
https://pure.eur.nl/en/publications/80640ebc-ed09-45b4-b744-e9d6f6fd5faa


Exploring Quality of Endoscopic Ultrasonography  
in Clinical Practice

Rutger Quispel



Exploring Quality of Endoscopic Ultrasonography in Clinical Practice

' R.Quispel, the Netherlands 2022

Design cover by Rutger Quispel

Photography cover: Anouk AndrØ de la Porte-van Kempen

Artwork by mindthegraph, Lola Quispel and Rutger Quispel

Layout and print by Proefschrift Maken || www.proefschriftmaken.nl

ISBN 978-94-6423-668-2

The work presented in this thesis was conducted at the Departments of Gastroenterology and Hepatology, Reinier 
de Graaf Gasthuis, Delft and ErasmusMC University Medical Center Rotterdam, The Netherlands.

All rights reserved. No part of this thesis may be reproduced, distributed, stored in a retrieval system, or transmitted 
in any form or by any means, without the written permission of the author or, when appropriate, the publisher 
holding the copyrights of the published manuscripts.

Financial support for printing this thesis was provided by Dr. Falk Pharma Benelux B.V. and the scienti�c council 
and board of directors Reinier de Graaf Gasthuis



Exploring Quality of Endoscopic Ultrasonography  
in Clinical Practice

Kwaliteitsexploraties van endo-echogra�e in de klinische praktijk

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de
Erasmus Universiteit Rotterdam

op gezag van de
rector magni�cus

Prof.dr. A.L. Bredenoord

en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op

woensdag 6 april 2022 om 15.30 uur

door

Rutger Quispel

geboren te Schiedam 

 

 

 

 

 

  



PROMOTIECOMMISSIE

Promotor	  Prof.dr. M.J. Bruno

Overige leden 	 Prof.dr. M.C.W. Spaander
	 Prof.dr. H.C. van Santvoort
	 Prof.dr. F.J. van Kemenade

Copromotoren	 Dr. L.M.W.J. van Driel
	 Dr. B.J. Veldt



Table of Contents

Chapter 1	 Introduction and outline of the thesis	 7

Section 2	 EUS in patients with suspected bile duct stones	 19

Chapter 2	 The utility and yield of endoscopic ultrasonography for suspected 
choledocholithiasis in common gastroenterology practice	 21

Chapter 3	 Do endosonographers agree on the presence of bile duct sludge 
and the subsequent need for intervention?	 33

Chapter 4	 The prevalence of bile duct sludge in patients with suspected bile 
duct stones	 51

Section 2	 EUS guided tissue acquisition in solid lesions of the pancreas	 59

Chapter 5	 Collaboration of community hospital endosonographers improves 
diagnostic yield of endoscopic ultrasonography guided tissue 
acquisition of solid pancreatic lesions	 61

Chapter 6	 Diagnostic yield and agreement on �ne-needle specimens from 
solid pancreatic lesions: comparing the smear technique to liquid- 
based cytology	 77

Chapter 7	 Cumulative sum learning curves guiding multicenter 
multidisciplinary quality improvement of EUS-guided tissue 
acquisition of solid pancreatic lesions	 93

Chapter 8	 Nationwide analysis of diagnostic accuracy of EUS-guided tissue 
acquisition prior to resection of pancreatic carcinoma	 121

Chapter 9	 Summary and discussion	 141

Chapter 10	 Samenvatting en discussie	 155

Section 3	 Appendices	 169

	 List of abbreviations	 173
List of publications not included in this thesis	 174
Contributing authors	 176
Portfolio	 182
Curriculum vitae	 186
Dankwoord	 187



1980s

1990s

2015-2020??

1
CHAPTER 1



1980s

1990s

2015-2020??

