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Abstract

Opie’s “pancreatic duct obstruction” and “common channel” theories are
generally accepted as explanations of the mechanisms involved in gallstone acute
pancreatitis (AP). Common channel elucidates the mechanism of necrotizing
pancreatitis due to gallstones. For pancreatic duct obstruction, the clinical picture
of most patients with ampullary stone impaction accompanied by biliopancreatic
obstruction is dominated by life-threatening acute cholangitis rather than by AP,
which clouds the understanding of the severity of gallstone AP. According to the
revised Atlanta classification, it is difficult to consider these clinical features as
indications of severe pancreatitis. Hence, the term “gallstone cholangiopancre-
atitis” is suggested to define severe disease complicated by acute cholangitis due
to persistent ampullary stone impaction. It incorporates the terms “cholangitis”
and “gallstone pancreatitis.” “Cholangitis” refers to acute cholangitis due to
cholangiovenous reflux through the foci of extensive hepatocyte necrosis reflexed
by marked elevation in transaminase levels caused by persistent ampullary
obstruction. “Gallstone pancreatitis” refers to elevated pancreatic enzyme levels
consequent to pancreatic duct obstruction. This pancreatic lesion is characterized
by minimal or mild inflammation. Gallstone cholangiopancreatitis may be
valuable in clinical practice for specifying gallstone AP that needs urgent
endoscopic retrograde cholangiopancreatography with endoscopic sphinc-
terotomy.

Key Words: Gallstone pancreatitis; Gallstone hepatitis; Acute cholangitis; Necrotizing
pancreatitis; Pathophysiology; Endoscopic retrograde cholangiopancreatography
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acute pancreatitis complicated by life-threatening acute cholangitis due to persistent
ampullary stone impaction and needs urgent endoscopic retrograde cholangiopan-
creatography with endoscopic sphincterotomy. The term “gallstone cholangiopancre-
atitis” incorporates the terms “cholangitis” and “gallstone pancreatitis.” “Cholangitis”
refers to acute cholangitis due to cholangiovenous reflux through the foci of extensive
hepatocyte necrosis reflexed by marked elevation in transaminase levels caused by
persistent ampullary obstruction. “Gallstone pancreatitis” refers to elevated pancreatic
enzyme levels consequent to pancreatic duct obstruction, the pancreatic lesion that is
characterized by minimal or mild inflammation.
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INTRODUCTION

The presence of gallstones is an important etiologic factor for the development of acute
pancreatitis (AP). Generally, obstruction of pancreatic outflow, which is frequently
caused by transiently impacted stones at the ampulla of Vater, can cause gallstone AP
[1]. Most patients with gallstone AP have a mild disease due to the eventual passage of
stones, exhibiting rapid objective improvement. Nevertheless, the pathophysiology of
severe disease in the remaining patients, refractory to conventional supportive
therapy, remains controversial. In addition to the low incidence of gallstone AP in
those with gallstones (3.4%[2], 7.7%[3]), the rapid disease course and the relative
inaccessibility of pancreatic tissues for the examination of AP have hampered investig-
ations of the mechanism of severe disease in gallstone AP[4]. Considering these issues,
investigations in humans may rely on findings from either autopsies or emergency
surgeries performed during the early disease course. Emergency surgeries were
common until the 1980s; however, they are no longer a common practice. Based on
autopsy findings, Eugene Opie proposed the “pancreatic duct obstruction” and
“common channel” theories in 1901, which are generally accepted as explanations of
the mechanisms involved in gallstone AP[4]. Opie’s postulates can be summarized as
follows: (1) Stones impacted at the terminal bile duct or the ampulla of Vater obstruct
the bile and pancreatic ducts simultaneously. The obstructed pancreatic juice and bile
may be forced backward into the pancreatic and hepatic parenchyma and penetrate
their surrounding tissues, causing interstitial edematous pancreatitis and/or fat
necrosis (“pancreatic duct obstruction” theory) and tissue stain with bile pigments
and/or jaundice, respectively; and (2) Small stones about 3 mm in diameter that are
large enough to lodge at the duodenal orifice mostly measured 2 mm to 2.5 mm but
too small to obstruct the bile and pancreatic duct orifices, convert both ducts into a
continuous closed channel. Contraction of the gallbladder overcomes any slight
pressure difference between the bile and pancreatic ducts, which may lead to repeated
bile reflux into the pancreatic duct, causing necrotizing pancreatitis (NP) (“common
channel” theory).

Pancreatic duct obstruction theory stipulates that simultaneous obstruction of both
ducts due to the large stone size and very short length of the common channel causes
AP. However, severe disease caused by persistent ampullary stone impaction
combined with biliopancreatic obstruction remains controversial. This is one of the
main issues considered in this opinion review.

NP AND PASSED STONE

Common channel theory elucidates the cause of NP due to gallstones. Animal models
have shown that protease activation is highly dependent on calcium release[5], with
bile acids inducing calcium-releasing signals and contributing to pancreatic acinar cell
damage[6]. However, questions on the evidence of bile reflux into the pancreatic duct
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and the presence of impacted stones, which prevent wide acceptance of this postulate,
have been raised. Recently, histological evidence of bile reflux into the pancreas as the
cause of NP has been reported[7], and Opie’s long-speculated “common channel”
theory that NP represents the primary action of bile has been proven. In a case in the
1980s reported by Isogai et al[7], the operative cholangiogram did not demonstrate any
bile duct stones. However, it revealed reflux of contrast material into the pancreatic
duct, suggesting that an “anatomic” common channel was converted into a
“functioning” common channel[8]. Kelly[9] noted that a functioning common channel
is necessary for bile reflux and favors stone passage. Thus, regarding the presence of
no impacted stones, virtually all small stones of a size that settle in the narrow
duodenal orifice and allow bile reflux into the pancreatic duct may be evacuated and
passed soon after triggering NP, thereby providing no evidence of their former
impaction[7,10].

Long common channels[11], which allow for communication between the two ducts
using impacted stones at the duodenal orifice, are not universally present in patients
with gallstone AP. Hernandez and Lerch[12] observed that the migration of gallstones
through the biliary tract induces functional stenosis at the sphincter of Oddi, and a
common channel between the pancreatic and bile ducts can arise. In 1909, Opie and
Meakins[13] reported a case of NP with an anomalous duct of Santorini with a
relatively wide orifice. They concluded that duodenal contents might have
regurgitated into the pancreatic duct, causing NP; enterokinase, which is the most
potent activator of pancreatic proteolytic enzymes, is present in these duodenal
secretions. The passage of stones may cause a similar patulous sphincter, permitting
duodenopancreatic reflux[14]. However, it may be difficult to prove histologically the
reflux as the cause of NP since duodenal contents have no pigment to indicate their
presence.

CONTROVERSIES RELATED TO BILIOPANCREATIC OBSTRUCTION

As Opie noted, pancreatic lesions caused by impacted ampullary stones may be
interstitial edematous pancreatitis, of which clinical symptoms usually resolve within
the first week[15]. It can also be fat necrosis, which is probably caused by lipase (one of
the few pancreatic enzymes that require no activation), phagocytized by macrophages
that may later be replaced with small foci of fibrotic tissues[16]. Acosta et al[17] noted
that during the early stage of gallstone AP with persistent ampullary obstruction, a
possible pancreatic complication is a pancreatic phlegmon, which includes a
pancreatic inflammatory mass, peripancreatic fluid, and fat necrosis. Similarly, Oria et
al[18] noted that biliopancreatic obstruction does not, by itself, contribute to persistent
pancreatic inflammation or its worsening. Moreover, whether pancreatic duct
obstruction without reflux causes NP in humans remains unknown[4]. Additionally,
the clinical picture of most patients with ampullary stone impaction is often
dominated by cholangitis and septicemia rather than by AP[14], which clouds the
understanding of the severity of gallstone AP and leads to confusion and controversy
regarding the management of patients with gallstone AP.

As noted previously, during the era of Opie, macroscopic findings of fat necrosis
and/or interstitial edematous pancreatitis and those of jaundice and/or tissue stain
with bile pigments were the indicators of persistent pancreatic duct and bile duct
obstruction, respectively. The current availability of biochemical tests has shown that
patients with gallstone AP have highly elevated liver and pancreatic enzyme levels
during the early disease course. A histopathological study of liver biopsy specimens in
gallstone AP patients with minimal or mild pancreatic inflammation (few patients
with NP underwent liver biopsy) have shown that elevated serum transaminase levels
reflect histopathological acute inflammatory hepatocyte necrosis (accumulation of
neutrophils in and around the disappeared liver cell plate) and acute cholangitis
(neutrophil infiltration in and around the bile duct lumen in the portal triad)[19].
Using electron microscopy, a disorganized liver cell plate, retained biliary material in
the dilated canaliculi, and cytoplasm shedding into the Disse space have also been
detected[19]. Thus, highly elevated liver enzyme levels during the early disease course
in patients with gallstone AP reflect microscopic hepatocyte necrosis and cholangitis
caused by the sudden blockage of the ampulla of Vater because of migrating bile duct
stones[19]. Liver enzymes escape from degenerated and necrotic hepatocytes, causing
marked hypertransaminemia. These hepatic histopathological simultaneous changes
of cholestasis, acute cholangitis, and hepatocyte necrosis were consistent with those
observed in patients with gallstone hepatitis[20], which will be discussed later. Based
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on the hepatic histopathological changes in gallstone AP, Neoptolemos et al[21]
concluded that there is a degree of obstruction in both bile and pancreatic ducts in
gallstone AP. In contrast, the admission serum bilirubin reflects the degree of
“persistent” bile duct obstruction due to the continued presence of bile duct stones.
Thus, the elevation of serum transaminase is consistent with the concept of transient
ampullary obstruction in gallstone AP and useful in establishing gallstone etiology. An
elevated alanine transaminase (ALT) level is widely considered the most useful to
identify the biliary etiology of AP, and a 1994 meta-analysis found that an ALT level of
> 150 units/L has a positive predictive value for gallstone AP of 95%[22]. A
prospective study conducted by Anderson et al[23] demonstrated that the higher the
ALT, the more likely a biliary cause becomes; ALT levels of > 300 units/L and > 500
units/L have positive predictive values of 87% and 92%, respectively.

In 1991, Isogai et al[20] proposed the term “gallstone hepatitis” as a new clinical
entity defined as a marked elevation in serum transaminase levels due to acute inflam-
matory liver cell degeneration and necrosis during the early stage of gallstone
impaction in the bile duct. Marked elevation in transaminase levels alone may lead to
a diagnosis of so-called hepatitis. However, the pathogenesis of gallstone hepatitis
differs from ordinary hepatitis in that hepatocyte necrosis does occur as a consequence
of cholestasis. Hepatocellular degeneration and necrosis have been histologically
shown to be the acute inflammatory reactions to liver injury caused by acute bile duct
obstruction, which is transient and reversible after its early resolution[20]. It is easily
conceivable that if the bile duct is obstructed by impacted stones, it becomes a closed
system filled with bile and that pathological changes in the bile duct such as bile stasis,
increased pressure, or infection may affect the liver cells that bound the bile
canaliculus and cause hepatocellular injury[20]. Mayer and McMahon[24] reported
that transient ampullary obstruction causes a rapid rise in bile duct pressure and
consequent liver cell damage. Animal models showed that a combination of bile stasis
and inflammation causes a mechanical insufficiency of lymph circulation, leading to
extensive liver cell necrosis[25]. In addition to a marked depression of the hepatic
microcirculation, increased neutrophil infiltration in the liver represents a potential
source of liver injury during acute biliary obstruction[26]. In about half of patients
with gallstone hepatitis, the gross appearance of the gallbladder showed acute
cholecystitis. However, acute cholecystitis was significantly more infrequent among
patients with gallstone hepatitis than control patients, and acute inflammation of the
gallbladder is thought to be secondary to bile duct obstruction[20]. Similarly,
histological evidence of acute cholangitis is considered after bile duct obstruction and
not the initial process responsible for transaminase elevation[20]. In 2016, Huh et al[27]
proposed to exclude patients with acute cholangitis upon hospital admission from
gallstone hepatitis. Marked elevation of serum transaminase levels is induced under
conditions in which intrabile duct pressure dramatically surges[27].

These highly elevated liver test results (gallstone hepatitis) should heighten the
clinician’s awareness of coexisting acute biliary tract disease with gallstone AP.
Hepatocytes with tight junctional complexes, which form a seal between the lumen of
the bile canaliculus and the hepatic intercellular space, play a role in the creation of a
canaliculi-sinusoidal barrier[28], and discontinuities in the junctional meshwork
provide a direct pathway between the lumen of the bile canaliculus and the
intercellular space[29]. Thus, elevated liver enzyme levels, a serological reflection of
microscopic hepatocyte necrosis, indicate disruption to the barrier. It permits
regurgitation of the bile into the circulating blood if the pressure in the bile canaliculus
increases further due to persistent obstruction of the bile duct leading to acute
ascending cholangitis.

Conventionally, clinicians have paid less attention to hepatobiliary diseases charac-
terized by markedly elevated liver enzyme levels caused by impacted bile duct stones;
this seems to be the Achilles heel in managing patients with gallstone AP. This may be
unavoidable because the term “gallstone AP” refers to “pancreatitis” alone. The term
“gallstone hepatopancreatitis” reflects elevated liver and pancreatic enzyme levels,
which may better direct the clinician’s attention to hepatobiliary pancreatic lesions
occurring in both the liver and the pancreas caused by transiently impacted stones at
the ampulla of Vater early in the gallstone AP course.

SUBDIVISION OF SEVERE DISEASE INTO TWO CATEGORIES

The revised Atlanta classification for AP defines moderately severe and severe AP as
the presence of transient organ failure, local complications, or exacerbation of
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comorbid diseases and as persistent organ failure, respectively[15]. Subsequently, a
clinical dilemma arises: Are those patients with AP of gallstone etiology (i.e. gallstone
AP) who have minimal or mild pancreatitis complicated with life-threatening acute
cholangitis due to persistent ampullary stone impaction diagnosed with moderately
severe or severe AP? It is difficult to consider these clinical features to be indicative of
such severity of AP. To cope with the dilemma mentioned above, the author suggests
the term “gallstone cholangiopancreatitis (CP)” to define severe disease with minimal
or mild pancreatitis complicated with life-threatening acute cholangitis. The term
“gallstone CP” incorporates the terms “cholangitis” and “gallstone pancreatitis.”
“Cholangitis” refers to acute ascending cholangitis due to cholangiovenous reflux
through the foci of extensive hepatocyte necrosis reflexed by marked elevation in
transaminase levels (gallstone hepatitis) caused by persistent ampullary obstruction.
Conversely, “gallstone pancreatitis” refers to elevated pancreatic enzyme levels due to
pancreatic duct obstruction, the pancreatic lesion that has minimal or mild inflam-
mation (Figure 1A). It should be emphasized that in gallstone CP, the hepatobiliary
pathology reflected by “cholangitis” outweighs the pancreatic lesion reflected by
“gallstone pancreatitis.” Currently, endoscopic retrograde cholangiopancreatography
(ERCP) with endoscopic sphincterotomy (ES) is the widely accepted modality for
gallstone AP with coexisting cholangitis and persistent biliary obstruction (i.e.
gallstone CP )[10,30].

In contrast, NP resulting from the reflux of bile or duodenal contents into the
pancreas uncomplicated with acute biliary tract disease due to the passage of stones is
recommended to define “gallstone NP” (Figure 1B). This is because AP is generally an
inflammation secondary to pancreatic tissue necrosis, irrespective of etiology, resulting
from autodigestion by pancreatic enzymes[16]. Considering that stones responsible for
NP generally pass into the duodenum early in the disease course or have already been
evacuated and lost, ES may not be necessary for patients with gallstone NP.
Additionally, a recent multicenter randomized controlled trial reported that compared
with conservative treatment, urgent ERCP with ES (within 24 h after hospital
presentation) did not reduce the composite endpoint of major complications or
mortality in patients with predicted severe gallstone AP (Acute Physiology and
Chronic Health Evaluation II score > 8, Imrie score 2 3, or C-reactive protein level > 150
mg/L) and without cholangitis[31]. For future clinical trials on the role of urgent
ERCP, American Gastroenterological Association has recommended that the timing of
the ERCP interventions should be 24-48 h after diagnosis (24 h to allow spontaneous
passage of the stone and 48 h to ensure that prolonged biliary obstruction does not
occur)[10].

PERSPECTIVES ON GALLSTONE PANCREATITIS

In 2017, Campos et al[32] reported that pancreaticobiliary diseases are the most
common cause of the marked increase in serum aminotransferase levels, considering
the decrease in the prevalence of liver diseases (including viral infections) due to
vaccination programs, social awareness campaigns, and an increased incidence of
cholesterol calculi in developed countries, which was considered to be a new
paradigm. The marked increase in serum aminotransferase levels in pancreaticobiliary
diseases observed by Campos et al[32] was specifically in gallstone hepatitis or
gallstone AP. Thus, gallstone AP is expected to be more often encountered. Gallstone
AP is a disease diagnosed by the abnormal biochemical data of pancreatic and liver
enzymes or may be missed if the blood tests are not performed. Once gallstone AP is
diagnosed based on the acute onset of a severe epigastric pain accompanied by an
elevation of pancreatic and liver enzyme levels and gallstones are demonstrated by
image modalities, it should be properly managed based on the differences in clinical
features and the mechanism by which gallstones initiate AP. The acute inflammatory
hepatobiliary disease indicated by marked hypertransaminasemia (gallstone hepatitis)
together with the pancreatic lesion reflected by a pancreatic enzyme elevation needs to
be evaluated.

Within the first 72 h following its diagnosis, the key management strategy is to
predict patients with gallstone CP who will benefit from ERCP with ES. It may be
difficult to distinguish the inflammatory response caused by pancreatic injury from
that due to biliary sepsis. Additionally, the diagnosis of coexisting acute cholangitis is
not always straightforward, and the reliance on Charcot’s triad criteria may be
insufficient[18]. The sensitivity and specificity of endoscopic ultrasound in detecting
common bile duct stones are superior to those of both transabdominal ultrasound and
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A

Impacted
ampullary stone

Acute
cholangitis

Passed stone

Necrotizing
pancreatitis

Figure 1 Subdivisions of gallstone pancreatitis with severe disease into gallstone cholangiopancreatitis and gallstone necrotizing
pancreatitis. A: Gallstone cholangiopancreatitis with persistent ampullary stone impaction and ascending acute cholangitis complicated with minimal or mild
pancreatic inflammation due to biliopancreatic obstruction; B: Gallstone necrotizing pancreatitis caused by the reflux of bile or duodenal contents into the pancreas
(P), not complicated by acute biliary tract disease due to the passage of stones. L: Liver; BD: Bile duct; GB: Gallbladder; PD: Main pancreatic duct.
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serum markers[33]. Hence, despite being invasive and not widely available, there is
increasing use of endoscopic ultrasound to identify common bile duct stones in
patients with gallstone AP. An endoscopic ultrasound-first strategy to establish the
indication for ERCP with ES is expected[33].

If gallstone CP is ruled out and patients fail to improve after 5 to 7 d of initial
treatment, contrast-enhanced computed tomography (CECT) is the most useful
method for differentiating edematous pancreatitis from NP[34], and its findings are
incorporated in the severity assessment of AP[35]. However, CECT should only be
used when the value of the information obtained outweighs the disadvantages, such
as impairment of renal function and allergic reaction[35]. Because an early CECT may
underestimate the eventual extent of pancreatic and peripancreatic necrosis, a non-
enhancing area of the pancreatic parenchyma identified using CECT should be
considered as pancreatic parenchyma necrosis after the first week of the disease[15].

The algorithm for the diagnosis and initial treatment of gallstone AP is shown in
Figure 2. The detailed management strategy for patients with gallstone NP has been
suggested by a substantial evidence base[33], although this issue is beyond the scope
of the present review.

CONCLUSION

Regarding gallstone AP, the disease severity caused by persistent ampullary stone
impaction with biliopancreatic obstruction remains controversial. Based on the
differences in clinical features and the mechanism by which gallstones initiate AP, the
severe disease is subdivided into gallstone CP and gallstone NP. The term “gallstone
CP” is suggested to define severe disease with minimal or mild pancreatitis
complicated by life-threatening acute cholangitis due to persistent ampullary stone
impaction. The term “gallstone CP” may be valuable in clinical practice for specifying
gallstone AP that needs urgent ERCP with ES. Whereas severe disease with NP
resulting from the reflux of bile or duodenal contents into the pancreas is defined as
“gallstone NP,” which is not complicated by acute biliary tract disease due to the
passage of stones, and urgent ERCP may not be necessary.

Although elevation in serum transaminase levels in patients with gallstone CP
reflects hepatic injury, which is inappropriate for use in multifactor prognostic systems
of AP such as Ranson or Imrie score, the mechanism of transaminase elevation in
patients with gallstone NP remains unclear without hepatic histopathological
evidence, and further studies are needed.
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Abstract

Pancreatic cancer produces disabling abdominal pain, and the pain medical
management for pancreatic cancer is often challenging because it mainly relies on
the use of narcotics (major opioids). However, opioids often provide suboptimal
pain relief, and the use of opioids can lead to patient tolerance and several side
effects that considerably reduce the quality of life of pancreatic cancer patients.
Endosonography-guided celiac plexus neurolysis (EUS-CPN) is an alternative for
pain control in patients with nonsurgical pancreatic cancer; EUS-CPN consists of
the injection of alcohol and a local anesthetic into the area of the celiac plexus to
achieve chemical ablation of the nerve tissue. EUS-CPN wvia the transgastric
approach is a safer and more accessible technique than the percutaneous
approach. We have reviewed most of the studies that evaluate the efficacy of EUS-
CPN and that have compared the different approaches that have been performed
by endosonographers. The efficacy of EUS-CPN varies from 50% to 94% in the
different studies, and EUS-CPN has a pain relief duration of 4-8 wk. Several
factors are involved in its efficacy, such as the onset of pain, previous use of
chemotherapy, presence of metastatic disease, EUS-CPN technique, type of needle
or neurolytic agent used, etc. According to this review, injection into the ganglia
may be the best technique, and a good visualization of the ganglia is the best
predictor for a good EUS-CPN response, although more studies are needed.
However, any of the 4 different techniques could be used to perform EUS-CPN
effectively with no differences in terms of complications between the techniques,
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but more studies are needed. The effect of EUS-CPN on pain improvement,
patient survival and patient quality of life should be evaluated in well-designed
randomized clinical trials. Further research also needs to be performed to clarify
the best time frame in performing a EUS-CPN.

Key Words: Pancreatic cancer; Endosonography; Celiac plexus neurolysis; Opioids;
Echoendoscopy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this review, we analyzed the efficacy of the celiac plexus neurolysis
through echoendoscopy (EUS-CPN) technique in patients with unresectable pancreatic
cancer. The use of opioids for pain control are associated with numerous side effects
that reduce the quality of life of pancreatic cancer patients, and the use of EUS-CPN is
a safe and effective approach to pain management and allows for the reduction in the
opioid doses used. There are different techniques to perform a EUS-CPN, all of which
are described in this article. However, there are concerns about the efficacy of EUS-
CPN (since it produces a reduction in pain for a short time), the ideal time to perform
this technique is unknown, and it is also unknown whether this technique has any
influence on patient survival and quality of life.

Citation: Pérez-Aguado G, de la Mata DMA, Valenciano CML, Sainz IFU. Endoscopic
ultrasonography-guided celiac plexus neurolysis in patients with unresectable pancreatic
cancer: An update. World J Gastrointest Endosc 2021; 13(10): 460-472

URL: https://www.wjgnet.com/1948-5190/full/v13/i10/460.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i110.460

INTRODUCTION

Pancreatic cancer is one of the solid tumors with the worst prognosis. Unfortunately, it
is often diagnosed at an advanced stage of the disease, and only 12%-20% of cases are
resectable at the time of diagnosis. Over 50% of patients with pancreatic cancer will
not survive within the first year after diagnosis, and this disease has an overall five-
year survival rate under 10%[1,2].

Chronic abdominal pain is a frequent symptom in patients with advanced
pancreatic cancer due to the perineural invasion of tumor cells, and pain is present in
70%-90% of the patients at diagnosis and has very complex medical management[3,4].

Pain management in patients with pancreatic cancer usually begins with the
administration of nonopioid analgesics followed by opioids in refractory cases.
Opioids have many adverse effects, such as nausea, constipation, urinary retention,
drowsiness, and patient tolerance or dependence.

Currently, many other therapeutic alternatives have been evaluated as comple-
mentary treatments, such as celiac plexus neurolysis (CPN) with various agents, which
can be administered either percutaneously or transgastrically[5,6].

Pain originating in the intra-abdominal viscera, such as the pancreas, is transmitted
by the afferent nerve fibers through the celiac plexus and finally reaching the central
nervous system through the posterior root of the spinal cord at the level of T12-L2. The
celiac plexus is a group of nerve fibers that converge into the celiac ganglia located in
the retroperitoneum and is immediately adjacent to the anterolateral wall of the aorta
at the origin of the celiac trunk. Traditionally, access to the celiac plexus has been
percutaneous, and it is necessary to avoid the different structures located between the
skin and the celiac plexus while performing a percutaneous access to the celiac plexus
[5]. However, endosonography (EUS) allows the endosonographer to perform CPN
close enough to the celiac plexus through the gastric wall, which could allow a safer
and more effective access. EUS-CPN was first described by Wiersema et al[6] in 1996.

EUS-CPN is performed by the injection of a neurolytic agent directly into the celiac
plexus, which causes an irreversible ablation. Pure ethanol is often used as the
neurolytic agent in association with a local anesthetic agent, such as bupivacaine, and
nociceptive afferent nerve fibers are blocked with these agents to achieve pain
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reduction. EUS-CPN is performed to ameliorate pain and reduce the dose of analgesics
in these patients, because the use of analgesics often causes a reduction in patient
survival or quality of life.

In this review, we focused on patients with unresectable pancreatic cancer because
pancreatic cancer is common and still affects a large number of cases. The options for
pain management in these patients must be understood by all gastroenterologists and
endoscopists. However, other pathologies, such as biliary tract tumors and patients
with chronic pancreatitis, may require a CPN or celiac plexus block, respectively. Due
to the large amount of evidence for the use of EUS-CPN in unresectable pancreatic
cancer patients, we wanted to focus on this pathology to avoid performing such an
extensive review and to focus on the management of chronic abdominal pain with this
technique. We also wanted to further understand whether our interventions in this
specific pathology have any impact on the survival and quality of life of patients.

INDICATIONS

EUS-CPN is performed in patients with chronic or uncontrolled abdominal pain
associated with nonresectable pancreatic cancer; however, to ensure that EUS-CPN is
effective, we must carefully select the patients who receive this technique. Current
evidence does not precisely indicate when the best time is to perform an EUS-CPN[7].

EUS-CPN is useful in patients with uncontrolled pain or when the adverse effects of
opioids reduce the patient’s quality of life. Furthermore, other causes of pain must be
investigated and ruled out prior to treatment, such as carcinomatosis, liver or bone
metastases and peptic ulcers, because these conditions could lead to a partial or non-
response to EUS-CPN.

CONTRAINDICATIONS

EUS-CPN should not be performed in patients with resectable pancreatic tumors
because this technique may be difficult to perform, and it is mandatory to discuss
borderline patients within a multidisciplinary team before performing a EUS-CPN.
There are no absolute contraindications, but there are certain situations where a EUS-

CPN should not be performed. The contraindications of EUS-CPN are shown in
Table 1.

TECHNIQUE

Over the years, CPN has been performed via different techniques. It was initially
described in 1914 as an intraoperative procedure[8], and since then, assistance with
fluoroscopy, computed tomography or abdominal ultrasonography has been utilized
[5]. In 1996, Wiersema described for the first time an endosonography-guided celiac
plexus neurolysis (EUS-CPN) by a transgastric approach[6]. EUS-CPN allows for a
more accurate and safer technique due to the use of color Doppler to avoid vessels that
could be close to the needle path. It can be performed in an outpatient setting
depending on the clinical status of the patient.

STEPS

Patient medical records must be reviewed to rule out previous surgeries or anatomical
abnormalities and to evaluate the radiological images to study the location of the
lesion, to evaluate for any possible infiltration of the celiac trunk and to determine if
there is another pathology present.

The left decubitus position is the preferred position to perform a EUS-CPN. Deep
sedation is also recommended for patients undergoing a EUS-CPN along with
appropriately monitored anesthesia. The breathing rate, pulse oximetry, blood
pressure and heart rate of the patients must be thoroughly monitored throughout the
procedure.

