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Abstract

From a mere diagnostic tool to an imperative treatment modality, endoscopic
ultrasound (EUS) has evolved and revolutionized safer efficient options for
vascular interventions. Currently it is an alternative treatment option in the
management of gastrointestinal bleeding, primarily variceal type bleeding.
Conventional treatment option prior to EUS incorporation had limited efficiency
and high adverse events. The characterization and detail provided by EUS gives a
cutting edge towards a holistically successful management choice. Data indicates
that EUS-guided combination therapy of coil embolization and glue injection has
the higher efficacy for the treatment of varices. Conversely, similar treatment
options that exist for esophageal and other ectopic variceal bleeding was also
outlined. In conclusion, many studies refer that a combination therapy of coil and
glue injection under EUS guidance provides higher technical success with fewer
recurrence and adverse events, making its adaptation in the guideline extremely
favorable. Endo-hepatology is a novel disciple with a promising future outlook,
we reviewed topics regarding portal vein access, pressure gradient measurement,
and thrombus biopsy that are crucial interventions as alternative of radiological
procedures. The purpose of this review is to provide an update on the latest
available evidence in the literature regarding the role of EUS in vascular
interventions. We reviewed the role of EUS in variceal bleeding in recent studies,
especially gastric varices and novel approaches aimed at the portal vein.
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Core Tip: Currently endoscopic ultrasound (EUS) is an alternative treatment option in the management of
gastrointestinal bleeding, primarily variceal type bleeding. This manuscript tackles a comprehensive
review for the uses of EUS in the majority of vascular interventions with regard to gastrointestinal
bleeding and offers a directive for the technical aspects in carrying out a procedural treatment of
combination coil and glue therapy for gastric varices.
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INTRODUCTION

The endoscopic ultrasound (EUS) technology has dramatically evolved since its conception in the 80s,
transforming from a supplementary add-on of the diagnostic process to a core modality in the diagnosis
and therapy in a wide range of diseases[1]. EUS diagnostic capability has evolved immensely in recent
years primarily enhancing fine needle aspiration (FNA) and fine needle biopsy, the acquisition of partic-
ularly gastrointestinal (GI) and pancreato-biliary lesions, providing cytohistologic sampling[2]. Having
the diagnostic sensitivity of 85% to 95% in detecting malignant pancreatic tumors and specificity of
100%, EUS guided FNA is being regarded as a main staple if not a gold standard by many experts[1].
Further extending the reach towards lesions of the pancreas, mediastinal adenopathy, GI tract
submucosal lesions and retroperitoneal masses, EUS provides a detailed image and obtains tissue
samples in a minimally invasive manner that is safe and accurate for diagnosis[3,4]. On the other hand,
therapeutic EUS-guided drainage is a favored option in the management of pancreatic fluid collections,
biliary and gallbladder diseases[5-7]. Moreover, the indications for interventional EUS grow more and
more having nowadays a central role in the management of biliary diseases in altered anatomy, gastric
outlet obstruction and post-surgical abdominopelvic fluid collection drainage[8-11].

Under the scope, focusing on various GI conditions, initially EUS provided clinicians with valuable
information pertaining to clinical and anatomic information. Aspects such as the appearance, size and
location of a structure indicated variable descriptive factors regarding a plethora of conditions[12]. Due
to the proximity of the GI system to vascular structures, EUS today can provide precise interventions
that target inaccessible, or less accessible surrounding vascular sites[12]. EUS has advanced as
alternative treatment option in the management of GI bleeding providing an efficient treatment
modality and offering fewer adverse events (AEs). Effective treatment options that are EUS guided
exist, such as sclerotherapy, tissue adhesive injections, and coil embolization. Recently, the employment
of glue injection and coil embolization techniques with EUS seem to be thriving in clinical practice.
Stand-alone therapy options present with variable risk factors and complications, ultimately delegating
to clinicians and technicians in the field to utilize a combination of both glue injection and coil
embolization under the guidance of EUS[13]. The purpose of this review is to provide an update on the
latest available evidence in the literature regarding the role of EUS in vascular interventions.

TECHNICAL FEATURES

Primarily, prior to the promotion of EUS, definitive understanding of the technical strengths and
limitation it encompasses is key to its adoption into clinical practice. First and foremost, EUS provides
precise targeting of vascular structure in direct proximity for the GI wall (Figure 1A). It further allows
visualization reducing the risk of injection out of site[12]. It is also worth mentioning, the precision
regarding biopsies of tissues is much higher than the conventional method. Furthermore, EUS provides
a sort of ‘check-up” following procedures such as the obliteration of a varix, that grants validity for a
clinician achieving technical success. Conversely, nothing is without limitations and EUS is not short of
either, ultrasonography remains to have a steep learning curve. Additionally, following the transmural
access into deeper tissue, bleeding from the extra-luminal side is not accessible by endoscopy, causing
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Figure 1 Endoscopic images. A: Endoscopic ultrasound-Doppler detecting gastroesophageal varices; B: Endoscopic view of large esophageal varices
(classified as grade 2 at Westaby classification)[19]; C: Endoscopic view in retroversion of gastro-esophageal varices (classified as gastroesophageal varix 2 at Sarin

classification)[22].
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urgent surgical or radiological therapy. Likewise, AEs exist with the use of EUS, although at a much
lower rate than the conventional therapy, the risk still exists and may be fatal. The caliber of the EUS
aspiration channel is restrictive and multiple predicaments arise[14]. Firstly, luminal contents may not
be aspirated creating artifacts that hinder the sonographic image during the procedure. Secondly, the
reduction in caliber size limits the apparatus from removing blood clots that not only obstruct the view
but may lead to further thromboembolic events that may be fatal[15]. A larger range of accessories and
devices designed for ultrasonography, miniature apparatus, correct antibiotic prophylaxis may tackles
some of the limitations mentioned. Ultimately the standardization of a technique of injection, volume of
injection, size of coils, and speed of injection are challenges to confront while adapting a universal
methodology for any EUS-guided procedure[15].

Initially, a prior conventional endoscopic examination is necessary to confirm varix type and
concomitant esophageal varices with gastric varices. The procedure should be performed with the
patient under deep or conscious sedation, according to each institution protocol. Using a linear echoen-
doscope for the evaluation of varix size and treatment evaluation is the mode of choice[16]. Once the
varix is identified under EUS, it is necessary to characterize the total diameter of the widest varix which
should be punctured by a 19G needle[17]. It is important to choose the size of the coil depending on the
size of the widest varix. More importantly, the size of the coil should not exceed the caliber of the vessel
it is injected into. In case of glue injection, following the deployment of the coil, 2 mL of distilled water
followed by 0.5 mL of N-butyl-2-cyanoacrylate, followed by another 2 mL of distilled water was injected
and then the needle removed[17]. Lastly, EUS with Doppler flow is important for technical success
evaluation. The presence or absence of flow within the varix is what is evaluated[6,16,17].

TYPE OF BLEEDING

Variceal bleeding

Variceal bleeding is known to be the most feared lethal complication of portal hypertension. Whilst
gastric varices tend to be the most problematic; esophageal, rectal, and other ectopic locations present
with serious complications. As described in further detail below, guidelines offer a wide range of
therapeutic options depending on location of the varix, whether offering standard endoscopic, surgical,
or interventional radiologic therapies, each come with strengths and weaknesses. While centering our
focus on standard endoscopic treatments, we find major limitation in the addressed therapies, whether
it's a matter of severe AEs and high risk or a high recurrence rate of the varix rebleeding and a low
clinical outcome. Under EUS guidance, coincidentally due to higher precision of vascular targeting, the
treatment options deemed more efficient with an overall higher success rate and clinical outcome[18].
Furthermore, the recommendation enclosed reports that EUS is a feasible safe option for patients who
were unsuccessful candidates for conventional therapies[18].

Variceal classification

Different classifications for esophageal varices have been created, to mention a few: Dagradi, Conn’s,
Paquet’s, Westaby, Calés and Soehendra[16]. The most used one are the Westaby and Dagradi’s classi-
fication.

Westaby’s offers a three-grade system classification of identifying the progression of esophageal
varices classified as[19]: Grade 1 varices appearing as slight protrusion from the mucosa, which can be
depressed with insufflation [20]; Grade 2 varices occluding less than 50% of the lumen (Figure 1B);
Grade 3 varices occupying more than half of the lumen and are extremely close to one another with a
confluent appearance.
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Alternatively, the Dagradi classification is a five-grade system for esophageal varices classifieds as
[20,21]: Grade 1 varices less than 2 mm in diameter that are linear or sigmoid in shape and appear with
compression of the wall with the scope, they usually present as blue or red in color; Grade 2 are blue
varices sized between 2-3 mm in diameter and are mildly tortuous or straight and elevated; Grade 3 are
blue tortuous or straight varices sized between 3-4 mm in diameter; Grade 4 are varices larger than 4
mm that surround the esophageal lumen and are closely neighboring each other around the wall with
or without mucosal cover; Grade 5 are grape like varices that occlude the lumen and present as red
varies overlying blue varices; ‘varices over varices.

Similarly, the most used classification for gastric varices is the ‘Sarin’s’ classification[22]. Four
different types based on their location in the stomach are classified as two types of gastroesophageal
varix (GOV) and two types of isolated gastric varix (IGV)[23]. Type GOV1 are varices that extend in the
cardia to lesser curvature of the stomach. Type GOV2 are varices that extend from the cardia towards
the greater curvature of the stomach, terminating at the gastric fundus (Figure 1C). Type IGV1 are
varices in the gastric fundus that do not extend to the esophagus. Type IGV2, also referred to as ectopic
gastric varices occur in other parts of the stomach. To a certain degree many clinicians regard
esophageal varices and type GOV1 as gastroesophageal varices whilst GOV2 and IGV1 are fundal
varices[20,23].

ESOPHAGEAL VARICES

Esophageal variceal bleeding is much more common than gastric varices, with high morbidity and
mortality but fortunately carries less detrimental complications. In essence esophageal varices is a
collateral circulation that develops due to portal hypertension[13]. Esophageal varices hemodynamics
differ from patient to another, thus making their treatment problematic[14]. Guidelines state that first
line treatment of esophageal bleeding is to be treated by endoscopic band ligation followed by trans-
jugular intrahepatic portosystemic shunt (TIPS) or endoscopic sclerotherapy, both pose significant risk
to the patient[12]. Endoscopic preventative bleeding measures for esophageal varices include
endoscopic injection sclerotherapy (EIS) and endoscopic variceal ligation (EVL)[18]. Primarily EIS, a
much older technique, involved the embolization of the feeder veins by injecting a sclerosing agent that
maintained the regression of the collateral circulation. Thus, by inhibiting the hemodynamics of the
varices’ the recurrence remained low[24]. Unfortunately, the complexity of delineating the circulations
hemodynamics and the high complication risk associated, EIS remains a challenging option for the
treatment of variceal esophageal bleeding. In efforts to a more effective treatment with less complic-
ations, EVL was developed[24]. EVL as the name suggests ligates the varices and thus blocks the flow of
blood in the collateral area. Since the technique doesn’t target the feeder vessel, recurrence rate is high.
In hindsight EVL’s main limitation is the lack of clinical and anatomical information on the hemody-
namics of the circulation and the feeder vessel[25]. On the other hand, EUS provides a selective safe
effective treatment option that can predict variceal recurrence, estimate the circulation’s hemodynamics,
and provide follow-up screening and management[26]. A study with the aim of studying the
relationship of both treatments (EVL and EIS) recurrence used 3D-EUS and defined four main variceal
circulation patterns as: cardial inflow without paraesophageal veins, cardial inflow with paraesophageal
veins, azygos-perforating pattern, and a complex pattern. The study concluded the use of EVL to be
limited to collaterals running parallel to the varices whilst sclerotherapy to be used for paraesophageal
veins with a larger diameter and a perforation pattern[18]. Furthermore, the utilization of EUS
technology provided effective directed treatment option of pattern types that aided a successful clinical
outcome[27]. Moreover, in one study that utilized a sclerosing agent targeted under EUS guidance, an
average of 2 to 3 sessions required to achieve complete obliteration. The study further reported in their
cohort of 5 patients; no bleeding recurrence or death and one patient developed an esophageal stricture
that was treated with balloon dilation[28].

GASTRIC VARICES

Standard therapy for gastric varices by current guidelines recommends the use of endoscopic cyanoac-
rylate (CYA)[29]. High bleeding rates and fatal AEs mandates the need for a more feasible option such
as EUS guided. EUS-guided therapy provides high technical success and an overall better safety profile
[24,29]. Romero-Castro et al[30] in a retrospective analysis that aimed at a direct comparison of the
variable EUS-guided methods showed similar obliteration rated of gastric varices in both CYA injection
and coil embolization (Table 1). Mohan ef al[18] carried a meta-analysis that presented that the
combination of EUS-coil/ CYA had significantly fewer instances of gastric varices recurrence than EUS
guided CYA injection (5.2% vs 15%). Furthermore, McCarty et al[31] reviewed a meta-analysis of 11
studies compared EUS-guided methods and discovered similar advantages to the combined approach.
Their results showed that EUS-coil/ CYA had a significantly higher rate of GV obliteration than either
EUS-CYA (98% vs 96%) or EUS-coil (98% vs 90%). Moreover, the combination of EUS-coil/CYA had a
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Table 1 Comparison of the main studies reporting data of endoscopic ultrasound guided treatments for gastric varices

. Number of Technical -
Ref. Study design . Clinical success  Adverse events
patients success
Romero-Castro  Retrospective analysis of a 30 total patients, ~ 27/30 (90%) 18/19 (96.7%) CYA; 40% total AEs; CYA 11/19 (57.9%); ECA
et al[30], 2013 prospectively maintained 11 ECA, 19 CYA 10/11 (90.9%) ECA  1/11 (9.1%)
database
Lobo et al[17], Randomized Controlled 32 total patients; - - Early AEs: 8 (50%) ECA + CYA; 10
2019 Trial 16 ECA + CYA, 16 (62.5%) CYA. Pulmonary embolism: 4
CYA (25%) ECA + CYA; 8 (50%) CYA
Robles- Randomized Controlled 60 total patients, 60/60 (100%) in ECA + CYA30/30 ECA +CYA 2/30 (6.7%); ECA1/30
Medranda et al Trial 30 ECA + CYA; 30 both groups (100%), ECA 27/30  (3.3%)
[29], 2019 ECA (90%)
Bazarbashiefal ~ Prospective Study 40 total patients; 10/10 (100%) ECA; 10/10 (100%) ECA; 10% ECA;20% CYA
[16], 2020 10 ECA, 30 CYA  29/30(96.7%) CYA 26/30 (87%) CYA

ECA: Endoscopic coil application; CYA: Cyanoacrylate; AE: Adverse event.

lower recurrence rate than their singular respective modalities. The combination modality had lower
rebleeding rate and frequency of AE than EUS-CYA[29,32]. Data indicates that EUS-guided combination
therapy of coil embolization and glue injection has the higher efficacy for the treatment of varices.
Similarly, another interesting study reported that although combined therapy had a superior safety
profile over EUS-guided CYA injection, when compared to EUS coil injection similar results were
obtained[29]. However, an interesting notion to point out is that coil embolization is technically
demanding when compared EUS- guided glue injection[14]. In efforts to reassess a proper direction for
the leading choice of treatment, multiple factors come into play. Evaluating technical success, AEs,
recurrence rate and clinical outcomes shape the best decision in moving forward[14].

A meta-analysis and systematic review that aimed to evaluate the effectiveness of the above-
mentioned outcome measures, studied comparative groups of mono and combination modalities[31].
Overall technical success, clinical success, and AEs for EUS treatments was 100%, 97% and 14 %,
respectively. Moreover, EUSguided CYA + coil embolization resulted in a better technical and clinical
success compared to CYA alone (100% vs 97% and 98% vs 96%) and coil embolization alone (99% vs 97 %
and 96% vs 90%)[18]. Similar results coming from a single center observational study outlines primary
preventative prophylactic treatment of gastric varices and the use of combination EUS of coil and CYA
glue injection as the preferred modality achieving 100% technical success, 96.7% gastric varices
obliteration on EUS confirmation and post-treatment recurrence was at 2.5% and AEs at 4.9%[33].

EUS further provides an advantage in the use of CYA injection in the obliteration of gastric varices as
an overall lower mean volume of the glue is needed to reach similar technical success with the same
safety profile of rebleeding rates being (8.8% wvs 23.7%)[32]. One study mentioned less incidence of
pulmonary embolism for EUS guided coil embolization when compared to EUS CYA therapy[29]. Coil
based therapy for the treatment of gastric varices was reported to be superior to traditional endoscopic
therapy with CYA injection[16]. In another study, EUS guided coil therapy exhibited high technical
success rates, low AE rates, superior time to rebleed, time to repeat transfusion, and time to repeat
intervention when compared to endoscopic CYA injection[16]. The study further concluded that the rate
of rebleeding in the CYA arm was 38% which was higher than what was that literature 20%-30%. A
single center parallel RCT studied efficacy and safety of EUS-guided coil embolization and CYA
injection vs EUS-guided coil embolization alone in the managing gastric varices. Interestingly, the
immediate disappearance of varices was observed in 86.7% of patients treated with coils and CYA, vs
13.3% of patients treated with coils alone indicating the combination therapy to offer an immediate
surveillance feature within the procedure. Likewise, the combined treatment, had 83.3% of patients free
from reintervention when compared to coil alone 60%[34]. One study reported no statistical difference
between EUS guided coils plus CYA vs conventional CYA technique in relation to the incidence of
embolism. The study concluded a larger tendency of patients to develop embolism when compared to
the conventional endoscopic technique without EUS[18]. With regards to the choice of tissue
glue/adhesives, CYA, one study aims to evaluate the safety in applying EUS-guided modality of hydro
coils in gastric varices. Hydro coils are coils coated with different types of expandable hydrogel
polymers, causing rapid occlusion of vessels, and favoring thrombus formation. The study reported
fewer recurrences 8.6% and no differences with regard to side effects when compared to CYA[31].

ECTOPIC VARICES

Following the recommendation of current guidelines, endoscopic band ligation and glue injection are

WJGE | https://www.wjgnet.com 358 June 16,2022 | Volume14 | Issue6 |

Jaishideng®



Jaishideng®

Fugazza A et al. EUS in vascular interventions

the established techniques for managing ectopic variceal bleeding[18]. One example are duodenal
varices, common in end-stage patients with decompensated cirrhosis, current treatment options include
TIPS, endoscopic band ligation or sclerotherapy. Commonly patients presenting with duodenal varices
are referred to endoscopic treatment for bleeding prevention and EUS guided situates the clinicians
technical outcome at an advantage[35]. EUS provides superior characterization of the variceal complex
and offers higher obliteration with a lower recurrence rate in compared to the conventional treatments.
Thus, offering a feasible safe option to manage these patients[14].

Rectal varices are a well-recognized complication of portal hypertension[36]. The perforator vein
supplies the variceal circulation, which invaginates superficially and bleeds. Common treatment options
include interventional radiology and surgery with a mortality rate documented as high as 80%[36]. Well
regarded recommendation in a previous study showed that the injection 2 mL of N-butyl 2-CYA into
the varix, thrombosed the collaterals and bleeding subsided in 2 wk[37]. In attempts to further reduce
conventional interventional radiology mortality rates in the treatment of rectal varices, a study
suggested the added benefit of EUS-guided treatment that provides an overall better diagnostic
approach and higher technical success in targeting the perforator vein directly thus achieving
homeostasis with less coils and hence overall less AE rates[36].

Additionally, most of the literature evaluating EUS guided techniques focus on upper GI bleeds. One
study reported overall clinical outcome success in patients with rectal bleeding in all mono and
combination modalities[37]. Authors recommend targeting the feeder vein in patients referred for
endoscopic management if unfit for surgical or interventional radiological treatment[37]. Likewise,
duodenal ectopic varices usually present in patients with end-stage liver disease, which are referred for
endoscopic treatment to prevent bleeding. In one study authors recommended EUS-guided
interventions, specifically combined therapy as it offers a superior complete obliteration rate to
monotherapy[35].

