions, excess transfusions, and death are more likely to occur as a result of general
host factors rather than endoscopic factors among individuals receiving combination therapy. Patients
with comorbidities such as renal dysfunction and hypotension requiring vasopressors may be less likely
to have a favorable response to conventional medical and endoscopic therapies. The application of
increased volumes of epinephrine up to the modest range evaluated in our study will likely not have a
meaningful impact on outcomes.

Our study has some methodologic constraints, including a limited sample size, retrospective design,
and data from one tertiary center. The majority of the patients in our cohort also received epinephrine
injections of 1 to 5 mL, which is markedly less than the average volume (6 to 21 mL) reported in prior
prospective combination therapy studies that included Forrest class Ia, Ib, and Ila ulcers[12-22]. In most
cases included in our study, epinephrine was primarily used to improve visualization and limit
bleeding as additional endoscopic hemostasis interventions were being applied. Ulcer characteristics,
including location, size, and Forrest classification did not influence decisions relating to the volume of
epinephrine use, indicating that providers were often only willing to use modest volumes, regardless of
the technical aspects of the case. Only 18 patients received 10 or more mL of epinephrine, and the
maximum volume used was 20 mL (one individual). Therefore, the impact of volumes greater than 10-
20 mL in patients treated with combination therapy remains unclear.

The rates of rebleeding and further bleeding at 30 d among our cohort were 16% and 19%,
respectively. These values were higher than anticipated for patients receiving combination therapy and
may suggest that our study included an increased proportion of patients with risk factors for persistent
bleeding or rebleeding, which is supported by the high rate of individuals requiring ICU admission
among our cohort[11]. Although we attempted to address relevant covariates in our analyses, there may
have been other unmeasured confounding variables that had some impact on outcomes, including the
presence of coagulopathy, use of mechanical ventilation, or administration of other medications that
may increase the risk for ulcer-related bleeding. Of the previously-cited prospective combination
therapy studies that reported epinephrine volume, 10 of 11 reported rebleeding rates between 4% and
10% with no clear relationship to epinephrine volume (Table 4)[12-22].
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CONCLUSION

Because of its availability, safety, and efficacy, epinephrine will continue to maintain an important role
in the management of UGIB from PUD. However, in light of the other medical and endoscopic therapies
that have emerged over the past 20 years, there is likely a limited role for the use of increased volumes
of epinephrine for patients who require endoscopic therapy for high-risk PUD. Endoscopists should
decide on the appropriate volume on a case-by-case basis depending on a combination of technical
factors, including the magnitude of active bleeding encountered and ulcer location and size. Based on
the findings of initial prospective monotherapy studies, there is minimal harm associated with the use
of volumes up to 30-45 mL in most individuals[7-8]. Therefore, providers should not be reluctant to use
large volumes if deemed necessary, and in cases where ulcer location or size pose therapeutic challenges
or when additional modalities cannot be utilized, it is conceivable that this strategy may still be
beneficial. However, large volumes of epinephrine will likely not overcome patient factors that are not
readily modifiable and predispose to further bleeding.

ARTICLE HIGHLIGHTS

Research background

In monotherapy studies for bleeding peptic ulcers, the volume of epinephrine injected had an impact on
clinical outcomes. Large volumes up to a range of 30-45 mL were associated with a reduction in
rebleeding. However, the impact of epinephrine volume on patients treated with combination
endoscopic therapy remains unclear.

Research motivation

Understanding whether epinephrine volume can impact clinical outcomes among patients treated with
combination endoscopic therapy can help inform clinical practice for the management of bleeding
ulcers, a condition commonly encountered by endoscopists.

Research objectives

To examine whether epinephrine volume could impact the risk for further bleeding, need for additional
medical or procedural interventions, and survival while accounting for other important clinical and
endoscopic factors.

Research methods

Comprehensive clinical and endoscopic data from 132 patients with Forrest class Ia, Ib, and Ila peptic
ulcers treated at our tertiary care center were reviewed. We assessed for relevant clinical outcomes such
as rebleeding within 7 and 30 d, need for additional intervention, post-endoscopy blood transfusions,
and mortality. We used logistic regression analysis to determine the impact of clinical and endoscopic
factors.

Research results

There was no association between epinephrine volume and rebleeding, need for additional intervention,
post-endoscopy blood transfusions, or mortality. Increased odds for further bleeding at 7 d occurred in
patients with elevated creatinine values (aOR 1.96, 95%CI 1.30-3.20; P < 0.01) or hypotension requiring
vasopressors (aOR 6.34, 95%CI 1.87-25.52; P < 0.01). Both factors were also associated with all secondary
outcomes.

Research conclusions

Volumes of epinephrine up to a range of 10-20 mL are not associated with improved bleeding outcomes
among individuals receiving combination endoscopic therapy. Further bleeding is primarily associated
with patient factors that likely cannot be overcome by increased volumes of epinephrine, including the
presence of shock and renal failure.

Research perspectives

It is unlikely that large volumes of epinephrine are routinely necessary for the management of high-risk
peptic ulcer disease. However, in select cases where ulcer characteristics pose therapeutic challenges or
additional modalities are unavailable, it is conceivable that large volumes of epinephrine may still be
beneficial.
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Abstract

BACKGROUND

Percutaneous Endoscopic Gastrostomy (PEG) tubes are often placed for dysp-
hagia following a stroke in order to maintain sufficient caloric intake. The 2011
ASGE guidelines recommend delaying PEG tube placement for two weeks, as half
of patients with dysphagia improve within 2 wk. There are few studies comparing
outcomes based on timing of PEG tube placement, and there is increasing demand
for early PEG tube placement to meet requirements for timely discharge to rehab
and skilled nursing facilities.

AIM

To assess the safety of early (<7 d post stroke) vs late (> 7 d post stroke) PEG tube
placement and evaluate whether pre-procedural risk factors could predict
mortality or complications.
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METHODS

We performed a retrospective study of patients undergoing PEG tube placement for dysphagia
following a stroke at two hospitals in Saint Louis, MO between January 2011 and December 2017.
Patients were identified by keyword search of endoscopy reports. Mortality, peri-procedural
complication rates, and post-procedural complication rates were compared in both groups.
Predictors of morbidity and mortality such as protein-calorie malnutrition, presence of an
independent cardiovascular risk equivalent, and presence of Systemic inflammatory response
syndrome (SIRS) criteria or documented infection were evaluated by multivariate logistic
regression.

RESULTS

154 patients had a PEG tube placed for dysphagia following a stroke, 92 in the late group and 62 in
the early group. There were 32 observed deaths, with 8 occurring within 30 d of the procedure.
There was an increase in peri-procedural and post-procedural complications with delayed PEG
placement which was not statistically significant. Hospital length of stay was significantly less in
patients with early PEG tube placement (12.9 vs 22.34 d, P < 0.001). Protein calorie malnutrition,
presence of SIRS criteria and/or documented infection prior to procedure or having a
cardiovascular disease risk equivalent did not significantly predict mortality or complications.