The administration of at least 500 mL intravenous saline solution is needed before
and after the procedure to minimize the risk of hypotension, as hypotension is one of
the most common adverse effects after the procedure, only second to the hyperactivity
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Table 1 Contraindications of endosonography-guided celiac plexus neurolysis

Absolute

Relative

Resectable pancreatic cancer
Coagulopathy (INR > 1.5)

Low platelet count (< 50000 units)

Esophagueal or gastric varices[21,26]
Previous gastric surgery(2,14]

Anomalies of celiac trunk[12]

Jaishideng®

of the parasympathetic nervous system[3,9-15].

The evidence is not clear regarding the administration of prophylactic antibiotics for
EUS-CPN. Infectious complications due to EUS-CPN are rare, so most of the previous
studies did not use prophylactic antibiotics[11-14].

An examination with radial echoendoscopy may be initially performed to explore
the celiac trunk area. Then, a linear echoendoscope is introduced until reaching the
origin of the celiac trunk, which is the first large vessel of the abdominal aorta just
beneath the diaphragm. The diaphragm is a structure indirectly located by the visual-
ization of the left diaphragmatic crus, 40-45 cm distal to the superior dental arch.
Immediately under the celiac trunk is the origin of the superior mesenteric artery and
the myenteric plexus (Figure 1).

The celiac plexus is located in the anterior wall of the aorta and is on both sides of
the origin of the celiac trunk, and it is sometimes 1 mm above it or can sometimes be
several millimeters below it (Figure 2). To locate this area, the echoendoscope should
be rotated both clockwise and counterclockwise. The puncture area must be carefully
selected, and before introducing the needle, it is recommended to use color Doppler in
the target area of the puncture to make sure there are no vascular structures in the
path of the needle.

TYPE OF NEEDLE

Any EUS needle may be used, as previous demonstrated in several studies, and these
needles can range from small caliber needles, such as 25-gauge needles, to larger
caliber needles, such as 19-gauge needles. Certainly, the use of a larger caliber needle
will allow for an easier injection of substances.

One specific needle was designed for this technique: it is a 20-gauge needle with a
dumpling pattern and conical tip [EchoTip® Ultra Celiac Plexus Neurolysis Needle,
Cook Medical, Limerick (Ireland)], which allows the injection to be sprayed in a radial
and uniform way and allows for adequate diffusion of the substance into the celiac
plexus (Figure 3).

When the puncture area is selected, the needle must be primed with local anesthetic
(usually bupivacaine or lidocaine) to avoid the injection of air into the puncture area.

Once the needle has been introduced, aspiration to confirm negative pressure must
be performed to make sure that the needle was not placed into a vessel prior to
injecting the substance, because the injection of these substances in a blood vessel wall
or into the systemic circulation can be critical and life threatening.

NEUROLYTIC AGENT

Usually, the average injected volume of 0.25% bupivacaine is 10 to 20 mL, followed by
10 to 20 mL of 98% alcohol, although these quantities may vary slightly depending on
the study. Optionally, some contrast agents can be used, even though the use of these
is not clear. Ishiwatari et al[16] compared the use of phenol as compared to ethanol as a
neurolytic agent and found no differences in pain control or complications.

TYPE OF APPROACHES

The different approaches for EUS-CPN are showed in Figure 4.

Bilateral approach/technique[6,17], once the celiac trunk has been located, the
objective of this approach is to inject substances on both sides of it. It is recommended
to make slow and rotatory clockwise movements without losing the longitudinal axis
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Figure 1 Sagittal plane of the aorta where we can see left diaphragmatic crus, celiac trunk and superior mesenteric artery emerging from
Aorta. SMA: Superior mesenteric artery; LDC: Left diaphragmatic crus; CT: Celiac trunk.

Celiac plexus Celiac plexus

—

Mesenteric plexus Mesenteric plexus

Figure 2 Schematic vision (frontal and lateral) of the situation of celiac and mesenteric plexus. SMA: Superior mesenteric artery; CT: Celiac trunk.

Figure 3 Specific needle designed for endosonography-guided celiac plexus neurolysis (Cook Medical, Limerick, Ireland).

of the aorta. With these movements, we are able to see the “injection windows”, as
shown in Figure 5.

Central approach/technique[9,10] is begun from the starting position at the origin
of the celiac trunk and without losing the longitudinal axis of the aorta, the injection is
performed in a cranial plane from the starting position, as shown in Figure 6.

Broad approach/technique was first described in 2010 by Sakamoto et al[18], and
this approach is based on the injection of the substances above and on both sides of the
origin of the superior mesenteric artery, without losing the longitudinal axis of the
aorta, and by aiming for a broader diffusion of the neurolytic agent (Figure 5). In this
technique, the needle reaches a greater depth; therefore, it is recommended to use a 25-
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Figure 4 Schematic representation of the different endosonography-guided celiac plexus neurolysis approaches. SMA: Superior mesenteric
artery; CT: Celiac trunk.
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Figure 5 Lateral and broad approaches for endosonography-guided celiac plexus neurolysis. SMA: Superior mesenteric artery; CT: Celiac trunk.

Central approach

>
o -

Figure 6 Central approach for endosonography-guided celiac plexus neurolysis. SMA: Superior mesenteric artery; CT: Celiac trunk.

gauge needle.

Direct approach/technique[11] is based on the direct injection of each celiac ganglia
to distribute the alcohol and anesthetic doses. Celiac ganglia are sometimes visible as
hypoechoic structures, which are almond shaped, are between 2 to 20 mm and are
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usually located around the aorta at the origin of the celiac trunk. The right celiac
ganglion is usually located 6 mm inferior to the origin of the celiac trunk, while the left
celiac ganglion is located 9 mm below the origin of the celiac trunk. During the
injection in the center of the ganglia, “ballonization” and an increase in volume will be
seen. If this is not seen, the needle is probably misplaced.

AFTER THE PROCEDURE

Before extracting the needle, 3 mL of saline solution is injected to prevent the injection
of ethanol into the path of the needle. If this injection of saline is not performed, it
could result in the exacerbation of pain after the procedure. Patients should be
monitored for at least two hours after the intervention, and the patient’s blood
pressure should be monitored.

RESULTS

The efficacy, study design, dose and type of neurolytic agent, follow-up and complic-
ations of EUS-CPN are summarized in Table 2[18-24].

EFFICACY OF CPN

Several studies have been performed to evaluate the efficacy of EUS-CPN. Globally,
there has been a great variability shown in the efficacy of this technique for pain
control associated with pancreatic cancer. The range of efficacy varies from 50% to 94%
in the previous studies[6,7,9-11,13-19,23,24].

However, the available current literature has limitations due to the different quality
of the studies (some of them are retrospective), and they differ in the injection
technique, type and volume of neurolytic agent, number of patients and follow-up. In
addition, the definitions for categorizing pain control vary in the different studies:
improvement or resolution of pain, reduction of the Visual Analogue Scale (VAS) or
Likert scale, reduction of the dose of opioids, etc.[6,7,9-11,13-19,23,24].

EUS-CPN was first performed by Wiersema et al[6] with an efficacy of 88% in 30
patients over 10 wk. In the first clinical trial, Wyse et al[7] randomized 96 patients with
unresectable pancreatic cancer to either early treatment with EUS-CPN or a conven-
tional medical treatment with analgesics and opioids. Clinical significance was
observed with a reduction of 28% and 60% in the Likert scale at 4 and 10 wk of follow-
up, respectively. A reduction in the dose of analgesics was also observed.

Momentary efficacy was observed in four systematic reviews and three meta-
analyses. The studies demonstrated a reduction in pain in more than 50% of the
patients during the 4-8 wk follow-up[15,25-27]. In addition, one of the systematic
reviews concluded that pain control allowed for a reduction in the opioid dose with
significantly fewer adverse effects in the treated group (P < 0.0001), but this was
during the short term.

Based on this evidence, we can conclude that EUS-CPN significantly reduces the
pain associated with pancreatic cancer (but does not make the pain disappear
completely) and can reduce the dose of opioids[7,23,25,26]. The combination of an
EUS-CPN plus analgesic opioids could be superior to opioid therapy alone[7].
However, this should be demonstrated in randomized clinical trials (RCTs) to further
validate these findings[26,28].

IMPACT OF CPN ON QUALITY OF LIFE AND SURVIVAL

Current evidence supports the efficacy of CPN. However, the effect on the patient’s
quality of life is controversial, and there is no effect on survival. Changes in the quality
of life were measured with different QOL scores Digestive Disease Questionnaire-15

(71

On the one hand, Wyse et al[7] observed that the addition of EUS-CPN to the
treatment regimen had no outcomes effect on the quality of life in patients. Lu et al[25]
found in a their systematic review that EUS-CPN significantly reduced significantly
the dose of opioids with a diminution of their adverse effects, but there wiwasth no
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Table 2 Endosonography-guided celiac plexus neurolysis efficacy in current literature

Ref. Design n Technique  Neurolytic agent Pain control (follow up) Complications
Wiersema et al[6] Retrospective 30 Bilateral 3 mL bupivacaine 88% (10 wk) Diarrhea 13.3%, Pain 3.3%
(0.25%) +10 mL
ethanol (98%)
Gunaratnam et al  Prospective 58 Bilateral 3-6 mL bupivacaine 78% (24 wk) Pain 8.6%
[17] (0.25%) + 10 mL
ethanol (98%)
Levy et al[11] Retrospective 17  Direct 8 mL bupivacaine 94% (2-4 wk) Hypotension 35%, pain 41%
(0.25%) + 12 mL and diarrhea 16%
ethanol (99%)
Sahai et al[9] Prospective 160 Central vs 10 mL bupivacaine 45.9% vs 70.5% (7 d). P < 0.05 Bleeding 0.7%
Bilateral (0.5%) + 20 mL ethanol
Sakamoto et al Retrospective 67  Broad vs 3 mL lidocaine (1%) + Mean VAS scores 3.9 vs 2.5 (7 d) None
[18] bilateral 9 mL ethanol (98%) and 4.8 vsa 3.4 (30d) P <0.05
Wyse et al[7] RCT 48  Bilateral vs 10 mL bupivacaine Likert scale reduction 28% (4 wk) + None
analgesia (0.50%) + 20 mL 60% (12 wk) P <0.05
ethanol
LeBlanc et al[10]  RCT 50 Central vs 20 mL lidocaine 69% vs 81% (61.9%)(14wk) Hypotension 2% pain 36%
bilateral (0.75%) + 10 mL
ethanol (98%)
Iwata et al[19] Retrospective 47  Central, direct 2-3 mL bupivacaine +  68% (7 wk) Hypotension 17%, diarrhea
or bilateral 20 mL ethanol 23% and inebriation 8%
Ascunce et al[20]  Retrospective 64 Bilateral 10 mL lidocaine (1%) + 50% (1 wk). OR 15.61 of response if Hypotension 2%, pain 2% and
20 mL ethanol (98%) celiac ganglia was detected diarrhea 23%
Wiechowska- Retrospective 29 Central vs 2 mL lidocaine (2%) +  86% (1-2 wk) Hypotonia 3.4%, pain 6.9% and
Koztowska et al bilateral 20 mL ethanol (98%) diarrhea 10.3%
[12]
Téllez-Avilaetal  Retrospective 53  Central vs 10 mL lidocaine (1%) + 48% vs 56% (4 wk) Transitory pain 0% vs 3%
[21] bilateral 10-20 mL ethanol
(98%)
Seicean et al[22] ~ Retrospective 32  Central 10 mL lidocaine (1%) + 75% (2 wk) None
10-15 mL ethanol
Doi et al[13] RCT 68  Direct vs 1-2 mL bupivacaine 73.5% vs 45.5% (7 d) P < 0.05 Hypotension 2.9% vs 6%, pain
central (0.25%-0.5%) + 10-20 29.4% vs 21.2% and diarrhea
mL ethanol 5.9% vs 9.1%. No diferences
Ishiwatari ef al Retrospective 22 Direct or 1-2 mL bupivacaine 83% (fenol) vs 69% (ethanol) (7 d) Diarrhea 9%, hypotension
[16] bilateral (0.5%) + 40-60 mL 4.5%, pain 4.5% and inebriation
ethanol or 20-25 mL 4.5%
fenol
Hao et al[23] Retrospective 41  Central or 10 mL bupivacaine Pain < 3 mo improve 84% (3 d), Hypotension 4.9%
direct (2%) + 20 mL ethanol ~ 96% (7 d) and 68% (90 d). Pain >3
mo improve 75% (3 d), 81% (7 d)
and 50% (90 d)
Minaga et al[14] ~ Retrospective 112 Broad + direct 3 mL lidocaine (1%)+  Pain improvement 77. 7% (1 wk)+  Inebriation 8%, hypotension
observational 9 mL ethanol (98%) 67.9% (4 wk) 4.5%, pain 3.6% and diarrhea
3.6%
Levy et al[24] RCT 110 Direct vs 4 mL bupivacaine Pain improvement 46.2% vs 40.4%. Hypotension 11.7% vs 20%,

bilateral

(0.25%) + 20 mL
ethanol (99%)

No changes on quality of life

diarrhea 10% vs 12.2%. Pain
8.3% vs 44.9% (P < 0.05)

VAS: Visual analogue scale. RCT: Randomized clinical trial.

Jaishideng®

differences in terms of quality of life.

On the other hand, Seicean et al[22] found little improvement in some factors
associated with quality of life, such as the functional status or sleep quality, and there
was no change in the acceptance of the disease and enjoyment of life.

Current evidence has not shown any clinical significance in terms of survival to
recommend an EUS-CPN[7,26]. Although it has not been demonstrated that EUS-CPN
significantly improves the quality of life of patients, the reduction of adverse effects
associated with opioids could have some impact on the quality of life of these patients,
which can be important[22,26].
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PREDICTORS OF RESPONSE

CPN is usually performed as a palliative treatment in patients refractory to common
analgesics. However, since Wiersema et al[6] performed the first EUS-CPN, they found
that patients who had not received previous chemotherapy had significantly greater
pain relief than patients who received chemotherapy.

It is known that chemotherapy improves the patient’s pain and quality of life[7,24].
Patients who received chemotherapy before EUS-CPN could be impacted by the effect
of the technique. In fact, as concluded by Wyse et al[7], pain improvement was seen
earlier in patients who had not received previous chemotherapy than in patients who
did receive chemotherapy.

In a different study, Hao et al[23] observed a significant improvement in the pain
scales of the patients who had an onset of pain earlier than 3 mo, and an improvement
of pain was then observed in both the short and long terms.

The best time to perform an EUS-CPN remains unclear[7]. It could be possible that a
delay in performing an EUS-CPN or its application in patients who have received
other treatments for pain control could decrease the efficacy of the EUS-CPN;
however, there is not enough evidence to support this theory[7,17,21].

Few studies have also compared the different techniques of EUS-CPNJ[9,12,14,15,23,
26]. Iwata et al[19] observed that the direct invasion of the celiac plexus and the distri-
bution of ethanol on only the left side of the artery negatively influenced pain control
[13].

A retrospective study by Ascunce et al[20] evaluated the efficacy of the bilateral
technique. They concluded that the direct visualization of the celiac ganglia while
performing a EUS-CPN (which needed to be referenced in the endoscopic report) was
a good predictor of the response (OR 15.61).

BILATERAL VS CENTRAL TECHNIQUE

As mentioned above, there are several techniques for performing a EUS-CPN. We
reviewed those studies that compared the different techniques to analyze which
technique may be the most effective and that had fewer adverse effects[9,13,14,18,21,
24].

On the one hand, bilateral and central techniques have shown comparative
outcomes in a few studies[10,25,26], and the only exception was in a study performed
by Sahai et al[9] in 2009. The bilateral approach improved the pain control compared to
the central technique (70.5% vs 45.9%; P < 0.05), but the effect lasted only one week.

On the other hand, in a meta-analysis published in 2009, a subgroup analysis was
performed that evaluated the different approaches that were performed. The bilateral
approach was more effective than the central technique in terms of pain control (84.5%
vs 45.9%; P < 0.05)[15].

Finally, one more recent meta-analysis of 437 patients concluded that comparable
pain control was obtained with both approaches; however, the bilateral approach
significantly reduced the dose of opioids compared to the central technique[25].

GANGLIA INJECTION

Direct injection of neurolytic agents into the ganglia has been demonstrated to be
effective for pain relief associated with pancreatic cancer. The rate of effectiveness has
varied from 65% to 94% in different studies,[11,13,14] and one of these studies was a
clinical trial. Doi et al[13] demonstrated significant pain relief with the injection
directly into the ganglia compared to the central approach, but the injections were only
beneficial for one week (73.5% vs 45.5%).

Despite having good results in several studies, other studies have been published
that have shown some concerns regarding this technique.

Levy et al[24] published a randomized double blind clinical trial comparing direct
ganglia injection to central CPN, and no differences were found in pain control or in
improving the quality of life with either technique. However, the median survival was
significantly higher in patients treated with direct ganglia injection (10.5 mo vs 5.6 mo),
particularly for patients with nonmetastatic disease.

Recently, Koulouris et al[28] performed a systematic review and meta-analysis on
the efficacy of three EUS-CPN techniques on pain control: central, bilateral and ganglia
injection. Pain control was achieved in 68% of the patients at week 2 and 53% of the
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patients at 4 wk of follow-up. There was no difference between the techniques in terms
of age, sex, tumor localization, stage or baseline pain before the intervention. Major
bias could have been present in this review, because low-quality studies were included
(not randomized studies), the measurement of treatment response was different, and
the influence of other treatments (opioids or chemotherapy) was not evaluated in this
study. However, no differences in the complications between the techniques were
found.

CPN OVER THE MESENTERIC ARTERY (BROAD TECHNIQUE)

Few studies have evaluated the broad technique or have compared it to the other
techniques. Sakamoto et al[18] compared the broad CPN technique against the bilateral
technique, and this study showed that there was better pain control with the broad
approach at 7 and 30 d of follow-up. There were no differences in the adverse events.
Another study comparing the broad CPN technique against the broad CPN plus direct
ganglia injection technique showed significantly better pain control with the
combination of both techniques (OR 3.69 in the 1* week and OR 6.37 in the 1% month)
[14]. Adequate pain management has been obtained by this approach of using both
techniques, but more studies are needed to confirm these findings.

COMPLICATIONS

EUS-CPN is described as a safe procedure[6,7,9-11,13-19,23,24]. A total of 44% of
complications have been reported, but most of them have been minor and transient.
Diarrhea and interim hypotension are frequently observed due to the parasympatho-
mimetic response. Pain exacerbation is another common adverse effect (8%) associated
with ethanol injection. Transient inebriation was observed in three Japanese studies
[13,14,16].

Major complications have been reported in less than 1% of patients; however, these
patients frequently have fatal outcomes. Infection, bleeding, retroperitoneal abscesses,
paraplegia and ischemia have been previously reported in the literature[29-34].
Usually, these complications are associated with an incorrect injection site of the
neurolytic agent. EUS-CPN must be performed by expert endoscopists and at hospitals
with a high volume of procedures.

NEW TECHNIQUES OF EUS-CPN

Recently, other techniques of EUS-CPN have been described with encouraging results.
In 2012, Wang et al[35] achieved a EUS-CPN by the insertion of a radioactive seed, I'*,
directly into the celiac ganglia. Twenty-three patients were included in this study, and
there was a significant reduction in pain control and the dose of opioids.

In 2015, Facciorusso et al[36] suggested in a case report that the use of an EUS-CPN
associated with the injection of ethanol directly into the tumor could enhance the
effects of neurolysis; however, more studies of this approach are needed to confirm the
results. Recently in 2019, Bang et al[37] published that an EUS-CPN could be
performed with a radiofrequency ablation of the celiac ganglia. Twelve patients were
included in this study, and they compared this technique against the traditional EUS-
CPN. Radiofrequency ablation obtained better results not only regarding the pain
associated with pancreatic cancer, but there was also an improvement in the quality of
life scales. However, more studies are needed to validate these approaches.

CONCLUSION

EUS-CPN is a safe and effective therapeutic alternative for short-term pain control in
unresectable pancreatic cancer patients. It can allow for a dose reduction of opioids,
which are responsible for serious adverse effects that reduce the quality of life of these
patients. However, an improvement in patient survival or quality of life after using an
EUS-CPN has not been demonstrated in the current literature.
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The strengths of our review are the large number of studies collected (many of them
are clinical trials) with an acceptable number of patients, and many studies have
demonstrated favorable results in the use of EUS-CPN in these patients, even though
this technique has been performed by expert endoscopists in centers with a high
volume of patients. We also present a scheme for performing this technique that shows
a good applicability, and most of the complications of this technique are minor and
preventable. There are several techniques for performing an EUS-CPN, all of which are
valid, and the most commonly used technique is the central technique, which is
known by all expert endoscopists in this field and is the technique we currently
perform in our centers.

Therefore, we can conclude that the best predictor for a good response could be the
celiac ganglia visualization during the EUS-CPN technique. However, any of the 4
different techniques could be offered to effectively perform an EUS-CPN with no
differences in complications between the techniques based on this review.

According to this review, a universal pain reduction scale should be used to design
further research and to prevent heterogeneity of the results among the studies. EUS-
CPN must be performed by expert endosonographers to achieve the best approach
and to have a good outcome from this technique as well as to avoid serious adverse
events.

Further research is needed to clarify when to perform an EUS-CPN and whether it
should be included as a first-line therapy in addition to traditional medical treatment,
whether it should be performed as a prevention prior to chemotherapy or if it should
be reserved for patients with uncontrolled pain that is refractory to major opioids.
Well-designed RCTs are required to evaluate the improvement of pain, survival and
quality of life in these patients.
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Abstract

Biliary stenosis may represent a diagnostic and therapeutic challenge resulting in
a delay in diagnosis and initiation of therapy due to the frequent difficulty in
distinguishing a benign from a malignant stricture. In such cases, the diagnostic
flowchart includes the sequential execution of imaging techniques, such as
magnetic resonance, magnetic resonance cholangiopancreatography, and
endoscopic ultrasound, while endoscopic retrograde cholangiopancreatography is
performed to collect tissue for histopathological/cytological diagnosis or to treat
the stenosis by insertion of stent. The execution of percutaneous transhepatic
drainage with subsequent biopsy has been shown to increase the possibility of
tissue diagnosis after failure of the above techniques. Although the diagnostic
yield of histopathology and imaging has increased with improvements in
endoscopic ultrasound and peroral cholangioscopy, differential diagnosis
between malignant and benign stenosis may not be easy in some patients, and
strictures are classified as indeterminate. In these cases, a multidisciplinary
workup including biochemical marker assays and advanced technologies
available may speed up a diagnosis of malignancy or avoid unnecessary surgery
in the event of a benign stricture. Here, we review recent advancements in the
diagnosis and management of biliary strictures and describe tips and tricks to
increase diagnostic yields in clinical routine.

Key Words: Biliary stenosis; Cholangioscopy; Metal stent; Endoscopic ultrasound;
Endoscopic ultrasound-guided fine needle aspiration; Biliary stenosis treatment
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Core Tip: Biliary stenosis remains a diagnostic and therapeutic challenge due to the
difficulty in obtaining a tissue diagnosis to differentiate a malignant from a benign
stricture. The diagnostic and therapeutic workup of patients with a suspected malignant
biliary stricture should be discussed at a multidisciplinary team meeting in a tertiary
center. The use of all available diagnostic tools such as magnetic resonance cholan-
giopancreatography, endoscopic retrograde cholangiopancreatography, endoscopic
ultrasound-fine needle aspiration, and cholangioscopy should be evaluated to avoid
unnecessary surgery or a delay in diagnosis. Here, we focus on the most recently
published findings regarding the diagnosis and therapy of biliary stricture.

Citation: Del Vecchio Blanco G, Mossa M, Troncone E, Argird R, Anderloni A, Repici A,
Paoluzi OA, Monteleone G. Tips and tricks for the diagnosis and management of biliary
stenosis-state of the art review. World J Gastrointest Endosc 2021; 13(10): 473-490

URL: https://www.wjgnet.com/1948-5190/full/v13/i110/473.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i110.473

INTRODUCTION

A biliary stricture (BS) is a narrowing of the biliary tree caused by benign or malignant
conditions. Differential diagnosis between the different forms of BS can be challenging,
as the etiology may remain indeterminate even after carrying out complete laboratory,
imaging, and tissue-based diagnostic investigations[1]. Despite improvements in
endoscopic techniques and a greater knowledge of the underlying causes of the
condition acquired over the last decade, about 15%-20% of patients with indeterminate
BS undergoing surgery are found to have a benign disease, with high postoperative
mortality (10%) reported in many Western referral centers[1-4]. Patients with
indeterminate BS or a diagnosis of indeterminate dysplasia at histopathological
evaluation require a multidisciplinary approach involving gastroenterologists,
surgeons, radiologists, and oncologists for diagnosis and appropriate treatment.

ETIOLOGY

Most cases of BS are malignant BS (MBS) due to pancreatic adenocarcinoma, cholan-
giocarcinoma (CC), liver metastases, hepatocellular carcinoma, ampullary carcinoma,
or gallbladder carcinoma. Rare causes of MBS are lymphoma and metastases to
regional lymph node (RLN)s. Benign BS (BBS) accounts for up to 30% of all BS and
may have a different etiology, although most are iatrogenic caused by biliary damage
during surgery (e.g., post-laparoscopic cholecystectomy) or after liver transplantation
(stenosis of biliary anastomosis). Chronic pancreatitis and autoimmune pancreatic/bi-
liary disease can also induce BBS[4] (Table 1).

DIAGNOSTIC WORKUP

The choice of the most appropriate diagnostic and therapeutic pathway is based on the
localization of the stricture in the biliary tract. The commonly used Bismuth-Corlette
classification[5] distinguishes five types of BS: type I - limited to the common hepatic
duct, below the level of the confluence of the right and left hepatic ducts; type II -
involving the confluence of the right and left hepatic ducts; type III - (1) Extending to
the bifurcation of the right hepatic duct; or (2) Extending to the bifurcation of the left
hepatic duct; type IV - extending to the bifurcations of both right and left hepatic
ducts or with multifocal involvement; type V - a stricture at the junction of the
common bile duct and cystic duct.
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Table 1 Etiology of benign biliary stenosis

Iatrogenic

Autoimmune disease

Chronic disease

Infectious disease
Ischemic disease

Abdominal trauma

Post-cholecystectomy

Post-liver transplantation (anastomotic, non-anastomotic)
Hepaticojejunostomy anastomotic strictures

Primary or secondary sclerosing cholangitis
Autoimmune cholangitis (IgG4-related)

Autoimmune pancreatitis

Pancreatitis

Choledocholithiasis

Sarcoidosis

Recurrent cholangitis, HIV cholangiopathy, tuberculosis

HIV: Human immunodeficiency virus; IgG:

Jaishideng®

Immunoglobulin G.

First step: Clinical presentation and biochemical parameters

Patients with BS are rarely asymptomatic; the most common clinical presentation is
jaundice. Weight loss, fever, nausea, vomiting, pruritus, dark urine, discolored stool,
and anorexia can also be present. Clinical history and symptoms are only in part
useful for differential diagnosis as they may be similar in both benign and malignant
forms of BS.

Biochemical parameters are not unequivocally indicative of the nature of BS,
although increased levels of bilirubin, alkaline phosphatase, and alanine transaminase
are considered strong predictors of malignancy[3,6]. Normal bilirubin associated with
increased transaminases may also be suggestive of malignant disease, while normal
bilirubin levels and normal liver function tests are unlikely to be indicative of primary
biliopancreatic neoplasia[7]. Elevated levels of alkaline phosphatase, gamma glutamyl
transpeptidase, carbohydrate antigen 19-9 (CA19-9), and carcinoembryonic antigen
were associated with MBS in a multivariate analysis[8].

Among serum biomarkers, CA19-9 is the most common and validated tumor
marker, showing high sensitivity and specificity for the diagnostic assessment of
pancreatic cancer and seems to be useful in the early detection of this disease[9-11].
Diagnostic accuracy of CA19-9 in the diagnosis of pancreatic neoplasia is increased
when associated with the assessment of CA242, which displays a high sensitivity (89%,
95% confidence interval (CI): 80%-95%) without impairing specificity (75%, 95%CI:
67%-82%)[10]. In CC, the sensitivity and specificity of CA19-9 are 72% and 84%,
respectively[12]. CA19-9 showed variable diagnostic power among European, Asian,
and American populations, possibly related to different genetic factors, cut-off value
range, and assay method in the different studies[12]. However, it should be remember-
ed that Lewis negative blood type patients (5%-10% of the Caucasian population), who
cannot synthesize CA19-9, may have false-negative results[11]. False-positive cases
may be due to other medical conditions, both benign and malignant, responsible for
increased CA19-9 levels, such as acute diabetes, cholangitis, pancreatitis, obstructive
jaundice, liver cirrhosis, and hepatocellular, ovarian, bronchial, colon, and gastric
cancers[11].

