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Supralevator, suprasphincteric, extrasphincteric, and high intrarectal fistulas
(high fistulas in muscle layers of the rectal wall) are well-known high anal fistulas
which are considered the most complex and extremely challenging fistulas to
manage. Magnetic resonance imaging has brought more clarity to the patho-
physiology of these fistulas. Along with these fistulas, a new type of complex
Article in press: March 16, 2022 fistula in high outersphincteric space, a fistula at the roof of ischiorectal fossa
Published online: April 28, 2022 inside the levator ani muscle (RIFIL), has been described. The diagnosis,
management, and prognosis of RIFIL fistulas is reported to be even worse than
supralevator and suprasphincteric fistulas. There is a lot of confusion regarding
the anatomy, diagnosis, and management of these five types of fistulas. The main
reason for this is the paucity of literature about these fistulas. The common feature
of all these fistulas is their complete involvement of the external anal sphincter.
Therefore, fistulotomy, the simplest and most commonly performed procedure, is
practically ruled out in these fistulas and a sphincter-saving procedure needs to
be performed. Recent advances have provided new insights into the anatomy,

3%9@) WJG | https://www.wjgnet.com 1608 April 28,2022 | Volume28 | Issuel6 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i16.1608
mailto:drgargpankaj@yahoo.com

Jaishideng®

Garg P et al. Guidelines to treat high-5 anal fistulas

radiological modalities, diagnosis, and management of these five types of high fistulas. These have
been discussed and guidelines formulated for the diagnosis and treatment of these fistulas for the
first time in this paper.

Key Words: Anal fistula; Supralevator; Suprasphincteric; Extrasphincteric; Magnetic resonance imaging

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

Core Tip: These are the first published guidelines to manage the five types of peri-levator anal fistulas that
involve almost the complete external anal sphincter and have, therefore, been grouped together as high-5
fistulas. These are supralevator, suprasphincteric, extrasphincteric, and high intrarectal and fistulas at the
roof of ischiorectal fossa inside the levator ani muscle. The diagnosis and management of these five
fistulas is quite challenging. Magnetic resonance imaging is the best modality to accurately delineate these
fistulas. Once diagnosed, care should be exercised to avoid sphincter-cutting procedures (fistulotomy) in
these fistulas, as the risk of incontinence would be very high. Sphincter-sparing procedures should be
done. However, there is little literature available on satisfactory management of these fistulas.

Citation: Garg P, Yagnik VD, Dawka S, Kaur B, Menon GR. Guidelines to diagnose and treat peri-levator high-5
anal fistulas: Supralevator, suprasphincteric, extrasphincteric, high outersphincteric, and high intrarectal fistulas.
World J Gastroenterol 2022; 28(16): 1608-1624

URL: https://www.wjgnet.com/1007-9327/full/v28/i16/1608.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i116.1608

INTRODUCTION

Anal fistulas are feared by patients and surgeons alike[1]. The prime reasons for this are difficulty in
understanding the pathophysiology, risk of debilitating incontinence, and high recurrence rates,
especially in complex fistulas[2-5]. Amongst the category of complex fistulas, the three well-known
notorious fistulas are supralevator, suprasphincteric and extrasphincteric fistulas[6,7]. Another less
known fistula is the high intra-rectal fistula which occurs by cephalad extension of the fistula between
the internal anal sphincter (IAS) and conjoint longitudinal muscle (CLM). This fistula was first described
by Parks et al[8] in 1976. Recently, another fistula, fistula at the roof of ischiorectal fossa inside the
levator ani muscle (RIFIL) has also joined the category of these high fistulas[9]. RIFIL fistulas are also
highly complex and involve the complete external anal sphincter (EAS). The common feature of these
five fistulas is that they are quite high as these reach up to the levator muscle and involve almost the
complete EAS (Figure 1). Hence, these five fistulas have been grouped together as high-5 fistulas and
are discussed in detail below.

The high-five anal fistulas include: (1) Supralevator (Figures 2 and 3); (2) Suprasphincteric (Figures 4-
6); (3) Extrasphincteric (Figure 7); (4) High intra-rectal (Figures 3,8 and 9)[8]; and (5) RIFIL (Figures
10-12)[9]. These fistulas are considered most dreaded because understanding their anatomy and
pathophysiology, proper diagnosis, and successful safe treatment are quite challenging. All these five
fistulas involve almost the complete EAS[10,11] (Figures 2-12). As the EAS plays a major role in
continence, muscle-dividing procedures like fistulotomy or cutting setons are strictly contraindicated in
these fistulas. In fact, fistulotomy with primary sphincter reconstruction or fistulectomy with primary
sphincter reconstruction are also best avoided in these patients[1,12-14]. Therefore, the choice of
procedures becomes limited. Of these, the extrasphincteric is the only type which is trans-levator,
whereas the other four fistulas (supralevator, sphincteric, high intrarectal, and RIFIL) are peri-levator
fistulas which do not traverse through the levator muscle.

This article will address the major concerns of these fistulas, including the challenges in managing
and diagnosing the high-5 fistulas, as well as methods to formulate management guidelines..

CHALLENGES IN MANAGING THESE FISTULAS
Confusion about pathophysiology of High-5 fistulas

There is a lot of confusion amongst surgeons about the exact anatomy, pathways of spread, and extent
of these fistulas[2]. Not uncommonly, a high transsphincteric fistula is labelled as an extrasphincteric
fistula and a suprasphincteric fistula is reported as a high transsphincteric fistula[2].
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Figure 1 Normal anatomy.
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Figure 2 Supralevator fistula.

In order to understand the pathways of extension of these fistulas, it is important to understand the
anatomy of the anal canal. There are three muscle layers in the sphincter-complex in the anorectum
which are downward extensions of the muscle layers of the gut. There are potential spaces between
these muscle layers in which the fistula and pus can spread[9] (Figures 1, 2, 4, 7, 8 and 10).

The three muscle layers in the sphincter-complex[9] are (1) Inner circular muscle layer of gut
continues downwards in the anal sphincter complex as IAS; (2) Outer longitudinal muscle layer of gut
continues downwards in the anal sphincter complex as CLM; and (3) Puborectalis component of levator
ani muscle continues downwards in the anal sphincter complex as EAS (Figure 1). Conventionally, it
was assumed that inside the sphincter-complex, there is only one space where the fistula extends and
this space between the IAS and EAS was labelled as the ‘intersphincteric space’. However, with the
availability of higher resolution magnetic resonance imaging (MRI) and increasing experience, it has
been demonstrated that there are three potential spaces associated with in these muscle layers through
which the fistula can extend[9].

The three potential spaces in the anal sphincter-complex are (1) Inner intersphincteric space (inner
space): Between IAS and CLM; (2) Middle intersphincteric space (middle space): Between CLM and EAS
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Figure 3 A 39-year-old male patient with a high transsphincteric fistula with supralevator extension at 3 o’clock. There is a high intrarectal tract
from 6 to 7 o’clock. The internal opening is at 6 o’clock position. A: Coronal section (schematic diagram); B: Axial section (schematic diagram); C: T2-weighted
magnetic resonance imaging (MRI) Coronal section showing supralevator tract; D: T2-weighted MRI Axial section; E: Sketch of MRI Coronal section highlighting
fistula tract (light green color); F: Sketch of MRI Axial section highlighting fistula tract (light green color).
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(conventional intersphincteric space); and (3) Outer-sphincteric space (outer space): Between the lateral
muscle fibers of EAS and its covering fascia[9] (Figure 1).

The anal fistula, usually initiating at crypt glands at the level of the dentate line, can extend
superiorly (cephalad) in any of these three spaces.

The fistulas traversing superiorly in (1) Inner intersphincteric space (inner space) between IAS and
CLM inside the rectal wall to become a high intrarectal fistula as these fistulas are present between the
muscle layers of the rectal wall[8]. At times, these are erroneously labelled as submucous fistula[8]
(Figures 8 and 9); (2) Middle intersphincteric space (middle space) between CLM and EAS become a
supralevator fistula (if it continues into the supralevator space) (Figures 2 and 3) or a suprasphincteric
fistula (if pus extending superiorly in the middle space reaches up to the top of the EAS and then
traverses through the junction between the EAS and puborectalis to enter the ischiorectal fossa[15])
(Figures 4-6); and (3) Outer-sphincteric space (outer space) between the EAS and its lateral fascia
becomes a RIFIL fistula[9] (Figures 10-12).
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Figure 4 Suprasphincteric fistula.
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Thus, the definition of these five fistulas is: (1) Supralevator (Figures 2 and 3): These fistulas traverse
in the middle intersphincteric space to enter the supralevator space. The fistula may open into the
rectum through an additional high rectal opening in the supralevator space (Figures 3 and 6); (2)
Suprasphincteric (Figures 4-6): These fistulas extend superiorly in the middle intersphincteric space to
reach up to the top of the EAS and then traverses through the junction between the EAS and
puborectalis to enter the ischiorectal fossa; (3) Extrasphincteric (Figure 7): These fistulas traverse
through the ischiorectal fossa and enter the supralevator space penetrating the levator muscle. They
generally do not traverse through the sphincter-complex (EAS and IAS), which is why they are labelled
as ‘extra-sphincteric’ fistulas; (4) High intra-rectal (Figures 8 and 9): These fistulas traverse cephalad
between IAS and CLM in the rectal wall and is thus present between the muscle layers of the rectal wall;
and (5) RIFIL (Figures 10-12): These fistulas traverse the EAS but do not enter the ischiorectal fossa.
They extend cephalad between the EAS and its lateral fascia to continue on the undersurface of
puborectalis and levator ani muscle[9].

Incidence: In recently published large cohorts, the prevalence of these high-5 fistulas has been
highlighted[9,16]. The incidence of these fistulas in a cohort of 419 consecutively operated patients over
a 2-year period were RIFIL-10% (42/419), supralevator-9.5% (40/419), suprasphincteric-5.5% (23/419)
and extrasphincteric-0%[9,16].

Difficulty in diagnosis

As these fistulas are deep and high, they are extremely difficult to diagnose on clinical examination. It
usually requires advanced imaging modalities, MRI, or transrectal ultrasound (TRUS), to diagnose these
fistulas[17-21]. Both MRI and 3D-TRUS are very effective in delineating various parameters of these
fistulas, including the internal opening, primary tracts, and secondary extensions[17-20,22], though MRI
has a slight edge over TRUS. It is really impressive that in the pre-MRI era, doyens in the field like Parks
et al[8] could describe these deep fistulas with a reasonably high level of accuracy.

MRI helps to clearly differentiate between supralevator, suprasphincteric, high intrarectal, and RIFIL
fistulas[23]. Rather it would not be wrong to say that MRI is mandatory to properly diagnose these
fistulas. Therefore, whenever a fistula has recurred several times, or a tract or side branch of the main
fistula is seen extending superiorly during surgery, an MRI should be done to rule out these fistulas[23].

Status of extrasphincteric fistulas

Increasing experience with MRI in fistulas has highlighted that extrasphincteric fistulas do not occur or
are extremely rare[24]. It stands to reason that it is almost impossible for a fistula in the ischiorectal fossa
to penetrate through the strong levator plate when it can extend with ease in the surrounding fat of the
ischiorectal fossa[24]. The only likely possibility for an extrasphincteric fistula to occur is iatrogenic
when an artery forceps in a high transsphincteric fistula is pushed through the levator muscle. Even this
seems improbable as it would require a lot of force by the operating surgeon. Moreover, due to
increased awareness amongst surgeons of iatrogenic injuries, better understanding of regional anatomy,
and easy availability of advanced radiological modalities, these iatrogenic blunders seem exceedingly
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Axial - Diagram

Figure 5 A 40-year-old male patient with a suprasphincteric fistula and abscess on left side. The internal opening is at 6:30 o'clock position. A:
Coronal section (schematic diagram); B: Axial section (schematic diagram); C: Short Tau Inversion Recovery (STIR) magnetic resonance imaging (MRI) Coronal
section showing suprasphincteric tract and abscess; D: STIR MRI Axial section; E: Sketch of MRI Coronal section highlighting suprasphincteric fistula tract and
abscess (light green color); F: Sketch of MRI Axial section highlighting fistula tract and abscess (light green color).

unlikely. Due to this, extrasphincteric fistulas are not seen (or are extremely rare) these days[24]. It is
quite possible that the fistulas diagnosed as extrasphincteric fistulas in the pre-MRI era were perhaps
supralevator or RIFIL fistulas. Understandably, in the absence of MRI, it is extremely difficult to differ-
entiate between an extrasphincteric fistula and other deep fistulas. So, a diagnosis of extrasphincteric
fistula should be made only after due deliberation and detailed analysis of MRI[24].

Complete involvement of EAS

The main challenge in these five fistulas is that they involve almost the complete EAS (Figures 2, 4, 7, 8
and 10). The EAS plays a major role in maintaining continence and risk of damage to the EAS is very
high in these fistulas. Because this risk of incontinence is so high, these fistulas are extra concerning[4,5,

WJG | https://www.wjgnet.com 1613 April 28,2022 | Volume28 | Issuel6 |

Jaishideng®



Garg P et al. Guidelines to treat high-5 anal fistulas

A Coronal B Axial

DOI: 10.3748/wjg.v28.i16.1608 Copyright ©The Author(s) 2022.

Figure 6 A 47-year-old male patient with a suprasphincteric fistula on left side and supralevator tract and high rectal opening at 3 o’clock.
The internal opening is at 6 o’clock position. A: Coronal section (schematic diagram); B: Axial section (schematic diagram); C: T2-weighted magnetic resonance
imaging (MRI) Coronal section showing suprasphincteric tract; D: T2-weighted MRI Axial section; E: Sketch of MRI Coronal section highlighting supralevator fistula
tract (light green color); F: Sketch of MRI Axial section highlighting fistula tract (light green color).

25]. The most commonly performed procedure, fistulotomy, is contraindicated in these fistulas[25].
There is little published data and there are no standard guidelines to manage these fistulas. Therefore,
the fear of managing these fistulas amongst surgeons in easy to understand.

Presence of ASRO (additional supralevator rectal opening)

One of the features that make these fistulas more challenging is the presence of an ASRO along with a
primary internal opening at the dentate line[6]. In a large cohort, ASRO was present in 2.8% (23/836)
anal fistulas, but in supralevator fistulas, the incidence was 16.6% (23/138)[6]. At times, the presence of
ASRO is detected accidentally during surgery (intraoperatively) when a colored solution injected into
the external opening comes out through the primary internal opening at the dentate line as well as
through the ASRO[6]. In many cases, a granulation polyp or a papilla can be seen at the site of the
ASRO. However, ASRO can be diagnosed preoperatively with the help of MRI in almost every case[6].
MRI is an excellent tool to diagnose ASRO with a high level of accuracy[6].
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Figure 7 Extrasphincteric fistula.

Internal anal sphincter

High High

intra-rectal intra-rectal

fistula External anal fistula
sphincter

’-anoint longitudinal muscle
DOI: 10.3748/wjg.v28.i16.1608 Copyright ©The Author(s) 2022.

Figure 8 High Intrarectal fistula.

The management of ASRO seems challenging. Closure of an opening high up in the rectum which, at
times, is even difficult to reach through the transanal route is not easy. However, there is a sliver of
relief in these otherwise complex fistulas. A recent study has demonstrated that even if nothing is done
to ASRO, there is no impact on ultimate fistula healing[6].

There is an explanation for this surprising finding. Anal fistulas usually initiate in crypt glands
located at the dentate line. The fistula then can extend in different directions from here. Some fistulas or
abscesses extend superiorly and enter the supralevator space[6]. In a small subset (16%) of these supral-
evator abscesses, the pressure generated by the supralevator abscess is so high that the abscess ruptures
into the rectum, thus creating an ASRO. In such situations, the flow of infection (and bacteria) in ASRO
is from the supralevator space into the rectum[6]. This continues in the same manner because, unlike in
the anal canal where intraluminal pressure rises during defecation, pressure in the mid-rectum is quite
low (as the rectum is primarily a storage organ). Therefore, the bacteria usually enter the fistula tract
from the primary internal opening at the dentate line, bacterial multiplication leads to suppuration, and
then the pus egresses through the external opening and the ASRO (if present)[6]. Hence, ultimate
healing of the fistula depends primarily on successful closure of the primary internal opening at the
dentate line. Once the primary internal opening at the dentate line heals, the fistula heals irrespective of
whether the ASRO is closed or open[6]. Therefore, it is a reassuring fact that ASRO left untreated does
not affect the ultimate fistula outcome[6].
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Figure 9 A 36-year-old male patient with a high intrarectal fistula at 7 o’clock. A: Coronal section (schematic diagram); B: Axial section (schematic
diagram); C: T2-weighted magnetic resonance imaging (MRI) Coronal section showing high intrarectal fistula tract; D: T2-weighted MRI Axial section; E: Sketch of
MRI Coronal section highlighting high intrarectal fistula tract (light green color); F: Sketch of MRI Axial section highlighting fistula tract (light green color).

Detection of underlying secondary pathology
The high-5 fistulas are more complex and refractory to treatment as compared to other fistulas. The
incidence of associated complicating pathology like Crohn’s disease and tuberculosis is higher in these
fistulas[24,26,27]. Therefore, it is important that these diseases should be ruled out whenever any of
these high fistulas are diagnosed or suspected.

In regions where Crohn’s disease is common, a colonoscopy should be done in all cases of high
fistulas[28]. On the other hand, in regions where tuberculosis is common, polymerase chain-reaction
(PCR) should be done in samples from the fistula (pus or fistula tract wall or tract lining)[24,29]. In a
large series published from a TB-endemic region (India), tuberculosis was detected in 10% (133/1336) of
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Figure 10 Roof of ischiorectal fossa inside the levator ani muscle fistula. RIFIL: Roof of ischiorectal fossa inside the levator ani muscle.
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tested samples (fistula tract lining or pus)[29]. The detection rate of tuberculosis was 12.5% (129/1034)
by PCR, 1.5% (3/197) by histopathology, and 0.9% (1/105) by GeneXpert tests[29]. Therefore, PCR is
significantly more sensitive than histopathology or GeneXpert to detect tuberculosis[29]. However, in
spite of high sensitivity, it is not uncommon that tuberculosis is missed and goes undetected in the first
sample. Therefore, in regions where tuberculosis is endemic, it is recommended that repeated samples
should be sent for testing, especially in more complex refractory fistulas[29].

METHODS USED TO FORMULATE MANAGEMENT GUIDELINES

A search was performed on MEDLINE, PubMed, EMBASE, and the Cochrane Database of Collected
Reviews from January 1975 to September 2021. Keyword combinations using MeSH terms included
supralevator, suprasphincteric, extrasphincteric, intrarectal, abscess, fistula, fistula-in-ano, anal, rectal,
perianal, perineal, seton, fistula plug, fibrin glue, advancement flap, tuberculosis, Crohn’s disease,
ligation of intersphincteric tract, ligation of intersphincteric fistula tract (LIFT), fistulectomy with
primary sphincter reconstruction (FPR), fistulectomy with primary sphincter repair, transanal opening
of the intersphincteric space (TROPIS) and stem cells.

Various guidelines, such as GRADE[30,31], RIGHT[32] AGREE[33] were evaluated, but considering
the rarity of the disease condition (Hi-5 fistulas) in the study, the Levels of Evidence for Therapeutic
Studies developed by Centre for Evidence-Based Medicine, http:/ /www.cebm.net. (Oxford, United
Kingdom) (Table 1) and Grade Practice Recommendations recommended by American Society of Plastic
Surgeons (Table 2) were utilized[34]. Each diagnostic and therapeutic intervention was assigned a ‘level
of evidence’ from 1A to 5 (1A being the strongest evidence and 5 being the weakest) (Table 1) and then a
‘grade of recommendation” was awarded ranging from ‘A’ to ‘D’ (A’ being a strong recommendation
and ‘D’ being a weak option) (Table 2).

Authors (PG, VDY) reviewed all English language articles and tabulated all the evidence available
and allotted the level of evidence. After that, the grade of recommendation was decided with consensus
of all the authors.

MANAGEMENT GUIDELINES

Diagnostic evaluation of Hi-5 fistulas
MRI or TRUS are preferred modalities to evaluate Hi-5 fistulas. MRI is better than TRUS to evaluate
high secondary extensions. Level of Evidence-2B. Grade of recommendation-B.

MRI and TRUS are the diagnostic modalities of choice to evaluate complex anal fistulas[17,19-21].
MRI and 3D-TRUS have comparable efficacy in outlining the internal opening and primary tracts;
however, MRI is significantly more effective than 3D-TRUS in detecting deep secondary extensions[35].
The sensitivity of 3D-TRUS to detect deep secondary extensions was 73.9% while MRI had sensitivity of
97% (P = 0.041)[35]. Therefore, MRI is the preferred modality to diagnose high fistulas especially the
high-5 fistulas[10,36].

WJG | https://www.wjgnet.com 1617 April 28,2022 | Volume28 | Issuel6 |


http://www.cebm.net

Garg P ef al. Guidelines to treat high-5 anal fistulas

Table 1 Levels of evidence for t eutic studies[49]

Level Type of evidence
1 A Systematic review (with homogeneity) of RCTs
B Individual RCT (with narrow confidence intervals)
C All or none study
2 A Systematic review (with homogeneity) of cohort studies
B Individual Cohort study (including low quality RCT, e.g., < 80% follow-up)
C “Outcomes” research; Ecological studies
3 A Systematic review (with homogeneity) of case-control studies
B Individual Case-control study
4 Case series (and poor-quality cohort and case-control study
5 Expert opinion without explicit critical appraisal or based on physiology bench research or “first

principles”

Citation: CEBM. OCEBM levels of evidence. [cited 11 January 2022]. Available from: https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-

levels-of-evidence. Copyright© 2022 University of Oxford.
RCTs: Randomized controlled trials.

Table 2 Grade practice recommendations’

Level of . . _— —
Grade . Qualifying evidence Implications for clinicians
Recommendation
A Strong Level I evidence or consistent findings These recommendations should be followed unless an alternative approach
recommendation from several studies of levels I, III, or ~ with clear and compelling rationale is present
v
B Recommendation Consistent evidence of levels II, III, or ~ These recommendations should be followed but clinicians should understand
v that there is scope of improvement and these may be slightly modified as per
patient preferences
C Option Levels II, III, or IV evidence, but These guidelines are broad guidelines and clinicians should be flexible in their
findings are inconsistent decision-making regarding appropriate practice keeping patient preferences in
mind
D Option Level V evidence: Little or no These recommendations may be referred but clinicians should consider all
substantial evidence other available options while making decisions

1Based on the American Society of Plastic Surgeons[34].

JBaishideng®

Surgical procedure
Due to the challenging factors discussed above, the management of high-5 fistulas is quite difficult and
far from satisfactory. Apart from the associated complex parameters, the additional problem is minimal
experience or published data on the management of these fistulas. Due to this, the quality of data is of a
low evidence level.

As discussed earlier, due to complete involvement of EAS, the most commonly performed procedure,
fistulotomy, is contraindicated in these fistulas[25] unless it is coupled with primary sphincter repair.
The newer sphincter-sparing procedures, like video-assisted anal fistula treatment[24], fistula laser
closure[24], over-the scope clip (OTSC)[37-39], anal fistula plug (AFP)[40], stem cells[28] etc, have dismal
success rates in complex fistulas. In fact, there are hardly any studies that have analyzed the success
rates of these newer procedures in high-5 fistulas. Therefore, the sphincter-preserving procedures, such
as LIFT, FPR, advancement flaps, and TROPIS, seem more suitable procedures for high-5 fistulas.

TROPIS provides a ray of hope, as it has been shown to have satisfactory results in these fistulas[2,3,
16,24,41]. In the TROPIS procedure, the intersphincteric space is laid open in the anal canal and the
resultant wound is allowed to heal by secondary intention[16,24]. The transsphincteric tracts (tracts
lateral to the EAS in the ischiorectal fossa) are thoroughly curetted and cleaned[3,41]. Thus, the tracts on
both sides of the EAS are managed separately (tracts inner to the EAS are laid open into the anal canal
and tracts outside the EAS in the ischiorectal fossa are curetted and cleaned) and the EAS is not cut or
damaged at all[16,24]. Due to this, it has been shown that there is no deterioration in continence after the
TROPIS procedure[16,24].

WJG | https://www.wjgnet.com 1618 April 28,2022 | Volume28 | Issuel6 |


https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence

Garg P et al. Guidelines to treat high-5 anal fistulas

Coronal B Axial

Coronal-T2 D Axial- T2

Nad

S . >
{_/.__.J | _—— : , / —

DOI: 10.3748/wjg.v28.i16.1608 ~Copyright ©The Author(s) 2022.

Figure 11 A 33-year-old female patient with a roof of ischiorectal fossa inside the levator ani muscle fistula on left side at 5 o’clock and
internal opening at 6 o’clock position. A: Coronal section showing roof of ischiorectal fossa inside the levator ani muscle (RIFIL) fistula (yellow arrow)
(schematic diagram); B: Axial section (schematic diagram); C: T2-weighted magnetic resonance imaging (MRI) Coronal section showing RIFIL fistula tract; D: T2-
weighted MRI Axial section; E: Sketch of MRI Coronal section highlighting RIFIL fistula tract (light green color); F: Sketch of MRI Axial section highlighting fistula tract

(light green color).
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The reason for the higher success rate of the TROPIS procedure could be that, unlike other
procedures, TROPIS adequately tackles the sepsis in the intersphincteric space[3,41]. It is now
understood that the pus/sepsis in the intersphincteric part of the fistula tract is like an abscess in a
closed space[24]. Therefore, this sepsis is best managed in the manner an abscess anywhere else in the
body is managed-deroofing the abscess cavity and allowing it to heal by secondary intention[24].

Supralevator fistulas
A supralevator abscesses can be drained into the rectum with a moderate success rate[7,42-44]. The level
of evidence for this is 2B with a grade of recommendation of B. For example, Garcia-Granero et al[7]
drained the supralevator abscess into the rectum in four patients and all of them healed.

This not only leads to resolution of the acute symptoms, but also leads to fistula healing in many
cases[7,44].

Fistulectomy with or without advancement flap may be done in selected cases with a moderate
success rate[44]. The level of evidence is a -4, with the grade of recommendation a-D. Van Onkelen et al
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Figure 12 A 38-year-old male patient with a roof of ischiorectal fossa inside the levator ani muscle fistula on left side at 3 o’clock and
internal opening at 6 o’clock position. A: Coronal section showing roof of ischiorectal fossa inside the levator ani muscle (RIFIL) fistula (yellow arrow)
(schematic diagram); B: Axial section (schematic diagram); C: T2-weighted magnetic resonance imaging (MRI) Coronal section showing RIFIL fistula tract; D: T2-
weighted MRI Axial section; E: Sketch of MRI Coronal section highlighting RIFIL fistula tract (light green color); F: Sketch of MRI Axial section highlighting fistula tract

(light green color).

[44] performed advancement flap in three patients after draining the supralevator abscess. All patients

healed but multiple surgeries were required in order to achieve fistula healing[44].

Supralevator fistula can be managed with laying open of the supralevator extension into the rectum
through the transanal route (TROPIS) procedure with a satisfactory healing rate[6,16]. The level of
evidence for this is 2B with a grade of recommendation of B. The success rate was 84.6% (11/13) in the

initial series and 82.1% (92/112) on long-term follow-up (median 30 mo) in the same series[16].

LIFT and FPR can also be done in selected cases with good success rates (80%-91%) in high complex
fistulas (the studies included supralevator fistulas)[45,46]. The level of evidence for this is 5 with a grade
of recommendation of D. However, data for these two procedures specific to supralevator fistulas is not

available.
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Suprasphincteric fistulas

Advancement flap, fistulotomy/fistulectomy with primary sphincter repair and stem cells have
moderate success rates, with a success rate range from 70%-85%, though the sample size was quite small
[47]. The level of evidence for this is 2B with a grade of recommendation of D. Perez et al[47] compared
advancement flap vs fistulotomy with sphincter reconstruction in suprasphincteric fistulas and the
healing rate was 80% (4/5) and 83.3% (5/6) respectively[47]. However, the risk of cutting the entire EAS
and then repairing the same seems a difficult option to most surgeons. Also, in the rare eventuality of
suture dehiscence, the risk of incontinence would be very high.

Fibrin glue has a poor success rate in suprasphincteric fistulas. The level of evidence for this is 2B
with a grade of recommendation of C. Garcia-Olmo et al[48] compared the healing rate of fibrin glue vs
adipose stem cells in suprasphincteric fistulas. The healing rate in the fibrin glue group was 8% (2/16)
while it was 71% (10/14) in the stem cells group[48].

The TROPIS procedure has had promising results with a good success rate with minimal impact on
continence The level of evidence for this is 4 with a grade of recommendation of C. Out of 14 supras-
phincteric fistulas, 78.6% (11/14) patients were cured with no deterioration in continence levels after
surgery on long-term follow-up (median 30 mo)[16].

LIFT can be done in selected cases but is technically difficult. The level of evidence for this is 2B with
a grade of recommendation of C.

There are studies in which LFT has shown a good success rate (80%-91%) in high complex fistulas[45,
46]. but data for LIFT exclusive to supralevator fistulas is not available. It is also expected that
performing the LIFT procedure in suprasphincteric fistulas (ligating the intersphincteric tract high up in
the intersphincteric plane) would be a technically demanding procedure.

Extrasphincteric fistulas
Temporary colostomy with management of the primary pathology can be used for extrasphincteric
fisutlas. The level of evidence for this is 5 with a grade of recommendation of D.

Extrasphincteric fistulas are extremely rare these days, which means there is little data available on
the management of these fistulas. As most of these fistulas are caused by secondary pelvic pathology or
iatrogenic factors, a diverting stoma along with management of the underlying cause would be the
mainstay of treatment[8].

High intra-rectal fistulas

Intra-anal fistulotomy (TROPIS procedure) has a high success rate with minimal impact on continence.
The level of evidence for this is 4 with a grade of recommendation of B. These fistulas are perhaps the
easiest to treat. Simple intra-rectal fistulotomy (laying open the fistula tract into the anorectum) would
cure these fistulas with a high success rate (> 90%)[8,16].

RIFIL fistulas (fistula at the roof of ischiorectal fossa inside the levator ani muscle)
TROPIS has a moderate success rate with minimal impact on continence in RIFIL fistulas. The level of
evidence for this is 2B with a grade of recommendation of B. RIFIL fistulas are challenging to manage
because access to the RIFIL component might become difficult. TROPIS has shown a moderate success
rate in RIFIL fistulas[9]. The healing rate in RIFIL fistulas by the TROPIS procedure was 69.4% (25/36)
with a follow-up (median) of 12 mo[9]. There was no negative impact on continence following surgery.
LIFT and FPR are expected to have a moderate success rate; however, since RIFIL fistulas have been
recently described[9] and till now, there are no studies of LIFT or FPR procedure in RIFIL fistulas.
Conceptually it is expected that these procedures would also prove at least moderately effective for
these fistulas. The level of evidence for this is 5 with a grade of recommendation of D.