CONCLUSION

Early PEG tube placement following a stroke did not result in a higher rate of mortality or
complications and significantly decreased hospital length of stay. Given similar safety outcomes in
both groups, early PEG tube placement should be considered in the appropriate patient to
potentially reduce length of hospital stay and incurred costs.

Key Words: Percutaneous endoscopic gastrostomy tube; Dysphagia; Stroke; Enteral nutrition;
Gastrostomy/adverse effect

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

Core Tip: Percutaneous Endoscopic Gastrotomy (PEG) tubes are often placed for nutrition for dysphagia
following a stroke. The 2011 ASGE guidelines recommend delaying PEG tube placement for two weeks,
although this guideline is based on weak evidence. There is increasing demand for early PEG tube
placement to meet requirements for timely discharge to rehab facilities. This is the first study to compare
outcomes such as mortality or complications of PEG tubes based on timing of placement in stroke
patients. Early PEG tube placement did not result in a higher rate of mortality or complications and
significantly decreased hospital length of stay.

Citation: Reddy KM, Lee P, Gor PJ, Cheesman A, Al-Hammadi N, Westrich DJ, Taylor J. Timing of percutaneous
endoscopic gastrostomy tube placement in post-stroke patients does not impact mortality, complications, or
outcomes. World J Gastrointest Pharmacol Ther 2022; 13(5): 77-87
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INTRODUCTION

Enteral nutrition is the recommended method for providing sufficient nutrition and calories to patients
who are unable to tolerate oral feeding[1]. Stroke patients commonly require enteral nutrition. Post
stroke oropharyngeal dysphagia occurs in over 65% of cases[2]. While most post-stroke dysphagia will
improve within the first four weeks, 20% of patients may require short-term enteral tube feeding, and
8% require tube feeding for more than six months[3,4]. Malnutrition will occur after an acute stroke in
8% to 34% of cases[5].

Methods to provide enteral feeding include nasogastric (NG) tubes, percutaneous endoscopic
gastrostomy (PEG) tubes, and percutaneous gastrostomy tubes placed by interventional radiology or
surgery. Nasoenteral tubes are recommended for short-term use in patients who are expected to resume
oral nutrition within 30 d [1]. According to the 2011 ASGE guidelines, if a patient is unable to resume
oral feeding after 2-3 wk with a nasoenteric tube, then PEG tube placement is recommended[1]. This
recommendation is graded as low quality and the authors suggest that further research is needed to
strengthen the evidence supporting a 2-3 wk waiting period[1]. This study aims to evaluate the safety of
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early vs delayed placement of PEG tubes in patients after an acute stroke.

The original recommendation for delayed PEG tube placement for two weeks seems to be derived
from the observation that about half of patients with dysphagia improve within 2 wk, whereas only 15%
of patients have persistent dysphagia after 1 mo[2]. Two of the earliest studies assessing safety of PEG
tube placement after a stroke were published in the 1990s. Both studies found PEG feeding to be safe
and effective when placed at least 2 wk after a stroke, however neither of these studies addressed early
(< 2 wk post stroke) PEG tube placement[6,7]. In 2005, Dennis and colleagues were the first to evaluate
outcomes of early PEG tube placement in 321 patients who were randomized to early PEG vs NG tube
placement after an acute stroke, and found no major differences in survival, but non-statistically
significant improvement in functional outcomes if NG feeding was used in the first 2-3 wk, followed by
PEG if needed]8,9]. Since the publication of the 2011 ASGE guidelines, there has been one additional
retrospective chart review study looking at timing of PEG tubes in 34623 stroke patients, in which early
PEG placement (< 7 d post stroke) was associated with a significant decrease in length of hospital stay
(10.4 vs 20.5 d)[10]. Furthermore, there was no significant difference in inpatient mortality rates and
other complications, however overall mortality was not evaluated.

The primary objective of our study was to assess the safety of early PEG tube placement in stroke
patients by evaluating mortality and complications in patients who underwent PEG tube placement
within 7 d vs after 7 d of an acute stroke. Our secondary objectives included the identification of
predictors of morbidity and mortality such as malnutrition, pre-procedural infections, and independent
cardiovascular risk equivalents. We hypothesized that there would be no difference in outcomes,
mortality, or complications with early PEG tube placement unless independent risk factors for complic-
ations were present. We hope our study will contribute to evidence-based decision making regarding
the timing of PEG tube placement following a stroke.

MATERIALS AND METHODS

This is a bi-center retrospective study of all adult patients who underwent PEG tube placement for
dysphagia following an acute stroke between January 2011 and December 2017 at Saint Louis University
Hospital and Saint Mary’s Hospital in Saint Louis, Missouri. This study was approved by the institu-
tional review board at Saint Louis University School of Medicine. Patients were identified by
performing a keyword search of upper endoscopy reports on the ProVation (ProVation Medical,
Minneapolis, MN) database using the keywords “gastrostomy” and “PEG.” Individual patient records
and endoscopy reports were then reviewed to confirm that the indication for placement was dysphagia
following an acute stroke, and that endoscopic tube placement was performed via the standard “pull
through” technique as described by Ponsky and Gauderer[11]. Exclusion criteria included PEG tubes
placed for indications other than dysphagia from acute stroke, using a nonstandard endoscopic tube
placement method, or tubes placed by surgery or interventional radiology.

At both hospitals, standard dysphagia management following a stroke required assessment of
dysphagia by both the neurology service and a speech therapist. Enteral nutrition with a nasogastric
tube was initiated immediately after determination of dysphagia was made and if PEG tube placement
would be delayed. If it was determined that prolonged PEG tube placement would be required, the
gastroenterology service was consulted. Active infection delayed placement of PEG tube but pre-
procedure malnutrition, defined as albumin < 3.2, did not delay the procedure. All anti-platelet and
anti-coagulant agents were held prior to PEG placement, according to ASGE guidelines[12]. Patients
with early PEG tube placement, defined as within 7 d from the stroke event, were compared to those
with later interventions. A dose of antibiotics was given prior to all procedures. The PEG site was
examined for infection and bleeding 24 h after tube placement, and tube feeds were initiated once the
tube was deemed safe to use by the inpatient gastroenterology team.