New biomarkers, including glypican-1, microRNA, macrophage inhibitory cytokine
1, and osteopontin, have been studied for their diagnostic, predictive, and prognostic
potential, but none have as yet been sufficiently validated for use in routine clinical
settings[1,11,13].

Tips: Liquid biopsy

As a non-invasive molecular diagnostic tool, liquid biopsy has been attracting
increasing attention for its promising application in cancer patients. This technique is
based on the analysis of circulating free DNA, circulating tumor cells, circulating cell-
free RNA, and circulating tumor DNA (ctDNA) and is expected to have a major
impact on cancer diagnosis and management. Although available data regarding
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circulating tumor DNA analysis in biliary tract tumors are limited, the evaluation of
circulating tumor DNA may prove to have considerable application in diagnosis,
monitoring of response to chemotherapy, and possible target therapy[14]. Liquid
biopsy of bile is emerging as a promising option for the molecular diagnosis of MBS,
as several bile biomarkers including proteins, metabolites, and microRNAs have been
described. Selected reaction monitoring is a flexible high-throughput analytical
approach based on targeted mass spectrometry used to quantify cancer biomarkers in
human bile. The selected reaction monitoring assay was able to simultaneously
quantify 31 peptides in human bile, indicating that the evaluation of cancer-related
bile protein allows differentiation between MBS and BBS. The use of bile biomarkers in
combination with serum CA19-9 was found to be highly accurate for the diagnosis of
MBS and was proposed as an adjunctive technique in clinical practice[15].

Second step: Imaging and histopathological assessment

Cross-sectional imaging: Transabdominal ultrasound is a highly sensitive (> 90%)
first-level technique able to detect indirect signs of BS, such as dilation of the distal
tract and the intrahepatic branches. Transabdominal ultrasound is very useful as a
screening test in the case of suspected biliary obstruction but has very low sensitivity
in detecting strictures or masses|[3,4,16].

Other non-invasive imaging techniques available to define the extension of and
differentiate between BBS and MBS are multidetector computed tomography (MDCT),
magnetic resonance imaging (MRI), magnetic resonance cholangiopancreatography
(MRCP), and positron emission tomography (PET). The diagnostic flowchart currently
used in the differential diagnosis of BS includes MDCT and/or MRI plus MRCP, and
occasionally PET as the standard imaging methods for preoperative assessment of
suspected MBS. The choice of specific imaging techniques for evaluating and staging
MBS depends on tumor localization (distal or intrahepatic biliary tract) and origin
(primitive biliary or pancreatic). Since there is no single ideal imaging modality, a
multimodality approach is frequently adopted in potential candidates for surgery[17-
19] (Figure 1).

MDCT is a routine imaging investigation for the preoperative assessment of
intrahepatic and extrahepatic stenosis. MDCT provides a comprehensive evaluation of
the primary tumor and adjacent structures, such as hepatic artery or portal and
superior mesenteric vein as well as of the whole abdomen, to exclude potential
metastasis. Diagnostic accuracy in characterizing stricture extent is low, ranging from
75% to 90%. Recently, intraprocedural cone-beam computed tomography (CT) has
proven to be effective in the three-dimensional characterization of BS. The pre-contrast
phase is useful for detecting possible intraductal stones as cause of obstruction and in
differentiating stones from tumors[16,18]. The arterial and venous post-contrast phase
is able to identify the inflammatory/benign process of the suspected lesion and allows
for an evaluation of the location and aspect of enhancement. In addition, delayed
phases (usually 3-5 min after contrast medium injection) are helpful for the differential
diagnosis of intrahepatic CC, which shows delayed phase enhancement due to its
abundant fibrous stroma[18]. In a recent meta-analysis, MDCT demonstrated a pooled
sensitivity of 89% and specificity of 92% for the detection of portal vein and hepatic
artery involvement in perihilar CC[19]. The diagnostic accuracy of MDCT is 75%-92%
for the longitudinal tumor extent of perihilar CC and 60%-88% for resectability due to
underestimation of the proximal extent of the tumor. CT cholangiography imaging
obtained with multiplanar reconstruction and minimum intensity projections was
recently proposed as an alternative to MRCP for BS assessment, especially in patients
with contraindication to MRI[20].

Due to the lack of associated ionizing radiation and the possibility of obtaining
high-quality imaging of the biliary tract, MRI and MRCP are the techniques of choice
in the diagnosis of BS, with high sensitivity in detecting the precise site and length of
the stenosis but low sensitivity in differentiating malignant from benign strictures. The
use of hepatocyte-specific MRI agents and diffusion-weighted imaging proved useful
in tumor characterization[19]. MRI with MRCP is the method of choice in the case of
suspected perihilar CC. MRCP has a high sensitivity in detecting BS (up to 98%), with
a reported sensitivity and specificity in differentiating between malignant and benign
forms ranging from 38% to 90% and from 70% to 85%, respectively. In addition, MRCP
has high accuracy (88%-96%) in predicting the extent of bile duct involvement in MBS
[4,16-19]. MRI can include two-dimensional and three-dimensional MRCP. Two-
dimensional MRCP is performed in a single section of 4-8 cm thickness during breath
holds and is less affected by motion artifacts, as it allows rapid acquisition. However,
it may not reveal intraductal lesions due to the partial volume averaging artifact. In
contrast, three- dimensional MRCP provides an excellent overall visualization of the
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Figure 1 Algorithm of imaging investigations in biliary stenosis. MDCT: Multidetector computed tomography; MRI: Magnetic resonance imaging; MRCP:
Magnetic resonance cholangiopancreatography; EUS-FNA: Endoscopic ultrasound-fine needle aspiration; ERCP: Endoscopic retrograde cholangiopancreatography;

POCS: Peroral cholangioscopy.

biliary tree and an enhanced delineation of fine anatomical structures and small
pathological features. Acquisition time is long, however, making it more susceptible to
motion artifacts[19].

PET/CT is useful in the case of suspected distant metastasis or nodal metastases. In
patients with resectable MBS, PET may help in the selection of candidates for surgery
[19-21]. Dual-time-point fluorine-18 fludeoxyglucose integrated with PET/CT scan
(18F- FDG PET/CT) was found to be effective in differentiating between BBS and MBS
[20], although inflammation of the biliary tract or the presence of mucinous CC may
cause false-positive and false-negative results[19]. The diagnostic power of 18F-FDG
PET/CT for the diagnosis of primary tumor, lymph node invasion, and distant
metastases was evaluated in a systematic review and meta-analysis of 2125 patients
[22]. The study confirmed 18F-FDG PET/CT as a useful diagnostic tool in selected
cases, as it provides valuable information in patients with indeterminate BS. 18F-FDG
PET/CT changed the treatment plan in almost 20% of previously defined resectable
MBS, avoiding unnecessary non-curative resection[22]. However, the routine use of
18F-FDG PET/CT as an imaging tool in tumor diagnosis remains controversial due to
its low specificity (51%).

Tips: PET/MRI

Whole-body 18F-FDG-PET/MRI seems to hold great promise because of its ability to
diagnose and stage potentially resectable MBS, providing in a single examination both
MRI and PET information[19].

3§9® WJGE | https://www.wjgnet.com 477 October 16,2021 | Volume13 | Issue10 |



Del Vecchio Blanco G et al. Biliary stenosis diagnostic workup

Jaishideng®

Tricks: Differential diagnosis using contrast-enhanced CT or MRI

The length of the involved biliary tract and contrast-enhanced morphological features
are useful to differentiate BBS from MBS. Segmental involvement > 12 mm and
thickening > 1.5 mm associated with luminal irregularity, asymmetry, and incremental
enhancement may indicate the presence of MBS[18].

ENDOSCOPIC/RADIOLOGICAL IMAGING

Endoscopic retrograde cholangiopancreatography (ERCP) is the standard technique
used to evaluate BS, as it combines the radiological imaging of cholangiography and
the possibility of obtaining a histopathological diagnosis by multimodal sampling
(guided brushing, biopsy, or bile aspiration). ERCP generates high-resolution fluoro-
scopic images that provide information regarding stricture site, length, and presence of
irregularity of the biliary wall. Although fluoroscopic imaging has an accuracy of 80%
in distinguishing a benign from a malignant stricture, tissue sampling by biliary
brushing or endoluminal biopsy is required to histologically confirm the differential
diagnosis.

Brush cytology is a simple tool with minimal adverse events but with very low
sensitivity. Endoluminal forceps biopsy (Figure 2) requires sphincterotomy, which
may be challenging to perform especially in the case of strictures above the bifurcation
of the common bile duct. Standard ERCP with brushing has a 26%-73% sensitivity in
the detection of malignancy[23]. The overall diagnostic yield of histopathological
diagnosis ranges from 6% to 70%[24,25]. In a systematic review and meta-analysis, the
pooled sensitivity reported for brush cytology and forceps biopsy was 45.0% and
48.1%, respectively; combining the two methods increased sensitivity up to 59.4%[23].
To improve the diagnostic accuracy of histological/cytological sampling during ERCP,
Lee et al[24] evaluated aspiration cytology plus brush cytology or brush cytology plus
biopsy or aspiration cytology plus biopsy. In terms of cancer type (CC vs non-CC),
diagnostic sensitivity was higher for CC in the brush cytology plus biopsy or
aspiration cytology plus biopsy group than in the aspiration cytology plus brush
cytology group (100% vs 69.4%, respectively; P < 0.001) but not for non-CC (57.1% vs
57.1%, respectively)[24].

False-negative samples may be attributable to histopathological interpretation,
tumor characteristics, and procedural factors. The combination of transpapillary tissue
sampling followed by brushing and bile aspiration by nasobiliary drainage seems to
increase sensitivity up to 72% in the diagnosis of MBS[26].

Pneumatic dilatation of the stenotic tract before tissue sampling with large biopsy
forceps was found in a retrospective study to improve sensitivity from 40% to 71% and
diagnostic accuracy from 55% to 87% compared to biopsy sampling without dilatation,
with no difference in complication rate between the two procedures[27]. Fluorescence
in situ hybridization (FISH) is used to analyze brush cytology specimens for
chromosomal abnormalities in malignant cells. Although FISH is able to detect
chromosomal changes in 80% of malignant biliary neoplasia, the combination of
cytology and FISH revealed a sensitivity for malignancy of only 50%-60% in BS. A
triple modality approach combining brush cytology, forceps biopsy, and FISH resulted
in a marked increase in sensitivity for the diagnosis of CC compared with single
modality testing and should be considered in the evaluation of indeterminate BS[26].

Tricks

Tube-assisted biopsy: Following biliary cannulation, a 10 Fr Soehendra biliary
dilatation catheter is advanced over a guidewire in the stenosis in the left biliary tree.
The tube is then placed as close as possible to the stricture area and the guidewire
removed. Conventional endobiliary biopsy forceps are inserted through the tube into
the area of the stricture for tissue collection[28].

Endoscopic transpapillary biopsy using the “tunnel” technique: This technique
consists of the use of an 11.5 Fr biliary dilatation catheter as a tunnel for biopsy forceps
after cutting the tapered tip. Following biliary cannulation, the catheter is advanced
over a 0.035-inch guidewire and a 6 Fr catheter in the left biliary duct, where the
previously identified stenosis is located. Next, the guidewire and 6 Fr catheter are
removed, and 7 Fr biopsy forceps inserted in the 11.5 Fr catheter to collect tissue[29].

Endoscopic transpapillary biopsy using the “zipline” technique: A looped nylon
thread is added to one cup of a pair of forceps with 2 mm-wide cups; the loop is then
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Figure 2 Three cases of patients with distal stenosis in which the diagnosis of cholangiocarcinoma was made by forceps biopsy during
endoscopic retrograde cholangiopancreatography.

inserted over a guidewire and the forceps are advanced into the right bile duct[30].

Tips: How to improve ERCP histological results

Perform at least 10 brush passes under continuous fluoroscopy after meticulously
preparing everything required for fixing the tissue sample in order to avoid contam-
ination or air-drying artifacts. Combine different sampling methods and, if confident,
perform brush and biopsy before and after stricture dilatation. Take at least four
biopsy samples and work closely with the pathologist[31].

CHOLANGIOSCOPY

Direct visualization of the biliary tract by SpyGlass peroral cholangioscopy (POCS)
system (Boston Scientific, Marlborough, Massachusetts) introduced in 2007[32]
enhances

the diagnostic power of ERCP in patients with indeterminate BS by providing
intraductal imaging of the stenotic duct or of the lesion suggestive of malignancy.
Over the past two decades, three types of cholangioscopy platforms have become
available. The most recently introduced is a digital single-operator cholangioscopy (D-
SOC) ultra-slim endoscope inserted into the bile duct through the working channel of
a duodenoscope and advanced into the papilla, providing excellent image quality
achieved by image- enhanced endoscopy. Several studies demonstrated its high
performance in the diagnosis of BS, with a > 70% sensitivity but < 50% specificity[33-
35]. In a recent systematic review of published studies evaluating the diagnostic
performance of any type of POCS, the sensitivity, specificity, and diagnostic accuracy
of POCS for diagnosing MBS ranged from 38%-100%, 49%-100%, and 50%-100%,
respectively, with a technical success rate of 82%-100%[34].

Although D-SOC allows viewing of the biliary tract from the inside, its use is
limited by the high cost of the equipment and the lack of standardization in the
interpretation of visual features of the biliary ducts. Endoscopic features defined as
suggestive of MBS at cholangioscopy are nodular or papillary masses with irregular
surface, fragile mucosa, and dilated and tortuous vessels (Figure 3). Kim et al[35]
reported an association between the detection of tortuous vessels and malignancy with
a sensitivity of 61% and specificity of 100%[35]. A recent meta-analysis on D-SOC in
the visual interpretation of indeterminate BS reported a 94% sensitivity and 95%
specificity, a diagnostic accuracy of 94%, a positive predictive value of 93%, and a
negative predictive value of 98% in the diagnosis of MBS[36].

In a prospective study on 289 patients with indeterminate BS enrolled in 20 centers
in Asia, the Middle East, and Africa, the use of two POCS systems (SpyGlass Legacy
and SpyGlass DS digital system) was able to detect stricture/filling or bile duct defect
in 98.6% of patients, providing a visual diagnostic impression in 87.2% and adequate
biopsies in 92.9% of cases, with low rate of complication (1.7%)[37]. A limitation of this
study was that it did not investigate patients with primary biliary disease. In two other
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Figure 3 Digital (SpyGlass) cholangioscopy images. A: Cholangiocarcinoma; B: Benign stenosis.
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recent studies from the United States and the Netherlands, which included patients
with primary sclerosing cholangitis in their populations, POCS did not increase
diagnostic sensitivity for CC over that of ERCP with brush cytology[38,39]. The lack of
a standardized classification of image findings detected during cholangioscopy still
causes problems of interpretation and may be responsible for unsatisfactory diagnostic
accuracy[38,39].

To overcome this limit, Robles-Medranda et al[40] proposed in 2018 a classification
system based on neoplastic and non-neoplastic findings including villous, polypoid,
inflammatory, ulcerated, flat, or honeycomb patterns, which revealed an outstanding
96% sensitivity, 92% specificity, 96% negative predictive value, and an interobserver
agreement up to 90%[40]. Similar results were found by Gerges et al[41], who reported
a sensitivity of visualization of 95.5%[41]. In 2020, the Monaco classification was
proposed for indeterminate BS based on eight visual criteria: presence of stricture,
lesion (mass, nodule, or polypoid appearance), mucosal features, papillary projections,
ulceration, abnormal vessels, scarring, and pronounced pit pattern. Final diagnostic
accuracy based only on visual impression was 70%, with a high interobserver
agreement for presumptive diagnosis (k = 0.31)[42].

The diagnostic accuracy of D-SOC is further improved by D-SOC-guided biopsy,
which allows precise tissue sampling of the detected lesions. In a meta-analysis by
Wen et al[43], SpyBite (Boston Scientific) biopsy showed a pooled sensitivity,
specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds
ratio of 0.74 (95%ClI: 0.67-0.80), 0.98 (95%CI: 0.95-1.00), 10.52 (95%Cl: 5.45-20.32), 0.31
(95%CI: 0.23-0.41), and 65.18 (95%CI: 26.79-158.61), with a lower complication rate
mainly ERCP-related. Acute cholangitis was the most common complication with a
rate of 1.8%[43].
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A point of great debate is the number of biopsies needed to obtain adequate tissue
for a diagnostic histopathological assessment. Based on currently available studies, the
number of biopsies is not defined with any certainty, but more than two biopsies are
required to reach a sensitivity > 70%[23,43]. In a randomized multicenter investigation,
an average of six biopsy specimens were taken during POCS, achieving a sensitivity of
68.2%, which increased up to 95.5% if visual impression at cholangioscopy was added
to biopsy forceps performance[41].

The possible increase in diagnostic power using rapid on-site evaluation of D-SOC
microbiopsy was recently assessed in a single-center prospective randomized trial
among patients with indeterminate BS[44]. The authors concluded that there were no
significant differences between the off-site and on-site groups in terms of diagnostic
accuracy (90% vs 87.5%), sensitivity (76.9% vs 75%), and specificity (100% vs 100%).
However, a greater number of biopsies was necessary to obtain a diagnosis in the off-
site cohort (1 = 3-4) than in the on-site cohort (n = 1)[44].

A precise evaluation of the extension of the neoplasia along the biliary wall in
surgical candidate patients is of key importance in ensuring curative resection. D-SOC
visualization of the biliary ducts allows the evaluation of intraductal cancer extension,
not evident with diagnostic methods previously used and may guide the choice of
surgical treatment, avoiding unnecessary surgery in the case of locally advanced
neoplasia. In a retrospective study investigating the use of D-SOC for preoperative
evaluation of extrahepatic biliary tumor, the visual impression accuracy of SpyGlass
and SpyBite was 95.0% and 80.5%, respectively. D-SOC modified a previous classi-
fication of perihilar CC in 42% of patients and changed surgical management in 21% of
cases[45]. Despite its high diagnostic accuracy, cholangioscopy is an expensive and
difficult-to- handle technique that requires extensive experience in the performance of
ERCP and adequate training in the interpretation of digital images and technique of
execution. Several complications may occur during cholangioscopy, and the rate of
serious adverse events ranges from 1% to 7%, with estimated rates of pancreatitis,
cholangitis, and perforation of 2%, 4%, and 1%, respectively[46]. Cholangitis was
reported in 8% of patients undergoing D-SOC; the administration of antibiotics during
or immediately after the procedure seems to reduce the risk of this complication[47].

A cost-benefit analysis of D-SOC compared to conventional ERCP in the diagnosis
of BS, based on data from two of the largest Belgian hospitals performing cholan-
gioscopy, revealed that the adoption of D-SOC led to a 31% reduction in the number of

procedures needed to obtain a diagnosis and saved about 5% of the allocated budget
[48].

ENDOSCOPIC ULTRASOUND

Endoscopic ultrasound (EUS) is a diagnostic tool based on double endoscopic and
ultrasonographic vision thanks to a high-frequency transducer placed on the tip of the
endoscope. Due to the ease in identifying the biliary tract from the stomach and the
duodenum, EUS may be considered a first-level procedure in identifying the cause of
obstructive jaundice or in the diagnostic assessment of distal BS or unresectable
intrahepatic CC (Figure 4).

The biliary examination usually starts from the stomach by identifying the biliary
duct from the liver hilum and continues from the duodenal bulb to the second portion
of the duodenum, studying the entire extrahepatic duct until the intrapancreatic
portion. An endoscopic and ultrasonographic assessment of the ampulla and the
gallbladder may also be performed to complete the investigation.

EUS has a diagnostic accuracy > 95% in identifying biliary thickening suggestive of
malignancy compared to MRCP[48] (Figure 5). Given its high diagnostic accuracy in
excluding a pathological thickening of the biliary wall, if performed at the beginning
of the diagnostic process, EUS can avoid having to carry out an invasive procedure
such as ERCP and any related complications[49].

The possibility of obtaining tissue from a clear mass by guided-EUS fine needle
aspiration (EUS-FNA) increases the diagnostic power of EUS (Figures 6 and 7). EUS-
FNA has a pooled sensitivity and specificity of 80% and 97%, respectively, in the
diagnosis of malignancy in the biliary tract[50]. The advantage of performing EUS-
FNA and ERCP in a single session should not be understated, as it reduces the
duration of diagnostic workup in patients with BS and allows the selection of patients
requiring therapeutic ERCP, thus avoiding an invasive procedure in absence of clear
pathological thickening of the biliary tract (Figure 8). Zaheer et al[51] reported that
EUS changed the diagnosis in 36% of patients from malignant to benign[51].
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Figure 4 Two cases of cholangiocarcinoma evaluated with endoscopic ultrasound. A: Distal stenosis of the main biliary tract; B: Stenosis of the
proximal-middle tract of the main biliary duct. Arrows indicate the stenotic tract.

Figure 5 Endoscopic retrograde cholangiopancreatography and endoscopic ultrasound image of a stenotic tract of the distal biliary duct.
In the endoscopic ultrasound image, the nodule inside the main biliary tract (large arrow) and thickening of the bile duct wall (small arrow) are visible.

The combination of EUS-FNA and ERCP-based tissue sampling in the same session
has a diagnostic yield of up to 85%, whereas the overall accuracy of EUS-FNA tissue
sampling is significantly higher than that of ERCP in the differential diagnosis of MBS
(76% vs 58%)[52]. An additional advantage offered by EUS-FNA is the possibility of
obtaining histological samples from an extraductal lesion not reachable by ERCP. In a
retrospective multicenter study on 263 patients with suspected MBS, EUS, and ERCP
were carried out in the same session and the diagnostic power of samples collected
from BS by EUS-FNA and intraductal biopsy, cytology via nasobiliary drainage, or
brushing by ERCP was compared[53]. This study found an overall sensitivity and
diagnostic accuracy of 73.6% and 76.1% for EUS-FNA, 56.5% and 60.5% for ERCP-
based tissue sampling, and 85.8% and 87.1% for the combination of both tissue-
sampling methods[53].

As the therapeutic options for CC are surgical resection or liver transplantation, a
precise definition of the tumor extension is crucial in guiding the treatment choice.
RLN metastasis and margin status are the most important predictors of post-surgical
outcome[54]. In this context, EUS-FNA proved to be the preferred technique in the
identification and sampling of lymph nodes. In a retrospective study of consecutive
patients with CC undergoing EUS staging with EUS-FNA of RLN, EUS identified
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Figure 6 Adenocarcinoma of the main biliary tract. A: Magnetic resonance image of suspected neoplastic stenosis; B: Endoscopic retrograde
cholangiopancreatography image confirming the stenosis; C: Endoscopic ultrasound-guided fine needle aspiration of the stenotic tract for tissue diagnosis.

Figure 7 Histology of specimen collected by endoscopic ultrasound-fine needle aspiration from cholangiocarcinoma in a hepatic nodule.
A: Hematoxylin and eosin staining, magnification x 40; B: Hematoxylin and eosin staining, magnification x 100.

h

Figure 8 Diagnosis of cholangiocarcinoma of the distal tract of the main biliary duct, obtained in a single session by biopsy during

endoscopic retrograde cholangiopancreatography and endoscopic ultrasound-guided fine needle aspiration. Endoscopic ultrasound images
show dilation of the common bile duct and stenosis of the distal tract due to a neoplastic nodule.

positive RLN in 86% of patients and detected a higher percentage of positive RLN than
cross-sectional imaging (83% vs 50%); EUS-FNA revealed metastatic RLN in 17% of
patients[55]. According to the authors, preoperative staging with EUS and EUS-FNA
of RLN should be considered in patients with any type of CC[56].

Tips

The choice of endoscopic technique to obtain a tissue-based differential diagnosis of BS
should be tailored according to the stricture location. In patients where ERCP
transpapillary forceps biopsy resulted non-diagnostic, POCS-guided forceps biopsy
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should be preferred in proximal BS, whereas EUS-FNA biopsy may be more
appropriate for distal BS[55].

INTRADUCTAL ULTRASOUND

Intraductal ultrasound (IDUS) involves a 2-mm high-frequency radial probe (12-20
MHz) introduced through the working channel of a duodenoscope. On IDUS visual-
ization, the normal wall of the bile duct appears as three layers: an inner hyperechoic
layer corresponding to mucosa, a middle hypoechoic layer corresponding to smooth
muscle fibers, and an outer hyperechoic layer corresponding to connective tissue[57].
IDUS could be particularly effective in the assessment of CC, especially where no mass
is detected, and may be used to distinguish BBS from MBS. Sonographic features
associated with MBS are hypoechoic or heterogeneous echo-poor infiltrating tissue
with irregular borders breaking the normal sonographic pattern of the bile duct wall,
eccentric and irregular wall thickening, sessile mass, invasion of surrounding tissues,
and presence of enlarged lymph nodes[58].

In a retrospective study by Chen et al[59], IDUS showed a sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy rate of 96.9%, 79.0%,
82.0%, 96.2%, and 88.0%, respectively, in distinguishing MBS from BBS. Combining
IDUS and ERCP-guided tissue sampling improved the accuracy rate from 88.0% to
96.8% and specificity from 79.0% to 96.8%. A length > 20 mm and a wall thickness > 7
mm has a positive predictive value > 90% for malignancy[59]. A recent prospective
study confirmed an > 80% accuracy of IDUS in detecting malignancy in patients with
negative ERCP cytology and histology and corroborated its usefulness in targeting
biopsy sampling with improvement in diagnostic accuracy[60]. However, this
technique is not routinely performed, and its use is progressively decreasing in favor
of D-SOC.

Third step: Endoscopic treatment of biliary stenosis

Endoscopic treatment of BS, both benign and malignant, is well documented and
widely accepted. The European Society of Gastrointestinal Endoscopy guidelines
defined the correct choice of stent according to the location and etiology of the stenosis
[61]. In BS related to liver transplantation, chronic pancreatitis, or post-
cholecystectomy strictures, the treatment of choice is temporary insertion of multiple
plastic stents or a fully covered self-expandible metal stent (FC-SEMS) depending on
the etiology and location of the stricture, diameter of the common bile duct, and
operator expertise. With FC-SEMS insertion, the possibility of stent migration (9% of
cases reported) with consequential failure of stricture resolution should be kept in
mind[62]. A recent review by Larghi et al[63] described different strategies used to
treat anastomotic BS after liver transplantation, comparing the advantages and
disadvantages of plastic multi-stenting treatment vs placement of a metal stent
reported in the literature, including four randomized controlled trials (Figure 9). The
authors concluded that insufficient data are currently available to define which type of
treatment is better than another, suggesting the need for a multicenter international
randomized trial to draw definitive conclusions. Even less conclusive results are
available for the treatment of refractory strictures, especially for hilar anastomotic
strictures after liver transplants and hepaticojejunostomies. A recent single-center
study aimed at evaluating the use of FC-SEMS for hilar BBS recently reported that
temporary placement of an FC-SEMS is feasible and effective for refractory BBS, with a
technical success rate of 100%, stricture resolution rate of 96.6%, and complication rate
of 12.0%[64].

For MBS, the European Society of Gastrointestinal Endoscopy recommendations
advise against routine preoperative biliary drainage in patients with surgical
indication in absence of cholangitis, severe symptomatic jaundice, delayed surgery, or
in the case of neoadjuvant therapy. A 10 mm-diameter SEMS is recommended for
extrahepatic MBS before surgery. Palliative biliary drainage should be performed by
ERCP with FC-SEMS or partially covered SEMS insertion. Surgical biliodigestive
anastomosis and percutaneous biliary drainage should be indicated in selected cases
where ERCP cannot be performed due to its high rate of complications and impact on
the patient’s quality of life[65,66].

Described for the first time in 2001, endoscopic ultrasound biliary drainage (EUS-
BD) is an emerging technique useful in patients in whom ERCP biliary drainage failed
or is not technically feasible due to duodenal stenosis or unreachable papilla[67,68]. A
meta-analysis comparing EUS-BD vs percutaneous transhepatic biliary drainage in 312
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Figure 9 Multi-stenting treatment of anastomotic stenosis after liver transplantation. The image on the far right shows complete resolution of the

patients demonstrated that clinical success was similar for both techniques, but
complications were less frequent with EUS-BD[69]. Despite the apparently high cost of
the device, reintervention rates and costs were found to be lower with EUS-BD in a
retrospective expertise-based study[70]. In a systematic review and meta-analysis,
Dhindsa et al[71] evaluated the technical success, clinical outcome, and rate of adverse
events of EUS-BD reported in 23 studies published in peer-reviewed journals. The
pooled rate of clinical success was 87.0%, technical success 91.5%, reintervention 6.5%,
and adverse events 17.9%. The most common adverse events were biliary leaks and
infection or stent migration, although a precise evaluation of the incidence of
complication was hampered by the variability of adverse event rates, the heterogeneity
of EUS-BD, performed via hepatogastrostomy, cholecystostomy, or choledochoduo-
denostomy, and the different techniques of drainage, such as plastic stents, metal
stents, lumen-apposing metal stents (LAMS), nasobiliary drainage tubes, or a
combination of these, used in the different studies[71].