Non-variceal bleeding

Upper GI bleeding not attributed to varices is common having multiple etiologies, peptic ulcer disease,
erosive diseases, Mallory-weiss syndrome, Dieulafoy’s lesions, gastric antral vascular ectasia, peripan-
creatic pseudoaneurysm and others (Figure 2). Definitive management measures involving EUS-guided
therapies provide a novel treatment option with optimal efficacy. As a result of the steep learning curve
and the need of extensive training programs in endosonography, EUS-guided angiotherapy for acute GI
bleeding is limited to tertiary centers. EUS-guided management of non-variceal upper GI bleeding is an
innovative option especially in cases of recurrence. Simultaneous characterization of the bleed and intra-
procedural ensuring of therapy effectiveness provides an extra edge in comparison to conventional
therapy[15]. That being said, literature on the matter is limited and no randomized controlled trials are
available. Further studies need to clarify efficacy and safety in larger robust trials.

PSEUDOANEURYSM EMBOLIZATION

Pseudoaneurysms are blood collections that surround injured tissue, commonly known as false
aneurysms and differ from true aneurysms, which form a blood-filled sac and bulge from the vessel
wall[38]. With a prevalence of 0.04-0.1%, pseudoaneurysms are commonly associated with the splenic
artery. Importantly, pseudoaneurysms usually occur following abdominal infections or post-pancre-
atitis[39]. Pseudoaneurysms are asymptomatic in most cases and usually appear as an incidental finding
on radiological graphs. Due to the detrimental high rupture risks of up to 20%, allow for EUS-guided
therapy to be an effective option for patients[40]. Many case-reports and series outlined good outcomes
with obliteration of pseudoaneurysm following EUS-guided treatment, as reported by Mann et al[27], in
a recent review of the literature. Recently, one study by Rai et al[41], aimed to study EUS-guided glue
and coil injection in six patients who failed angiographic embolization of splenic artery pseudoan-
eurysm. Complete obliteration was achieved in all patients with larger aneurysms, requiring a ‘larger’
injection of coils and glue (1-2 mL). Moreover, no AEs occurred in any of these patients. Looking
forward, this may provide an effective technique for the treatment of pseudoaneurysm in different
abdominal segment accessible under EUS-guidance. Table 2 outline technical features from case report
series on therapeutic management of pseudoaneurysms under EUS-guidance.

ENDO-HEPATOLOGICAL INTERVENTIONS

Nearing the last decade, a sub discipline of endoscopy named “Endo-hepatology”, was introduced. In
an aim to move towards a more accurate diagnosis, former procedures such as diagnostic biopsies and
pressure measurements were advanced. Body habitus always posed as a challenging limitation whilst
performing a biopsy of the liver however, using EUS, circumventing this problem became feasible and
furthermore, simultaneous bi-lobar biopsies were possible[42]. EUS also improved patients’ perception
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Table 2 Case reports on endoscopic ultrasound-guided treatment of pseudoaneurysms

Technical Adverse Needle

Ref. Design 0 Recurrence . Treatment
success (%)  events size
Robb et al[61], Case 100 None None after 5 mo 19G Psuedoaneurysm embolization
2012 Report follow-up
Gamanagattietal  Case 100 None Recurrence; 22G Thrombin injection 300-500 units
[62], 2015 Report asymptomatic
Mann et al[27], Case 100 Not None after 2 wk 19G 5 coils of 10 mm size were placed, 3000 units of
2017 Report reported follow-up thrombin injected
Jhajharia et al[63],  Case 100 Not None in all three Not 1000 units of thrombin
2018 Report reported patients reported
Gunjan et al[63], Case 100 Not None after 9 mo 19G 3 mL of undiluted N-butyl-cyanoacrylate
2018 Report reported follow-up
Sharma et al[65], Case 100 None Full obliteration on 2-  19G Five 10 mm coils placed, 6 mL of 3000 units of
2019 Report wk follow-up thrombin injected in six boluses of 500 units each

G: Gauge.

DOI: 10.4253/wjge.v14.i6.354 Copyright ©The Author(s) 2022.

Figure 2 Embolization of the gastroduodenal artery with cyanoacrylate glue due to active bleeding. A: Ultrasound view of the gastroduodenal
artery (arrow); B: Fluoroscopic view of the gastroduodenal artery.
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of undergoing a biopsy, due to the decreased recovery time and better tolerance overall. The added
benefit did not revolve around technical expertise, as previous options required less technical training.
The advantage lies with the reduction in sampling error due to the bi-lobar biopsies[42]. Additionally,
EUS biopsies can be concurrently carried out with portal pressure measurements in a singular
procedure, providing a more appealing option to patients than the trans-jugular approach. That
anatomic proximity of the stomach and duodenum to major vascular structures, make EUS a vital
technique in accessing structures such as the portal vein (PV). Existing applications of PV interventions
using EUS include sampling, embolization, thrombolysis, and stent placement[27].

PV interventions: Sampling, pressure measurement and embolization

Circulating tumor cells (CTC) in the PV offer a positive predictive value of liver metastasis from
pancreatic and colorectal cancers. The sampling of CTC under EUS guided access is vital, as CTC are
more prevalent in the PV than in the peripheral blood. This provides an advantage with EUS, in order to
sample tumor cells for further analysis[43]. The first report of EUS-guided PV sampling was in 2015,
followed by another study in 2017 that similarly reported the safety and technical feasibility of the
technique[43]. Chapman and Waxman[44] studied the propensity of CTCs as compared to sampling the
PV under EUS guidance (19 gauge) with peripheral blood. In 18 patients, 100% sampling of CTC from
the PV was achieved in comparison to 22.2% from the peripheral blood. Methodologically, the literature
suggests multiple levels of consideration for PV sampling under EUS-guidance, due to limited data on
safety and insubstantial unanimity of the technical feature of the procedure. Primarily, all bleeding risk
should be addressed prior to the procedure and monitored anesthesia is an advocated preference in
many studies. Secondarily, pre-assessing the PV under ultrasonography and FNA vein sampling was
reviewed. The EUS-FNA needles available in today’s market are the 19, 22, and 25 gauge sizes[44].
Chapman and Waxman[43], recommended the use of a 19-gauge FNA needle to allow adequate blood
flow, that minimizes the time within the vessel to decreases clotting as compared to the smaller needles.
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Ultimately, there is a lack of studies that assess the viability of the specimens obtained and the feasibility
of the methodology. It is crucial to assess the patency of the vasculature with ultrasonographic doppler
prior to the FNA access, in order to better reduce AEs.

Portal pressure gradient is an important measurement for the diagnosis of portal hypertension.
Regardless of clinical evidence, a hepatic venous pressure gradient of 10 mmHg or more defines the
presence of portal hypertension and is an important indicator of PH complication, most often for
cirrhosis. Currently, a percutaneous approach exists for measuring PV pressure through a trans jugular
access to the PV via the hepatic veins. Reduced conformity from patients due to catheterization makes
an EUS-guided option more favorable[45].

Following the development of the compact manometer, EUS-guided portal pressure gradient
measurement with a needle in the PV and manometer, accurately reflect an indicator of liver disease
[27]. Under EUS, a 22-gauge FNA needle connected to a compact manometer, accurate hepatic venous
pressure gradient measurement can be attained[46]. In a recent study by Hajifathalian et al[47], a
simultaneous EUS-guided portosystemic pressure measurement and liver biopsy sampling in 24
patients with suspected liver disease or cirrhosis, was performed. Twenty-three patients reached
technical success (96%) for portosystemic gradient measurement and 100% technical success for liver
biopsy. The study concluded that EUS portosystemic gradient measurement and liver biopsy sampling
provided a safe and feasible option in clinical practice. Table 3 lists studies on PV pressure gradient
measurement, outlining technical success, features and complications, adapted from[48].

In the management of liver diseases, PV embolization (PVE) n is a possible intervention aimed at
inducing atrophy of a lobe of the liver. This is advantageous, as it reduces the volume of the injured lobe
prior to resection and concomitantly hypertrophies other healthy lobes, to decrease hepatic dysfunction
and aiding preoperative preparations to liver lobectomy[27]. PVE is limited in multiple studies to
animal models, due to the high-risk association with AEs, such as liver dysfunction. Loffroy et al[49]
outlined PVE technique by accessing the portal system under EUS. Puncturing the peripheral branch by
way of puncturing the left and embolizing the right branch is advantageous over puncturing and
embolizing the right branch, due to easier catheterization. This method is conversely disadvantageous
due to a high risk of damaging healthy liver remnants. Cirrhotic patients with portal pressure gradient
larger than 12 mmHg, should avoid PVE due to detrimental AEs. Regarding the choice of the embolic
agent, the authors suggested the use of a mixture of n-butyl-cyanoacrylate and iodized oil due to its
rates of low morbidity. In anticipation to future advances, PVE under EUS-guidance can be appealing
intervention in managing patients prior to surgical lobectomy.

Angiography

The direct access to the PV during an angiography may provide valuable clinical information. Unfortu-
nately, routine practice avoids its implementation due to its invasive nature and high risk of complic-
ations[50]. A preliminary study in this field highlighted this fact in greater detail, as it showed that
puncturing the PV with a 22-gauge needle led to high-risk bleeding measures in a porcine model[51]. In
one study that evaluated the feasibility and safety of EUS-guided PV angiography with a smaller-caliber
(25 gauge) FNA needle using carbon dioxide (CO,) as a contrast agent in a porcine model. In 6 animal
experimental trials, the authors achieved (19.83 + 1.68 s) opacification of the entire portal system (visual-
ization score 4.33 + 0.52). The study reported no complications intraoperatively or at post-mortem
examination, concluding that the study was feasible, safe, and technically simple. It is imperative to note
that a major limitation to such studies is that they are acute animal models[52]. Replication into human
disease remains confined in a plethora of possible complications and high bleeding risk.

Thrombus FNA

A large majority of patients suffering from hepatocellular carcinoma (HCC), have PV thrombosis. PV
tumor thrombosis (PVTT) is essential as it is a poor prognostic sign and a contraindication for surgical
hepatic resection. Extrahepatic PV access under EUS guidance, manages to access the thrombus without
puncturing liver parenchyma, a favorable option for patients[27]. In 2015, Kayar et al[53] presented a
case series of three cases that failed the normal route of imaging diagnosis of PV thrombus. Altern-
atively, from prior case reports, the patients were diagnosed with EUS-FNA of the PV thrombus as a
first line diagnostic option. In all three cases presented, the authors used a 25-gauge FNA needle to
biopsy the thrombus. Table 4 reports recent studies that highlighted cases of thrombus FNA-biopsy
under EUS, notably when failed radiological diagnosis was unable to accurately stage HCC.
Interestingly, Gimeno Garcia ef al[54] in a multicentral study found that post EUS-FNA of thrombus,
upstaging of HCC was prevalent up to 85.70%. In accordance with this finding, EUS-FNA biopsy of
PVTT provides the most accurate staging diagnosis of HCC. High prospects for an EUS-guided
intervention in diagnosing PVTT in patients that failed prior routes exist and should be studied in large
RCT for a more widespread adaptation in everyday practice.

Drug administration
Even since the conception of curvilinear array echoendoscope in the 90’s, the possibility to access
structures with a needle under ultrasonographic visualization made treatment options to inaccessible
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Table 3 Table summarizing technical features, success, and complications of studies on portal vein pressure gradient measurement

‘ Technical Post-procedural Gauge needle
Ref. Design 0 Adverse events P g
success (%) necropsy used
Lai et al[51], 2004 Comparative Study - 90 Subserosal hematoma in one After 4 d 22
Animal Model porcine subject
Giday et al[52], 2007  Comparative Study - 100 None Day 0 and after 2 wk 19
Animal Model
Buscaglia et al[66], Comparative Study - 100 None Postprocedural 19
2008 Animal Model
Huang et al[67],2016 Comparative Study - 100 None Not reported 25
Animal Model
Schulman et al[68], Comparative Study - 100 None Postprocedural 25
2016 Animal Model
Garg and Rustagi Human Pilot Study 100 None Not reported 25
[48], 2017
Garg and Rustagi Human Pilot Study 100 None Occured onday 0, 1and 25
[48], 2017 7
Huang et al[69], 2017 Human Pilot Study 100 None Not reported 25
Zhang et al[46], 2021  Prospective Study 91.70 None Not reported 22

Table 4 Table summarizing studies and case reports of portal vein thrombus biopsy
Technical Adverse Upstaging post

Ref. Design Cytological analysis

g success (%) events EUS-FNA ylolog &
Gimeno Garcia et al ~ Multicenter 87.50 None 85.70% Used to determine final diagnosis
[54], 2018 Study
Rustagi et al[70], Prospective 100 None 37.50% Malignant cytology in 12 patients out of 17 (70.6%;
2017 Study 10 positive, 2 suspicious)
Kayar et al[53],2015 Case Report 100 None Not reported Invasion of PV by HCC
Moreno et al[71], Case Report 100 None Not reported Invasion of PV by HCC
2014
Michael et al[72], Case Report 100 None Not reported Malignant cells consistent with poorly differen-

2011

tiated HCC

HCC: Hepatocellular carcinoma; EUS: Endoscopic ultrasound; PV: Portal vein; FNA: Fine needle aspiration.
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structures possible. Further evolving into a therapeutic tool, being a minimally invasive approach for
treating benign lesions, relieving compartmental pain, and controlling growth in unresectable
malignancies is cutting edge[55]. EUS-guided therapeutic administration has been implemented apart
from its varying levels of efficacy[56]. These ablative therapies under EUS-guidance are not a sole
alternative to surgical resection, especially for metastatic tumors, but represent an option for patients
that are not eligible for surgery. Moreover, recent studies show that chemotherapeutic administration
into the PV increases the drug concentration in hepatic tissue than its systemic counterpart[57]. In 2016,
an EUS-guided intervention for the injection of the PV was studied in a porcine model. Using a 22-
gauge needle, 100mg of irinotecan, albumin-bound paclitaxel nanoparticles and doxorubicin loaded
microbeads were injected into the PV. The study reported technical success in all animals, with no acute
AEs occurring, suggesting a possible future avenue to be explored in human diseases[58].

CONCLUSION

Regrettably, to the best of our knowledge, EUS-guided treatment still has limitations and further studies
are needed to demonstrate superiority over conventional medical and radiological therapies[18].
Primarily the steep learning curve and the need for expertise that may not be dispersed in all centers
make it extremely difficult for guidelines to adapt strict recommendations in clinical practice[59].
Moreover, due to this revolutionary technology still being in the premature stages of adaptation into
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clinical practice, a unified or standardized methodology doesn’t exist. Whether the type of echo-
endoscope, the positioning during therapy or the type of equipment used, a non-universal approach
makes room for variable clinical outcomes and technical success rates[60]. On the other hand, EUS-
guided therapy has potential to improve and become a main staple in the management of gastric varices
[32]. In conclusion, EUS is without a doubt a novel diagnostic and therapeutic option for a variety of
vascular complications, principally at the moment gastric variceal hemorrhage[59]. EUS offers a better
understanding of the anatomic and hemodynamic components associated with the variceal system and
offers advanced therapeutic options with sounder clinical outcomes. Although limited to major tertiary
centers and operator dependence with a long learning curve, the adoption of EUS into clinical practice is
plausible if EUS procedures were standardized, enhanced training tools for clinicians and better
universal image interpretation methodology[26]. Artificial intelligence in aiding clinical technicians with
image interpretation may be a captivating step in the right direction in the evolution of this vital
technology.
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Abstract

BACKGROUND

Endoscopic procedures are becoming increasingly important for the diagnosis
and treatment of gastrointestinal disorders during childhood, and have evolved
from a more infrequent inpatient procedure in the operating room to a routine
outpatient procedure conducted in multiple care settings. Demand for these
procedures is rapidly increasing and thus there is a need to perform them in an
efficient manner. However, there are little data comparing the efficiency of
pediatric endoscopic procedures in diverse clinical environments. We
hypothesized that there are significant differences in efficiency between settings.

AIM
To compare the efficiency and examine adverse effects of pediatric endoscopic
procedures across three clinical settings.

METHODS

A retrospective chart review was conducted on 1623 cases of esophagogastroduo-
denoscopy (EGD) or combined EGD and colonoscopy performed between
January 1, 2014 and May 31, 2018 by 6 experienced pediatric gastroenterologists in
three different clinical settings, including a tertiary care hospital operating room,
community hospital operating room, and free-standing pediatric ambulatory
endoscopy center at a community hospital. The following strict guidelines were
used to schedule patients at all three locations: age greater than 6 mo; American
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Society of Anesthesiologists class 1 or 2; normal craniofacial anatomy; no anticipated therapeutic
intervention (e.g., foreign body retrieval, stricture dilation); and, no planned or anticipated hospit-
alization post-procedure. Data on demographics, times, admission rates, and adverse events were
collected. Endoscopist time (elapsed time from the endoscopist entering the operating room or
endoscopy suite to the next patient entering) and patient time (elapsed time from patient
registration to that patient exiting the operating room or endoscopy suite) were calculated to
assess efficiency.

RESULTS

In total, 58% of the cases were performed in the tertiary care operating room. The median age of
patients was 12 years and the male-to-female ratio was nearly equal across all locations.
Endoscopist time at the tertiary care operating room was 12 min longer compared to the
community operating room (63.3 + 21.5 min vs 51.4 + 18.9 min, P < 0.001) and 7 min longer
compared to the endoscopy center (vs 56.6 £ 19.3 min, P < 0.001). Patient time at the tertiary care
operating room was 11 min longer compared to the community operating room (133.2 + 39.9 min
v5122.3 £ 39.5 min, P < 0.001) and 9 min longer compared to the endoscopy center (vs 124.9 + 37.9
min; P < 0.001). When comparing endoscopist and patient times for EGD and EGD/ colonoscopies
among the three locations, endoscopist, and patient times were again shorter in the community
hospital and endoscopy center compared to the tertiary care operating room. Adverse events from
procedures occurred in 0.1% (n = 2) of cases performed in the tertiary care operating room, with
2.2% (n = 35) of cases from all locations having required an unplanned admission after the
endoscopy for management of a primary GI disorder.

CONCLUSION
Pediatric endoscopic procedures can be conducted more efficiently in select patients in a
community operating room and endoscopy center compared to a tertiary care operating room.

Key Words: Pediatric endoscopy; Efficiency; Adverse events; Tertiary care operating room; Community
operating room; Endoscopy center
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Core Tip: This was a retrospective study where we compared the efficiency of pediatric endoscopic
procedures in a tertiary care operating room, community operating room, and endoscopy center and
secondarily examined adverse events of procedures across these settings. We found that with using strict,
identical scheduling guidelines for all locations, undergoing esophagogastroduodenoscopy (EGD) or
combined EGD and colonoscopy at the community hospital room and endoscopy center was significantly
faster for the patient and endoscopist when compared to the tertiary care operating room. The rate of
adverse events was similar across all three locations.

Citation: Crawford E, Sabe R, Sferra TJ, Apperson-Hansen C, Khalili AS. Pediatric endoscopy across multiple
clinical settings: Efficiency and adverse events. World J Gastrointest Endosc 2022; 14(6): 367-375

URL: https://www.wjgnet.com/1948-5190/full/v14/i6/367.htm

DOI: https://dx.doi.org/10.4253/wjge.v14.i16.367

INTRODUCTION

Endoscopic procedures are crucial for the diagnosis, treatment, and surveillance of gastrointestinal
disorders in children. Moreover, the demand for these services is increasing[1]. Along with the
increased utilization, the clinical setting in which these procedures are performed is changing and are
now being performed as outpatient procedures conducted in multiple clinical settings[1-5]. While they
are most commonly performed in operating rooms within tertiary care institutions or dedicated
pediatric endoscopy suites, many endoscopies are being performed in outpatient centers[3].

With the overall increasing demand for endoscopic procedures, there is a need to perform them in an
efficient manner. Locations outside of pediatric tertiary care centers have the potential to accommodate
a high volume of patients due to the elimination of emergent procedures and scheduling of lower risk
patients. Clinical reports regarding the development of adult and pediatric endoscopy units have
focused on defining metrics used to assess efficiency, ranging from productivity metrics such as the
number of procedures per hour to operational metrics such as turnover time[2,6]. Several adult studies
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have shown turnover time, the time between procedures, varies among clinical settings (e.g., hospitals,
ambulatory surgery centers) and is the main factor contributing to delay of procedures and the primary
predictor of the number performed per hour[7,8]. However, there are substantial differences in the
workflow between pediatric and adult patients that limit the applicability of adult metrics to the
pediatric population[9-11]. There is no universal consensus on how efficiency can be optimized in
pediatrics and scant information on its application in outpatient endoscopy centers.