Retrospective data was collected from review of the patients’ electronic medical records available at
the two study centers, including inpatient and outpatient follow up data. Baseline characteristics
including age, gender, and comorbidities were compared for both groups. Outcomes evaluated
included the rate of peri-procedural complications, the rate of post-procedural complications, and 90-d
all-cause mortality after PEG placement. Peri-procedural complications were defined as those occurring
during or within 24 h of PEG placement and included cardiovascular and cerebrovascular events,
aspiration, bleeding, organ injury, perforation, or infection. Post-procedural complications were defined
as those occurring after 24 hours and within 3 mo from PEG placement and included cardiovascular and
cerebrovascular events, aspiration, bleeding, infection, and PEG tube site complications. Complication
and mortality rates were calculated for both groups. Patients were censored at death or 90-d follow-up
from date of PEG placement. The Kaplan-Meier Method was used to perform a time to event analysis.
Predictors of morbidity and mortality were evaluated by multivariate logistic regression and included
documentation of pre-procedure protein-calorie malnutrition (defined as albumin < 3.2), having an
independent cardiovascular risk equivalent outside of the current stroke (type 2 diabetes, prior stroke,
abdominal aortic aneurysm, peripheral vascular disease, or Framingham risk score > 20%), and
presence of Systemic inflammatory response syndrome (SIRS) criteria or documented infection (positive
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urine or blood culture). All statistical analyses were performed using SAS 9.4 (SAS, Cary, NC) and
results were considered significant with a P value < 0.05. Statistical Review of the study was performed
by a biomedical statistician.

RESULTS

Initial keyword search identified 482 cases on the ProVation endoscopy report database. 154 patients
were included in the study after manually reviewing charts to exclude patients that did not meet the
inclusion criteria. Among these, 62 patients underwent early PEG placement, while the remaining 92
patients had PEG tube placement after 7 d (See Figure 1). Baseline patient demographics (Table 1) and
clinical comorbidities are listed (Table 2). There was a statistically significant difference in age between
patient’s undergoing early vs late PEG placement (74.7 vs 66.2 years, P = 0.0005). There was otherwise
no significant difference in sex or the total number of comorbidities as described below. Among specific
comorbidities however, there was a statistically significant difference in chronic kidney disease (3.2% vs
13.0%) and peripheral arterial disease (8.1% vs 1.1%) between patients undergoing early and late
interventions.

Complications

Peri-procedural and post-procedural complications were compared between patients undergoing early
vs late PEG placement (See Table 3). There were 3 peri-procedural complication events in the early
group, compared to 8 in the late PEG placement group. There were 19 post-procedural complications in
the early group, compared to 35 in the late PEG placement group. These differences, however, were not
statistically significant. Similarly, there were no statistical differences in the type of peri-procedural or
post-procedural complications based on timing of PEG tube placement (See Table 4).

Mortality

There were 32 total observed deaths, however only 8 occurred within 30 d from PEG placement,
including 3 deaths in the early group vs 5 deaths in the late PEG placement group. The Kaplan-Meier
Method was used to perform a time to event (death) analysis. As seen in Figure 2, there was no
statistical difference in survival between both groups (log rank P = 0.593).

Predictors of Morbidity and Mortality

Pre-procedural risk factors for complications and mortality, such as protein calorie malnutrition,
presence of SIRS or documented infection, and cardiovascular disease risk equivalents independent of
current stroke, were evaluated by multivariate regression analysis. None of the risk factors studied
significantly impacted 30- or 90-d mortality. Protein-calorie malnutrition [OR 1.31, (0.37-4.7)] and
presence of infection or SIRS criteria [OR 1.55, (0.38-6.28)] were associated with an increase in peri-

procedural and post-procedural complications, however these did not reach statistical significance (See
Table 5).

Length of Stay
Total hospital length of stay was significantly lower in patients undergoing early PEG tube placement
(12.9vs 22.3 d, P < 0.001).

DISCUSSION

This study compared mortality, complications, and risk factors for morbidity in 154 patients with
dysphagia following an acute stroke undergoing PEG tube placement within 7 d vs after 7 d of acute
stroke. We had hypothesized that there would be no difference in outcomes, mortality, or complications
with early PEG tube placement unless independent risk factors for complications were present. Our
results support our hypothesis. There were no differences in mortality or rates of peri-procedural and
post-procedural complication. Patients undergoing early PEG placement had no worse outcomes and
had a shorter length of hospital stay.

The only other study to directly compare early PEG placement to later PEG placement was an
observational study of the US Nationwide Inpatient Sample by George et al[10], which identified 34623
stroke patients undergoing PEG placement and found no difference in inpatient mortality. Our study
results match its findings. Our study, which directly reviewed patients” charts rather than nationwide
hospital data, extends its conclusions by additionally finding no difference in mortality at 30 and 90 d
after hospitalization. Finally, both studies found a significant decrease in length of hospital stay
associated with early PEG placement.

Our study defined “early” vs “late” PEG placement using a cutoff of 7 d after the acute stroke. This
cutoff was defined prior to our data collection and was not the result of a “post-hoc” analysis. We chose
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Table 1 Patient demographics

All (N =154) PEG <7d (N =62, 40.26%) PEG > 7 d (N =92, 59.74%)
P value
N SD N SD N SD
Age 69.62 15.02 74.65 13.89 66.24 14.87 0.0005"
Sex 0.0658
Female 78 50.65 37 59.68 41 44.57
Male 76 49.35 25 40.32 51 55.43
Any comorbidity 147 95.45 59 95.16 88 95.65 1.0000”
Number of comorbidities 0.4339°
0 7 455 g 4.84 4 4.35
1 26 16.88 12 19.35 14 15.22
2 37 24.03 13 20.97 24 26.09
8 41 26.62 17 27.42 24 26.09
4 26 16.88 12 19.35 14 15.22
5 8 5.19 4 6.45 4 4.35
6 5] 3.25 0 0.00 5] 543
7 3 1.95 1 1.61 2 217
8 0 0.00 0 0.00 0 0.00
9 1 0.65 0 0.00 1 1.09

Obtained by Student's t-test;
2Obtained by Fisher's exact test;
30Obtained by Poisson regression, PEG: Percutaneous endoscopic gastrostomy, Significant P values are in bold.
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this cutoff for several reasons. First, our clinical experience suggested that we were consulted by
neurology for PEG placement earlier than 2 wk in the patients” hospital course, usually around 7 d.
Second, using the same cutoff as the study by George et al[10] would allow for a direct comparison with
their results. Finally, using an earlier cutoff than the guideline-based 2 wk, would allow us to better
answer our hypothesis, which was that PEG placement earlier than 2 wk does not lead to worsened
outcomes.

As previously discussed in our introduction, this 7 d interval is earlier than the 2 wk interval
recommended in the 2011 ASGE guidelines[1]. Most recently, the 2019 guidelines for early management
of acute ischemic stroke by the American Heart Association and the American Stroke Association also
recommend the use of nasogastric tubes for feeding “in the early phase of stroke” and to place PEG
tubes “in patients with longer anticipated persistent inability to swallow safely (> 2 to 3 wk)”[13]. The
strength of this recommendation is graded as moderate, and the level of evidence is based on expert
opinion and clinical experience[13].