The use of devices designed for EUS-guided drainage, such as LAMS (Boston
Scientific, Marlborough, Massachusetts, United States), was first reported in 2011 and
significantly contributed to improving the technical success and safety of EUS-BD.
Nevertheless, this type of procedure requires an operator expert in interventional EUS
and should be performed in a tertiary care referral center after a multidisciplinary
discussion of the clinical case[72].

In a recent study by Anderloni et al[73] involving 46 consecutive patients with
malignant distal biliary duct obstruction over a 3-year period, choledochoduoden-
ostomy using LAMS showed a technical success rate of 93.5% and a clinical success
rate of 97.7%, with an incidence of complication of 11.6%. The most serious
complication was fatal bleeding, occurring in one case after 17 d from stent placement,
while the remaining were food impaction in the stent and one migration of the stent
[73]. In line with these results, a French multicenter study reported a technical and
clinical success rate of 98.5% and 97.1%, respectively, with a short-term adverse event
rate of 1.6% and a 6-mo stent patency rate of 91.4%[74]. Of note, in this French study
the procedures were performed by 12 operators in 10 different centers. Each operator
had experience of routine diagnostic EUS, including FNA and ERCP in the previous 5
years, and only four operators had previously performed > 20 EUS-BD. No difference
in terms of technical success between operators was reported[74]. Despite these
findings, data regarding the efficacy of EUS-BD by LAMS and the precise timing of
intervention need to be confirmed in a randomized controlled trial.

Future treatment for BS

Radiofrequency ablation was recently proposed for the treatment of endobiliary
malignancy, ablation of intraductal extension of ampullary adenomas, and recanal-
ization of occluded metal stents[75]. The use of radiofrequency ablation in hilar BS was
evaluated by Inoue et al[76] in a retrospective study of patients with unresectable
malignant hilar biliary obstruction treated with radiofrequency ablation followed by
biliary drainage with SEMS. The recurrence rate of biliary obstruction was 38.5%
within a median time of 230 d. The findings of this study open up new therapeutic
perspectives in patients with unresectable hilar BS, but further investigations are
necessary to optimize the technique and determine its indication.
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CONCLUSION

The management of BS can be complicated due to the difficulty in obtaining a correct
differential tissue diagnosis between benign and malignant stenosis, especially in cases
of hilar stenosis and when the tumor grows along the wall of the biliary tract. A shared
multidisciplinary management approach to patients with BS is therefore necessary in
order to exploit all the diagnostic techniques currently available and to select the most
suitable therapy based on recent findings in the scientific literature.
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Abstract

BACKGROUND

In recent years, with the growing availability of image-enhanced gastrointestinal
endoscopy, gastroenterologists have contributed to the early detection of
pharyngeal squamous cell carcinomas (SCC).

AIM

To clarify the clinical characteristics of pharyngeal SCCs detected by gastro-
intestinal endoscopy.

METHODS

This is a retrospective cohort study conducted in a single-center, a university
hospital in Japan. We retrospectively assessed the clinical records of 522
consecutive patients with oropharyngeal or hypopharyngeal SCC who were
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examined in our hospital between 2011 and 2018. The lesions were classified into
two groups: Group GE (detected by gastrointestinal endoscopy) and Group non-
GE (detected by means other than gastrointestinal endoscopy). The clinical
characteristics were compared between the two groups. Continuous data were
compared using the Mann-Whitney U test. Pearson’s y? test or Fisher's exact test
was used to analyze the categorical data and compare proportions. The
Kaplan-Meier method was used to estimate the cumulative patient survival rates.

RESULTS

In our study group, the median age was 65 years and 474 patients (90.8%) were
male. One hundred and ninety-six cases (37.5%) involved the oropharynx and 326
cases (62.5%) involved the hypopharynx. Three hundred and ninety-five cases
(75.7%) had some symptoms at the time of diagnosis. One hundred and forty-five
(27.8%) cases had concurrent ESCC or a history of ESCC. One hundred and sixty-
four (31.4%) cases were detected by gastrointestinal endoscopy and classified as
Group GE. The proportions of asymptomatic cases, cTis-1 cases and cases with no
lymph node metastasis were significantly higher in Group GE than Group non-
GE (61.6% vs 7.3%, P < 0.001, 32.9% vs 12.0%, P < 0.001 and 69.5% vs 19.0%, P <
0.001). Endoscopic laryngo-pharyngeal surgery or endoscopic submucosal
dissection were performed in only 0.6% of the lesions in Group non-GE but in
21.3% of the lesions in Group GE (P < 0.001). Overall survival was significantly
longer in Group GE than in Group non-GE (P = 0.018). The 2-year and 4-year
survival rates were 82.5% and 70.7% in Group GE, and 71.5% and 59.0% in Group
non-GE, respectively.

CONCLUSION
Gastrointestinal endoscopy plays an important role in the early detection and
improving the prognosis of pharyngeal SCCs.

Key Words: Gastrointestinal imaging; Head and neck imaging; Gastrointestinal endoscope;
Hypopharyngeal neoplasm; Oropharyngeal neoplasm; Endoscopic surgery

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first study to explore the detection modality of oropharyngeal and
hypopharyngeal squamous cell carcinomas (SCC). In this study, 31.4% of pharyngeal
SCCs (15.4% of oropharyngeal SCCs and 42.3% of hypopharyngeal SCCs) were
detected by gastrointestinal endoscopy. The clinical characteristics of the lesions
detected by gastrointestinal endoscopy include a higher proportion of asymptomatic
cases, cTis-1 cases, cases with no lymph node metastasis and cases treated by
endoscopic laryngo-pharyngeal surgery/endoscopic submucosal dissection, leading to a
better prognosis. This study highlights the important role of gastrointestinal endoscopy
in the early detection and treatment of SCC in the otolaryngology field.

Citation: Miyamoto H, Naoe H, Morinaga J, Sakisaka K, Tayama S, Matsuno K, Gushima R,
Tateyama M, Shono T, Imuta M, Miyamaru S, Murakami D, Orita Y, Tanaka Y. Clinical
impact of gastrointestinal endoscopy on the early detection of pharyngeal squamous cell
carcinoma: A retrospective cohort study. World J Gastrointest Endosc 2021; 13(10): 491-501
URL: https://www.wjgnet.com/1948-5190/full/v13/i10/491.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i10.491

INTRODUCTION

The pharynx is the most common site of head and neck cancer and, because
pharyngeal cancers are often diagnosed at an advanced stage, the prognosis is poor][1-
3]. Standard surgical resection or chemoradiotherapy (CRT) for advanced pharyngeal
cancer lesions may severely reduce the patient’s quality of life, with disorders of
swallowing and speech function. Similar to other gastrointestinal tumors, superficial
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pharyngeal cancer can be treated by minimally invasive endoscopic resection that
preserves organ function[4-6]. Therefore, strategies for the detection of pharyngeal
cancer at an early stage and treatment with endoscopy, including endoscopic
submucosal dissection (ESD) and endoscopic laryngo-pharyngeal surgery (ELPS), are
crucial for preserving the quality of life and improving prognosis.

In recent years, image-enhanced endoscopy (IEE) systems, including narrow-band
imaging (NBI) and blue laser imaging, have been reported to be useful for the early
detection of cancer in the pharynx and esophagus[7,8]. Patients with head-and-neck
squamous cell cancer (HNSCC) or esophageal squamous cell carcinoma (SCC) (ESCC)
have a high risk of synchronous and metachronous SCCs, which has been recognized
as the field cancerization phenomenon[9,10]. Therefore, patients with present or
previous HNSCC or ESCC require careful endoscopic observation of the pharynx with
IEE[11,12]. In general, pharyngeal cancers have been most often detected by
otolaryngologists using rhino-laryngoscopy. Recently, many superficial pharyngeal
cancers have been discovered by gastroenterologists, with the growing availability of
IEE in gastrointestinal endoscopy. However, few studies have shown how much
gastroenterologists contribute to the detection and treatment of pharyngeal cancer.

Previously, we investigated the modalities of detection of superficial hypo-
pharyngeal cancerous lesions (Tis, T1 and T2), treated in our institution, and reported
that gastroenterologists detected more hypopharyngeal cancer than otolaryngologists
(75.2% to 24.8%)[13]. The aim of this study was to clarify the clinical characteristics of
pharyngeal SCCs detected with gastrointestinal endoscopy, including superficial to
advanced lesions.

MATERIALS AND METHODS

Patients

In this retrospective study, we assessed the clinical records of consecutive patients
with oropharyngeal or hypopharyngeal SCC who underwent a detailed examination,
including definitive diagnosis by pathologists and staging based on the TNM classi-
fication, in our hospital between January 2011 and December 2018. The first lesion
detected during the study period was included in the analysis. If multiple lesions were
detected at the same time, the largest lesion was included. We excluded patients who
had undergone prior treatment of pharyngeal cancer at another hospital and/or had
unspecified details of detection modality. The following data were reviewed
retrospectively: The physician who detected the primary lesion (gastroenterologist,
otolaryngologist, dentist, general physician), indication for examination of the
pharynx, clinical manifestation, age at incidence, sex, tumor location, primary
treatment, TNM classification[14], past history of ESCC, patient vital status (alive,
deceased, lost to follow-up) and follow-up time.

We defined those with lesions detected by gastrointestinal endoscopy as Group GE
and those with lesions detected by means other than gastrointestinal endoscopy
(rhino-laryngoscopy or direct visualization by otolaryngologists, dentists and general
physicians) as Group non-GE.

The oropharynx was divided into the following four subsites: (1) Anterior wall: Base
of tongue; (2) Superior wall: Inferior surface of soft palate and uvula; (3) Lateral wall:
Tonsil, tonsillar fossa, and pillars; and (4) Posterior wall. The hypopharynx was
divided into the following three subsites: (1) Pyriform sinus; (2) Posterior wall; and (3)
Post-cricoid region. We defined the symptomatic group as patients with any one of the
following conditions: Sore throat, painful swallowing, pharyngeal discomfort,
bleeding, swelling of cervical lymph nodes or hoarseness.

We evaluated the proportion of Group GE among all pharyngeal cancer, the clinical
differences between Group GE and Group non-GE, and the trends in proportion of
Group GE.

This study was approved by the ethical committee of our hospital and performed in
accordance with the ethical principles associated with the Declaration of Helsinki.

Patient and public involvement
Patients and the public were not involved in the design, conduct, reporting, or dissem-
ination of plans of the research.

Statistical analysis
Continuous data were compared using the Mann-Whitney U test. Pearson’s ¥* test or
Fisher's exact test were used to analyze the categorical data and compare proportions.

WJGE | https://www.wjgnet.com 493 October 16,2021 | Volume13 | Issue10 |



Miyamoto H et al. Pharyngeal SCC detected by gastrointestinal endoscopy

Jaishideng®

The survival rates of patients were plotted using Kaplan-Meier curves, and the
difference was evaluated using the log rank test. Cox regression analysis was used to
estimate the hazard ratio and to calculate the 95% confidence interval. SPSS version
21.0 (IBM Corporation, Armonk, NY, United States) was used for all statistical
analyses. P values < 0.05 (two-sided) denoted statistically significant differences. The
statistical methods of this study were reviewed by our expert biostatistician, Jun
Morinaga, MD.

RESULTS

From January 2011 to December 2018, 563 lesions (oropharyngeal and hypopharyngeal
SCCs) in 535 patients were examined in our hospital. Of those, 41 lesions and 13
patients were excluded (28 lesions in 26 patients were excluded due to multiple
primary lesions; seven lesions in seven patients had been treated at another hospital;
and the details of the detection process were not specified for six lesions in six
patients). Hence, a total of 522 lesions in 522 patients were enrolled in this study. The
median duration of follow-up was 25.8 mo.

The characteristics of the study population are listed in Table 1. The median age was
65 years and 474 patients (90.8%) were male. One hundred and ninety-six cases
(37.5%) were in the oropharynx and 326 cases (62.5%) were in the hypopharynx. Three
hundred and ninety-five cases (75.7%) had symptoms of some kind at the time of
diagnosis. The most common reason for the examination was the investigation of
symptoms (71.1%). One hundred and sixty-four (31.4%) cases were detected by
gastrointestinal endoscopy (Group GE). Among 358 cases detected other than by
gastrointestinal endoscopy (Group non-GE), almost all lesions were detected by
otolaryngologists (341 lesions) and the remainder were detected by dentists (14
lesions) and general physicians (three lesions). One hundred and forty-five (27.8%)
cases had concurrent ESCC or a history of ESCC.

A comparison between Group GE and Group non-GE is shown in Table 2. There
were no significant differences in sex or age. The proportion of symptomatic cases was
significantly lower in Group GE (38.4% vs 92.7%, P < 0.001). The common reasons for
the examination were follow-up or diagnostic work-up for ESCC (39.0%), incidental
esophago-gastro-duodenoscopy (EGD) (28.7%) and investigation of symptoms (28.0%)
in Group GE and investigation of symptoms (90.8%) in Group non-GE. Incidental EGD
included screening for gastric cancer (46.8%), surveillance of gastric cancer (10.6%),
investigation of abdominal symptom (10.6%), and others (31.9%). As for the primary
site, the proportion of oropharynx lesions was significantly lower in Group GE than
Group non-GE (15.9% vs 47.5%, P < 0.001). The proportion of lesions with concurrent
or a history of ESCC was significantly higher in Group GE than Group non-GE (51.2%
vs5 17.0%, P < 0.001). The proportions of cTis-1 cases and cases with no lymph node
metastasis were significantly higher in Group GE than Group non-GE (32.9% vs 12.0%,
P < 0.001 and 69.5% vs 19.0%, P < 0.001). Meanwhile, there were no significant
differences in the proportion of cases with distant metastases. As for the modality of
treatment, ELSP/ESD was performed in only 0.6% of cases in Group non-GE, while
21.3% of cases in Group GE were treated with ELPS/ESD (P < 0.001). We showed a
case of T1 hypopharyngeal cancer located in the left pyriform sinus and detected by
gastrointestinal endoscopy with NBI (Figure 1). Under general anesthesia, en bloc
resection by ESD was successfully completed.

Figure 2 shows the subsite of primary lesions and the proportion of Group GE by
subsite. The proportions of Group GE in the oropharynx and hypopharynx were 15.4%
and 42.3%, respectively. In the oropharynx, the proportions of Group GE in the
anterior (8.0%) and lateral wall (8.5%) were significantly lower than the posterior wall
(50.0%). On the other hand, in the hypopharynx, there was no significant difference in
the proportion of Group GE by subsite.

Figure 3A shows a comparison of the proportion of Group GE between the first and
second half periods (2011-2014 and 2015-2018). The proportion of Group GE was
significantly larger in the second half period (24.0% vs 36.2%, P = 0.004). Consistent
with this tendency, the proportion of cTis-1 lesions was significantly higher in the
second half period (13.2% vs 22.0%, P = 0.015) (Figure 3B).

Kaplan-Meier curves of survival are shown in Figure 4. Overall survival was
significantly longer in Group GE than in Group non-GE (HR: 0.63; 95%CI: 0.43-0.93; P
= 0.018). The 2-year and 4-year survival rates were 82.5% and 70.7% in Group GE, and
71.5% and 59.0% in Group non-GE, respectively.
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Table 1 Characteristics of the study population

n=522
Sex, male/female 474 (90.8%)/48
Age, median, yr 65 (37-92)
Location
Oropharynx 196 (37.5%)
Hypopharynx 326 (62.5%)
Symptomatic/ Asymptomatic 395 (75.7%) /127

Indication for examination
Investigation of symptoms
Incidental EGD

f/u or diagnostic work-up of ESCC
f/u or diagnostic work-up of HN
Incidental dental check

Other

Detected by GE/non-GE
cTis-1/2/3/4

cN-/+

cM-/+

Concurrent or history of ESCCy/n

371 (71.1%)
47 (9.0%)

66 (12.6%)

17 (3.3%)

7 (1.3%)

14 (2.7%)

164 (31.4%)/358

97 (18.6%)/177/102/146
182 (34.9%) /340

504 (96.6%)/18

145 (27.8%) /377

Summary of continuous variables, indicated as median and interquartile ranges. Categorical variables are indicated as the number of subjects and

percentages. EGD: Esophagogastroduodenoscopy; f/u: Follow-up; ESCC: Esophageal squamous cell carcinoma; HN: Head and neck cancer; GE:

Gastrointestinal endoscopy.
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DISCUSSION

This study investigated the impact of gastrointestinal endoscopy on the detection of
pharyngeal SCC. Of total 522 lesions, 164 (31.4%) in Group GE had a higher proportion
of asymptomatic cases, cTis-1 cases, cases with no lymph node metastasis and cases
treated by ELPS/ESD than Group non-GE, leading to a better prognosis. To the best of
our knowledge, this is the first study to explore the detection modality of
oropharyngeal and hypopharyngeal SCC in a large number of cases.

Until the advent of NBI, gastrointestinal endoscopists were unable to observe the
pharynx in detail, thereby posing a challenge to the detection of pharyngeal cancer
using gastrointestinal endoscopy. In 2010, the usefulness of NBI for the early detection
of cancer in the pharynx was reported. Muto et al[7] conducted a multicenter,
prospective, randomized controlled trial; 320 patients with ESCC were randomly
assigned to primary white light imaging (WLI) followed by NBI or primary NBI
followed by WLI in a back-to-back fashion. They reported that the sensitivity and
accuracy were significantly higher in the NBI-first group than the WLI-first group in
both the head and neck region and the esophagus (100% vs 7.7%; P < 0.001 for
sensitivity, 85.7% vs 62.9%; P = 0.02 for accuracy, respectively). In a study of 424
consecutive patients subjected to surveillance endoscopy who had previously
undergone CRT and/or surgery for esophageal SCC, Nonaka et al[15] reported that
the detection rate for pharyngeal cancer was significantly higher when using NBI
endoscopy with magnification (10.9%) compared with conventional endoscopy (1.2%)
(P < 0.0001). Following these reports, careful endoscopic observation of the pharynx
with IEE for patients with ESCCs became gradually popular among Japanese gastroen-
terologists[11,12,16,17]. These observations revealed the usefulness of gastrointestinal
endoscopy for the detection of pharyngeal cancer among patients with esophageal
SCC. However, the proportion and clinical characteristics of the lesions detected by
gastrointestinal endoscopy among patients with pharyngeal cancer remained unclear.
The advantage of the present study is to elucidate the clinical characteristics of
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Table 2 Comparison between Group gastrointestinal endoscopy and Group non- gastrointestinal endoscopy

Group GE n =164 Group non-GE n = 358 P value
Sex, male 153 (93.3%) 321 (89.7%) 0.197
Age, median, yr 68 (42-90) 67 (37-92) 0.278
Asymptomatic/Symptomatic 101 (61.6%)/63 (38.4%) 26 (7.3%)/332 (92.7%) <0.001
Indication for examination <0.001
Investigation of symptoms 46 (28.0%) 325 (90.8%)
Incidental EGD 47 (28.7%) 0
f/u or diagnostic work-up of ESCC 64 (39.0%) 2 (0.6%)
f/u or diagnostic work-up of HN 7 (4.3%) 10 (2.8%)
Incidental dental check 0 7 (2.0%)
Other 0 14 (3.9%)
Location oropharynx/hypopharynx 26 (15.9 %)/138 (84.1%) 170 (47.5%)/188 (52.5%) <0.001
History or concurrent of ESCC, y/n 84 (51.2%)/80 61 (17.0%)/297 <0.001
cTis-1/cT2-4 54 (32.9%)/110 43 (12.0%) /315 <0.001
cN-/+ 114 (69.5%)/50 68 (19.0%)/290 <0.001
cM-/+ 161 (98.2%)/3 343 (95.8%)/15 0.205
Treatment
ELPS/ESD 35 (21.3%) 2(0.6%) <0.001
Non-ELPS/ESD 129 (78.7%) 356 (99.4%)
Surgery 23 (14.0%) 79 (22.1%)
RT/CRT 84 (51.2%) 212 (59.2%)
Chemotherapy 5(3.0%) 13 (3.6%)
BSC 9(5.5%) 40 (11.2%)
Unknown 8 (4.9%) 12 (3.4%)

Continuous variables, indicated as the median and interquartile range. Categorical variables are indicated as the number of subjects and percentage. EGD:

Esophagogastroduodenoscopy; f/u: Follow up; ESCC: Esophageal squamous cell carcinoma; HN: Head and neck cancer; ESD: Endoscopic submucosal

dissection; ELPS: Endoscopic laryngo-pharyngeal surgery; GE: Gastrointestinal endoscopy; RT: Radiotherapy; CRT: Chemoradiotherapy; BSC: Best

supportive care.
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pharyngeal SCCs detected by gastrointestinal endoscopy.

A recent systematic review and meta-analysis revealed that the prevalence of head
and neck second primary tumors in patients with ESCC was 6.7%, and 60% of all head
and neck second primary tumors were located in the hypopharynx, with 18% in the
oropharynx[18]. In our study, the percentage of concurrent ESCC or with a history of
ESCC was 27.8%. Considering these data, the careful endoscopic observation of the
pharynx of patients with present or previous ESCC is efficient, but it is insufficient
because 70.7% of pharyngeal SCCs were not relevant to ESCCs. In Group non-GE,
92.7% of cases were symptomatic and only 0.6% of cases were treated by ELPS/ESD.
The problem appears to be that patients do not visit hospital and receive an
otolaryngology examination unless the cancer has progressed to a symptomatic stage.
On the other hand, in Group GE, only 38.4% of cases were symptomatic and the
proportion of cases treated by ELPS/ESD was significantly higher (21.3%) than Group
non-GE. It is important to detect pharyngeal SCCs with gastrointestinal endoscopy
while patients remain asymptomatic for further improvement in prognosis and preser-
vation of function. On this basis, we should not pass through the pharynx without due
caution in patients with risk factors (e.g., smoking, alcohol consumption), even if they
have no history of ESCC and no symptoms. In the present study, pharyngeal cancer
was detected in hospitals, as well as clinics and health examination centers. Moreover,
the numbers of lesions detected by gastrointestinal endoscopy have been increasing
(Figure 3). Furthermore, due to advances in endoscopic treatment, we have been able
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Figure 1 A case of T1 hypopharyngeal cancer located in the left pyriform sinus, detected by gastrointestinal endoscopy. A: The lesion was
recognized as a slightly reddish area under white light image endoscopy; B: The lesion was clearly visualized using narrow-band imaging; C, D: Under general
anesthesia, en bloc endoscopic submucosal dissection was successfully completed.

to remove superficial pharyngeal lesions by ELPS/ESD, without impairment of
pharyngeal function[19,20]. We emphasize that gastrointestinal endoscopists can
improve the prognosis of patients with pharyngeal cancer by careful observation of the
pharynx in routine clinical practice, and should take a more active role both in the
detection and treatment of this type of cancer.

In our study, the proportions of lesions in the anterior and lateral wall of
oropharynx were extremely low in Group GE (7.8% and 8.5%, respectively). One of the
reasons is that the lateral and anterior walls of the oropharynx are anatomically
difficult to observe using transoral endoscopy, so even advanced cancer may be easily
missed if the endoscope is passed too quickly through the oropharynx[21]. The other
cause is possibly related to human papillomavirus (HPV). HPV infection has been
identified as a risk factor for oropharyngeal SCCs, especially involving the tonsils and
base of the tongue[22]. Because HPV infects the basal layer of the tonsillar crypt,
cancer arises from the deeper areas and is not always exposed at the luminal surface at
an early stage. Thus, endoscopic diagnosis tends to be difficult compared to HPV-
unrelated pharyngeal SCCs[23]. In this study, we were not able to show the percentage
of HPV-related cancer due to insufficient data. Although early pharyngeal cancers
were detected mostly by gastroenterologists, considering that some lesions are difficult
to detect with gastrointestinal endoscopy, pharyngeal examination conducted by
otolaryngologists and gastroenterologists in cooperation will be required for further
improvement of cancer detection.

There were some limitations in the present study. Firstly, it is a retrospective review
of hospital records from a single center. Therefore, the history of gastrointestinal
endoscopic examination was uncertain in Group non-GE and we could not determine
how often gastroenterologists had missed the pharyngeal lesions. Furthermore, we
could not survey the experiences of individual physicians or the accessibility to
gastrointestinal endoscopy and otolaryngology services in individual residential areas.
In the future, a prospective study should be designed to address this subject. Secondly,
there was referral filter bias because almost all ELPS/ESD cases were treated in our
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[ Group GE [ Group non-GE
P < 0.001

Oropharynx ‘ : P < 0.001 |

Group GE n = 26 (15.4%) n =4 (8.0%) n =4 (25.0%) n =9 (8.0%) n =9 (50.0%)

/ / ! /
‘ ¢ 00

Hypopharynx

Group GE n = 138 (42.3%) n = 103 (43.6%) n = 26 (39.4%) n =9 (37.5%)

/ /

| |

Total Pyriform sinus Posterior wall Post-cricoid area
n =326 n =236 n =66 n =24

Figure 2 The subsites of primary lesions and the proportion of Group gastrointestinal endoscopy by subsite. The proportions of Group
gastrointestinal endoscopy (GE) in the oropharynx and hypopharynx were 15.4% and 42.3%, respectively. Among the lesions in the oropharynx, the proportions of
Group GE in the anterior and lateral wall were lower than the posterior wall. There was no significant difference in the proportion of Group GE by subsite in the
hypopharynx.

A P = 0.004 B P =0.015
100% 100%
80% 80%
G -GE T2-4
60% . roup non 60% D ¢
. Group GE . CTis-1
40% 40%
20% 20%
0% 0% -
First half period  Second half period First half period  Second half period

Figure 3 Trends in the detection modality and clinical stage of pharyngeal cancer. A: A comparison of the proportion of Group gastrointestinal
endoscopy between the first and second half periods (2011-2014 and 2015-2018); B: A comparison of the proportion of cTis-1 lesions between first and second half
periods (2011-2014 and 2015-2018). Group GE: Group gastrointestinal endoscopy.

hospital in Kumamoto prefecture. This would increase the proportion of Group GE.
However, as our hospital is the only university hospital in Kumamoto prefecture, most
advanced cases which required surgery or CRT were referred here, as well as
ELPS/ESD cases, and we consider our data represent the current situation in
Kumamoto prefecture.

CONCLUSION

Gastrointestinal endoscopy is playing an increasingly important role in the detection
of pharyngeal SCCs, considering that 31.4% of all cases and almost all asymptomatic
cases were detected by gastrointestinal endoscopy. For preserving the quality of life
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Figure 4 Kaplan-Meier estimates of overall survival. HR: Hazard ratio; Cl: Confidence interval; GE: Gastrointestinal endoscopy.
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and improving the prognosis of pharyngeal SCCs, it is important to detect the lesions
using gastrointestinal endoscopy, while they are asymptomatic.

ARTICLE HIGHLIGHTS

Research background

Recently, many pharyngeal cancers have been discovered by gastroenterologists, with
the growing availability of image enhanced endoscopy in gastrointestinal endoscopy.
However, few studies have shown how much gastroenterologists contribute to the
detection and treatment of pharyngeal cancer. In particular, the details of the lesions
detected by the gastrointestinal endoscopy are unknown.

Research motivation
To highlight that gastrointestinal endoscopists should take a more active role both in
the detection and treatment of pharyngeal cancer.

Research objectives
To clarify the importance of gastrointestinal endoscopy in detection and treatment of
pharyngeal cancer.

Research methods

In this retrospective cohort study, the authors assessed the clinical records of
consecutive 522 patients with oropharyngeal or hypopharyngeal cancer in our hospital
between January 2011 and December 2018. The lesions were classified into two groups:
Group GE (detected by gastrointestinal endoscopy) and Group non-GE (detected by
means other than gastrointestinal endoscopy), and the clinical characteristics were
compared between the two groups.