The main objective of our study was to evaluate the efficiency of endoscopic procedures performed
by pediatric gastroenterologists in diverse clinical settings. Secondarily, we assessed adverse events
associated with endoscopic procedures performed in select pediatric patients at non-tertiary care
facilities.

MATERIALS AND METHODS

We conducted a retrospective chart review of patients cared for by the Division of Pediatric Gastroen-
terology, Hepatology & Nutrition at University Hospitals Rainbow Babies and Children’s Hospital
(Cleveland, OH, United States) who underwent an outpatient esophagogastroduodenoscopy (EGD) or
combined EGD and colonoscopy between January 1, 2014 and May 31, 2018. This study was approved
by the local institutional review board.

Locations

During the period of this study, the Division performed endoscopies at three locations, including
pediatric tertiary care hospital operating room, community hospital operating room, and a free-standing
pediatric ambulatory endoscopy center at a community hospital. All locations were staffed by the same
pediatric anesthesia and endoscopy personnel. The tertiary care hospital had a single dedicated
operating room for inpatient and outpatient procedures; the endoscopist did not perform endoscopies
outside of the assigned operating room. The anesthesiologist assigned to the endoscopy cases in the
tertiary care operating room potentially covered other surgical cases occurring simultaneously in other
rooms. The community hospital operating room and the community pediatric ambulatory endoscopy
unit consisted of one procedure room. The rooms in these latter two settings were dedicated to the
outpatient endoscopic procedures; however, different from the tertiary care hospital, each room had a
pediatric anesthesiologist assigned exclusively to that location. Endoscopic procedures were scheduled
back-to-back: 60 min for combined EGD and colonoscopies at all locations; 60 min for EGD at the
tertiary care operating room; and, 30 min for EGD at the community hospital and endoscopy center.

Endoscopic case characteristics

During the period of this study, our institution followed strict guidelines to schedule patients at the
community locations. These guidelines were developed through consensus opinion among the pediatric
gastroenterologists, pediatric anesthesiologists, and endoscopy personnel. Patients were eligible for
these locations if the following criteria were met: age greater than 6 mo; American Society of Anesthesi-
ologists class 1 (healthy person) or 2 (mild systemic disease); normal craniofacial anatomy; no
anticipated therapeutic intervention (e.g., foreign body retrieval, stricture dilation, control of bleeding,
variceal ligation); and, no planned or anticipated hospitalization post-procedure. Additionally, urgent
or emergent cases were not performed at these locations. For this analysis, we used the same criteria to
select patients undergoing endoscopy at the tertiary care hospital operating room for comparison. Also,
the last case of each day was excluded from analysis as we are unable to calculate the endoscopist time.
Cases that preceded inpatient procedures at the tertiary care operating room also were excluded to
ensure timing and scheduling of cases were as similar as possible at all three locations.

Physicians

We reviewed only those cases performed by the pediatric gastroenterologists who performed
endoscopies at the tertiary care operating room and one of the other locations. These 6 pediatric
gastroenterologists were board certified, experienced endoscopists.

Data collection

We extracted data for all endoscopic procedures meeting the above criteria. Fewer cases were
performed at the community ambulatory endoscopy center as compared to the other locations. To
control for this disparity, cases performed at that site were matched by physician with cases performed
at the tertiary care operating room; the cases from the tertiary care operating room were selected
chronologically at the start of a calendar year until the number of cases between the two locations were
approximately equal for each of those three physicians. Patient demographics, time variables (patient
registration, patient and physician entering operating room, and patient exiting operating room),
procedural or anesthesia complications, unexpected admissions, and fellow participation in the
procedure were extracted from the medical record.
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Adverse events were defined as endoscopic complications (e.g., gastrointestinal bleeding or
perforation), sedation and cardiopulmonary complications (e.g., respiratory failure, need for intubation),
any cause necessitating unintended emergency department visit or hospital admission, and hospital
admission for ongoing medical care. We included hospital admission for ongoing medical care as an
adverse event as patients undergoing endoscopy in the community settings would require
transportation to the tertiary care hospital for care (also see guidelines for scheduling above).

Endoscopist time (ET) and patient time (PT) were calculated for each case. ET was defined as elapsed
time from the endoscopist entering the operating room or endoscopy suite to the next patient entering.
PT was defined as elapsed time from patient registration to that patient exiting the operating room or
endoscopy suite. These times by definition include room turnover time and provide estimates of real
time for the physician and patient.

Statistical analyses

Statistical analyses were performed by a trained statistician. Descriptive statistics were generated for
each of the variables collected. Categorical data are reported as frequencies and percentages and when
appropriate, y* analyses were used. Continuous data are reported as numbers (1), means and standard
deviations, and medians, and when appropriate, analysis of variance and unpaired f-test were used for
analyses. Unless otherwise stated, statistical testing was conducted using two-sided alternatives with a
type I error level of 0.05. SAS version 9.4 (SAS Institute Inc., Cary, NC, United States) was used to
generate the statistics.

RESULTS

We identified 1623 cases (Table 1). Just over half were performed in the tertiary care operating room.
The fewest were performed in the community ambulatory endoscopy center (7.6%). All cases were
performed under monitored anesthesia care using propofol. The median age of the patients was 12
years, and the male-to-female ratio was nearly equal. There were no differences in age or sex among the
cases performed at each endoscopy site or by each physician. Fellows participated in 38% of cases, with
the highest percentage in the tertiary care operating room.

Efficiency

We found the tertiary hospital operating room to be the least efficient site to perform endoscopy even
controlling for physician, patient age, fellow participation, and type of procedure (Table 2). The ET in
the tertiary hospital operating room was 11.9 min longer than in the community operating room (P <
0.001) and 6.7 min longer than in the community endoscopy center (P < 0.001). Likewise, the PT at the
tertiary care operating room was 11.2 min longer than the community operating room (P < 0.001) and
8.3 min longer than the endoscopy center (P < 0.001).

We compared the ET and PT for EGD and EGD/ colonoscopies between the specific locations given
that differences in case mix amongst locations may have affected the results, and confirmed the
community operating room and endoscopy center were more efficient for each of these types of
procedures (Table 3). We further evaluated the times based on individual physicians. Compared to the
times in the tertiary care operating room, all of the physicians had a shorter ET in the community
operating room and endoscopy center, and 5 of the 6 physicians had a shorter PT in the community
operating room and endoscopy center compared to the tertiary care operating room (Table 4). The 1
physician (physician 6 in Table 4) with the longer PT in the community operating room compared to the
tertiary care operating room (136.5 + 35.7 vs 135.9 + 41.8), also had the longest patient and endoscopist
times overall. We did not calculate the statistical significance of ET and PT between physicians because
the proportions of cases across locations were not equal.

Using analysis of variance, fellow participation did not significantly affect endoscopist or patient time
when considering all cases, and we found that location accounted for the affect (P < 0.001). Fellow
participation in the tertiary care operating room was associated with longer PT and ET, and the
presence of a fellow overall resulted in the longest times.

Adverse events

Unplanned admissions following an endoscopic procedure occurred for a small number of patients (all
locations, 2.2%, n = 35). The majority of these (n = 33) were for further management of a primary GI
disease (e.g., inflammatory bowel disease) and not an endoscopic or anesthesia related complication.
Patients were less frequently admitted for any reason from each of the two community-based locations
as compared to the tertiary operating room (community operating room, 0.2% of total at site, n = 4;
community endoscopy center 0.1% of total at site, n = 1; tertiary hospital operating room, 1.8% of total at
site, n = 30). Endoscopic complications occurred in two of the evaluated cases (0.1%). Both involved
patients undergoing an EGD and colonoscopy in the tertiary hospital operating room. One patient was
admitted to the pediatric intensive care unit for management of gastrointestinal bleeding requiring a
blood transfusion and the other to the general medical unit for observation for concern of a
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Table 1 Demographics, procedures, and fellow participation by location

Value
Characteristic

Tertiary care OR Community OR Endoscopy center Overall
Age, yr (median)’ 11 12 12 12
Male, 1 (%)’ 494 (52.4) 268 (48.0) 63 (51.2) 825 (50.8)
EGD, 1 (%) 537 (57) 283 (50.7) 56 (45.5) 876 (54)
EGD/ colonoscopy, 1 (%) 405 (43) 275 (49.3) 67 (54.4) 747 (46)
Total procedures, n (%) 942 (100) 558 (100) 123 (100) 1623 (100)
Fellow participation, n (%) 499 (53) 89 (16) 25 (20) 613 (38)

There were no significant differences in the distribution of age and sex across the clinical settings. EGD: Esophagogastroduodenoscopy; OR: Operating

room.
Table 2 Endoscopist time and patient time in minutes by location
Tertiary care OR Community OR Endoscopy center P value'
ET (mean + SD) 63.3+21.5 5144189 56.6+19.3 <0.001
PT (mean + SD) 133.2+39.9 122.0 +39.5 124.9+37.9 <0.001

TANOVA controlling for physician, patient age, fellow participation, and type of procedures. ET: Endoscopist time; OR: Operating room; PT: Patient time;
SD: Standard deviation.

Table 3 Endoscopist time and patient time in minutes by location and procedure

Procedure Tertiary care OR Community OR Endoscopy center P value
ET (mean + SD) EGD 63.2£20.2 39.6+13.6 450133 <0.001

EGD/ colonoscopy 75.6 £17.3 63.4+16.0 66.3 £18.0 <0.001
PT (mean + SD) EGD 121.4 £39.0 107.7 £34.2 1129+ 31.8 <0.001

EGD/ colonoscopy 148.4 £36.1 137.4 £38.9 135.0 £39.5 <0.001

ET: Endoscopist time; OR: Operating room; PT: Patient time; SD: Standard deviation.

gastrointestinal bleed. A fellow was present during the endoscopy for one of the two complications.

DISCUSSION

The goals of our study were to assess the efficiency of pediatric endoscopic procedures in different
clinical settings and to evaluate whether the performance of these procedures in a community setting
was associated with an excess of adverse events. Changing indications for endoscopic procedures and a
steady increase in gastrointestinal disease burden in this population resulted in an increase in demand
for these procedures to which the medical community must adapt[1]. From 2011 to 2018, our institution
expanded from three to nine pediatric gastroenterologists and the number of completed endoscopic
procedures more than doubled. Improving efficiency without compromising safety is essential to
accommodate the increased demand of endoscopic procedures and prevent delays in diagnosis and
treatment.

We found it was more efficient to perform endoscopic procedures in two community-based locations
compared to a tertiary care operating room. As our measures of efficiency, we used ET to measure time
between cases for the endoscopist including room turn-over and other system delays and PT to include
time spent at the hospital or endoscopy unit except for the time post-endoscopy in recovery. The ET was
6.7 to 11.9 min and the PT was 8.3 min to 11.2 min shorter in the endoscopy center and community
operating room, respectively compared to the tertiary care operating room. The differences in ET and
PT are likely due to factors specific to the tertiary care location rather than type or complexity of the case
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Table 4 Endoscopist time and patient time in min by physician

Endoscopist time Patient time
Physician
Tertiary care OR  Community OR  Endoscopy center ~ Tertiary care OR  Community OR  Endoscopy center
1 61.9+23.1 53.2+20.2 131.1 +38.3 126.7 +44.9
2 63.9+17.4 4551145 142.9 £38.9 120.8 £34.9
3 63.4+224 455+145 1283 +424 1102 +31.1
4 64.4%19.1 478+135 126.0 £36.7 113.6 £ 38.4
5 6341169 59.3119.5 160.8 £ 28.8 128.0£33.7
6 68.6+22.5 65.4£20.7 1359 £41.8 136.5+35.7

Data are presented as mean * SD. OR: Operating room.

Jaishideng®

as we controlled for these variables. If we did not employ the same criteria used to schedule patients in
the community locations to select the comparator patients at the tertiary care operating room, the times
in the tertiary care operating room would be longer as emergent and complex cases (e.g., variceal
banding, multiple comorbidities) would be included and likely result in delays.

Several studies have described factors that can impact efficiency of endoscopic procedures[7,8,12,13].
These may be related to the patient (e.g., late to registration or no-show), physician (e.g., late to
procedure), or support personnel (e.g., room turnover time). While we did not directly determine causes
of the differences in efficacy besides fellow participation, our results support previous findings that
decreases in efficiency at the tertiary care center are less likely to be solely related to patient or
endoscopist behavior as ET and PT were almost always individually faster at the community locations.
However, the endoscopist’s efficiency may become a limiting factor after a certain point. For example,
physician 6 had comparatively longer ET and PT times at the tertiary care center and at the endoscopy
center and these were the longest times overall. This may explain why the community OR had lower ET
and PT times compared to the endoscopy center, although both community locations were still more
efficient when compared to the tertiary care center. Overall, the loss in efficiency may be a system
problem, where possible location specific factors include room turnover, availability of anesthesiology
staff, or endoscopist delayed with other tasks. Trainee participation has been shown to adversely impact
efficiency by prolonging procedures[8]. In our study, while fellow participation did not affect efficiency
when considering all cases included, their participation specifically in the tertiary care operating room
was associated with longer ET and PT. This might be due to our institution’s practice of only having
senior fellows participate in endoscopy sessions at the community sites. First year fellows participate in
endoscopies at the tertiary care operating room.

Regarding anesthesiologist participation during endoscopic procedures, they are often being shared
with other operating rooms at the tertiary care center, which may delay procedural start time. Having a
dedicated anesthesiologist at the community locations eliminates this problem. It is important to note,
monitored anesthesia care with propofol was used in all of the patients in this study and has been
shown to be safe and efficient due to its rapid sedation and recovery time[14,15]. Thus, our data may not
translate to centers using agents other than propofol or have non-anesthesiologist staff perform
sedation.

Practically, the accumulated saved time at the community locations on a typical 8-h day could reach
90 min allowing for at least two additional cases per day. Adjustments to scheduling and allotted time
for procedures may help meet the increasing demand by allowing more procedures to be performed in a
day. Other direct benefits from performing endoscopic procedures more efficiently are increases in
patient satisfaction and institutional revenue. Performing a given number of procedures within a shorter
time period will directly impact the physician’s ability to complete other tasks.

We evaluated adverse events defined as endoscopic complications, anesthesia and respiratory
complications, and unintended admissions occurring within 72 h of the procedure. We did not evaluate
mild adverse events (i.e., nausea, throat pain). There were no procedural, anesthesia and respiratory
complications at the community hospital and the ambulatory endoscopy center. Although there were
fewer adverse events within the community locations, the number of cases included in this study is too
low to determine whether endoscopies in these locations are safer than in a tertiary care facility[16-18].
To make this determination, a large multi-institutional study performed over several years is required.
Thus, we only described our experience.

The major strengths of our study were the ability to compare cases performed by each endoscopist
between two different locations as well as to compare the ET and PT among all 6 physicians at all three
locations. Endoscopic procedures were performed in three clearly delineated locations with the same
support staff and the use of strict criteria for scheduling of patients within the community centers. This
study due to its retrospective nature has few weaknesses. All cases performed in the tertiary operating
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room were not used in the analysis to allow us to match the relatively smaller number of cases at the
community sites. However, given that the cases were all conducted within a similar time period and the
physicians were all experienced endoscopists, the excluded cases are unlikely to reflect a bias in the
results. There was a difference in the allotted time for EGD between the tertiary care operating room
and community locations, however we do not believe this had an impact on the study as the procedures
were scheduled one after the other with the guidance to perform the subsequent procedure once the
operating room was available. Also, the study is underpowered to detect true differences in the rates of
adverse events.

CONCLUSION

In conclusion, we found that in select pediatric patient populations, endoscopic procedures can be
performed more efficiently in non-tertiary care centers. These data may help future guidelines on
building efficient outpatient pediatric endoscopy suites. Further investigation is needed to understand
why these procedures are more efficient at community locations. Also, our data forms a foundation
upon which further studies can be performed to evaluate whether there is an increased risk to the
patient with this practice. Being able to provide more efficient care in a convenient location for selected
patients can increase satisfaction while accommodating the increase need for such procedures.

ARTICLE HIGHLIGHTS

Research background

There has been an increase in pediatric endoscopic procedures over time and an increased demand to
perform them efficiently. These procedures are now being performed in more diverse clinical settings,
from tertiary care operating rooms to ambulatory centers. Data is lacking with regards to safety and
efficiency of these procedures across multiple clinical settings which is needed information as the
pediatric endoscopic landscape diversifies.

Research motivation

We aimed to understand efficiency and adverse rate events of pediatric endoscopic procedures across
multiple clinical settings as there is a paucity of this data in the literature. This research could help lay
the foundation for guidelines of building outpatient pediatric endoscopy suites or ambulatory centers.

Research objectives

The main objective of our study was to evaluate the efficiency of endoscopic procedures performed by
pediatric gastroenterologists in diverse clinical settings, particularly ambulatory centers as compared to
a tertiary care operating room. We also assessed adverse events associated with endoscopic procedures
performed across these clinical settings.

Research methods

A retrospective chart review was conducted of esophagogastroduodenoscopy (EGD) or combined EGD
and colonoscopies performed over a 4 year period by 6 experienced gastroenterologists in three settings;
a tertiary care hospital operating room, community hospital operating room, and a free-standing
pediatric ambulatory endoscopy center at a community hospital. Demographics, times, admission rates
and adverse events were collected and efficiency was measured in endoscopist time (elapsed time from
the endoscopist entering the operating room or endoscopy suite to the next patient entering) and patient
time (elapsed time from patient registration to that patient exiting the operating room or endoscopy
suite). Statistical analyses were performed by a trained statistician and descriptive statistics were
generated for each of the variables collected.

Research results

The majority of the cases were performed at the tertiary care operating room. Endoscopist time at the
tertiary care operating room was 12 min longer compared to the community operating room (63.3 + 21.5
min vs 51.4 + 18.9 min; P < 0.001) and 7 min longer compared to the endoscopy center (vs 56.6 + 19.3
min; P < 0.001). Patient time at the tertiary care operating room was 11 min longer compared to the
community operating room (133.2 + 39.9 min vs 122.3 + 39.5 min; P < 0.001) and 9 min longer compared
to the endoscopy center (vs 124.9 = 37.9 min, P < 0.001). Adverse events occurred in 0.1% of cases
performed in the tertiary care operating room.

Research conclusions
We found that it was more efficient to perform EGD and colonoscopies at a community hospital
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operating room and a free-standing pediatric ambulatory endoscopy center at a community hospital
when compared to a tertiary care operating room in a select pediatric population. There was not an
increased adverse event rate that we observed at these satellite locations when compared to the tertiary
care operating room. Being able to perform these procedures safely and efficiently in multiple clinical
settings may help meet the growing demand of endoscopic procedures in children.

Research perspectives

This research showed that pediatric endoscopic procedures are efficient in multiple clinical settings in a
select pediatric population. Larger, prospective studies are needed to validate what we have found and
to better assess safety. Our research could help lay the foundation for future guidelines on building
efficient outpatient pediatric endoscopy suites.
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Abstract

BACKGROUND

About 10%-30% of acute pancreatitis remain idiopathic (IAP) even after clinical
and imaging tests, including abdominal ultrasound (US), contrast-enhanced
computed tomography (CECT) and magnetic resonance cholangiopancreato-
graphy (MRCP). This is a relevant issue, as up to 20% of patients with IAP have
recurrent episodes and 26% of them develop chronic pancreatitis. Few data are
available on the role of EUS in clarifying the etiology of IAP after failure of one or
more cross-sectional techniques.

AIM

To evaluate the diagnostic gain after failure of one or more previous cross-
sectional exams.

METHODS

We retrospectively collected data about consecutive patients with AP and at least
one negative test between US, CECT and MRCP, who underwent linear EUS
between January 2017 and December 2020. We investigated the EUS diagnostic
yield and the EUS diagnostic gain over different combinations of these cross-
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sectional imaging techniques for the etiologic diagnosis of AP. Types and frequency of EUS
diagnosis were also analyzed, and EUS diagnosis was compared with the clinical parameters.
After EUS, patients were followed-up for a median of 31.5 mo to detect cases of pancreatitis
recurrence.