Despite these recommendations to delay PEG placement for 2 wk, there is a high demand to initiate
early placement. Stroke patients often require intensive inpatient or outpatient rehab and skilled
nursing facility care; both of which require patients to resume oral nutrition or have a PEG tube given
the high risk of nasoenteric tube displacement or blockage[6,7]. Delayed PEG placement could limit how
quickly stroke patients can begin intensive rehabilitation and jeopardize their neurologic recovery. For
this reason, determining the optimal timing of PEG placement is clinically important, but few studies
have examined this directly. The 2005 “FOOD” randomized controlled trial comparing PEG tube vs
nasoenteric tube feeding appeared to show the former was associated with a small increase in absolute
risk of death or poor outcomes[8,9]. A later 2012 Cochrane review found that although there was
insufficient data to offer definitive answers, PEG and NG tube feeding did not differ in terms of death or
functional outcomes in patients with dysphagia following an acute or subacute stroke. Instead, PEG
tubes were associated with improved food delivery, less treatment failures, and less GI bleeding[14].
However, neither of these studies specifically looked at the timing of placement. Our study, and the
study by George et al[10], introduce new evidence for this discussion.

Our study had several limitations, most notably the relatively small population size, which likely
contributed to an underpowered study and inability to identify significant differences in mortality,
complication rates, or risk factors for these adverse outcomes. We attempted to account for any
comorbidities contributing to the patients’ clinical status and outcomes, and our demographic and

WJGPT | https://www.wjgnet.com 81 September 5,2022 | Volume13 | Issue5 |



Reddy KM et al. Timing of percutaneous endoscopic gastrostomy placement

Table 2 Patient comorbidities

All(N=154)  PEG<7d (N=62,40.26%) PEG > 7 d (N = 92, 50.74%)

Types of comorbidities P value
N % N % N %
Acute respiratory distress syndrome 1 0.65 0 0.00 1 1.09 1.0000"
Acute kidney injury 2 1.30 0 0.00 2 217 0.5158
Alcohol abuse 5 3.25 2 3.23 3 3.26 1.0000'
Amyotrophic lateral sclerosis 1 0.65 0 0.00 1 1.09 1.0000"
Anemia 4 2.60 2 3.23 2 217 1.0000'
Aortic dissection 1 0.65 0 0.00 1 1.09 1.0000"
Aortic stenosis 1 0.65 0 0.00 1 1.09 1.0000"
Arrhythmias 7 4.55 4 6.45 3 3.26 0.4403"
Atrial fibrillation 32 20.78 17 27.42 15 16.30 0.0955
Breast cancer 3 1.95 2 3.23 1 1.09 0.5652"
Coronary artery disease 29 18.83 9 14.52 20 21.74 0.2609
Cirrhosis 1 0.65 1 1.61 0 0.00 0.4026'
Chronic kidney disease 14 9.09 2 3.23 12 13.04 0.0377
Colon cancer 2 1.30 2 3.23 0 0.00 0.1605'
Chronic obstructive pulmonary disease 9 5.84 1 1.61 8 8.70 0.0853'
Dementia 15 9.74 5 8.06 10 10.87 0.5648
Diabetes mellitus 52 33.77 19 30.65 33 35.87 0.5014
Deep vein thrombosis 1 0.65 1 1.61 0 0.00 0.4026'
Heart failure 24 15.58 11 17.74 13 14.13 0.5445
Hyperlipidemia 45 29.22 20 32.26 25 2717 0.4963
Hypertension 121 78.57 45 72.58 76 82.61 0.1369
Lung cancer 1 0.65 0 0.00 1 1.09 1.0000"
Nonalcoholic steatohepatitis 1 0.65 0 0.00 1 1.09 1.0000"
Obstructive sleep apnea 3 1.95 1 1.61 2 2.17 1.0000"
Peripheral artery disease 6 3.90 5 8.06 1 1.09 0.0391"
Parkinson's disease 2 1.30 0 0.00 2 217 0.5158'
Patent Foramen Ovale 1 0.65 1 1.61 0 0.00 0.4026'
Prostate cancer 2 1.30 0 0.00 2 2.17 0.5158'
Pulmonary hypertension 1 0.65 1 1.61 0 0.00 0.4026'
Seizure disorder 4 2.60 2 3.23 2 217 1.0000"
Stroke 38 24.68 14 22.58 24 26.09 0.6206"
Substance abuse 1 0.65 0 0.00 1 1.09 1.0000"
Thrombocytopenia 2 1.30 1 1.61 1 1.09 1.0000"
Thyroid cancer 1 0.65 1 1.61 0 0.00 0.4026

Obtained by Fisher's Exact Test, PEG: Percutaneous endoscopic gastrostomy, Significant P values are in bold.

comorbidity data were broadly similar for both patient groups. Nevertheless, there remains the
possibility of confounding bias when assessing the mortality and hospital length of stay. It is possible
that sicker patients required longer recovery before they could undergo PEG placement, affecting length
of stay.
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Table 3 Mortality and complications in percutaneous endoscopic gastrostomy tubes placed <7 d vs > 7 d post stroke

Early PEG group (<7 d) Late PEG group (> 7 d) Analysis value (P)

30-d mortality (Number of events) 3 5 1.00"
Peri-procedural complications (number of events) 3 8 0.53
Post-procedural complications (number of events) 20 34 0.551
Hospital length of stay (d) 129 22.34 <0.001°

Obtained by Fisher's exact test;
%Obtained by Student's t-test; PEG: Percutaneous endoscopic gastrostomy, Significant P values are in bold.

Table 4 Types of peri-procedural and post procedural complications

Early PEG group Late PEG group Analysis value (P) Fisher’s exact
Peri procedural complication
Pulled PEG tube 0 1 1
Pulmonary edema 0 1 1
NSTEMI 0 1 1
Bleeding 0 4 0.15
Pneumonia 1 1 1
Evolving stroke/herniation 1 0 0.4
Post procedural complications
Aspiration 8 14 0.69
Pneumonia 10 16 0.84
Bleeding 2 2 1
Buried bumper 1 0 0.4
Cardiac arrest 2 1 0.57
Death 7 8 0.59
Ileus 0 1 1
Infection 5 4 049
Necrotizing pancreatitis 0 1 1
Pulled PEG tube 3 9 0.36
Pulmonary embolism 0 3 0.27
Respiratory failure 1 3 0.65
Seroma 1 0 0.4
Stroke 1 2 1

PEG: Percutaneous endoscopic gastrostomy; NSTEMI: Non-ST elevation myocardial infarction, Significant P values are in bold.

Another limitation of our study was its retrospective design, as all health care events for a given
patient may not have been captured (i.e., patients presenting to an outside hospital for PEG tube related
complications). Additionally, pre-procedural platelet count and antiplatelet, anticoagulant, or
immunosuppressant use were not examined.