CONCLUSION

Anal fistulas that reach up to the levator muscle and involve almost the complete EAS have been
grouped together as high-5 fistulas. These comprise supralevator, suprasphincteric, extrasphincteric,
high intrarectal, and RIFIL fistulas. The diagnosis as well as the management of these five fistulas is
quite challenging. Advanced radiological modalities, preferably MRI, are needed to accurately delineate
these fistulas. Once diagnosed, care should be exercised to avoid sphincter-cutting procedures like
fistulotomy or cutting seton in these fistulas as the risk of incontinence would be very high. Sphincter-
sparing procedures like TROPIS or LIFT should be carried out in these fistulas. These guidelines may
help improve understanding and outcomes in the management of these complex fistulas.
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Core Tip: Hepatic dysfunction can be frequently found in hepatitis, cholestasis, metabolic diseases, and
focal liver lesions. It remains clinically silent until advanced stages, so there remains an unmet need to
identify affected individuals at early stages. Imaging techniques, including ultrasound, computed
tomography, and magnetic resonance imaging, allow morphological and functional assessment of the
entire hepatobiliary system. In this article, we provide a state-of-the-art summary of noninvasive imaging
modalities for assessing hepatic dysfunction in various clinical situations.
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INTRODUCTION

Hepatic dysfunction is a common result of a wide variety of diseases, including hepatobiliary disorders
and systemic diseases. The clinical symptoms of hepatic dysfunction (e.g., jaundice, anorexia, and
abdominal pain) are varied and nonspecific[1]. Liver biopsy is the gold standard for hepatic dysfunction
currently. Accurate as it is, liver biopsy is invasive, and susceptible to sampling errors and inter-
observer variation. Besides, liver biopsy is limited by various complications and operator expertise.
Therefore, the introduction of noninvasive diagnostic approaches is pivotal to addressing the above
limitations of liver biopsy. Hepatic dysfunction usually manifests as biochemical abnormalities of serum
markers, typically involving hepatocyte damage, cholestasis, bilirubin, synthesis function, and liver
fibrosis[2,3]. Nevertheless, it is worth noting that not all patients with abnormalities in the above
markers have primary liver disease, highlighting the wide differential diagnosis spectrum of abnormal
liver chemistry and metabolic functions[2]. Considering the limited value of single serum markers in
hepatic dysfunction evaluation, clinical grading systems integrating biochemical parameters and clinical
symptoms have been developed to reveal impaired liver function. Among them, the Child-Pugh score is
a widely adopted clinical scoring system that is particularly useful in selecting surgical candidates with
hepatocellular carcinoma (HCC) and cirrhosis[4]. The Model for End-Stage Liver Disease score was
initially developed to predict short-term survival in patients undergoing transcutaneous intrahepatic
portosystemic shunt procedures and has been later expanded to stratify patients with end-stage liver
disease awaiting transplantation[5]. Nevertheless, the performances of these clinical grading systems are
suboptimal in mild liver injuries. Furthermore, despite widely used and readily available, biochemical
parameters and clinical grading systems only provide indirect information about the hepatic function
[6]. In contrast, dynamic quantitative tests, such as the indocyanine green (ICG) clearance test[7], allows
direct measurements of liver clearance capacity and hence has become a routine test in preoperative
liver function evaluation. However, discrepancies have been reported on the performances of ICG
clearance test in clinical outcome prediction[8]. In addition, the accuracy of ICG clearance is affected by
operator’s proficiency and the concentration of blood oxygen and other competitive agents[9].

Noninvasive imaging techniques, including ultrasound (US), computed tomography (CT), and
magnetic resonance imaging (MRI), allow morphological and functional assessment of the entire
hepatobiliary system (Table 1). These techniques permit qualitative and quantitative evaluation of
hepatocyte quantity and function, fibrosis degree, type and severity of metabolic disorders, and
excretory function of the biliary system. Therefore, through accurate hepatic dysfunction measurement
and identification of affected individuals at early diseases stages, noninvasive imaging modalities offer
appeal in individualized clinical decision-making and improving patient prognosis. Therefore, this
review provides a state-of-the-art summary of noninvasive imaging modalities for assessing hepatic
dysfunction along the pathophysiological track in various clinical situations.

HEPATITIS-INCLUDED HEPATIC DYSFUNCTION

Hepatitis is a major global public health problem affecting hundreds of millions of people. The common
causes are the virus, bacteria, amoeba, and other infections. Other relatively rare causes include drug
and food poisoning. Most deaths from viral hepatitis are due to hepatitis B and hepatitis C. An
estimated 257 million people were living with hepatitis B and 71 million people were living with
hepatitis C[10].

Acute hepatitis
In mild hepatitis, edema of hepatocytes and inflammatory cells gather in the portal area at pathology. At
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Table 1 Noninvasive imaging modalities for hepatic dysfunction

Imaging modality Target changes
Us B-mode ultrasonography Echo intensity
Morphological changes
Color Doppler US Phase and velocity of blood flow
Contrast-enhanced US Hemodynamic changes with better contrast than Doppler US
Transient elastography Liver stiffness
Steatosis
Point shear wave elastography Liver stiffness
2D-shear wave elastography Liver stiffness
CT Conventional CT CT value
Morphological changes
Steatosis
Dynamic enhanced CT Portal hypertension
Hemodynamic changes
CT perfusion Quantitative measurement hemodynamic changes
Liver extracellular volume on CT Fibrosis
MR  Conventional MRI Morphological changes

MR elastography
Diffusion-weighted MRI
Gadoxetate-enhanced MRI
MR perfusion

Chemical-shift-encoded MRI

MR cholangiopancreatography

Quantitative susceptibility mapping

Liver extracellular volume on MRI

Liver stiffness

Brownian motion of water molecules

Number and function of hepatocytes

Quantitative measurement hemodynamic changes
Steatosis

Iron overload

Biliary system

Iron overload

Fibrosis

US: Ultrasound; CT: Computed tomography; MR: Magnetic resonance; MRI: MR imaging.

this stage, the imaging findings are generally nonspecific, such as enhanced echo on US, slightly
decreased density on CT, or increased signals on T2-weighted imaging.

With the aggravation of inflammation, histologic changes become more pronounced, including
lobular disarray, acidophilic degeneration of hepatocytes, focal lobular necrosis, disruption of bile
canaliculi with cholestasis, and portal and parenchymal infiltration of inflammatory cells (predom-
inantly lymphocytes and macrophages)[11], as well as hypertrophy and hyperplasia of Kupffer cells and
macrophages. These changes can lead to heterogeneous appearances of the liver parenchyma on pre-
contrast imaging. Meanwhile, the microcirculation in the liver deteriorates, causing patchy
enhancement or wedge-shaped enhancement pattern of the liver parenchyma on contrast-enhanced
imaging. In addition, the “halo-ring sign” or “track sign” appears around the portal vein as a result of
increased lymph inflow and blocked lymph backflow[12]. The transient portal hypertension (PH) leads
to increased pressure in the gallbladder vein, causing subsequent subserosal edema of the gallbladder
wall. With the gallbladder wall thickening and protruding into the cavity, a typical sign of “centripetal
edema” appears[13]. Enlarged lymph node can be detected on US, CT, or MRI[14].

A high proportion of severe acute hepatitis cases can result in significant liver failure[15,16]. In these
cases, extensive hepatocyte necrosis can lead to substantial bridging. Irregular necrosis is depicted as
map-like low density on CT images. On contrast-enhanced images in the portal venous phase, the
necrotic areas usually become hyper-attenuating compared with adjacent liver parenchyma due to
infiltrates of inflammatory cells, increased arterial blood supply, and widened intercellular space. This
sign is called “reverse enhancement”, which is a characteristic manifestation of severe hepatitis. In
addition, ascites can be detected frequently[15] (Figure 1). Grillet et al[15] reported that heterogeneous
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Figure 1 Ultrasound and computed tomography images of a 19-year-old man with severe drug-induced hepatitis. A: High frequency ultrasound
image showing increased and heterogenous echo intensity of the liver parenchyma; B: Pre-contrast computed tomography image showing map-like hypodense area
in the liver parenchyma and moderate ascites; C: The hypodense areas on (B) became hyperattenuating on portal venous phase image, showing “reverse
enhancement”.

liver parenchyma on CT would be particularly beneficial for patients with acute severe autoimmune
hepatitis as histological examinations could be technically challenging due to complications. They also
reported heterogeneous CT features of severe alcoholic hepatitis, indicating that these imaging features
were mainly associated with transient heterogeneous steatosis and liver perfusion disorders[15].
Furthermore, Tana et al[17] used texture analysis to quantify the heterogeneity of the liver parenchyma,
and showed that texture features of the liver could provide important quantitative information in
predicting the severity and outcomes of patients with acute alcohol-associated hepatitis.

In summary, ultrasound is recommended as the first-line imaging modality for morphologic
evaluation in patients with acute hepatitis. Contrast-enhanced CT or MRI should be considered when
intrahepatic necrosis is suspected.

Chronic hepatitis

Chronic hepatitis refers to a morphologic pattern that is usually observed in patients with chronic viral
hepatitis, autoimmune hepatitis, drug-induced hepatitis, and alcoholic hepatitis. Chronic hepatitis is
characterized by several pathologic changes. These include inflammations of the portal veins and
sometimes of the bile ducts; periportal injury and inflammation; several degeneration and apoptosis of
intra-acinar hepatocytes secondary to inflammatory response; and different forms of fibrosis[18]. The
end-stage progression is cirrhosis. The image findings of liver fibrosis and cirrhosis are described in
later sections.

Typical imaging characteristics of chronic hepatitis include unsmooth liver margin, blunt edge,
widened portal vein, enlarged spleen, and thickened gallbladder wall[19] (Figure 2). Unfortunately,
when the above signs appear, liver injury has usually occurred for a long time and become irreversible.

Many efforts have been devoted to capturing the early hepatic microcirculation and perfusion
changes of chronic hepatitis using imaging techniques. The deposition of collagen in the space of Disse
and sinusoidal capillarization result in increased resistance to incoming sinusoidal blood flow, leading
to a decrease in portal venous flow to the liver and an increase in hepatic arterial flow, and subsequently
the formation of intrahepatic and portosystemic shunts. Cao et al[20] reported a significant correlation
between the ICG clearance rate and MR-based portal venous perfusion, suggesting that MR-based
portal venous perfusion could be used as a surrogate for liver function assessment.

Another important cause for hepatic dysfunction in chronic hepatitis is the impaired hepatocytes.
Active transport of MR hepatobiliary contrast agents (e.g., gadoxetate and gadobenate dimeglumine)
into the hepatocytes can reflect hepatocyte functions. Hepatobiliary phase (HBP) images can be acquired
at about 20 min after contrast administration for gadoxetate and 1-2 h for gadobenate dimeglumine,
with signal intensity on HBP images providing important information regarding liver function[21,22].
On this basis, studies further showed that T1 mapping could eliminate signal deviation and allow
accurate liver function quantification[23-25].

Without proper and timely intervention, chronic hepatitis may progress to liver fibrosis (LF) and PH,
which would be discussed in later sections.

CHOLESTASIS

Acute cholestasis
Acute cholestasis is characterized with mechanical biliary obstruction of any cause, such as choledocho-
lithiasis, strictures (e.g., neoplastic, inflammatory, or postoperative), pancreatitis, choledochal cysts,
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Figure 2 Gadoxetate-enhanced magnetic resonance images of a 70-year-old man with chronic hepatitis B. T2-weighted image (A) shows signal
loss of the liver parenchyma, suggesting iron overload. T1-weighted pre-contrast (B), arterial phase (C), and portal venous phase (D) images show nodular contour
and patchy enhancement of the liver parenchyma. Hepatobiliary phase image demonstrates diffuse hyperintense nodules (E, black arrows) without diffusion
restriction on diffusion-weighted imaging (F), indicating regenerative nodules. Moderate ascites was also noted.
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parasitic diseases (e.., ascariasis and fascioliasis), or even extrinsic pressure from enlarged lymph nodes
[26]. US is promising for diagnosing early-stage acute cholestasis. However, magnetic resonance cholan-
giopancreatography (MRCP) is more sensitive in assessing the location, severity, cause, and extent of
biliary obstruction[27]. MRCP images of a patient with suspected acute cholestasis can help: (1) Confirm
the obstruction; (2) exclude other causes of jaundice; (3) determine the location of obstruction (intra- or
extrahepatic ducts); (4) measure the approximate length of the biliary stricture; and (5) reveal the status
of proximal bile ducts[28] (Figure 3).

Apart from MRCP, gadoxetate-enhanced MRI can also aid in evaluating acute cholestasis. Although
less widely available than MRCP, it has a unique role in detecting bile leaks after biliary surgery or liver
traumal[29].

Recently, elastography has also been applied in acute cholestasis. Kim et al[30] reported that liver
stiffness measured by MRI elastography (MRE) is elevated with the increase of cholestasis, and can be
predictive for the sufficiency of biliary decompression after biliary drainage.

Chronic cholestasis

Most chronic cholestatic disorders are insidious in onset, and chronic cholestasis progresses slowly over
the course of years before it becomes clinically apparent. The most frequent causes of chronic cholestasis
are primary sclerosing cholangitis (PSC) and primary biliary cirrhosis (PBC). Furthermore, allograft
rejection can lead to bile duct damage and subsequent chronic cholestasis in patients who have
undergone liver transplantation.

Characteristic imaging features of PSC include thickened concentric mural wall involving the
extrahepatic biliary duct, with segmental intrahepatic biliary duct dilatation, preferentially affecting the
left hepatic lobe. Gallbladder luminal sludge or stones and inflammatory polyps can also be depicted
[31]. On MRCP, PSC can have typical features of biliary ductal changes, such as intrahepatic and
extrahepatic short segmental bile duct strictures alternating with normal or mildly dilated bile ducts,
giving rise to a beading appearance. At times, mild diffuse dilatation of the entire intrahepatic biliary
system with a branching-tree appearance can be observed[32] (Figure 4).

On the other hand, PBC is characterized by chronic, non-suppurative lymphocytic cholangitis that
predominantly affects small and interlobular bile ducts in the portal triads, leading to vanishing bile
duct syndrome[33]. Diffuse hepatomegaly is the most pronounced morphological change. Patients
usually develop micronodular or liver fibrosis. Most early PBCs had normal appearances on MRCP. As
disease progresses, intrahepatic bile ducts become irregular. Thereafter, most peripheral branches of the
intrahepatic bile ducts gradually become invisible, while medium-sized bile ducts present with reduced
caliber and irregularity. These findings could be explained pathologically by destruction and
disappearance of small intrahepatic bile ducts in PBC[34]. The assessments of liver function in PSC is
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Figure 3 Magnetic resonance images of a 63-year-old man with hilar cholangiocarcinoma. Axial (A) and coronal (B) portal venous phase images
demonstrate thickened hilar bile duct wall (white arrows). The extrahepatic bile duct is absent on magnetic resonance cholangiopancreatography image (C, white
arrowhead), and the intrahepatic bile ducts are dilated and distorted (“vine-sign”).

DOI: 10.3748/wjg.v28.i116.1625 Copyright ©The Author(s) 2022.

Figure 4 Computed tomography and magnetic resonance cholangiopancreatography images of a-42-year-old woman with primary

sclerosing cholangitis. Minimum density projection computed tomography image of portal venous phase (A) and magnetic resonance cholangiopancreatography
image (B) show a “beading appearance” of the intrahepatic bile ducts (white arrowheads).

similar to those in cirrhosis caused by chronic hepatitis[35].

In summary, when cholestasis is suspected, ultrasound is recommended for screening. When biliary
obstruction or stricture is confirmed, MRI (MRCP in particular) is the preferred modality for further
examinations.

METABOLIC DISEASES

Nonalcoholic fatty liver disease

Nonalcoholic fatty liver disease (NAFLD) is defined as liver fat exceeding 5%-10% by weight and exists
as a spectrum from steatosis (usually stable) to nonalcoholic steatohepatitis (NASH) (characterized by
cellular ballooning, necroapoptosis, inflammation, and fibrosis)[36]. Early detection and treatment of
NAFLD can help prevent its progression to NASH and cirrhosis[37].

Among the imaging methods which enable liver fat quantification, transient elastography (TE) is the
most widely studied US approach. A recent meta-analysis revealed that in NAFLD patients, the areas
under the curve (AUC) of TE were 0.819 for SO vs S1-S3 and 0 754 for S0-S1 vs S2-S3[38]. Another meta-
analysis reported superior result of TE in the diagnosis of mild steatosis (AUC, 0.96) compared with
severe steatosis (AUC, 0.70)[39]. Thus, an insufficient performance for TE in the diagnosis of moderate
to severe steatosis should be noted.

The sensitivity and specificity of CT in detecting hepatic steatosis were reported ranging from 46% to
72% and from 88 to 95%, respectively[40]. However, given the potential additive radiation exposure, CT
is not typically utilized as a screening test for NAFLD.
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In addition, chemical-shift-encoded MRI-based proton density fat-fraction (PDFF) is increasingly
accepted as an effective imaging modality in evaluating liver steatosis. A recent meta-analysis which
included 2979 patients showed that MRI-PDFF offered pooled sensitivities of 0.71-0.91 and specificities
of 0.88-0.93 for staging liver steatosis[41], with the optimal diagnostic performance achieved for
detecting > S1 (sensitivity, 0.92; specificity, 0.93) steatosis. Choi et al[42] compared the performance of
MRI-PDFF and TE-based controlled attenuation parameter (CAP) in staging liver steatosis, and they
found that MRI-PDFF correlated far better with hepatic fat measured (r = 0.978) than with CAP (r =
0.727). Besides, several clinical randomized controlled trials have shown that PDFF can be used to
monitor and predict the therapeutic effect of NAFLD[43-45].

NASH is also characterized with a distinctive increase in liver extracellular fluid, which can be
measured by an increase in T1 relaxation time. However, the accumulation of excess iron in liver tissue
can be a confounding factor for T1 relaxation time. In this context, iron-corrected T1 can be generated to
correct for this potential bias[46,47]. In a study of 50 patients undergoing standard-of-care liver biopsy
for NAFLD, iron-corrected T1 has been demonstrated to correlate with ballooning and could accurately
distinguish between steatosis and NASH patients[48].

Collectively, given the costs, availability, and diagnostic performances, US may be an appropriate
modality to detect NAFLD. If accurate quantification of liver fat or monitoring of efficacy is needed,
MRI PDFF should be a better choice.

Iron storage disorders

Iron storage disorders are characterized by unregulated iron increase or decrease in the liver[49]. An
increase in systemic iron can be a consequence of: (1) Hereditary hemochromatosis; (2) ineffective
erythropoiesis or chronic liver disease; and (3) parenteral iron administration. Excessive intracellular
deposition of iron ultimately results in tissue and organ damage. The diagnosis of iron overload relies
on serum iron studies (elevated transferrin saturation and elevated serum ferritin levels), genetic
testing, and sometimes liver biopsy to assess the hepatic iron concentration and degree of liver injury
[50].

The paramagnetic effect of liver iron on the neighborhood protons affects T2 and T2* relaxation times
by accelerating the signal decay. Therefore, the presence of iron results in tissue signal loss on T2 and T2
* weighted images that is proportional to iron content, which is the basic principle of MRI in evaluating
liver iron overload[51]. The MRI methods for liver iron quantification can be divided into signal
intensity ratio methods and relaxometry methods.

With signal intensity ratios, studies showed that although these methods tended to overestimate mild
to moderate hepatic iron overload, it might be more precise in severe iron overload, particularly on 3T
MRI[52,53]. On the other hand, relaxometry techniques measure the MR signal decay resulting from the
shortening of T2 or T2* relaxation times. For practical purposes, the inverse of T2 or T2* (the relaxation
rates, R2 or R2%) is generally used instead, because the elevation in liver iron concentration directly
increases the R2 and R2%[54]. The most known R2 relaxometry method is commercially available as
FerriScan and is FDA-approved for 1.5T machines[55]. Well validated across different sites and
platforms, liver R2 has an excellent correlation with liver iron concentration, with low inter-exam
variability and good inter-machine reproducibility[56]. However, major limitations of this technique
include long acquisition times and high cost. In contrast, R2* relaxometry is performed with fast, single
breath-hold spoiled GRE multi-echo sequences in most MR scanners. Several studies demonstrated an
excellent linear relationship between R2* and liver iron concentration[57,58] (Figure 5). However, R2*
measurements may be affected by liver fibrosis and the coexistence of fat[59].

Quantitative susceptibility mapping (QSM) was first used in the nervous system. It is based on the
concept of transforming hypointense blooming artifacts into precise quantitative measurements of
spatial biodistributions. Therefore, it is not affected by liver fibrosis and the coexistence of fat[59].
Tipirneni-Sajja et al[60] applied a multispectral autoregressive moving average model in QSM to liver
iron concentration. They found that autoregressive moving average-QSM showed a good association
with an iron concentration in both phantom study and in vivo cohort, indicating that autoregressive
moving average-QSM could provide a potentially confounder-free assessment of hepatic iron overload
[60].

Therefore, the influence of iron on MRI signal makes MRI the most appropriate imaging modality for
quantifying liver iron concentration, and QSM may be the most potential sequence to serve this
purpose.

PROGRESSION OF DIFFUSE LIVER DISEASE

Liver fibrosis is a scarring response that occurs in almost all chronic liver injuries mentioned above.
Ultimately, liver fibrosis can lead to cirrhosis, in which PH is a common and lethal complication. Early
diagnosis and accurate staging of these conditions can facilitate timely patient care and optimize
prognoses.
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Figure 5 Magnetic resonance images of a 26-year-old man with hemochromatosis. Pre-contrast T1-weighted image (A), portal venous phase T1-
weighted image (B), T2-weighted image (C), and SWI image (D) showed signal intensity in liver parenchyma, while R2" mapping (E) shows increased signal
intensity in the liver, demonstrating severe iron overload. R2: Relaxation rate.
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Liver fibrosis
With the deposition of collagen in the extracellular space, liver parenchyma stiffness increases as the
disease progresses. These alterations can be measured by elastography techniques.

Among all elastography techniques, TE is the most widely used method to determine liver stiffness
and may serve as a potential surrogate to assess liver fibrosis. The pooled AUC of TE for diagnosing
liver fibrosis was 0.859 for NAFLD, 0.860 for chronic hepatitis B, and 0.830 for alcohol-related liver
disease in previous meta-analyses[61-63]. In addition, shear wave elastography (SWE) was also reported
with a high diagnostic accuracy for detecting early-stage liver fibrosis[64-66]. Petzold et al[67] found that
a cutoff value of 8.05 kPa could differentiate patients with advanced fibrosis (F > 3) from those with no
or mild fibrosis (FO-F2) with AUCs ranging between 0.995 and 1.000. A meta-analysis revealed no
significant difference between TE and SWE in the diagnosis of significant fibrosis, advanced fibrosis,
and cirrhosis, but the proportion of failed measurements was over ten-fold greater with TE than SWE
[68].

In addition to ultrasound-based elastography techniques, the MR-based elastography technique MRE
is another promising noninvasive modality to assess liver fibrosis[69,70]. A prospective study of 67 PSC
patients revealed a high sensitivity (87.5%) and specificity (96%) of MRE in detecting cirrhosis[71]. In
another study, a significant discriminatory ability of MRE was confirmed when distinguishing between
early to moderate and advanced liver fibrosis, shedding light on the incremental values of liver stiffness
measurements on MRE in prognosis stratification[72]. Fu et al[73] found that the efficacy of MRE was
superior compared with TE in detecting significant fibrosis (AUC: 0.965 vs 0.906) and advanced fibrosis
(AUC: 0.957 vs 0.913). These results were confirmed by a meta-analysis in which the pooled AUC of
MRE (0.97) was significantly higher than that of SWE (0.88) in detecting significant fibrosis[74].

As fibrosis progresses, the deposition of fibroglia can lead to enlarged extracellular space. Therefore,
liver extracellular volume (LECV) measured by CT or MR T1 mapping can also be used to assess liver
fibrosis[75-77]. In a cynomolgus monkey model of NASH, Lyu et al[78] found that LECV was
significantly correlated with the fibrosis score (r = 0.949), and demonstrated an AUC of 0.945 in
diagnosing liver fibrosis.

Diffusion-weighted imaging is a noninvasive technique based on the Brownian motion of water
molecules in biological tissue and has shown potential in assessing liver fibrosis[79]. Studies showed
that in chronic liver diseases, apparent diffusion coefficients in diffusion-weighted imaging decreased as
the degree of fibrosis increased, but this relationship was not statistically significant due to confounding
factor of blood microcirculation in the capillaries[80,81]. Recent studies have explored various diffusion
models to avoid this influence. Lefebvre et al[82] reported that intravoxel incoherent motion parameter
with 10 b-values was reproducible for liver tissue characterization and that perfusion fraction (f)
provided good diagnostic performance for distinguishing dichotomized grades of inflammation. Park et
al[83] showed that the distributed diffusion coefficient from the stretched exponential model was the
most accurate diffusion-weighted imaging parameter for staging liver fibrosis as it could avoid the
confounding effect by steatosis.
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Besides, liver fibrosis can result in changes in hepatic microcirculation and perfusion. Fan et al[84]
found that MR perfusion parameters, time to peak, and mean transit time in particular could reflect the
degree of liver fibrosis. Similarly, Yoon et al[85] also found that portal blood flow was significantly
lower in clinically significant hepatic fibrosis and that mean transit time and extracellular volume
increased in cirrhosis.

In general, TE is the modality preferred for LF. SWE can be considered in patients who fail in TE
examination. As a modality which is gaining increasingly popularity, MRE is preferred over
sonographic elastography in patients with ascites and obesity, or requiring more comprehensive liver
workup.

PH

PH is defined by values of hepatic venous pressure gradient (HVPG) > 5 mmHg, whereas clinically
significant PH could be diagnosed if HVPG 2 10 mmHg. HVPG has been widely-validated as associated
with variceal bleeding, hepatic decompensation, and mortality. However, its measurement is invasive
and requires extensive expertise[86].

Characteristic imaging features of PH include portosystemic shunts, splenomegaly, ascites, and
widening of the portal vein. However, these findings are often detectable at end stages of the disease,
thus demonstrating limited sensitivities for diagnosing PH.

For quantitative methods, similar to liver fibrosis, elastography techniques have gained increasing
attention in the assessment of PH[87]. Among ultrasound-based elastography techniques, TE was the
most validated method for PH assessment. A meta-analysis involving 12 studies showed that liver
stiffness measured on TE was well correlated with HVPG and demonstrated a sensitivity of 91.2% and
specificity of 81.3% in diagnosing clinically significant PH (cut-off values 13.6-18.6 kPa)[88]. In contrast,
despite much less applied than TE, SWE also exhibited encouraging profiles in predicting PH and
esophageal varices (AUC: 0.86-0.89)[89-93].

Liver and spleen stiffness measured by MRE also showed promising performances in predicting PH
and esophageal varices. A recent meta-analysis found that liver and spleen stiffness on MRE could serve
as supplemental noninvasive assessment tools for detecting clinically significant PH and that spleen
stiffness might be more specific and accurate than liver stiffness (AUC: 0.88 vs 0.92)[94].

Hemodynamic alteration is another distinct feature in PH. In patients with cirrhosis, decreased portal
and total hepatic perfusion were observed[95,96]. Studies showed that mean portal vein velocity in
cirrhosis was lower than that in normal subjects and decreased with the severity of liver cirrhosis and
gastroesophageal varices[97,98]. The portal vein velocity measured by doppler US could be used as
noninvasive triage tests before referral to endoscopy (sensitivity, 84%-97%), but the cutoff value varied
from 16-19 cm/s[99,100]. Several MR techniques have also been proposed for liver hemodynamic
assessment in PH. Chouhan et al[101] used phase-contrast MR to assess the portal vein and the
infrahepatic and suprahepatic inferior vena cava. The hepatic artery flow was estimated by subtracting
infrahepatic from suprahepatic inferior vena cava flow and portal vein flow, which showed significant
positive correlations with HVPG[101]. Additionally, 4D flow MRI also demonstrated promising capacity
in quantifying blood flow in the hepatic and splanchnic vasculature[102,103]. Motosugi et al[104] found
that azygos flow > 0.1 L/min and portal venous flow less than the sum of splenic and superior
mesenteric vein flow were useful markers to stratify the risk of gastroesophageal varices bleeding in
patients with cirrhosis. Another study revealed that the combination of liver stiffness measured by MRE
and perfusion metrics measured by contrast-enhanced-MRI had an AUC of 0.903 for diagnosing PH,
and an AUC of 0.785 for detecting clinically significant PH[105].

In summary, TE and SWE are promising noninvasive approaches for preliminary PH screening.
Nevertheless, for patients with increased risk for esophageal and gastric varices, multiparametric MRI
may be a more accurate and comprehensive modality.

FOCAL LIVER LESIONS

Focal liver lesions include benign tumors, malignant tumors, and hepatic echinococcosis. The impact of
focal liver lesions on liver function includes the decrease of normal liver volume and the reduced
hepatocyte function, especially in surgical candidates with malignant liver tumors. Previous studies
have shown that a high residual to total liver volume ratio (= 40%) was required for patients with an
impaired liver function to tolerate resection[106-108]. Gadoxetate-enhanced MRI is also used to evaluate
the hepatic function of patients with focal liver lesions. Yoon et al[109] reported that T1 mapping on
gadoxetate-enhanced MRI provided information on global liver function and demonstrated functional
heterogeneity in patients with HCC. Other studies have combined liver volume with hepatocyte
function, and their results showed that combined T1 mapping and residual liver volume on gadoxetate-
enhanced MRI could assess liver function with good diagnostic accuracy in patients with liver tumors
[110-112]. Kim et al[113] and Wang et al[114] reported that the combination could predict post
hepatectomy liver failure better than the ICG clearance test in patients with HCC who underwent
hepatectomy.
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To sum up, CT can be used to calculate the residual liver volume for surgical candidates. Gadoxetate-
enhanced MRI can not only reflect residual liver volume, but also reveal the functional information of
hepatocytes.

CONCLUSION

In this article, we provide a summary of noninvasive imaging modalities for assessing hepatic
dysfunction in various clinical situations and case scenarios (Figure 6). Several challenges still exist in
noninvasive imaging of hepatic dysfunction. First, many imaging parameters have inconsistencies on
the device. Therefore, a unified threshold cannot be adopted. Second, quantification of sensitivity and
specificity usually requires an effective reference standard (e.g., liver biopsy) which may not be readily
available. Furthermore, most of the current studies focus on the role of a single method or sequence,
with limited multiparametric, multimodal, and multidisciplinary approaches to evaluate liver
dysfunction.

The long-term goal in hepatic dysfunction imaging is to develop reliable, noninvasive, and compre-
hensive methods which could reveal not only the disease severities but also etiologies using safe and
clinically available techniques. However, to accomplish this goal will require advances in imaging
sciences (improved image modalities standardization and quantitation, further exploration of US, CT,
and MR imaging methods, and combination of multiparametric and multimodal imaging techniques).
On this basis, radiomics and artificial intelligence may provide further assistance in quantifying high-
level imaging features beyond human eyes and help in constructing effective predictive models. A
better understanding of the human genetic variation underlying differences in the liver will further
contribute to this field. Furthermore, the potential value of combining imaging and serum biomarkers
should also be explored.
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Figure 6 Noninvasive imaging modalities for assessing hepatic dysfunction. The TextTitle modalities are recommended and should be the first-line
methods. US: Ultrasound; CT: Computed tomography; MRI: Magnetic resonance imaging; TE: Transient elastography; SWE: Shear wave elastography; MRE: MRI
elastography; MRCP: Magnetic resonance cholangiopancreatography; NAFLD: Nonalcoholic fatty liver disease; PDFF: Proton density fat-fraction; CAP: Controlled
attenuation parameter; CECT: Contrast-enhanced CT; CEMRI: Contrast-enhanced MRI.
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Abstract

Cancer has become the most life-threatening disease in the world. Mutations in
and aberrant expression of genes encoding proteins and mutations in noncoding
RNAs, especially long noncoding RNAs (IncRNAs), have significant effects in
human cancers. LncRNAs have no protein-coding ability but function extensively
in numerous physiological and pathological processes. Small nucleolar RNA host
gene 3 (SNHGB3) is a novel IncRNA and has been reported to be differentially
expressed in various tumors, such as liver cancer, gastric cancer, and glioma.
However, the interaction mechanisms for the regulation between SNHG3 and
tumor progression are poorly understood. In this review, we summarize the
results of SNHG3 studies in humans, animal models, and cells to underline the
expression and role of SNHG3 in cancer. SNHG3 expression is upregulated in
most tumors and is detrimental to patient prognosis. SNHG3 expression in lung
adenocarcinoma remains controversial. Concurrently, SNHGS3 affects oncogenes
and tumor suppressor genes through various mechanisms, including competing
endogenous RNA effects. A deeper understanding of the contribution of SNHG3
in clinical applications and tumor development may provide a new target for
cancer diagnosis and treatment.