Research results

Of total 522 lesions, 164 (31.4%) in Group GE had a higher proportion of asymptomatic
cases (61.6% vs 7.3%, P < 0.001), cTis-1 cases (32.9% vs 12.0%, P < 0.001), cases with no
lymph node metastasis (69.5% vs 19.0%, P < 0.001) and cases treated by endoscopic
laryngo-pharyngeal surgery/endoscopic submucosal dissection (21.3% vs 0.6%, P <
0.001) than Group non-GE, leading to a better prognosis.

Research conclusions

To the best of our knowledge, this is the first study to explore the detection modality
of oropharyngeal and hypopharyngeal squamous cell carcinomas (SCC) in a large
number of cases. Gastrointestinal endoscopy plays an important role in the early
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detection and improving the prognosis of pharyngeal SCCs.

Research perspectives

In the future, a multicenter prospective study should be designed in a set up where
equal accessibility to gastrointestinal endoscopy and otolaryngology services is
available.
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Abstract

BACKGROUND

Colon capsule endoscopy (CCE), which became clinically applicable in 2006, is a
simple and noninvasive procedure to evaluate colonic diseases; the accuracy of
second-generation CCE, introduced in 2009, has dramatically improved.
Currently, CCE is used as an alternative method for colorectal cancer screening, as
well as for evaluating the mucosal lesions of inflammatory bowel disease, in cases
where performing colonoscopy (CS) is difficult. However, the outcomes of CCE
are uncertain.

AIM
To investigate the outcomes of Japanese patients with negative findings (no
polyps or colorectal cancer) on initial CCE.

METHODS

This retrospective, single-center study was conducted at the Endoscopic Center at
Aishinkai Nakae Hospital. This study included patients who underwent
continuous CCE between November 2013 and August 2019, that exhibited no
evidence of polyps or colorectal cancer at the initial CCE, and could be followed
up using either the fecal immunochemical test (FIT), CS, or CCE. The observa-
tional period, follow-up method, presence or absence of polyps and colorectal
cancer, pathological diagnosis, and number of colorectal cancer deaths were
evaluated.

RESULTS
Thirty-one patients (mean age, 60.4 + 15.6 years; range, 28-84 years; 14 men and
17 women) were enrolled in this study. The reasons for performing the first CCE
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were screening in 12, a positive FIT in six, lower abdominal pain in nine, diarrhea
in two, and anemia in two patients. The mean total water volume at the time of
examination was 3460 + 602 mL (2250-4800 mL), and a total CS was performed in
28 patients (90%). The degree of cleanliness was excellent in 15 patients and good
in 16, and no poor cases were observed. No adverse events, such as retention or
capsule aspiration, were observed in any of the patients. The mean follow-up
period was 3.1 £ 1.5 years (range, 0.3-5.5 years). Follow-up included FIT in nine,
CS in 20, and CCE in four patients (including duplicate patients). The FIT was
positive in two patients, while CS revealed five polyp lesions (three in the
ascending colon, one in the transverse colon, and one in the descending colon),
with sizes ranging between 2 mm and 8 mm. Histopathological findings revealed
a hyperplastic polyp in one patient, and adenoma with low grade dysplasia in
four patients; colorectal cancers were not recognized. In the follow-up example by
CCE, polyps and colorectal cancer could not be recognized. During the follow-up
period, there were no deaths due to colorectal cancer in any of the patients.

CONCLUSION
We determined the outcomes in patients with negative initial CCE findings.

Key Words: Colon capsule endoscopy; Negative findings; Observation; Colorectal polyps;
Colorectal cancer; Colorectal cancer death

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colon capsule endoscopy is becoming popular as a screening test for
colorectal cancer in patients where colonoscopy is difficult. Its accuracy is comparable
to that of colonoscopy; however, the outcomes are unknown. This study evaluated the
follow-up methods, presence or absence of polyps and colorectal cancer, and cancer
deaths after follow-up in Japanese patients with negative capsule endoscopy findings.

Citation: Nakaji K, Kumamoto M, Yodozawa M, Okahara K, Suzumura S, Nakae Y. Follow-up
outcomes in patients with negative initial colon capsule endoscopy findings. World J
Gastrointest Endosc 2021; 13(10): 502-509

URL: https://www.wjgnet.com/1948-5190/full/v13/i110/502.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i10.502

INTRODUCTION

The number of patients with colorectal cancer has been increasing in Japan[1],
compared with the United States. It is the primary cause of cancer death in women,
and third most common cause in men[1]. In Japan, fecal occult blood testing using the
two-day method is performed for colorectal cancer screening in patients aged 40 years
or older, while colonoscopy (CS) is performed in patients with at least one positive
fecal immunochemical test (FIT)[1]. Still, although CS is the gold standard for
colorectal cancer screening, the frequency of CS following a positive FIT is approx-
imately 60%[1]. This may be due to fear of perforation and hemorrhage caused by the
invasive nature of CS. Colon capsule endoscopy (CCE) is noninvasive and convenient;
additionally, during the coronavirus disease 2019 (COVID-19) pandemic, CCE has
drawn attention as a home-based test that does not pose a risk of severe acute
respiratory syndrome coronavirus 2 infection[2]. Second-generation CCE has dramat-
ically improved accuracy by incorporating a wide field of view and adaptive frame
rate (adjusting 4-35 images/s to accommodate the capsule movement)[3], and is now
regarded a noninvasive method for colorectal cancer screening in patients where CS is
difficult[4]. Since 2020 in Japan, the indications have been expanded to include
patients with the physical burdens associated with CS, such as hypertension, diabetes,
and chronic obstructive pulmonary disease; the number of examinations is therefore
expected to increase in the future.
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Conversely, there are concerns regarding CCE overlooking colorectal polyps and
cancers during long-term follow-up that CS would otherwise have been detected in
patients who present negative initial CCE results; intermediate cancers and cancer
deaths may have been caused as a result. To the best of our knowledge, there are no
reports regarding the long-term follow-up of patients screened for colorectal cancer
with initial negative initial CCE results; therefore, we evaluated the efficacy of initial
CCE results through the follow-up of patients without polyps or colorectal cancer.

MATERIALS AND METHODS

Patient selection

This retrospective, single-center study included consecutive patients who underwent
CCE at the outpatient unit of Aishikai Nakae Hospital for colorectal cancer screening
between November 2013 and August 2019 due to difficulty performing CS (either the
colonoscope could not be inserted into the cecum, or CS was expected to be
challenging to perform due to postoperative adhesions). Of these patients, those
without findings on initial CCE (defined as those without polyps of any size and/or
cancerous lesions) were followed up. Inclusion criteria for the study were patients who
underwent follow-up with either FIT, CS, or CCE; patients were excluded if they had
inflammatory bowel disease or were previously found to have a polyp or colorectal
cancer. Exclusion criteria for performing CCE included dysphagia, pacemaker
placement, and possible pregnancy. This study was conducted under the Declaration
of Helsinki and was approved by the ethics committee of Aishinkai Nakae Hospital on
February 12, 2021 (No. 015). Informed consent was obtained in the form of opt-out on
the bulletin board in the hospital. Those who were withdrew were excluded from the
study.

Definition of follow-up from initial CCE

Follow-up from initial CCE was defined as patients reexamined over 3-month
intervals after the first CCE, either by the FIT, CS, or CCE. The FIT was performed on
two separate days; one positive test was considered positive, and two negative tests
were considered negative.

The CCE procedure

PillCamCOLON?2 (Medtronic, Minneapolis, United States) was used for all patients.
Pretreatment began the day before the examination. The patients ingested a low-
residue diet test meal at home for breakfast, lunch, and dinner, and at 19:00, they
drank a hypertonic solution by dissolving 50 g of magnesium citrate (Magcolol P;
Horii Pharmaceutical Co., Ltd., Osaka) in 180 mL of water. Before bedtime, they had
10 mg of 0.75% sodium picosulfate with 100 mL of water. On the day of the
examination, the patients fasted during the morning, after which they drank 1000 mL
of ascorbic acid-containing hypertonic polyethylene glycol solution (Asc-PEG;
Mobiprep; EA Pharma, Tokyo) and 500 mL of water. The patients” stool frequency and
properties were checked, and stool was required for a clear liquid state. Thereafter, the
sensor array was fitted, and the capsule was swallowed after taking 20 mg of
mosapride with 100 mL of water. Metoclopramide (10 mg) was injected intramus-
cularly when the small intestine did not reach 60 min after capsule swallowing. An
additional 10 mg of metoclopramide was administered if the capsule did not reach the
small intestine after 120 min). Once in the small intestine, 30 mL of aromatic castor oil
and 100 mL of Asc-PEG were added. After reaching the large intestine, patients
ingested 400 mL of Asc-PEG and 250 mL of water over 30 min. Subsequently, 500 mL
of Asc-PEG and 250 mL of water were taken (over 30 min) to expel the capsule. After
the capsules reached the small intestine, exercises-such as walking and stair ascending
and descending exercises-were encouraged. If capsules were not expelled by 5 p.m. of
the same day, the following options were considered: (1) An intramuscular injection of
10 mg metoclopramide; (2) Oral administration of 30 mg castor oil and 100 mg water;
(3) Oral administration of 50 g of magnesium citrate dissolved in 180 mg of water, or
(4) Administration of 60 mg of glycerin enema if there was no discharge of the colon
capsule (Figure 1).

CCE reading

After completing the study, the data recorder was downloaded to a workstation
equipped with dedicated interpretation software (RAPID software v8.0 or v8.3). The
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Low residual diet

A hypertonic solution prepared by dissolving 50 mg of magnesium citrate in 180 mg of water

10 mg of 0.75% sodium picosulfate and 80 mg of water at bedtime

500-1000 mg of ascorbic acid-containg polyethylene glycol solution and 250-500 mg of water until the
stool became clear

Capsule ingestion with 20 mg of mosapride

Booster 1: 30 mg of castor oil and 100 mg of acid-containg polyethylene glycol solution

Booster 2: 400 mg of ascorbic acid-containg polyethylene glycol solution and 250 mg of water

Booster 3: 500 mg of ascorbic acid-containg polyethylene glycol solution and 250 mg of water

Other options (If the capsule did not discharge): Intramuscular administration of 10 mg of metoclopramide
or oral administration of 30 mg of castor oil and 100 mg of water or oral administration of 50 mg of
magnesium citrate dissolved in 180 mg of water

60 mg of glycerin enema

Figure 1 Colon capsule endoscopy procedure.
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following parameters were examined: laxative dose, intestinal transit time (time from
the capsule reaching the duodenum to the end of the ileum), colonic transit time (time
from capsule reaching the cecum to exit the anus), total colic observation rate (when
the capsule emptying through the anus or dentate line can be confirmed), and
intestinal lavage rate. Intestinal cleanliness was graded on a 4-point Leighton-Rex scale
[5] by five segments of the large intestine, defined as "excellent" (only a tiny amount of
stool), "good" (small amounts of stool or cloudy fluid, but not sufficient to interfere
with interpretation), "fair" (cloudy fluid if it completely precluded reliable
examination), and "poor" (a large amount of stool). The cleanliness of the entire colon
was evaluated as appropriate by adopting the lowest rating for each segment. The
findings were read by a Japanese Society for Capsule Endoscopy certified support
technician and one or more experienced physicians.

Adverse events were defined as the retention of capsules (stay in the intestine with
the inability to confirm anal emptying of the capsule for at least 14 d) and consequent
intestinal obstruction, Mallory-Weiss syndrome, intestinal perforation, vomiting due
to oral laxatives, and aspiration pneumonia. In this study, we investigated the
following data in patients: (1) Observation period; (2) Follow-up method; (3) Presence
or absence of polyps and colorectal cancer; (4) Final pathologic diagnosis; (5) Presence
or absence of adverse events, and (6) Cancer-related deaths.

Statistical analysis

All continuous variables are presented as means and standard deviations. Statistical
analysis was performed using IBM SPSS Statistics for Windows (SPSS Inc., Chicago, IL,
United States).

RESULTS

During the study, 208 patients underwent CCE for colorectal cancer screening; 82
patients were found to be negative for polyps and/or cancerous lesions after the first
CS capsule. Of these, 31 patients were followed up via either FIT, CS, or CCE; the
remaining 51 patients were not followed-up via either FIT, CS, or CCE since their
initial CCE. The characteristics of patients with negative CCE results are shown in
Table 1. The mean age of the cohort was 60.4 years, and 45.2% (n = 14) were male. The
most common reason for performing CCE was screening results (n = 12; patients aged
over 40 years, with no symptoms). No adverse events, such as retention or capsule
aspiration, were observed.
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Table 1 Characteristics of patients with negative colon capsule endoscopy results, n (%)

Total number of patients n=31
Gender (n)
Female 17
Male 14
Age (yr, range) 60.4 £15.6 (28 - 84)

Reasons (11)

Screening 12

Fecal immunochemical test positive (1) 6

Lower abdominal pain (1) 9

Diarrhea (1) 2

Anemia (1) 2
Indication ()

Incomplete colonoscopy (1) 0

Anticipated difficulty of total colonoscopy (1) 31
CCE completion 28 (90)
Cleanliness (1) Excellent, good, fair, poor 15,16,0,0
Total water content 3460 + 602 mL (2250-4800 mL)
Adverse events (1) 0

CCE: Colon capsule endoscopy.

The characteristics of colonic polyps found during the follow-up period of patients
with negative CCE results are shown in Table 2; the mean follow-up period was 3.1
years. CS was the most common method of follow-up after initial CCE (n = 20). Five
colonic polyps (three in the ascending colon, one in the transverse colon, and one in
the descending colon) were identified through follow-up CS; based on the Narrow-
band imaging International Colorectal Endoscopic classification[6], these were
classified as type 1 and 2 polyps. Histopathological findings included a hyperplastic
polyp in one patient, and adenoma with low grade dysplasia in four patients, while in
cases followed-up by CCE, colonic polyps and colorectal cancer could not be
identified. Excluding symptomatic patients, screening was followed by CS in seven,
FIT in three, and CCE in two patients for an average of 2.8 years; no polyps or
colorectal cancers were found through either method. During the follow-up period, no
deaths due to colorectal cancer occurred in any of the patients. Representative images

of follow-up on CS are presented in comparison with the initial CCE findings
(Figure 2).

DISCUSSION

To the best of our knowledge, this is the first follow-up study of negative initial CCE
findings in Japanese patients. Colorectal cancer was not observed in any of the cases,
while only small polyps were detected during the follow-up period. The widespread
use of screening tests for colorectal cancer screening with FIT is expected to increase
the frequency of CSs in the future; however, the number of skilled physicians
performing CS is limited. Additionally, as the COVID-19 pandemic continues in the
future, conventional endoscopic education becomes difficult[7]; the number of skillful
physicians performing CS may not be expected to increase accordingly[7]. To
compensate for this situation, noninvasive and straightforward CCE screening for
colorectal cancer has been and should continue to be examined. However, the
diagnostic reading of CCE is challenging. It usually requires a reading of 50000-60000
frames, may have only one or a few frames of essential findings, and is always at risk
of overlooking an interpreter's findings[8]; thus, initial reviews by other clinical staff
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Table 2 Characteristics of polyp lesions identified via colonoscopy during the follow-up period from colon capsule endoscopy negative

results

Number Size (mm) Shape Histology Intervals (years)
Cecum 0 - - = -
Ascending colon 3 4,4,2 Semipedunculated type Tubular adenoma with low grade dysplasia 5,5, 1.8
Transverse colon 1 8 Semipedunculated type Tubular adenoma with low grade dysplasia 2.4
Descending colon 1 3 Semipedunculated type Hyperplastic polyp 1.8
Sigmoid colon 0 - - = -
Rectum 0 - - - -

PillCam® COLON2
October 2016 (CCE) July 2018 (CS)

Figure 2 Representative images. Follow-up on colonoscopy (Right) is presented with the initial negative colon capsule endoscopy findings (Left): An arrow
indicates an adenoma with low grade dysplasia in the transverse colon. CCE: Colon capsule endoscopy; CS: Colonoscopy.

(for example, endoscopic nurses) are required[9]. Additionally, while interpretive
assistance using artificial intelligence has been studied[10], it is not yet a widely
established method in routine clinical practice at the research stage. Follow-up of CCE
is therefore necessary-including examination of interval cancers-without overlooking
significant polyp findings observed during the initial CCE that would have been
detected by CS.

In the guidelines for colorectal cancer screening[11], sigmoidoscopy, multitargeted
stool DNA testing (FIT-DNA), computed tomography colonography (CTC), and CCE
are recommended for patients aged 50-75 years when FIT or CS is not desirable. At
these intervals for follow-up, FIT is recommended annually, CS every 10 years, FIT-
DNA every 3 years, sigmoidoscopy every 5 years, CTC every 5 years, and CCE every 5
years. In our review of CCE, no advanced neoplasia was found at approximately 5-
year intervals; colorectal screening with CCE every 5 years was therefore considered
appropriate for Japanese patients in this study.

In a review of other modalities with negative imaging, Heisser ef al[12] reported in a
meta-analysis of CS studies that when stratified according to negative CS results from
1-5 years, 5-10 years, or more than 10 years, the detection of polyps was 20.7%, 23.0%,
and 21.9%, respectively; advanced neoplasia, including cancer, was observed in 2.8%,
3.2%, and 7.0% of cases, respectively. In a retrospective study of negative CTC results
from a single institution, Pickhardt et al[13] reported that 12.1% of the patients had
polyps 6 mm or larger in diameter, while 0.1% had advanced neoplasia-including
cancer-in 10 years of follow-up. Although direct comparison is difficult due to
differences regarding the number of patients, the definition of negative findings, and
the duration of observation compared with this study, the 5-year follow-up results of
their study demonstrated that 12.9% of all polyp lesions, 3.2% of polyps 6 mm or more,
0% of advanced neoplasia including cancer, and the other negative results were better
than the other modalities.

In this study, CS was the most common method used for follow-up after the first
CCE, followed by FIT and CCE. The widespread use of CS in Japan and the high cost
of CCE may have contributed to this observation. At present, there is a report
regarding improvement of the capsule discharge rate using castor oil as a booster[14].
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Our study demonstrated that polyp lesions found after the first CCE were more
frequent in the ascending colon. Evaluation of negative CS and CTC results indicated
that many cases of polyps were found in the right-sided colon during the follow-up
period. Although the cause is unknown, it is believed that in our case, the lesions were
often overlooked as the capsule had passed quickly in the ascending colon.

This study has several limitations. First, this was a single-center retrospective study
with a small number of cases; however, as a single-center study, follow-up of the same
patient was possible. Second, the observational period was considerably short;
additional long-term follow-up is necessary in the future. Third, the follow-up method
was not standardized; this is a limitation of retrospective studies, and it is of particular
concern that all patients who underwent the FIT were negative at follow-up in the
present study. Still, there have been reports of colorectal cancer in FIT-negative
patients[15]; thus, the possibility of colorectal cancer inclusion in these cases cannot be
ruled out. It is necessary to follow up in CS in these cases. Fourth, there is a possibility
that lesions could be overlooked during interpretation of the first CCE; however, in
this study, we thoroughly reviewed the entire image. Further progress regarding the
interpretation of CCE by artificial intelligence will help to provide more accurate
interpretations. Finally, because CCE moves back and forth, the possibility of
overcounting polyp lesions and flat polyp lesions has not been investigated in this
study and should be considered in the future.

CONCLUSION

In the present study, follow-up of patients with negative initial CCE results revealed
no colorectal cancer; only small polyps were found.

ARTICLE HIGHLIGHTS

Research background

Colon capsule endoscopy (CCE) is a noninvasive and easy procedure for detecting
colorectal lesions when difficult to perform colonoscopy (CS). The incidence of CCE
has been increasing due to its noninvasive nature and low risk of infection during the
Covid-19 pandemic; however, its follow-up on efficacy remains unknown.

Research motivation

Currently, guidelines recommend that patients with no significant findings on initial
CCE should repeat CCE every five years, or follow up with another screening test.
However, there is limited evidence in clinical practice.

Research objectives
The study’s main objective was to investigate the follow-up outcomes in Japanese
patients without polyp and colonic cancer at the initial CCE.

Research methods
Thirty-one consecutive Japanese patients negative for polyp and cancer lesions on
initial CCE were analyzed.

Research results
We propose that researchers conduct a multicenter, prospective, long-term follow-up
of initial CCE screening results.

Research conclusions
Our study determined the outcomes of Japanese patients with negative CCE results.

Research perspectives

The mean follow-up period was 3.1 years; CS was determined to be the most common
method of follow-up after the initial CCE (n = 20). Five colonic polyps (three in the
ascending colon, one in the transverse colon, and one in the descending colon) were
identified through follow-up CS; based on the Narrow-band imaging International
Colorectal Endoscopic classification, these were classified as type 1 and 2 polyps.
Histopathological findings included a hyperplastic polyp in one patient, and adenoma
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with low grade dysplasia in four patients; no deaths due to colorectal cancer, or severe
adverse events, were observed in any patient during follow-up.
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Abstract

BACKGROUND

Cocaine is a synthetic alkaloid initially viewed as a useful local anesthetic, but
which eventually fell out of favor given its high addiction potential. Its predom-
inantly sympathetic effects raise concern for cardiovascular, respiratory, and
central nervous system complications in patients undergoing procedures. Peri-
procedural cocaine use, often detected via a positive urine toxicology test, has
been mostly addressed in the surgical and obstetrical literature. However, there
are no clear guidelines on how to effectively risk stratify patients found to be
positive for cocaine in the pre-operative setting, often leading to costly procedure
cancellations. Within the field of gastroenterology, there is no current data
available regarding safety of performing esophagogastroduodenoscopy (EGD) in
patients with recent cocaine use.

AIM
To compare the prevalence of EGD related complications between active (< 5 d)
and remote (> 5 d) users of cocaine.
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METHODS

In total, 48 patients who underwent an EGD at John H. Stroger, Jr. Hospital of
Cook County from October 2016 to October 2018 were found to have a positive
urine drug screen for cocaine (23 recent and 25 remote). Descriptive statistics were
compiled for patient demographics. Statistical tests used to analyze patient
characteristics, procedure details, and preprocedural adverse events included ¢-
test, chi-square, Wilcoxon rank sum, and Fisher exact test.

RESULTS

Overall, 20 periprocedural events were recorded with no statistically significant
difference in distribution between the two groups (12 active vs 8 remote, P = 0.09).
Pre- and post-procedure hemodynamics demonstrated only a statistically, but not
clinically significant drop in systolic blood pressure and increase in heart rate in
the active user group, as well as drop in diastolic blood pressure and oxygen
saturation in the remote group (P < 0.05). There were no significant differences in
overall hemodynamics between both groups.

CONCLUSION

Our study found no significant difference in the rate of periprocedural adverse
events during EGD in patients with recent vs remote use of cocaine. Interestingly,
there were significantly more patients (30%) with active use of cocaine that
required general anesthesia as compared to remote users (0%).

Key Words: Gastrointestinal endoscopy; Cocaine-related disorders; General anesthesia;
Risk factors; Local anesthetics; Retrospective studies

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is no data available regarding safety of performing an esophago-
gastroduodenoscopy in patients with evidence of recent cocaine use. This study
compared the prevalence of procedure complications between active and remote
cocaine users and found no statistically significant difference between the two groups.
Pre- and post-procedure hemodynamics demonstrated only statistically, but not
clinically significant changes in blood pressure, heart rate, and oxygenation. Results
suggest relative safety in performing this procedure on active cocaine users. Patients in
the active group required more general anesthesia; however, given nature of study, the
reasoning behind this sedation choice was difficult to determine.

Citation: Liyen Cartelle A, Nguyen A, Desai PM, Kotwal V, Makhija J, Yu J, Yap JEL. Safety
of upper endoscopy in patients with active cocaine use. World J Gastrointest Endosc 2021;
13(10): 510-517

URL: https://www.wjgnet.com/1948-5190/full/v13/i10/510.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i110.510

INTRODUCTION

Mllicit drug abuse remains an ongoing public health crisis in the United States. As of
2018, 11.7% of the population over the age of 12 were illegal drug users. Of these, 2%
reported regular use of cocaine[1]. Given the self-reporting nature of these statistics,
there is reasonable concern that these values may be a significant underestimation of
the actual number of active cocaine users in the population[2]. In the medical
literature, cocaine’s predominantly sympathetic effects have been linked to a myriad of
cardiovascular, respiratory, and central nervous system complications that may
compromise patient stability when undergoing a procedure. Major cardiac
abnormalities such as tachycardias, hypertension, myocardial ischemia or infarction,
and various arrhythmias are at the forefront of concern[3]. Pulmonary edema,
pulmonary hemorrhages, and pulmonary barotrauma have been attributed to the use
of smoked “crack” cocaine[4]. Lastly, cocaine has also been implicated in several
neurological complications including hemorrhage, stroke, seizures, and comal5,6].
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Table 1 Patient characteristics

Active cocaine users, n =23 Remote cocaine users, n =25 P value®

Age, yr, n” (Avg. + SD) 51.0+9.5 54.8+10.9 0.210"

Sex, n' Male 19 11 0.006°
Female 4 14

Ethnicity, n' White 1 2 0.889°
African American 17 19
Hispanic 5 4

EKG, n' Normal 8 9 0.757°
Abnormal 14 13
No EKG 1 3

Comorbidities, ' Pulmonary 8 8 0.838°
Cardiac 4 4 1.000°
Renal 1 3 0.610°
Liver 4 12 0.025°
Hypertension 7 12 0.214°
Other drug abuse 12 17 0.263°
Neurologic 0 1 1.000°
Obesity 1 2 1.000°
Infectious 1 13 0.0003°
Malignancy 1 3 0.610°
Diabetes 1 3 0.610°
Other 3 3 1.000°

ICategorical value. Presented as frequency.

2Continuous variables. Presented as mean value and standard deviation.

3Compared to alpha value < 0.05 for significance.

*t-test.
5chi-SQ.
®Fisher exact test.

EKG: Electrocardiogram
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Jeffcoat et al[7] published one of the first studies exploring the differences in
common routes of administration of cocaine including intravenous injection, nasal
insufflation, and smoke inhalation. From this paper, the elimination half-life of cocaine
was calculated to range between 69-78 min depending on the mode of administration.
Using more modern laboratory assays for detection, the plasma half-life of cocaine has
been determined to range between 0.7-1.5 h while the urine detection window is
typically less than 1 d[8]. Cocaine’s main inactive metabolite, benzoylecgonine, has a
plasma half-life of 5.5-7.5 h and a urine drug screen (UDS) window of 1-2 d[9]. These
values can vary depending on differences in renal function, and frequency of cocaine
use. In fact, benzoylecgonine has been detected in the urine up to 10-14 d after heavy
cocaine use[10].

Pre-procedural management of a patient with recent cocaine use, typically
determined via a positive urine toxicology test detecting benzoylecgonine, has been
mostly addressed in the surgical and obstetrical literature. Within these fields, only a
handful of cases have been published reporting cardiac arrhythmias, hypertension,
and myocardial ischemia while intoxicated with cocaine and under general anesthesia
[11]. In the setting of elective surgeries, larger studies such as Hill et al[12] demonstrat-
ed no greater risk for intraprocedural complications for non-toxic cocaine users when
compared to drug-free patients. Baxter and Alexandrov[13] showed statistically
significantly higher baseline systolic pressure, mean arterial pressure, and heart rate
differences in the cocaine-positive cohort, but ultimately these were not deemed
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clinically significant values. More recently, Moon et al[14] determined that cocaine
positive patients did not demonstrate significantly different medication requirements
as compared to cocaine-negative patients.

Despite the existence of this data, there remains no standard for practice on how to
proceed with procedures this patient population. As such, practitioner preference is
often used to determine the main course of action, leading to same day cancellations of
procedures, resulting in waste of clinical time and resources[15]. There have been no
direct published works addressing complications encountered during gastrointestinal
endoscopies in patients with positive cocaine drug screens. This retrospective, single-
center study aims to determine the safety of EGD with anesthesia support in patients
who abuse cocaine, both actively and remotely.

MATERIALS AND METHODS

Records were reviewed from patients who underwent EGD at John H. Stroger, Jr.
Hospital of Cook County from October 2016 to October 2018. Those with a cocaine
positive UDS within less than 6 mo were identified. Remote cocaine users were
classified as individuals with positive cocaine screen > 5 d, up to 6 mo from procedure,
while active cocaine users had a positive UDS within 5 d. The study was approved by
the institutional review board.

Demographic data including age, ethnicity, and comorbidities (pulmonary, cardiac,
renal, liver, hypertension, other drug abuse, neurologic, obesity, infectious disease,
malignancy, diabetes, and other medical conditions) were recorded. Procedural details
such as American Society of Anesthesiologists Classification (ASA class), urgency level
of procedure, type of anesthesia, location (inpatient vs outpatient), and length of stay,
were also collected. Periprocedural adverse events such as hypotension, tachycardia,
nausea/vomiting, and oxygen desaturation were recorded. The outcomes measured
included hemodynamic changes in blood pressure, heart rate, respiratory rate, and
oxygen saturation, pre- and post-procedure.