Our study did assess age, which is a risk factor for prolonged dysphagia and poorer outcomes. There
was a significant age difference between the early and late PEG placement groups, with the early group
trending older (74.65 vs 66.24). If this were to affect results, it should have favored the late placement
group. However, this study did not evaluate other identified risk factors for prolonged dysphagia and
therefore need for enteral feeding, including National Institutes of Health Stroke Scale (NIHSS),
presence of a bilateral infarction, pre-procedural clinical signs of aspiration, or stroke location in the
frontal operculum or insular cortex[15]. These risk factors would have been assessed by the neurology
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Table 5 Predictors of mortality: Multivariate logistic regression analysis

Death in 30 d, Death in 90 d, Peri-procedural Post-procedural
OR [95%CI] OR [95%CI] complication, OR [95%CI]  complications, OR [95%ClI]
Protein calorie malnutrition (albumin< 0757 [0.179-3.21]  0.854 [0.289-2.527]  1.31[0.37-4.7] 1.07 [0.54-2.11]
32)
Documented SIRS criteria or infection pre- 0.524 [0.06-4.52] 0.56 [0.12-2.67] 1.55 [0.38-6.28] 1.92 [0.85-4.35]
procedure
Presence of cardiovascular risk equivalent  0.24 [0.05-1.24] 0.35[0.11-1.09] 0.65 [0.19-2.23] 1.63 [0.82-3.24]

independent of this stroke

SIRS: Systemic inflammatory response syndrome; OR: Odds ratio; PEG: Percutaneous endoscopic gastrostomy, Significant P values are in bold.

Patients identified
Keyword search on ProVation endoscopy reports
for PEG tube placement
At SSM Saint Louis University Hospital and SSM
Saint Mary’s Hospital in Saint Louis, MO
from 1/2011 to 12/2017

n=482
Excluded by criteria:
Age < 18
Placed surgically or via
Interventional Radiology
Placed for indication other than
dysphagia due to acute CVA
n=328
A
Included:
Patients with PEG tube placed for
dysphagia following acute CVA
n=154
PEG tube placed < 7 days PEG tube placed > 7 days
post-acute CVA post-acute CVA
n=62 n=92

DOI: 10.4292/wjgpt.v13.i5.77 Copyright ©The Author(s) 2022.

Figure 1 Assembly of study cohort based on exclusion and inclusion criteria and manual chart review. PEG: Percutaneous endoscopic
gastrostomy; SSM: Sisters of Saint Mary’s; CVA: Cerebrovascular accident.

service who evaluated the stroke patients prior to consulting the gastroenterology service for
gastrostomy tube placement. Unassessed differences in these risk factors for persistent dysphagia could
contribute to differences in our study populations” outcomes.

A study published in Annals of Gastroenterology identified low albumin and positive urine cultures
as predictors of mortality in patients who underwent PEG placement[16]. Other studies have found that
patients with abnormal leukocyte counts were four times more likely to experience early and late
complications[17] and that 30-d mortality was significantly higher in patients with a platelet count <
100000/ pL[18]. Although our study did see an increase in peri-procedural complications in patients
with protein-calorie malnutrition and pre-procedural SIRS or infection; as well as an increase in post-
procedural complications in patients with protein-calorie malnutrition, pre-procedural SIRS or infection,
or pre-existing cardiovascular risk equivalents, the findings were not statistically significant. The
observed differences may have reached statistical significance with a larger population size.

Overall, our outcomes are comparable to those seen in the FOOD trial, which showed around a 40%
incidence of any adverse outcome (e.g., pulmonary embolism, infection, efc.) over an 8 month follow up
period, a 10% mortality rate for non-malnourished patients at 3 mo, and nearly a 30% mortality rate for
malnourished patients.

In conclusion, our study shows that early PEG tube placement, less than 7 d following an acute
stroke, was not associated with increased mortality or complications when compared to delayed PEG
placement. Although not statistically significant, there were fewer deaths and complications in patients
undergoing early PEG tube placement. While the risk factors studied showed no statistically significant
difference in complication rates or mortality, a large-scale study may favor delayed PEG tube placement

WJGPT | https://www.wjgnet.com 84 September 5,2022 | Volume13 | Issue5 |

Jaishideng®



Reddy KM et al. Timing of percutaneous endoscopic gastrostomy placement

1.0/ ..
—_—
4 PEG tube placed < 7 days
1 PEG tube placed > 7 days
0.8 Censored
~+- Censored
Log rank P = 0.593
= 0.6
2
c
=3
9 0.4
0.2
0.0
0 20 40 60 80 100

Time to death or censorship (days)
DOI: 10.4292/wjgpt.v13.i5.77 Copyright ©The Author(s) 2022.

Figure 2 Kaplan Meier Curve showing time to event (death) analysis in early versus late percutaneous endoscopic gastrostomy tube

placement groups.
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in patients with significant protein-calorie malnutrition, concurrent SIRS, or infection. As expected,
hospital length of stay was significantly reduced in patients with early PEG tube placement. Given
similar safety outcomes in both groups, early PEG tube placement should be considered in appropriate
candidates. Prospective studies and cost analyses are warranted.

CONCLUSION

In conclusion, our study shows that early PEG tube placement, within 7 d of an acute stroke, was not
associated with increased mortality or complications when compared to delayed PEG placement.
Although not statistically significant, there were fewer deaths and complications in patients undergoing
early PEG tube placement. While the risk factors studied showed no statistically significant difference in
complication rates or mortality, a large-scale study may favor delayed PEG tube placement in patients
with significant protein-calorie malnutrition, concurrent SIRS, or infection. As expected, hospital length
of stay was significantly reduced in patients with early PEG tube placement. Given similar safety
outcomes in both groups, early PEG tube placement should be considered in appropriate candidates.
Prospective studies and cost analyses are warranted.

ARTICLE HIGHLIGHTS

Research background

Stroke patients commonly require enteral nutrition for dysphagia. Percutaneous endoscopic
gastrostomy (PEG) tubes and nasogastric tubes are options for enteral feeding, but the optimal timing
determining when PEG tubes should be placed is uncertain. The 2011 ASGE guidelines recommend
waiting 2 wk for assessment of resolution of dysphagia prior to placing a PEG tube, but the recommen-
dation is based on low quality evidence.

Research motivation

There is a demand for earlier placement of PEG tubes to facilitate earlier patient discharge to intensive
rehab for neurologic recovery. An observational study using the Nationwide Patient Survey data found
no difference in inpatient mortality or complication rates following early (within 7 d) PEG placement
compared to delayed PEG placement after 7 d. This study was based on hospital data and could not
provide longer term post-hospitalization outcomes or mortality. Further studies looking at the safety of
early PEG placement are warranted.