Key Words: Small nucleolar RNA host gene 3; Long noncoding RNAs, Biomarker;
Clinical characters; Molecular mechanism; Competing endogenous RNA; Liver cancer
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Core Tip: This review explores the differential expression of small nucleolar RNA host gene 3 (SNHG3) as
a novel IncRNA in hepatocellular carcinoma as well as other tumours. SNHG3 is upregulated in most
tumours and can influence tumourigenesis and progression through competing endogenous RNA effects
and signalling pathways, thereby adversely affecting patient prognosis. Therefore, SNHG3 may become a
new target for the diagnosis and treatment of many cancers, including hepatocellular carcinoma.
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INTRODUCTION

Cancer has become one of the significant sources of mortality worldwide. Approximately 14.1 million
individuals are newly diagnosed each year, and approximately 8.2 million deaths occurred in 2021
based on GLOBOCANT1]. Despite considerable achievements and advances in clinical practices, cancer
remains a dreadful illness with a poor prognosis and high health burden, which presents a global threat
to health[2]. Cancer is a heterogeneous disease with substantial genotypic and phenotypic diversity[3].
Genomic regulation of the cancer genome plays a vital role in cancer initiation, progression, and
metastasis[4,5]. It is of most importance to explore the intricate link underlying cancer development and
progression.

Long noncoding RNAs (IncRNAs) are a class of noncoding RNAs (ncRNAs) with no protein-coding
ability[6]. Evidence has shown that IncRNAs participate in genomic regulation at the transcriptional,
translational, and epigenetic levels[6,7]. The regulatory functions of IncRNAs include activation and
silencing of genes[8,9], recruitment of epigenetic regulator[10], modification of RNA interactions[11],
transcriptional and posttranscriptional processes[12], mRNA decay[13], and protein recruitment[14].
LncRNA-associated regulatory functions are dynamically regulated in a cell-, tissue-, development- and
distribution-specific manner[15]. LncRNAs in the cytoplasm may act as sponges, stabilizing mRNAs
and regulating the mRNA translation process, thus modifying downstream target gene expression[16].
LncRNAs located in the nucleus may play “cis-acting” or “trans-acting” functions[17-19]. Recently,
growing evidence demonstrates that IncRNAs are involved in various cancer functions and pathological
processes, particularly in the initiation and progression of tumors[20]. LncRNAs regulate various
malignant activities, including tumor progression, proliferation, apoptosis, migration, invasion,
chromatin remodeling, metabolism[21-23].

More recently, small nucleolar RNAs can be encoded by several IncRNAs called small RNA host
genes, which are significantly differentially expressed in many diseases, including cancers[24]. Studies
have unveiled that small nucleolar RNA host gene 3 (SNHG3), which is affiliated with the IncRNA class,
plays an influential regulatory role in cancer initiation, development, progression, and tumor-associated
microenvironment formation. LncRNA SNHGS3 is located in 1p35.3, as shown in Figure 1 (GeneCards,
http:/ /www.genecards.org). SNHG3 is mainly localized to the nucleus, mitochondrion, and
extracellular space. Although many studies on SNHG3 and tumors have been published, clinical studies
and research remains limited. This paper reviews the upregulation of SNHG3 expression in most
human tumors and its relationship with negative prognosis as well as the role of SNHG3 in the
mechanism of tumorigenesis. Finally, it was concluded that SNHGS3 can function as a biomarker in the
diagnosis and prognosis of different cancers.

CLINICAL CHARACTERS OF LNCRNA SNHG3

Growing evidence has demonstrated that SNHG3 acts as an oncogene and plays a critical regulatory
role in the initiation and development of various cancers. SNHG3 exhibits characteristic oncogenic
properties in multiple cancers. Studies have indicated that SNHG3 is significantly upregulated in
hepatocellular carcinoma (HCC)[25,26] and other cancers, such as cervical cancer (CC)[27,28], and breast
cancer (BC)[29-34]. Clear cell renal cell carcinoma (ccRCC)[35], colorectal cancer (CRC)[36-38], glioma
[39,40], HCC[25,41,42], non-small cell lung cancer (NSCLC)[43-47], ovarian cancer (OC)[48-51], and
papillary thyroid carcinoma (PTC)[52]. Different views exist on SNHG3 expression in lung adenocar-
cinoma, as shown in Table 1. Aberrant SNHG3 expression might represent a prognostic prediction value
and therapeutic target in various cancers.
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Table 1 The expression of small nucleolar RNA host gene 3 and its clinical significance in liver cancer and other cancers

Cancer types Cases Expression  Clinicopathologic parameters PMID
Hepatocellular carcinoma 47 pairs Upregulated Tumor stage, lymph node metastasis, distant 31548493
metastasis

Hepatocellular carcinoma 195 pairs Upregulated Tumor size, PVTT, relapse 26373735

Breast cancer 30 pairs Upregulated 32495883

Breast cancer 60 pairs Upregulated Histological grade, TNM stage, lymph node metastasis, 31586299

ER, Her-2

Breast cancer 60 pairs Upregulated 32883233

Breast cancer 48 pairs Upregulated 32945476

Cervical cancer 88 pairs Upregulated FIGO stage, metastasis 34816392

Clear cell renal cell 36 pairs Upregulated Distant metastasis, T stage, pathological TNM stage, 31505165

carcinoma histologic grade

Colorectal cancer 58 pairs Upregulated Tumor stage, distant metastasis 32187965
50 pairs Upregulated 34661273

Esophageal cancer 384 pairs Upregulated 33596916

Gastric cancer 60 pairs Upregulated 32930970

Glioma 42 pairs Upregulated Tumor size, WHO grade 33817254

Glioma 8 low-grade and 8 high-grade and 8 Upregulated 34153159
normal tissues

Laryngeal carcinoma 18 pairs Upregulated 31238052

Laryngeal carcinoma 25 pairs Upregulated 32538668

Lung Adenocarcinoma 65 pairs Downregulated TNM stage, lymph node metastasis 32538668

Non-small-cell lung 35 pairs Upregulated TNM stage, lymph node metastasis, tumor size 34132359

cancer

Non-small-cell lung 32 pairs Upregulated TNM stage, lymph node metastasis, tumor size 31602642

cancer

Non-small-cell lung 42 pairs Upregulated Stage, lymph node metastasis 33177840

cancer

Non-small-cell lung 15 pairs Upregulated 34032148

cancer

Oral squamous cell 30 pairs Upregulated 32989886

carcinoma

Osteosarcoma 54 pairs Upregulated 30797154

Osteosarcoma 127 pairs Upregulated 30791797

Ovarian cancer 18 pairs Upregulated 29921511

Ovarian cancer 96 pairs Upregulated FIGO stage, histological grade, lymph node metastasis 33149611

Ovarian cancer 76 pairs Upregulated FIGO stage, lymph node metastasis 29758922

Ovarian cancer 40 patients with OC and 19 patients Upregulated 33552243
with benign OC

Papillary thyroid 72 pairs Upregulated TNM stage, lymph node metastasis 32048306

carcinoma

Prostate cancer 50 pairs Upregulated 33416420

PVTT: Portal vein tumor thrombosis; TNM: Tumor-node-metastasis; FIGO: International Federation of Gynecology and Obstetrics; WHO: World Health

Organization.

HCC

HCC is one of the most widespread cancerous malignancies, ranking third in cancer-related deaths[53].
Cures for HCC tend to be more effective when used at an early stage[54]. However, patients at this stage
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Figure 1 Small nucleolar RNA host gene 3 genomic information (GeneCards, http://www.genecards.org). A: The chromosomal localization of
small nucleolar RNA host gene 3 (SNHG3); B: The expression level of SNHG3 in normal human tissues.
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do not have specific symptoms or lack biomarkers for early diagnosis, which usually delays diagnosis.
Accordingly, the development of biomarkers for early diagnosis and prognosis is urgent. Recent studies
have shown that SNHG3 expression is upregulated in HCC tissues compared with normal tissues and
positively correlates with tumor stage (P < 0.001), tumor size (P = 0.003), lymph node metastasis (P <
0.001), distant metastasis (P < 0.001), portal vein tumor thrombosis (P = 0.014), and relapse (P = 0.038)
[25,26]. Based on the above evidence that SNHG3 influences HCC metastasis and growth, SNHG3 has
the potential to be a reliable biomarker for the diagnosis and treatment of HCC.

BC

BC accounts for 30% of all female tumors and is the second leading contributor to cancer deaths in
women[55]. Early detection of BC can reduce mortality and improve patient survival[56-58]. The
discovery of a new biomarker appears critical. Ma et al[31] reported elevated SNHG3 expression in BC
tissues and correlated it with tumor malignancy. They also reported that SNHG3 expression was
associated with clinicopathological features, such as histological grade (P = 0.016), tumor-node-
metastasis (TNM) stage (P = 0.001), lymph node metastasis (P < 0.001), estrogen receptor (P = 0.009), and
Her-2 (P = 0.001)[31]. ER and Her-2 are major molecular targets in the pathogenesis of BC and are
associated with prognosis and treatment options for BC[59]. Therefore, SNHGS3 plays a carcinogenic role
in the progression and prognosis of BC. Therefore, SNHG3 may play an oncogenic role in the
progression and prognosis of BC.

ccC

CC is the fourth most prevalent cancer among women worldwide in terms of incidence and mortality
[53]. The survivability of patients with advanced CC is not desirable, and early diagnosis and treatment
of CC improve its prognosis[60]. It is important to further explore the mechanisms of CC development
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to develop new therapeutic approaches[61]. The function of SNHG3 in CC has been recognized in
several studies. Zhu et al[27] published that SNHG3 expression was obviously upregulated in CC
tissues, and high SNHG3 expression affected International Federation of Gynecology and Obstetrics
(FIGO) stage (P = 0.011) and metastasis (P = 0.018), implying that SNHG3 is a possible prognostic
biomarker and a target for treatment in CC.

ccRCC

With high morbidity and mortality, ccRCC is the most common and serious type of renal cell carcinoma
[62]. Using TCGA and GEO databases, Zhang et al[35] found that IncRNA SNHG3 expression was
elevated in ccRCC and positively correlated with many clinicopathological parameters. They further
quantified the relative expression of SNHG3 in ccRCC tissues compared with normal tissues using
qRT-PCR and discovered that the relative expression of SNHG3 was increased in ccRCC tissues[35].
These results revealed that upregulated SNHG3 expression may play an essential role in the ccRCC
pathway.

CRC

CRC is a dominant reason for morbidity and mortality worldwide, yet greater than half of patients have
progressed to stage II/III at the time of diagnosis. The treatment of CRC typically consists of curative
resection via surgery followed by adjuvant chemotherapy to reduce the risk of recurrence[63]. Therefore,
it is critical to further elucidate the mechanisms of CRC and to pursue the development of effective
targeted therapies. SNHG3 expression was remarkably upregulated in CRC tissues compared to nearby
normal tissues and correlated with poor outcomes in CRC[36-38]. Moreover, Wen et al[36] explored the
connection between SNHG3 and clinicopathological parameters, and the results reflected a close
association with tumor stage (P = 0.006) and distant metastasis (P = 0.0033). Overall, SNHG3 promotes
the progression of CRC, leading to an unfavorable prognosis.

Glioma

Glioma is a fatal brain tumor that can be treated with radiation and surgery, but the median survival of
patients is only approximately 14-17 mo[64]. Effective curative treatments for glioma are lacking. Thus,
it is especially vital to determine the molecular mechanisms of glioma and identify novel strategies for
treatment[65]. SNHGS3 is highly expressed in glioma tissues compared to normal tissues[39,40]. Zhang et
al[39] explored the relationship between SNHG3 expression and the clinicopathological features of GM
patients, including tumor size (P = 0.0300) and World Health Organization classification (P = 0.0278).
These studies indicated that SNHG3 offer new insights for the future treatment of glioma.

Lung cancer

Lung cancer is one of the cancers with the highest mortality and morbidity rates worldwide[66], with
NSCLC accounting for 85% of lung cancer cases[67]. Shi et al[44] revealed that high expression of
IncRNA SNHGS3 in NSCLC tissues was associated with TNM stage (P = 0.0053), lymph node metastasis
(P = 0.0006), and tumor size (P = 0.0005). Thus, elevated SNHG3 expression is relevant to the lower
overall survival (OS) rate of NSCLC patients. Liu et al[67] analyzed the TCGA database as well as the
GSE19804 public database and found high SNHG3 expression in lung adenocarcinoma. These
researchers used Kaplan-Meier plotter database analysis to determine that high SNHG3 expression
decreases the OS time of lung adenocarcinoma patients. However, Kang et al[68] used quantitative
polymerase chain reaction to show that SNHG3 expression levels were decreased in lung adenocar-
cinoma tissues, and Kaplan-Meier analysis demonstrated that patients with low SNHG3 expression
levels had a short OS. In conclusion, SNHG3 is associated with unfavorable prognosis in lung cancer
patients, but the expression and function of SNHG3 in lung adenocarcinoma still requires further
research.

Ovarian cancer

OC claims the lives of 151900 women worldwide each year and is one of the leading contributors to
death in women[69]. Because there are no specific symptoms in the early stages, greater than 79% of OC
patients reach stage III or IV[70]. The lack of effective biomarkers translates to a poor prognosis in OC
patients. Recently, Hong et al[50] described high SNHG3 expression in OC tissues compared with
normal tissues adjacent to cancer, and a high SNHG3 expression level was positively correlated with the
FIGO stage (P = 0.007) and lymph node metastasis (P = 0.001) of OC patients. This finding suggests that
high SNHG3 expression may be an individual prognostic factor affecting OS in OC patients.

Papillary thyroid carcinoma

PTC is the most common type of thyroid cancer, and the incidence of PTC is increasing[71]. The high
rate of metastases in the cervical lymph nodes of PTC patients is closely related to the recurrence of PTC
[72,73]. It seems relevant to study the mechanism of metastasis in PTC. Sui et al[52] analyzed 42 pairs of
tissues and determined that SNHG3 expression was higher in PTC tissues compared with controls. High
SNHGS3 expression was positively correlated with TNM stage (P = 0.014) and lymph node metastasis (P

WJG | https://www.wjgnet.com 1645 April 28,2022 | Volume28 | Issuel6 |



Shan DD et al. LncRNA SNHGS3 in liver cancer and other cancers

A

SNHG3

SNHG3

Suppression ,((6
MA
‘WMWBE% oy pHu Target gene

SNHG3

miRNA
=
Notch signaling pathway T 4&\' [J y’ Proliferation

e/

Wnt/B-catenin signaling pathway
> Metastasis

STAT3 signaling pathway

L EMT

—> GSK-3p/B-catenin signaling pathway

EMT signaling pathway Apoptosis

DOI: 10.3748/wjg.v28.i16.1641 Copyright ©The Author(s) 2022.

Figure 2 Small nucleolar RNA host gene 3-mediated mechanisms regulating cancer progression. A: Small nucleolar RNA host gene 3 (SNHG3)
as a ceRNA; B: SNHG3 is involved in signaling pathways. SNHG3: Small nucleolar RNA host gene 3; EMT: Epithelial-mesenchymal transition.
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= 0.0292) in advanced PTC. The above results suggest that SNHG3 could be a carcinogenic IncRNA in
PTC.

Researchers have elucidated the high expression of SNHGS3 in acute myeloid leukemia (AML)[74],
esophageal cancer[75], gastric cancer (GC)[76-78], laryngeal carcinoma[79,80], oral squamous cell
carcinomal81,82], osteosarcomal[83,84], and prostate cancer[85,86], but have not yet explored the
relationship between SNHG3 and clinicopathological features. Subsequent investigations into the
biological mechanisms of SNHG3 in other diseases will further support the potential of SNHG3 as a
new diagnostic and therapeutic biomarker.

SNHG3 IN VIVO STUDIES

SNHG3 may function as an oncogene and has the potential to become a novel potential therapeutic
target for many cancers. Several studies have used animal models to explore the effect of SNHG3 in vivo.
Zhao et al[25] assessed the role of SNHG3 in HCC growth in vivo. They injected stable SNHG3-depleted
HepG2 cells subcutaneously into the right dorsum of female BALB/c nude mice and measured the
volume of tumor. The results showed that SNHG3depleted tumors grew significantly slower than that
of controls. HCC growth was inhibited in vivo due to the knockdown of the SNHG3 gene[25]. Similarly,
SNHG3 gene knockdown inhibited the growth of other tumors, such as BC[34], CC[27], ccRCC[35], CRC
[36,37], GC[77], glioma[40], laryngeal carcinoma[80], NSCLC[45,46], OC[49], PTC[52], prostate cancer
[85]. Overall, SNHG3 promoted the progression of the abovementioned tumors.

BIOLOGICAL FUNCTION OF SNHG3 IN CANCER

In the following section, we will explore the biological function of SNHGS3 in different cell lines. Many
works have shown that SNHG3 affects cancer cell proliferation, epithelial-mesenchymal transition
(EMT)[25,41,44,47,85-87], apoptosis, invasion, migration, and metabolism[29,48] specifically through the
action of different molecular mechanisms. In HCC, SNHGS3 affects cell proliferation, apoptosis,
metastasis and invasion mainly by means of competing endogenous RNA (ceRNA) and EMT signaling
pathway, as shown in Figure 2 and Table 2.

WJG | https://www.wjgnet.com 1646 April 28,2022 | Volume28 | Issuel6 |



Shan DD et al. LncRNA SNHGS3 in liver cancer and other cancers

Table 2 Function and mechanism of small nucleolar RNA host gene 3 in liver cancer and other cancers

Related genes and

Cancer types Assessed cancer cell lines Expression Biological significance PMID
pathways
Hepatocellular PLC/PRF/5, Hep3B, HepG2, Up miR-128, CD151 Invasion, EMT, sorafenib resistance 30132868
carcinoma MHCC97L, Huh7, SMMC-7721,
HCCLM3
Hepatocellular HepG2, HCCLM3 Up miR-326, SMAD3, ZEB1  Proliferation, migration, EMT, anti- 31548493
carcinoma apoptosis
Hepatocellular HepG2, HuH-7 Up miR-214-3p, ASF1B 34336642
carcinoma
Acute myeloid leukemia HL-60,THP-1,KG-1, NB4, MOLM-14 Up miR-758-3p, SRGN Proliferation, anti-apoptosis 31452272
Bladder cancer 5637,T24 Up miR-515-5p, GINS2 Proliferation, migration, invasion, 32596993
EMT
Breast cancer MCF-7, MD-MBA-453 Up miR-330, PKM Proliferation, mitochondrial 31956955
metabolism
Breast cancer MDA-MB-231, BT-549, MDA-MB-468 Up miR-326, ITGA5 Viability, migration, invasion, anti- 32495883
Vav2/Racl apoptosis
Breast cancer MDA-MB-231, MCF-7 Up miR-384, HDGF Proliferation, migration, invasion 31586299
Breast cancer MCF-7, MDA-MB-231, HCC1937, Up miR-154-3p, Notch Proliferation, migration, invasion 32883233
BT474, SKBr-3
Breast cancer MDA-MB-231, MCF-7 Up miR-186-5p, ZEB1 Proliferation, migration, invasion 33594311
Breast cancer MCEF-7, MDA-MB-231, MDA-MB- Up miR-326 Proliferation, migration, invasion 32945476
468, BT-474
Cervical cancer C33A, HelLa, SiHa, CaSki and Up YAP1 Proliferation, migration, invasion 34816392
HCC9%4
Cervical cancer SiHa Up Proliferation, migration, invasion 34238747
Cholangiocarcinoma HCCC9810, QBC939, RBE, HUCCT1 Up miR-3173-5p, ERG Proliferation, migration, invasion 34647226
Clear cell renal cell ACHN, A498, Caki-1 Up miR-139-5p, TOP2A Proliferation, migration, invasion 31505165
carcinoma
Colorectal cancer HCT116, LoVo, SW480, and SW620  Up miR-539, RUNX2 Proliferation, migration, invasion 32187965
Colorectal cancer HT29, HCT116, SW480, and LoVo Up miR-182-5p, c-Myc Proliferation, migration, invasion 28731158
Colorectal cancer SW480, SW620, HCT8, HT29 Up miR-370-5p, EZH1 Proliferation, migration, invasion 34661273
Esophageal cancer KYSE-150, Eca-9706 Up miR-186-5p, METTL3, 33596916
m6A
Gastric cancer MGC-803, AGS, BGC-823, SGC-7901, Up EZH2, MED18 Proliferation, migration, invasion 31534128
MKN-45, HGC-27
Gastric cancer SGC7901, BGC823 Up IL-6, STAT3, SNHGS3, Proliferation 32930970
miR-3619-5p, ARL2
Gastric cancer HGC-27, GC9811-P Up miR-326, TWIST Proliferation, migration, invasion 34257656
Glioma A172, SHG44 Up miR-384, HDGF Proliferation, migration, invasion, 33817254
anti-apoptosis
Glioma U-87-MG, U-251-MG Up miR-485-5p, LMX1B Proliferation, migration, invasion 34153159
Laryngeal carcinoma 16HBE, TU212, TU686 Up miR-384, WEE1 Proliferation, migration, invasion 31238052
Laryngeal carcinoma TU177, AMC-HN-8 Up Wnt/B-catenin, miR-340- Proliferation, migration, anti- 32538668
5p, YAP1 apoptosis, mitochondrial
metabolism
Lung adenocarcinoma A549, H1299 Up Proliferation, cell cycle,anti- 30154938
apoptosis
Lung adenocarcinoma A549, H1299, H1975 Down miR-890 Anti-proliferation, anti-migration, 34306585
anti-invasion, apoptosis
Non-small-cell lung H1299, H358, A549, H1975 Up miR-13433p, NFIX Proliferation, migration, invasion 34132359
cancer
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Non-small-cell lung
cancer

Non-small-cell lung
cancer

Non-small-cell lung
cancer

Non-small-cell lung
cancer

Oral squamous cell
carcinoma

Oral squamous cell
carcinoma

Osteosarcoma

Osteosarcoma

Opvarian cancer
Opvarian cancer
Opvarian cancer
Opvarian cancer

Papillary thyroid
carcinoma

Prostate cancer

Prostate cancer

CMT-167, LLC, CMT-170, CMT-181 Up TGF-B pathway, IL-6, Proliferation, migration, EMT 31602642
JAK2, STAT3 pathway

SPC-A1, A549, NCI-H23, NCI-H460  Up miR-340-5p Lymph node infiltration, distant 33225676
metastases

Ab549, H322, H1299, GLC-82, SPC-A1 Up miR-216a, ZEB1 Proliferation, migration, invasion 33177840

Ab549, HCC827, H2170, H520 Up miR-515-5p, SUMO2 Proliferation, migration, invasion, 34032148
EMT

SCC4, CAL-27 Up miR-2682-5p, HOXB8 Proliferation, migration 32989886

SCC-15, SCC-9, CAL-27, HN5 Up Wnt/B-catenin, NFYC Proliferation, migration 31762107

Saos2, MG63, U20S, HOS Up miR-151a-3p, RAB22A Proliferation, migration, invasion 30797154

MG-63, 143B, HOS, SW-1353, Saos-2, Up miR-196a-5p Proliferation, colony formation 30791797

U-20S

SK-OV3, TOV-21G, and OVCAR-3 Up Energy metabolism 29921511

SKOV3, HeyA8, A2780 Up miR-339-5p, TRPC3 Proliferation, anti-apoptosis 33149611

SKOV3, 600VCAR3, A2780, ES2 Up GSK3p/ B-catenin Proliferation, migration 29758922

A2780, SKOV3, OVCAR3, OV90 Up miR-139-5p, Notchl Proliferation, migration 33552243

BCPAP, TPC-1 Up miR-214-3p, PSMD10 Migration, invasion, proliferation, 32048306
and colony formation

PC3, DU145, 22RV1, NCaP Up miR-577, SMURF1 Proliferation, migration, EMT, anti- 32248648
apoptosis

PC3, 22RV1, DU145, LNCaP Up miR-487a-3p, TRIM25 Viability, migration, invasion, EMT 33416420

EMT: Epithelial-mesenchymal transition.
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SNHG3 function as a ceRNAs in cancers

LncRNAs and microRNAs (miRNAs) are ncRNAs. LncRNAs compete with miRNAs by acting as
sponges for miRNAs to reduce the activity or expression of miRNAs[88]. These IncRNAs are called
ceRNAs. Numerous studies have found that SNHG3 can function as a ceRNA by competitively binding
to various miRNAs, including miR-758-3p[74], miR-515-5p[87], miR-330[29], miR-326[25,30,34,78], miR-
384[31,39,79], miR-154-3p[32], miR-186-5p[33,75], miR3173-5p[89], miR-139-5p[35], miR-539[36], miR-
182-5p[37], miR-370-5p[38], miR-3619-5p[76], miR-485-5p[40], miR-128[41], miR-214-3p[42,52], miR-340-
5p[45,80], miR-890[68], miR-1343-3p[43], miR-216a[46], miR-515-5p[47], miR-2682-5p[81], miRNA-151a-
3p[83], miR-196a-5p[84], miR-339-5p[49], miR-139-5p[51], miR-577[85], and miR-487a-3p[86]. In HCC
SNHGS3 plays its role as a ceRNA mainly by binding to miR-128[41], miR-326[25] and miR-214-3p[42].
SNHGS3 acts as a sponge to bind to miRNAs, subsequently blocking the effects of miRNAs on their
downstream target mRNAs. Thus, SNHGS3 regulates the expression of oncogenes or tumor suppressor
genes, such as SRGN[74], PKM[29], HDGF[31], and c-Myc[37], ultimately affecting cancer cell prolif-
eration, apoptosis, metastasis, metabolism and EMT, as shown in Figures 3 and 4.

EMT signaling pathway

The EMT process has been shown to be critical in cancer[90,91]. Shi et al[44] showed that human lung
cancer cells overexpressing the SNHG3 gene exhibited increased expression of mesenchymal markers
(N-calmodulin and waveform protein) and reduced expression of epithelial cell markers (E-calmodulin)
while also promoting cancer cell proliferation and metastasis through the TGF-$ pathway. In addition,
Zhao et al[25] learned that SNHG3 promotes cancer cell migration by upregulating the expression of
ZEB1, a key transcription factor of EMT in HCC cells. The same conclusion was reached in BC[33] and
NSCLC[46]. The above achievements point to the potential application of SNHG3 in the tumor EMT
signaling pathway.

Notch signaling pathway

The Notch signaling pathway is a strongly conserved cellular signaling system in most multicellular
organisms and is required for a variety of cellular processes, including stem cell functions, cell prolif-
eration, differentiation, and cell death. Several IncRNAs have been proven to participate in the Notch
signaling pathway. Zhang et al[51] demonstrated that SNHG3 promotes OC proliferation and migration
by regulating Notchl. In addition, Jiang et al[32], suggested that SNHG3 promotes BC cell proliferation
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Figure 3 Small nucleolar RNA host gene 3 functions as a competing endogenous RNA in digestive system tumors.

and metastasis through upregulation of the Notch signaling pathway. These studies indicate that
SNHGS3 plays a crucial part in Notch pathways, which have the potential to develop novel therapeutic
targets for cancer therapy.

Wnt/B-catenin signaling pathway

Aberrant activation of Wnt/f-catenin signaling was found in some tumors, and Wnt/p-catenin
signaling can regulate oncogenes, such as c-Myc and Bcl-2, leading to tumorigenesis and cell prolif-
eration. SNHG3 may upregulate the Wnt/B-catenin pathway by regulating miR-340-5p and YAP1 in
laryngeal cancer cells[80]. In addition, SNHG3 may also promote the proliferation and metastasis of oral
squamous carcinoma cells by upregulating the NFYC and Wnt/B-catenin pathways[82]. SNHG3 is
involved in the Wnt/p-catenin signaling pathway that mediates tumor development and could
represent a new tool for tumor therapy.

STAT3 signaling pathway
Tyrosine kinase signaling delivered by STATS3 is frequently activated in cancer cells, and the STAT3
signaling pathway plays an important role in cancer progression, where it can be activated by cytokines,
such as IL-6[92], and growth factors[93,94]. STAT3 is phosphorylated by receptor-associated JAK and
thus enters the nucleus to act as a transcriptional activator, regulating oncogene expression[95]. The
impacts of STAT3 signaling in suppressing tumor immune surveillance have also been reported[96].
Sun et al[76] demonstrated that SNHG3 was overexpressed in GC tissues, and cellular experiments
revealed that IL-6-activated STAT3 positively regulates SNHG3 and that SNHG3 promotes stem cell-
like properties in GC cells. Shi et al[44] found that the IL-6/JAK2/STAT3 pathway activated SNHGS3 in
NSCLC and promoted cell proliferation and migration. This finding leads to the conclusion that the
STATS3 signaling pathway involved in SNHG3 is a novel mechanism of carcinogenesis, suggesting that
SNHG3 may represent a biomarker for the treatment of these carcinomas.
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Figure 4 Small nucleolar RNA host gene 3 functions as a competing endogenous RNA in other systemic tumors.
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GSK-3p/B-catenin signaling pathway

GSK-3pB can negatively regulate B-catenin signaling, which is also implicated in cell proliferation[97].
Research has illustrated that GSK-33/B-catenin signaling is, for example, one of the downstream drivers
of SNHG3 in OC[50], and high expression of SNHGS3 fosters cell proliferation and invasion via GSK-3p/
B-catenin.

SNHGS3 can revitalize multiple signaling pathways to promote human tumorigenesis, such as the
Notch signaling pathway, Wnt/f-catenin signaling pathway, STAT3 signaling pathway, GSK-3p/B-
catenin signaling pathway, and EMT signaling pathway. Thus, SNHG3 may become a target in the
treatment of tumors.

CONCLUSION

LncRNAs function as multifunctional signaling modulators, facilitating tumor initiation, progression,
and metastasis by regulating tumor cell proliferation, migration, apoptosis, cell cycle, drug resistance,
epithelial-mesenchymal transition, metabolic reprogramming, and immune response[98-100].
Compelling studies have suggested that IncRNAs can act as diagnostic indices, prognostic biomarkers,
and therapeutic targets for diseases[101,102]. These reports indicate that SNHG3 expression is
upregulated in tumor tissues, such as HCC, GC, CC, PTC, and AML, compared to adjacent normal
tissues. However, the expression of SNHG3 in lung adenocarcinoma has shown different results and
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needs to be further explored. At the same time, SNHGS3 has been associated with various clinicopatho-
logical parameters such as staging and distant metastasis. In addition, SNHG3 has been shown to
promote tumour development in in vivo experiments, and at the cellular level, SNHG3 plays a
significant role in promoting tumour cell proliferation, migration and metastasis, disrupting the cell
cycle and inhibiting apoptosis in a variety of cancers through a variety of signalling pathways, resulting
in a poor prognosis for patients.In short, these findings implied that SNHG3 might function as a new
target in the diagnosis and treatment of tumours.

In summary, a better understanding of the function of SNHGS3 in the clinicopathological features and
mechanisms of tumor development may help to improve the efficiency and targeting of treatment.
Further studies on SNHG3 and its regulatory mechanism may pave the way to improve prevention,
cancer diagnosis, and treatment based on patients' biological and pathological characteristics.
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Abstract

BACKGROUND

Gastric cancer (GC) is considered as one of the most widespread malignancies.
Emerging evidence has shown that IncRNAs can function as important oncogenes
or tumor suppressors during GC progression.

AIM
To investigate the effect and mechanism of IncRNA cancer susceptibility 20
(CASC20) in the proliferation and metastasis of GC cells.

METHODS

Data mining and clinical samples were used to evaluate the expression of CASC20
in GC and adjacent tissues. CASC20 was down-regulated in GC cells by short-
interfering RNA. Cell proliferation was evaluated by CCK-8 assay, and cell
migration and invasion were detected by wound healing and Transwell assays.
The expressions of proteins related to epithelial-mesenchymal transition were
detected by western blot assay.