All patient data was analyzed using STATA/SE 12.0 and Excel version 365
(Microsoft). Several statistical tests were used to analyze patient characteristics,
procedure details, and preprocedural adverse events including t-test, chi-square,
Wilcoxon rank sum, and Fisher exact test. All P-values < 0.05 were considered statist-
ically significant.

RESULTS

A total of 2122 patients were identified during the study period; 129 patients had a
positive drug screen of which 48 were positive for cocaine. Active users (23) were
predominately male (83%) and African American (74%). Remote users (25) were 44%
female and predominantly African American (76%). There was a significant difference
male gender predominance in the active group compared to the remote (P = 0.006). A
substantial number of patients in both groups had abnormal admitting electrocar-
diogram (14 active vs 13 remote) and both were found to have concurrent drug abuse
(12 active vs 17 remote) as their most prevalent comorbidity (Table 1). There was no
significant difference between groups for both categories, although liver and infectious
comorbidities were more prevalent in the remote group (P = 0.025, 0.0003).

Patients in both groups underwent urgent procedures (17 active vs 14 remote) with
no statistical difference (P = 0.195); although the active group was treated more often
in the inpatient setting (P = 0.024). ASA class III was most prevalent among the two
groups (14 active vs 21 remote) although more predominant in the remote group (P =
0.046). Monitored anesthesia care (MAC) sedation was the preferred anesthesia
support over general anesthesia (16 active vs 25 remote) (P = 0.003). Hospitalizations
were longer for remote vs active patients (P = 0.003), (Table 2). Overall, 20 peripro-
cedural adverse events occurred among the 48 patients. Although not statistically
significant, active users had more events compared to remote users (12 vs 8, P = 0.09)
defined as documented oxygen desaturation during the procedure, use of vasopressor,
rate-controlling, or anti-nausea medications (Table 3).

Pre- and post-procedure hemodynamics demonstrated a statistically significant, but
not clinically significant, drop in systolic blood pressure (136/77 pre-procedure vs
129/76 post-procedure, P = 0.03/0.64), as well as an increase in heart rate (73 pre-
procedure vs 76 post-procedure, P = 0.04) in the active user group. In the remote user
group, there was also a statistically significant, but not clinically significant, drop in
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Table 2 Procedure details

Active cocaine users, n =23 Remote cocaine users, n =25 P value®
Urgency, ' Non-urgent 6 11 0.195*
Urgent 17 14
Location, n* Inpatient 22 17 0.024°
Outpatient 1 8
ASA Class, n' Class IT 9 3 0.046°
Class IIT 14 21
Class IV 0 1
LOS, n2 (Avg day + SD) 54+36 56+11.9 0.018°
Type of Anesthesia, MAC 16 25 0.003”
n' General 7 0

ICategorical value. Presented as frequency.

2Continuous variables. Presented as mean value and standard deviation.

3Compared to alpha value < 0.05 for significance.

*chi-SQ.
SFisher exact test.
*Wilcoxon rank sum test.

ASA Class: American Society of Anesthesiologists Classification; LOS: Length of stay; MAC: Monitored anesthesia care.

Table 3 Periprocedural adverse events

Active cocaine users, n =23 Remote cocaine users, n =25 P value’
Cumulative complications, n' 12 8 0.09
Oxygen desaturation, 1" 1 2 1.000°
Nausea/vomiting, n' 7 2 0.068°
Hypotension, n' 4 4 1.000°
Tachycardia, n' 0 0 NA

ICategorical value. Presented as frequency.

2Compared to alpha value < 0.05 for significance.

SFisher exact test.

JBaishideng®

diastolic blood pressure (130/80 pre-procedure vs 124/74 post-procedure, P =
0.34/0.01) and oxygen saturation (98 pre-procedure vs 97 post-procedure, P = 0.04).
There were no significant differences in overall hemodynamics between both groups
when compared via two-sample f-test (Table 4).

DISCUSSION

To the best of our knowledge, our project is the first retrospective, single-center study
aimed at determining the safety of EGD under anesthesia in patients who have
recently abused cocaine with comparison to remote users. Although cumulatively
there were more reported periprocedural adverse events in patients with active
cocaine use compared to patients with remote cocaine use undergoing endoscopy, the
primary result of this study was that ultimately this difference was statistically insigni-
ficant. Moreover, the statistically significant differences in preprocedural and postpro-
cedural hemodynamics both within and across groups were, much like in the Baxter et
al[13] study, not deemed clinically significant[14]. There was no reported mortality in
any of the groups.
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Table 4 Hemodynamic outcomes

Active cocaine users, n= Remote cocaine users, n =

P value®
23 25
Blood pressure pre-procedure 136/77 (17/13) 130/80 (19/12) 0.14/0.38 Active: Remote:
0.03/0.64 0.34/0.01
Blood pressure post-procedure (mmHg # 129/76 (15/11) 124/74 (27/12) 0.46/0.52
SD), n'
Heart rate pre-procedure 73 (12) 78 (16) 0.16 0.04 0.27
Heart Rate post-procedure (BPM £SD), n' 76 (13) 81 (16) 0.28
Respiratory rate pre-procedure 19 (2) 19 (4) 0.95 0.11 0.42
Respiratory rate post-procedure (BPM + 18 (3) 20 (5) 0.10
SD), n'
Oxygen saturation pre-procedure 98 (2) 98 (1) 0.43 0.74 0.04
Oxygen saturation post-procedure (% * 98 (2) 97 (3) 0.12

SD), n'

1Continuous variables. Presented as mean value and standard deviation.

2Compared to alpha value < 0.05 for significance.

3t-test.
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A unique component to our study, in contrast to much of the available literature, is
the overwhelming preponderance of MAC used vs general anesthesia in both cohorts.
MAC is a type of anesthesia commonly used in diagnostic or therapeutic procedures
such as endoscopies as it can be titrated to maintain spontaneous breathing and
airway reflexes[16]. For endoscopic procedures, especially in the ambulatory setting,
the rapid recovery of MAC is ideal for high volume centers. In contrast, under general
anesthesia, patients undergo a drug-induced loss of consciousness that prevents any
ability to respond purposefully and often necessitate airway support[16]. Further
analysis into the two cohorts of our study showed that active users were more likely to
undergo the EGD under general anesthesia, 30%, vs remote users, 0%. Unfortunately,
given the retrospective nature of the study and the small sample size, the reasoning
behind this deviation in anesthesia type could not be further dissected. However, it
may point to some component in the patient’s clinical status that swayed the
anesthesiologist to favor one form over the other.

As previously mentioned, given the retrospective nature of this study, there are
several limitations that must be addressed. Despite the two-year timespan for chart
review, our total sample population of cocaine positive patients, both active and
remote, remained small. This was to be expected as UDS are not part of the standard
pre-procedural work up of a patient undergoing an EGD. Additionally, similarly to
what was mentioned in Moon et al[14], selection bias is likely at play in the sample
population as individuals that undergo a procedure even after a positive cocaine UDS
are more likely to need urgent intervention[14]. Lastly, despite the stratification of
active vs remote users based off UDS timing, there are several unknown factors that
could not be standardized such as the exact time span between the last drug use and
the procedure date, quantity of cocaine consumed, and other confounding factors such
as co-morbid polysubstance abuse. As such, the generalizability of the results of our
current study is difficult to determine and larger studies are needed to corroborate our
findings.

In summary, the findings of our study suggest that there are no significant
differences in periprocedural adverse events or hemodynamic disturbances in active vs
remote cocaine users undergoing an EGD with anesthesia support. Further invest-
igation via larger prospective studies, containing a cocaine-negative control group, in
which the type of anesthesia used can be standardized may elucidate any true
difference in adverse events rates between MAC vs general anesthesia in this patient
population. Additionally, given the wide range of drug agents used for MAC, other
studies may be needed to identify which agents, if any, would be safer for use in
cocaine positive patients or those suspected to have had recent cocaine abuse.
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CONCLUSION

In conclusion, performing an EGD in patients with recent cocaine use, as evidenced by
a positive UDS test, appears to be relatively safe, supporting forgoing procedure
cancellation in this patient population.

ARTICLE HIGHLIGHTS

Research background

Procedure delay in patients with a recent history of cocaine use due to concerns of
possible adverse events can compromise patient care and incur undue healthcare
costs.

Research motivation
There is a paucity of literature available to risk stratify patients with recent cocaine use
undergoing endoscopic procedures.

Research objectives
We endeavored in this study to evaluate the relative safety of performing an
esophagogastroduodenoscopy (EGD) in this specific patient population.

Research methods

Pre- and post-procedure hemodynamics were recorded and as well as frequency of
adverse events. Using statistical tests including t-test, chi-square, Wilcoxon rank sum,
and Fisher exact test, our data analysis results suggested no statistically significant
differences in periprocedural adverse events or clinically significant hemodynamic
disturbances in active (< 5 d) vs remote cocaine users (> 5 d).

Research results
Our study found no significant difference in the rate of periprocedural adverse events
during EGD in patients with recent vs remote use of cocaine.

Research conclusions
Performing an EGD in patients with recent cocaine use appears to be safe.

Research perspectives
Given the retrospective nature of this study, we hope our results generate more
interest to explore this topic further in larger, prospective studies.
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Abstract

BACKGROUND

Many studies evaluated magnification endoscopy (ME) to correlate changes on
the gastric mucosal surface with Helicobacter pylori (H. pylori) infection. However,
few studies validated these concepts with high-definition endoscopy without ME.

AIM
To access the association between mucosal surface pattern under near focus
technology and H. pylori infection status in a western population.

METHODS

Cross-sectional study including all patients referred to routine upper endoscopy.
Endoscopic exams were performed using standard high definition (S5-HD)
followed by near focus (NF-HD) examination. Presence of erythema, erosion,
atrophy, and nodularity were recorded during S-HD, and surface mucosal pattern
was classified using NF-HD in the gastric body. Biopsies were taken for rapid
urease test and histology.

RESULTS

One hundred and eighty-seven patients were analyzed from August to November
2019. Of those, 47 (25.1%) were H. pylori+, and 42 (22.5%) had a previous H. pylori
treatment. In the examination with S-HD, erythema had the best sensitivity for H.
pylori detection (80.9%). Exudate (99.3%), nodularity (97.1%), and atrophy (95.7%)
demonstrated better specificity values, but with low sensitivity (6.4%-19.1%). On
the other hand, the absence of erythema was strongly associated with H. pylori-
(negative predictive value = 92%). With NF-HD, 56.2% of patients presented type
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1 pattern (regular arrangement of collecting venules, RAC), and only 5.7% of
RAC+ patients were H. pylori+. The loss of RAC presented 87.2% sensitivity for H.
pylori detection, 70.7% specificity, 50% positive predictive value, and 94.3%
negative predictive value, indicating that loss of RAC was suboptimal to confirm
H. pylori infection, but when RAC was seen, H. pylori infection was unlikely.

CONCLUSION

The presence of RAC at the NF-HD exam and the absence of erythema at S-HD
were highly predictive of H. pylori negative status. On the other hand, the loss of
RAC had a suboptimal correlation with the presence of H. pylori.

Key Words: Diagnosis; Endoscopy; Gastric infection; Gastritis; Helicobacter pylori;
Sensitivity and specificity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Imaging advances in endoscopy significantly improved our diagnostic
capability. While magnification endoscopy is well incorporated in Asian countries, in
Western countries most upper endoscopes devices are not equipped with this feature. In
this study, we evaluated the near focus technology to access mucosal surface pattern
and correlate with Helicobacter pylori infection. We believe this article will be of great
interest to endoscopist in the Western, as there is still a room for better understanding
gastric mucosal surface pattern and near focus technology.

Citation: Fiuza F, Maluf-Filho F, Ide E, Furuya Jr CK, Fylyk SN, Ruas JN, Stabach L, Araujo
GA, Matuguma SE, Uemura RS, Sakai CM, Yamazaki K, Ueda SS, Sakai P, Martins BC.
Association between mucosal surface pattern under near focus technology and Helicobacter
pylori infection. World J Gastrointest Endosc 2021; 13(10): 518-528

URL: https://www.wjgnet.com/1948-5190/full/v13/i10/518.htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i10.518

INTRODUCTION

The relationship between Helicobacter pylori (H. pylori) infection, chronic gastritis, and
the development of gastric cancer is well established[1-4]. Eradication of H. pylori in
patients with non-atrophic chronic gastritis could lead to regeneration of normal
mucosa and interruption of Correa’s cascade[1,5,6]. In this sense, a technology that
helps with diagnosis of H. pylori-associated gastritis is useful.

In recent years, many advances in endoscopic imaging have surged, allowing for
better characterization of gastric mucosal patterns. High definition (HD) magnification
endoscopy (ME) can increase the image view from 1.5% to 150 and allow the visual-
ization of objects that are 10-71 pum in diameter[7]. In 2001, Yao and Oishi[8] described
the characteristics of normal gastric mucosa with image magnification. In the
following year, Yagi et al[9] described the differences between the magnified view of
normal gastric mucosa from the pattern seen in patients with H. pylori-associated
gastritis. A more detailed classification was used by Anagnostopoulos et al[10] to
distinguish normal gastric mucosa, H. pylori-associated gastritis, and gastric atrophy in
a Western population. Since then, several articles have studied the association between
ME and histological findings[9,11,12].

However, endoscopes with magnification are scarce in Western countries. In 2016,
Olympus launched the Near Focus (or Dual Focus) technology on conventional 190
endoscopes for the Western market, which consists of a variable focus lens system,
allowing for close examination of the mucosa (2-6 mm) without definition loss[13].

Although there are many studies correlating the findings of ME and H. pylori status,
only a few validated these findings with HD endoscopes without ME[14-18].
Moreover, most of these studies were conducted in Asian countries, in centers with
high expertise with magnifying images[9,12].

The aim of this study is to access the association between mucosal surface pattern
under near focus high-definition (NF-HD) technology and H. pylori infection status in
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a western population.

MATERIALS AND METHODS

This was a cross-sectional study conducted from August to November 2019 at the
Endoscopy Center of the Hospital Alemao Oswaldo Cruz (Sdo Paulo, Brazil). The
ethical committee of our institution (approval number 3.577.527) approved this
research. It is in accordance with the Declaration of Helsinki.

Inclusion criteria were patients referred to routine diagnostic upper gastrointestinal
endoscopy for dyspepsia symptoms who agreed to sign the informed consent form.
Exclusion criteria were patients using proton pump inhibitors (PPIs) or H2 inhibitors
in the last 10 d prior to endoscopy, patients with previous gastric surgeries (gastro-
plasty or gastrectomy), gastric stasis, hypertensive gastropathy, patients under 18
years of age, and non-elective indications (upper gastrointestinal bleeding, foreign
body, etc.).

Baseline data that included age, gender, symptoms, medications, and previous H.
pylori treatment were recorded.

Primary and secondary endpoints

The primary endpoint was to assess if NF-HD examination of gastric mucosal surface
patterns could predict H. pylori status. The secondary endpoint was to assess if any
other features observed with standard focus high definition (S-HD) white light
examination was associated with H. pylori status.

Endoscopic procedures and near focus classification

All procedures were performed under anesthesiologist-assisted sedation with
propofol. Before the procedures, every patient received a solution containing 200 mL
of water and simethicone to help clean the stomach and improve visualization of the
gastric mucosa. All examinations were performed with an Olympus CV-190
gastroscope. The images were captured by the BSCap™ system with a minimum of 10
photos, according to the European standard[19].

The examinations were performed by nine senior endoscopists (over 10 years of
experience). Subsequently, two other endoscopists (Fiuza F and Martins BC), who had
training on magnification imaging, reviewed all images and standardized the
responses. Endoscopists who performed the exams had information about previous H.
pylori infection. Fiuza F and Martins BC were blinded for previous and present H.
pylori infection.

Initially, a complete exam was performed using S-HD white light view, and the
characteristics of gastric mucosa were recorded: erythema, erosion, exudate, atrophy,
and nodularity (Figure 1). Next, the near focus (NF-HD) exam was performed
(Figure 2), with particular attention to the greater curvature and anterior wall of the
medium gastric body, according to Yagi et al[9].

The gastric mucosal surface pattern was classified based on the classification
proposed by Anagnostopoulos et al[10]: Type 1: Honeycomb-type subepithelial
capillary network (SECN) with regular arrangement of collecting venules (RAC) and
regular round pits; Type 2: Honeycomb-type SECN with regular round pits, with or
without sulci but with loss of collecting venules; Type 3: Loss of normal SECN and
collecting venules and with white enlarged pits surrounded by erythema; and Type 4:
Loss of normal SECN and round pits, with irregular arrangement of collecting
venules.

Gastric biopsies and histological examination
Gastric biopsies were collected for evaluation with the rapid urease test (RUT-
Uretest®, RenyLab): One sample in the lesser curvature of the antrum close to the
incisura angularis and the other in the greater curvature of the medium body. Next,
gastric biopsies were collected for anatomopathological (AP) study: Two samples from
the body and two from the antrum (greater and lesser curvature in each region), as
oriented by the IV Brazilian Consensus on Helicobacter pylori Infection[3]. H. pylori
infection was considered positive when at least one of the methods was positive.
Gastric biopsies were sent for histologic evaluation by a senior pathologist who was
blinded from the endoscopic findings related to inflammation of gastric mucosa.
Hematoxylin eosin staining was used for assessment of gastritis and Giemsa for H.
pylori status. When gastritis was present at histology, but H. pylori was negative,
immunohistochemical analysis for H. pylori antigen was performed.
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Figure 2 Near focus examination of gastric body. A: Type 1: regular arrangement of collecting venules and regular round pits; B: Type 2: regular round pits,
with erythema, sulci and loss of collecting venules; C: Type 3: loss of normal subepithelial capillary network (SECN) and collecting venules and with white enlarged
pits surrounded by erythema and exudate; D: Type 4: loss of normal SECN and round pits, with irregular arrangement of collecting venules.

Statistical analysis and sample size calculation
Based on the results of previous studies[10,11,20], expecting a sensitivity of 94%,
specificity of 95%, and a prevalence of infection of 40%, using an error margin of + 6%
and an alpha error of 5%, we estimated a sample size of 150 patients. Assuming a
drop-out rate of 25%, the sample size was increased to 180 patients.

Measures of central tendency and dispersion were calculated for quantitative
variables, as well as absolute and relative frequencies for categorical variables. The
association between categorical variables was assessed using the chi-square test.
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724 patients eligible

537 patients excluded:

PPI or H2 usage (278)

NF scope not available (166)
Under 18 yr (29)

Previous gastric surgery (60)
Gastric stasis (4)

187 patients included

Figure 3 Study flowchart. PPI: Proton pump inhibitor; NF: Near focus.

Jaishideng®

For the evaluation of the endoscopic diagnostic value, we estimated the sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), area
under the ROC curve and their respective 95% confidence intervals (CI) for the
findings at S-HD and NF-HD. For all statistical tests, an alpha error of 5% was
established, that is, the results were considered statistically significant when P < 0.05.
All analyses were performed with Stata Software version 15.1.

RESULTS

A total of 724 patients met the inclusion criteria and were eligible for this study. Five
hundred thirty-seven patients were excluded: 278 due to PPI or H2 inhibitors usage in
the previous 10 d, 166 due to NF endoscopes not available at the time of exam, 29
patients were under 18 years old, 60 due to previous gastric surgery, and 4 due to
gastric stasis. Finally, 187 patients were included in the study (Figure 3). The majority
of patients were female (60.5%), with a mean age of 50.1 years. Forty-two patients
(22.5%) had been previously treated for H. pylori infection with an average interval of
48.2 mo (range 3-180 mo). The most prevalent symptom was epigastric pain (44.4%),
followed by heartburn (21.4%). H. pylori was positive in 47 patients (25.1%), of which
42 were positive by both methods, four only by AP and one only by RUT (Table 1).

Endoscopic findings with standard focus

Upon initial examination of the gastric body with S-HD (Table 2), the finding with the
best sensitivity for H. pylori detection was erythema (80.9%), present in 75 patients.
Exudate (99.3%), nodularity (97.1%), and atrophy (95.7%) demonstrated better
specificity values, but with low sensitivity (6.4%-19.1%). On the other hand, the
absence of erythema on the gastric body was strongly associated with the absence of
H. pylori infection (NPV = 92.0%).

In the antrum, all findings showed sensitivity below 75% (Table 2). Nodularity
(98.6%) and atrophy (96.4%) had the best values for specificity, but both had low
sensitivities (10.6%-23.4%). Exudate, although presenting with 100% specificity, was
found in only one patient.

Endoscopic findings with near focus

With the use of NF (Table 3), the majority of patients presented with a type 1 pattern
(56.2%), followed by type 2 (30.5%), type 3 (9.6%), and type 4 (3.7%). Type 1 pattern is
the only one in which RAC is seen. Only six patients (5.7%) with RAC + were H. pylori
positive. The loss of RAC presented with a sensitivity of 87.2% for H. pylori detection
and a NPV of 94.3%, indicating that H. pylori infection was less likely when RAC was
seen. All patients with type 4 pattern were H. pylori positive (PPV of 100%), albeit only
seven patients presented with this pattern. Among patients with successful previous
H. pylori treatment (n = 25), 21 (91.3%) were RAC positive (Table 4). Loss of RAC had a
NPV of 91.3%, specificity of 84%, and an accuracy of 85.7% (Table 5).

Rapid urease test results
Four patients had RUT negative, but AP positive, and one patient had RUT positive
and AP negative. Thus, RUT presented with a sensitivity of 91.5%, specificity of 100%,
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Table 1 Patient’s characteristics

Characteristics Total (%) H. pylori + (%) 47 (25.1%) H. pylori-(%) 140 (74.9%) Pvalue
Age, yr 0.580
<50 85 (45.5) 23 (48.9) 62 (44.3)

>50 102 (54.5) 24 (51.1) 78 (55.7)

Gender 0.629
Male 74 (39.5) 20 (42.5) 54 (38.6)

Female 113 (60.5) 27 (57.5) 86 (61.4)

Symptoms

Epigastric pain 83 (44.4) 26 (55.3) 57 (40.7) 0.081
Heartburn 40 (21.4) 9(19.1) 31 (22.1) 0.665
Previous treated H. pylori infection 42 (22.5) 17 (36.2) 25 (17.9) 0.009

Chi-square test. Helicobacter pylori: H. pylori.

Table 2 Endoscopic findings with standard focus high definition white light and association with Helicobacter pylori infection

Location Feature Patients Sensitivity % Specificity % PPV % NPV % AUC % Accuracy %
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Body Erythema 75 80.9 (66.7-90.9) 73.6 (65.5-80.7) 50.7 (38.9-62.4) 92.0 (85.3-62.4) 0.77 (0.70-0.84) 75.4 (68.6-81.4)
Erosion 16 10.6 (3.6-23.1) 92.1 (86.4-96.0) 313 (11.0-58.7) 754 (68.3-81.7) 0.51 (0.46-0.56) 71.7 (64.6-78.0)
Exudate 4 6.4 (1.3-17.5) 99.3 (96.1-100) 75.0 (19.4-99.4)  76.0 (69.1-82.0) 0.53 (0.49-0.56) 75.9 (69.2-81.9)
Atrophy 15 19.1 (9.1-33.3) 95.7 (90.9-98.4) 60.0 (71.0-83.9) 77.9 (71.0-83.9) 0.57 (0.52-0.63) 76.5 (69.7-82.3)
Nodularity 7 6.4 (1.3-17.5) 97.1 (92.8-99.2) 429(9.9-81.6) 756 (68.6-81.6) 0.52(0.48-0.56) 74.3 (67.4-80.4)
Antrum  Erythema 87 72.3 (57.4-84.4) 62.1 (53.6-70.2) 39.1(28.8-50.1) 87.0 (78.8-929) 0.67 (0.60-0.75) 64.7 (57.4-71.5)
Erosion 38 21.3 (10.7-35.7) 80.0 (72.4-86.3) 263 (13.4-43.1) 752 (67.4-81.9) 0.51 (0.44-0.57) 65.2 (57.9-72.0)
Exudate 1 2.1 (0.5-11.3) 100 (97.4-100) 100 25-100)  75.3 (68.4-81.3) 0.51 (0.49-0.53) 75.4 (68.6-81.4)
Atrophy 16 23.4 (12.3-38.0) 96.4 (91.9-98.8) 68.8 (41.3-89.0) 78.9 (72.1-84.8) 0.60 (0.54-0.66) 78.1 (71.4-83.8)
Nodularity 7 10.6 (3.5-23.1) 98.6 (94.9-99.8) 714 (29.096.3) 76.7 (69.8-82.6) 0.55(0.50-0.59) 76.5 (69.7-82.3)

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under receiver operating characteristic curve.

PPV of 100%, NPV of 97.2%, and accuracy of 97.9%.

DISCUSSION

An endoscopic mucosal sample is the most common method used for H. pylori
detection. However, it generates costs associated with biopsy forceps, reagent agents,
vials, and pathologists, in addition to the risk of bleeding and other complications.
Thus, a diagnostic method that excludes the need for large-scale biopsies with good
cost-effectiveness is welcome both economically and logistically.

In 2002, Yagi et al[11] described the magnified view of H. pylori negative gastric
mucosa and showed that the identification of collecting venules and capillaries
forming a network with gastric pits in the center is indicative of H. pylori-negative
normal mucosa. This pattern was named RAC. In a study with 557 patients submitted
to endoscopy, the same authors demonstrated that the presence of RAC had a
sensitivity of 93.6% and specificity of 96.2% as an indicator of a normal stomach
without H. pylori[11]. Similar findings were reported by Anagnostopoulos et al[10], in a
study including 95 patients in a Western population. The authors applied ME in the
gastric body and showed that type 1 pattern predicted normal gastric mucosa with a
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Table 3 Association between classifications and Helicobacter pylori infection of the gastric body

Helicobacter pylori status (%)

RAC Classification Total (%)
Negative Positive
RAC +
Type 1 99 (94.3) 6.0 (5.7) 105 (56.2)
RAC -
Type 2 35 (61.4) 22 (38.6) 57 (30.5)
Type 3 6 (33.3) 12 (66.7) 18 (9.6)
Type 4 0(0.0) 7 (100.0) 7(3.7)
Types 2, 3 and 4 41 (50) 41 (50) 82 (43.8)
Total 140 (74.9) 47 (25.1) 187 (100)

Chi-square test; P < 0.001. RAC: Regular arrangement of collecting venules.

Table 4 Association between regular arrangement of collecting venules and Helicobacter pylori infection in patients with previous

Helicobacter pylori treatment

Helicobacter pylori status (%)

Classification Total (%)
Negative Positive

RAC + 21 (91.3) 2(8.7) 23 (54.8)

RAC- 4(21.1) 15 (78.9) 19 (45.2)

Total 25 (59.5) 17 (40.5) 42 (100)

RAC: Regular arrangement of collecting venules.

Table 5 Loss of regular arrangement of collecting venules with near focus high-definition examination in the gastric body and

correlation with Helicobacter pylori infection

Sensitivity% Specificity% PPV % NPV % AUC % Accuracy %

Loss of RAC
(95%Cl) (95%Cl) (95%Cl)  (95%CI)  (95%Cl)  (95%Cl)

Overall (n =187) 87.2 (74.3-95.2) 70.7 (62.4-78.1) 50.0 (38.7- 94.3 (88.0- 0.79 (0.73- 74.5 (67.6-80.5)

61.3) 97.9) 0.85)
Patients without previous Helicobacter 86.7 (69.3-96.2) 67.8 (58.5-76.2) 41.3 (29.0- 95.1 (88.0- 0.77 (0.69- 71.7 (63.6-78.9)
pylori treatment (n = 145) 54.4) 98.7) 0.85)
Patients with previous Helicobacter pylori 88.2 (63.6-98.5) 84.0 (63.9-95.5) 78.9 (54.4- 91.3 (72.0- 0.86 (0.73- 85.7 (71.5-94.6)
treatment (1 = 42) 93.9) 98.9) 0.97)

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under receiver operating characteristic curve.

JBaishideng®

sensitivity of 92.7%, specificity of 100%, PPV of 100%, and NPV of 83.8%. However,
magnification is time-consuming, requires training, and is not widely available in
western centers. Therefore, the use of NF becomes an alternative due to its feasibility
and availability.