Research objectives

This study aims to evaluate the safety of early (within 7 d) vs delayed (after 7 d) placement of PEG tubes
in patients for dysphagia after acute stroke. Primary objectives were evaluation of 30- and 90-d
mortality and rates of peri- and post-procedural complication. Secondary objectives included identi-
fication of predictors of morbidity and mortality in multivariate analysis.
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Research methods

This bi-center, retrospective chart review identified 482 patients undergoing PEG placement based on
endoscopy reports. After excluding patients with age < 18, PEG placed by surgery or interventional
radiology, and indications other than dysphagia from acute stroke, 154 patients were identified for
review, including 62 PEGs placed within 7 d of stroke and 92 placed after 7 d. Retrospective data was
collected, and outcomes evaluated included rate of peri-procedural complications, rate of post-
procedural complications, and 90-d all-cause mortality. Demographics and predictors of morbidity and
mortality were also collected and evaluated in multivariate logistic regression.

Research results

Demographics and comorbidities were similar between groups, except for age (early 74.7 vs delayed
66.2 years, P = 0.0005). There was no statistically significant difference in peri- or post-procedural
complication rate or mortality between groups. None of the proposed risk factors studies significantly
impacted 30- or 90-d mortality, although protein-calorie malnutrition and presence of infection or SIRS
criteria were non-significantly associated with an increase in complication rate. Finally, hospital length
of stay was significantly lower in patients undergoing PEG tube placement (12.9 vs 22.3 d, P < 0.001).

Research conclusions
Early PEG placement was not associated with an increase in mortality or complications compared to
delayed PEG placement in this retrospective chart review. This suggests early PEG placement is safe.

Research perspectives
Further prospective study to evaluate the safety of early PEG placement and reconsideration of the 2-wk
delay in PEG placement is warranted.
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Abstract

BACKGROUND

Obscure small bowel bleeding is defined as gastrointestinal bleeding (GIB) that is
unidentifiable with esophagogastroduodenoscopy and a colonoscopy with video
capsule endoscopy (VCE) being the next gold standard step for evaluation. Small
bowel transit time (SBTT) is a metric of a VCE study that is defined as the time the
capsule takes to travel through the small intestine.

AIM

To determine if SBTT within the VCE study, correlates to overall detection of
obscure small bowel bleeds. Furthermore, we attempted to identify any existing
correlation between SBTT and re-bleeding after a negative VCE study.

METHODS

This is a single center retrospective analysis of VCE studies performed for overt
and occult GIB at Einstein Medical Center, Philadelphia, between 2015 and 2019.
Inclusion criteria primarily consisted of patients 18 years or older who had a VCE
study done as part of the workup for a GIB. Patients with incomplete VCEs, poor
preparation, or with less than 6 mo of follow up were excluded. A re-bleeding
event was defined either as overt or occult within a 6-mo timeframe. Overt re-
bleeding was defined as Visible melena or hematochezia with > 2 gm/dL drop in
hemoglobin defined an overt re-bleeding event; whereas an unexplained > 2
gm/dL drop in hemoglobin with no visible bleeding defined an occult re-bleed.

RESULTS
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Results indicated that there was a significant and positive point biserial correlation between SBTT
of 220 min and detection of a bleeding focus with a statistically significant p value of 0.008.
However, the area under the curve was negligible when trying to identify a threshold time for
SBTT to discriminate between risk of re-bleeding events after a negative VCE.

CONCLUSION

In terms of SBTT and association with accuracy of VCE finding a bleeding focus, 220 min was
found to be adequate transit time to accurately find a bleeding focus, when present. It was found
that no threshold SBTT could be identified to help predict re-bleeding after a negative VCE.

Key Words: Small bowel transit time; Endoscopy; Video capsule endoscopy; Obscure bleed; Small bowel;
Anemia

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

Core Tip: Understanding the utility of Small bowel transit time (SBTT) in Video Capsule Endoscopies can
help with assessing accuracy and yield of video capsule endoscopy studies as well as whether a certain
SBTT exists to achieve appropriate accuracy in detecting small bowel bleeding acutely or if a threshold
exists in order to predict future small bowel bleeding.
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INTRODUCTION

Video capsule endoscopy (VCE) has become the standard of investigation for obscure gastrointestinal
(GI) bleeding[1]. Suspected small bowel bleeding is defined as recurrent and/or persistent GI bleeding
from a source that remains unidentified after bidirectional GI endoscopy, both esophagogastroduoden-
oscopy (EGD) and a colonoscopy. This bleeding may be further subcategorized as occult or overt.
Obscure-overt GI bleeding requires persistent or recurrent visible evidence of bleeding, hematochezia, or
melena, whereas obscure-occult GI bleeding is defined as persistently positive fecal occult blood testing,
iron deficiency anemia, or both without evidence of gross GI hemorrhage[2].

VCE is a method of colonic investigation that has been available to gastroenterologists since 2001,
with multiple capsule endoscopy systems evolving over the years. While capsule endoscopy has been
successfully used to investigate colonic pathologies ranging from inflammatory bowel disease, small
intestinal tumors and polyposis syndromes, and celiac disease, the main indication for its use is to
identify an obscure GI bleeding source[3]. While colonoscopy and EGD remain the gold standards to
identify lower gastrointestinal and upper GI bleeding (GIB) sources, respectively, these methods are not
physically capable of reaching the small bowel, without the help of the push enteroscopy method, but
even then, as many as 21% of patients end up with an undetected bleeding site[4,5]. This is where the
value of VCE studies predominate with studies showing that VCE has been found to be superior to
other methods such as push enteroscopy and small bowel barium enema for the diagnosis of obscure GI
bleeding][6].

Studies have found that small bowel bleeding is the most common indication for VCE, which
accounts for approximately 5%-10% of all GI bleeding[7]. The most common small bowel cause of
obscure GI bleeding has been found to be arteriovenous malformations or angioectasias, dominating
over 20%-55% of cases[8].

The diagnostic yield is approximately 60% for overt small bowel bleeding and 30% for obscure small
bowel bleeding. The negative predictive value of a normal VCE is high[1]. This has been shown in
studies where there are higher re-bleeding rates in patients with occult obscure GI bleeding who had a
positive VCE as compared with those with a negative VCE[9]. A recent meta-analysis demonstrated that
the overall odds ratio for re-bleeding was lower after a negative VCE for obscure GI bleeding as
compared with a positive VCE, especially with a short follow-up duration of 2 years. Approximately
80% of patients will not re-bleed during long term follow-up after a negative VCE[10]. This meta-
analysis also did not find a statistically significant difference in re-bleeding between patients with overt
vs occult GI bleeding on presentation.
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VCE studies generate a small bowel transit time (SBTT), which is defined as the time that the video
capsule takes to travel from the first duodenal image to the first cecal image[11]. The goal of VCE
studies is to find obscure GI bleeding sources that other methods are unable to identify, but without
anywhere close to a 100% detection rate, follow up for patients with negative VCE studies become
critical to monitor for rebleeding events. Many studies have investigated rebleeding rates after a
negative VCE study where patients will rebleed at rates between 4% and 27%[12,13]. While these
studies investigated rebleeding events, they failed to investigate any tangible data points within the
VCE studies to associate with rebleeding rates. With SBTT being one of the primary metrics used in VCE
studies, we aimed to determine whether SBTT influences VCE yield and whether any correlation
between SBTT and rebleeding after a negative VCE might exist.