RESULTS
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The expression of CASC20 was increased in GC tumor tissues and various GC cell lines. High
CASC20 expression was correlated with a high risk of lymphatic metastasis and poor prognosis in
GC patients. In vitro assays showed that silencing CASC20 reduced cell proliferation, migration,
and invasion in GC cells. Mechanistic studies revealed that CASC20 exhibits oncogenic functions
by regulating MEMOL1 expression through competitive endogenous binding to miR-143-5p,
leading to induction of epithelial-mesenchymal transition.

CONCLUSION
Our findings indicate that CASC20 serves as a tumor promoter by regulating metastasis in GC via
the miR-143-5p/MEMO1 axis. CASC20 may be a potential therapeutic target for GC.

Key Words: Gastric cancer; LncRNA; Cancer susceptibility 20; miR-143-5p; MEMOI1; Epithelial-
mesenchymal transition
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Core Tip: LncRNA cancer susceptibility 20 (CASC20) is upregulated in gastric cancer (GC) and associated
with a higher risk of lymphatic metastasis and poor prognosis of patients. CASC20 can promote the prolif-
eration, invasion and metastasis of GC cells by absorbing miR-143-5p to upregulate MEMO1, thereby
induced epithelial-mesenchymal transition in vitro.
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INTRODUCTION

In 2020, gastric cancer (GC) was the fifth most common cancer and the fourth for mortality of cancer-
related in the world[1]. Many patients are already at an advanced stage when diagnosed with GC.
Surgical resection is the main treatment for GC. However, postoperative metastasis is the main cause of
death from GC[2]. In 2011, Robert A. Weinberg published an article classifying metastasis as one of the
top ten characteristics of cancer[3]. Therefore, finding effective molecular markers and therapeutic
targets for metastasis is important for developing treatments for GC. The mechanisms underlying
metastasis in GC have not yet been fully clarified and require further elucidation.

LncRNAs are RNA molecules more than 200 nucleotides in length that are located in the nucleus or
cytoplasm and lack any protein-coding ability. Increasing studies have shown that IncRNAs play
important roles in chromosome silencing, chromatin epigenetic modification, gene transcription, protein
translation and protein localization[4,5]. In addition, IncRNAs have been shown to function in tumor
progression[6,7]. Some IncRNAs function as competing endogenous RNA (ceRNA) and regulate the
expression of target genes by binding miRNA elements in target miRNAs and “sponging” miRNAs[8].
MiRNAs can specifically target the 3’UTR of target mRNAs, thereby inhibiting mRNA translation.
LncRNA 00473 is highly expressed in GC tissues and is closely related to lymph node metastasis and
late TNM staging. LncRNA 00473 regulates the expression of CCND2 by adsorbing miR-16-5p to
promote the proliferation and metastasis of GC cells[9]. LncRNAs also play emerging roles in
endothelial-mesenchymal transition (EMT) process of GC[10]. The process of EMT involves downregu-
lation of the epithelial cell specific proteins and upregulation of the mesenchymal cell specific proteins
and it is an important cause of tumor metastasis[11]. LncRNA CASC19 is highly expressed in colorectal
cancer, and CASC19 overexpression increased the invasion and migration ability of colorectal cancer
cells. CASC19 regulates cell migration inducing hyaluronidase 1 (CEMIP) by targeting miR-140-5p and
affecting the EMT process[12].

Several studies have revealed key roles for IncRNAs in GC progression, and multiple IncRNAs have
been identified as diagnostic and prognostic markers or treatment targets for GC[4]. A recent study
identified the HOXC-AS3 IncRNA as highly expressed in GC tissues. HOXC-AS3 binds YBX1 protein to
regulate downstream gene transcription and participates in GC progression[13]. The IncRNA CASC9 is
highly expressed in GC tissues and cells. CASC9 negatively regulates miR-370 and promotes the
progression of GC through the EGFR/AKT pathway[14]. However, the precise mechanisms and roles of
IncRNAs in GC progression are still unclear.
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Figure 1 High level of cancer susceptibility 20 in gastric cancer tissues and cell lines. A and B: Cancer susceptibility 20 (CASC20) expression in
gastric cancer (GC) samples and normal samples from TCGA GC database; C: CASC20 expression in 50 pairs of clinically collected gastric cancer tissues and
normal tissue samples; D: CASC20 expression in GC cell lines and GES-1 cell line was analyzed by quantitative real-time polymerase chain reaction; E: Overall
survival curves of TCGA GC patients with different CASC20 expression. 2P < 0.05 and °P < 0.001 vs control.
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Cancer susceptibility 20 (CASC20) is a 1484 bp IncRNA mapped to chromosome 20p12.3. In this
study, we explored the role and possible mechanism of the IncRNA CASC20 in GC metastasis to gain
more insights into the mechanism of GC metastasis. We found that the CASC20 IncRNA is highly
expressed in GC and closely associated with lymph node metastasis and poor prognosis of GC patients.
Through in vitro and in vivo experiments, we found that CASC20 promotes the proliferation, migration
and invasion of GC cells. Mechanistic studies revealed that CASC20 “sponges” miR-143-5p and
promotes EMT by regulating MEMO1. This function of CASC20 plays an important role in the
metastasis of GC.

MATERIALS AND METHODS

Tissue specimens

All clinical samples and information in this study were from the Department of Gastrointestinal
Surgery, Provincial Hospital Affiliated to Shandong First Medical University. Fresh pathological
specimens (GC and adjacent normal tissues) were from patients undergoing radical GC surgery at our
hospital. All patients provided informed consent and were approved by the Medical Ethics Committee.

Cell culture and transfection

Human GC cell lines (MKN45, MKN28, HGC27, MGC803, N87, AGS and SGC7901) and the
immortalized gastric mucosa cell line (GES-1) were provided by the Cell Center of the Chinese
Academy of Medical Sciences. All cell lines were cultured in RPMI-1640 medium supplemented with
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Figure 2 Konckdown of cancer susceptibility 20 inhibits the apoptosis, proliferation and metastasis of gastric cancer cells. A: Efficacy
assessment of cancer susceptibility 20 (CASC20) silence through quantitative real-time polymerase chain reaction method in MGC803 and SGC7901 cells; B and C:
Cell apoptosis evaluation in transfected cells through flow cytometry; D: Cell viability was verified by CCK-8 experiments after transfection with si-CASC20; E and F:
Colony formation assay was used to detect the cell proliferation ability after transfection with si-CASC20; G and H: Transwell assay was employed for examining the
effect of CASC20 low-expression on gastric cancer cell migration and invasion. P < 0.05 vs control.
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10% fetal bovine serum (FBS, Gibco, United States). Cells were cultured in incubator at 37 °C and 5%
CO,. Cells were passaged when they were 70% confluent.

The miR-143-5p mimics and inhibitor were purchased from RiboBio (Guangzhou, China). siRNAs
targeting CASC20 (si-CASC20) and MEMOI1 (si-MEMO1) were designed and synthesized by RiboBio
(Guangzhou, China). Lipofectamine2000 (Invitrogen, United States) was used to transfect siRNA or
miRNA mimics/inhibitor into cells following the manufacturer’s instructions. GC cells in logarithmic
phase were collected and inoculated in a 6-well plate. Cells were transfected with siRNAs when cell
confluence reached approximately 50%.

RNA extraction and quantitative real-time polymerase chain reaction

Trizol reagent (Invitrogen, United States) was used to extract total RNA from GC tissues and cells. RNA
integrity was determined by evaluating the absorbance at OD,,,/280 using a NanoDrop analyzer and
confirmed at 1.8-2.0. Total RNA was reverse transcribed into cDNA using a reverse transcription kit
(Takara, Dalian, China) in accordance with the manufacturer’s instructions. The quantitative real-time
polymerase chain reaction (qQRT-PCR) three-step method was used, and the 2#4“ method was used to
calculate the relative expression levels of CASC20 and miR-143-5p. The primer sequences are as follows:
CASC20, Forward 5-ATAACCACCCTCCCCTCCTC-3', Reverse 5'-GCTCCTCCCACTTTAACCCC-3;
miR-143-5p, Forward 5'-ATGGTTCGTGGGGTCCAGTTTTCCCAG-3', Reverse 5'-GTGTCGTG-
GAGTCGGCAATTC-3'; MEMOYL, Forward, 5'-GCTTCGGCAGCACATATACTAAAAT-3', Reverse 5'-
CGCTTCACGAATTTGCGTGTCAT-3'; and B-actin, Forward 5-TGGCACCCAGCACAATGAA-3,
Reverse 5'-CTAAGTCATAGTCCGCCTAGAAGCA-3'. U6, Forward 5-CAGCACATATACTAAAAT-
TGGAACG-3' Reverse 5-ACGAATTTGCGTGTCATCC-3'. B-actin (cytoplasm control) and U6 (nucleus
control) were used for normalization.

CCK-8 assay

GC cells were inoculated into 96-well plate at 5 x 10° cells per well. At 24 h, 48 h, 72 h, 96 h and 120 h
after transfection, 90 pL of fresh culture medium containing 10% FBS and 10 pL of CCK-8 reagent
(Dojindo, Mashikimachi, Japan) were simultaneously added to each well. Cells were cultured for
another 4 h. The OD value of each well at 450 nm was measured and proliferation curves were drawn.

Flow cytometric analysis

GC cells were collected after trypsin digestion and centrifuged at 1000 rpm/min for 5 min. The cells
were washed twice with phosphate buffer solution, and 500 pL binding buffer was added to adjust the
cell concentration to 1 x 10° cells/mL. Annexin V-FITC (5 pL) and propidium iodide solution (10 pL)
(NeoBioscience, China) were added to the cell suspension, and cells were analyzed on a flow cytometer
(BD Accuri C6).

Colony formation assay

After 48 h of transfection, cells were collected and the cell density was adjusted to 1 x 10° cells/mL. The
cell suspension was inoculated into a 6-well plate at 100 pL/well and the plates were incubated for 14 d.
Cells were washed twice with phosphate buffered saline and fixed with 4% paraformaldehyde for 15
min; the cells were then stained with 0.1% crystal violet staining solution for 10 min. We counted the
number of cell clones in five fields under the microscope and determined the clone formation rate as
follows: Clone formation rate (%) = (number of clones/number of inoculated cells) x 100%. The
experiment was repeated three times.

Wound healing assay

GC cells were cultured in a 6-well plate at 5 x 10° cells per well. Linear scratch wounds were created in
the cell monolayer with a sterile 100 pL pipette tip. Cells were cultured for 24 h, and the wound widths
were photographed and measured.

Transwell experiment

Assays using a Transwell chamber (8 pm, Corning, United States) were used to evaluate cell migration
and invasion abilities. GC cells were collected and resuspended in serum-free RPMI 1640 medium at 1.5
x 10* cells/mL, and 200 pL of the cell suspension was inoculated into the upper chambers. Complete
medium containing 10% FBS was added to the lower chamber. After culturing for 24 h, the cells were
fixed with methanol. Cells in the upper chamber were removed with cotton swabs, and cells in the
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Figure 3 miR-143-5p served as a target of cancer susceptibility 20 in gastric cancer cells. A and B: Relative cancer susceptibility 20 (CASC20)
expression levels in nucleus and cytoplasm of SGC7901 and MGC803 cells; C: The relative expressions of miRNAs in gastric cancer (GC) cells after downregulation
of CASC20; D: The expression of miR-143-5p was detected by quantitative real-time polymerase chain reaction in GC cells after transfection with si-CASC20; E: The
expression levels of miR-143-5p in GC from TCGA database; F: The detection of CASC20 expression after transfection of miR-143-5p mimics; G: The correlation
analysis between miR-143-5p expression and CASC20 expression in 50 GC tissues; H: Bioinformatics presentation of CASC20 and miR-143-5p binding sites; I: The
verification of CASC20 and miR-143-5p interaction by luciferase report assay. 2P < 0.05, °P < 0.01 and P < 0.001 vs control.

Jaishideng®

lower chambers were stained with 0.1% crystal violet solution for 30 min. The cells were observed under
a microscope and photographed; five random fields were obtained to count the number of migrated
cells. Each experimental group was performed in triplicate, and the average value was taken. For the
invasion experiment, the upper chamber was coated with Matrigel; the assay was then conducted
following the methods for the migration assay.

Bioinformatics analysis
The online tool INcRNASNP2 was used to predict miRNAs that potentially bind to CASC20. We used
miRDB, Targetscan, and miRTarbase to predict putative target genes of miR-143-5p.

Dual-luciferase reporter assay

Luciferase reporter pGL3 vectors with wild-type CASC20 (termed WT-CASC20), wild-type MEMO1
(MEMO1-WT), mutant CASC20 (MUT-CASC20) and mutant MEMO1 (MEMO1-MUT) were constructed
(Promega, Madison, United States). The reporter plasmids were transfected into MGC803 cells along
with miR-143-5p mimics. At 48 h after transfection, the luciferase activity was measured using the Dual
Luciferase Reporter Assay system (Promega, United States) in accordance with the manufacturer’s
instructions.

Western blot analysis

Cells were collected and lysed with RIPA lysis buffer (Beyotime, Shanghai, China). After lysates were
centrifuged, the supernatant was collected and protein concentration was evaluated by the BCA
method. The samples (60 pg/well) were separated by 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and electro-transferred to a polyvinylidene difluoride membrane (Millipore, Billerica,
MA, United States). After blocking in 5% skim milk at room temperature for 2 h, the membrane was
incubated with primary antibody overnight at 4 °C. The membrane was then washed three times with
Tris buffered saline tween and incubated with the secondary antibody at room temperature for 2 h. ECL
luminescent solution was used for chemiluminescence and Image J software was used to analyze the
protein expression level. MEMO1 and B-actin monoclonal antibodies were obtained from Sigma-Aldrich
(St Louis, MO, United States). The other antibodies were purchased from Abcam (Cambridge, England).

Statistical analysis

Statistical analyses were performed using GraphPad Prism (version 7.0; GraphPad Prism software, San
Diego, CA, United States). Data are shown as mean + SD. For measurement data, the difference between
two or more groups was calculated using the Student’s t-test or one-way ANOVA analysis. Chi-square
test was used to analyze the correlation between CASC20 and clinicopathological parameters of GC
patients. The survival curve was determined by the Kaplan-Meier method and log-rank test. P < 0.05
was considered statistically significant.

RESULTS

LncRNA CASC20 is highly expressed in GC tissues and cells
Analysis of TCGA database revealed that CASC20 expression was significantly higher in 408 GC tumor
tissues than that in 211 normal gastric tissues (P < 0.01, Figure 1A and B). We performed qRT-PCR to
assess the expression of CASC20 in 50 cases of GC tissues and paired normal gastric mucosa tissues
adjacent to tumors. The results showed that the expression of CASC20 in GC tissues was significantly
higher than that in normal adjacent gastric mucosa tissues (P < 0.01, Figure 1C). We further found that
the expression of CASC20 in seven GC cell lines was significantly higher than that of GES-1 normal
gastric mucosal epithelial cells (Figure 1D). We next analyzed the relationship between CASC20
expression and the survival rate of GC patients in TCGA database. The results indicated that the
survival rate of GC patients with high expression of CASC20 was significantly lower than that of
patients with low expression (Figure 1E). Together these data indicate that CASC20 is highly expressed
in GC and may play an important role in the development of GC.

Next, we examined the correlation between CASC20 expression and the pathological characteristics
of 50 GC patients. GC patients were divided into high and low CASC20 expression groups based on the
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Figure 4 The regulation of cancer susceptibility 20 on gastric cancer cells is mediated by miR-143-5p. A and B: Gastric cancer (GC) cells were
treated with si-NC, si-cancer susceptibility 20 (CASC20), si-CASC20 + inhibitor NC, si-CASC20 + miR-143-5p inhibitor, CCK-8 assays evaluated the proliferation; C-
E: Transwell assays tested invasion and migration abilities of transfected cells; F-H: GC cells were treated with si-NC, si-CASC20 + inhibitor NC, si-NC + miR-143-5p
inhibitor, si-CASC20 + miR-143-5p inhibitor, wound healing assay was used to detect migration ability. 2P < 0.05 vs control.
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median ratio of relative CASC20 expression. High CASC20 expression in GC patients was significantly
correlated with a higher risk of lymphatic metastasis (P = 0.011), but did not show associations with age,
gender, TNM stage and differentiation degree (Table 1). These results suggest that CASC20 is closely
related to the malignant biological behavior of GC.

Knockdown of CASC20 inhibits GC cell proliferation, invasion and metastasis and induces apoptosis
We next evaluated the role and effects of CASC20 in GC cells. We transfected siRNA targeting CASC20
into GC cells and qRT-PCR confirmed that the expression of CASC20 was significantly down-regulated
after siRNA transfection (Figure 2A). Flow cytometry results showed that knockdown of CASC20
significantly increased the apoptosis rate of SGC7901 and MGC803 GC cells compared with the control
cells (Figure 2B and C). CCKS8 assays demonstrated that knockdown of CASC20 significantly inhibited
the proliferation of SGC7901 and MGC803 cells (Figure 2D). Colony formation experiments revealed
that inhibiting CASC20 expression resulted in decreased clonogenic survival (Figure 2E and F).
Transwell experiments showed that knocking down CASC20 significantly reduced the numbers of
invading and migrating GC cells (Figure 2G and H). Together, these findings show that knockdown of
CASC20 inhibits the malignant phenotype of GC cells, suggesting that CASC20 exhibits oncogenic
functions in GC.

CASC20 adsorbs miR-143-5p in GC cells

To gain better insights into the function of CASC20, we first determined the subcellular location of
CASC20 by GeneCards software (https:/ /www.genecards.org). The results showed that CASC20 is
mainly located in the cytoplasm. The results of nuclear cytoplasmic experiments further confirmed that
CASC20 mostly localizes in the cytoplasm (Figure 3A and B), suggesting that CASC20 may function as a
ceRNA to “sponge” miRNA.

We next used bioinformatics tools (IncRNASNP2) to predict miRNAs with potential binding sites for
CASC20 and the results identified miR-143-5p, miR-515-3p, miR-543 and miR-616-5p. We evaluated the
expressions of these miRNAs in cells transfected with si-CASC20 and found that the expression of miR-
143-5p was up-regulated when CASC20 was knocked down, while miR-515-3p, miR-543 and miR-616-
5p showed no significant changes (Figure 3C and D). We thus selected miR-143-5p for further analyses.

TCGA database analysis showed that miR-143-5p was expressed at low levels in GC tissues
(Figure 3E), which was consistent with previous studies on miR-143-5p[15]. We transfected miR-143-5p
mimics into GC cells and observed significantly decreased expression of CASC20 (Figure 3F). In
addition, we identified a negative correlation between CASC20 and miR-143-5p in 50 GC tissues

Figure 3G).

( %0 furth)er determine the regulatory mechanism between CASC20 and miR-143-5p, we performed
dual luciferase reporter assays. The results showed that transfection of miR-143-5p mimics decreased
the luciferase activity of the WT-CASC20 reporter in MGC803 cells, while miR-143-5p mimics had no
impact on the MUT-CASC20 reporter activity (Figure 3H and I). This result suggests that the regulatory
relationship of CASC20 and miR-143-5p in GC cells involves interactions between CASC20 and miR-
143-5p.

CASC20 inhibits miR-143-5p to regulate the malignant phenotype of GC cells

To determine whether miR-143-5p played a role in the effects of CASC20 in GC cells, we co-transfected
si-CASC20 and miR-143-5p inhibitor into SGC7901 and MGC803 cells. CCK8 assays showed that si-
CASC20 transfection inhibited GC cell proliferation, and co-transfection of miR-143-5p inhibitor
restored proliferation (Figure 4A and B). Transwell experiments showed while transfection of si-
CASC20 inhibited the invasion and migration of GC cells, co-transfection of miR-143-5p inhibitor
restored the invasion and migration abilities (Figure 4C-E). Wound healing assays also confirmed that
co-transfection of miR-143-5p inhibitor partly rescued the inhibitory effect of knockdown of CASC20 on
GC cells (Figure 4F-H). These results indicate that CASC20 regulates GC cell activities through miR-143-

5p.

MEMO1 mRNA is a target of miR-143-5p, and miR-143-5p regulates MEMO1 mRNA expression

To further explore the role of miR-143-5p in GC, we screened and identified the potential target mRNAs
of miR-143-5p. Bioinformatics tools miRDB, Targetscan and miRTarbase predicted several mRNAs
(HDAC7?, ZNF85, ZNF347, MEMO1, ESCO1, MLXIP, MAP3K2 and DYRK1A mRNAs) that potentially
interact with miR-143-5p (Figure 5A). Among them, MEMOI1 was selected as the target gene of miR-143-
5p because it had the highest score in the prediction analysis.
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Table 1 The correlation between cancer susceptibility 20 expression and the clinicopathological factors of 50 gastric patients

CASC20 expression
Characteristics Number of cases P value
High (n = 26) Low (n = 24)
Gender 0.382
Male 23 14 9
Female 27 12 15
Age 0.546
<55 22 13 9
> 55 28 13 15
TNM stage 0.262
I+11 24 10 14
11 26 16 10
Lymphatic metastasis 0.011°
Positive 25 18 7
Negative 25 8 17
Differentiation 0.073
Moderate/well 30 12 18
Poor 20 14 6

P < 0.05 was considered significant. CASC20: Cancer susceptibility 20.

TCGA database analysis showed that MEMO1 was highly expressed in GC tissues (Figure 5B). In
addition, the mRNA expression of MEMO1 was significantly increased in 50 GC tissues compared with
its expression in adjacent tissues (Figure 5C).

We next designed luciferase reporter vectors containing the wild-type 3'UTR of MEMO1 mRNA or
the 3'UTR with mutated binding sites (Figure 5D). Dual luciferase reporter assay showed that miR-143-
5p significantly reduced the luciferase activity of the reporter vector with the wild-type 3'UTR of
MEMO1 mRNA but had no effects on the mutated reporter (Figure 5E), suggesting that MEMO1 mRNA
may be a target gene of miR-143-5p. We then transfected miR-143-5p mimics into MGC803 cells and
found that the expression of MEMOI1 was significantly reduced at both gene and protein levels
(Figure 5F). These data indicate that miR-143-5p regulates MEMO1 mRNA expression.

We also found that the expression of CASC20 was positively correlated to MEMOI1 expression in GC
tissues (Figure 5G). In cells with CASC20 knockdown, MEMO1 expression was downregulated,
suggesting a positive regulatory relationship between CASC20 and MEMOT1 (Figure 5H).

To explore the role of MEMOT1 in GC, we transfected siRNA targeting MEMOT1 into GC cells. Scratch
experiments and Transwell experiments revealed that knockdown of MEMOT1 inhibited the invasion
and migration of GC cells. The migration and invasion abilities were partially rescued by co-transfection
with miR-143-5p inhibitor (Figure 6A-G), indicating that miR-143-5p inhibition reversed the effects of
MEMOT1 knockdown.

CASC20 regulates EMT through miR-143-5p/MEMO1 to promote the invasion and migration of GC

cells

To investigate whether CASC20 regulates MEMO1 through miR-143-5p, we transfected si-CASC20 and
miR-143-5p inhibitor into MGCB803 cells. Western blot results indicated that MEMO1 expression
decreased in GC cells after transfection with si-CASC20, while MEMO1 expression was restored after
co-transfection with si-CASC20 and miR-143-5p inhibitor (Figure 6H).

We next evaluated the effects of CASC20 on EMT. In MGCB803 cells with CASC20 knockdown, the
expression level of the epithelial protein marker E-cadherin was up-regulated, while the expression
levels of the mesenchymal protein markers Vimentin and ZEB1 were down-regulated. After transfection
with miR-143-5p inhibitor, the expressions of MEMO1, Vimentin and ZEB1 were up-regulated, and the
expression of E-cadherin was down-regulated (Figure 61 and I).

Together these results indicated that CASC20 may sequester miR-143-5p to increase the MEMO1
expression, leading to the induction of EMT and metastasis of GC.
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CASC20. P < 0.05, °P < 0.01 vs control.
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DISCUSSION

Mounting evidence confirmed that IncRNAs play extensive regulatory roles in the initiation and
progression of human cancers. A complex ceRNA crosstalk mechanism has been identified in GC[16].
However, only a small fraction of IncRNAs has been thoroughly studied, with no research on CASC20
in tumors. We analyzed the TCGA GC database and found that CASC20 is highly expressed in GC and
associated with poor prognosis of GC patients. Functional experiments revealed that knock down of
CASC20 significantly inhibited the proliferation, invasion, and migration of GC cells. These findings
indicate a potential oncogenic function of CASC20 in GC.

miRNAs are 18-24 nt in length and negatively regulate gene expression by interacting with mRNA,
thereby playing important physiological functions in several cellular processes. In tumors, the
combination of miRNA and the 3'UTR of the target gene can function as an oncogene or tumor
suppressor gene by regulating its expression[17,18]. miRNAs may thus become potential therapeutic
targets for cancer metastasis, and the application of miRNA mimics and their antagonists for therapeutic
purposes is expanding[19].

Our study showed that CASC20 was mainly distributed in the cytoplasm in GC cells, which
suggested that CASC20 may function as a ceRNA for sponging miRNA. LncRNASNP2 was used to
predict miRNAs that potentially bind CASC20, and our in vitro experiments indicated that CASC20 acts
as a molecular sponge for miR-143-5p.

miR-143-5p is located in the human 5932 chromosome region. Wu et al[15] found that miR-143-5p is
expressed at low levels in GC and functions as tumor suppressor gene by targeting COX-2[15]. The
IncRNA ZEB2-AS is highly expressed in GC tissues and cell lines, and ZEB2-AS was shown to promote
the proliferation and metastasis of GC cells through the miR-143-5p/HIF-1o pathway[20]. These studies
have shown that miR-143-5p is expressed at low levels in GC and exhibits tumor suppressor functions.
Our qRT-PCR results showed that miR-143-5p was markedly down-regulated in GC tissues, and its
expression level was negatively correlated with CASC20. Downregulation of miR-143-5p partially
reversed the effects of CASC20 knockdown on the proliferation, invasion and migration of GC cells.

Bioinformatics analysis predicted that miR-143-5p interacts with the 3'UTR of MEMO1 (mediator of
ErbB2-driven cell motility 1), a key mediator of receptor tyrosine kinase activation. MEMOI plays an
important role in breast cancer cell invasion and migration by activating the PI3K/ Akt signaling
pathway, leading to up-regulated Snaill and induction of the EMT program[21]. MEMOL1 is highly
expressed in colon cancer tissues and cells, and miR-219a-1 regulates the proliferation, invasion and
metastasis of colon cancer cells by targeting MEMOI, thereby functioning as a tumor suppressor gene
[22]. The role of MEMOL in the progression of GC has not yet been reported. In this study, we found
that MEMOL is highly expressed in GC in TCGA GC database and clinical samples. Overexpression of
miR-143-5p reduced the expression of MEMOT1 at the gene and protein level. Dual luciferase reporter
assay was performed to reveal the regulatory relationship between miR-143-5p and MEMO1. Reduced
migration and migration abilities of GC cells caused by MEMO1 knockdown were reversed by miR-143-
5p inhibitor. EMT is a prerequisite for distant metastasis of malignant tumor cells, and many studies
reported roles for IncRNAs in the tumor EMT process[23]. Our western blot results showed that
CASC20 expression resulted in decreased expression of the epithelial cell marker E-cadherin and
increased expression of the mesenchymal cell marker Vimentin. Together, our results indicate that
CASC20 functions as ceRNA to sponge miR-143-5p, leading to up-regulated MEMOI1 expression and
initiation of the EMT process in GC.

This study has several limitations. Only 50 GC tissues were collected and analyzed in this study. The
small clinical sample size may be one of the reasons why CASC20 expression was only related to lymph
node metastasis, but showed no significant association with tumor size and clinical stage. In addition, in
vivo experiments are required to further establish the biological function of CASC20 in GC.

CONCLUSION

In summary, this study identified the IncRNA CASC20/miR-143-5p/ MEMO1 axis in GC and provided
insights into the mechanistic relationships among CASC20, miR-143-5p and MEMO. These findings
enrich the molecular regulatory network driving the occurrence and development of GC and deepen
our understanding of the function and mechanism of CASC20 in cancer. Our results suggest that
CASC20 may be a potential therapeutic target and clinical prognostic marker for GC.
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miR-143-5p inhibitor, respectively. Wound healing assay was used to detect migration ability; H: The protein expression of MEMO1 was detected by western blot
assay after transfecting with miR-143-5p mimics or si-cancer susceptibility 20; I: Western blot was utilized to detect the expressions of EMT-related proteins (ZEB1,
Vimentin and E-cadherin). 2P < 0.05 vs control.
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ARTICLE HIGHLIGHTS

Research background
LncRNAs have been indicated to play critical roles in gastric cancer (GC) tumorigenesis and
progression. However, their roles in GC remain to be further elucidated.

Research motivation
To discover promising diagnostic and therapeutic targets for GC.

Research objectives
To investigate the underlying mechanisms of the IncRNA cancer susceptibility 20 (CASC20) in GC.

Research methods

The expression of CASC20, miR-143-5p and MEMOI1 genes were detected by quantitative real-time
polymerase chain reaction. The oncogenic functions of CASC20 was investigated by experiments
including cell counting kit-8, colony formation, wound-healing and Transwell assays in GC cells in
vitro. Bioinformatics and dual-luciferase report assay were performed for determining the regulatory
relationship of IncRNA-miRNA-mRNA.

Research results

We found that the expression of IncRNA CASC20 was significantly upregulated in GC tissues and cell
lines, and increased expression of CASC20 was positively correlated with lymph node metastasis in
patients with GC. Additionally, knockdown of CASC20 could inhibit GC cells growth, migration and
invasion, whereas its overexpression could reverse these effects. Mechanistically, CASC20 specifically
inhibited miR-143-5p expression, thus up-regulating MEMO1 expression.

Research conclusions
CASC20 promotes GC cell metastasis via adsorbing miR-143-5p and up-regulating MEMOY, it plays an
important oncogenic function in GC.

Research perspectives

This study identified the IncRNA CASC20/miR-143-5p/ MEMOT1 axis in GC and provided insights into
the mechanistic relationships among CASC20, miR-143-5p and MEMO. The results of our research
suggest that CASC20 may act as a promising diagnostic marker for GC.
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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) has a spectrum of clinical syndromes with
serious involvement of the lung and frequent effection of the liver and hemostatic
system. Blood biomarkers are affordable, rapid, objective, and useful in the
evaluation and prognostication of COVID-19 patients.

AIM

To investigate the association between aspartate transferase-to-platelet ratio index
(APRI) and in-hospital mortality to develop a COVID-19 mortality prediction
model.

METHODS

A multicenter cohort study with a retrospective design was conducted. Medical
records of all consecutive adult patients admitted to Al-Azhar University Hospital
(Assiut, Egypt) and Chest Hospital (Assiut, Egypt) with confirmed COVID-19
from July 1, 2020 to October 1, 2020, were retrieved and analyzed. The patient
cohort was classified into the following two categories based on the APRI: (1)
COVID-19 presenting with APRI < 0.5; and (2) COVID-19 presenting with APRI (>
0.5 and < 1.5). The association between APRI and all-cause in-hospital mortality
was analyzed, and the new model was developed through logistic regression
analyses.
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RESULTS

Of the 353 patients who satisfied the inclusion criteria, 10% were admitted to the intensive care
unit (n = 36) and 7% died during the hospital stay (n = 25). The median age was 40 years and 50.7%
were male. On admission, 49% had aspartate transferase-dominant liver injury. On admission,
APRI (> 0.5 and < 1.5) was independently associated with all-cause in-hospital mortality in
unadjusted regression analysis and after adjustment for age and sex; after stepwise adjustment for
several clinically relevant confounders, APRI was still significantly associated with all-cause in-
hospital mortality. On admission, APRI (> 0.5 and < 1.5) increased the odds of mortality by five-
times (P < 0.006). From these results, we developed a new predictive model, the APRI-plus, which
includes the four predictors of age, aspartate transferase, platelets, and serum ferritin. Performance
for mortality was very good, with an area under the receiver operating curve of 0.90.

CONCLUSION
APRI-plus is an accurate and simplified prediction model for mortality among patients with
COVID-19 and is associated with in-hospital mortality, independent of other relevant predictors.