In this study, we evaluated near-focus imaging for the diagnosis of H. pylori status
of gastric mucosa. We showed that the loss of RAC had a sensitivity of 87% for
detection of H. pylori and a NPV of 94.3%. Only six patients with RAC + were positive
for H. pylori. In other words, if RAC was present, the probability of a H. pylori negative
mucosa was 94.3%. In a prospective study with 140 patients, Garcés-Duran et al[14]
used Olympus 190 gastroscopes to evaluate if the presence of RAC could rule out H.
pylori infection in a western population. The authors did not mention if they applied
NF to examine the gastric mucosa, so it is assumed that only S-HD exam was
performed. The authors found a sensitivity and NPV of 100% for the exclusion of H.
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pylori infection in RAC+ patients. In a congress report communication, Jang et al[18]
compared NF + NBI with SD-WL for predicting H. pylori status. The sensitivity,
specificity, PPV, and NPV were 86.5%, 84.1%, 84.1%, and 88.3% for NF + NBI and
57.7%, 92.1%, 53.0%, and 72.5% for SD-WL endoscopy, respectively. In a pediatric
population (children and adolescents) using standard endoscopes, Machado et al'®
demonstrated that the absence of RAC had a sensitivity of 96.9% and a specificity of
88.1% in predicting H. pylori infection. Glover et al[21] showed that RAC becomes less
visible with increasing age, presenting NVP of 93.0% for patients below 50 years and
NVP of 90.7% for all ages. Table 6 shows a comparison between studies that addressed
the association of RAC with H. pylori status. On the other hand, loss of RAC was
present in 49/96 (51%) H. pylori negative patients in the study of Garcés-Duran et al
[14], while in our study, loss of RAC was present in 41/140 (29%) H. pylori negative
patients. This difference could be explained by the use of NF in our study. NF
increased the sensitivity to identify capillary venules. Therefore, NF-HD resulted in
increased specificity but decreased sensitivity for H. pylori detection applying the “loss
of RAC” signal.

Although RAC identification with HD endoscopes has good accuracy to screen H.
pylori negative patients, it seems that the loss of RAC is not so specific to confirm H.
pylori infection. In this study, the loss of RAC was associated with H. pylori infection in
only 50.6% (41/81) of the cases, with a PPV of 50%. These findings are in accordance
with other studies where RAC negative patients presented H. pylori infection in 40-
47.3% of patients[14,21,22]. With ME, Anagnostopoulos et al[10] presented that types 2
and 3 together had a specificity of 92.7% and PPV of 83.8% for predicting H. pylori
infection.

Taken together, sensitivity of “loss of RAC” to predict H. pylori infection varied
from 66% to 100% and specificity varied from 48% to 100%. Excluding the studies that
used ME, the one with higher sensitivity was also the one with lower specificity[14].
The wide variability of sensitivity and specificity of RAC identification and H. pylori
status among studies might be explained by different technology applied and different
endoscopists” expertise. Apparently, there is lower variability of NPV among studies,
meaning that the presence of RAC is a good indicator of H. pylori negative status.

Besides RAC, the best S-HD criteria to screen for H. pylori negative patients in this
study was erythema, with NPV of 92%. The sensitivity of erythema for H. pylori
detection was 80.9%, specificity 73.6%, and PPV 50.7%. Exudate, atrophy, and
nodularity were the most specific findings. In a multicenter study including 24
facilities in Japan, Kato et al[23] studied the association of body erythema and H. pylori
infection with S-HD. Spotty redness had sensitivity of 70.3%, specificity of 73.8, PPV of
75%, and NPV of 69.1%; diffuse redness, sensitivity of 83.4%, specificity of 66.9, PPV of
73.8%, and NPV of 78.4%. Machado et al[16] highlighted nodularity in children and
adolescents as a strong predictor of H. pylori infection (98.5%). Absence of nodularity
was associated with the presence of RAC, virtually excluding the probability of H.
pylori (post-test probability 0.78%). In a series of 200 gastroscopic examination with S-
HDI[22], the presence of RAC and the Kimura-Takemoto classification grade C1 were
predictive of H. pylori negative status, while atrophic changes and diffuse redness
without RAC were significantly associated with H. pylori infection.

The awareness of these findings may lead endoscopists to change some practices
during elective routine endoscopy. For example, many patients may be referred to
endoscopy while using continuous PPI, which is known to decrease sensitivity of RUT
and AP tests[3]. In this sense, findings of diffuse erythema, atrophy, or exudate on
white light examination, as well as loss of RAC on NF exam, may lead the endoscopist
to use more resources to increase the yield of H. pylori detection. This may include
collecting more fragments and/or performing biopsies for histopathological analysis
besides RUT. We also believe that a closer look at the mucosa must be routinely
incorporated in elective upper endoscopy in order to look for the mucosal surface
pattern. It is quick and easy to apply.

The reversal of mucosal changes after H. pylori eradication is still poorly
understood. In this study, the accuracy of RAC pattern to predict H. pylori status in the
group of patients with previous H. pylori treatment was 85.7% (95%CI: 71.5-94.6)
compared with 71.1% (95%CI: 63.6-78.9) to the non-treated group. PPV was higher
(78.9%; 95%CI: 54.4-93.9 vs 41.3%; 95%CI: 29.0-54.4), and NPV was similar (91.3;
95%CI: 72.0-98.9 vs 95.1%; 95%CI: 88.0-98.7). These findings could indicate that
mucosal changes might be reversible in some cases.

Our study has some limitations. First, it is a single-institution study. It would be
important to evaluate the interobserver agreement and to validate these findings in a
multicenter study. On the other hand, our study supports the concept of first screening
patients for the presence of RAC and deferring biopsy in patients positive for RAC.

WJGE | https://www.wjgnet.com 525 October 16,2021 | Volume13 | Issue10 |



Fiuza F et al. Near focus for H. pylori detection

Table 6 Studies associating loss of regular arrangement of collecting venules with the presence of Helicobacter pylori

Ref. Country n RAC + Technology Sensitivity Specificity PPV NPV
Machado et al[16], 2008 Brazil 99 60 SD 96.9 88.1 - -
Cho et al[15], 2013 Korea 617 254 S-HD 93.3 89.1 92. 90.6
Yagi et al[17], 2014 Japan 38 26 S-HD 79 52 70 63
Garcés-Duran et al[14], 2019  Spain 140 47 S-HD 100 489 473 100
Ebigbo et al[22], 2021 German 200 - S-HD 80.7 57.4 40.0 89.4
Glover et al[21], 2021 United Kingdom 153 108 S-HD 784 64.3 40.0 90.7
Jang et al[18], 2020 Korea 115 - NF + NBI 86.5 84.1 841 88.3
Yagi et al[11], 2002 Japan 557 161 ME 93.8 96.2 - -
Nakagawa et al[12], 2003 Japan 92 23 ME 66.7 100 100 82.4
Anagnostopoulos ef al[10], United Kingdom 95 64 ME 100 927 83.8 100
2007

Yagi et al[17], 2014 Japan 49 30 ME + NBI 91 83 88 86
This study Brazil 187 105 NF 87.2 70.7 50.0 94.3

RAC: Regular arrangement of collecting venules; S-HD: Standard high definition; ME: Magnification endoscopy; SD: Standard definition; NF: Near focus;
PPV: Positive predictive value; NPV: Negative predictive value.

CONCLUSION

In conclusion, the presence of RAC at the NF-HD exam and the absence of erythema in
the gastric body at S-HD were predictive of H. pylori negative status. On the other
hand, the loss of RAC had a poor association with the presence of H. pylori.

ARTICLE HIGHLIGHTS

Research background

In recent years, many advances in endoscopic imaging have surged, allowing for
better characterization of gastric mucosal patterns. In 2001, Yao and Oishi described
the characteristics of normal gastric mucosa with image magnification (ME). In the
following year, Yagi et al described the differences between the magnified view of
normal gastric mucosa from the pattern seen in patients with Helicobacter pylori (H.
pylori)-associated gastritis. Although there are many studies correlating the findings of
ME and H. pylori status, only a few validated these findings with high definition (HD)
endoscopes without ME. Moreover, most of these studies were conducted in Asian
countries, in centers with high expertise with magnifying images.

Research motivation
While magnification endoscopy is well incorporated in Asian countries, in Western
countries most upper endoscopes devices are not equipped with this feature.

Research objectives

The aim of this study is to access the association between mucosal surface pattern
under near focus HD (NF-HD) technology and H. pylori infection status in a western
population.

Research methods

This was a cross-sectional study including all patients referred to routine upper
endoscopy. Endoscopic exams were performed using standard HD (S-HD) followed
by NF-HD examination. Presence of erythema , erosion, atrophy, and nodularity were
recorded during S-HD, and surface mucosal pattern was classified using NF-HD in the
gastric body, based on the classification proposed by Anagnostopoulos et al. Biopsies
were taken for rapid urease test and histology.
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Research results

One hundred and eighty-seven patients were included in the study, of those, 47
(25.1%) were H. pylori +. In the examination with S-HD, erythema had the best
sensitivity for H. pylori detection (80.9%). On the other hand, the absence of erythema
was strongly associated with H. pylori- (negative predictive value = 92%). With NF-
HD, the loss of the regular arrangement of collecting venules (RAC) presented 87.2%
sensitivity for H. pylori detection and 94.3% negative predictive value, indicating that
loss of RAC was suboptimal to confirm H. pylori infection, but when RAC was seen, H.
pylori infection was unlikely.

Research conclusions

Presence of RAC at the NF-HD exam and the absence of erythema in the gastric body
at S-HD were predictive of H. pylori negative status. The loss of RAC had a poor
association with the presence of H. pylori.

Research perspectives
Our study supports the concept of first screening patients for the presence of RAC and
deferring biopsy in patients positive for RAC.
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Abstract

BACKGROUND

Duodenal duplications are rare congenital anomalies of the gastrointestinal tract.
As the periampullary variant is much rarer, literature is scant and only few
authors have reported their experience in diagnosis and treatment, particularly
with operative endoscopy.

CASE SUMARY

To report our experience with the endoscopic treatment in a series of children
with periampullary duodenal duplication cysts, focusing on the importance of
obtaining an accurate preoperative anatomic assessment of the malformations.
The pediatric periampullary duodenal duplication cyst literature is reviewed. We
conducted a systematic review according to the PRISMA guidelines. The PubMed
database was searched for original studies on “duodenal duplication”, “periam-
pullary duplication” or “endoscopic management” published since 1990,
involving patients younger than 18 years of age. Eligible study designs were case
report, case series and reviews. We analyzed the data and reported the results in
table and text. Fifteen eligible articles met the inclusion criteria with 16 patients,
and analysis was extended to our additional 4 cases. Median age at diagnosis was
13.5 years. Endoscopic treatment was performed in 10 (50%) patients, with only 2
registered complications.

CONCLUSION
Periampullary duodenal duplication cysts in pediatric patients are very rare. Our
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experience suggests that an accurate preoperative assessment is critical. In the
presence of sludge or stones inside the duplication, endoscopic retrograde
cholangio-pancreatography is mandatory to demonstrate a communication with
the biliary tree. Endoscopic treatment resulted in a safe, minimally invasive and
effective treatment. In periampullary duodenal duplication cyst endoscopically
treated children, long-term follow-up is still necessary considering the potential
malignant transformation at the duplication site.

Key Words: Periampullary duodenal duplication cyst; Duodenal duplication; Endoscopic
ultrasound; Endoscopic treatment; Double wall sign; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Periampullary duodenal duplications are extremely uncommon in children.
The authors report a series of 4 patients and provide a detailed literature review.
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INTRODUCTION

Duodenal duplications (DD) are rare congenital anomalies of the gastrointestinal tract,
which usually arise during the first decade of life[1-3]. Due to variability of location
and size, DD do not display pathognomonic clinical presentation, but they can
manifest with a variety of complications including pancreatitis, bleeding, perforation
and duodenal obstruction[1]. Unfortunately, little is reported about the anatomical
details of DD, which can be divided into two groups: periampullary and non-periam-
pullary duplication cyst. Periampullary duodenal duplication cysts (PADDC) are
defined as cysts located near the major papilla and the biliary-pancreatic ampulla,
sometimes with a small aberrant pancreatic duct drained into the cyst[4]. As the
periampullary variant is much rarer, literature is scant and only few authors have
reported their experience in diagnosis and treatment. Moreover, the recent
introduction of operative endoscopy for DD treatment in adults has also been
extended to the pediatric population with promising results[5-10].

The aim of this paper is to report our experience with the endoscopic treatment (ET)
in a series of children with PADDC, focusing on the importance of obtaining an
accurate preoperative anatomic assessment of the malformations. The pediatric
PADDC literature is reviewed.

CASE PRESENTATION

All consecutive children with PADDC managed at our tertiary-level institution from
2015 to 2020 were retrospectively reviewed. A written consent was obtained from all
patients. All data were retrospectively collected and recorded according to the
Declaration of Helsinki.

Chief complaints
Case 1, 2 and 4: Abdominal pain.

Case 3: Abdominal pain and vomiting,.
History of present illness

Case 1: A 14-year-old boy was admitted with a 1-year history of recurrent pancreatitis.
The abdominal computed tomography (CT) scan, previously performed at another
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center, showed a cyst within the duodenal lumen.
Case 2: A 16-year-old girl was admitted to our emergency room with abdominal pain.

Case 3: A Chinese 11-year-old girl was admitted for 1-year history of epigastric pain
with vomiting and weight loss.

Case 4: An 11-year-old girl was admitted to our unit with abdominal pain and
vomiting.

History of past illness
Case 1: His previous history was unremarkable.

Case 2: In the past 2 years she had suffered from recurrent abdominal pain due to
pancreatitis.

Case 3: The girl was previously examined in her country, and a CT scan showed a cyst
in the second part of the duodenum.

Case 4: Unremarkable.

Personal and family history
Unremarkable.

Physical examination upon admission
Case 1: On inspection, the abdomen was distended with tenderness in epigastrium
upon superficial and deep palpation.

Case 2: Physical examination at admission showed a mild distended abdomen and
diffuse tenderness upon superficial and deep palpation.

Case 3: Physical examination showed mild diffuse abdominal tenderness upon
superficial and deep palpation.

Case 4: Physical examination showed severe tenderness upon superficial and deep
palpation of the upper abdomen.

Laboratory examination

Case 1: Laboratory values revealed an increased serum levels of lipase (1077 UI/L;
normal value (n.v.) 70-280 UI/L), amylase 514 UI/L (n.v. 15-53 UI/L) and C-reactive
protein 168 mg/dL (n.v. < 5 mg/L), while gamma glutamyl transferase 69 U/L (n.v. 6-
42 UI/L), count of blood cells, white cell count, total and conjugated bilirubin, alkaline
phosphatase level, aspartate aminotransferase and alanine aminotransferase were
normal.

Case 2: Blood samples revealed increased serum levels of lipase (2365 UI/L; n.v. 70-
280 UI/L); the full panel of liver tests including cholestasis indexes were normal. US
showed the presence of an anechoic cystic lesion within the pancreatic head.
Intrahepatic and extrahepatic biliary ducts were normal.

Case 3: Laboratory values revealed increased serum levels of lipase (43440 UI/L; n.v.
70-280 UI/L). The full panel of liver tests was normal.

Case 4: Biochemical investigation revealed hyperlipasemia (5497 UI/L; n.v. 70-280
UI/L) and increased levels of aspartate aminotransferase (5.3 x n.v.), alanine
aminotransferase (9.2 x n.v.) and gamma-glutamyl transferase (169 UI/L, n.v. 6-42).

Imaging examination

Case 1: The radiological workup first included an abdominal ultrasound (US) that
showed a heterogeneous hyperechogenicity of the whole pancreas and an intraluminal
duodenal cyst (5.8 cm x 4.5 cm x 4.0 cm in size) near the pancreas head. An 8.5 mm
dilatation of the main common bile duct (CBD) was also detected. Intrahepatic biliary
ducts and gallbladder were normal.

A magnetic resonance imaging (MRI) on HASTE T2-w sequence showed a
homogeneously hyperintense cyst below the pancreatic head, located within a
partially occluded duodenum (Figure 1A). On cholangiographic reconstruction the
intrahepatic bile ducts were normal, the cystic duct appeared dilated with a tortuous
course and the common hepatic duct presented saccular dilation. CBD had a caliber at
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Figure 1 Magnetic resonance imaging on HASTE T2 w sequence. A: Homogeneously hyperintense cyst located within the duodenum, which was partially
occluded (arrow); B: On 3D cholangiographic reconstruction, intrahepatic bile ducts were normal, cystic duct was dilated with tortuous course and common hepatic
duct presented saccular dilation. Common bile duct had a caliber at the upper limits of the normal range with a regular course and was in communication with
periampullary duodenal duplication cysts.

the upper limits of the normal range with a regular course; the Wirsung duct was
normal (Figure 1B).

Case 2: An MRI on HASTE T2 w sequence revealed (Figure 2) a round homogeneous
hyperintense lesion on the pancreas uncinate process, determining a major
compression of the second portion of the duodenum. At cholangiographic
reconstruction, the intra- and extrahepatic biliary tree along with the pancreatic ductal
system were normal (Figure 2B).

Case 3: An MRI on HASTE T2 w sequence showed an oval heterogeneous hyper-
intense lesion, measuring 4.5 cm x 3.5 cm, containing multiple stones and located in
the second part of the duodenum. Cholangiographic reconstruction indicated a
normal/physiologic gallbladder as well as intra- and extrahepatic bile ducts. The
lesion, irregularly hyperintense, was located below the gallbladder and laterally to the
CBD and pancreatic duct (Figures 3 and 4).

Case 4: US examination found a cyst (2.5 cm x 2.5 cm X 1.6 cm) sharing bowel wall
stratification with the second part of the duodenum and full of hyperechogenic debris.
An MRI on HASTE T2 sequence detected an oval mass, located below the gallbladder
and laterally to the CBD and pancreatic duct (Figure 5), adjacent to the pancreatic
head. The cyst was filled with fluid and multiple stones. Cholangiographic
reconstruction indicated a normal gallbladder and intra- and extrahepatic bile ducts.

FINAL DIAGNOSIS

Case 1

Endoscopic ultrasound (EUS) showed a bulging in the second duodenal portion,
covered with normal mucosa, next to the Vater’s papilla and filled with biliary sludge
(Figure 6). The lesion preserved a five-layer wall consisting with the typical echoendo-
scopic feature for the gastrointestinal wall consistent with a PADDC, and ET was
proposed to parents.

Case 2

A EUS showed an anechoic cystic lesion within the second duodenal portion, charac-
terized by normal echographic bowel wall stratification and containing multiple
hyperechoic stones; the cyst was not in communication with the CBD, and thereby
PADDC was diagnosed.

Case 3

A EUS revealed an anechoic cystic lesion characterized by a normal echographic bowel
wall stratification and containing biliary sludge.
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Figure 2 Magnetic resonance imaging of case 2. A: Round homogeneously hyperintense lesion at the level of uncinate process of the pancreas determined
a major compression on the second portion of duodenum (arrow); B: At cholangiographic reconstruction, the intra- and extrahepatic biliary tree and pancreatic ductal
system were normal.

Figure 3 Magnetic resonance imaging of case 3. A: An oval heterogeneously hyperintense lesion containing multiple stones and located in the second part
of the duodenum; B: Cholangiographic reconstruction showed normal gallbladder and intra- and extrahepatic bile ducts.

Figure 4 Magnetic resonance imaging showed periampullary duodenal duplication cysts filled with stones.

Case 4

Duodenoscopy revealed an intraduodenal cyst, next to the papilla of Vater and not in
communication with the duodenal lumen.
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Figure 5 Magnetic resonance imaging. A: Oval mass is located below the gallbladder and lateral to the common bile duct and pancreatic duct, adjacent to the
pancreatic head. The cyst was filled with fluid and multiple stones; B: Cholangiographic reconstruction showed normal gallbladder and intra- and extrahepatic bile
ducts.

Figure 6 Endoscopic ultrasound. The probe is inside the duodenum, and the common wall separates the duodenum and the duodenal duplication.

TREATMENT

Case 1

Upon endoscopic retrograde cholangio-pancreatography (ERCP), elective cannulation
of the CBD showed a direct communication with the cyst and multiple stones in its
lumen. A sphincterotome incision of the wall cyst, laterally to the papilla, was
performed, and the stones were removed.

Case 2

Upon ERCP, a small orifice on the lateral surface of the cyst was cannulated; a contrast
injection failed to demonstrate any communication with the CBD. Intracystic stones
were confirmed. The DD wall was incised with sphincterotome,, and stones were
removed.

Case 3

ERCP showed a regular main pancreatic duct; after distal papillotomy, contrast was
injected, and it filled the PADDC (Figure 7). Marsupialization of the cyst with sphinc-
terotome was then performed.

Case 4

ERCP showed a normal pancreatic duct, dilation of CBD (20 mm diameter) without a
detectable communication with the cyst. Cyst marsupialization was performed with
subsequent extraction of biliary microstones (Figure 8).
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Figure 8 Cyst marsupialization was performed with subsequent extraction of biliary microstones.

JBaishideng®

OUTCOME AND FOLLOW-UP

Case 1

The patient had an uneventful postoperative course and was discharged home 8 d
later with a quick resolution of the abdominal pain and normalization of serum
pancreatic enzymes. Ursodeoxycholic acid therapy and a hypolipic diet were
continued until the next follow-up. At the 3 mo follow-up, magnetic resonance cholan-
giopancreatography (MRCP) control after ET, PADDC was no longer detected
(Figure 9). At the 10-year follow-up the patient is doing well, without any therapy or
further episodes of pancreatitis.

Case 2

The patient had an uneventful recovery and was discharged home 2 d after the
procedure with low fat meals. The 9 mo follow-up MRCP did not show any residual
duplication (Figure 10), and at 8 years follow-up no further pancreatitis episodes were
reported.

Case 3

The postoperative course was complicated by severe melena on day 3, which required
packed red cell transfusion. Esophagogastroduodenoscopy detected bleeding at the
cyst section site. Endoscopic metallic clip placement was effective for bleeding control.
The patient showed a progressive normalization of the serum lipase, and she was
discharged home with ursodeoxycholic acid therapy and a low-fat diet. MRCP, done 2
mo later, did not show any duodenal cyst or intra- or extrahepatic bile and pancreatic
duct dilatation. At the 4-year follow-up, she was well, and no further episodes of
abdominal pain were reported.
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Figure 9 Magnetic resonance cholangiopancreatography performed 3 months after the endoscopic treatment did not show
periampullary duodenal duplication cysts.

Figure 10 Magnetic resonance cholangiopancreatography performed after 9 mo endoscopic treatment did not show periampullary
duodenal duplication cysts.

Case 4

The patient had an uneventful recovery and was discharged home 10 d after the
procedure, with an ursodeoxycholic acid therapy and low-fat meals for 3 mo.

At the 2-year follow-up, she was totally asymptomatic, abdominal US was normal,
and she eats a free diet.

Literature search

This literature review was performed according to preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines[11] (Figure 11). The
PubMed database was searched for original studies on “duodenal duplication,”
“periampullary duplication” or “endoscopic management” published since 1990,
involving patients younger than 18 years of age. Eligible study designs were case
reports, case series and reviews. We omitted reports in which abstracts indicated an
adult population (> 18 years) and improper reporting of the diagnosis and treatment
methods. We then evaluated the full text of the selected articles and consider PADDC
only where that diagnosis was confirmed by authors.
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(n = 42 cases)

Records identified through searching PubMed database

Y

Records after duplicity removed (7 = 3 studies)

studies)

Full text articles assessed for eligibility (7 = 39

A J

Full text articles excluded (7 = 24 studies)

studies)

Studies including in the systematic review (7 = 15

Figure 11 PRISMA 2009 flow diagram.
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According to Trobs et al[4], PADDC were defined as cysts located near the major
papilla and the biliary-pancreatic ampulla that can have a small aberrant pancreatic
duct drained into the cyst. We excluded all patients with a diagnosis of
biliary/gallbladder disease (including acute acalculous cholecystitis) or with a
diagnosis of duodenal duplication not located near the major papilla.

The date of the last search was December 2020. For each study, data were extracted
for two primary outcomes (diagnostic assessment and type of treatment) and several
secondary outcomes (including sex and age at presentation, clinical presentation,
pathological examination and outcome). Analysis was extended to our additional 4
cases.

Research results

The initial PubMed search yielded 42 potentially relevant studies. Eventually, 16
eligible articles met the inclusion criteria, involving a total of 17 children with PADDC
[1,3,4,6-9,12-20] (Table 1 and Figure 11). All selected studies were case reports (class of
evidence III and rating scale of evidence E) and clearly reported the two primary
outcomes.

The patients’ median age at diagnosis was 14 years (range: 3-18 years), and PADDC
was reported in 10 males and 8 females. For 3 patients, data were not available.
Clinical presentation was unspecific, with abdominal pain reported in all cases.
Recurrent pancreatitis was the most common complication and was observed in 14
cases (70%), followed by cholestasis, jaundice and intussusception.

All patients underwent abdominal ultrasound, followed by abdominal CT scan in
18 cases (90%), ERCP in 13 (65%), MRCP in 7 (35%) and EUS in 8 (4%); 1 patient was
only examined with ERCP (5%) (Table 1).

Endoscopic treatment was performed in 10 patients (50%), with two reported
complications, namely bleeding at the duplication incision site, which were treated
with packed red cell transfusion and endoscopic clipping of the bleeding site in one
case and with local injection of epinephrine in the other case (Table 1) [9]. The median
follow-up was 22.5 mo (range: 4-108 mo); all endoscopically treated patients are doing
well with disappearance of the duplication on imaging. No case of malignancy was
reported.

DISCUSSION

Duodenal duplications are uncommon congenital anomalies of the gastrointestinal
tract, which usually present during the first decade of life[4,5]. They represent 5%-7%
of all gastrointestinal duplications and result from disturbances in the embryonic
development, probably due to duodenal epithelial pinching during the outgrowth of
the dorsal pancreatic bud or secondary to an epithelial sequestration[4]. The majority
of them are cystic, adherent and located on the mesenteric side of the second or third
portion of the duodenum, with an epithelial mucosal lining and a smooth muscle layer
[10,21]. A communication with the duodenal lumen has been reported in up to 25% of
cases[1], and some authors have also described the possibility of a pancreato-biliary
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Table 1 Data of included studies

o Laborato| et Treatment and

Ref. Year Age Sex Clinical o US MR/ICT EUS ERCP Description .

data complications

Mattioli et al 1999 1lyr F Abdominal pain ~ NA Yes Yes(CT) No Yes Periampullary ~ Surgical resection

[13] duplication

Zamir et al[16] 1999 17yr M Abdominal pain,  AST/ALT, Yes Yes (CT) No No Periampullary ~ Surgical cyst
duodeno-jejunal  50/140; ALP duplication marsupialization
intussusception 250, GGT 400

Niehuesetal 2005 16yr M Abdominal pain,  Lipase 3343 Yes  Yes (CT No Yes Periampullary ~ Surgical resection

[18] jaundice and duplication and cholecystectomy

MRCP)
Guariseetal 2006 18yr M Abdominal pain, NA Yes Yes(CT  Yes  Yes Periampullary  Surgical resection
2] pancreatitis and duplication

MRCP)

Chryssostalis 2007 17 yr - Abdominal pain ~ NA Yes Yes(CT) No Yes Periampullary ~ Endoscopic excision

et al[8] Recurrent duplication of the cyst
pancreatitis

Ozeletal[14] 2008 8yr F Abdominal pain, Amylase 1287 Yes Yes (CT) No No Periampullary  Surgical resection
pancreatitis duplications

Chen et al[3] 2009 8yr F Abdominal pain, Amylase 155; Yes Yes (CT No Yes Periampullary ~ Surgical cyst
pancreatitis lipase 109 and duplication marsupialization

MRCP)

Trobsetal[4] 2009 8yr M Abdominal pain,  Lipase 3000 Yes Yes (CT No No Periampullary  Surgicalcyst
pancreatitis, and duplication marsupialization
hepatitis MRCP)

Tekinetal[7] 2009 18yr F Abdominal pain, NA Yes Yes(CT) No Yes Periampullary ~ Endoscopic
pancreatitis duplication sphincterotomy and

stent implantation

Criblez et al 2011 17yr M Abdominal pain ~ Lipase 5400 Yes Yes(CT) No Yes Periampullary ~ Endoscopic cyst

[17] duplication marsupialization and

sphincterotomy

Romeoetal[9] 2011 - - Recurrent NA Yes Yes (CT Yes  Yes Periampullary ~ Surgical resection of
pancreatitis and duplication common wall

MRCP)
- - Recurrent NA Yes Yes (CT Yes  No Periampullary ~ Endoscopic cyst wall
pancreatitis and duplication resection
MRCP)
Meier etal[6] 2012 9yr M Abdominal pain ~ Amylase270  Yes Yes (CT No Yes Periampullary ~ Endoscopic opening
U/ml; Lipase and duplication of cyst wall
824 U/ml MRCP)

Koffieetal[12] 2012 13yr M Abdominal pain,  Lipase 1363; Yes Yes (CT No No Periampullary  Surgical resection
hepatitis and Amylase 401, and duplication
pancreatitis direct bilirubin MRCP)

9.1
Taghavietal 2017 17yr M Recurrent NA Yes Yes No No Periampullary  Surgical resection,
[15] pancreatitis (MRCP) duplication sphincteroplasty of
terminal pancreatic
duct and stent
positioning.