MATERIALS AND METHODS

Patients and methods

Study design, participants, and data collection: This study was a single center retrospective analysis of
all negative VCE studies for GIB, including both obscure-overt GI bleeding and obscure-occult GI
bleeding between 2015 and 2019. Pill Cam SB2/3 capsule systems were used in all studies. Inclusion
criteria included adult patients aged 18 years above whom underwent VCE for indication of suspected
small bowel GI bleeding which included occult GI bleeding, overt/obscure GI bleeding, heme positive
stools, melena, rectal bleeding, hematochezia, blood loss anemia and were found to have a negative
VCE study. Patients were excluded from the study if they were found to have an incomplete VCE (the
capsule did not reach the cecum, prohibiting a full visualization and calculation of the SBTT), poor
bowel preparation resulting in an inadequate study, and if they were lost to follow up (Table 1).

VCE Rapid Reader was utilized to identify studies performed for obscure GI bleeding. Study
indication was determined using diagnosis/indication listed for the VCE in the system. Key phrases
used include GI bleeding, rectal bleeding, hematochezia, melena, heme positive stools, occult GI
bleeding, obscure GI bleeding and blood loss anemia of unknown etiology. After identification of
studies for the above stated indications, the negative VCE reports from this database were identified.
VCE reports were deemed negative once the results were reported as normal and/or absent pathology
identified to explain blood loss. All studies were read by gastroenterologists with at least 10 years of
experience in capsule study interpretation.

The hospital electronic medical records were reviewed for patients with a negative VCE for GI
bleeding to determine all re-bleeding rates. Re-bleeding events were defined either as overt re-bleeding
or occult re-bleeding. Overt re-bleeding was defined as melena or hematochezia with > 2 gm/dL drop
in hemoglobin. Occult re-bleeding was defined as unexplained > 2 gm/dL drop in hemoglobin after the
initial VCE or the failure of initial hemoglobin to improve throughout the hospital stay.

Statistical analysis

We used means and standard deviations for continuous variables, and frequencies and proportions for
discrete variables. We computed a point biserial correlation (PBC) to assess the strength of association
between SBTT (continuous variable) and VCE yield or post VCE re-bleeding rates (binary variable)[14].
We used PBC instead of Pearson or Spearman correlations because one of our variables compared is a
binary discrete variable. To identify the optimal threshold time, we used a receiver operator charac-
teristic (ROC) curve. The ROC curve plots the sensitivity (true positive rate; probability of testing
positive given one is positive) against 1-Specifiity (False positive rate; probability of testing positive
given one is negative), with sensitivity on the vertical axis and False Positive on the horizontal axis[15,
16]. A diagonal line is drawn to indicate equal sensitivity and specificity across all possible values. An
empirical curve is drawn plotting sensitivity by specificity at different values (potential cut points) of
the measure in question (transit time). Ideally, this empirical curve will be higher than the diagonal line,
as the diagonal line indicates random assignment of a patient to having an abnormal result. The higher
the empirical curve, the greater the likelihood of a true versus false positive result. Assessment is
conducted by calculating the area under the curve (AUC). In the ROC analysis, the AUC represents the
probability of being a true versus a false positive. AUC’s close to 1.0 are better, as they indicate a greater
sensitivity to false positive ratio, with AUC’s around 0.5[17] being equivocal. A statistical test is
employed to compare the calculated AUC to an AUC of 0.5.

RESULTS

A total of 316 VCE studies were reviewed by experienced gastroenterologists (Table 2). Of note, two
patients were lost to follow up following VCE or did not get 6-mo re-bleeding data in the form of overt
bleeding or occult bleeding, and therefore could not be included in the final analysis to assess for re-
bleeding rates after a negative VCE study, giving a total cohort consisting of 314 patients. Our final
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Table 1 Descriptive statistics

Discrete variables

Variable Level n %
Sex Male 124 39
Female 191 61
Race/ ethnicity African American 177 58
White 71 23
Other 67 19
Positive VCE Yes 115 37
No 200 63
Continuous variables
Mean sD
Age 65.19 12.673
Small bowel transit time 201.35 97.016

VCE: Video capsule endoscopy.

Table 2 Case processing summary

Cases

Included Excluded Total

n  Percent n Percent n  Percent
Small bowel transit time (min); rebleeding in 6 mo from VCE (Y =0/N = 1) 314 99.4% 2 0.6% 316  100.0%

VCE: Video capsule endoscopy.

WIGPT
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resulting cohort used for analysis was 99.4% of the initial evaluated studies. Further analysis of the data
revealed that 99 out of the 314 patients (31.5%) underwent initial VCE in order to evaluate overt or
occult bleeding; whereas the other 215 patients (68.5%) underwent initial VCE to evaluate for unclear
causes of iron deficiency anemia.

The mean (SD) SBTT for capsule studies in which re-bleeding was not identified was 199.56 min
(95.818) with 95% confidence interval (CI) = 188.458 to 210.668. In those in whom re-bleeding was seen,
the mean (SD) for SBTT was 218.14 (110.260 with 95%CI = 177.302, 258.984).

AUC was not significantly different from 0.5 (AUC = 0.545, P = 0.429), suggesting no relationship
between SBTT and the risk of re-bleeding after a negative VCE (Figure 1).

There was a significant and positive point biserial correlation between SBTT of 220 min and detection
of a bleeding focus (r,, = 0.149, P = 0.008).

pbc

DISCUSSION

VCE is the gold standard for identifying obscure GIB[18]. Our study aimed to assess whether SBTT in
VCE studies correlated with VCE yield in detecting obscure GIB as well as whether SBTT had any
correlation with re-bleeding rates after a negative VCE.

The literature reports that the average SBTT is approximately 245 min with ranges anywhere between
18 min and 522 min[19]. Our study demonstrated that there was a significant correlation between SBTT
and VCE yield in identifying an obscure GIB. We found that an average SBTT of 220 min correlated with
identification of a small bowel source of bleeding on VCE. A study conducted by Girelli et al[20] in 2017
investigated the correlation between SBTT and the detection of significant small bowel lesions using
capsule endoscopy. They found that the longer the SBTT (283 min and above), the higher the detection
rate using capsule endoscopy. The initial part of our study also investigated this correlation to detect the
rates within our institution and we found that a shorter SBTT than the average was able to yield
significant results in terms of detecting an obscure GIB. This variation may speak to differences in
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Figure 1 Correlation between small bowel transit time and the yield of video capsule endoscopy detection of bleeding focus. ROC:
Receiver operator characteristic.
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capsule endoscopy type and technique, proficiency of detecting bleeding by the physician reviewing the
endoscopy, or cause and severity of the bleed[20]. While many studies such as Girelli et al[20] show that
SBTT has a significant impact on diagnostic yield of capsule endoscopy studies, there is virtually no
literature that investigates those same SBTT timings and its specific correlations to re-bleeding rates in a
patient with an unidentified obscure GIB which could suggest that further research into this area is
needed.