Key Words: COVID-19; Aspartate transferase-to-platelet ratio index; Aspartate transferase; All-cause in-
hospital mortality; Serum ferritin; SARS-CoV-2

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

Core Tip: Aspartate transferase-to-platelet ratio index-plus can be used to predict the severity of
coronavirus disease 2019. The performance of the model for mortality was very good, with an area under
the receiver operating curve of 0.90. This new prediction model could help in estimating the risk of
mortality and may, therefore, assist in triaging patients. Moreover, our study confirmed that an aspartate
transferase-dominant pattern, diabetes mellites, leukocytosis, and increased ferritin levels are associated
with fatal outcomes.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has prompted a global race to develop a variety of
vaccine platforms. As a result, the first vaccine had been approved for emergency use by approximately
1 year from the beginning of the outbreak[1]. However, the ongoing limited availability of vaccines,
particularly in low-income countries, means that the approach will not be sufficient to achieve global
herd immunity. Therefore, effective and efficient allocation of health care resources is essential during
the management of COVID-19 patients.

Blood biomarkers are affordable, rapid, readily available, and objective. It has been proven that blood
biomarkers are useful in the evaluation and prognostication of COVID-19 patients. Many studies have
demonstrated lymphopenia and thrombocytopenia among COVID-19 patients on hospital admission[2,
3]. Furthermore, both lymphopenia[3,4] and thrombocytopenia[5] have been shown as predictive of
COVID-19 severity and mortality.

Previously, many reports have cited hepatocellular injury with an aspartate aminotransferase (AST)-
dominant pattern at hospital admission[6,7]. In addition, it has been demonstrated that AST elevation at
admission is associated with severe COVID-19 disease status and poor outcomes, including intensive
care admission, need for mechanical ventilation[7], and all-cause in-hospital mortality[6]. It has also
been reported that elevated serum ferritin on admission is associated with fatal outcomes in patients
with COVID-19[8,9].

Patients with COVID-19 associated with thrombocytopenia and hepatocellular injury progress to
severe disease and poor outcomes. Previously, a simple scoring system, the AST-to-platelet ratio index
(APRI), was developed to predict fibrosis in patients with chronic hepatitis C, being based upon routine
blood biomarkers, including AST and platelets[10]. Using this as a premise, we hypothesized that it is
possible to build a similar prediction model for patients with COVID-19 using objective, inexpensive,
and readily available items.
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The aim of the current study was to investigate whether APRI is associated with all-cause in-hospital
mortality among patients with COVID-19 and develop a predictive model using objective and readily
available factors.

MATERIALS AND METHODS

We conducted a multicenter retrospective cohort study using medical records of all consecutive adult
patients admitted to Al-Azhar University Hospital in Assiut, Egypt and Chest Hospital in Assiut, Egypt
with confirmed COVID-19 from July 1, 2020 to October 1, 2020, as the Egyptian Ministry of Health had
allocated both hospitals for the management of COVID-19 patients. The inclusion criteria for patients
were complete medical record data, hospitalized adults of ages > 18 years, and COVID-19 diagnosis
established by examination of nasopharyngeal swab specimens using reverse-transcriptase PCR [CerTest
Viasure® SARS-CoV-2 Real Time PCR Detection Kit (CerTest; Biotec, Spain)] for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). All laboratory tests were operated in the accredited laboratories
at the Clinical Pathology Departments (Microbiology and Immunology units) in Al-Azhar University
Hospital and Chest Hospital. The exclusion criteria were pediatric patients of ages < 18 years, patients
with known chronic liver disease or newly diagnosed with chronic liver disease at hospital admission,
pregnant females, patients with incomplete data, patients with splenomegaly, splenectomy,
chemotherapy, or radiotherapy within 1 mo of hospital admission, and patients on immunosuppressive
therapy. In addition, we excluded any patient with marked fibrosis, as determined by both APRI and
fibrosis-4 (FIB-4) scores (FIB-4 > 2.67 and APRI > 1.5). The institutional review boards approved the
study protocol.

Cohort assignment

AST and platelets were measured within 24 h of hospital admission. The normal upper limit for AST
was 40 U/L, and the normal upper limit and lower limit for platelets were 350 “ 10°/L and 150 “ 10°/L,
respectively. APRI was calculated according to the following equation: “AST Level/ULN + Platelet
count x 100”[10]. We categorized our patient cohort into the following two categories based on APRI: (1)
COVID-19 presenting with APRI < 0.5; and (2) COVID-19 presenting with APRI (> 0.5 and < 1.5).

Covariates

For every participant of our cohort, demographic criteria, including age, sex, and smoking status,
comorbidities, including as diabetes mellites (DM), hypertension (HTN), chronic kidney disease (CKD),
chronic obstructive pulmonary disease (COPD), and Deyo-Charlson index, and laboratory biomarkers,
including complete blood count, liver enzymes, serum albumin, serum total bilirubin, blood urea, and
serum creatinine and creatine kinase, were retrieved and analyzed. The FIB-4 was calculated by the
following equation:

Age (year) x AST(U/L) + Platelets (1000/pL) x VALT(U/L)[11].

Outcome measurement
The primary outcome of interest was all-cause in-hospital mortality. The vital status of each patient in

the study cohort was confirmed from hospital records. Follow-up of outcome was ended on October 15,
2020.

Statistical analysis

We summarized continuous variables as medians and interquartile ranges, and categorical variables
were summarized as absolute numbers and percentages. We utilized unadjusted binary logistic
regression for analyses of group differences. We performed a stepwise analysis adjusted for age and sex,
as well as for relevant confounding factors, to investigate clinical confounders. Spearman’s correlation
coefficients were utilized to analyze the relationships between variables. All P values calculated were
two-tailed; values less than 0.05 were considered as indicative of statistical significance. Prediction
performance was evaluated by the area under the curve of the receiver operating curve (AUROC).
Overall fit of the models was evaluated by the Hosmer-Lemeshow test and the Bayesian information
criterion. We used Stata Software (Stata Statistical Software: Release 16. College Station, TX, United
States: Stata Corp LP) for data visualization and analysis.

RESULTS

Out of the 396 patients considered, 353 satisfied the inclusion criteria. Among those, 10% of the study
cohort was admitted to the intensive care unit (1 = 36) and 7% of the study participants succumbed
during hospitalization (n = 25) (Figure 1). The median age at hospital admission was 40 years
[interquartile range (IQR): 28-55 years], and 50.7% were males (n = 179) (Table 1). The frequency of
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Table 1 Baseline demographic, clinical and laboratory characteristics of survivors and non-survivors' groups

Characteristics Survivors, n = 328 Non-survivors, n =25 Unadjusted OR P value
Age in yr, median (IQR)

<40 178 (98.89) 2 (1.11) Ref.

40-60 112 (94.92) 6 (5.08) 4.76 (0.94-24.03) 0.05

> 60 38 (69.09) 17 (30.91) 39.81 (8.82-179.59) 0.0001
Male sex, 1 (%) 167 (93.30) 12 (6.70) 0.88 (0.39-2.00) 0.77
Comorbidities

Chronic kidney disease, 1 (%) 4 (44.44) 5 (55.56) 20.25 (5.04-81.31) 0.0001
Diabetes mellites, 1 (%) 55 (77.46) 16 (22.54) 8.82 (3.70-20.98) 0.0001
Chronic obstructive pulmonary disease, 1 (%) 55 (88.71) 7 (11.29) 1.93 (0.76-4.84) 0.16
Hypertension, n (%) 84 (84.00) 16 (16.00) 5.16 (2.19-12.12) 0.0001

Deyo-Charlson index, 1 (%)

0-1 267 (97.45) 7 (2.55) Ref.
29 60 (80.00) 15 (20.00) 953 (3.72-24.40) 0.0001
>3 1 (25.00) 3 (75.00) 114.42 (10.54-1241.77) 0.0001

Laboratory biomarkers

Hemoglobin <12 mg/dL, n (%) 125 (92.59) 10 (7.41) 1.08 (0.47-2.48) 0.85
Total leukocytic count > 11 x 10°/L, 1 (%) 50 (80.65) 12 (19.35) 5.13 (2.21-11.89) 0.0001
Platelet

150-350 248 (93.58) 17 (6.42) Ref.

<150 x 10°/L, 1 (%) 32 (94.12) 2 (5.88) 0.91 (0.20-4.13) 0.90
>350 x 10°/L, 1 (%) 48 (88.89) 6 (11.11) 1.82 (0.68-4.86) 0.23
Serum AST, n (%)

<40U/L 239 (97.15) 7 (2.85) Ref.

40-80 U/L 81 (84.38) 15 (15.63) 6.32 (2.49-16.05) 0.0001
>80U/L 8 (72.73) 3(27.27) 12.80 (2.78-58.83) 0.001

Serum ALT, n (%)

<40U/L 217 (93.94) 14 (6.06) Ref.

40-80 U/L 90 (90.00) 10 (10.00) 1.72 (0.73-4.02) 0.20
>80U/L 21 (95.45) 1 (4.55) 0.73 (0.09-5.89) 0.77
Serum albumin < 3.5 g/dL, n (%) 112 (86.15) 18 (13.85) 4.95 (2.01-12.22) 0.001
Serum total bilirubin > 1.5 mg/dL, n (%) 2 (40.00) 3 (60.00) 22.22 (3.52-140.03) 0.001
Serum creatinine > 1.1 mg/dL for males; > 64 (80.00) 16 (20.00) 7.33 (3.09-17.34) 0.0001
0.95 mg/dL for females, 1 (%)

Serum ferritin > 400 pg/L for males; > 150 169 (87.56) 24 (12.44) 22.57 (3.01-168.86) 0.002
pg/L for females, n (%)

D-dimer > 0.5 pg/mL 319 (92.73) 25 (7.27) 1 -
C-reactive protein 21 mg/L, n (%) 330 (92.70) 26 (7.30) 1 -
Creatine kinase > 117 IU/L, n (%) 0.00 (100.00) 0.00 (0.00) - -

APRI, 7 (%)

<05 254 (95.85) 11 (4.15) Ref.
>05 74 (84.09) 14 (15.19) 4.36 (1.90-10.02) 0.001
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FIB-4, 1 (%)

<2 300 (96.15) 12 (3.85) Ref.
>2 17 (73.91) 6 (26.09) 8.82 (2.95-26.37) 0.0001
>267 11 (61.11) 7 (38.89) 15.90 (5.24-48.24) 0.0001

Odds ratios were calculated by univariate logistic regression. Univariate logistic regression was used to calculate P value for the characteristics' differences
between survivors and survivors. ALT: Alanine transferase; APRI: AST-to-platelet ratio index; AST: Aspartate transferase; CRP: C-reactive protein; FIB-4:
Fibrosis-4 score; IQR: Interquartile range; OR: Odds ratio.

Screening of 396
COVID-19 patients
medical records

19 patients with incomplete data

12 patients with marked fibrosis

6 patients with Chronic liver disease

2 patients with Immunosuppressive therapy

2 patients on chemotherapy (brain tumor)

2 patients on chemotherapy (hypothyroidism and breast cancer)

353 patients with COVID-19
were eligible for our study

l i

Survivor Non survivor
n=328 n=25

DOI: 10.3748/wjg.v28.i16.1671 Copyright ©The Author(s) 2022.

Figure 1 Flowchart of the studied cohort. COVID-19: Coronavirus disease 2019.

thrombocytopenia was 9.6% (n = 34). Thrombocytosis was reported among 15% (n = 54) of the study
cohort. However, there was no statistically significant difference in platelet count between the survivor
and death groups (Table 1). On admission, 49% of study participants had AST-dominant liver injury (n
= 174). Study participants were grouped based on all-cause in-hospital death into survivor and
nonsurvivor groups, and their features are provided in Table 1.

Predictors of the primary outcome

Variables associated with in-hospital mortality were first assessed by univariate analysis. Significant
variables from univariate analysis (P < 0.05) or clinically relevant variables were then utilized for
multivariate analysis by forward logistic regression to identify independent predictors associated with
in-hospital death among patients with COVID-19.

Regression analysis: (1) Binary logistic regression analysis. Age, Deyo-Charlson index, CKD, DM, and
HTN were the clinical predictors significantly associated with hospital mortality. Additionally, the
unadjusted regression demonstrated that APRI, serum ferritin, total leukocytic count, serum total
bilirubin, serum creatinine, serum AST, and serum albumin levels were significant biochemical markers
associated with hospital death. There was no association between hospital mortality and sex, COPD,
hemoglobin, platelets, serum alanine transferase (ALT), C-reactive protein (CRP), creatine kinase, or D-
dimer levels (Table 1). (2) Multivariable logistic regression analysis. The APRI (> 0.5 - < 1.5) at admission
was significantly associated with hospital mortality in the unadjusted binary logistic regression analysis
and remained a significant predictor of the odds of hospital mortality in model 1 adjusted for age and
sex (Table 2). In addition, in model 2, after adjustment for several covariates, APRI was still a significant
predictor of hospital mortality and associated with increased odds of hospital mortality by five times (P
<0.005) (Table 2).

Variables in the best model (full model) for the prediction of death among patients with COVID-19
included APRI, age, CKD, DM, total leukocytic count, and serum ferritin. The AUROC for the
prediction of death among patients with COVID-19 was 0.94 [95% confidence interval (CI): 0.90-0.98].
When the prediction model comprised APRI alone (APRI model), the AUROC for the prediction of
mortality was 0.66 (95%CI: 0.56-0.76). The model with APRI, age, and serum ferritin (APRI-plus model)
had better accuracy than the APRI model, and the AUROC became 0.90 (95%ClI: 0.86-0.95) (P < 0.0001)
(Figure 2). In addition, the APRI-plus model showed good calibration (Hosmer-Lemeshow y* =1.7, P =
0.97) and was a better-fitting model than the full model (Bayesian information criterion 148.4) (Table 3).
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Table 2 Odds ratios of aspartate transferase-to-platelet ratio index associated mortality and 95% confidence intervals

Unadjusted Model | (Adjusted for age and sex) Model II

APRI OR Cl P value OR Cl P value OR Cl P value

<05 Ref. Ref. Ref.

>05-<15 436 1.90-10.02 0.001 3.23 1.29-8.12 0.01 5.03 1.63-15.52 0.005
Covariates
Age inyr
<40 Ref.
40-60 1.75 0.25-11.89 0.56
> 60 10.45 1.51-72.09 0.01
Sex 1.19 0.39-3.65 0.75
CKD 8.24 1.37-49.53 0.02
DM 7.77 1.82-33.04 0.006
HTN 0.25 0.05-1.11 0.07
WBC 4.20 1.32-13.32 0.01
Albumin 1.17 0.33-4.09 0.81
Bilirubin 10.10 0.97-104.45 0.05
Ferritin 12.94 1.38-121.08 0.02

Adjusted odds ratios for hospital mortality. Model 1 adjusted for age and sex; Model 2 adjusted for age, sex, diabetes mellites, chronic kidney disease,
hypertension, white blood cells, serum albumin, serum total bilirubin, and serum ferritin. APRI: Aspartate transferase-to-platelet ratio index; CKD: Chronic
kidney disease; CI: Confidence interval; DM: Diabetes mellites; HTN: Hypertension; IQR: Interquartile range; WBCs: White blood cells.

Table 3 Comparison of full model and aspartate transferase-to-platelet ratio index-plus in prediction of mortality among patients with

coronavirus disease 2019 in the study cohort

AUROC HL-y2 BIC
APRI-plus model 0.90 (95%CT: 0.86-0.95) 0.97 148.4
Full model 0.94 (95%CI: 0.90-0.98) 0.95 164.9

AUROC: Area under the receiver operating characteristic curve; BIC: Bayesian information criterion; CI: Confidence interval; HL-y* Hosmer-Lemeshow y*

goodness-of-fit test.

The adjusted equation for the APRI-plus in patients with COVID-19 was P (in-hospital mortality) = -
0.18 +0.06 x (APRI > 0.5 and <1.5) (yes =1, no = 0) + 0.004 x age + 0.00013 x ferritin.

Comparison with FIB-4
The AUROC for FIB-4 score was 0.72 (95%CI: 0.61-0.82). Upon comparison of the APRI-plus with FIB-4,
the AUROC was significantly higher for APRI-plus, at 0.92 (95%CI: 0.86-0.98) (P < 0.0001) (Figure 3).

Association of D-dimer with inflammatory markers

D-dimer was examined as a marker of thrombosis. On admission, platelets, serum ferritin, CRP, total
leukocytic count, and AST were correlated with D-dimer (r = 0.1; P <0.03, r = 0.4; P <0.0001, r =0.4; P <
0.0001, r =0.1; P < 0.01, and r = 0.1; P < 0.03, respectively).

Association of APRI components with markers of inflammation

Serum ferritin, CRP, and total leukocytic count were investigated as inflammatory markers. Serum
levels of AST were correlated with serum ferritin (r = 0.2; P < 0.0001), CRP (r = 0.2; P < 0.0001), and total
leucocytic count (r = 0.1; P < 0.007). Platelets were correlated with serum ferritin (r = 0.1; P = 0.04), CRP (
r=0.07; P = 0.1), and total leukocytic count (r = 0.1; P = 0.05).
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Figure 2 Receiver operating characteristic curves comparing full model, aspartate transferase-to-platelet ratio index and aspartate
transferase-to-platelet ratio index-plus in prediction of mortality among patients with coronavirus disease 2019 in the study cohort. APRI:
Aspartate transferase-to-platelet ratio index; COVID-19: Coronavirus disease 2019.
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Figure 3 Receiver operating characteristic curves comparing aspartate transferase-to-platelet ratio index-plus with the fibrosis-4 score in
prediction of mortality among patients with coronavirus disease 2019 in the study cohort. APRI: Aspartate transferase-to-platelet ratio index;
COVID-19: Coronavirus disease 2019; FIB-4: Fibrosis-4.
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DISCUSSION

In the current study, we developed APRI-plus, a new, simple, inexpensive, and objective clinical score
that is significantly associated with mortality among patients with COVID-19. APRI (> 0.5 and < 1.5)
increased the odds of mortality by five-fold. Since patients with chronic liver disease were excluded
from participation in our analysis, this association is likely due to inflammation related to COVID-19
and the direct impact of SARS-Cov-2 on the liver and hemostatic system.

We observed a significant difference in AST between survivors and nonsurvivors at hospital
admission. The AST-dominant pattern of hepatocellular injury among patients with COVID-19 has been
reported many times in previous studies[6,7]. Likewise, the levels of serum ferritin were significantly
higher among nonsurvivors. Platelets have been reported to be one of the strongest indicators of
adverse outcomes and mortality among patients with COVID-19[2,3]. However, in our cohort, we did
not find any statistically significant difference in platelets between survivors and nonsurvivors. Thus,
platelets alone are less ideal in predicting outcomes among patients with COVID-19.
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APRI includes AST in the numerator and platelets in the denominator. These criteria make the APRI
score a better predictor of COVID-19 outcomes than AST or platelets alone. Regarding its accuracy in
predicting mortality among patients with COVID-19, the APRI has an AUROC of 0.66. However, when
age and serum ferritin were incorporated in the regression model (APRI-plus model), the performance
of the model had an AUROC of 0.90. In contrast, compared with another noninvasive score, FIB-4
(composed of AST, ALT, age, and platelets), we found that the AUROC was significantly lower for FIB-4
(0.72). In line with our findings, the reported AUROC in an earlier study for FIB-4 was 0.79[11]. Using
APRI-plus, it is possible to predict mortality among patients with COVID-19 with good performance.

Liver stiffness among patients with COVID-19 is likely to be multifactorial. Hepatic congestion,
hepatocellular injury, and systemic inflammation may all play a role in the development of liver
stiffness among patients with COVID-19. It has been reported that COVID-19 is associated with
increased pressure within the right ventricle[12]; thus, this may result in hepatic venous congestion and
liver stiffness[11].

Severe liver injury caused by SARS-CoV-2 Likely results in mitochondrial damage and defective
clearance of AST, leading to an AST-dominant pattern. At the onset of severe SARS-CoV-2 infection,
severe liver injury is likely associated with extensive inflammation, hepatocyte swelling, and tissue
edema, especially among patients with an AST-dominant pattern. Similar to acute viral hepatitis,
extensive necroinflammatory activity among patients with COVID-19 increases liver stiffness[13].

Our cohort revealed that platelet count did not have a significant association with mortality.
Interestingly, not all previous studies have found platelet counts to be a predictor of COVID-19
mortality[14]. Inflammatory mediators associated with SARS-CoV-2 infection may result in the
activation of platelets. Activated platelets have two pathways. First, enhanced platelet clearance/
sequestration from circulation by the spleen results in thrombocytopenia. Second, consumptive
coagulopathy, such as inflammation-mediated endothelial damage/activation in addition to platelet
activation, leads to the formation of platelet aggregates through systemic circulation and/or pulmonary
circulation[15]. Therefore, we can speculate that the early phase of SARS-CoV-2 infection results in the
activation of platelets followed by thrombocytopenia. Our results support this speculation, as inflam-
matory markers (CRP, serum ferritin, and leukocytosis) were correlated with D-dimer. This may
suggest that the mechanism and progression of platelet activation rather than platelet number were
associated with worse outcomes.

The rising question is why we did not find a significant difference in D-dimer between the survivor
and nonsurvivor groups. This could be explained by COVID-19-associated coagulopathy. Coagulation
changes associated with COVID-19 have the following three proposed stages: stage 1 presents with
raised D-dimer; stage 2 presents with raised D-dimer together with modestly increased prothrombin
time/international normalization ratio, activated partial thromboplastin time, and mild thrombocyt-
openia; and stage 3 presents with critical illness and laboratory markers, directing towards classic
disseminated intravascular coagulopathy[14]. Therefore, our data may be retrieved early during platelet
activation and before firing of stage 1 COVID-19-associated coagulopathy.

Limitations of the current study

The retrospective design of the study reflected the association between APRI-plus and risk of mortality
among patients with COVID-19 but did not reflect causality. We used APRI at the time of admission for
group categorization without knowing follow-up changes. Because of the lack of follow-up, we do not
know whether these necroinflammatory changes were self-limiting or progressive. Moreover, we do not
know the extent and duration of resolution. We did not evaluate platelet activity, fibrin degradation
products, or coagulation profiles. Elastography should be evaluated in different age groups to dissect
the impact of age from COVID-19 on liver stiffness. Validation of the APRI-plus is required.

CONCLUSION

The current study showed that, on admission, APRI-plus among patients with COVID-19 has good
performance in predicting mortality. A prediction model could help stratify the risk of mortality. This
association may be explained by the impact of SARS-CoV-2 infection on the liver and hemostatic
system. Further studies are required to investigate this association.

ARTICLE HIGHLIGHTS

Research background
Coronavirus disease 2019 (COVID-19) has a spectrum of clinical syndromes with serious involvement of
the lung and frequent effection of the liver and hemostatic system.
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Research motivation
Development of a prediction model using objective, inexpensive, and readily available items is needed
for patients with COVID-19.

Research objectives

To investigate whether the aspartate transferase-to-platelet ratio index (APRI) is associated with all-
cause in-hospital mortality among patients with COVID-19 and develop a predictive model using
objective and readily available factors.

Research methods

A retrospective cohort study was carried out with 353 consecutive adult patients admitted to Al-Azhar
University Hospital (Assiut, Egypt) and Chest Hospital (Assiut, Egypt) with confirmed COVID-19 from
July 1, 2020 to October 1, 2020.

Research results

The prediction model comprised APRI alone (APRI model), and the area under the receiver operating
curve (AUROC) for the prediction of mortality was 0.66 [95% confidence interval (CI): 0.56-0.76]. A
modified model of APRI that included age and serum ferritin (APRI-plus model) had better accuracy
than the APRI model, as the AUROC became 0.90 (95%CTI: 0.86-0.95) (P < 0.0001).

Research conclusions
APRI-plus among patients with COVID-19 showed good performance in predicting mortality. A
prediction model could help stratify the risk of mortality.

Research perspectives
Further studies are required to investigate this association. Validation of the APRI-plus is required.
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Abstract

BACKGROUND

Childhood obesity and fatty liver are associated with adverse outcomes such as
diabetes, metabolic syndrome, and cardiovascular diseases in adulthood. It is very
important to identify relevant risk factors and intervene as early as possible. At
present, the relationship between maternal and offspring metabolic factors is
conflicting.

AIM
To estimate the association of maternal obesity and gestational diabetes mellitus
(GDM) with overweight/obesity and fatty liver risk in offspring at 8 years of age.

METHODS

The prospective study included mothers who all had a 75-g oral glucose tolerance
test at 24-28 wk of gestation and whose offspring completed follow-up at 8 years
of age. Offspring birth weight, sex, height, weight, and body mass index (BMI)
were measured and calculated. FibroScan-502 examination with an M probe
(Echosens, Paris, France) was prospectively conducted in offspring aged 8 years
from the Shanghai Prenatal Cohort Study.

RESULTS

A total of 430 mother-child pairs were included in the analysis. A total of 62
(14.2%) mothers were classified as obese, and 48 (11.1%) were classified as having
GDM. The mean age of the offspring at follow-up was 8 years old. Thirty-seven
(8.6%) offspring were overweight, 14 (3.3%) had obesity, and 60 (14.0%) had fatty
liver. The prevalence of overweight, obesity and fatty liver in offspring increased
significantly across maternal BMI quartiles (all P < 0.05). Among offspring of
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mothers with GDM, 12 (25.0%) were overweight, 4 (8.3%) were obese, and 12 (25.0%) had fatty
liver vs. 25 (6.5%), 10 (2.6%) and 48 (12.6%), respectively, for offspring of mothers without GDM
(all P <0.05). In multiple logistic regression, after adjustment for variables, the OR for fatty liver in
offspring was 8.26 (95%Cl: 2.38-28.75) for maternal obesity and GDM.

CONCLUSION

This study showed that maternal obesity can increase the odds of overweight/obesity and fatty
liver in offspring, and GDM status also increases the odds of overweight/obesity in offspring.
Weight management and glycemic control before and during pregnancy need to be highlighted in
primary prevention of pediatric obesity and fatty liver.

Key Words: Maternal obesity; Gestational diabetes mellitus; Offspring overweight/obesity; Offspring fatty
liver; FibroScan

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

Core Tip: It is very important to identify relevant risk factors for childhood obesity and fatty liver and
intervene as early as possible, considering their adverse outcomes. In this work, we reported the
association of maternal obesity and gestational diabetes mellitus (GDM) with overweight/obesity and fatty
liver risk in offspring at 8 years of age. This study showed that maternal obesity can increase the odds of
overweight/obesity and fatty liver in offspring, and GDM status also increases the odds of
overweight/obesity in offspring. Weight management and glycemic control before and during pregnancy
need to be highlighted in primary prevention of pediatric obesity and fatty liver.

Citation: Zeng J, Shen F, Zou ZY, Yang RX, Jin Q, Yang J, Chen GY, Fan JG. Association of maternal obesity and
gestational diabetes mellitus with overweight/obesity and fatty liver risk in offspring. World J Gastroenterol 2022;
28(16): 1681-1691

URL: https://www.wjgnet.com/1007-9327/full/v28/i16/1681.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i16.1681

INTRODUCTION

With economic development and changing living and eating habits, the prevalence of obesity in
children has been rapidly increasing in recent decades[1]. It is alarming because it is also associated with
health consequences such as metabolic syndrome, diabetes, cardiovascular diseases, and even many
types of cancers in adulthood[2,3]. The incidence of fatty liver in children is also rising, due, in part, to
the increasing prevalence of childhood obesity. At present, there is still no effective noninvasive means
for diagnosing fatty liver in children. Recently, some novel noninvasive techniques for the assessment of
liver fat have been developed. Transient elastography (TE) is one of these new techniques based on
inducing a shear wave to the liver and measuring the velocity of the wave. The device (FibroScan-502,
Echosens, Paris, France) was developed using the TE technique, and controlled attenuation parameter
(CAP) and liver stiffness measurement (LSM) can be obtained simultaneously by the device in a rapid,
noninvasive, reproducible, and painless way. FibroScan-502 has also been used in the assessment of
liver fat and fibrosis in pediatric individuals with liver diseases, and the reference values of CAP have
been studied in our previous article[4].

Recent studies have suggested that maternal body mass index (BMI) is associated with the birth
weight of offspring and is a risk factor for offspring obesity[5,6]. Gestational diabetes mellitus (GDM) is
the occurrence of glucose intolerance during pregnancy and usually resolves after birth[7]. Meanwhile,
many studies have shown that GDM can increase the incidence of impaired glucose tolerance in
offspring and increase the risk of offspring obesity[8,9].

Therefore, in this article, we aimed to assess whether maternal BMI and in utero exposure to GDM
are associated with a long-term risk of overweight/obese and fatty liver among offspring 8 years
postpartum.
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MATERIALS AND METHODS
Study population

The individuals included in the prospective study were 430 maternal-child pairs from the Shanghai
Prenatal Cohort Study, which is a prospective study that enrolled 1043 Han maternal-child pairs
between January 2012 and December 2013 at Xinhua Hospital and International Peace Maternity and
Child Hospital in Shanghai. The offspring were followed up at the age of 8 years (94 to 98 mo) with
medical examinations. The exclusion criteria for the study population were as follows: (1) Non-Shanghai
residents; (2) lost to follow-up; (3) missing some of the mothers' clinical information on prepregnancy
and the offspring's anthropometric data; (4) mothers' medical history of diabetes (diagnosed before the
index pregnancy) and other participants whose fasting glucose was = 7.0 mmol/L before 12 gestational
weeks; and (5) failure of FibroScan-502 measurement with an M probe. Ethics approval was obtained by
the Ethics Committees (XHEC-C-2012-023). The parents of all the participating children were required to
give informed consent for study participation and sign the written documents.

Clinical and laboratory data collection

All mothers' heights and weights were measured in light indoor clothing and without shoes during
early pregnancy. The oral glucose tolerance test (OGTT) was conducted between 24 and 28 wk gestation
among those mothers. All followed-up offspring underwent annual medical examination at the health
examination center in Xinhua Hospital. Stadiometers (Seca 416 Infantmeter, United States) were used to
measure height to the nearest 0.1 cm. Digital scales (Detector 6745 Baby Scale, United States) were used
to measure body weight to the nearest 0.1 kg. Participant characteristics and anthropometric indices,
including age, sex, body weight, height, chest circumference, waist circumference, hip circumference
and BMI, were obtained.

Following a fast of at least 6 h, all offspring underwent FibroScan-502 examination with an M-probe
(3.5 MHz) (Echosens, Paris, France) by the same physician. The device estimates liver stiffness in
kilopascals (kPa) and liver steatosis in decibels/meter (dB/m). CAP in dB/m and LSM in kPa were
obtained simultaneously by each examination. A TE examination was considered successful when 10
valid measurements with a success rate of at least 60% were conducted and the interquartile range (IQR)
was less than 30% of the median LSM value[10]. Subjects with unsuccessful examinations were excluded
from the analyses.

Work definitions

Maternal obese, overweight and lean: A BMI during the early pregnancy greater than 25 kg/m?was
used to define the obese population, and a BMI less than 25 kg/m?was used to define the nonobese
population. The nonobese population was further divided into lean (< 23 kg/m?) and overweight (23-25
kg/m?) groups.

GDM: All mothers without diagnosed diabetes were screened for GDM by a one-step approach
undergoing a 75g OGTT after fasting overnight between 24 and 28 wk gestation according to the
guideline from Obstetrics and Gynecology Branch of Chinese Medical Association[11]. GDM was
diagnosed when the glucose level that met or exceeded any of the following standards: a blood glucose
value of 92, 180 or 153 mg/dL before or one or two hours after taking a 75 g glucose tolerance test,
respectively.

Offspring overweight/obesity were defined by using the International Obesity Task Force age- and
sex-specific cutoff points[12].

Offspring fatty liver: The offspring were considered to have fatty liver when the CAP value exceeded
the normal value of 214.53 dB/m[4].