RESULTS

We enrolled 81 patients (63% males, mean age 61 + 18, 23% with previous cholecystectomy, 17%
with recurrent pancreatitis). Overall EUS diagnostic yield for AP etiological diagnosis was 79%
(20% lithiasis, 31% acute on chronic pancreatitis, 14% pancreatic solid or cystic lesions, 5%
pancreas divisum, 5% autoimmune pancreatitis, 5% ductal abnormalities), while 21% remained
idiopathic. US, CECT and MRCP, taken alone or in combination, led to AP etiological diagnosis in
16 (20%) patients; among the remaining 65 patients, 49 (75%) obtained a diagnosis at EUS, with an
overall EUS diagnostic gain of 61%. Sixty-eight patients had negative US; among them, EUS
allowed etiological diagnosis in 59 (87%). Sixty-three patients had a negative CECT; among them,
47 (74%) obtained diagnosis with EUS. Twenty-four had a negative MRCP; among them, 20 (83%)
had EUS diagnosis. Twenty-one had negative CT + MRCP, of which 17 (81%) had EUS diagnosis,
with a EUS diagnostic gain of 63%. Patients with biliary etiology and without previous
cholecystectomy had higher median values of alanine aminotransferase (154 vs 25, P = 0.010),
aspartate aminotransferase (95 vs 29, P = 0.018), direct bilirubin (1.2 vs 0.6, P = 0.015), gamma-
glutamyl transpeptidase (180 vs 48, P = 0.006) and alkaline phosphatase (150 vs 72, P = 0.015)
Chronic pancreatitis diagnosis was more frequent in patients with recurrent pancreatitis at
baseline (82% vs 21%, P < 0.001). During the follow-up, AP recurred in 3 patients, one of which
remained idiopathic.

CONCLUSION

EUS is a good test to define AP etiology. It showed a 63% diagnostic gain over CECT + MRCP. In
suitable patients, EUS should always be performed in cases of IAP. Further prospective studies are
needed.

Key Words: Endoscopic ultrasound; Idiopathic acute pancreatitis; Diagnostic gain; Computed tomography;
Magnetic resonance cholangiopancreatography

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

Core Tip: Acute pancreatitis (AP) is a common and potentially severe disease. Imaging techniques allow an
etiological diagnosis in most cases. However, about 20% of cases remain idiopathic, with negative
consequences on patients’ outcomes. Endoscopic ultrasound (EUS) has emerged as a valid technique for
the assessment of AP etiology. We share our experience with EUS in the identification of idiopathic AP
etiology, after failure of one or more cross-sectional imaging techniques. We found a superiority of EUS
over the standard cross-sectional imaging techniques. We therefore suggest the use of EUS to define
idiopathic AP etiology in all suitable patients.
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disorder characterized by the abnormal activation of
digestive enzymes within the pancreatic gland. AP leads to the acute injury of the pancreas and may
involve remote organs and systems. AP is one of the most common causes of hospitalization in the
United States and Europe[l]. In most cases (about 80%), the prognosis is rapidly favorable[2].
Nevertheless, acute necrotizing pancreatitis may develop in up to 20% of cases, and it is associated with
significant rates of early organ failure (38%), need for intervention (38%) and death (15%)[3].
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The most common AP etiologies are common bile duct stones and alcohol abuse, accounting for
about 60%-70% of all the cases[4]. Other etiologies include functional or anatomic lesions (pancreas
divisum, pancreatic duct strictures/tumors, ampullary stenosis or sphincter of Oddi dysfunction),
drugs, metabolic causes (hypertriglyceridemia, hypercalcemia), autoimmune disease, mechanical injury
(e.g., blunt abdominal trauma, postoperative), infections, ischemia, hereditary conditions and toxins[5].

AP etiology can be found in most cases by combining cross-sectional abdominal imaging techniques,
such as ultrasound (US), contrast-enhanced computed tomography (CECT) and magnetic resonance
cholangiopancreatography (MRCP). However, 10%-30% of AP remains idiopathic (IAP) after clinical,
laboratory and imaging tests[6,7]. This is a relevant issue, as 20% of patients with IAP have recurrent
episodes, and 20%-30% of them develop chronic pancreatitis[6]. In recent years, endoscopic US (EUS)
has emerged as a useful tool for the etiological diagnosis of AP. A recent systematic review and meta-
analysis demonstrated that EUS is able to identify a potential etiology in the majority of patients with
IAP[8].

EUS has shown high diagnostic accuracy for the identification of microlithiasis missed at CECT scan
or MRCP[9,10]. Moreover, in a smaller but relevant percentage of cases, EUS detected small pancreatic
or ampullary lesions that were not identified at CECT or magnetic resonance imaging[11-13]. To date,
few data are available about the role of EUS after failure of multiple cross-sectional imaging techniques
and specifically evaluating the diagnostic gain of EUS in this setting. The present study aimed to
evaluate the role of EUS in the assessment of IAP etiology when US, CECT and MRCP failed.

MATERIALS AND METHODS

Study population and data collection

We performed a retrospective, single-center study. We analyzed a database of consecutive adult
patients prospectively enrolled between January 2017 and December 2020 to the Ospedale Maggiore of
Cremona with a diagnosis of AP. The diagnosis of AP was made when 2 of 3 of the following criteria
were met: abdominal pain consistent with pancreatitis; increased serum amylase or lipase levels, by at
least 3 times the upper normal of limit; and characteristic findings on conventional radiologic methods
(transabdominal US and/or CECT scan). MRCP was performed as a second-line technique after a
negative US and/or CECT.

A thorough medical history and complete blood tests were collected for each patient at the clinical
presentation. For final inclusion in the study analyses, the following criteria were ruled out: (1) History
of alcohol or other toxic substance abuse; (2) Recent abdominal trauma; (3) Medications potentially
related to AP; (4) Metabolic disorder like hypertriglyceridemia (= 1000 mg/dL) or hypercalcemia; (5)
Clear etiology of AP identified at US, CECT or MRCP, without the need for further investigations; and
(6) In the case of recurrent pancreatitis (i.e. > 2 episodes of AP), a genetic cause was ruled out by testing
for CFTR, SPINK-1 and PRSS1 mutations.

Therefore, the patients included in final analysis were those diagnosed with idiopathic acute pancre-
atitis (IAP), according to the American College of Gastroenterology guidelines[14].

All patients included in the study had undergone EUS after at least one US, CECT or MRCP test.
Specifically, EUS was performed after a negative cross-sectional technique to investigate the AP etiology
and after a positive exam to confirm a suspected diagnosis, to better characterize a lesion or to obtain
biopsies.

After EUS examination, patients were followed up for at least 12 mo (median 31.5 mo, range 12-55),
and recurrent episodes of acute pancreatitis were recorded.

The primary aim of the study was to evaluate the diagnostic gain of EUS in the identification of IAP
etiology after failure of one or more previous cross-sectional exams. The secondary aims were: to assess
the overall EUS diagnostic yield for IAP etiology; to compare the baseline clinical features with the IAP
diagnosis; and to analyze the frequency and types of AP recurrence during the follow-up.

Endoscopic ultrasound

EUS examination was performed by 2 experienced operators (= 250 exams per year) using a linear
echoendoscope (Pentax Medical EG3870UTK and EG38-J10UT), after informed consent had been
obtained, with the patient in a left-side position under conscious sedation. EUS was mainly performed
during admission after the acute phase of pancreatitis was clinically resolved, unless conditions such as
persistent biliary obstruction required earlier evaluation. EUS was performed as an outpatient
procedure in cases of mild pancreatitis with early patient discharge.

The examination was considered diagnostic with the following findings: biliary stones, criteria for
chronic pancreatitis, presence of solid or cystic pancreatic lesions, pancreatobiliary duct abnormality,
pancreas divisum, and features of autoimmune pancreatitis.

In detail: (1) Biliary etiology was diagnosed if stones or microlithiasis/biliary sludge were seen inside
the gallbladder or the common bile duct. Biliary stones were defined as hyperechoic structures with an
acoustic shadow, microlithiasis was defined as hyperechoic structures of 3 mm or less in diameter, and
biliary sludge was defined as a hyperechoic material without an acoustic shadow[15]; (2) Chronic
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pancreatitis was defined according to the Rosemont criteria[16]; (3) Duct abnormality was diagnosed if a
long pancreatobiliary junction (> 15 mm) was identified[17]; (4) Pancreas divisum was described in the
presence of a dominant dorsal duct with or without evidence of communication between the ventral
and dorsal ducts, or if the main pancreatic duct could not be traced from the major papilla[18]; (5) Solid
or cystic pancreatic lesions were considered as the cause of AP if obstruction of the pancreatic duct was
seen at EUS examination; and (6) The diagnosis of autoimmune pancreatitis was made when
parenchymal or ductal features were seen (e.g., diffuse pancreas enlargement with delayed
enhancement), and the International Consensus Diagnostic Criteria were met[19].

Statistical analysis

The categorical variables were described as absolute frequency and percentage. The continuous
variables with normal distribution were described as mean + SD, whereas the continuous variables
without normal distribution were given as median and range. Mann-Whitney test and or Fisher’s exact
tests were used to associate baseline clinical and biochemical variables with biliary pancreatitis.
Diagnostic yield of EUS was calculated as the overall percentage of etiological diagnosis obtained
through EUS examination. EUS diagnostic gain was calculated as the percentage of additional diagnoses
obtained at EUS over the total number of patients undergoing US, CECT and/or MRCP. All the
analyses were carried out by computer software IBM SPSS Statistics (release 25; IBM Corporation,
United States).

RESULTS

Between March 2017 and December 2020, a total of 81 patients underwent EUS for IAP (38% female,
mean age at enrollment 61 * 18 years). Fifteen (23%) patients had previous cholecystectomy, whereas 49
(77%) had an intact gallbladder. First episode of AP was the indication of EUS in 52 (81%) patients,
while 12 (19%) patients had recurrent pancreatitis (58 % with one episode, 42% with 2 or more episodes).
The median time interval between patient admission and EUS was 5 d (range, 2-27). All patients’
demographic and clinical characteristics are summarized in Table 1.

Diagnostic yield of EUS and types of diagnosis

Overall, EUS led to an etiological diagnosis in 64 (79%) of the 81 patients. The diagnoses were as
follows: 16 gallstone diseases, 25 acute on chronic pancreatitis, 4 pancreas divisum, 4 pancreatic duct
anomalies, 11 solid or cystic lesions (4 pancreatic carcinomas with a maximum diameter of 15, 18, 20 and
24 mm; 2 ampullary adenomas of 8 and 13 mm; 5 branch-duct intraductal papillary mucinous
neoplasms with high-risk stigmata or worrisome features) and 4 with criteria of autoimmune
conditions. Example images of the main diagnosis obtained by EUS are shown in Figure 1. All patients
underwent EUS and at least one exam with US, CECT and MRCP. The three cross-sectional techniques,
alone or in combination, led to AP etiological diagnosis in 16 (20%) of the 81 patients. All diagnoses
were confirmed at the following EUS. Among the remaining 65 patients, 49 (75%) obtained a diagnosis
at EUS, with an overall EUS diagnostic gain of 61%.

US and EUS: Seventy-two (89%) patients underwent US, which allowed an etiological diagnosis in 4
(6%) cases. Among the 68 patients with a negative US, EUS allowed an etiological diagnosis in 59 (87%):
14 biliary pancreatitis, 25 acute on chronic pancreatitis, 2 pancreas divisum, 4 pancreatic duct anomalies,
10 solid or cystic lesions and 4 autoimmune conditions.

CECT and EUS: CECT scan was performed in 72 patients (89%), 9 of which (13%) resulted with an
etiological diagnosis. Forty-seven (74%) out of the 63 patients with negative CECT obtained an
etiological diagnosis at EUS: 10 lithiasis, 18 acute on chronic, 4 pancreas divisum, 4 duct anomalies, 9
solid/ cystic lesions and 2 autoimmune pancreatitis.

MRCP and EUS: MRCP was performed in 32 patients, among which 8 (24%) obtained an etiological
diagnosis. EUS allowed a diagnosis in 20 (83%) of the 24 patients with negative MRCP: 4 biliary
etiology, 9 acute on chronic pancreatitis, 1 pancreas divisum, 1 pancreatic duct anomaly, 4 solid or cystic
lesions and 1 autoimmune pancreatitis.

Diagnostic gain of EUS in cases of previous negative exams

US + CECT: A combination of US and CECT was performed in 63 patients (78%); of the 54 patients with
missed diagnosis at both US and CECT, 45 (83%) received a diagnosis at EUS: 10 biliary etiology, 17
acute on chronic pancreatitis, 3 pancreas divisum, 4 pancreatic duct anomalies, 8 solid or cystic lesions
and 3 autoimmune conditions. EUS diagnostic gain over US + CECT was 71%.

US + MRCP: A combination of US and MRCP was performed in 31 patients (38%); of the 23 US + MRCP
missed diagnosis, 20 (87%) were identified at EUS: 4 biliary etiology, 9 acute flares on chronic pancre-
atitis, 1 pancreas divisum, 1 pancreatic duct anomalies, 4 solid or cystic lesions and 1 inflammatory-
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Table 1 Demographic and clinical features of the 64 patients analyzed

Missed EUS diagnosis, n =

Parameter n=81 EUS diagnosis, n = 64 17 P value
Male, n (%) 51 (63) 43 (67) 8 (46) 0.208
Age at enrollment, mean * SD, yr 61+18 62+18 59 +16

Previous cholecystectomy, 1 (%) 19 (23) 18 (28) 0 0.028
Recurrent pancreatitis, 1 (%) 14 (17) 14 (22) 0 0.101
One episode, 1 (%) 7(9)

> 2 episodes, 11 (%) 6(7)

Amylase, median (range) 468 (107-4988) 465 (123-4988) 500 (107-4753) 0.861
Lipase, median (range) 777 (87-23840) 774 (87-23840) 780 (96-12800) 0.914
Gamma-glutamyl transpeptidase, median 70 (9-1665) 70 (9-1665) 125 (11-640) 0.707
(range)

Alkaline phosphatase, median (range) 78 (32877) 78 (32-877) 90 (32-185) 0.707
Direct bilirubin, median (range) 0.7 (0.2-8.5) 0.4 (0.2-3) 0.7 (0.2-8.5) 0.933
Alanine aminotransferase, median (range) 34 (6-793) 34 (6-793) 33 (7-596) 0.488
Aspartate aminotransferase, median (range) 38 (11-704) 34 (11-704) 33 (15-301) 0.732
Abdominal US, 1 (%) 72 (89) 63 (98) 9 (54) <0.001
Abdominal CECT, 1 (%) 72 (89) 56 (88) 16 (94) 1.000
MRCP, 1 (%) 32 (39) 28 (44) 4(24) 0.220
EUS findings, n (%) NA NA NA
Normal (final IAP diagnosis) 17 (21)

Biliary 16 (20)

Microlithiasis / biliary sludge 9 (11)

Acute on chronic pancreatitis 25 (31)

Solid or cystic lesions 11 (14)

Pancreatic adenocarcinoma 4 (5)

Ampullary adenoma 2(3)

BD-IPMN with high-risk stigmata or 5(6)

worrisome features

Pancreas divisum 4 (5)

Ductal anomaly 4(5)

Autoimmune criteria 45

BD-IPMN: Branch-duct intraductal papillary mucinous neoplasms; CECT: Contrast enhanced computed tomography; IAP: Idiopathic acute pancreatitis;
MRCP: Magnetic resonance cholangiopancreatography; SD: Standard deviation; US: Ultrasound; EUS: Endoscopic ultrasound; NA: Not available.

autoimmune condition. EUS diagnostic gain over US + MRCP was 65%.

CECT + MRCP: CECT and MRCP were both performed in 27 patients; of the 21 CECT + MRCP missed
diagnoses, 17 (81%) were identified at EUS: 3 gallstone disease, 7 acute on chronic pancreatitis, 1
pancreas divisum, 1 pancreatic duct anomalies, 4 solid or cystic lesions and 1 autoimmune condition.
EUS diagnostic gain over CECT + MRCP was 63%.

US + CECT + MRCP: Finally, 25 patients (31%) received all 3 cross-sectional techniques, without
obtaining the AP etiological diagnosis in 19 cases; among them, EUS allowed a diagnosis in 17 (89%)
cases: 3 gallstone disease, 7 acute on chronic pancreatitis, 1 pancreas divisum, 1 pancreatic duct
anomalies, 4 solid or cystic lesions and 1 autoimmune condition. EUS diagnostic gain over US + CECT +
MRCP was 68%.
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Figure 1 lllustrative images of the main etiological diagnoses of acute pancreatitis obtained by endoscopic ultrasound. A:
Choledocholithiasis: endoscopic ultrasound (EUS) images of a small (3-4 mm) shadowing stone located in the distal common bile duct, obtained from the bulb (on the
left) and descending duodenum (on the right) stations; B: Early chronic pancreatitis: EUS image showed a lobular pancreatic parenchyma with hyperechoic strands
and foci, with hyperechoic margins of the Wirsung's duct, all of which are minor criteria for chronic pancreatitis; C: Anomalous pancreaticobiliary junction: EUS image
from the descending duodenum showed the confluence of Wirsung's duct and common bile duct into a long (15 mm) common channel (on the left). The anomaly was
then confirmed by retrograde cholangiopancreatography (on the right), also showing lithiasis of the distal part of the common channel; D: Pancreatic lesion: EUS
image of a small (15 mm) solid lesion located in the pancreatic head; the lesion appeared hypoechoic and with irregular / infiltrating margins and comes close to the
portal venous confluence. Histology confirmed a pancreatic adenocarcinoma; E: Pancreas divisum: EUS image from the descending duodenum showed a dominant
dorsal pancreatic duct (PD), draining in the minor papilla; F: Autoimmune pancreatitis: EUS image showed a diffuse hypoechoic pancreatic enlargement, with
hypoechoic parenchymal margins, at the level of the body (clearly visible the splenic vessels on the left). After contrast enhancement, the pancreas showed
homogeneous early hypervascularization. Histology obtained by fine-needle biopsy revealed inflammatory infiltrates, excluding cancer.

Jaishideng®

The percentage of types of EUS diagnosis after the different exam combinations are shown in Table 2.

Correlation between IAP diagnosis and clinical parameters

All patients without etiological diagnosis at EUS had no previous cholecystectomy compared to 28%
with EUS diagnosis (P = 0.028). Patients with a final diagnosis of biliary pancreatitis had higher baseline
median values of alanine aminotransferase (median value 154 vs 25, P = 0.010), aspartate aminotrans-
ferase (median value 95 vs 29, P = 0.018), direct bilirubin (median value 1.2 vs 0.6, P = 0.015), gamma-
glutamyl transpeptidase (median value 180 vs 48, P = 0.006) and alkaline phosphatase (median value
150 vs 72, P = 0.015) compared to patients with non-biliary diagnosis. After differentiating between
patients with or without previous cholecystectomy, these associations were maintained only for the
non-cholecystectomy group. Noteworthy, when differentiating between first-episode and recurrent
pancreatitis, chronic pancreatitis was the diagnosis at EUS in 21% and 82% of cases, respectively, a
difference that was statistically significant (P < 0.001).

Etiology-based therapeutic intervention and follow-up data

During the follow-up, 12 out of the 16 patients diagnosed with biliary pancreatitis had evidence of
choledocholithiasis; all of them underwent successful stone removal by endoscopic retrograde cholan-
giopancreatography (ERCP). Five out of the 25 patients with chronic pancreatitis underwent ERCP with
pancreatic sphincterotomy (5/5) and pancreatic duct stenting (2/5) because of the evidence of
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Table 2 Frequencies of acute pancreatitis etiologies at endoscopic ultrasound according to the type of previous negative exam/s

Type of previous negative exam/s

Type of AP etiology at EUS us CECT  MRCP  US+CECT US+MRCP CECT+MRCP ;i;: ECT +
Biliary; microlithiasis/biliary sludge ~ 20%; 10% 16%; 5% 17%; 17% 19%; 7% 18%; 18% 14%; 14% 16%; 16%
Acute on chronic 37% 29% 38% 32% 39% 33% 37%

Solid or cystic lesions 15% 14% 17% 15% 18% 19% 21%

Pancreas divisum 3% 6% 4% 5% 4% 5% 5%
Anomalous pancreaticobiliary 6% 6% 4% 7% 4% 5% 5%

junction

Autoimmune criteria 6% 3% 4% 5% 4% 5% 5%

Idiopathic 13% 26% 16% 17% 3% 9% 11%

AP: Acute pancreatitis; CECT: Contrast enhanced computed tomography; EUS: Endoscopic Ultrasound; MRCP: Magnetic resonance cholan-

giopancreatography; US: Ultrasound.
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Wirsung’s duct stenosis. Among the 11 patients with solid or cystic lesions as the cause of IAP, 4 were
treated surgically, while the others were evaluated for a neoadjuvant or palliative approach. The 4
patients with features of autoimmune pancreatitis began steroid therapy with a good response.