VCE studies with significant findings tend to lead to specific treatments applications such as device-
assisted enteroscopy which aims to treat identified lesions. The main goal at investigating an obscure
GIB and identifying a treatable lesion is to assure prevention of future re-bleeding events[21]. A study
by Carey et al[22] which included a trial of 260 patients demonstrated that re-bleeding events and
overall outcomes improved in the subsequent months after VCE was able to identify a lesion that was
then successfully treated. Viazis et al[23] also reported that VCE affects long-term outcome (i.e.,
resolution of bleeding) in patients with positive VCE (65.2% vs 35.4% of negative VCE group), since
these patients are prone to undergo aggressive interventions. Angiodysplasia was the most common
finding among patients with positive VCE (70%) and most of them received a mode of treatment that
lead to resolution of bleeding (69%)[23].

Long term outcomes and re-bleeding events after a positive VCE study has been extensively studied,
however few reports in the literature report the long-term outcomes as well as rebleeding rates of a
negative VCE study. This may be due to the fact that when a bleed is identifiable, VCE has quite a good
diagnostic yield and therefore the numbers do not favor looking into long term effects of negative VCE
studies. Khamplod et al[24] found that out of 142 overt GIB patients, only 9 patients had small bowel
lesions missed by VCE and they found that almost all those patients re-bled months after their negative
VCE study. This is where the importance of our study comes in. VCE studies are reliable in finding an
obscure GIB, but in those with negative VCE studies, with them being at high risk for re-bleeding
events, finding a measure to predict the rate of re-bleeding would allow for closer monitoring and likely
prevention of a re-bleeding event. With SBTT being such a good and well-studied measure, in terms of
correlating with diagnostic yield of VCE studies, it only makes sense to try and use SBTT as the measure
to help predict re-bleeding events after a negative VCE, which is exactly what our study set out to
accomplish.

Our study was unable identify any correlation between SBTT and re-bleeding rates after a negative
VCE. Considering this we were unable to identify a threshold SBTT that could be used as a predictive
index for re-bleeding after a negative VCE. This is likely due to the limitation of the sample size of the
study. With capsule endoscopy being such a refined and reliable technique, gathering enough negative
VCE studies under an already small overall patient population could have resulted in the numbers
being far from statistically significant. To find a correlation between SBTT and re-bleeding after a
negative VCE, a larger study population (possibly via a multicenter study) that consists of more negative
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VCE studies would be necessary to find a statistically significant SBTT threshold number. Having a
predictive threshold SBTT would be extremely beneficial to the general clinician. If a threshold SBTT
could be found during the study, the general clinician could then know how at risk a patient will be for
re-bleeding and possibly hasten follow up in higher risk individuals and therefore prevent re-hospital-
ization.

One of the biggest limitations to our study is the statistical power due to sample size. Our study only
looked at a total of 315 VCE studies across a single institution and therefore future studies should
include a much larger cohort. Another limitation of this study was the number of patients lost to follow
up, as 28 of 343 patients did not follow up after the initial evaluation to then be able to assess for re-
bleeding rates. One way to remedy this in future studies is to expand patient population by conducting
a multi-institutional study, which would not only allow for a much larger sample size, but also
compensate for patients lost to follow up, and allow for greater generalizability as the patient
population would be more representative of the general population. Future studies looking into more
correlational data for SBTT is recommended as being able to correlate SBTT with newer parameters such
as types and severity of lesions in initially positive VCE as well as in negative VCE with later re-
rebleeding events, would allow for clinicians to have more tools at hand in order to predict clinical
severity for their patients with obscure GIB.

CONCLUSION

In this single center retrospective study, we were unable to determine a relationship between SBTT and
the risk of re-bleeding following a negative VCE. However, we were able to identify an average SBTT of
220 min as correlational to VCE studies being able to identify a small bowel source of bleeding. We also
identified a re-bleeding rate of 8.9% at 6 mo within our institution, which demonstrates the low
likelihood of re-bleeding after a negative video capsule study.

ARTICLE HIGHLIGHTS

Research background

Identified and evaluated the various use case scenarios and benefits of video capsule endoscopy (VCE)
and used prior existing data to identify a metric within the existing technology to be used for improved
and more accurate medical care.

Research motivation

To find a metric within already existing VCE studies to help predict re-bleeding episodes when the
study comes back negative. Finding an appropriate metric to use to be able to predict such a clinical
outcome would allow for improved and early clinical intervention.

Research objectives

To assess whether small bowel transit time (SBTT) influences VCE yield in detecting a small bowel
bleed and if there was any correlation between SBTT and re-bleeding rates when VCE study was
negative. If a correlation to re-bleeding rates could be found, it could allow for earlier follow-up with
the patients and possible earlier interventions prior to re-bleeding events.

Research methods

Single center retrospective electronic health record-based analysis of VCE studies performed for overt
and occult GIB at Einstein Medical Center, Philadelphia. To identify the optimal threshold time, receiver
operator characteristic (ROC) curve was used. area under the curve (AUC) was also used to assess the
measure’s ability to discriminate between variables.

Research results

Our study found that there was no valuable threshold time for SBTT that could be linked to re-bleeding
rates in negative VCE studies. While our study may have been too small in scale to truly see a correla-
tional link in the predictive value of SBTT, we were able to show that SBTT is a good metric to follow in
detection of the initial bleed, therefore highlighting the importance of the metric itself as a clinical tool
that can aid in improvement of overall clinical care. The major problem that remains to be solved is that,
with a larger amount of statistical power and the backing of multi-institutional data, will a correlational
threshold for SBTT be found? If so, what is that threshold and how can it be implemented directly to
benefit patient care?
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Research conclusions

While we were unable to find a correlation between SBTT and re-bleeding rates in negative VCE
studies, our study was able to identify a threshold value of 220 min for SBTT in order to accurately
identify a small bowel source of bleeding. This study proposes that SBTT, a tangible metric within VCE
studies, due to its ability to correlate to identification of obscure gastrointestinal bleeds, should be a
major metric used to predict valuable clinical outcomes.

Research perspectives

Future studies are needed to further look into correlational data for SBTT along with newer parameters
such as types and severity of lesions in initially positive VCE as well as in negative VCE with later re-
rebleeding events. This would allow for clinicians to have more tools at hand in order to predict clinical
severity for their patients with obscure GIB.
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