Statistical analysis

Continuous variables are expressed as the mean + SD for a normal distribution and as the median + IQR
for a skewed distribution. General linear models for continuous variables were used to compare means
of characteristics, and the y*test for categorical variables was applied to compare offspring proportions
across quartiles of maternal BMI during early pregnancy. We further explored the effects of maternal
GDM status on such associations by a stratified analysis according to GDM status. Multivariate logistic
regression models were used to examine the relationship between maternal BMI during early
pregnancy and GDM status and offspring overweight/obesity status and fatty liver prevalence.
Multiple logistic regression was used for continuous outcomes, and the results are reported as odds
ratios (ORs) with 95%ClIs. Three multivariate-adjusted models were included in these analyses.
Significance tests were two tailed, and a P value < 0.05 was considered statistically significant. The data
analysis for this article was generated using SAS Version 9.4.
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Enrolled maternal-child pairs
in the Shanghai Prenatal
Cohort Study, 7 = 1043

Non-Shanghai-residents were excluded
Some mothers reporting their medical history of diabetes (diagnosed before

the index pregnancy)
Some whose fasting glucose was > 7.0 mmol/L before 12 gestational weeks

Enrolled into the study, 7 = 513

Lost to follow up

Completed the 8-year
follow-up plus or minus two
months, 7 = 461

Some mother's clinical info missing (weight or height, efc.)

Anthropometric data from 8 years of age missing
Failed to complete FibroScan

Enrolled into the analysis, 7 = 430

DOI: 10.3748/wjg.v28.i16.1681 Copyright ©The Author(s) 2022.

Figure 1 Flow diagram of participants included in this study.
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RESULTS

Participant characteristics

A total of 513 maternal-child pairs from the Shanghai Prenatal Cohort Study were prospectively
followed for 8 years. Of these individuals, 430 mothers and their offspring were included in the analysis
Figure 1).

( :Phe ch)aracteristics of participating mothers and offspring are shown in Table 1. The mean maternal
age before pregnancy was 29 (4.9) years (20 to 42 years old). The mean maternal BMI was 21.55 (3.59)
kg/m?. A total of 62 (14.2%) mothers were classified as obese, and 48 (11.1%) were classified as having
GDM. The mean birth weight of the offspring was 3.40 + 0.48 kg and 210 (48.8%) were boys. A total of 37
(8.6%) offspring were classified as overweight, 14 (3.3%) offspring were classified as obese, and 60
(14.0%) had fatty liver (Table 1).

Maternal BMI and the characteristics of the mothers and offspring

Across maternal BMI quartiles, mothers in higher maternal BMI quartiles were more likely to have a
greater weight and GDM. The offspring of mothers in higher maternal BMI quartiles were also more
likely to have greater birth weight, BMI, waist circumference, hip circumference, chest circumference
and CAP values and to be more prone to overweight/obese and fatty liver (Table 1).

The association of maternal BMI with outcomes for offspring
The fatty liver risk of these offspring increased progressively from the lowest to the highest quartiles of
maternal BMI, with odds ratios (ORs) of 5.84 (95%CI: 0.67-50.67), 9.76 (95%CI: 1.21-78.83), and 26.3
(95%ClI: 3.21-215.3), respectively, after controlling for the sex and age of the offspring (Model 1). Further
adjusting for maternal age, nulliparity (Model 2), GDM status of the mothers and birth weight (Model 3)
did not change the associations (Table 2).

The OR of the offspring overweight/obesity risk in the highest quartile of maternal BMI was 10.6
(95%Cl: 2.17-51.76) after controlling for the sex and age of the children (Model 1) (Table 2).

Association of maternal GDM status with offspring overweight/obesity and CAP values

As shown in Table 3, mothers with GDM weighed more, had higher maternal BMIs and had a higher
prevalence of maternal obesity than mothers without GDM (all P < 0.05). The offspring of mothers with
GDM had higher BMI, chest circumference, hip circumference, and CAP values (all P < 0.05). Among
offspring whose mothers had GDM, 4 (8.3%) were obese, compared with 10 (2.6%) offspring whose
mothers did not have GDM (P < 0.000). However, there were no significant differences in birth weight,
sex distribution, weight at follow-up, waist circumference, or LSM values between the offspring of
mothers with and without GDM (Table 3).
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Table 1 Characteristics of mothers and their offspring stratified into groups based on maternal body mass index quartiles at follow-up

Quartiles of maternal BMI (kg/m?)

Variables ﬁlo()n © Q1(n=108):15.00- Q2(n=105:19.14- Q3 (n=115):20.77- Q4 (n=102):2345- P
19.13 20.76 23.44 42.00 value
Maternal characteristics
Age, yr 29.33+4.89 29.21+4.59 2897 +3.14 29.59 +£3.73 29.44 +7.36 0.805
Height, cm 162.97 + 162.77 £ 5.09 161.84 £4.93 161.61 +4.29 162.26 + 6.18 0.358
16.46
Weight, kg 56.73+9.77 47.48 £3.45 52.21 +3.53 57.76 £ 3.53 69.9£9.1 0.000
BMI, kg/m2 21.55+3.59 17.92+0.97 19.91 £ 043 22.1+£0.79 26.57 £3.3 0.000
GDM, 1 (%) 48 (11.2) 6 (5.6) 8 (7.6) 11 (9.6) 23 (22.5) 0.000
Offspring characteristics
Birth weight, kg 3.40+0.48 3.33+042 3.34+£0.39 3.42+0.55 3.51+£0.51 0.021
Boy, 1 (%) 210 (48.8) 47 (43.5) 53 (50.5) 53 (46.1) 57 (55.9) 0.304
Height, cm 122.78 + 121.59 + 31.31 129.03 £ 4.91 118.81 + 36.96 123.35 + 31.01 0.242
29.93
Weight, kg 2558 +10.57 22.98 +8.83 26.37+7.8 2518 +10.25 28.15+13.12 0.070
BMI, kg/m2 15.89+4.42 14.58 +3.81 15.70 £ 4.00 16.20 £+ 3.69 17.25 +£5.81 0.025
Waist circumference, 58.70+10.79 54.33+12.76 58.33+7.08 59.15+9.32 63.13 £9.42 0.000
cm
Hip circumference, cm 69.04 +13.73 65.3 +14.55 69.17 £ 13.47 69.39 +7.36 72.14 £13.39 0.041
Chest circumference, 56.19+21.03 49.79 £ 22.55 53.44 +22.62 56.72 +16.15 63.41 +£14.73 0.003
cm
Waist-height ratio 0.46 + 0.05 0.44 +0.05 0.45 + 0.05 0.46 + 0.04 0.48 + 0.06 0.000
Waist-hip ratio 0.84 £0.08 0.83 £ 0.06 0.84 £0.07 0.84 £ 0.06 0.86 £0.12 0.292
Chest-height ratio 044 +£0.14 04+0.16 0.44 £0.12 041+£0.17 048 £0.11 0.023
CAP, dB/m 167.71 £ 151.76 + 37.01 164.33 +41.45 169.97 + 40.76 188.38 + 58.89 0.001
46.09
LSM, kPa 3.36 £0.75 3.31+0.8 3.52+0.8 3.35+0.73 34+071 0.480
Overweight, n (%) 37 (8.6) 4(3.7) 7(6.7) 5 (4.4) 21 (20.6) 0.000
Obesity, 1 (%) 14 (3.3) 0 (0) 0 (0) 2(1.7) 12 (11.8) 0.000
Fatty liver, n (%) 60 (14.0) 2(1.9) 10 (9.5) 19 (16.5) 29 (28.4) 0.001

BMI: Body max index; GDM: Gestational diabetes mellitus; CAP: Controlled attenuation parameter; LSM: Liver stiffness measurement.

The CAP values of the offspring gradually increased in the mothers with neither obesity nor GDM
(163.62 + 44.41) dB/m, GDM but no obesity (173.43 + 34.57) dB/m, obesity but no GDM (190.73 + 49.74)
dB/m to both obesity and GDM (202.15 + 61.55) dB/m (all P < 0.05) (Figure 2).

Association of maternal obesity and GDM with outcomes for offspring

Maternal obesity was positively associated with childhood fatty liver with OR 4.57 (95%CI: 1.96-10.67)
and childhood overweight/obesity with OR 5.73 (95%CI: 2.18-15.10) (Model 1). Further adjustment for
maternal age, nulliparity (Model 2), GDM status of the mother and birth weight (Model 3) did not
change the associations (Table 4).

Maternal GDM was also positively associated with childhood overweight/obesity, with an OR of 4.70
(95%CI: 1.72-12.81) (Model 1). Additionally, further adjustment for maternal age, nulliparity (Model 2),
and offspring birth weight (Model 3) did not change the associations. In addition, the association of
maternal GDM with childhood fatty liver was not statistically significant, with an OR of 2.39 (95%CI:
0.91-6.29) (Model 1) (Table 4).
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Table 2 Adjusted odds ratios (95% confidence interval) of offspring overweight/obesity and fatty liver according to quartiles of maternal

body max index

Quartiles of  Model 1 Model 2 Model 3
Pvalue P value Pvalue
BMI OR  95%Cl OR  95%Cl OR  95%Cl
Offspring fatty liver 1.21 1.1-1.33 0.000 1.21 1.1-1.34 0.000 1.23 1.11-1.36 0.000
Q1 Reference Reference Reference
Q2 5.84 0.67-50.67  0.109 5.70 0.65-49.77  0.115 5152} 0.63-48.36 0.123
Q3 9.76 1.21-78.83  0.033 9.60 1.18-77.79 0.034 9.50 1.17-77.33 0.035
Q4 26.3 3.21-2153  0.002 26.95 3.27-222.23  0.002 26.09 3.08-220.72  0.003
Offspring 1.19 1.07-1.33 0.002 1.19 1.07-1.33 0.002 1.20 1.07-1.34 0.002
overweight/ obesity
Q1 Reference Reference Reference
Q2 2.09 0.37-11.60  0.401 223 0.40-12.57  0.364 217 0.38-12.5 0.385
Q3 1.30 0.22-7.62 0.770 1.43 0.24-8.49 0.694 1.43 0.24-8.58 0.696
Q4 10.6 2.17-51.76  0.004 11.66 2.34-58.14 0.003 10.75 2.05-56.28 0.005

Model 1: Adjusted for offspring age and sex; Model 2: Further adjusted for maternal age and nulliparous; Model 3: Further adjusted for gestational

diabetes mellitus status of the mothers included in the model and offspring birth weight. OR: Odds ratio; CI: Confidence interval; BMI: Body mass index.
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DISCUSSION

In this prospective birth cohort, we assessed the causal association of maternal metabolic disorders with
offspring overweight/obesity and fatty liver in Han Chinese populations. This study demonstrated that
high maternal BMI increased the odds of both childhood overweight/obesity and fatty liver,
independent of maternal age, offspring birth weight, and childhood waist circumference at 8 years of
age. Furthermore, maternal pregnancy glucose concentrations were positively correlated with offspring
CAP values at school age. These two findings corroborated that the negative impacts of maternal
obesity and impaired glucose metabolism on offspring livers are long-term and not merely limited to
infancy.

More impressively, the negative effects of maternal obesity and impaired glucose metabolism might
vary in degree. A recent cohort study based on magnetic resonance imaging found that maternal early-
pregnancy glucose levels were associated with a 1.95-fold increase in odds of offspring non-alcoholic
fatty liver disease (NAFLD) only among mothers of European ancestry[13]. In our study, maternal
blood samples were collected in the second trimester. We observed that maternal mid-pregnancy
glucose levels had only a weak relation with offspring fatty liver among Han Chinese populations,
while maternal obesity was more strongly associated with offspring fatty liver than GDM.

Maternal obesity and impaired glucose metabolism have lasting impacts on offspring hepatic health
through epigenetic, dietary, and metabolic factors[14,15]. A sibling comparison cohort reported that
maternal weight gain was aligned with the odds of offspring obesity[16], suggesting that maternal
overnutrition may be a predisposing factor for offspring metabolic dysbiosis. This conclusion was also
validated in some animal models, such as macaques and mice, and investigators found that reversing
the high-fat diet to a low-fat diet during the subsequent pregnancy alleviated offspring hepatic lipid
accumulation[17-19]. In terms of mechanisms, one study demonstrated that maternal obesity might
render innate immunity dysfunctional, and another study observed that maternal obesity accelerated
the progression of offspring NAFLD through activation of lipogenesis and oxidative stress pathways[20,
21].

Our observations were mutually verified with previous studies and have several differences as
follows. Two studies focused on the relation between maternal factors and infant hepatic fat[22,23].
Modi et al[23] observed that increasing maternal BMI might initiate lipid accumulation in infant livers.
Subsequently, Brumbaugh and colleagues reported that infants of GDM mothers had greater hepatic
steatosis than infants of non-GDM mothers[22]. In contrast, our study revealed the relatively long-term
health outcomes in school-age children to corroborate that such associations might predispose children
to fatty liver later in life.

Another study in obese mothers observed a positive relation with offspring ultrasound-diagnosed
NAFLD during adolescence. However, ultrasound has limited power to detect mild steatosis and cannot
quantify histological characteristics such as hepatic lipid content and liver stiffness. In our studies, we
assessed pediatric liver pathology through TE, which is a reliable noninvasive diagnostic tool for
fibrosis assessment in NAFLD[24]. Meanwhile, a biopsy-confirmed study reported that an association
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Table 3 Characteristics of mothers with and without gestational diabetes mellitus and their offspring at follow-up

Variables Mother without GDM (n = 382) Mother with GDM (n = 48) P value
Maternal characteristics

Age, yr 29.25£5.1 29.98 £3.17 0.172
Height, cm 163.12 +17.48 162.02 + 4.96 0.336
Weight, kg 56.16 £ 9.65 61+9.47 0.001
BMI, kg/m? 21.33 £3.59 23.22+3.28 0.000
Obesity, 1 (%) 42 (11.0) 20 (41.7) 0.000

Children characteristics

Birth weight, kg 3.41+0.45 3.37 £0.61 0.653
Boy, 1 (%) 186 (49.1) 25 (52.1) 0.699
Height, cm 122.19 + 30.67 125.07 + 25.75 0.597
Weight, kg 25.13 £10.28 29.15+10.38 0.058
BMI, kg/m? 15.74 £ 4.43 17.72 £3.94 0.024
Waist circumference, cm 58.2+10.79 61.39 £10.23 0.148
Hip circumference, cm 68.15+13.73 73.83+7.94 0.003
Chest circumference, cm 54.38 +21.03 64.48 +7.96 0.000
Waist-height ratio 0.46 +0.05 0.47 £0.07 0.202
Waist-hip ratio 0.85+0.08 0.83 +£0.07 0.265
Chest-height ratio 0.43 £0.15 0.49 £0.05 0.024
CAP, dB/m 166.49 + 45.65 187.26 +50.59 0.029
LSM, kPa 3.36 £0.75 3.53 +0.77 0.303
Overweight, 1 (%) 25 (6.5) 12 (25.0) 0.000
Obesity, 1 (%) 10 (2.6) 4 (8.3) 0.000
Fatty liver, 1 (%) 48 (12.6) 12 (25.0) 0.073

BMI: Body max index; GDM: Gestational diabetes mellitus; CAP: Controlled attenuation parameter; LSM: Liver stiffness measurement.

between parental obesity and offspring liver fibrosis was found in Italians[25]. As maternal impaired
glucose metabolism was only related to offspring NAFLD in Europeans[13], the association between
maternal obesity and progression of NAFLD in offspring may also differ across ethnic groups and the
possible mechanisms need to be explored[26,27].

To the best of our knowledge, the present study is the first prospective birth cohort to assess the
causal relationship between maternal metabolic dysbiosis and the odds of fatty liver in offspring. After
adjustment for multiple regression models, the results were rigorous and trustworthy. Nonetheless,
there are still several limitations that are worthy of discussion. First, to date, there is no widely accepted
threshold of TE to detect childhood liver steatosis and fibrosis[28]. We used the 95th percentile cutoff
values reported in a large health check-up cohort of preschool children as a surrogate threshold for this
study[4]. Second, in this cohort, only 11.1% of mothers developed GDM during pregnancy, which
reflected the true prevalence of GDM in the Chinese population. However, the small number of mothers
with GDM might lead to type-2 statistical errors. Further nested case-control studies can address this
issue and are recommended. Ultimately, single nucleotide polymorphisms of the patatin-like
phospholipase domain containing 3, transmembrane 6 superfamily member 2, glucokinase regulatory
protein, and several other susceptibility genes were not determined in this cohort. Further studies are
needed to explore whether a predisposed genetic background mediates the influence of maternal
metabolic dysbiosis on offspring NAFLD.

With the rapid spread of childhood fatty liver, it is urgent to develop preventive strategies against
childhood fatty liver. In this regard, the current observations could be applied to the primary prevention
of childhood obesity and fatty liver. The earliest timepoints of primary prevention of pediatric fatty liver
could be before pregnancy. Weight management and glycemic control before and during pregnancy
may help to promote liver and metabolic health status in children. Furthermore, lifestyle intervention
before pregnancy is worth further investigation.
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Table 4 Adjusted odds ratios for the association of maternal obesity and gestational diabetes mellitus with outcomes among children

in a follow-up study

) Model 1 Model 2 Model 3
Outcomes Risk factors P value P value P value
OR 95%ClI OR 95%Cl OR 95%CI

Fatty liver Maternal obesity ~ 4.57 1.96-10.67  0.000 4.79 2.03-11.31  0.000 4.64 1.82-11.87  0.001
GDM 2.39 0.91-629  0.077 245 0.93-649  0.071 249 0.94-661  0.068
Maternal obesity ~ 7.19 2152413 0.001 7.72 2.25-2646  0.001 8.26 2.38-2875  0.001
and GDM

Overweight/ obesity Maternal obesity ~ 5.73 2181510  0.000 5.69 2.14-1510  0.000 415 1.44-11.97  0.009
GDM 4.70 1.72-12.81  0.003 485 1.76-13.37  0.002 4.84 1.76-13.36  0.002
Maternal obesity ~ 16.97 4.07-70.88  0.000 16.97 4.07-70.88  0.000 17.22 4.08-72.79  0.000
and GDM

Model 1: Adjusted for offspring age and sex; Model 2: Further adjusted for maternal age and nulliparity; Model 3: Further adjusted for offspring birth
weight. OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; GDM: Gestational diabetes mellitus.
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Figure 2 Controlled attenuation parameter values of the children of mothers with or without gestational diabetes mellitus and/or obesity.
CAP: Controlled attenuation parameter; GDM: Gestational diabetes mellitus.
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CONCLUSION

In this study, maternal obesity increased the odds of both fatty liver and obesity in offspring,
independent of maternal age, GDM status and offspring birth weight at 8 years of age. On another note,
the association between maternal GDM and childhood fatty liver trended toward significance in the
Chinese population, and this association needs to be confirmed in studies with larger sample sizes. To
prevent these intergenerational predisposing factors, weight management and glycemic control before
and during pregnancy need to be highlighted for primary prevention of pediatric fatty liver.

ARTICLE HIGHLIGHTS

Research background

Associations were found among childhood obesity, fatty liver and adverse outcomes such as diabetes,
metabolic syndrome, and cardiovascular diseases in adulthood. It is important to identify relevant risk
factors and intervene as early as possible.

Research motivation
We aimed to discover the possible relationship between metabolic factors in mothers and offspring.
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Research objectives
We aimed to estimate the association of maternal obesity and gestational diabetes mellitus (GDM) with
overweight/obesity and fatty liver risk in offspring.

Research methods

The mothers in the study all underwent a 75 g oral glucose tolerance test at 24-28 wk of gestation, and
their offspring completed follow-up at 8 years of age. An examination was prospectively conducted in
offspring using a FibroScan-502 with an M probe (Echosens, Paris, France).

Research results

A total of 430 mother-child pairs were included in the analysis. The prevalence of overweight, obesity
and fatty liver in offspring increased significantly across maternal BMI quartiles and among mothers
with GDM (all P < 0.05). In the multiple logistic regression analysis, after adjustment for variables, the
OR for fatty liver in offspring was 8.26 (95%CI: 2.38-28.75) for participants with maternal obesity and
GDM.

Research conclusions
Maternal obesity can increase the odds of overweight/obesity and fatty liver in offspring, and GDM
status also increases the odds of overweight/obesity in offspring.

Research perspectives
To prevent these intergenerational predisposing factors, weight management and glycemic control
before and during pregnancy need to be emphasized for primary prevention of pediatric fatty liver.
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Abstract

BACKGROUND

Acute gallstone pancreatitis (AGP) is the most common cause of acute pancreatitis
(AP) in the United States. Patients with AGP may also present with choledocho-
lithiasis. In 2010, the American Society for Gastrointestinal Endoscopy (ASGE)
suggested a management algorithm based on probability for choledocholithiasis,
recommending additional imaging for patients at intermediate risk and
endoscopic retrograde cholangiopancreatography (ERCP) for patients at high risk
of choledocholithiasis. In 2019, the ASGE guidelines were updated using more
specific criteria to categorize individuals at high risk for choledocholithiasis.
Neither ASGE guideline has been studied in AGP to determine the probability of
having choledocholithiasis.

AIM
To determine compliance with ASGE guidelines, assess outcomes, and compare
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2019 vs 2010 ASGE criteria for suspected choledocholithiasis in AGP.

METHODS

We conducted a retrospective cohort study of 882 patients admitted with AP to a single tertiary
care center from 2008-2018. AP was diagnosed using revised Atlanta criteria and AGP was defined
as the presence of gallstones on imaging or with cholestatic pattern of liver injury in the absence of
another cause. Patients with chronic pancreatitis and pancreatic malignancy were excluded as
were those who went directly to cholecystectomy prior to assessment for choledocholithiasis.
Patients were assigned low, intermediate or high risk based on ASGE guidelines. Our primary
outcomes of interest were the proportion of patients in the intermediate risk group undergoing
magnetic resonance cholangiopancreatography (MRCP) first and the proportion of patients in the
high risk group undergoing ERCP directly without preceding imaging. Secondary outcomes of
interest included outcome differences based on if guidelines were not adhered to. We then
evaluated the diagnostic accuracy of 2019 in comparison to the 2010 ASGE criteria for patients
with suspected choledocholithiasis. We performed the ¢ test or Wilcoxon rank sum test, as
appropriate, to analyze if there were outcome differences based on if guidelines were not adhered
to. Kappa coefficients were calculated to measure the degree of agreement between pairs of
variables.

RESULTS

In this cohort, we identified 235 patients with AGP of which 79 patients were excluded as they
went directly to surgery for cholecystectomy without prior MRCP or ERCP. Of the remaining 156
patients, 79 patients were categorized as intermediate risk and 77 patients were high risk for
choledocholithiasis according to the 2010 ASGE guidelines. Among 79 intermediate risk patients,
54 (68%) underwent MRCP first whereas 25 patients (32%) went directly to ERCP. For the 54
patients with intermediate risk who had MRCP first, 36 patients had no choledocholithiasis while
18 patients had evidence of choledocholithiasis prompting ERCP. Of these patients, ERCP
confirmed stone disease in 11 patients. Of the 25 intermediate risk patients who directly
underwent ERCP, 18 patients had stone disease. One patient with a normal ERCP developed post
ERCP pancreatitis. Patients undergoing MRCP in this group had a significantly longer length of
stay (5.0 vs 4.0 d, P = 0.02). In the high risk group, 64 patients (83%) had ERCP without preceding
imaging, of which, 53 patients had findings consistent with choledocholithiasis, of which 13
patients (17%) underwent MRCP before ERCP, all of which showed evidence of stone disease.
Furthermore, all of these patients ultimately had an ERCP, of which 8 patients had evidence of
stones and 5 had normal examination.

RESULTS

Our cohort also demonstrated that 58% of all 156 patients with AGP had confirmed choledocho-
lithiasis (79% of the high risk group and 37% of the intermediate group when risk was assigned
based on the 2010 ASGE guidelines). When the updated 2019 ASGE guidelines were applied
instead of the original 2010 guidelines, there was moderate agreement between the 2010 and 2019
guidelines (kappa = 0.46, 95%CI: 0.34-0.58). Forty-two of 77 patients were still deemed to be high
risk and 35 patients were downgraded to intermediate risk. Thirty-five patients who were
originally assigned high risk were reclassified as intermediate risk. For these 35 patients, 26
patients had ERCP findings consistent with choledocholithiasis and 9 patients had a normal
examination. Based on the 2019 criteria, 9/35 patients who were downgraded to intermediate risk
had an unnecessary ERCP with normal findings (without a preceding MRCP).

CONCLUSION

Two-thirds in intermediate risk and 83% in high risk group followed ASGE guidelines for
choledocholithiasis. One intermediate-group patient with normal ERCP had post-ERCP AP,
highlighting the risk of unnecessary procedures.

Key Words: American Society for Gastrointestinal Endoscopy guidelines; Choledocholithiasis; Acute
gallstone pancreatitis; Endoscopic retrograde cholangiopancreatography; Magnetic resonance cholan-
giopancreatography

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: We demonstrated that more than half of patients with acute gallstone pancreatitis (AGP) have
choledocholithiasis. We also found that approximately 2/3 of patients in the intermediate group and 83%
of patients in the high risk group followed American Society for Gastrointestinal Endoscopy guidelines for
management of choledocholithiasis in the setting of AGP. There was associated longer length of stay for
patients undergoing magnetic resonance cholangiopancreatography (MRCP) in both groups. Importantly,
one patient who had a normal endoscopic retrograde cholangiopancreatography (ERCP) in the
intermediate group without preceding MRCP suffered from post ERCP pancreatitis, highlighting the risk
of unnecessary procedures.

Citation: Tintara S, Shah I, Yakah W, Ahmed A, Sorrento CS, Kandasamy C, Freedman SD, Kothari DJ, Sheth SG.
Evaluating the accuracy of American Society for Gastrointestinal Endoscopy guidelines in patients with acute
gallstone pancreatitis with choledocholithiasis. World J Gastroenterol 2022; 28(16): 1692-1704

URL: https://www.wjgnet.com/1007-9327/full/v28/i116/1692.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i16.1692

INTRODUCTION

Acute gallstone pancreatitis (AGP) is the most common cause of acute pancreatitis (AP) in the United
States[1]. Patients with AGP may also present with choledocholithiasis as the occurrence of common
bile duct (CBD) stones is present in up to 15% of patients with gallstones[2]. The diagnosis of
choledocholithiasis is challenging and requires a high degree of suspicion as it often cannot be made
conclusively without invasive procedures like endoscopic retrograde cholangiopancreatography (ERCP)
[3]. In 2010, the American Society for Gastrointestinal Endoscopy (ASGE) suggested a management
algorithm based on probability for choledocholithiasis to assist in risk stratifying patients[4]. These
guidelines stratify patients into those with high, intermediate, and low risk based on clinical criteria,
liver tests, and abdominal ultrasound. High risk (> 50% probability of choledocholithiasis) is defined as
the presence of any very strong predictor (clinical ascending cholangitis, CBD stone seen on ultrasound,
and/or total bilirubin > 4 mg/dL) or the presence of both strong predictors (CBD dilated more than 6
mm and bilirubin 1.8-4 mg/dL). Intermediate risk (10%-50% probability of choledocholithiasis) is
defined as presence of age > 55, clinical gallstone pancreatitis, any other abnormal liver test. Finally, low
risk patients do not have any of these features[4].

These guidelines aim to provide evidence-based recommendations with the goal of optimizing the
efficacy and safety of patient care by minimizing the morbidity and cost from unnecessary invasive
biliary evaluation. Furthermore, they recommend imaging [i.e. magnetic resonance cholangiopancreato-
graphy (MRCP) or endoscopic ultrasound (EUS)] for patients with intermediate risk and ERCP for
patients with high probability of choledocholithiasis[4].

In 2019, the ASGE guidelines were updated using more specific criteria to categorize individuals at
high-risk for choledocholithiasis[5]. These updated criteria propose that high-risk patients are those
with elevated total bilirubin > 4 mg/dL and dilated CBD. The presence of only elevated total bilirubin >
4 or total bilirubin 1.8-4 with dilated CBD are no longer in the criteria for the high-risk group. These
guidelines still recommend ERCP for those with high risk and imaging (MRCP or EUS) for those with
intermediate risk for choledocholithiasis[6]. Additionally, clinical gallstone pancreatitis was removed as
one of the criteria for assigning intermediate risk[6].

Neither ASGE guideline has been studied in AGP to determine the probability of having choledocho-
lithiasis. Thus, our study aimed to determine the true incidence of choledocholithiasis in patients with
AGP and determine compliance with the guidelines at our institution and assess outcomes when
guidelines were not adhered to. In our patient population of AGP, we also evaluated the performance
and diagnostic accuracy of 2019 vs 2010 ASGE criteria for suspected choledocholithiasis in patients with
AGP.

MATERIALS AND METHODS

Data source, patient selection and study design
This retrospective observational cohort study was approved by Beth Israel Deaconess Medical Center
institutional review board. This manuscript adheres to the applicable STROBE reporting guidelines for
cohort studies.

We performed a review of all adult (age > 18) patients with a discharge diagnosis of AP who were
admitted to our tertiary center between January 1, 2008 and December 31, 2018. The diagnosis of AP
was confirmed by a review of the electronic medical record to ensure all patients met the 2012 Revised
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Atlanta Criteria for the diagnosis of AP (at least two of the following three criteria: epigastric pain,
elevation of serum lipase level > three times the upper limit of normal, and/or evidence of pancreatitis
on cross-sectional imaging)[7]. Patients with chronic pancreatitis or known pancreatic malignancy were
excluded from the study. AGP was defined as the presence of gallstones on imaging or with cholestatic
pattern of liver injury in the absence of another cause. Patients who directly went to surgery for
cholecystectomy without having either MRCP or ERCP were excluded.

Several parameters including demographic, clinical, laboratory, and radiologic data of the study
population were collected. The severity of AP was defined based on the 2012 Revised Atlanta Criteria
with mild defined as AP without any local or systemic complications, moderately severe as AP with
transient (< 48 h) end-organ failure with or without local complications), and severe as AP with
persistent (> 48 h) end-organ damage with or without local complications)[7]. The severity of AP in each
patient was also characterized based on the bedside index for severity of AP (BISAP) score[8,9].

Study groups and outcomes of interest

Our cohort of interest was divided based on their risk for choledocholithiasis. These included: low,
intermediate or high risk based on the 2010 ASGE guidelines. Since the guidelines defined AGP as at
least intermediate risk, no patients were in the low risk category, thus leaving only two groups. We then
compared demographic characteristics, comorbidities, and outcomes between the two groups.

Our primary outcomes of interest were the proportion of patients in the intermediate risk group
undergoing MRCP first and the proportion of patients in the high risk group undergoing ERCP directly
without preceding imaging. Secondary outcomes of interest included outcome differences based on if
guidelines were not adhered to. We then evaluated the diagnostic accuracy of the 2019 in comparison to
the 2010 ASGE criteria for patients with suspected choledocholithiasis. Additionally, we calculated the
sensitivity and specificity of the 2010 and 2019 ASGE guidelines for patients categorized as high risk
and intermediate risk for choledocholithiasis. Evidence of choledocholithiasis on ERCP was used as the
gold standard for true positives.

Statistical analysis

All data analysis was performed using R software (version 3.6.1, R Core Team 2018a) within RStudio
(version 1.1463, RStudio, Inc) via the tidyverse (Wickham, 2017) package. Continuous variables were
presented as means with range and standard deviation. These were analyzed using the t-test or
Wilcoxon rank sum test, as appropriate. Categorical variables were presented as frequencies (%) and
analyzed using the Pearson ¥ test or Fisher’s exact test, as deemed appropriate. Univariate analyses
comparing several characteristics and outcomes between the two groups were performed. A significant
P value was assigned at 0.05. To determine concordance between the 2019 and 2010 guidelines, Kappa
coefficients were calculated to measure the degree of agreement between pairs of variables.