During the follow-up time, a further episode of acute pancreatitis was observed in 3 patients (3.7%).
Genetic tests for CFTR, SPINK-1 and PRSS1 mutations tested negative. All patients underwent EUS at
recurrence. Two of these already had an EUS diagnosis of pancreas divisum and anomalous pancreato-
biliary junction that were confirmed. The other had been initially diagnosed as idiopathic pancreatitis,
which remained idiopathic even after the EUS examination performed after recurrence.

DISCUSSION

Our study investigated the role of EUS in the etiological diagnosis of IAP. Overall, the diagnostic yield
of EUS for the identification of AP etiology was 80%, with 20% of patients with a final IAP diagnosis,
which is in line with previous literature data[20,21]. This result is in keeping with two previous
published meta-analyses reporting that EUS can detect a cause in most patients with IAP[8,22]. We
found a high diagnostic gain of EUS after all combinations of previous negative cross-sectional
techniques; interestingly, diagnostic gain remained remarkably high even after the combination of
CECT and MRCP. This result supports EUS as the technique of choice after a negative CECT if the
patient is suitable for endoscopic examination, while MRCP could be reserved for patients at elevated
risk for invasive procedures.

The most common etiologies identified at EUS were lithiasis, acute on chronic pancreatitis and solid
or cystic lesions. All the lithiasis identified at EUS after MRCP were microlithiasis/biliary sludge of
gallbladder or common bile duct compared with about half after CECT; this finding confirms the
superiority of EUS over MRCP in the identification of lithiasis of small size, as reported previously[9,21-
24]. An increase in transaminases is known to have a high positive predictive value for gallstone pancre-
atitis[25]. Interestingly, in our study, patients with biliary pancreatitis showed higher levels of liver
enzymes as compared to other types of diagnosis but only in the group without previous
cholecystectomy, while patients with previous cholecystectomy showed similar median values of liver
enzymes. This result seems to identify patients without prior cholecystectomy and with increased
transaminases as those at greatest risk of biliary pancreatitis and suggests that these patients could
benefit from EUS as the first diagnostic test, eventually followed by ERCP in the same session if the
diagnosis is confirmed[26-28].

Chronic pancreatitis was the most frequent diagnosis overall, with similar frequencies after all
combinations of previous cross-sectional imaging techniques. This data is in line with the current
evidence that EUS has the highest diagnostic performance in the identification of chronic pancreatitis
features[29,30]. This is especially true in the setting of early chronic pancreatitis where thanks to the
high resolution, EUS may detect subtle parenchymal and ductal changes such as irregular ductal
contour, side branch ectasia 21 mm and parenchymal lobularity, which are minor diagnostic criteria
according to the Rosemont criteria[31-34]. When differentiating between single episode or recurrent
pancreatitis at baseline, diagnosis of chronic pancreatitis was much more frequent in patients with
recurrent forms; this result supports the use of EUS as the first diagnostic technique for the identi-
fication of AP etiology in this subgroup of patients.
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Regarding solid lesions, all pancreatic carcinomas missed at CECT were 25 mm or less in size. This
data agrees with previous evidence showing a superiority of EUS over CECT for the diagnosis of small
pancreatic lesions[35-38]. Interestingly, the percentage of solid lesions identified at EUS was similar in
groups with or without previous MRCP, suggesting that this technique does not improve the ability to
diagnose small pancreatic lesions. The identification of solid pancreatic lesions, as well as cholelithiasis
or choledocholithiasis, not seen at previous examinations is of paramount importance since it
significantly changes the patient management and particularly the referral to surgery or ERCP. This is
especially true for small pancreatic cancers, which may be suitable for curative treatment. Most cystic
lesions were instead diagnosed after US and/or CECT failure. Indeed, as already demonstrated, MRCP
and EUS have comparable diagnostic accuracy for the assessment of cystic lesions[39], although EUS
can better identify some high-risk or worrisome features such as enhancing mural nodules or thickened
or enhancing cyst walls[40].

Pancreatic duct anomalies, including pancreas divisum and anomalous pancreaticobiliary junction,
were diagnosed at EUS in about 10% of cases. This percentage was the same even after the combination
of CECT and MRCP, corroborating a high sensitivity of EUS in obtaining a detailed study of the distal
portion of the pancreatic duct, as already reported in the literature[41,42]. In the meta-analysis by Wan
et al[22], EUS and MRCP were equally effective in identifying pancreas divisum, while MRCP after
secretin stimulation was superior to both techniques. However, due to increased costs and practical
issues, secretin-enhanced MRCP has failed to gain widespread United States use across radiology
practices[43] and is not routinely performed in our center.

Incidence of further AP episodes during the follow-up was low (3%) and related to non-modifiable
causes (one idiopathic form and one pancreatic duct anomaly). The endoscopic treatment of all
choledocholithiasis, followed by cholecystectomy when necessary, and of chronic pancreatitis when
indicated may have contributed to reducing the risk of pancreatitis recurrence.

The strengths of the study were the homogeneity of the population, the availability of detailed clinical
information and the availability of a long follow-up period after the treatment approach. The main
limitations were the small sample size and the retrospective nature of the study, with the need of
prospective, multicentric studies in order to delineate a diagnostic algorithm that optimizes the use of
EUS in AP.

CONCLUSION

In conclusion, our study supports the role of EUS as the technique of choice in IAP after failure of one or
more cross-sectional techniques including CECT and MRCP. We suggest the use of EUS as the first-level
technique in patients presenting with increased liver enzymes and with no previous cholecystectomy
and in the setting of recurrent pancreatitis. Given its high diagnostic yield, we also propose EUS as the
first-line investigation in all suitable patients presenting with IAP. Finally, larger and prospective
studies investigating not only the diagnostic but also the prognostic value of EUS in IAP are needed.

ARTICLE HIGHLIGHTS

Research background

Idiopathic acute pancreatitis (IAP) is a common condition and represents a diagnostic challenge because
up to 20% of patients with IAP have recurrent episodes and may evolve to chronic pancreatitis.
Endoscopic ultrasound (EUS) is highly effective in the etiological diagnosis of IAP, even after failure of a
previous imaging technique. A significant proportion of AP remains idiopathic even after multiple
imaging techniques, mainly including abdominal US, contrast-enhanced computed tomography (CECT)
and magnetic resonance cholangiopancreatography (MRCP).

Research motivation

The role of EUS in IAP has been established by multiple studies, including meta-analyses. However,
limited data are currently available about the diagnostic gain of EUS in cases of failure of multiple
previous imaging techniques.

Research objectives

The primary aim of the study was to evaluate the diagnostic gain of EUS after failure of US, CECT and
MRCP and particularly after different combination of these techniques. The secondary aims were to
assess the overall EUS diagnostic yield in IAP, to associate the baseline clinical features with the specific
IAP diagnosis and to analyze the frequency and types of AP recurrence during the follow-up.
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Research methods

We performed a retrospective, single-center study. We enrolled all consecutive adult patients
undergoing EUS for IAP over a 3-year period at the Ospedale Maggiore of Cremona. IAP was defined
when a clear etiology could not be identified after a thorough medical history, complete blood tests and
after performing at least one US, CECT or MRCP exam. The EUS diagnostic gain was calculated as the
percentage of additional diagnoses obtained at EUS over the total number of patients undergoing US,
CECT and/or MRCP.

Research results

Overall EUS diagnostic yield was 79%, with 21% of AP remaining idiopathic. This percentage is in line
with the current literature. Gallstone disease and chronic pancreatitis were the most frequent diagnoses
(20% and 31%, respectively). The EUS diagnostic gain over the associations of CECT + MRCP and US +
CECT + MRCP was 63% and 68%, respectively. This is a relevant result that confirms the superiority of
EUS in the etiological diagnosis of IAP, particularly in detecting microlithiasis and early signs of chronic
pancreatitis. In patients without a previous cholecystectomy and with a final diagnosis of biliary pancre-
atitis, higher baseline median values of liver enzymes were found. Moreover, in patients with recurrent
pancreatitis, chronic pancreatitis was the diagnosis in 82% of cases. These results suggest a high efficacy
of EUS in the etiological diagnosis of IAP in patients without previous cholecystectomy and with
recurrent pancreatitis. During a median follow-up of 31.5 mo, an additional episode of pancreatitis was
observed in 3.7% of patients.

Research conclusions

EUS has a high diagnostic yield in IAP. About two-thirds of patients with IAP without etiological
diagnosis with various combinations of US, CECT and MRCP received a diagnosis at EUS. This finding
confirms the superiority of EUS over these techniques and proposes EUS as the investigation of first
choice in all suitable patients. EUS shows the highest diagnostic gain in the setting of increased liver
enzymes with no previous cholecystectomy and in the setting of recurrent pancreatitis.

Research perspectives

The role of EUS in the etiological diagnosis of IAP has been established by multiple studies including
meta-analyses. Our study provided additional data supporting the high diagnostic gain of EUS in cases
of failure of multiple previous imaging techniques. Future research should focus on the prognostic
value of EUS in the setting of IAP, since patient management may change following the EUS diagnosis.
Large multicentric and prospective studies addressing this issue are needed.
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Abstract

BACKGROUND

The introduction of minimal invasive principles in colorectal surgery was a major
breakthrough, resulting in multiple clinical benefits, at the cost, though, of a
notably steep learning process. The development of structured nation-wide
training programs led to the easier completion of the learning curve; however,
these programs are not yet universally available, thus prohibiting the wider
adoption of laparoscopic colorectal surgery.

AIM
To display our experience in the learning curve status of laparoscopic colorectal
surgery under a non-structured training setting.

METHODS

We analyzed all laparoscopic colorectal procedures performed in the 2012-2019
period under a non-structured training setting. Cumulative sum analysis and
change-point analysis (CPA) were introduced.

RESULTS

Overall, 214 patients were included. In terms of operative time, CPA identified the
110* case as the first turning point. A plateau was reached after the 145* case.
Subgroup analysis estimated the 58" for colon and 52" case for rectum operations
as the respective turning points. A learning curve pattern was confirmed for
pathology outcomes, but not in the conversion to open surgery and morbidity
endpoints.

CONCLUSION
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The learning curves in our setting validate the comparability of the results, despite the absence of
National or Surgical Society driven training programs.
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Core Tip: In terms of operative time, the learning curve of a dedicated colorectal surgical team consists of
three phases. Change point analysis identified the 110™ case as the separation key-point of the first two
phases. A plateau was reached after the 145" case. Although we were able to confirm the presence of a
learning curve pattern in the histopathological endpoints, this was not the case for the open conversion and
morbidity outcomes. Formal training program initiatives are necessary for the safe and efficient
implementation of laparoscopic colorectal operations.
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INTRODUCTION

The introduction of minimal invasive principles in colorectal surgery, during the last two decades, was a
major breakthrough[1]. Multiple studies confirmed the advantages of a minimal invasive approach,
including reduced analgesic requirements, fewer complications, and a shorter recovery period[2].

Nonetheless, the accrual of these benefits depends on the completion of an elongated learning process
[3-5]. Due to the complexity of laparoscopic colorectal operations (LCRO) and the innate dexterity
requirements, the accumulation of the respective surgical skills is quite demanding[6-9]. Thus, like other
multi-leveled procedures, learning curves were universally adopted for the assessment of surgical
competency[10-13].

Although there is a remarkable heterogeneity in the turning points of learning curves for LCRO,
current evidence suggests that at least 100 consecutive operations are needed to obtain proficiency[14-
17]. During the initial phase, an analogous variation in endpoints, such as morbidity and open
conversion rates, is expected[3,18-24].

The determination of the individual elements that contribute to the elongation of the learning curve
was a major step towards the establishment of a safety and training culture in laparoscopic colorectal
surgery[14,23,25]. Subsequently, the development of structured nation-wide training programs
expedited the completion of the respective learning curves[26-28]. Among the various components of
these programs are the formation of specialized colorectal surgical groups, the conduction of hands-on
courses, and the introduction of mentor guidance during the first cases[26-29]. Unfortunately, these
initiatives are not yet implemented in all health systems, thus restraining the efficient dissemination of
the minimal invasive principles in colorectal surgery[9,24,30].

Therefore, we designed this study to analyze the laparoscopic colorectal surgery learning curves,
outside a formal national or surgical society driven training program.

MATERIALS AND METHODS

This study is a retrospective analysis of a prospectively collected database. Between January 2012 and
December 2019, data from all laparoscopic colorectal resections performed by a specialized colorectal
surgical team, were recorded in an institutional database. All patients, prior to their inclusion, provided
informed consent for data recording, analyses, and future publication. This study report follows the
STROBE guidelines[31].

The surgical team consisted of two consultant surgeons with previous experience in laparoscopic
general surgery (G.T. and 1.B.). Six months prior to the onset of the study, the surgeons attended both
national and international specialized formal courses and performed their initial operations under
proctoring. However, this learning process was not based on any national or scientific society training
program, due to the absence of such initiatives in Greece. The surgical team was also supported by a
dedicated pathology team responsible for the evaluation of the resected specimens.
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All operations were performed with four or five trocars. Dissection was completed using an energy
source. A medial to lateral approach was implemented in all patients. In case of malignancy, the
appropriate oncological principles (Complete mesocolic excision/ Total mesorectal excision CME/TME
and Central vascular ligation CVL) were followed. Splenic flexure mobilization was always performed
in left sided tumors. A structured pathology report was also provided.

All adult patients (age > 18 years) submitted to elective or semi-elective laparoscopic colorectal
surgery for benign or malignant disease were deemed as eligible. The following exclusion criteria were
considered: (1) Age < 18 years; (2) American Society of Anesthesiologists (ASA) score > III; (3)
Emergency surgery, e.g., for peritonitis and perforation; and (4) Cases not performed by the above-
mentioned surgical team.

The primary endpoint of our study was to identify the learning curve status of the operation duration
in patients submitted to LCRO. Subgroup analysis for colon (LCO) and rectal operations (LRO) was also
performed. Secondary endpoints included operative characteristics (complication and open conversion
rates) and specimen pathology quality outcomes. Postoperative complications were any Clavien Dindo
> 2 adverse events. The complexity of each operation was graded on the basis of the Miskovic et al[23]
classification system. Data extraction was completed by a group of senior researchers (.M., G.V., and
AV).

Statistical analysis

Prior to any statistical analysis, a Shapiro-Wilk normality test was applied to all continuous variables.
Since normality was not proven, a non-parametric approach was implemented. Mann-Whitney U test
was used for the comparison of continuous variables. Kruskal Wallis H test was applied in multiple
comparisons of continuous data. Categorical variables were analyzed by Pearson chi square test, while
proportions were evaluated by the Z test. Correlation was assessed through a Spearman’s rank-order
correlation test.

To identify variations in the changing rate of the studied variables and plot the respective learning
curve (LC), cumulative sum (CUSUM) analysis was performed. CUSUM analysis was applied to all
above-mentioned endpoints.

The CUSUM analysis plots that confirmed a significant LC pattern, were further evaluated by
change-point analysis (CPA). CPA allows the identification of even small trend shifts and provides the
respective statistical significance of each change. The CPA analysis incorporated the application of 1000
bootstraps, and a 50% confidence level (CL) for candidate changes.

The acceptable rate of missing values was < 10%. Missing data were handled using the multiple
imputation technique. Continuous data are reported in the form of median (interquartile range),
whereas categorical variables are provided as number (percentage). Significance was considered at the
level of P < 0.05. Statistical analyses were completed with STATA v.13 and SPSS v.23 software.

RESULTS

Patient characteristics are summarized in Table 1. Overall, 214 LCRO were included in the study. More
specifically, 76 (35.5%) right colectomies, 31 (14.5%) left colectomies, 26 (12.2%) sigmoidectomies, 72
(33.6%) low anterior resections (LAR), 7 (3.3%) ultra-LAR, and 2 (2.4%) abdominoperineal resections
(APR) were performed. Most of the cases displayed a level 1 (54.2%) or 2 (38.2%) complexity. Mean
operation duration was 180 and 200 min for LCO and LRO, respectively. The results of the correlation
analyses are reported in Supplementary Tables. The overall complication rate was 22.9%. Negative
resection margins were confirmed in 95.3% of the patients. A mesocolic and mesorectal resection plane
was achieved in 86.4% and 88.8% of cases, respectively.

Figure 1 illustrates the LCRO learning curve, in terms of operation duration. A declining trend of the
CUSUM plot, until the 109" case was noted, followed by an upwards shift and a maximum value at the
176™ case. CPA confirmed the 110" (CL: 100%) and 145" (CL: 99%) case turning points. On the basis of
these findings (Table 2), the LCRO LC was subdivided in three distinct phases (phase I: 1 to 109
operations; phase II: 110 to 144 operations; and phase III: 145 to 214 operations).

Figures 2 and 3 display the learning curve plots of LCO and LRO, correspondingly. Both LC patterns
were comparable. First successive cases resulted in a gradual decrease and the reach of a minimum,
followed by a consequent increment of the LC line. We confirmed that the 58" (CL: 99%) and 52 (CL:
100%) cases were the corresponding turning points of colon and rectal resections. Hence, we identified
two phases of the LCO and LRO learning curve (LCO phase I: 1 to 57 operations; LCO phase II: 58 to 133
operations; LRO phase I: 1 to 51 operations; LRO phase II: 52 to 81 operations).

Table 2 summarizes the eligible patient data and the study outcomes between the various LC phases.
LCRO phase III displayed a significant improvement in the specimen length (P < 0.001), the resection
distal margin (P < 0.001), and the lymph node yield (P = 0.016).