Salazar et al 2018 3yr M Abdominal pain, NA Yes Yes Yes No Periampullary ~ Endoscopic cyst

[19] pancreatitis (MRCP) duplication marsupialization

This case 2019 1l4yr M Recurrent Lipase 1077, Yes Yes(CTin Yes  Yes Periampullary ~ Endoscopic distal
pancreatitis and Amylase 514 another duplication papillotomy and cyst
abdominal pain GGT 69 center, incision

MRCP)
l6yr F Recurrent Lipase 2365 Yes Yes(CTin Yes  Yes Periampullary ~ Endoscopic cyst
pancreatitis and another duplication incision
abdominal pain center,
MRCP)
11yr F Recurrent Lipase 43440  Yes Yes(CTin Yes  Yes Periampullary ~ Endoscopic cyst
pancreatitis, another duplication incision (bleeding
abdominal pain center, treated with metallic
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and weight loss MRCP) clips placement and
blood transfusion)
Pancreatitis Lipase 5497, Yes Yes Yes  Yes Periampullary  Sphincterotomy
AST/ALT (MRCP) duplication
315/532; GGT
169

Unit used were as follows: amylase (UI/L), lipase (UI/L), bilirubin (mg/dL), alkaline phosphatase (UI/L), aspartate aminotransferase (UI/L), alanine
aminotransferase (UI/L) and gamma-glutamyl transferase (UI/L). US: Ultrasound; CT: Computed tomography; EUS: Endoscopic ultrasound; ERCP:
Endoscopic retrograde cholangio-pancreatography; NA: Not available; ALP: Alkaline phosphatase level; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; MRCP: Magnetic resonance cholangiopancreatography; GGT: Gamma-glutamyl transpeptidase; MR: Magnetic resonance; F: Female; M:

Male.
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involvement in 30% of patients, although this cannot always be the only explanation of
pancreatitis[5,6].

Three different mechanisms have been reported as responsible for pancreatitis: (1)
External papilla obstruction by duplication enlargement; (2) Presence of an aberrant
pancreatic duct within the duplication, which can become obstructed by mucus and
debris; and (3) Migration of biliary sludge and/or microstones from the cyst into the
bilio-pancreatic duct[3,4]. Migration of biliary sludge and/or microstones from the
cyst to the bilio-pancreatic duct is possible only due to a communication between the
duplication and the bilio-pancreatic duct with stone formation due to the bile stasis
within the duplication seeing as its peristalsis is intermittent[2]. For this reason, the
presence of stones or biliary sludge inside a duodenal mass do not ruled out the
possibility of a DD.

DD can be divided into two subgroups: periampullary (PADDC) and non-periam-
pullary duplication cyst. According to Trobs et al[4] periampullary duodenal
duplication is defined as a duplication cyst located near the major papilla and the
biliary-pancreatic ampulla, sometimes with a small aberrant pancreatic duct drained
into the cyst[4].

Our experience suggests the possibility of communication between PADDC and the
CBD and pancreatic duct, which explains both the possibility of observing sludge or
calculi in the cyst and the pancreatitis. Unfortunately, detailed descriptions of the
relationships between duplication and major papilla and/or pancreatic ampulla are
lacking, and our review found that only 17 out of 49 pediatric patients reported a
detailed description of the DD that can be classified as periampullary type (Table 1).

PADDC cases have been reported in childhood with a median age of diagnosis of 14
years (range: 3-18 years); this was consistent also in our series (Table 1).

The first radiological tool for diagnosis was US, which is highly suggestive for a DD
when peristalsis and pathognomonic “double wall sign,” consisting of an outer
hypoechoic muscular layer, an internal echogenic mucosal layer and corpuscular fluid
inside the lesion, are found[22]. However, this finding should be confirmed with a
more exhaustive radiological work-up by abdominal CT scan or preferably by MRCP
[23], which provides more information about the location, size, enhancement and
multilayered duplication cyst wall as well as anatomical details of the biliary and
pancreatic ductal system. Furthermore, ionizing radiation should be limited as much
as possible in childhood.

Moreover, we suggest performing an EUS in children with a cystic lesion next to the
papilla. In our experience, EUS offered two major advantages: (1) Endoscopic vision
allowed a better definition of the intraluminal duodenal lesion and an accurate
localization of the papilla; and (2) US vision highlighted the presence of an anechoic
structure surrounded by a five layer wall, consisting with the typical echo-endoscopic
feature for the gastrointestinal wall, distinguishing DD from the other cystic and
neoplastic duodenal or pancreatic masses, including cystic dystrophy of the duodenal
wall, pseudocysts, cystic lymphangiomas, mesenteric cysts and choledochocele[4,24].

In particular, the performance of EUS to identify the presence of normal
echographic bowel wall stratification at the DD allowed us to make differential
diagnosis with choledochocele, where that hallmark is absent, but which represents
the most frequent and challenging differential diagnosis. Furthermore, although many
authors consider biopsy as the gold standard for the differential diagnosis between DD
and choledochocele, duodenal type mucosa has been reported in choledochocele[25-
27]. Sarris and Tsang reported 15 cases of choledochocele with duodenal mucosa at
pathological examination[27,28].
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Eventually, EUS can well indicate the relationships between the duplication and
biliary-pancreatic duct. Therefore, when a PADDC is suspected, we suggest con-
sidering radiological (EUS) and anatomic criteria appropriate to confirm the diagnosis.
Only 4 out of the 16 patients (25%) that were included in our literature review,
underwent a preoperative EUS evaluation (Table 1), but this is partly explainable by
the recent EUS availability in pediatrics.

Despite having carried out the EUS, before proceeding with the endoscopic
duplication unroofing, ERCP would have to be mandatory in order to obtain a
detailed anatomic view of the bilio-pancreatic system and to detect a possible
communication between the duplication and the biliary and/or pancreatic duct,
particularly in patients with stones or sludge inside the cyst.

Endoscopic treatment of children with PADDC was first described in 2007[8], and a
later meta-analysis of the pediatric population confirmed the safety, feasibility and
effectiveness of this approach in this population[10]. Our review revealed that 10/20
patients with PADDC (50%) underwent ET[6-9,17,19].

Two postoperative complications occurred (bleeding) and were both endoscopically
treated; this point stresses the importance of ensuring a careful coagulation of the
severed edges of the duplication. When planning an ET we thereby advise that a
thorough preoperative radiological imaging encompassing EUS be mandatory, and
our experience suggests that the real incidence of PADDC is underestimated because
of incomplete preoperative imaging.

The anatomic location of the PADD and the possible communication with the
biliary and/or pancreatic ductal system makes an open surgical approach highly
demanding and not necessarily safer than ET. Furthermore, surgery has several
disadvantages over ET, including worse postoperative pain, higher risk of
postoperative complications, visible scars and longer hospitalization time.

Endoscopic cyst marsupialization was highly effective in relieving symptoms and
cyst disappearance even at long-term follow-up.

Undoubtedly endoscopic management of PADDC requires a skilled multidiscip-
linary team, and the still limited use of the endoscopic strategy in a pediatric setting is
probably explained, other than the rarity of PADDC, by the unavailability of a trained
ERCP endoscopic team.

We suggest considering ET as a first line approach after a complete EUS study and
reserving a surgical approach only when it is impossible to understand the
relationship between PADDC and the pancreato-biliary tree.

ET provides marsupialization or incision of PADDC, therefore it is rare, but
possible, to leave ectopic gastric or pancreatic tissue with potential risk of malignant
degeneration.

Eventually, although DD (PADDC included) are generally benign lesions and only a
few cases of malignant transformation have been reported in literature[5,29,30], a long-
term follow up is mandatory in endoscopically treated patients, even in asymptomatic
ones.

CONCLUSION

PADDC in pediatric patients are very rare. Our experience suggests that an accurate
preoperative assessment with EUS is essential to differentiating the duplication from
other duodenal lesions. In the presence of sludge or stones inside the duplication,
ERCP is mandatory to demonstrate a communication with the biliary tree. ET is a safe,
minimally invasive and effective treatment in children with PADDC. Long-term
follow-up of this population throughout adulthood is mandatory and necessary

considering that malignant degeneration of duodenal duplication has been described
[5,29,30].
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Abstract

BACKGROUND
Bowel perforation from biliary stent migration is a serious potential complication
of biliary stents, but fortunately has an incidence of less than 1%.

CASE SUMMARY

We report a case of a 54-year-old Caucasian woman with a history of Human
Immunodeficiency virus with acquired immunodeficiency syndrome, chronic
obstructive pulmonary disease, alcoholic liver cirrhosis, portal vein thrombosis
and extensive past surgical history who presented with acute abdominal pain and
local peritonitis. On further evaluation she was diagnosed with small bowel
perforation secondary to migrated biliary stents and underwent exploratory
laparotomy with therapeutic intervention.

CONCLUSION

This case presentation reports on the unusual finding of two migrated biliary
stents, with one causing perforation. In addition, we review the relevant literature
on migrated stents.

Key Words: Biliary stent; Biliary stent migration; Small bowel perforation; Endoscopic
retrograde cholangiopancreatography; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Bowel perforation from biliary stent migration is a serious potential
complication of biliary stents, but fortunately has an incidence of less than 1%. From
this review of literature, we can see that most common types of migrated stents
entailing bowel perforation are the plastic stents and the most common site of
perforation is duodenum. A significant finding is the mortality after bowel perforation
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from biliary stent which is as high as 10.3%. The main treatment is surgical stent
removal, but a growing body of literature shows that endoscopic removal and mucosal
repair is feasible in select cases. This has still not been accomplished in the mid portion
of the bowel.

Citation: Zorbas KA, Ashmeade S, Lois W, Farkas DT. Small bowel perforation from a
migrated biliary stent: A case report and review of literature. World J Gastrointest Endosc
2021; 13(10): 543-554

URL: https://www.wjgnet.com/1948-5190/full/v13/i10/543 htm

DOI: https://dx.doi.org/10.4253/wjge.v13.i110.543

INTRODUCTION

Endoscopic biliary stents placement is a well-established therapeutic intervention in
the era of modern medicine. It has been used either for temporary or permanent
decompression of biliary system, for benign or malignant diseases. Biliary stents are
classified by material into two categories: plastic and metallic stents, with the former
being less expensive and easier to remove or change[1]. However, this technologically
advanced treatment has not been free from complications. The complication rate
ranges between 8% and 10% and serious common complications are stent occlusion,
cholangitis, bleeding, pancreatitis, duodenal perforation and stent migration[2]. Biliary
stent migration is well known with a rate of 5%-10% and can be either proximal or
distal[2].

A serious potential consequence of stent migration is bowel perforation which can
happen at any part of the small or large bowel, but fortunately has an incidence of less
than 1%[3,4]. The majority of the case reports with bowel perforation secondary to
migrated biliary stent describe duodenal or colonic perforations, with very few cases
of small bowel perforations. Herein we report a case of a patient with multiple
comorbidities and surgical interventions, who presents with two migrated biliary
stents, one of which was perforating through the small bowel. Both stents were
removed uneventfully with laparotomy and a single small bowel resection.

CASE PRESENTATION

Chief complaints
Diffuse abdominal pain.

History of present illness

We present the case of a 54-year-old Caucasian female, who presented in the
emergency department of our hospital with diffuse abdominal pain for one week,
which had become severe in the last day.

History of past illness

She initially presented in October 2019 with hyperbilirubinemia. At the time she had
an ultrasound that showed gallstones as well as a dilated common bile duct of 10 mm.
She underwent an magnetic resonance cholangiopacreatography (MRCP) which
showed an 8mm duct, but no definite filling defects. Following this she underwent a
diagnostic ERCP, at which time a distal stricture was noted, and a plastic stent [7
French (Fr) 7 cm single external and single internal flap] was placed. A second ERCP
was done in February 2020, at which time choledocholithiasis was identified and felt to
be the cause of the stricture. At that time a new plastic stent was placed (8.5 Fr 7 cm).
The original stent was not seen at that time. In August 2020 she went for another ERCP
at which time she had a normal cholangiogram, and the stent was not seen at that
time. She presented to our Emergency Department in November 2020.

Personal and family history
Her past medical history was significant for human immunodeficiency virus (HIV)
infection with acquired immunodeficiency syndrome, chronic obstructive pulmonary
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disease, alcoholic liver cirrhosis, and portal vein thrombosis. Her past surgical history
was significant for colectomy with end ileostomy for toxic megacolon from
Clostridium difficile, followed later by a re-exploration and ileorectal anastomosis
with proximal diverting loop ileostomy, which was still in place.

Physical examination

On initial evaluation the patient had temperature 98.2 °F (36.7 °C), pulse 87 per
minute, blood pressure 115/83 mmHg. Her clinical examination revealed diffuse
abdominal tenderness and focal peritonitis in the left lower quadrant of the abdomen.

Laboratory examinations
From laboratory evaluation the patient had WBC 6.1 k/pL and total bilirubin 0.7
mg/dL.

Imaging examinations

Computed tomography (CT) scan of the abdomen and pelvis with intravenous
contrast showed two migrated biliary stents. The first was in an ileal loop and was
perforating through the bowel wall into the mesentery (Figure 1A) and a second stent
within a mid-jejunal loop (Figure 1B, C). The CT scan showed significant surrounding
inflammatory phlegmon, but no free air or focal abscess was noted. After discussion
with the patient, it was decided to proceed with surgical treatment of the bowel
perforation and removal of both biliary stents.

MULTIDISCIPLINARY EXPERT CONSULTATION

The gastroenterology team was consulted, and they agreed with surgical exploration.

FINAL DIAGNOSIS

Small bowel perforation from a migrated biliary stent.

TREATMENT

The patient underwent a laparotomy at which time extensive adhesions were noted.
The bowel was cocooned in most of the abdomen, with multiple interloop adhesions,
as well as adhesions to the abdominal wall. The segment of bowel with the perforation
was planned for resection due to the extensive inflammation. The second stent was
milked within the bowel lumen to the area of the first stent, and both stents were
removed in a single resection, after which a primary anastomosis was done. As a result
of the extensive adhesions, and the urgent nature of the surgery, the right upper
quadrant was not explored at this time. On detailed examination of the specimen, the
resected small bowel had hypertrophic changes of the luminal mucosa at the internal
opening of the perforation track (Figures 2, 3).

OUTCOME AND FOLLOW-UP

The patient had an uneventful recovery and she was discharged eight days later to a
rehab facility.

DISCUSSION

Endoscopic placement of stents in common bile duct of pancreatic duct has been an
important scientific achievement of modern medicine and is a frequently employed
method to relieve either benign or malignant stenosis/obstruction of biliary or
pancreatic tract. It was first described in 1980 by Soehandra ef al[5] as an alternative
method of decompressing the biliary system for high risk or inoperable cases instead
of surgical choledochoduodenostomy. After the first description of endoscopic biliary
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Figure 1 Computed tomography scan. A: Small bowel perforation by migrated biliary stent (Axial view); B: Second migrated biliary stent (Axial view); C:

Second migrated biliary stent (Coronal view).

Jaishideng®

stent placement, the whole procedure and the available stents have been significantly
improved and the popularity of this technique is gradually increasing as it constitutes
a less morbid intervention comparing to a surgical operation[6]. Despite its clear
benefit and the significant improvements in this field, there is always the risk of
significant complications during or after endoscopic procedures like upper endoscopy
and biliary tract cannulation.

Well described complications of biliary stent placement include stent occlusion by
clogging with possible subsequent cholecystitis or cholangitis, pancreatitis from duct
manipulation, hemorrhage, stent fracture and stent migration[1,2,6,7]. The total rate of
biliary stent complications varies among different institutes because of different level
of experience, different available equipment and different etiologic reasons for the
intervention. According to Arhan et al[2] the complication rete for biliary stents is
between 8% and 10%. Stent migration rate ranges from 5% to 10%, with the migration
rates in plastic stents higher compared to others[2,7,8]. Biliary stent migration can be
further categorized into proximal and distal migration. Distally migrated stents
usually pass through the bowel without any complication[1,9]. In our case the patient
had multiple previous laparotomies which led to adhesions, thereby making the bowel
less mobile. This led to an increased likelihood that the stent would get impacted and
not pass. In general, most institutions have policies in place to make sure all stent
patients are called back for stent removal, including our own. At the last ERCP there
was a normal cholangiogram and the stent was no longer in place. It was felt to have
migrated, but without symptoms the impression was that it had completely passed
through and eliminated from the GI tract safely. In retrospect an X-ray or further
imaging at that time would have been helpful.

Bowel perforation from a migrated stent is a serious complication, which can occur
in any part of the small or large bowel. The vast majority of reported cases with bowel
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Figure 3 Internal opening of perforation.
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perforation from migrated biliary stent describe either duodenal perforation or large
bowel perforation, with very few cases of small bowel perforation. Most patients with
perforation will present with diffuse peritonitis and signs of sepsis. In our patient, we
believe the amount of infection was limited by the perforation happening slowly over
time, and her septic response was also blunted by her HIV with a low CD4 count.A
growing body of literature exists on this topic and different treatment approaches have
been proposed. Diller et al[10] reported a case series of stent migration necessitating
surgical intervention in 2003. The size of the stents varied between 7 and 14 Fr and the
lengths ranged from 7 to 12 cm. Two patients had Polyurethane stents, one patient had
Teflon stent placement and the other two patients had metallic stents. The diagnosis
was biliary obstruction from acute pancreatitis in 4 patients and the fifth patient
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received a prophylactic stent after liver transplantation. One of those five patients died
from postoperative respiratory failure. In this study they reported a stent migration
rate of 3.7% among 987 patients. Namdar et al[1] reported a case of rectal perforation
from migrated biliary stent and review of literature with 12 cases in total and 7 cases
from 2000. Several studies have shown that downstream migration is more frequent in
benign than in malignant biliary disease, with the possible explanation being the
resolution of the stenosis after regression of inflammation[1]. In addition, they state
that any migrated biliary stent should be removed immediately regardless of the
patient’s clinical status[1]. An early growing body of literature describes endoscopic
techniques for treatment of bowel perforation from migrated stent, but the majority
focus on duodenal perforation or distal large bowel perforation. Bureau et al[11]
recently described a case series of six patients with lateral duodenal wall perforation
from displaced plastic biliary stent that were treated with over-the-scope clip. Given
that in our case the bowel perforation was in a mid-jejunal loop, the endoscopic
approach was less feasible. In addition, there was already significant inflammation
seen around the bowel on CT scan, and we were concerned that an endoscopic
mucosal repair would not hold. As such, we proceeded directly to surgery.

We performed a systematic review of literature from 2000 until 2020 for bowel
perforation from migrated biliary stents and we found 81 cases (Table 1). Eligible
articles were identified by a search of MEDLINE bibliographical database (last search:
July 4th, 2021) using the following search algorithm: (("intestinal perforation"[MeSH
Terms] OR ("intestinal"[All Fields] AND "perforation"[All Fields]) OR "intestinal
perforation"[All Fields] OR ("bowel"[All Fields] AND "perforation"[All Fields]) OR
"bowel perforation"[All Fields]) AND ("migrate"[All Fields] OR "migrated"[All Fields]
OR "migrates"[All Fields] OR "migrating"[All Fields] OR "migration"[All Fields] OR
"migrational"[All Fields] OR "migrations"[All Fields] OR "migrator"[All Fields] OR
"migrators"[All Fields]) AND "biliary"[All Fields] AND ("stent s"[All Fields] OR
"stentings"[All Fields] OR "stents"[MeSH Terms] OR "stents"[All Fields] OR "stent"[All
Fields] OR "stented"[All Fields] OR "stenting"[All Fields])) AND (2000:2020[pdat]).
Further search was performed in the references of related articles and relative articles
with our topic were included. Manuscripts with full text available online were used
and E-Videos, E-pictures and not English manuscripts were excluded. Cases were also
excluded if there was not full text available online. Wang et al[3] in 2020 reported three
cases of duodenal perforation due to biliary stent migration and performed a review of
literature of duodenal perforation from migrated stents. In this study they reported
that duodenal perforation from migrated biliary stents are mainly caused by distal
stent migration[3]. Kawaguchi et al[12] studied 396 patients with bile duct stenosis
between June 2003 and March 2009, retrospectively examined the frequency of stent
migration and analyzed the patient factors and stent characteristics. They found that
potential risk factors for stent migration are stent with large diameter, straight-type
stents, stent duration > 1 mo, and common bile duct diameter > 10 mm[12].

In our review of literature (Table 1) there were 39 (50%) of male gender, 35 (44.9%)
of female gender and 4 (5.1%) patients with missing data. The mean age of the total
population was 66 (+ 15.5) and the median 67 (IQR-56-77.5). The majority of patients
had a plastic stent (93.6%). The stent length ranged from 5 to 15 cm and the stent size
from 5 to 14 Fr. However, the majority of patients (50%) had a stent of 10 Fr or 12 Fr
size. From the total population 35 patients (44.9%) had duodenal perforation, 23
patients (29.5%) had large bowel perforation, 18 patients (23.1%) had small bowel
perforation, one patient had bile duct perforation and the last patient had no available
information regarding the site of perforation. From the whole cohort, 47 patients
(60.3%) had surgical intervention, 27 patients (34.6%) had endoscopic removal of the
stent and 3 patients (3.8) had percutaneous removal of the stent. The overall mortality
among the 54 patients was 8 patients (10.1%). Finally, the distribution of case reports
was 38 (48.7%) from Europe, 21 (26.9%) from Asia-Middle East, 12 (15.4%) from the
United States, 5 (6.4%) from Australia and 2 (2.6%) from South America.

CONCLUSION

From this review of literature, we can see that most common types of migrated stents
entailing bowel perforation are the plastic stents and the most common site of
perforation is duodenum. A significant finding is the mortality after bowel perforation
from biliary stent which is as high as 10.3%. The main treatment is surgical stent
removal, but a growing body of literature shows that endoscopic removal and mucosal
repair is feasible in select cases. This has still not been accomplished in the mid portion
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Table 1 Systematic review of literature from 2000 until 2020 for bowel perforation from migrated biliary stents

No Year Age,yr Gender TR Site of . Treatment  Country Mortality Stent S_t ent Ref.
stent’ perforation length size
1 2000 81 M P SB ST Norway Y 6.5 10 Fr [13]
2 2000 86 M P LB ST Norway N B 7 Fr [13]
3 2000 74 M P DU ET Spain N 15 10 Fr [14]
4 2001 58 M P DU ET Ttaly N 12 10 Fr [15]
5 2001 43 F P DU ET India N NA 10 Fr [16]
6 2001 NA NA P SB ST United States N 12 11.5 Fr [17]
7 2001 88 F P DU ST Germany N 10 7 Fr [18]
9 2001 31 F NA BD ST Denmark N NA NA [19]
10 2001 47 M P LB ST Spain N 10 10 Fr [20]
11 2002 72 F P SB ST Ttaly N NA 12 Fr [21]
12 2002 NA NA P SB ST United States N 7 8.5 Fr [22]
13 2003 85 F P LB ST Germany N NA NA [23]
14 2003 86 M P DU 10 Ttaly Y 15 10 Fr [24]
15 2003 27 F P SB ST Germany N 12 12 Fr [10]
16 2003 58 M P LB ET-ST Germany N 10 7 Fr [10]
17 2003 60 F P SB ST Germany N 12 14 Fr [10]
18 2003 64 M M LB ST Germany Y 7 10 Fr [10]
19 2003 65 M M NA ST Germany N 7 10 Fr [10]
20 2003 62 F P LB ST Argentina N NA 8 Fr [25]
21 2003 62 F P SB ST Argentina N NA 55/10Fr  [25]
22 2003 80 F P LB ST Australia N 10 10 Fr [26]
23 2004 65 F P LB ST United States N NA NA [27]
24 2005 69 M M DU ST United States N NA NA [28]
25 2006 55 M P DU ET Greece Y NA NA [29]
26 2006 74 M P DU ST India NA 10 7 Fr [30]
27 2006 54 F P SB ST United N 7 10 Fr [31]
Kingdom
28 2006 85 M P DU ST Italy N 10 9Fr [32]
29 2007 65 F P LB ST Germany N 10 12 Fr [1]
30 2008 75 M P DU ST Taiwan N NA NA [33]
31 2008 52 F P DU ST Turkey N 10 8.5 Fr [34]
32 2008 67 M P DU ST Australia Y NA 5/10Fr  [35]
& 2008 43 M P DU ET Belgium N NA NA [36]
34 2008 71 F P SB ST Belgium N NA NA [36]
85) 2009 77 M P LB PI United States N 12 10 Fr [37]
36 2009 76 F P SB PI United States N NA 10 Fr [38]
37 2009 59 F P SB ST Turkey N 7 11 Fr [39]
38 2011 58 M P DU PI United N 10 8.5 Fr [40]
Kingdom
39 2011 65 F P LB ST Germany N 10 10 F Fr [41]
40 2011 73 NA P LB ST France N B 10 Fr [42]
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41 2011 75 M SB ST United N NA NA [43]
Kingdom
42 2011 70 M DU ET China NA 8.5 Fr [44]
43 2011 82 E LB ET United N 7 7 Fr [45]
Kingdom
44 2012 55 M DU ET South Korea 7/5 5 Fr [46]
45 2012 27 F DU ST United N 12 7 Fr [47]
Kingdom
46 2012 87 F DU ET United States N 15 8.5 Fr [48]
47 2012 73 M LB ET Spain N 12 10 Fr [49]
48 2012 50 NA LB ET Belgium N NA NA [50]
49 2013 51 DU ST S. Arabia N 10 10 Fr [51]
50 2013 66 M LB ET United N NA NA [52]
Kingdom
51 2013 50 M SB ST India N NA NA [53]
52 2014 67 M DU ST United States 12 10 Fr [54]
53 2014 73 M LB ST Australia N 5 10 Fr [55]
54 2014 66 E DU JEIT The N 15 NA [56]
Netherlands
55 2015 48 M DU ET United States N NA NA [57]
56 2015 NA F LB ST Italy N 12 12 Fr [58]
57 2015 NA B LB ET Italy N 12 12 Fr [58]
58 2015 52 F SB ST Turkey N NA NA [7]
59 2015 NA M LB ST United Y NA NA [59]
Kingdom
60 2016 85 F SB NA Turkey Y NA NA [6]
61 2017 75 E LB ST Greece N NA NA [60]
62 2018 57 M DU ET United States N 15 8.5 Fr [61]
63 2018 79 F DU ET United States N 12+15 7+10 Fr [62]
64 2018 87 M DU ST Greece N 15 10F [63]
65 2018 20 M SB ST Turkey N NA NA [64]
66 2019 71 M DU ET France N 12 8.5 Fr [65]
67 2019 50 M DU ET South Korea N 10 10F [66]
68 2019 78 M DU ET South Korea N 10 7 Fr [66]
69 2019 72 M DU ET South Korea N 12 10 Fr [66]
70 2019 84 F DU ET South Korea N 12 10 Fr [66]
71 2019 73 F DU ET South Korea N 15 10 Fr [66]
72 2019 63 F DU ST Jordan N 10 10 Fr [67]
73 2019 65 E LB ST Portugal N B 10 Fr [68]
74 2019 79 F LB ST United States N 10 7+10 Fr [69]
75 2020 90 F SB ST Australia N 9 10 Fr [70]
76 2020 84 F SB ST Australia N 7 10 Fr [71]
77 2020 72 M DU ET China N 9 8.5 Fr [3]
78 2020 84 M DU ET China N 12 7 Fr [3]
79 2020 52 M DU ET China N 9 8.5 Fr [3]
WJGE | https://www.wjgnet.com 550 October 16,2021 | Volume13 | Issue10 |

Jaishideng®



Zorbas KA et al. Small bowel perforation from a migrated biliary stent

Time interval from stent placement to complication in days.
P: Plastic; M: Metallic; BD: Bile duct; DU: Duodenum; SB: Small bowel; LB: Large bowel; ST: Surgical treatment; ET: Endoscopic treatment; PI:
Percutaneous intervention; NA: Not available.
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of the bowel, however this might be an area for future innovation and research.
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