RESULTS

Patient characteristics

In our cohort, 882 patients with AP were hospitalized of which 235 patients had AGP. Seventy-nine
patients were excluded as they went directly to surgery for cholecystectomy without prior MRCP or
ERCP. These 79 patients had mild AP with resolution of abdominal pain and rapid normalization of
liver enzymes suggesting that CBD stones had likely already passed. Moreover, these patients had
abdominal ultrasound that showed normal size CBD. Thus, these patients directly underwent
cholecystectomy without preceding ERCP or MRCP.

Of the remaining 156 patients, 79 patients were categorized as intermediate risk (Tables 1 and 2) and
77 patients were high risk (Tables 3 and 4) for choledocholithiasis according to the 2010 ASGE
guidelines.

Baseline characteristics and demographics are summarized in Table 5. When comparing
demographics between the intermediate risk and high risk groups, there was no difference in age,
gender, race, Charlson Comorbidity Index, severity of pancreatitis and baseline BISAP. Patients in the
high risk group had a higher BMI than those in the intermediate group (29.0 vs 29.6, P = 0.05). While
most of the baseline laboratory data were similar in both groups, total bilirubin was significantly higher
in the high risk group (4.04 mg/dL vs 1.32 mg/dL, P < 0.01). Further, alanine aminotransferase and
alkaline phosphatase were higher in the high risk groups and approached significance (335 IU/L vs 241
IU/L, P =0.06 and 196 IU/L vs 156 IU/L, P = 0.07, respectively) (Table 5).

Intermediate risk

Seventy-nine patients were assigned to have intermediate risk of choledocholithiasis based on the 2010
ASGE criteria. In this group, 45 were older than 55 years-old, 73 had abnormal liver tests and 22 had
dilated CBD or total bilirubin of 1.8-4.0mg/dL (Table 1). Thirty-three patients met all 4 criteria for
intermediate risk group, while 45 patients met 3 criteria, 1 patient met 2 criteria and no patients met
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Table 1 Patients categorized as intermediate risk for choledocholithiasis, n = 79

Number of patients meeting criteria

Dilated common bile duct greater than 6 mm or total bilirubin 1.8-4.0 mg/dL (only one) 22
Abnormal liver biochemical other than bilirubin 73
Age greater than 55 yr 45
Acute gallstone pancreatitis 79

Table 2 Number of criteria met for patients categorized as intermediate risk for choledocholithiasis, n = 79

Number of patients

1 criterion 0
2 criteria 1
3 criteria 45
4 criteria 33

Table 3 Patients categorized as high risk for choledocholithiasis, n = 77

Numbers patients meeting criteria

Cholangitis 1

Common bile duct stone on imaging 12
Total Bilirubin greater than 4.0 mg/dL 38
Dilated common bile duct greater than 6 mm and total bilirubin 1.8-4.0 mg/dL 31

Table 4 Number of criteria met for patients categorized as high risk for choledocholithiasis, n = 77

Number of patients
1 criterion 75
2 criteria 2
3 criteria 0
4 criteria 0

only 1 criterion (Table 2).

Among 79 intermediate risk patients, 54 (68%) underwent MRCP first whereas 25 patients (32%) went
directly to ERCP (Figure 1). For the 54 patients with intermediate risk who had MRCP first, 18 patients
had evidence of choledocholithiasis prompting ERCP, while 36 patients had imaging that did not show
choledocholithiasis. Of the 18 patients undergoing ERCP after MRCP, 11 patients had choledocho-
lithiasis, whereas 7 patients had normal examinations. There were no complications from ERCP noted in
this group.

Of the 25 intermediate risk patients who directly underwent ERCP, 18 patients had choledocho-
lithiasis whereas 7 patients had a normal ERCP (Figure 1). Notably, one of these patients with a normal
ERCP developed post ERCP pancreatitis. Patients undergoing MRCP first in this group had a
significantly longer length of stay (LOS, 5.0 vs 4.0 d, P = 0.02). They also had higher incidence of
pancreatic necrosis (33% vs 8%, P = 0.03) and higher rate of 1-year readmission (52% vs 20%, P = 0.02)
(Table 6). There were multiple causes of readmissions in our cohort such as diverticulitis, autonomic
dysfunction, pneumonia and urinary tract infection. The 1-year readmission rates for recurrence of acute
gallstone pancreatitis or choledocholithiasis were 9% for patients who had MRCP first and 8% for those
who directly underwent ERCP, likely because some of them refused or did not undergo
cholecystectomy.

High risk
Seventy-seven patients were assigned to have high risk of choledocholithiasis based on the 2010 ASGE
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Table 5 Demographics of gallstone pancreatitis patients with intermediate and high risk for choledocholithiasis

Intermediate risk (n = 79) High risk (n =77) Pvalue
Age (yr) mean = SD 58.6+19.2 581+17.3 0.86
BMI (kg/m?) mean z SD 29.0 £6.83 29.6 £9.82 0.05
Female 44 (60%) 45 (58%) 0.95
Race 0.70
White 50 (72%) 51 (68%)
Black 15 (22%) 15 (20%)
Other 4(6%) 9 (12%)
Charlson Comorbidity Index 0.60
0 17 (23%) 19 (25%)
1to2 24 (33%) 20 (26 %)
3to5 21 (29%) 29 (38%)
6 and above 11 (15%) 9 (12%)
Baseline laboratory
Creatinine (mg/dL) mean + SD 0.98 + 0.55 0.94 +0.68 0.71
White blood cell count (K/L) mean + SD 114 +4.64 1214727 0.49
Lactate (mmol/L) mean + SD 1.60 +£1.33 1.75+1.44 0.63
Lipase (IU/L) mean + SD 4012 + 5264 3576 + 4699 0.60
ALT (IU/L) mean + SD 241 £ 269 335 + 324 0.06
AST (IU/L) mean * SD 232 + 280 294 + 269 0.18
Alkaline phosphatase (IU/L) mean + SD 156 + 130 196 + 140 0.07
Total bilirubin (mg/dL) mean + SD 1.32+0.78 4.04 +2.06 <0.01
Presence of gallstone on imaging 79 (100%) 77 (100%) 0.91
Severity of pancreatitis
Mean BISAP + SD 0.90 £0.91 0.88 £0.88 0.90
Modified Atlanta Criteria 0.13
Mild 57 (72%) 63 (83%)
Moderate 21 (27%) 10 (13%)
Severe 1(1%) 3 (4%)

BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BISAP: Bedside index of severity in acute pancreatitis.

criteria. In this group, 1 patient was suspected to have cholangitis, 38 patients had total bilirubin > 4.0
mg/dL, 12 patients had CBD stone on imaging, and 31 patients had dilated CBD with total bilirubin 1.8-
4.0 mg/dL (Table 3). Seventy-five patients met 1 criterion for high risk group and 2 patients met 2
criteria. No patient met 3 or more criteria (Table 4).

In this group, 64 patients (83%) had ERCP without preceding imaging, of which, 53 patients had
findings consistent with choledocholithiasis (27 patients with stones and 26 patients with sludge) while
10 had a normal examination (Figure 2). In comparison, 13 patients in this group (17%) underwent
MRCP before ERCP, all of which showed evidence of stone disease. Furthermore, all of these patients
ultimately had an ERCP, of which 8 patients had evidence of choledocholithiasis and 5 had normal
examination (Figure 2). Two of the 13 patients who underwent imaging first due to altered luminal
anatomy and body habitus. For the remaining 11 patients, there was no identifiable reason for not
directly proceeding to ERCP.

As with the intermediate group, for the high risk group, the MRCP-first group had longer LOS
compared to ERCP-first group which approached significance (4.28 vs 3.00 days, P = 0.08). There were
no significant differences in outcomes such as readmission rate, 1-year mortality between the two
groups (Table 6).
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Table 6 Outcomes of patients with intermediate and high risk for choledocholithiasis

Intermediate risk (n = 79) High risk (n = 77)

Outcomes ERCP first (n=25) MRCP first (n=54) Pvalue ERCP first(n=64) MRCP first(n=13) P value
Mean length of stay (Q1; Q3) 4.00 (2.74; 5.00) 5.00 (4.00; 8.00) 0.02 3.00 (2.54; 5.00) 4.38 (4.00; 6.00) 0.08
30-d readmission (%) 3 (12.0%) 11 (20.8%) 053 6 (9.52%) 2 (16.7%) 0.61
1-yr readmission (%) 5 (20.0%) 28 (51.9%) 0.02 19 (29.7%) 7 (53.8%) 0.11
1-yr mortality (%) 0 (0.00%) 1(1.85%) 0.09 1 (1.56%) 0 (0.00%) 1.00
Pancreas necrosis (%) 2 (8.0%) 18 (33.3%) 0.03 6 (10.7%) 3 (35.0%) 0.19
Days to enteral nutrition (Q1; Q3) 2.0 (1.00; 2.50) 2.50 (1.00; 4.00) 0.16 2.00 (1.00; 2.00) 3.00 (2.00; 4.00) 0.10

ERCP: Endoscopic retrograde cholangiopancreatography; MRCP: Magnetic resonance cholangiopancreatography.

Choledocholithiasis

present
n=11
Underwent ERCP
n =18
Choledocholithiasis Choledocholithiasis
present absent
Patients undergoing n =18 Did not undergo n=7
MRCP first ERCP
n =54 n=20
Choledocholithiasis
absentn = 36
Patients at
intermediate risk
n=79 Choledocholithiasis
present
n =18

Patients who went
directly to ERCP
n =25

Choledocholithiasis
absent
n=7

DOT: 10.3748/wjg.v28.i16.1692 Copyright ©The Author(s) 2022.

Figure 1 Patients at intermediate risk for choledocholithiasis. MRCP: Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde
cholangiopancreatography.

Incidence of confirmed choledocholithiasis in patients with AGP

Our cohort also demonstrated that of all 156 patients with AGP, 90 (58%) were found to have
choledocholithiasis on ERCP. When stratified by assigned choledocholithiasis risk based on the 2010
ASGE guidelines, 61 of 77 patients in the high risk group (79%) and 29 of 79 patients in the intermediate
risk group (37%) were found to have choledocholithiasis (Figure 3).

Comparison to the 2019 ASGE guidelines

Our cohort of patients was admitted to the hospital between 2008 and 2018, thus the 2010 ASGE
guideline were used in the above analysis. We then applied the 2019 criteria to this group to see how
results may have changed. There was moderate agreement between the classifications by the 2010 and
2019 guidelines (kappa = 0.46, 95%CI: 0.34-0.58). When the 2019 ASGE guidelines were applied to our 79
patients with intermediate risk for choledocholithiasis, all of these patients were still assigned
intermediate risk. Among the 77 patients in the high risk group, when the updated 2019 ASGE
guidelines were applied instead of the original 2010 guidelines, 42 patients were still deemed to be high
risk and 35 patients were downgraded to intermediate risk. In the high risk group, 34 of 42 who still
remained high risk went directly to ERCP of which showed 28 patients had a confirmatory findings of
choledocholithiasis and 5 patients had a normal examination (Figure 4).

Thirty-five patients who were originally assigned high risk were then reclassified as intermediate risk
(Figure 4). For these 35 patients, 26 patients had ERCP findings consistent with choledocholithiasis and
9 patients had a normal examination. In further review of those patients with a normal ERCP, 5 patients
had a bilirubin of > 4 mg/dL and 4 patients had a dilated CBD and a bilirubin of 1.8 to 4 mg/dL. Hence,
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Figure 2 Patients categorized as high risk by American Society for Gastrointestinal Endoscopy guidelines. MRCP: Magnetic resonance
cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography. 'One patient's procedure could not be completed due to failure of bile duct

cannulization.
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Figure 3 Patients with choledocholithiasis. AGP: Acute gallstone pancreatitis.
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based on the 2019 criteria, 9 out of 35 patients who were downgraded to intermediate risk had an
unnecessary ERCP with normal findings (without a preceding MRCP).

Finally, the sensitivity and specificity of the 2010 and 2019 ASGE guidelines in assessing choledocho-
lithiasis were calculated (Tables 7-10). In our cohort of patients with AGP, the 2010 ASGE criteria for
predicting high risk for choledocholithiasis had a sensitivity of 67.8% and specificity of 75.8%. On the
other hand, the 2019 ASGE criteria for predicting high risk for choledocholithiasis had a sensitivity of
38.2% and specificity of 89.4%.

DISCUSSION

AGP is the most common cause of AP in the United States accounting for approximately one-third of all
cases[1]. Furthermore, given the potential for comorbid choledocholithiasis, patients with AGP should
be evaluated for CBD stone disease[2]. In our cohort of patients with AGP, 37% of patients with
intermediate risk and 79.2% of patients with high risk for choledocholithiasis based on the 2010 ASGE
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Table 7 Sensitivity and specificity of 2010 American Society for Gastrointestinal Endoscopy guidelines for predicting high risk of

choledocholithiasis in patients with acute gallstone pancreatitis

Choledocholithiasis present Choledocholithiasis not present
Positive for high risk criteria 61 16
Negative for high risk criteria 29 50

Sensitivity = 67.8%; specificity = 75.8%.

Table 8 Sensitivity and specificity of 2010 American Society for Gastrointestinal Endoscopy guidelines for predicting intermediate risk

of choledocholithiasis in patients with acute gallstone pancreatitis

Choledocholithiasis present Choledocholithiasis not present
Positive for intermediate risk criteria 29 50
Negative for intermediate risk criteria 61 16

Sensitivity = 82.9%; specificity = 24.2%.

Table 9 Sensitivity and specificity of 2019 American Society for Gastrointestinal Endoscopy guidelines for predicting high risk of

choledocholithiasis in patients with acute gallstone pancreatitis

Choledocholithiasis present Choledocholithiasis not present
Positive for intermediate risk criteria 34 8
Negative for intermediate risk criteria 55 59

Sensitivity = 38.2%; specificity = 88.1%.

Table 10 Sensitivity and specificity of 2019 American Society for Gastrointestinal Endoscopy guidelines for predicting intermediate risk

of choledocholithiasis in patients with acute gallstone pancreatitis

Choledocholithiasis present Choledocholithiasis not present
Positive for intermediate risk criteria 55 59
Negative for intermediate risk criteria 34 8

Sensitivity = 61.8%; specificity = 11.9%.

guidelines had documented CBD stone disease. When combined, our data demonstrated that the true
incidence of choledocholithiasis in patients with AGP is 58%. The overall high prevalence of concurrent
choledocholithiasis in patients with AGP may help explain the relatively high risk of recurrent pancre-
atitis in patients with AGP[10].

The ASGE published guidelines in 2010 which proposed a risk stratification system to clarify how to
best manage patients with suspected choledocholithiasis, categorizing patients into low, intermediate
and high risk[4].

In this scheme, patients at high risk are recommended to undergo ERCP directly without further
imaging and those at intermediate risk should have additional imaging with MRCP or EUS. Those at
low risk require no further evaluation. In this study, we aimed to apply these guidelines to patients
admitted with AGP to a single tertiary care center over 10 years and determine what effect deviation
had on outcomes.

In our cohort of 156 patients, approximately one-half of patients were either classified as intermediate
or high risk. Since all patients in our cohort had AGP and the presence of AGP was a criteria for at least
intermediate risk for choledocholithiasis according to the 2010 ASGE guidelines, no patients in our
cohort were considered low risk for choledocholithiasis. After applying the guidelines to these groups,
76% of patients (54 patients in the intermediate group and 64 patients in the high risk group) were
managed in accordance to the ASGE recommendations and 24% of patients (25 patients in the
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Figure 4 Patients at high risk based on 2010 American Society for Gastrointestinal Endoscopy guidelines now re-stratified based on 2019
guidelines. MRCP: Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography. 'One patient's procedure could not
be completed due to failure of bile duct cannulization.

Jaishideng®

WJG | https://www.wjgnet.com 1701

intermediate group and 13 patients in the high risk group) deviated from the guidelines. Specifically in
the intermediate group, 7 patients who had an ERCP first had a normal examination suggesting that an
inappropriate procedure was performed and importantly, one of these patients suffered from post-
ERCP pancreatitis. These 7 intermediate risk patents who directly underwent ERCP and had normal
findings did not receive EUS or MRCP. Thus, it may be prudent to consider EUS to evaluate for
choledocholithiasis to prevent unnecessary ERCPs. Furthermore, all 13 of the patients in the high risk
group who underwent MRCP prior to ERCP had a positive finding, suggesting an unnecessary test (i.e.
MRCP) was performed first. Importantly, patients who underwent MRCP prior to ERCP were found to
have longer hospital lengths of stay and delays in initiation of enteral feeding.

The ASGE guidelines provide evidence-based recommendations with the goal of optimizing the
efficacy and safety of patient care. Additionally, a study has shown that adherence to ASGE guidelines
also result in cost-saving from unnecessary imaging studies[3]. Accordingly, patients with intermediate
risk (10%-50%) should undergo additional imaging because the risk of choledocholithiasis is too low to
warrant proceeding directly to ERCP[6]. MRCP is often preferred in patients with pancreatitis who have
intermediate risk for choledocholithiasis because it has high sensitivity in detecting CBD stones without
procedural risks[11]. While ERCP is highly sensitive and specific in diagnosis and effective in
therapeutic management of choledocholithiasis[12], the procedure also has a number of associated risks
such as post-ERCP pancreatitis and post-endoscopic sphincterotomy bleeding[13,14]. One of the
intermediate risk patients in our cohort who went directly to ERCP which showed normal findings
developed worsening of pancreatitis thought to be related to post ERCP AP. This highlights that
unnecessary invasive procedure and adverse outcome could have been prevented by adhering to the
guidelines.

In 2019, the ASGE updated guidelines on management of choledocholithiasis, which further fine-
tuned the criteria needed for the high risk group[6]. Specifically, patients now required the presence of a
bilirubin greater than 4 mg/dL and imaging with a dilated CBD to qualify as high risk and thus those
patients with a total bilirubin of 1.8-4.0 mg/dL with CBD dilation on imaging were downgraded to
intermediate risk. The impetus for these changes were largely driven by studies that demonstrated that
up to 30% of patients had ERCPs without evidence of CBD stones[15,16]. In our study, we found that
approximately 26% (9/35) of patients categorized as high risk by 2019 criteria had a normal ERCP.
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Since the cohort we studied was prior to the update, the 2010 guidelines were used in the initial
analysis. In our subsequent analysis we aimed to determine concordance in categorization between the
2010 and 2019 guidelines. After applying the 2019 guidelines, we found that all patients in the
intermediate group remained the intermediate group, whereas there was less concordance in the high
risk group which was largely due to the group of patients who had lower total bilirubin levels.
Importantly, using the newer guidelines, 9 patients may have been spared an ERCP. We also found that
while the 2010 ASGE guidelines in predicting high risk for choledocholithiasis had a specificity of 75.8%,
using the 2019 ASGE guidelines led to an improved specificity of 89.4%. This demonstrated that the use
of the revised guidelines in assessing risk for choledocholithiasis in AGP patients can lead to a decrease
in unnecessary invasive and costly procedures. Moreover, although AGP was removed from the
intermediate risk criteria, all patients in our intermediate cohort remained intermediate suggesting that
AGP implicitly increases the risk to the intermediate level for choledocholithiasis. This was verified in
our cohort where 58% of patients with AGP were confirmed to have choledocholithiasis. Thus, clinicians
should remain vigilant for concurrent choledocholithiasis in patients admitted with AGP.

We recognize that our study also has several limitations. First, this is a retrospective cohort study
which has a potential for selection bias. The smaller size and retrospective nature of this study may limit
the assessment of the degree of adherence to the ASGE guidelines. As the decision to proceed with
MRCP or ERCP were at the discretion of the physician on service, the detailed reasoning behind
selecting each modality was not always apparent in the medical record. Our results may not be general-
izable to all medical settings as this study was done at a single tertiary care center at an academic
institution located in a large metropolitan city. Further work is needed to determine the influencing
factors driving deviation from the guidelines.

CONCLUSION

In the study cohort, we demonstrated that more than half of patients with AGP have choledocho-
lithiasis. We also found that approximately two thirds of patients in the intermediate group and 83% of
patients in the high risk group followed ASGE guidelines for management of choledocholithiasis in the
setting of AGP. There was associated longer LOS for patients undergoing MRCP in both groups.
Importantly, one patient who had a normal ERCP in the intermediate group without preceding MRCP
suffered from post ERCP AP, highlighting the risk of unnecessary procedures. Further work is needed
to determine the influencing factors driving deviation from the guidelines.

ARTICLE HIGHLIGHTS

Research background

Acute gallstone pancreatitis (AGP) is the most common cause of acute pancreatitis (AP) in the United
States. Patients with AGP may also present with choledocholithiasis. In 2010, the American Society for
Gastrointestinal Endoscopy (ASGE) suggested a management algorithm based on probability for
choledocholithiasis. In 2019, the ASGE guidelines were updated.

Research motivation
Neither 2010 nor 2019 ASGE guidelines has been studied in AGP to determine the probability of having
choledocholithiasis.

Research objectives

Our study aimed to determine compliance with ASGE guidelines, assess outcomes, and compare 2019 vs
2010 ASGE criteria for suspected choledocholithiasis in AGP.

Research methods

We conducted a retrospective cohort study of 882 patients admitted with AP to a single tertiary care
center from 2008-2018. Patients with AGP were assigned low, intermediate or high risk for choledocho-
lithiasis based on ASGE guidelines. Our primary outcomes of interest were the proportion of patients in
the intermediate risk group undergoing magnetic resonance cholangiopancreatography (MRCP) first
and the proportion of patients in the high risk group undergoing endoscopic retrograde cholangiopan-
creatography (ERCP) directly without preceding imaging. Secondary outcomes of interest included
outcome differences based on if guidelines were not adhered to. We then evaluated the diagnostic
accuracy of 2019 in comparison to the 2010 ASGE criteria for patients with suspected choledocho-
lithiasis.
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Research results

Among 79 intermediate risk patients according to the 2010 ASGE guidelines, 54 (68%) underwent MRCP
first whereas 25 patients (32%) went directly to ERCP. Of the 25 intermediate risk patients who directly
underwent ERCP, 18 patients had stone disease. One patient with a normal ERCP developed post ERCP
pancreatitis. In the high risk group, 64 patients (83%) had ERCP without preceding imaging. When the
updated 2019 ASGE guidelines were applied instead of the original 2010 guidelines, there was moderate
agreement between the 2010 and 2019 guidelines (kappa = 0.46, 95%CI: 0.34-0.58). Based on the 2019
criteria, 9/35 patients who were downgraded to intermediate risk had an unnecessary ERCP with
normal findings (without a preceding MRCP).

Research conclusions

In the study cohort, we demonstrated that more than half of patients with AGP have choledocho-
lithiasis. We also found that approximately two thirds of patients in the intermediate group and 83% of
patients in the high risk group followed ASGE guidelines for management of choledocholithiasis in the
setting of AGP. Importantly, one patient who had a normal ERCP in the intermediate group without
preceding MRCP suffered from post ERCP pancreatitis, highlighting the risk of unnecessary procedures.
We also found that while the 2010 ASGE guidelines in predicting high risk for choledocholithiasis had a
specificity of 75.8%, using the 2019 ASGE guidelines led to an improved specificity of 89.4%.

Research perspectives
Further work is needed to determine the influencing factors driving deviation from the guidelines.
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Abstract

BACKGROUND

A two- to three-fold increased risk of venous thrombotic events (VTE) has been
demonstrated in patients with inflammatory bowel disease (IBD) compared to the
general population, but less is known about the risk of VTE in child- and
pediatric-onset IBD. In recent years, several studies have reported the rising
incidence rate of VTE in juvenile patients with IBD, and the related risk factors
have been explored.

AIM
To evaluate the risk of VTE in children and adolescents with IBD.

METHODS

Articles published up to April 2021 were retrieved from PubMed, Embase,
Cochrane Library, Web of Science, SinoMed, CNKI, and WANFANG. Data from
observational studies and clinical work were extracted. The outcome was the
occurrence of VTE according to the type of IBD. The available odds ratio (OR) and
the corresponding 95% confidence interval (CI) were extracted to compare the
outcomes. Effect size (P), odds ratio (OR), and 95%CI were used to assess the
association between VTE risk and IBD disease. Subgroup analyses stratified by
subtypes of VTE and IBD were performed.

RESULTS

Twelve studies (7450272 IBD patients) were included in the meta-analysis. Child
and adolescent IBD patients showed increased VTE risk (P = 0.02, 95%CI: 0.01-
0.03). Subgroup analyses stratified by IBD (ulcerative colitis (UC): P = 0.05, 95%CI:
0.03-0.06; Crohn’s disease (CD): P = 0.02, 95%CI: 0.00-0.04) and VTE subtypes
(portal vein thrombosis: P = 0.04, 95%ClI: 0.02-0.06; deep vein thrombosis: P = 0.03,
95%CI: 0.01-0.05; central venous catheter-related thrombosis: P = 0.23, 95%CI:
0.00-0.46; thromboembolic events: P = 0.02, 95%CI: 0.01-0.03) revealed a sign-
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ificant correlation between VTE risk and IBD. Patients with IBD were more susceptible to VTE risk
than those without IBD (OR = 2.99, 95%Cl: 1.45-6.18). The funnel plot was asymmetric, suggesting
the presence of significant publication bias. Pediatric and adolescent IBD patients have an
increased VTE risk. UC and CD patients exhibited a high risk of VTE. The risk of VTE subtypes
was increased in IBD patients.

CONCLUSION

The current meta-analysis showed that the incidence and risk of VTE are significantly increased in
pediatric and adolescent IBD patients. Thus, IBD might be a risk factor for VIE in children and
young adults. High-quality prospective cohort studies are necessary to confirm these findings.

Key Words: Thromboembolism; Children; Adolescents; Ulcerative colitis; Crohn’s disease; Meta-analysis

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

Core Tip: This study suggested that child and adolescent inflammatory bowel disease (IBD) patients
showed an increased risk of venous thrombotic events (VTE) (P = 0.02, 95%CI: 0.01-0.03). Subgroup
analysis stratified by IBD (ulcerative colitis: P = 0.04, 95%CI: 0.03-0.06; Crohn’s disease: P = 0.02,
95%CI: 0.00-0.04) and VTE subtypes (portal vein thrombosis: P = 0.04, 95%CI: 0.02-0.06; deep vein
thrombosis: P = 0.03, 95%CI: 0.01-0.05; central venous catheter-related thrombosis: P = 0.13, 95%CI:
0.02-0.23; thromboembolic events: P = 0.02, 95%CI: 0.01-0.03) revealed a significant correlation between
VTE incidence and IBD.

Citation: Zhang XY, Dong HC, Wang WF, Zhang Y. Risk of venous thromboembolism in children and adolescents
with inflammatory bowel disease: A systematic review and meta-analysis. World J Gastroenterol 2022; 28(16):
1705-1717

URL: https://www.wjgnet.com/1007-9327/full/v28/i16/1705.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.116.1705

INTRODUCTION

Inflammatory bowel disease (IBD) is a digestive system disorder characterized by chronic inflammation
of the gastrointestinal (GI) tract[1-5]. The two common manifestations of IBD are ulcerative colitis (UC)
and Crohn’s disease (CD)[1-5]. The pathogenesis of IBD involves a complex interaction between the host
genetics, external environment, gut microbiota, and immune responses[6-8]. The incidence of pediatric
and adult IBD is rising steadily worldwide, especially in developed countries[9-11]. Approximately 25%
of patients with IBD are diagnosed before the age of 18 years[12,13]. Furthermore, 4% of pediatric IBD
occur before the age of 5 years and 18% before the age of 10 years, peaking in adolescence[7].

Venous thromboembolism (VTE) is a potentially severe medical condition with a high recurrence rate
[14,15]. IBD is a high-risk factor for the occurrence and development of VTE in adults[16,17]. Routine
VTE prophylaxis is recommended for IBD patients during hospitalization[1,18-20]. Pediatric patients
with IBD also have an increased predisposition to develop VTE, including deep venous thrombosis
(DVT) and pulmonary embolism (PE), although the available evidence is of lower quality[21,22]. The
etiology of VTE in IBD is multifactorial and not well defined. It involves the cross-talk between
coagulation and inflammation[23,24]. IBD-associated inflammation causes a hypercoagulable state,
leading to systemic thrombotic events and local microthrombi in the vessels of the inflamed intestinal
mucosa[25,26]. Pediatric IBD patients exhibit various clinical features, including disease location and
severity, endoscopic appearance, histology, comorbidities, complications, and response to treatment
options[27]. The reported risk factors for VTE in children with IBD include inherent genetics, ethnicity,
gender, infection, parenteral nutrition, surgery, specific therapies, disease history, and increased use of
central venous catheters (CVCs; the most common factor)[28-30].

Nonetheless, whether the development of VTE complications in IBD treatment is age-dependent is
yet to be clarified. The increased risk of VTE in adult patients with IBD is widely recognized[31]. A two-
to three-fold increased risk of VTE has been demonstrated in patients with IBD compared to the general
population[26]. However, less is known about the risk of VTE in child- and pediatric-onset IBD. In
recent years, several studies have reported the rising incidence rate of VTE in juvenile patients with IBD,
and the related risk factors have been explored[32-35]. Therefore, this meta-analysis evaluated the
association between postoperative VTE risk and IBD in children and adolescent populations.
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MATERIALS AND METHODS

According to the Preferred Reporting Items for Systematic Reviews (PRISMA, 2020) guidelines, we
conducted a systematic review and meta-analysis. PubMed, Embase, Cochrane Library, Web of Science,
SinoMed, CNKI, and WANFANG databases were systematically searched for studies published up to
April 2021.

Eligibility criteria
Articles were included if they met the following criteria: (1) Investigating the incidence or risk of VTE in
children and adolescents with IBD; (2) IBD and VTE (DVT, pulmonary embolism; CVC-related
thrombosis, intracranial venous sinus thrombosis, portal vein thrombosis, thromboembolic events,
intra-abdominal thrombus, and cerebrovascular thrombosis) were confirmed medically; (3) language
was limited to English or Chinese; and (4) RCT, cohort, or database review design.

Publications were excluded if they were: (1) Letters, review articles, meta-analyses, case-control, case
reports, and experimental animal studies; (2) Missing primary data; or (3) Full text unavailable.

Search strategy

PubMed, Embase, Cochrane Library, Web of Science, SinoMed, CNKI, and WANFANG databases were
systematically searched for potentially eligible studies published up to April 2021. The MeSH terms
used were as follows: “inflammatory bowel disease”, “Crohn Disease”, “Colitis, Ulcerative” and
“Children”, “pediatric*” and “Venous Thrombosis Pulmonary”, “Embolism vein thrombosis”, as well
as relevant keywords. The search strategy for PubMed, Embase and Cocharane Central is listed in
Supplementary Table 1.

Data extraction and quality assessment

The selection and inclusion of studies were performed by two independent reviewers in two stages,
which included the analysis of the titles/abstracts, followed by a full-text assessment. Disagreements
were resolved by a third reviewer. Data including the authors” names, publication year, study design,
country, sample size, mean age, IBD therapy, patient, VTE type, and male percentage were extracted.
The quality assessment was performed in duplicate by two researchers independently (xx and xx). The
Newcastle-Ottawa Scale (NOS)[36] was used to assess the methodological quality of eligible observa-
tional studies.

Statistical analysis

Statistical analyses were performed using STATA SE 14.0 (StataCorp, College Station, TX, USA). The
risk of VTE in IBD was estimated by ES (p) and the corresponding 95% confidence interval (CI). The
available odds ratio (OR) and the corresponding 95%CI were extracted to compare the outcomes. In
addition, the event incidence was relatively small (0 < P < 0.2), and the double arcsine method was also
used for data conversion.

Cochran’s Q statistic (P < 0.10 indicated evidence of heterogeneity) was used to assess heterogeneity
among the included studies[37]. When significant heterogeneity (P < 0.10) was detected, the random-
effects model was applied to combine the effect sizes of the included studies; otherwise, the fixed-effects
model was adopted[38]. In addition, sensitivity analyses were performed to identify individual study
effects on pooled results and test the reliability of the results.