Subgroup analyses of the LC phases showed that surgical experience was correlated with the
specimen length in both LCO and LRO (P = 0.001 and P < 0.001, respectively). However, dexterity in
laparoscopic surgery increased the distal resection margin (P < 0.001) and number of excised lymph
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Table 1 Patient characteristics

Total Colon operations Rectal operations P value
n 214 133 81
Sex Male 128 (59.8%) 78 (58.6%) 50 (61.7%) NS
Female 86 (40.2%) 55 (41.4%) 31 (38.3%)
Age (yr) 70 (13) 71 (14) 68 (13) NS
BMI (kg/m?) 27 (5) 28 (5) 26.5 (4) NS
ASA score I 71 (33.2%) 35 (26.3%) 36 (44.4%) 0.021
I 117 (54.7%) 79 (59.4%) 38 (46.9%)
I 26 (12.1%) 19 (14.3%) 7 (8.6%)
Diagnosis Malignancy 206 (96.3%) 125 (94%) 81 (100%) NS
Diverticulitis 6 (2.8%) 6(4.5%) 0 (0%)
Volvulus 1(0.5%) 1(0.8%) 0 (0%)
Crohn'’s disease 1(0.5%) 1(0.8%) 0 (0%)
Previous operation 17 (7.9%) 13 (9.8%) 4(4.9%) NS
T 1 51 (24.8%) 33 (26.4%) 18 (22.2%) NS
2 63 (30.6%) 39 (31.2%) 24 (29.6%)
3 85 (41.3%) 47 (37.6%) 38 (46.9%)
4 7 (3.4%) 6 (4.8%) 1(1.2%)
N 0 153 (74.3%) 89 (71.2%) 64 (79%) NS
1 42 (20.4%) 30 (24%) 12 (14.8%)
2 11 (5.3%) 6 (4.8%) 5(6.2%)
M 0 205 (99.5%) 125 (100%) 80 (98.8%) NS
1 1(0.5%) 0 (0%) 1(1.2%)
Neoadjuvant modality 19 (9.2%) 2 (1.6%) 17 (20%) <0.001
Complexity level 1 116 (54.2%) 74 (55.6%) 42 (51.9%) 0.022
2 82 (38.2%) 44 (33.1%) 38 (46.9%)
3 6 (2.8%) 6(4.5%) 0 (0%)
4 10 (4.7%) 9 (6.8%) 1(1.2%)
Operation Right colectomy 76 (35.5%) 76 (57.1%) - <0.001
Left colectomy 31 (14.5%) 31 (23.3%) -
Sigmoidectomy 26 (12.1%) 26 (19.5%) -
Low anterior resection 72 (33.6%) = 72 (88.9%)
Ultra-low anterior resection 7 (3.3%) - 7 (8.6%)
Abdominoperineal resection 2 (1%) - 2(2.4%)
Emergency status Elective 212 (99.1%) 131 (98.5%) 81 (100%) NS
Semi-elective 2(0.9%) 2 (1.5%) 0 (0%)
Laparoscopic approach Totally laparoscopic 182 (85%) 127 (95.5%) 55 (67.9%) <0.001
Laparoscopy assisted 32 (15%) 6 (4.5%) 26 (32.1%)
Preoperative optimization Bowel preparation 191 (89.3%) 112 (84.2%) 79 (97.5%) 0.002
Antibiotic preparation 206 (96.3%) 127 (95.5%) 79 (97.5%) NS
Tattoo 51 (23.8%) 28 (21.1%) 23 (28.4%) NS
Extraction site Pfannenstiel 95 (44.4%) 40 (30.1%) 55 (67.9%) <0.001
WJGE | https://www.wjgnet.com 390 June 16,2022 | Volume14 | Issue6

JBaishideng®



Perivoliotis K ef al. Learning curve in laparoscopic colorectal surgery

Subumbilical 19 (8.9%) 4 (3%) 15 (18.5%)

Transumbilical 100 (46.7 %) 89 (66.9%) 11 (13.6%)
Anastomosis Stapled 159 (75%) 80 (60.2%) 79 (100%) <0.001

Handsewn 53 (25%) 53 (39.8%) 0 (0%)

Intracorporeal 112 (52.8%) 50 (37.6%) 62 (78.4%) <0.001

Extracorporeal 100 (47.1%) 83 (62.4%) 17 (21.5%)

Protective stoma 66 (30.8%) 9 (6.8%) 57 (70.4%) <0.001
Operation duration (min) 180 (51) 180 (50) 200 (60) <0.001
Open conversion 20 (9.3%) 6(4.5%) 14 (17.3%) 0.002
Transfusion 8 (3.7%) 4 (3%) 4(4.9%) NS
Tumor diameter (cm) 322 3(2) 3.75 (2.5) NS
Specimen length (cm) 20 (9) 21 (7) 15 (7) <0.001
Distal margin (cm) 5 (4.35) 5.25 (3.5) 4.5 (4.25) 0.01
Lymph nodes 17 (12) 19 (13) 15 (11) 0.004
Lymph node ratio 0(23) 0(4) 0(0) NS
Histological grade 1 40 (19.4%) 20 (16%) 20 (24.7%) NS

2 135 (65.5%) 89 (71.2%) 46 (56.8%)

3 31 (15%) 16 (12.8%) 15 (18.5%)
R status 0 204 (95.3%) 124 (99.2%) 80 (98.8%) NS

1 2(0.9%) 1(0.8%) 1(1.2%)
Resection plane Mesocolic/ mesorectal 183 (88.8%) 108 (86.4%) 75 (88.8%) NS

Intramesocolic/intramesorectal 19 (9.2%) 14 (11.2%) 5(6.2%)

Muscularis propria 4 (1.9%) 3(2.4%) 1(1.2%)
Extramural vascular invasion 54 (26.2%) 33 (26.4%) 21 (25.9%) NS
Perineural invasion 21 (10.2%) 13 (10.4%) 8(9.9%) NS
Mucous Focal 29 (14.1%) 20 (16%) 9 (11.1%) NS

Diffuse 20 (9.7%) 15 (12%) 5(6.2%)
Complications Total 49 (22.9%) 33 (24.8%) 16 (19.8%) NS

Wound infection 9 (4.2%) 5(3.8%) 4(4.9%) NS

Wound dehiscence 2(0.9%) 2 (1.5%) 0 (0%)

Leak 14 (6.5%) 10 (7.5%) 4 (4.9%)

Postoperative ileus 11 (5.1%) 8 (6%) 3(3.7%)

Urinary tract infection 2(0.9%) 0 (0%) 2(2.5%)

Urinary retention 2(0.9%) 1(0.8%) 1(1.2%)

Bleeding 3 (1.4%) 1(0.8%) 2(2.5%)

Pulmonary embolism 2(0.9%) 2 (1.5%) 0(0%)

ARDS 1(0.5%) 0 (0%) 1(1.2%)

Other 4 (1.9%) 4 (3%) 0 (0%)
Relaparotomy 11 (5.1%) 8 (6%) 3 (3.7%) NS
ICU 8 (3.7%) 5(3.8%) 3 (3.7%) NS
Mortality 5(2.3%) 4 (3%) 1(1.2%) NS
Length of hospital stay (d) 6(2) 6(2) 6(2) NS
Follow-up (mo) 2 (3.75) 2 (5.8) 2(2.5) NS
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nodes (P = 0.002) only in LCO.

Postoperative complication analysis (Supplementary Figures) in LCRO (P = 0.48), LCO (P = 0.419),
and LRO (P = 0.521) did not identify an LC pattern. Similarly, open conversion was not associated with
a learning curve pattern in any of the study subgroups (P = 0.3, P = 0.8, and P = 0.19, correspondingly).

Finally, the diagrams of the pathology endpoints are provided in Supplementary Figures. The 64
case (CL: 100%) was estimated as the turning point of the specimen length in colon resections. A plateau
was reached after the 99" case (CL: 94%). The respective turning point of the LRO was the 47" case.
There were no significant CPA turning points in the resected lymph node yield.

DISCUSSION

LC is defined as the schematic depiction of the fluctuation of an efficiency outcome, plotted over a
successive number of repetitions[27,29]. Among the various statistical methodologies that have been
employed for the LC evaluation are the group splitting, moving average, and CUSUM analysis[3,17,32,
33]. Following an introductory learning phase, the trainee is gradually performing operations of higher
complexity and difficulty[34,35]. Finally, once the iteration of the process does not affect the measured
variable, mastery is achieved[16,17,32]. As a result, estimation of the LC turning points is of paramount
importance in trend analysis[26].

The inherent divergence of the learning efficiency, alongside the discrepancy in the estimated LC
endpoints, resulted in a significant heterogeneity in the published LC outcomes[4,36]. To be more
specific, recent studies in laparoscopic colorectal surgery suggested that LC turning points fluctuate
between 10[32] and 200 cases[37].

Operation duration has been frequently introduced as the LCRO LC estimated variable[27,29,32].
Nonetheless, surgical expertise assessment, based solely upon operation duration, may result in biased
conclusions[27,29]. This is due to the fact that the overlapping surgical skills and the efficient collab-
oration between the assisting theater personnel can also impact the duration of a procedure[27,38,39].
Initial studies suggested that 23 operations may suffice for the standardization of operative time[9,24];
however, this was not validated in subsequent trials, where a 96-case margin was reported[23]. Our
results estimated the first LC cut-off point at the 110* case, which is in parallel with the previous
evidence.

Interestingly, we identified lower LC turning points during the individual assessment of both colon
and rectal operations (LCO: 58 cases; LRO: 52 cases). This discrepancy may be the result of the
combination of the two study subgroups. In particular, the estimated LC of a specific operation subtype
is usually shorter, since it incorporates fewer surgical steps. Despite the fact that previous surgical
competence, in either LCO or LRO, may accelerate the transposition of skills to the other, completion of
LCRO LC prerequisites the attainment of mastery in both operations. Therefore, LCRO LC is equal to
the summation of the two subgroup CUSUM plots.

The narrow working space, the lack of three-dimensional vision, and the fixed port positions further
enhance the LCRO surgical complexity and the risk of critical intraoperative events[29]. Consequently,
the learning curve status mat have a direct impact on perioperative morbidity[7,17,22,23]. Previous
reports estimated that a plateau in LCRO complication rate is achieved after 140 to 200 operations[23,
37]. However, we were not able to validate a LC pattern in perioperative morbidity. Similarly,
MacKenzie et al[4] suggested the absence of fluctuation in the perioperative complications rate during
the LC period. Nonetheless, these results may be due to an inadequate sample size, since larger cohorts
confirmed the presence of an LC pattern in perioperative morbidity[7,17,22,23,37].

Open conversion is considered in the case of a critical event that is not amendable by the ongoing
approach[17,19,32]. Typical examples include an intraoperative complication or the compromise of the
oncological principles[15,19,24,25]. Although not widely accepted, conversion turning point is estimated
at 61 successive operations[18,26,40]. A structured training program, though, may further reduce the
above-mentioned LC margin[18,26,40]. Even though our results were in accordance with previously
published reports[23], we did not confirm the presence of an LC trend in the open conversion rate.

Specimen-related endpoints are of paramount importance when evaluating the oncological efficacy of
an operation[6,14,36]; lymph node yield is the most prominent among them[6,14,36]. However, this can
be misleading since lymph node harvest can be affected by anthropometric and disease-related charac-
teristics[41]. Despite these, we confirmed the presence of a significant LC trend in the number of the
resected lymph nodes. Additionally, CPA validated the increase of the specimen length after the 64*
LCO and 47" LRO case, respectively. We did not introduce positive resection margin and non-
CME/TME dissection plane as an LC outcome, due to the scarcity of these events. Moreover, in case of
CME/ TME violation, an open conversion was performed to secure adherence to oncological principles.
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Table 2 Patient characteristics in different phases of the learning curve

Overall Colon Rectal

PhaseI (1-109)  Phasell (110-144)  PhaseIll (145-214)  Pvalue Phasel(1-57) PhaselIl (58-133)  Pvalue PhaseI(1-51) Phasell (52-81) P value

N 109 35 70 57 76 51 30
Sex Male 68 (62.4%) 24 (68.6%) 36 (51.4%) NS 37 (64.9%) 41 (53.9%) NS 30 (58.8%) 20 (66.7%) NS
Female 41 (37.6%) 11 (31.4%) 34 (48.6%) 20 (35.1%) 35 (46.1%) 21 (41.2%) 10 (33.3%)
Age (yr) 71.5 (12) 70 (13) 69.5 (14) NS 72 (14) 71 (13) NS 69.5 (12) 67 (16) NS
BMI (kg/m?) 27 (5) 28 (4) 27 (5) NS 28 (6) 28 (5) NS 26 (3) 27.5 (6) NS
ASA score I 36 (33%) 13 (37.1%) 22 (31.4%) NS 14 (24.6%) 21 (27.6%) NS 21 (41.2%) 15 (50%) NS
I 62 (56.9%) 16 (45.7%) 39 (55.7%) 35 (61.4%) 44 (57.9%) 27 (52.9%) 11 (36.7%)
111 11 (10.1%) 6 (17.1%) 9 (12.9%) 8 (14%) 11 (14.5%) 3 (5.9%) 4 (13.3%)
Diagnosis Malignancy 106 (97.2%) 34 (97.1%) 66 (94.3%) NS 54 (94.7%) 71 (93.4%) NS 51 (100%) 30 (100%) -
Diverticulitis 2 (1.8%) 1(2.9%) 3 (4.3%) 2(3.5%) 4 (5.3%) - -
Volvulus 1 (0.9%) 0 (0%) 0 (0%) 1 (1.8%) 0 (0%) - -
Crohn'’s disease 0 (0%) 0 (0%) 1(1.4%) 0 (0%) 1(1.3%) - -
Previous operation 13 (11.9%) 2 (5.7%) 2(2.9%) NS 9 (15.8%) 4(5.3%) 0.04 4(7.8%) 0 (0%) NS
T 1 24 (22.6%) 6 (17.6%) 21 (31.8%) NS 12 (22.6%) 21 (29.2%) NS 12 (23.5%) 6 (20%) NS
2 34 (32.1%) 7 ((20.6%) 22 (33.3%) 16 (30.2%) 23 (31.9%) 18 (35.3%) 6 (20%)
3 43 (40.6%) 20 (58.8%) 22 (33.3%) 21 (39.6%) 26 (36.1%) 20 (39.2%) 18 (60%)
4 5 (4.7%) 1(2.9%) 1(1.5%) 4(7.5%) 2(2.8%) 1(2%) 0(0%)
N 0 77 (74.5%) 25 (73.5%) 49 (74.2%) NS 36 (67.9%) 53 (73.6%) NS 41 (80.4%) 23 (76.7%) NS
1 23 (21.7%) 6 (17.6%) 13 (19.7%) 16 (30.2%) 14 (19.4%) 6 (13.7%) 5 (16.7%)
2 4 (3.8%) 3 (8.8%) 4 (6.1%) 1 (1.9%) 5 (6.9%) 3 (5.9%) 2 (6.7%)
M 0 106 (100%) 34 (100%) 65 (98.5%) NS 53 (100%) 72 (100%) - 51 (100%) 29 (96.7%) NS
1 0 (0%) 0 (0%) 1 (1.5%) - - 0 (0%) 1(3.3%)
Neoadjuvant modality 6(5.5%) 5 (14.3%) 8 (11.4%) NS 0 (0%) 2(2.6%) NS 6 (11.8%) 11 (36.7%) 0.008
Complexity level 1 50 (54.1%) 13 (37.1%) 44 (62.9%) NS 29 (50.9%) 45 (59.2%) NS 30 (58.8%) 12 (40%) NS
2 42 (38.5%) 20 (57.1%) 20 (28.6%) 21 (36.8%) 23 (30.3%) 20 (39.2%) 18 (60%)
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Operation

Emergency status

Laparoscopic approach

Preoperative optimization

Extraction site

Anastomosis

Operation duration (min)
Open conversion
Transfusion

Tumor diameter (cm)

Specimen length (cm)

3

4

Right colectomy

Left colectomy
Sigmoidectomy

Low anterior resection

Ultra-low anterior resection

Abdominoperineal resection

Elective
Semi-elective

Totally laparoscopic
Laparoscopy assisted
Bowel preparation
Antibiotic preparation
Tattoo

Pfannenstiel
Subumbilical
Transumbilical
Stapled

Handsewn
Intracorporeal
Extracorporeal

Protective stoma
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2 (1.8%)

6 (5.5%)
34 (31.2%)
10 (9.2%)
13 (11.9%)
46 (42.2%)
4(3.7%)

2 (1.8%)
109 (100%)
0 (0%)

98 (89.9%)
11 (10.1%)
107 (98.2%)
105 (96.3%)
36 (33%)
52 (47.7%)
12 (11%)
45 (41.3%)
85 (78.7%)
23 (21.3%)
57 (52.8%)
51 (47.2%)
38 (34.9%)
180 (50)

13 (11.9%)
5 (4.6%)
321)

16.25 (7.25)

1(2.9%)
1(2.9%)
13 (37.1%)
6 (17.1%)
2 (5.7%)
13 (37.1%)
1(2.9%)
0(0%)

35 (100%)
0(0%)

24 (68.6%)
11 (31.4%)
30 (85.7%)
33 (94.3%)
2 (5.7%)
15 (42.9%)
4 (11.4%)
16 (45.7%)
24 (70.6%)
10 (29.4%)
16 (47.1%)
18 (52.9%)
11 (31.4%)
220 (60)

2 (5.7%)

0 (0%)
44)

225 (6.5)

3 (43%)

3 (4.3%)
29 (41.4%)
15 (21.4%)
11 (15.7%)
13 (18.6%)
2 (2.9%)
0(0%)

68 (97.1%)
2(2.9%)
60 (85.7%)
10 (14.3%)
54 (77.1%)
68 (97.1%)
13 (18.6%)
28 (40%)
3 (4.3%)
39 (55.7%)
50 (71.4%)
20 (28.6%)
39 (55.7%)
31 (44.3%)
17 (24.3%)
180 (40)

5 (7.1%)

3 (43%)

394

NS

NS

0.009

<0.001

NS

0.002

NS

NS

NS

NS

<0.001

NS

NS

NS

<0.001

2(3.5%)
5 (8.8%)
34 (59.6%)
10 (17.5%)
13 (22.8%)

57 (100%)
0(0%)

56 (98.2%)
1 (1.8%)
56 (98.2%)
54 (94.7%)
17 (29.8%)
15 (26.3%)
2 (35%)
40 (70.2%)
34 (59.6%)
23 (40.4%)
18 (31.6%)
39 (68.4%)
3 (5.3%)
160 (48)
4(7%)

3 (53%)
3(1.5)

205 (8)

4(53%)
4(53%)
42 (55.3%)
21 (27.6%)
13 (17.1%)

74 (97.4%)
2 (2.6%)
71 (93.4%)
5 (6.6%)
56 (73.7%)
73 (96.1%)
11 (14.5%)
25 (32.9%)
2 (2.6%)
49 (64.5%)
46 (60.5%)
30 (39.5%)
32 (42.1%)
44 (57.9%)
6 (7.9%)
180 (40)

2 (2.6%)

1 (1.3%)
35 (2)

23 (8.75)

NS

NS

NS

0 (0%)
1(2%)

45 (88.2%)
4(7.8%)

2 (4%)

51 (100%)
41 (80.4%)

10 (19.6%)

<0.001 50 (98%)

NS

0.032

NS

NS

NS

NS

0.003

NS

NS

NS

0.001

50 (98%)
19 (37.3%)
37 (72.5)

9 (17.6%)
5 (9.8%)
50 (100%)
0 (0%)

38 (76%)
12 (24%)
34 (66.7%)
200 (50)

8 (15.7%)
1(2%)
14)

14.25 (3.75)
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0 (0%)

0 (0%)

27 (90%)
3 (10%)

0 (0%)

30 (100%)
14 (46.7%)
16 (53.3%)
29 (96.7%)
29 (96.7%)
4(13.3%)
18 (60%)
6 (20%)

6 (20%)
29 (100%)
0 (0%)

24 (82.8%)
5 (17.2%)
23 (76.7%)
220 (63)

6 (20%)

3 (10%)
30)

21 (6)

NS

0.002

NS
NS
0.021

NS

NS

NS

NS
0.003
NS
NS
NS

<0.001
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Distal margin (cm)
Lymph nodes
Lymph node ratio

Histological grade

R status

Resection plane

Extramural vascular invasion

Perineural invasion

Mucous

Complications

Relaparotomy

ICU

0
1

Mesocoli/ mesorectal

Intramesocolic/ intramesorectal

Muscularis propria

Focal

Diffuse

Total

Wound infection
Wound dehiscence
Leak

Postoperative ileus

Urinary tract infection

Urinary retention
Bleeding

Pulmonary embolism
ARDS

Other
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26 (24.5%)
60 (56.6%)
20 (18.9%)
105 (99.1%)
1(0.9%)
91 (85.8%)
12 (11.3%)
3 (2.8%)
30 (28.3%)
13 (12.3%)
11 (10.4%)
9 (8.5%)
28 (25.7%)
5 (4.6%)
1(0.9%)

8 (7.3%)

7 (6.4%)

2 (1.8%)
1(0.9%)
1(0.9%)
1(0.9%)

0 (0%)
3(2.8%)

5 (4.6%)

6 (55%)

7(2)
20 (19)
0(0.8)
1(2.9%)
27 (79.5%)
6 (17.6%)
33 (97.1%)
1(2.9%)
31 (91.2%)
3 (8.8%)

0 (0%)

7 (20.6%)
4 (11.8%)
12 (35.3%)
3(8.8%)
9(25.7%)
2 (5.7%)
1(2.9%)

4 (11.4%)
1(2.9%)
0(0%)

0 (0%)

0 (0%)
1(2.9%)

0 (0%)

0 (0%)
3(8.6%)

1(2.9%)

13 (19.7%)
48 (72.7%)
5 (7.6%)
66 (100%)
0(0%)

61 (92.4%)
4(6.1%)

1 (1.5%)
17 (25.8%)
4(6.1%)

6 (9.1%)

8 (12.1%)
12 (17.1%)
2(2.9%)
0(0%)
2(2.9%)

3 (4.3%)
0(0%)

1 (1.4%)

2 (2.9%)

0 (0%)

1 (1.4%)

1 (1.4%)

3 (4.3%)

1 (1.4%)

395

<0.001

0.016

NS

0.013

NS

NS

NS

NS

0.006

NS

NS

NS

NS

4(25)
15 (10)

0 (4.5)

10 (18.9%)
31 (58.5%)
12 (22.6%)
53 (98.1%)
1(1.9%)
43 (79.6%)
9 (16.7%)
2 (3.7%)
13 (24.5%)
7 (13.2%)
6 (11.3%)
7 (13.2%)
15 (26.3%)
1 (1.8%)

1 (1.8%)

5 (8.8%)
4(7%)