Introduction and outline of the thesis1



8 | Chapter 1



From radial EUS to EUS guided tissue acquisition

In 1980 a �rst article was published on a novel endoscopic technique called �endoscopic 
ultrasonography� (EUS). Di Magno et al from the Mayo Clinics described the use of a side-
viewing gastroscope with an ultrasound probe mounted to its tip, a device they named 
�ultrasonic endoscope�, in dogs[1]. These �rst echo-endoscopes created an ultrasound 
image from the around the ultrasound probe by projecting an ultrasound beam similar 
to the way a lighthouse projects its� light beam (Figure 1a and b). Olympus Company 
from Tokyo, Japan, manufactured the �rst commercially available prototype of an 
echoendoscope. These had been distributed to leading endoscopy centers around the 
world to gain experience and insight into the potential of this new technique[2]. This led 
to the �rst publications on radial endosonography in humans in the early 1980s, describing 
the endosonographic structure of the normal and pathologically altered gastrointestinal 
wall (Figure 2.) [3,4]. In 1984 Tio and Tytgat considered the possibility of using the biopsy 
channel of the echoendoscope for cytological puncture[5]. They hypothesized EUS guided 
tissue acquisition to be a valuable adjunct to the diagnostic value of EUS, although they 
also considered this di�cult because of the perpendicular orientation of working channel 
and ultrasound beam in radial-scanning echoendoscopes.

In 1990 PENTAX introduced linear array endosonography[6]. In contrast to radial-scanning 
echoendoscopes, the ultrasound beam in these scopes is oriented alongside the endoscope 
and in the direction of its working channel (Figure 3a and b). The changed orientation of the 

Figure 1a. Schiermonnikoog Lighthouse	 Figure 1b. Radial-array echoendoscope
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ultrasound beam allowed for introduction of a needle through the working channel into 
a lesion visualized with ultrasound. The �rst publication on Endoscopic Ultrasonography 
(EUS) guided Tissue Acquisition (TA) of solid pancreatic lesions was by Peter Villmann, from 
Kopenhagen, Denmark in 1992[7].

Types of publications and evidence on EUS

Initial publications on novel developments in healthcare usually consist of animal studies, 
followed by case reports and case series describing the use in humans focusing on safety 
and feasibility. For radial- and later linear EUS, these data were mainly published in the 80s 

Figure 2a. EUS in vivo showing hypoechoic structure in the mucosa and submucosa (t) without penetrating into 
the muscularis propria bordering the normal gastric wall structure at both sides. 2b. Corresponding histology 
of the resection specimen showing early gastric cancer (t) bordering the normal gastric wall. The resemblance 
between the EUS image and the corresponding histology is obvious.

Reproduced with permission from publisher and authors from: Endoscopic Ultrasonography of Normal and 
Pathologic Upper Gastrointestinal Wall Structure: Comparison of Studies in Vivo and in Vitro with Histology. 
Scandinavian Journal of Gastroenterology 1986 vol 21. Article DOI: 10.3109/00365528609091859.
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and 90s of the previous century. As EUS was being studied extensively in the following years, 
multiple publications on use and yield of EUS in di�erent diseases came to light. In the late 
90s of the 20th century, radial EUS had established itself as a tool for staging malignancies 
in and around the gastrointestinal tract, although this was debated by some[8]. In the 
�rst decade of the 21st century, the possibility of EUS guided TA, �rmly established and 
expanded the role of EUS in clinical practice. This was con�rmed by several randomized 
trials and meta-analyses, summarizing evidence from previous publications on speci�c 
topics such as the use of EUS in patients with suspected bile duct stones or the use EUS in 
patients suspected to have pancreatic cancer [9-12]. Nowadays, (inter)national endoscopy 
societies regularly publish evidence based guidelines on the use of EUS, aiming to guide 
practitioners throughout the world, on when and how to use EUS [13-16].

Developments in EUS

During the past 30 years, the pioneers and early adopters of EUS (most of them academic 
tertiary care facilities throughout the world), have studied EUS and a large sequence of new 
techniques and developments concerning EUS. Which type and diameter of EUS-needle 
should be used in speci�c types of lesions? Should suction be applied, when performing 
EUS guided TA? Does on-site cytopathological evaluation (ROSE) help to get better samples? 
Are liquid-based cytology techniques (Cellblock or Thinprep) helpful in getting a tissue 
diagnosis? What is the role of next generation sequencing (NGS) as an adjunct to EUS 
guided TA in suspected pancreatic cancer? These, and other important questions on the 
use and yield of EUS and additional techniques have been addressed and are summarized 

Figure 3a. Linear-array echoendoscope	 Figure 3b. EUS-guided tissue acquisition of solid 
	 pancreatic lesion from the stomach using linear-array
	 echoendoscope
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