RESULTS

Literature search and study characteristics

The initial literature database search retrieved 438 studies. The duplicate records and automatically
marked ineligible records were filtered out. After screening, 100 reports were assessed for eligibility.
Due to insufficient information on participants, exposure, outcomes, and different reports from the
same participants, only 12 reports were finally included in this meta-analysis. The study screening
flowchart is illustrated in Figure 1.

The characteristics of the 12 eligible studies, including nine cohort studies[21,27,30,32-35,39,40], one
RCT[28], and two database reviews[25,41], are listed in Table 1. These studies encompassed 7450272 IBD
patients. Eight studies were carried out in the United States, and the others were performed in Canada,
Switzerland, Iran, and Korea. The IBD patients had a mean age of < 1-21 years. The proportion of male
patients ranged from 42.9% to 71.2%. The IBD subtypes covered UC, CD, indeterminate colitis (IC), and
undefined IBD type (IBD-U). Moreover, various VTE subtypes, including intra-abdominal thrombosis
(IAT), DVT, venous thromboembolism (VTE), TE, pulmonary thromboembolism (PTE), intracranial
venous sinus thrombosis (IVST), PVT, and cerebrovascular thrombosis (CVT), were investigated. In
addition, the confounding factors, including age, sex, hypercoagulable status, CVC, parenteral nutrition,
cancer, sickle cell anemia, tobacco use, race/ethnicity, payer status, urban/rural status, hospital region,
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Table 1 Characteristics of the included studies: ulcerative colitis patients and Crohn’s disease patients

Age,
Stud . . ears .
Ref. Country . y Period  Sample size N y Male, (%) Patient IBD therapy VTE type
design (mean or
median)
Antiel etal  United Cohort  1999.1- 366 <21 No data ucC Surgery IAT
[31],2013  States 2011.12
Benceetal  United Cohort 2020.1- 276 15(13,17) 46 CD, UC, Corticosteroids, DVT
[26],2020  States 2016.6 IC Biologic therapy,
Immunologic therapy
Cairoetal ~ United RCS 2012-2015 410 <1(9.8%); 59.5 IBD No data VTE
[36], 2017 States 1-5
(15.7%); 6-
10 (30%);
11-15
(34.6%);
16-18
(9.9%)
Derderian ~ United Cohort ~ 2008-2018 49 98+44 65 UC/IBD- Surgery DVT
et al[27], States U
2020
Diamond et  United Cohort  2015-2017 47 14 46.8 IBD Systemic steroids; CVC-
al[32],2018  States Anti-TNF therapy related
thrombosis
Diamond et Canada Cohort  1999.11.1- 85 148 (28) 541 IBD Surgery DVT
al[33], 2010 2008.2.29
Herzog et al Switzerland Cohort 2006-2017 63 <17 54 CD; UC  5-ASA Systemic CS; TE
[34], 2018 or IBD-U Immunomodulators;
Calcineurin
inhibitors; TNFa
inhibitors, Surgery
Jarchinetal United Cohort  2008.1- 58 0-5 (5%); 6- 66 ucC Anti-TNF only, PVT
[29], 2019 States 2017.12 10 (10%); Vedolizumab only, (within 30
11-18 Anti-TNF+ d,>30d)
(85%) vedolizumab, Anti-
TNF+ vedolizumab+
ustekinumab, Surgery
Khosraviet Iran Cohort 2019 21 1112+ 429 IBD Surgery DVT
al[28], 2020 5.65
Lee et al Korea Cohort  1995.7- 73 1249+ 712 CD Systemic corticost- PTE
[35], 2016 2011.6 247 eroids 5-ASA only, 5-
ASA+; azathioprine;
5-ASA only or 5-
ASA+ azathioprine
Nylund et United Database 1997, 61076/7318/7379898 15.72 + 49.32/47.55/49.64 CD,UC No data TE, PE,
al[19], 2013"  States review 2000, 0.02/15.39 DVT, IVST,
2003, + PVT
2006, and 0.06/13.57
2009 +0.01
Zitomersky United Database 2006-2011 532 No data No data CD,UC No data CVT
et al[37], States review
2013

lAdjusted factors: Age category, sex, hypercoagulable status, central venous catheter, parenteral nutrition, any cancer, sickle cell anemia, tobacco use,

race/ ethnicity, payer status, urban/rural status, hospital region, and year of inpatient stay.

DVT: Deep venous thrombosis; CD: Crohn’s disease; UC: Ulcerative colitis; IC: Indeterminate colitis; VTE: Venous thromboembolism; PE: Pulmonary

embolism; RCS: Retrospective comparative study; CVC: Central venous catheter; PTE: Pulmonary thromboembolism; IVST: Intracranial venous sinus

thrombosis; PVT: Portal vein thrombosis; TE: Thromboembolic events; IAT: Intra-abdominal thrombosis; CVT: Cerebrovascular thrombosis.
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and length of inpatient stay, were adjusted in various studies. According to the NOS evaluation criteria,
the methodological quality score was 6 for 10 studies and 8 and 9 for the other two studies, respectively,
indicating low-to-moderate bias (Table 2).
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Table 2 Quality assessment

Was
Selection Demonstration Comparability follow-up
. Adequacy
Representativeness of the . that outcome  of cohorts on long Total
Ascertainment . . Assessment of follow- .
Ref. of the exposed non- of interest was the basis of enough quality
of exposure . of outcome up of
cohort exposed not present at the design or for scores
. cohorts
cohort start of study  analysis outcomes
to occur
Antiel etal 1 0 1 1 0 1 1 1 6
[31], 2013
Benceetal 1 0 1 1 0 1 1 1 6
[26], 2020
Cairoetal 1 1 1 1 1 1 1 1 8
[36], 2017
Derderian 1 0 1 1 0 1 1 1 6
et al[27],
2020
Diamond 1 0 1 1 0 1 1 1 6
et al[32],
2018
Diamond 1 0 1 1 0 1 1 1 6
et al[33],
2010
Herzoget 1 0 1 1 0 1 1 1 6
al[34], 2018
Jarchin etal 1 0 1 1 0 1 1 1 6
[29], 2019
Khosraviet 1 0 1 1 0 1 1 1 6
al[28], 2020
Leeetal 1 0 1 1 0 1 1 1 6
[35], 2016
Nylundet 1 1 1 1 2 1 1 1 9
al[19], 2013
Zitomersky 1 0 1 1 0 1 1 1 6
et al[37],
2013

Jaishideng®
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Association between IBD and VTE risk

The association between IBD and the incidence of VTE was assessed in 12 studies. The pooled results
showed that the risk of VTE was significantly increased in IBD patients compared to those without IBD (
P =10.02, 95%CI: 0.01-0.03). Moderate heterogeneity was detected across the included studies (I* = 54.7%,
Piterogenity = 0.012, Figure 2). In addition, double arcsine analysis showed similar results (P = 0.03, 95%Cl:
0.02-0.04, Supplementary Figure 1).

The subgroup analyses stratified by IBD subtype were performed to evaluate the VTE risk in IBD.
Five studies analyzed the UC subtype, and the pooled results suggested significantly increased VTE
incidence in UC patients (P = 0.05, 95%CI: 0.03-0.06). No heterogeneity was detected among the studies
(I = 0.0%, Proterogoneiry = 0-571, Figure 3A). Pooled analysis of four studies established a correlation between
VTE risk and CD (P = 0.02, 95%CI: 0.00-0.04), without heterogeneity (I* = 0.0%, Prerogenciry = 0-709,
Figure 3A). The IBD subtype was not defined in three studies, and a high rate of VTE was also detected
in these patients (P = 0.02, 95%ClI: 0.01-0.03), without obvious heterogeneity (I* = 0.0%, Progeneity = 0702,
Figure 3A). Based on one study, the VTE incidence was not increased in IC patients (P = 0.12, 95%CI: -
0.04 to 0.27, Figure 3A).

Stratified by VTE subtype, two studies showed significantly increased PVT incidence in IBD patients (
P =0.04, 95%CI: 0.02-0.06; I* = 0.0%, Pjuterogenciny = 0-568, Figure 3B). The pooled analysis of four studies
showed a high risk of DVT in IBD patients (P = 0.03, 95%CI: 0.01-0.05) with low heterogeneity (I* =
21.8%, Pheterogeneity = 0-280, Figure 3B). In addition, one study revealed an increased risk of CVC-related
thrombosis in IBD (P = 0.23, 95%ClI: 0.00-0.46, Figure 3B). Furthermore, two studies showed a significant
association between TE risk and IBD (P = 0.02, 95%CI: 0.01-0.03), without heterogeneity (I* = 0.0%, ..
qonaity = 0.862, Figure 3B). No association was found between PTE and IBD disease (P = 0.01, 95%CI: -0.01
to 0.04, Figure 3B) based on one study.
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Identification of studies via databases and registers

Identification

Screening

Included

Records identified from:
PubMed (7 = 108)
Embase (7 = 237)
Cochrane (7 = 4)
Web of science (7 = 22)
SinoMed (7 = 48)
CNKI (7 = 17)
WANFANG Database (7 = 2)
Registers (7 = 0)

Records removed before screening:
Duplicate records removed (77 = 65)
Records marked as ineligible by automation
tools (7 = 235)

Records removed for other reasons (7 = 0)

Records screened (7 = 138)

Records excluded (7 = 36)

Reports sought for retrieval
(n=102)

Reports not retrieved
(n=2)

Reports assessed for eligibility
(n =100)

.| Reports excluded:
Participant (7 = 46)

Exposure (17 = 25)
Outcome (7 = 11)

Studies included in review
(n=12)

Reports of included studies
(n=12)

No data (7= 4)
Different reports from the
same participant (7 = 2)

DOI: 10.3748/wjg.v28.i16.1705 Copyright ©The Author(s) 2022.

Figure 1 Flowchart of the search process of our study.
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Pooled analysis of two studies comparing IBD and non-IBD patients showed a significant correlation
between VTE risk and IBD disease (OR = 2.99, 95%ClI: 1.45-6.18). Moderate heterogeneity was observed
among these studies (I* = 58.9%, P, rogeneiry = 0-119, Figure 4).

Publication bias
Publication bias was analyzed using a funnel plot. The asymmetrical distribution suggested significant
publication bias (Figure 5).

DISCUSSION

The present meta-analysis found that the VTE risk was significantly increased in children and young
adults with IBD. A high incidence of VTE was observed in the different subtypes of IBD, including UC,
CD, and other undefined IBD diseases. Moreover, multiple VTE signs related to PVT, DVT, TE, and
CVC-related thrombosis might be prone to developing during the progression of pediatric and
adolescent IBD.

This study suggested that children and young adult IBD patients were susceptible to VTE risk after
treatment, despite a low overall incidence. The increased risk of VTE is specific to IBD. Other chronic
inflammatory diseases, such as rheumatoid arthritis, or chronic bowel diseases, such as celiac disease,
are not found to be accompanied by a high incidence of VTE[26]. The association between VTE risk and
IBD has been demonstrated in various IBD patient populations. Currently, there is a lack of systemic
reviews on VTE risk in pediatric and adolescent patients. Female pediatric IBD patients were found to
be at a high risk of developing VTE[28]. The meta-analysis by Kim et al[42] focused on pregnant women
with IBD. The findings showed a significantly higher incidence of VTE during pregnancy and
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Study ID P(95% CI) %Weight
1
I

Antiel , 2013 —_—— 0.04(0.02 , 0.06) 9.23
1
1

Bence , 2020 —— 0.04(0.02 , 0.07) 7.36
|

Cairo , 2017 —— 0.01(0.00, 0.02) 18.21

Derderian , 2020 ——:0— 0.04(-0.01 , 0.10) 1.82
1
! - AN

Diamond , 2018 r L g 7 0.11(0.02, 0.21) 0.67
I

Diamond , 2010 i 0.01(-0.01 , 0.03) .87
|

Khosravi , 2020 * 0.05(-0.04, 0.14) 0.71
1
1

Herzog , 2018 ——— 0.02(-0.01 , 0.05) 5.06
|

Lee, 2016 —_ 0.01(-0.01 , 0.04) 6.34
1

Jarchin , 2019 : + 0.05(-0.01 , 0.11) 1.62

Nylund , 2013 . 0.01(0.01, 0.01) 24.98

Zitomersky , 2013 —— 0.02(0.01, 0.03) 16.13

Overall (I- squared = 54.7% , p = 0.012) 0 0.02(0.01, 0.03) 100.00
1
1

NOTE : Weights are from random effects analysis :
1

-0.207 0 0.207

DOI: 10.3748/wjg.v28.i16.1705 Copyright ©The Author(s) 2022.

Figure 2 Forest plots of the incidence of venous thromboembolism in inflammatory bowel diseases.
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postpartum in female IBD patients. According to the VTE subtype, the risk of DVT increased
significantly in pregnant women, whereas the increase in PE was not significant during pregnancy. In
the subgroup analysis based on the location of IBD, patients with UC had significantly higher VTE risk
during both pregnancy and the postpartum period, while CD patients exhibited increased VTE
incidence only during pregnancy. Therefore, elevated VTE risk was found to be more apparent in UC
patients than CD patients. A recent study showed a high postsurgical VTE risk in patients with UC but
not in those with CD[43]. Similar results were published earlier[44,45]. However, those studies were
performed in the postsurgical setting, which is a state known to be associated with an increased risk of
VTE[46,47]. Similarly, the current study showed a higher risk of VTE in UC compared to CD in children
and young adult IBD patients, and consistently suggested that children with UC might be more
susceptible to VTE. The exact causes for this higher VTE risk in UC than CD are unknown, but severe
UC is associated with anemia and reactive thrombocytosis, which is conducive to VTE[48,49].

Another meta-analysis by Yuhara et al[50] demonstrated that adult patients with IBD (> 20-years-old)
were at increased risk for both DVT and PE. The study also showed that confounding factors, such as
smoking and body mass index (BMI), did not affect the correlation between IBD and DVT/PE. A large-
population database study by Nylund et al[25] found that hospitalized children and adolescents with
IBD had a high incidence of TE, including DVT and PE. In addition, the study identified older age and
abdominal surgery as risk factors for TE in children and young adults with IBD. The Hispanics had a
low risk of TE among all children and adolescents. Although tobacco use was a risk factor for TE in
adults, it was a protective factor in children with IBD. Interestingly, an increasing trend of TE was
observed through the years among children and young adults with IBD, which might be associated with
increased hospital admission rates. However, this increasing trend was not clear after multivariable
regression analysis. Similarly, the review by Lazzerini et al[51] suggested an increased risk of TE in
pediatric IBD patients compared to the general population. Our meta-analysis included several updated
publications and showed that the risk of PVT, DVT, TE, and CVC-related thrombosis was increased in
IBD child and adolescent patients. Moreover, the underlying mechanism of location-related VTE
occurrence and development needs further exploration.

Nevertheless, the present study has several limitations. First, moderate heterogeneity was detected in
the overall analysis of the correlation between VTE and IBD. On the other hand, low or no heterogeneity
was detected after stratifying the studies by subtypes of VTE and IBD. Patients’ characteristics,
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A

Study %
1D P(95% CI) Weight
uc |
Antiel , 2013 - 0.04 (0.02 , 0.06) 64.45
Bence , 2020 —— 0.05 (-0.01 , 0.09) 18.73
Derderian , 2020 4 0.04 (-0.01 , 0.10) 8.66
Diamond , 2018 0.23 (-0.00 , 0.46) 0.51
Jarchin , 2019 —— 0.05 (-0.01, 0.11) 7.64
- = 9 .
Subtotal (I- squared = 0.0 % , p = 0.702) <> 0.05 (0.03 , 0.06) 100.00
cD
Bence , 2020 —_— 0.02 (-0.00 , 0.05) 34.91
Diamond , 2018 — 0.06 (-0.02 , 0.15) 3.36
Herzog , 2018 —— 0.02 (-0.01, 0.05) 26.38
Lee, 2016 —— 0.01 (-0.01 , 0.04) 35.35
Subtotal (I- squared = 0.0 % , p = 0.709) 0.02 (-0.00, 0.04) 100.00
IC
Bence , 2020 0.12 (-0.04 , 0.27) 100.00
0.12 (-0.04, 0.27) 100.00
1BD
Diamond , 2010 - 0.01 (-0.01, 0.03) 19.97
Khosravi , 2020 — 0.05 (-0.04 , 0.14) 1.26
Zitomersky , 2013 * 0.02 (0.01, 0.03) 78.77
Subtotal (I- squared = 0.0 % , p = 0.702) 0 0.02 (0.01, 0.03) 100.00
NOTE : Weights are from random effects analysis
1 1 1
-0.46 0 0.46
Study %
D ES (95%CI) Weight
PVT |
Antiel , 2013 - 0.04 (0.02, 0.06) 90.63
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Figure 3 Forest plots. A: Subgroup analysis of the incidence of venous thromboembolism (VTE) in inflammatory bowel diseases (IBD) subtype; B: Subgroup
analysis of the incidence of VTE subtype in IBD.
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Figure 4 Forest plots of the risk of venous thromboembolism in inflammatory bowel diseases and non-inflammatory bowel diseases.
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Figure 5 Publication bias; funnel plot of the incidence of venous thromboembolism in inflammatory bowel diseases.

diagnosis of VTE, and intervention therapies might contribute to the variations across the studies and
the magnitude of association. Second, certain subgroup analyses only involved a small number of
studies and patients, and hence, the findings should be interpreted with caution. Third, the included
large-size database review study incorporated registry data of medical records with different
populations and settings, which might generate a high selection bias. Fourth, VTE was challenging to
diagnose, which might have led to the misclassification of VTE.

CONCLUSION

Pediatric and adolescent IBD patients have an increased risk of VTE. UC and CD patients exhibited a
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high risk of VTE. The risk of VTE subtypes was increased in IBD patients.

ARTICLE HIGHLIGHTS

Research background

A two- to three-fold increased risk of venous thrombotic events (VTE) has been demonstrated in
patients with inflammatory bowel disease (IBD) compared to the general population, but less is known
about the risk of VTE in child- and pediatric-onset IBD. In recent years, several studies have reported
the rising incidence rate of VTE in juvenile patients with IBD, and the related risk factors have been
explored.

Research motivation
To evaluate the risk of VTE in children and adolescents with IBD.

Research objectives
To evaluate the risk of VTE in children and adolescents with IBD.

Research methods

Articles published up to April 2021 were retrieved from PubMed, Embase, Cochrane Library, Web of
Science, SinoMed, CNKI, and WANFANG. Data from observational studies and clinical work were
extracted. The outcome was the occurrence of VTE according to the type of IBD. The available odds ratio
(OR) and the corresponding 95% confidence interval (CI) were extracted to compare the outcomes.
Effect size (P), OR, and 95%CI were used to assess the association between VTE risk and IBD disease.
Subgroup analyses stratified by subtypes of VTE and IBD were performed.

Research results

Twelve studies (7450272 IBD patients) were included in the meta-analysis. Child and adolescent IBD
patients showed an increased risk of VTE (P = 0.02, 95%CI: 0.01-0.03). Subgroup analyses stratified by
IBD (ulcerative colitis (UC): P = 0.05, 95%ClI: 0.03-0.06; Crohn’s disease (CD): P = 0.02, 95%CI: 0.00-0.04)
and VTE subtypes (portal vein thrombosis (PVT): P = 0.04, 95%CI: 0.02-0.06; deep vein thrombosis: P =
0.03, 95%CI: 0.01-0.05; central venous catheter-related thrombosis: P = 0.23, 95%CI: 0.00-0.46;
thromboembolic events: P = 0.02, 95%ClI: 0.01-0.03) revealed a significant correlation between VTE risk
and IBD. Patients with IBD were more susceptible to VTE risk than those without IBD (OR = 2.99,
95%Cl: 1.45-6.18). The funnel plot was asymmetric, suggesting the presence of significant publication
bias.

Research conclusions
Pediatric and adolescent IBD patients have an increased VTE risk. UC and CD patients exhibited a high
risk of VTE. The risk of VTE subtypes was increased in IBD patients.

Research perspectives
Pediatric and adolescent IBD patients have an increased VTE risk. UC and CD patients exhibited a high
risk of VTE. The risk of VTE subtypes was increased in IBD patients.
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Abstract

Viral hepatitis is an acute or chronic liver disease due to the infection from
Hepatitis A, B, C, D and E viruses. It can cause severe liver damage such as
cirrhosis, liver failure and liver cancer. To avoid such fatal complications, hepatitis
patients must be diagnosed, pathologized and treated as soon as possible.
Furthermore, these hepatitis viruses infect through different routes, resulting in
distinct disease pathologies, severity and even the need for specific treatment
strategies to combat the infection.

Key Words: Viral hepatitis; Vaccination; Chronic; Acute; Viral therapy

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

Core Tip: Vaccination is the primary strategy for neutralizing several hepatitis viruses
and it is highly effective against most hepatitis viruses. However, additional precautions
must be taken for patients at a higher risk of infection such as those who take drugs,
prisoners, the homeless or homosexuals. From interferon monotherapy and interferon
combination therapy with direct-acting antiviral agents to interferon-free regimens
which act by viral chain braking are among the measures to control hepatitis. These
strategies can play a critical role in achieving World Health Organization's an ambitious
but attainable goal of eliminating hepatitis infection by 2030.
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TO THE EDITOR

Viral hepatitis, particularly hepatitis B and C, are one of the biggest threats to human health
contributing to nearly one-fourth of all deaths among overall infectious disease patients[1]. Despite the
substantial evolvement in antiviral therapy and access to effective vaccines, the hepatitis virus
elimination goal of the United Nations by the year 2030 is doubtful[2]. To this end, healthcare providers
and physician assistants can reduce disease burden through infection prevention, early detection,
medical management and collaborative care. At the same time, the development of interferon-based and
interferon-free therapeutic approaches may help eradicate the hepatitis viral infection.

We recently read Dr. Persico's group paper entitled "Viral hepatitis: Milestones, unresolved issues
and future goals" in your prestigious journal "World Journal of Gastroenterology[3]." We sincerely thank
the author for providing details about the impact of various hepatitis viruses, current research, the gaps
between effective management and currently applicable approaches, and finally, the plans that might
effectively manage viral hepatitis.

Viral hepatitis is classified into several types: A, B, C, D, and E. Among these types, B and C are the
most common types of viruses that can be transmitted through blood transfusions and are the most
lethal due to the induction of chronic illness[4]. In the present review article, the authors mainly focused
on the pathologies, clinical manifestations, and various advancements in therapeutic regimes of
different hepatitis virus infections.

Furthermore, they elegantly demonstrated progression in hepatitis C virus (HCV) infection treatment
regimens from interferon to direct-acting antiviral agents (DA As) with a relative increase in sustained
virological response (SVR) rate. Newer pan-genotypic antiviral therapies, such as sofosbuvir/
velpatasvir and glecaprevir/pibrentasvir, have 98%-99% SVR in all genotypes of hepatitis C virus and
low drug resistance. It was approved by the FDA in 2016. DAAs are now known to be effective in the
treatment of HCV patients who do not have cirrhosis, have compensated cirrhosis or have extrahepatic
manifestations and have a lower risk of hepatocellular carcinoma (HCC) recurrence[5]. Besides, various
host targeting agents (HTAs) are under clinical studies that target molecules essential for hepatitis C
virus entry and replication. Its main advantage is its low mutation rate. The primary targets of HTAs are
microRNA-122, Cyclophilin A and HMG-CoA reductase[6].

Current hepatitis B virus (HBV) infection management protocols include the use of nucleoside/
nucleotide analogues and interferons both of which reduce HBV replication but do not eradicate the
virus. Current therapies' lack of direct impact on virus covalently closed circular DNA (cccDNA) is a
major limiting factor for HBV virus elimination[7]. Thus, various gene-editing methods like
transcription activator-like effector nucleases, CRISPR/Cas system and zinc finger nuclease are
understudies to target cccDNA expression[8].

Several immunomodulatory agents that induce HBV-specific immune responses have recently been
developed. Immunomodulatory therapies include agonists, immune checkpoint inhibitors, therapeutic
vaccines and engineered HBV-specific T-cell transfer. Agonists activate Toll-like receptors, stimulator of
IEN genes, and Retinoic Acid-Inducible Gene-1 to initiate the innate immune response. While immune
checkpoint inhibitors such as programmed cell death-1 trigger an adaptive immune response. GS-4774
(vector-based vaccine) trials showed that the vaccine was safe but no significant reduction in HBsAg
levels was observed. Other vaccines like INO-1800, TG-1050 and ABX-203 are under clinical invest-
igation[9]. RNAi-based therapies are also evolving against HBV infection which exerts its antiviral
activity by post-transcriptional silencing. ARC-520 and ARC-521 (RNAi-based drug) showed a
reduction in HBsAg and HBV DNA levels but were discontinued due to rising safety concerns related to
drug delivery. Both siRNA-based drug, JNJ-3989, earlier called ARO-HBV and VIR-218 has shown
promising results against chronic HBV infection and are under ongoing clinical trials[10].

Hepatitis D virus infection occurs only in HBV-infected people. Pegylated interferon-alpha is the only
effective therapy against HDV infection in clinical practice. However, HBV vaccination protects from
both HBV and HDV infection. Other therapeutic drugs under clinical trials against HDV infection
include Pegylated IFN-lambda, Myrcludex B that blocks hepatitis B and D virus entry in hepatocytes,
Lonafarnib that inhibits farnesylation of L-HDAg and its subsequent interaction with HBsAg and REP
2139. Its mechanism is still unclear but it is known to be related to blocking HBsAg release[11].

For hepatitis A, no specific treatment is available. Both improving sanitary conditions and HAV
vaccination is the most effective preventive strategy. Vaccination is recommended to high-risk people,
patients having chronic liver disease, HIV-positive patients and pregnant women/[4].
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The authors describe various hepatitis E virus (HEV) genotypes and their transmission routes in
detail. HEV1 and HEV?2 are the only ones that infect humans and spread via the fecal-oral route. There is
no effective HEV vaccine available to prevent infection. China developed the HEV-239 vaccine which is
safe for pregnant women and provides longer protection. However, it is not permitted in other countries

12].

[ Other treatment strategies like liver transplantation and management of hepatitis in pregnant women
can be included. Liver transplantation is the most effective therapy for HCC and cirrhosis due to HBV
and HCV infections. Post-transplantation use of DAA reduces the risk of recurrence and increases the
survival rate of patients[13].

Pregnant women are prone to acute and chronic hepatitis infection with a risk of developing
fulminant hepatitis and vertical transmission, especially in hepatitis E. Seto et al[14] described various
management strategies for different subtypes of hepatitis. Ribavirin is known to be teratogenic and thus
should be avoided during pregnancy; however, supportive care is preferred. Breastfeeding is
encouraged in hepatitis C, D, and A, while in hepatitis E, it is not recommended. HAV vaccination is
opted to prevent fetal transmission. DAA treatment during pregnancy is still debatable[14]. Ledipasvir
and sofosbuvir use during pregnancy in HCV infection has not been associated with safety concerns[15].

Even with advanced therapies like DAA, there are still challenges to cure and eradicate various
subtypes of viral hepatitis. Thus, more investigations are required for multiple drugs under clinical
trials to develop better preventive and management strategies. We genuinely appreciate Torre et al[3]
and colleagues for providing relevant and detailed information on various subtypes of viral hepatitis
along with their clinical manifestation and treatment methods.
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Colon capsule endoscopy (CCE) was introduced nearly two decades ago. Initially,
it was limited by poor image quality and short battery time, but due to technical
improvements, it has become an equal diagnostic alternative to optical
colonoscopy (OC). Hastened by the coronavirus disease 2019 pandemic, CCE has
been introduced in clinical practice to relieve overburdened endoscopy units and
move investigations to out-patient clinics. A wider adoption of CCE would be
bolstered by positive patient experience, as it offers a diagnostic investigation that
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differentiate adenomatous polyps from hyperplastic polyps. Solving this issue

001 would improve the stratification of patients for polyp removal. Artificial
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intelligence (AI) has shown promising results in polyp detection and character-
ization to minimize incomplete CCEs and avoid needless examinations. Onboard
Al appears to be a needed application to enable near-real-time decision-making in
order to diminish patient waiting times and avoid superfluous subsequent OCs.
With this letter, we discuss the potential and role of Al in CCE as a diagnostic tool

Key Words: Video capsule endoscopy; Wireless capsule endoscopy; Artificial intelligence;
Colonic polyps; Endoscopic surgical procedures; Colon neoplasm
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Core Tip: Colon capsule endoscopy (CCE) generates a vast amount of image material-currently, this
material must be assessed manually. Artificial intelligence (AI) as an adjunct to CCE has been reported as
having high accuracy for detecting colonic lesions. Future studies need to evaluate Al algorithms for
estimating the likelihood of neoplasia and predicting which patients are most likely to benefit from CCE.
Onboard capsule intelligence has the potential to generate result reports immediately after completed
examinations.
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TO THE EDITOR

We read with interest the in-depth review by Kroner et al[1]. The authors presented a thorough account
of the status and knowledge of artificial intelligence (Al) in everyday practice in gastroenterology[1]. As
we apply Al in picture analysis of colon capsule endoscopy (CCE), we feel obliged to offer some
relevant insights. The coronavirus disease 2019 (COVID-19) pandemic has accelerated the clinical
adoption of CCE as an alternative first-line diagnostic procedure to optical colonoscopy (OC)[2]. CCE is
a painless, low-risk procedure that can be performed in the patient’s home with minimal contact with
healthcare workers and/ or other patients, therefore abiding (when possible) by the distancing measures
recommended to contain the spread of COVID-19.

Furthermore, CCE is seen as a measure to relieve the pressure on overburdened endoscopy units with
long waiting times for OC. The Scottish Capsule Programme has implemented CCE in a large-scale roll-
out to patients presenting with lower gastrointestinal symptoms to their general practitioners and found
to be eligible for colonic investigation[3]. The programme enables effective upfront screening at the
community level to address increasing demand and capacity pressure within the National Health
Service.

Until recently, the clinical implementation of CCE has been hampered by low completion rates
compared to OC. A significant drawback for CCE is its reliance on extensive orally administered bowel
cleansing preparations to gain adequate visualization of the mucosa, as, unlike OC, water wash and
suction are not possible. Although research into optimizing and standardizing bowel preparation
regimens is ongoing, to date it has failed to meet the minimum standard of 90% for OC[4]. A recent
systematic review and meta-analysis of 46 studies including 5000 patients showed that CCE’s (pooled)
adequate colon cleanliness rate (ACCR) was only 77%[5]. Therefore, further studies aiming to improve
CCE’s ACCR are mandatory. Another way to achieve more conclusive CCE examinations is to enhance
our ability to predict patients at high risk of an insufficient colon cleanliness level. Al algorithms based
on demographic data are one possible solution. We are currently running a large randomized trial in
Denmark (CFC2015) in which 2015 citizens are allocated to CCE. After the study is completed in
Summer 2022, we plan to create algorithms for just such a purpose. The cost-effectiveness of CCE needs
to be improved before wider clinical adoption is considered. Hassan ef al[6] found that improved
compliance in the general population is mandatory to make CCE cost-effective compared to OC[6].

CCE produces many images, and reading them is very time-consuming and monotonous, increasing
the risk of missing important lesions. Hence, the development of Al-based tools to assist readers is
needed. Saraiva et al[7], in a recent article, developed a convolutional neural network based on Al They
found that it could detect protruding lesions in the colon with a sensitivity of 90.7% and a specificity of
92.6%[7]. To avoid unnecessary OC after CCE, it is essential to differentiate between hyperplastic polyps
(HPs) and adenomatous polyps (APs). By applying flexible spectral imaging colour enhancement,
Nakazawa et al[8] differentiated HPs from APs with a sensitivity of 91.2% and specificity of 88.2%[8].
Further research is needed to detect sessile serrated lesions using Al-assisted CCE.

The delay between capsule egestion and the completion of video reading and report writing is
currently two days. Onboard capsule intelligence has the potential to make near real-time assessments
of colonic pathology, creating a report almost immediately after CCE completion. The authors of this
letter aspire to the development of onboard integrated Al to make CCE an expeditious diagnostic tool
comparable to OC.
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