0 (0%)

0 (0%)
0(0%)

1 (1.8%)

0 (0%)

3 (53%)

2 (35%)

4(7%)
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7 (3.5)
22 (13)
0(3.8)

10 (13.9%)
58 (80.6%)
4(5.6%)
71 (100%)
0(0%)

65 (91.5%)
5 (7%)

1 (1.4%)
20 (27.8%)
6 (8.3%)
14 (19.4%)
8 (11.1%)
18 (23.7%)
4(5.3%)

1 (1.3%)

5 (6.6%)
4(53%)

0 (0%)
1(1.3%)

1 (1.3%)
1(1.3%)
0(0%)
1(1.3%)

6 (7.9%)

1(1.3%)

<0001 4 (4.25)
0.002 15 (10)
NS 0(0)

0.009 16 (31.4%)

27 (52.9%)

8 (15.7%)_

NS 51 (100%)
0(0%)

NS 47 (92.2%)
3(5.9%)
1(2%)

NS 16 (31.4%)

NS 6 (11.8%)

NS 4(7.8%)
2(3.9%)

NS 12 (23.5%)

NS 4(7.8%)
0(0%)
2(3.9%)
3 (5.9%)
2(3.9%)
1(2%)
1(2%)
0(0%)
0(0%)
0(0%)

NS 2 (3.9%)

NS 2(3.9%)
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5(4.5)
125 (15)
0(13.5)
4(13.3%)
19 (63.3%)
7 (23.3%)
29 (96.7%)
1(3.3%)
28 (93.3%)
2(6.7%)

0 (0%)

5 (16.7%)
2(6.7%)

5 (16.7%)
3 (10%)
4(13.3%)
0 (0%)

0 (0%)
2(6.7%)

0 (0%)

0 (0%)

0 (0%)
1(3.3%)

0 (0%)
1(3.3%)

0 (0%)
1(3.3%)

1(3.3%)

NS
NS
NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS
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Mortality

Length of hospital stay (d)

Follow-up (mo)

4(37%) 1(2.9%) 0 (0%) NS 3 (53%) 1 (1.3%) NS 1(2%)
6(2) 6@3) 6(2) NS 6(2) 6(2) NS 6(2)

2 (3.25) 0.65 (0) 6 (5) NS 2(3.3) 6.8 (4.4) NS 23)

0.27 (0)

NS

NS

0.032

BMI: Body mass index; ASA: American Society of Anesthesiologists; ARDS: Acute respiratory distress syndrome; ICU: Intensive care unit.
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A swift completion of the learning curve is needed, in order to capitalize on the LCRO advantages
[29]. Modular training enables the partitioning of the procedure in successive steps, each with its own
optimization requirements[18]. The introduction of advanced LCRO courses, mentor guidance, and
large operational volume exposure result in a considerable downgrade of the LC cut-off points[18,27].
These methods have been successfully enrolled in multiple national structured training programs, with
promising results[17,26]. Nonetheless, surgeons in healthcare systems that have not included LCRO in
their official guidelines, do not have access to similar training modules[22]. Therefore, the
implementation of LCRO in such settings is based on the individual training efforts of the involved
surgeons, with questionable, though, results.

In this study, we analyzed the pooled learning curve of two senior colorectal surgeons. LCRO
training was not structured and included course attendance and proctor guidance. Despite this,
previous experience in laparoscopic surgery and open colorectal resections could have impacted the
pooled LCRO LC turning points. Therefore, our results may not reflect the typical LC pattern of an
average surgical trainee.

Several limitations should be acknowledged, prior to the appraisal of our findings. First, despite the
statistical significance of several LC turning points, our study incorporated a relatively small sample
size. This prohibited further explanatory analyses, including risk-adjustment of the learning curves.
Moreover, the innate discrepancy in terms of patient and surgical characteristics, degraded the
significance of our results. Furthermore, another major source of bias could be the retrospective design
of our study. Finally, the fact that only two consultants were included in this study, prohibited the safe
extrapolation of these findings to a wider pool of colorectal surgeons and surgical trainees.

CONCLUSION

Overall, our study reported that the LCRO operation duration learning curve consists of three distinct
phases. CPA estimated that the 110" case is the cut-off point between the first two phases. Stabilization
of operative time is achieved after the 145" case. LCO and LRO subgroup analysis estimated the 58* and
527 case as the respective turning points. In contrast to the open conversion and morbidity outcomes, a
learning curve pattern was confirmed in pathology endpoints. The learning curves in our settings
validate the comparability of the results, despite the absence of National or Surgical Society driven
training programs. However, the initiation of a formal LCRO training policy is necessary for the safe
and efficient implementation of these procedures.
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Figure 1 Cumulative sum analysis of operation duration in laparoscopic colorectal operations. CUSUM: Cumulative sum; LCRO: Laparoscopic
colorectal operations.
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Figure 2 Cumulative sum analysis of operation duration in laparoscopic colon operations. CUSUM: Cumulative sum; LCO: Laparoscopic colon
operations.
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Figure 3 Cumulative sum analysis of operation duration in laparoscopic rectal operations. CUSUM: Cumulative sum; LRO: Laparoscopic rectal

operations.
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ARTICLE HIGHLIGHTS
Research background
The introduction of structured training programs results in an enhanced learning process in laparo-
scopic colorectal surgery.
Research motivation
National training programs are not widely available, thus constraining the efficient adaptation of
minimal invasive techniques in colorectal surgery.
Research objectives
To analyze the learning curve patterns in laparoscopic colorectal operations under a non-structured
training setting.
Research methods
A retrospective analysis of a prospectively collected database was performed. Cumulative sum analysis
and change point analysis were introduced for the evaluation of learning curve patterns.
Research results
In terms of operation duration, three learning curve phases were identified. A learning curve pattern
was also confirmed in pathology endpoints, but not in the open conversion and complications
outcomes.
Research conclusions
Laparoscopic colorectal operations under a non-structured training setting result in similar learning
patterns with the respective structured training curves.
Research perspectives
The introduction of formal training programs in laparoscopic colorectal surgery is necessary for the
safer and wider adoption of these techniques.
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Abstract

BACKGROUND

Pancreatic cystic lesions (PCLs) are common in clinical practice. The accurate classification and
diagnosis of these lesions are crucial to avoid unnecessary treatment of benign lesions and missed
opportunities for early treatment of potentially malignant lesions.

AIM

To evaluate the role of cyst fluid analysis of different tumor markers such as cancer antigens [e.g.,
cancer antigen (CA)19-9, CA72-4], carcinoembryonic antigen (CEA), serine protease inhibitor
Kazal-type 1 (SPINK1), interleukin 1 beta (IL1-B), vascular endothelial growth factor A (VEGF-A),
and prostaglandin E2 (PGE2)], amylase, and mucin stain in diagnosing pancreatic cysts and differ-
entiating malignant from benign lesions.

METHODS

This study included 76 patients diagnosed with PCLs using different imaging modalities. All
patients underwent endoscopic ultrasound (EUS) and EUS-fine needle aspiration (EUS-FNA) for
characterization and sampling of different PCLs.

RESULTS

The mean age of studied patients was 47.4 + 11.4 years, with a slight female predominance (59.2%).
Mucin stain showed high statistical significance in predicting malignancy with a sensitivity of
87.1% and specificity of 95.56%. It also showed a positive predictive value and negative predictive
value of 93.1% and 91.49%, respectively (P < 0.001). We found that positive mucin stain, cyst fluid
glucose, SPINK1, amylase, and CEA levels had high statistical significance (P < 0.0001). In contrast,
IL-1B, CA 72-4, VEGF-A, VEGFR2, and PGE2 did not show any statistical significance. Univariate
regression analysis for prediction of malignancy in PCLs showed a statistically significant positive
correlation with mural nodules, lymph nodes, cyst diameter, mucin stain, and cyst fluid CEA.
Meanwhile, logistic multivariable regression analysis proved that mural nodules, mucin stain, and
SPINK1 were independent predictors of malignancy in cystic pancreatic lesions.

CONCLUSION

EUS examination of cyst morphology with cytopathological analysis and cyst fluid analysis could
improve the differentiation between malignant and benign pancreatic cysts. Also, CEA, glucose,
and SPINK1 could be used as promising markers to predict malignant pancreatic cysts.

Key Words: Pancreatic cystic neoplasm; Mucinous cystic neoplasm; Intraductal papillary mucinous
neoplasm; Mucin stain; Amylase
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Core Tip: Nowadays, the awareness of pancreatic cystic lesions has become an essential issue, especially
with the increased incidence of asymptomatic pancreatic cysts in the general population. Therefore, the
proper diagnosis, meticulous differentiation, and staging of these pancreatic cystic lesions are crucial for
proper management and avoiding unnecessary treatment of benign lesions and missing early treatment of
the malignant/pre-malignant lesions. Endoscopic ultrasound examination of cyst morphology with
cytopathological and chemical analysis and cyst fluid analysis could improve the diagnostic capability.
Also, many developed markers are valuable for predicting a malignant pancreatic cyst.
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INTRODUCTION

Pancreatic cystic lesions (PCLs) are not rare; they vary from a simple benign cyst to a highly malignant
one[1]. Awareness of these lesions has increased in recent years, especially with the increased incidence
of asymptomatic pancreatic cysts in the general population primarily due to improved detection by
different advanced imaging modalities[2,3]. Therefore, the proper diagnosis, meticulous differentiation,
and staging of these PCLs are crucial for proper management and avoiding unnecessary treatment of
benign lesions and missing early treatment of the malignant/ pre-malignant lesions[4,5].

Endoscopic ultrasound (EUS) has become an indispensable tool for diagnosing many pancreatic
lesions; it has a benefit for better evaluation of number, location, dimensions, wall thickness, and the
content of pancreatic cysts. Also, it is crucial in distinguishing the internal septae and solid areas within
the cysts[6].

The morphological features of PCLs are not independent factors in differentiating malignant from
nonmalignant lesions. The combination of both EUS-fine needle aspiration (EUS-FNA) findings with
cystic fluid tumor marker analysis, along with clinical, radiologic, histologic, genetic, and molecular
characteristics, enhances the diagnostic accuracy for PCLs and helps to construct a novel model in the
era of PCL diagnosis[4].

Currently, many tumor markers, both in the serum and in pancreatic cyst fluid (CF), have been
widely studied as a tool for distinguishing mucinous/malignant and non-mucinous pancreatic cystic
lesions, such as carcinoembryonic antigen (CEA), cancer antigen (CA)19-9, CA125, CA15-3, and CA72-4
[7]-

MATERIALS AND METHODS

Study design and aims

In this single tertiary referral center prospective study, the samples were collected and stored, and then
all markers were detected in the same specimens in the same time. The study aimed primarily to
evaluate the role of cyst fluid amylase and tumor markers such as CA 19-9, CEA, serine protease
inhibitor Kazal-type 1 (SPINK1), IL1-B, CA 72-4, vascular endothelial growth factor A (VEGF-A), and
prostaglandin E2 (PGE2) in addition to mucin stain in diagnosing pancreatic cysts and differentiating
malignant from benign lesions.

Patients and recruitment
This prospective study was conducted on 76 patients diagnosed with PCLs using different imaging
modalities such as computed tomography (CT), EUS, abdominal ultrasound, or magnetic resonance
imaging (MRI). The candidates were recruited over 3 years from the Gastroenterology, Endoscopy, and
Hepatology Unit, Internal Medicine Department, Kasr Al-Ainy, Cairo University. Fluid analysis was
performed for CA 19-9, CA 72-4, CEA, VEGF-1, SPINK-1, IL1-b, PGE2, amylase, mucin stain, and
cytopathology. We compared these data with the final diagnosis based on histopathology after surgical
resection, positive cytopathology (positive for malignancy), and a long period of follow-up of the
patients for at least 18 mo.

All patients underwent EUS examination for cyst characterization and sampling of the cystic lesions.
All included patients were above 18 years of age. Patients included in this study were diagnosed with
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large pancreatic cysts (larger than 3 cm), suspicious intraductal papillary mucinous neoplasm (IPMN),
or pancreatic duct dilatation proved by magnetic resonance cholangiopancreatography. However,
patients with small cysts (less than 1 cm), calculous cholecystitis, a potential risk for anesthesia, or a
bleeding tendency (international normalized ratio > 1.5, or severe thrombocytopenia, with platelet count
< 50000/ mm?) and patients who refused to participate were excluded from the study. Also, those who
missed the follow-up were ruled out from the study. Our institution’s Research Ethical Committee
approved the study, and all patients gave their informed written consent before inclusion in the study,
according to the ethical guidelines of the 1975 Declaration of Helsinki.

Examination procedure

All the patients, after thorough full history taking and clinical examination, were subjected to: (1) EUS
examination using a linear Echoendoscope PENTAX EG3870UTK (HOYA Corporation, PENTAX Life
Care Division, Showanomori Technology Center, Tokyo, Japan) connected to an ultrasound unit Hitachi
AVIUS machine (Hitachi Medical Systems, Tokyo, Japan). All examinations were performed under deep
sedation with IV propofol. For EUS-FNA, we used the Cook 19G and 22G needles (Echotip; Wilson-
Cook, Winston Salem, NC). Prophylactic ceftriaxone (1 gm) was administered before the procedure; (2)
characterization of the PCLs. All the characteristics of the PCLs were documented, including
localization, number, dimensions, wall thickness, presence of septations or mural nodules, calcification,
lymph nodes, and cystic dilatation of the main pancreatic duct. The color, transparency, and viscosity of
the CF were also recorded; and (3) evacuation of the cystic fluid entirely with a single needle pass.
Aspirated material inside the needle was spread over dry slides. Also, a proportion of the fluid sample
(at least 2 mL) was sent for cytopathological examination, including mucin staining using alcian blue
stain. At least 5 mL of cyst fluid was analyzed for CEA, SPINK1, IL1-B, CA 72-4, VEGF-A, PGE2, and
CA-19-9 using two-site immunoassays (Beckman Coulter). Amylase was measured by the enzymatic
colorimetric assay on a modular system (Roche).

Cysts were considered malignant when any of the following is present: (1) Cytopathological detection
of malignancy; (2) presence of metastasis in the absence of other concomitant malignancies; (3) presence
of mural nodules that progress in size within 6 mo; and (4) postoperative pathological diagnosis of
malignancy if available. Cysts were considered benign when proved negative for malignancy by
cytopathological examination and follow-up for 18 mo without increasing its size, the appearance of
mural nodules or metastasis, or occurrence of obstructive jaundice.

The overall complication rate of EUS-FNA in the prospective series ranges from 0% to 2.5%[8]. Such
complications include pain, infection, bleeding, acute pancreatitis, perforation of the esophagus or
duodenum, bile peritonitis, and seeding of tumorous cells along the needle track[9]. Therefore, a
prophylactic antibiotic in the form of 1 gm IM or slow IV third-generation cephalosporin was
administered 6 h before the procedure. No major complications occurred in our series. However, self-
limiting intracystic bleeding occurred in one patient, and mild pain occurred in three patients. All
patients were discharged on the same day, and no hospital admission was needed.

Statistical analysis

Data management and analysis were performed using Statistical Package for Social Sciences v. 25.
Numerical data are summarized using the mean and standard deviation, median, or range, as
appropriate. Categorical data are summarized as numbers and percentages. Estimates of the frequency
were calculated using the numbers and percentages. Numerical data were explored for normality using
the Kolmogorov-Smirnov test and the Shapiro-Wilk test. To measure the association between variables:
(1) Chi-square or Fisher’s tests were used to compare independent groups concerning categorical data;
(2) kappa statistics were computed to test the agreement between categorical variables. Their values
ranged from zero to one; (3) the Mann-Whitney U test implemented comparisons between two groups
for non-normally distributed numeric variables; and (4) P value < 0.05 was considered significant.

RESULTS

This study included 76 patients [31 males (40.8%) and 45 females (59.2%)] with a mean age of 47.4 +11.4
years (Table 1).

EUS evaluation showed that most patients had a unilocular cyst (40 patients, 52.6%), while 36 patients
(47.4%) had a multilocular cyst. Mural nodules were found in 24 patients (31.6%). In addition, most
cysts had thin walls (77.6%) and clear contents (78.9%). Calcifications and lymph nodes were not found
in 92.1% and 82.9% of patients, respectively. The pancreatic duct was dilated in 10 patients (13.2%)

Table 2).

( Pancr)eatic cysts were diagnosed as being malignant/potentially malignant or benign in 38.2% and
61.8% of patients, respectively. Malignant cysts included mucinous cystadenocarcinoma (14.5%)
(Figure 1A) and pancreatic adenocarcinoma (5.3%). On the other hand, potentially malignant cysts
included IPMN with low (7.9%) and high-grade dysplasia (13.2%) and mucinous cystadenoma. Benign
cysts included serous and mucinous cystic neoplasms (17.1%), pseudocysts (39.5%) (Figure 1B), and
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Table 1 Descriptive data of included patients

Gender Number Percent (%)
Male 31 40.80%
Female 45 59.20%

Total 76 100%

Table 2 Endoscopic ultrasound findings of studied patients

EUS finding Number Percent (%)
Loculation Unilocular 40 0.526
Multilocular 36 0.474
Mural nodules No 52 0.684
Yes 24 0.316
Wall Thin Wall 59 0.776
Thick Wall 17 0.224
Content Clear 60 0.789
Turbid 16 0.211
Calcification No 70 0.921
Yes 6 0.079
LNs No 63 0.829
Yes 13 0.171
Pancreatic duct dilation No 66 0.868
Yes 10 0.132

EUS: Endoscopic ultrasound.

DOI: 10.4253/wjge.v14.i6.402 Copyright ©The Author(s) 2022.

Figure 1 Pancreatic body mucinous cystadenoma. A: Pancreatic body mucinous cystadenoma; B: Bilocular inflammatory pseudocyst in the gastric body.
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cystic lymphangioma (1.3%) (Table 3).

Evaluating PCLs using mucin stain to differentiate between mucinous and non-mucinous pancreatic
cystic lesions showed a sensitivity of 100%, specificity of 94%, and accuracy of 96.04% (Table 4). Also,
we found that there was high statistical significance for mucin stain in predicting malignancies with a
sensitivity of 87.1%, specificity of 95.56%, positive predictive value (PPV) of 93.1%, and negative
predictive value (NPV) of 91.49% (P value < 0.001) (Table 5).

The median CF CEA level was 90 (8.39- 2750) ng/mL. Also, the median CF SPINK1 level was 0.56
(0.35-0.97) ng/mL, and the median CF glucose level was 50 mg/dL (Table 6). When we categorized the
CF level of CEA above and below 192 ng/mL, the malignant/potentially malignant cysts were more
likely to have a CEA level above 192 ng/mL (P = 0.001), as shown in Table 7.

As shown in Table 6, CF CEA level and CF amylase were significantly higher in malignant/
potentially malignant cysts than in benign cysts with a median of 15.8 vs 6.4 and 130.5 vs 3060 (P = 0.004
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Table 3 Final diagnosis

Final diagnosis Number Percent (%)
Pancreatic pseudocyst 30 39.5
Pancreatic pseudocyst with WOPN 1 13

Serous cystadenoma 13 17.1
Mucinous cystadenoma 11 14.5

IPMN (high grade dysplasia) 10 13.2

IPMN (low grade dysplasia) 6 7.9
Pancreatic adenocarcinoma 4 5.3

Cystic lymphangioma 1 1.3

Total 76 100

IPMN: Intraductal papillary mucinous neoplasm; WOPN: Walled-off pancreatic necrosis.

Table 4 Mucin stain in detecting mucinous from non-mucinous pancreatic cystic lesions

Statistic Value 95%Cl
Sensitivity 100% 86.77% to 100%
Specificity 94% 83.45% to 98.75%
Positive likelihood ratio 16.67 5.56 to 49.93
Negative likelihood ratio 0

Disease prevalence 34.21% 23.71% to 45.99%
Positive predictive value 89.66% 74.31% to 96.29%
Negative predictive value 100%

Accuracy 96.05% 88.89% to 99.18%

Table 5 Mucin stain in detecting benign from malignant pancreatic cystic lesions

Statistic Value 95%ClI
Sensitivity 87.10% 70.17% to 96.37%
Specificity 95.56% 84.85% t0 99.46%
Positive likelihood ratio 19.60 5.02 to 76.47
Negative likelihood ratio 0.14 0.05 to 0.34
Disease prevalence 40.79% 29.65% to 52.67%
Positive predictive value 93.10% 77.58% to 98.14%
Negative predictive value 91.49% 81.12% to 96.41%
Accuracy 92.11% 83.60% to 97.05%

and 0.034, respectively). Also, CF amylase and CF CEA showed statistical significance in predicting
malignancy (P = 0.028 and < 0.001, respectively). Furthermore, the SPINK1 level in CF was significantly
higher in malignant/potentially malignant cysts compared to benign ones (0.91 vs 0.47, P = 0.001).
Meanwhile, glucose was markedly consumed in malignant/ potentially malignant cysts than in benign
cysts (21.5 vs 68.5, P = 0.0001) (Table 7).

Comparing different CF markers in predicting malignant PCLs among the studied patients revealed
that positive Mucin stain, CF glucose, SPINK1, amylase, and CEA showed high statistical significance (P
<0.0001, 0.0001, 0.001, 0.034, and 0.004, respectively). However, IL1-p, CA 72-4, VEGF-A, VEGFR2, and
PGE2 did not show any statistical significance (Table 8).
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Table 6 Cyst fluid carcinoembryonic antigen, serine protease inhibitor Kazal-type 1, and glucose level in studied patients

Biochemical test Median (IQR) Range
CEA (ng/ml) 90 (8.78- 1560) (5-100000)
SPINK1 (ng/ml) 0.56 (0.35-0.97) (0.1-232)
Glucose (mg/dI) 50 (10-84) (2-171)

IQR: Interquartile range.

Table 7 Cystic fluid analysis of malignant/potentially and benign cysts

Variable Benign group(n = 45) Malignant group(n = 31) P value
Mucin stain positivity 2 (4.4%) 27 (87.1%) <0.0001
Number (%)

Glucose (mg/dl) 21.5 (4-45) 68.5 (47-87) 0.0001
median (IQR)

IL1b (pg/mL) 0.37 (0.58) 0.34 (0.45) 0.845
(median, IQR)

CA 72-4 (U/mL) 6.36 (9.7) 7.4 (7.6) 0.323
(median, IQR)

VEGF-A (pg/ml) 707.8 (1056) 736.9 (2262) 0.866
(median, IQR)

VEGEFR?2 (pg/ml) 2.5 (5.3) 1.3 (3) 0.281
(median, IQR)

SPINKT1 (ng/ml) 0.91 (0.41-1.45) 0.47 (0.3-0.72) 0.001
median (IQR)

PGE2 (pg/ml) 307.2 (131) 409.7 (176) 0.121
(median, IQR)

CF amylase (U/L) 130.5 (353) 3060 (5191) 0.034
(median, IQR)

CF CEA (ng/ml) 6.4 (234) 15.8 (2532) 0.004
(median, IQR)

CEA (> 192 ng/mL) 15 5 0.001

CEA: Carcinoembryonic antigen; CF: Cyst fluid; IQR: Interquartile range; VEGFR2: Vascular endothelial growth factor receptor 2; SPINK1: Serine protease
inhibitor Kazal-type 1.

Univariate regression analysis showed a statistically significant association between malignancy in
PCLs and mural nodules, lymph nodes, cyst diameter, mucin stain, CF CEA, SPINK1, and CEA level >
192 ng/mL. In comparison, multivariable regression analysis proved that mural nodules, mucin stain,
SPINK1, and CEA level > 192 ng/mL were independent predictors of malignancy in cystic pancreatic
lesions (Table 9).

Receiver operating characteristic (ROC) curves were constructed to assess the diagnostic accuracy of
CF CEA, SPINK1, IL1-B, CA 72-4, VEGF-A, PGE2, and CA-19-9 in predicting malignant cysts. It revealed
that the area under the curve was comparable for CEA, glucose, and SPINK1 (0.75, 0.76, and 0.72,
respectively) (Figures 2A-C).

The sensitivity of EUS diagnosis in detecting malignant and premalignant pancreatic cysts was 66.7%,
while 69.2% for the specificity, 60% PPV, and 75% NPV with an overall accuracy of 68.2% (Table 10).

Out of 76 patients, two patients died. Both patients had pancreatic adenocarcinoma. Most of the
patients showed a stationary course (40 patients, 52.6%), and only three patients (3.9%) ran a regressive
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Table 8 Value of different variables in predicting malignancy

Variable Criterion Specificity Sensitivity PPV NPV Pvalue AUC
Age >35 0.244 1 0.4745 1 0.605 0.534
Mucin stain 0.9556 0.871 0.931 0.9149 <0.001 0913
Glucose (mg/dL) <42 0.7353 0.8478 0.76

IL1b (pg/mL) <113 0.209 0.9 0.4363 0.7464 0.761 0.521
CA 724 (U/mL) >4.3138 0.467 0.677 0.4657 0.678 0.32 0.567
VEGE-A (pg/mL) >1221.7 0.844 0.29 0.561 0.634 0.87 0.511
VEGER?2 (pg/ml) > 6.601 0.933 0.29 0.7482 0.657 0.301 0.573
SPINK1 (pg/L) 2058 0.6533 0.7059 0.708 0.623 0.72

PGE2 (pg/ml) >311.77 0.556 0.8 0.5529 0.802 0.102 0.683
CF amylase (U/L) > 270 0.71 0.711 0.629 0.781 0.028 0.644
CF CEA (ng/ml) >8 0.742 0.689 0.622 0.795 <0.001 0.761

CA: Cancer antigen; CF: Cyst fluid; VEGFR2: Vascular endothelial growth factor receptor 2; PPV: Positive predictive value; NPV: Negative predictive
value.
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Figure 2 Receiver operating characteristic curve analysis. A: Cyst fluid carcinoembryonic antigen level; B: Glucose level in cyst fluid; C: Cyst fluid serine
protease inhibitor Kazal-type 1 level. ROC: Receiver operating characteristic.

course, as demonstrated in Table 11. Two patients with inflammatory pseudocyst underwent a
percutaneous pig-tail insertion; one of them was complicated by abscess formation and proceeded to
surgery. Most of the patients required no intervention (56 patients, 73.7%). However, some patients
were referred to surgeries (17 patients, 22.4%), and only one patient underwent cystogastrostomy, as
demonstrated in Table 12.
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Table 9 Logistic regression analysis for predictors of malignancy in cystic pancreatic lesions

Variable Univariate analysis Multivariate analysis

OR (95%Cl) P value OR (95%Cl) P value
Age 1.06 (0.97-1.06) 04312
Mural nodules 6.6 (2.3-19.3) 0.0006 5.7 (1.37-24.6) 0.0172
Wall thickness 1.39 (0.47-4.124) 0.5514
LNs 11.82 (2.4-58.4) 0.0024 0.14 (0.006-3.3) 0.2219
Content 0.59 (0.18-1.923) 0.3851
Loculation 1.1 (0.43-2.68) 0.8826
Calcification 1.5 (0.28-7.97) 0.6342
Shortest Diameter 0.965 (0.94-0.99) 0.0189 1.06 (0.92-1.22) 0.4044
Longest Diameter 0.971(0.95-0.99) 0.0112 0.913 (0.81- 1.03) 0.1326
Mucin Stain 145 (24.8-847.2) <0.0001 82.4 (12.1-561) <0.0001
Glucose 0.97 (0.96-0.99) >0.001 0.99 (0.97-1.01) 048
IL1b (pg/mL) 0.91 (0.702-1.18) 0.496
CA 724 1.02 (0.98-1.053) 03017
VEGE-A 1.0001(0.99-1.0005) 0.5782
VEGFR2 1.14 (0.99-1.318) 0.0782
SPINK1 9.09 (2.62-31.59) 0.001 23.65 (3.10-180.62) 0.002
PGE2 (pg/mL) 1.01 (0.999-1.02) 0.0798
CF Amylase 1 (1-1) 0.8593
CF CEA 1.0003 (1.0001-1.0005) 0.0152 1.0001 (0.99-1.0006) 0.5978
CEA > 192 (ng/mL) 6.47 (2.05-20.42) 0.001 14.12 (2.39-83.22) 0.003

OR: Odds ratio; CI: Confidence interval; LNs: Lymph-nodes; CF: Cyst fluid; CA: Cancer antigen; CEA: Carcinoembryonic antigen; SPINK1: Serine protease
inhibitor Kazal-type 1; IL1-B: Interleukin 1 beta; CA 72-4: Human cancer antigen 72-4; VEGF-A: Vascular endothelial growth factor A; VEGFR2: Vascular
endothelial growth factor receptor 2, PGE2: Prostaglandin E2.

Table 10 Performance of EUS diagnosis for malignant/premalignant and benign cysts

Statistic Value 95%ClI
Sensitivity 0.6667 40.99% to 86.66%
Specificity 0.6923 48.21% to 85.67%
Positive predictive value 0.6 43.60% to 74.42%
Negative predictive value 0.75 59.79% to 85.82%
Accuracy 0.6818 52.42% to 81.39%
DISCUSSION
There are great challenges in diagnosing and managing PCLs that have become a common problem
faced by many physicians and surgeons[10]. Some PCLs have a malignant potential with a significant
risk of developing invasive cancer[11]. Therefore, the accurate classification and diagnosis of pancreatic
cysts provide a potential for preventing and early detection of pancreatic cancer. On the other hand,
misdiagnosis or unnecessary surgeries may lead to high cost and harm to the patients[10].
Unfortunately, imaging modalities such as CT and MRI have insufficient sensitivity and specificity to
characterize PCLs and provide a suboptimal classification and diagnosis due to poor interobserver
variability[12].
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Table 11 Follow-up data of studied patients

Follow-up Stationary Regressive No-recurrence Progressive Died
Pancreatic pseudocyst (1 = 30) 27 (35.5%) 3(3.9%) 0 0 0
Pancreatic pseudocyst with WOPN (n = 1) 0 0 1(1.3%) 0 0
Serous cystadenoma (1 = 13) 12 (15.7%) 0 1(1.3%) 0 0
Mucinous cystadenoma (1 = 10) 9 0 1(1.3%) 0 0
Mucinous cystadenocarcinoma (1 = 1) 0 0 0 1 0
IPMN (high grade dysplasia) (n = 10) 3 0 7 0 0
IPMN (low grade dysplasia) (1 = 6) 6 0 0 0 0
Pancreatic adenocarcinoma (1 = 4) 0 0 2 (2.6%) 0 2(2.6%)
Cystic lymphangioma (1 = 1) 1(1.3%) 0 0 0 0

Total (n = 76) 40 (52.6%) 3(3.9%) 5(6.5%) 0 2 (2.6%)

Table 12 Intervention required for studied patients

Intervention required No Surgery Pig-tail drainage Cysto-gastrostomy
Pancreatic pseudocyst (1 = 30) 26 (34.2%) 1(1.3%) 2(2.6%) 1(1.3%)

Pancreatic pseudocyst with WOPN (n = 1) 0 1(1.3%) 0 0

Serous cystadenoma (1 = 13) 12 (15.8%) 1(1.3%) 0 0

Mucinous cystadenoma (1 = 10) 9 (11.7%) 1(1.3%) 0 0

Mucinous cystadenocarcinoma (1 = 1) 1(1.3%) 0 0 0

IPMN (high grade dysplasia) (n = 10) 1(1.3%) 9 (11.8%) 0 0

IPMN (low grade dysplasia) (1 = 6) 6(7.9%) 0 0 0

Pancreatic adenocarcinoma (1 = 4) 0 4 (5.2%) 0 0

Cystic lymphangioma (1 = 1) 1(1.3%) 0 0 0

Total (n = 76)

56 (73.7%) 17 (22.4%) 2 (2.6%) 1 (1.3%)

JBaishideng®

EUS is considered the most sensitive tool in delineating the pancreatic cyst characteristics with the
capacity to identify the presence of mural nodules and solid components[13]. Also, it has a benefit in
enabling EUS-FNA for cytology[14]. Nonetheless, cytology still has a limited diagnostic yield with a
pooled sensitivity of 63% and specificity of 88%[15].

Owing to the limited diagnostic accuracy for different pancreatic cysts with the current diagnostic
modalities, analysis of the pancreatic CF obtained via EUS-FNA could improve the diagnostic accuracy
for pancreatic cysts and help determine the malignant potentiality. Therefore, there is still a growing
research interest in discovering and validating novel CF biomarkers that may improve diagnostic
accuracy. The present study was designed to determine the role of CF amylase and tumor markers such
as CA 19-9, CEA, SPINK1, IL1-B, CA 72-4, VEGF-A, and PGE2 in addition to mucin stain in diagnosing
pancreatic cysts and differentiating malignant from benign lesions.

The presence of solid components inside the cyst on imaging could be a significant predictor of
malignancy, as reported in many studies[16-18]. Also, we found that the presence of mural nodules was
highly predictive of malignancy in univariate and multivariate logistic regression analysis (P = 0.0006
and 0.0172, respectively) along with cyst diameter (P = 0.0189 for shortest diameter and 0.0112 for
longest diameter) and lymph node enlargement (P = 0.0024).

In a study conducted by Okasha et al[19] analyzing the CF amylase of 44 patients, they concluded that
pancreatic CF amylase level could differentiate between malignant/potentially malignant and benign
cysts with a sensitivity of 58%, specificity of 75%, PPV of 73%, NPV of 60%, and accuracy of 66%.

In our study, CF CEA level and CF amylase were significantly higher in malignant/potentially
malignant cysts than in benign cysts (P = 0.004 and 0.034, respectively). This finding agrees with other
studies stating that pancreatic CF CEA offers the best diagnostic performance than any other single test,
especially in differentiating mucinous and non-mucinous cysts[20].

A large multi-institutional study conducted on 1861 patients reported that CEA > 192 ng/mL could
differentiate mucinous from non-mucinous cysts with an accuracy of 77%[21]. Their findings are in
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concordance with our study that reported that the malignant/potentially malignant cysts had CEA
levels above 192 ng/mL (P = 0.001).

In CF, positive mucin stain was significantly more frequent in malignant cysts (87.1%) (P < 0.0001).
Twenty-seven cysts were positive for mucin stain, with a sensitivity of 87.1% and specificity of 95.56% in
differentiating benign from malignant PCLS. Also, mucin staining differentiates mucinous from non-
mucinous cysts with a sensitivity and specificity of 100% and 94%, respectively. The results in the
current study were more compatible with an Egyptian study by Okasha and his colleagues. They
showed that pancreatic CF positive mucin stain was 85% sensitive and 95% specific in detecting
mucinous or non-mucinous pancreatic cysts with a 92% PPV, 91% NPV, and 91% accuracy. Also,
positive mucin staining was 63% sensitive and 97% specific in differentiating malignant/potentially
malignant from benign pancreatic cysts with a PPV of 96%, NPV of 72%, and overall accuracy of 80%.
This outcome is in concordance with a recent study by Okasha and his colleagues that showed that a CF
positive mucin stain has a sensitivity of 85.5% and specificity of 86.1% for detecting mucinous cystic
neoplasm with a 72.3% PPV, 93.3% NPV, and 85.9% accuracy[4]. Many studies also reported that the
mucin staining could be complementary to cyst CEA levels and cytology, and when one out of three
was found to be positive, this increases the sensitivity to 92% and specificity to 52%, as in a study
conducted by Morris-Stiff et al[22].

In our study, CF glucose was markedly consumed in malignant/potentially malignant cysts than in
benign cysts (21.5 vs 68.5, P = 0.0001). Since glucose is a simple and cheap biomarker, it could be used as
a marker for differentiation between benign and malignant pancreatic cysts with a relatively low cost
[23-25].

In 2004, Raty et al[26] were the first to evaluate the role of CF SPINKI in differentiating potentially
malignant from benign cysts. They reported that the SPINK1 level was higher in malignant/ potentially
malignant than in benign cystic pancreatic lesions (1609 * 418 vs 46 + 21 ug/L; P = 0.0001). These
findings matched our study that showed that SPINKI1 level was higher in malignant/potentially
malignant cysts than in benign ones (0.91 vs 0.47, P = 0.001) with a sensitivity and specificity of 70.59%
and 65.33%, respectively (Table 8).

In our study, mural nodules, cyst diameter, lymph node enlargement, mucin stain, CF CEA, SPINK1,
and glucose measurements in CF were highly predictive of malignancy in univariate analysis. In
comparison, only mural nodules, mucin stain, and SPINK1 were highly predictive of malignancy in
multivariate analysis.

Of all these markers measured in CF, CEA, glucose, and SPINK1 were independent predictors of
malignancy, suggesting that these markers could help differentiate potentially malignant cysts from
benign cysts.

The analysis of recent markers - not investigated in this study - such as CF DNA is recommended for
future research because it might add more diagnostic value in differentiating benign from malignant
cysts.

CONCLUSION

Conclusion

EUS examination of cyst morphology with cytopathological and chemical analysis and CF analysis
could improve the differentiation between malignant and benign pancreatic cysts. Also, CEA, glucose,
and SPINKT1 are valuable markers for predicting a malignant pancreatic cyst.

Recommendations

Further studies addressing new markers are recommended, which will provide a panel of laboratory
data to recognize the malignant and potentially malignant lesions to establish a standard protocol for
diagnosis and management. Also, CF DNA is considered a potential diagnostic agent with particular
possible use in differentiating between benign and malignant cysts. Further investigation regarding this
biomarker is recommended.

ARTICLE HIGHLIGHTS

Research background

Nowadays, the awareness of pancreatic cystic lesions has become an essential issue, especially with the
increased incidence of asymptomatic pancreatic cysts in the general population. Therefore, the proper
diagnosis, meticulous differentiation, and staging of these pancreatic cystic lesions (PCLs) are crucial for
proper management and avoiding unnecessary treatment of benign lesions and missing early treatment
of the malignant/ pre-malignant lesions. Endoscopic ultrasound (EUS) examination of cyst morphology
with cytopathological and chemical analysis and cyst fluid analysis could improve the diagnostic
capability. Also, many developed markers are valuable for predicting a malignant pancreatic cyst.
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Research motivation

EUS examination of cyst morphology with cytopathological and chemical analysis and cyst fluid
analysis could improve the differentiation between malignant and benign pancreatic cysts. Also,
carcinoembryonic antigen (CEA), glucose, and the serine protease inhibitor Kazal-type 1 (SPINK1) are
valuable markers for predicting a malignant pancreatic cyst.

Research objectives

To evaluate the role of cyst fluid analysis of different tumor markers such as cancer antigens (e.g., CA19-
9 and CA72-4), carcinoembryonic antigen (CEA), SPINK1, interleukin 1 beta (IL-1p), vascular
endothelial growth factor A (VEGF-A), prostaglandin E2 (PGE2), amylase, and mucin stain in
diagnosing pancreatic cysts and differentiating malignant from benign lesions.

Research methods
This study included 76 patients diagnosed with PCLs using different imaging modalities. All patients
underwent EUS and EUS-FNA for characterization and sampling of different PCLs.

Research results

The mean age of studied patients was 47.4 £ 11.4 years, with a slight female predominance (59.2%).
Mucin stain showed high statistical significance in predicting malignancy with a sensitivity of 87.1%
and specificity of 95.56%. It also showed a positive predictive value and negative predictive value of
93.1% and 91.49%, respectively (P < 0.001). We found that positive mucin stain, cyst fluid glucose,
SPINK1, amylase, and CEA levels had high statistical significance (P < 0.0001). In contrast, IL-13, CA 72-
4, VEGF-A, VEGFR?2, and PGE2 did not show any statistical significance. Univariate regression analysis
for prediction of malignancy in PCLs showed a statistically significant positive correlation with mural
nodules, lymph nodes, cyst diameter, mucin stain, and cyst fluid CEA. Meanwhile, logistic
multivariable regression analysis proved that mural nodules, mucin stain, and SPINK1 were
independent predictors of malignancy in PCLs.

Research conclusions

EUS examination of cyst morphology with cytopathological analysis and cyst fluid analysis could
improve the differentiation between malignant and benign pancreatic cysts. Also, CEA, glucose, and
SPINKT1 could be used as promising markers to predict malignant pancreatic cysts.

Research perspectives

Further studies addressing new markers are recommended, which will provide a panel of laboratory
data to recognize the malignant and potentially malignant lesions to establish a standard protocol for
diagnosis and management. Also, cyst fluid DNA is considered a potential diagnostic agent with
particular possible use in differentiating between benign and malignant cysts. Further investigation
regarding this biomarker is recommended.
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