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Gastrointestinal endoscopy is one of the cornerstones in daily gastroenterological 
practice. Through combined efforts of gastroenterologists, scientists and manufactur-
ers, increasing knowledge and major technical developments continuously expand the 
diagnostic and therapeutic possibilities of endoscopic procedures. When new devices 
or techniques are introduced or known devices are being used for a new indication, 
knowledge about their feasibility, effectiveness, safety and cost-effectiveness needs 
to be collected. After assessment of all these factors and introduction of the device or 
technique in general practice, further improvements can be made.

The aims of this thesis were to assess safety and efficacy of new devices before these 
devices are introduced in daily clinical practice and to thoroughly investigate various 
aspects of techniques that are already routinely used in clinical practice.

Part 1: endosCoPiC ultrasound

Endoscopic ultrasound (EUS) was first introduced in the early 1980s to support detec-
tion of pancreatic cancer. Over the following years, the technique was further refined 
and experience expanded. Also, endoscopy image quality and endoscope handling 
characteristics improved. With the introduction of new transducers and a wider range 
of scanning frequencies, image quality of EUS improved further. Nowadays, no other 
imaging modality provides such detailed images of lesions in or adjacent to the gastro-
intestinal tract. Improvement in imaging quality resulted in new possibilities, such as 
the possibility to detect and accurately measure small lesions. Recently, a comparative 
study showed that EUS was better than MRI for the detection of small pancreatic neuro-
endocrine tumors (pNETs) associated with multiple endocrine neoplasia syndrome type 
1 (MEN1).1 Such pNETs are found in 30-75% of MEN1 patients and are associated with an 
increased risk of MEN1-related premature death.2-5 Functional pNETs are often surgically 
removed if medical therapy fails.6 Guidelines advice surgical removal of non-functional 
pNETs >2 cm, and to consider removal of lesions 1-2 cm in order to prevent metastases.7-9 
In practice, imaging is performed annually in order to detect significant growth, because 
growth rates of small pNETs in MEN1 are largely unknown. EUS is considered superior 
to noninvasive image modalities for detecting subtle growth.10,11 In Chapter 2, a large 
cohort of patients undergoing pancreatic surveillance for MEN1 syndrome was included 
to assess growth rate of small pNETs with EUS.

The first echoendoscopes had radial transducers, which send sound waves in all 
directions and produce images perpendicular to the axis of the endoscope. A few years 
after its introduction, a curved linear array echoendoscope was developed, which cre-
ates ultrasound images parallel to the axis of the instrument channel. Using a linear 
echoendoscope, a needle can be advanced through the endoscope instrument channel 



Chapter 1

12

and tissue samples can be obtained during real-time EUS-visualization. EUS-guided 
fine-needle aspiration (EUS-FNA) is commonly used for diagnosing and staging gas-
trointestinal and thoracic malignancies and benign diseases, such as sarcoidosis and 
reactive lymphadenopathy.12-17 Since the introduction of EUS-FNA, many adjustments 
to the technique have been the subject of research. Some alterations in the technique, 
e.g. moving the needle up and down >10 times and in a fanning motion as opposed to 
going straight up and down, have led to an improved diagnostic yield.18 The application 
of other variations in FNA technique are debated and their benefit is still unclear.19-24 
One subject of debate is whether direct evaluation of a smear by a cytotechnician in the 
room during fine-needle aspiration is beneficial. The rationale is that rapid assessment 
of the sample to determine quality and origin of the sample improves diagnostic yield. 
Until recently, no randomized comparison studying the benefit of having a cytotech-
nician on-site has been reported.25-31 Recently however, a well performed clinical trial 
showed no clinical benefit of having a cytotechnician on-site when targeting pancreatic 
lesions.32 In Chapter 3, we show the results of the first randomized trial evaluating the 
role of a cytotechnician on-site when targeting lymph nodes.

Another aspect of EUS-FNA that is debated is the method of processing samples. Most 
commonly, samples are smeared out over glass slides, fixed with alcohol or air-dried, and 
then stained. An alternative method is to put the sample in an empty vial or hemolytic 
solution after which the sample can be processed using various techniques; cut samples 
directly, fix samples in paraffin and then cut the paraffin block in small slices, or process 
the sample to a thin cell layer. Thereafter, multiple stains can be performed. Results 
from studies comparing cytology smears with histologically-like processed sampled are 
contradictory.33-38 In our center, glass slides are prepared as standard, and histologic pro-
cessing is performed additionally at the discretion of the endosonographer. In Chapter 
4, we compare cases with only glass slides with cases in which both glass slides and 
histologically processed samples were obtained.

As opposed to aspirating material, a FNA needle can also be used to inject ethanol 
under EUS-visualization. Patients with pancreatic adenocarcinoma often experience 
intractable pain requiring opioid usage until death.39 However, opioid usage is often 
hindered by dose-limiting side effects.40 Another option for pain management is celiac 
plexus neurolysis in which the nerves that innervate the pancreas and surrounding 
structures are destroyed by injecting 96% alcohol or phenol.41 Since its introduction in 
1914, many variations on this technique have been reported with comparable effec-
tiveness.42-46 In 1996, the first EUS-guided celiac plexus neurolysis was reported.47 With 
technical advancements, it was later discovered that the individual ganglia of the celiac 
plexus could be visualized with EUS.48,49 In 2008, EUS-guided alcohol injection directly 
into the individual ganglia was reported and more recently, superiority of direct injec-
tion compared with injection in the vicinity of the ganglia was reported.50,51 However, 
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approximately 12 ml of ethanol was injected per patient while on average 2.9 ganglia 
were visualized. Since ganglia are generally 15 x 25 mm in size, it is impossible that the 
injected ethanol is contained by the targeted ganglia.48,52 Considering that the ganglia 
are positioned close together, it is surprising that targeted injection apparently results 
in a more thorough neurolysis since injected ethanol probably spreads well beyond the 
ganglion targeted. In Chapter 5, we performed various EUS-guided neurolysis tech-
niques on human cadavers with varying amounts of ethanol, after which the cadavers 
were sectioned in slices of 75µm and photographed in order to visualize the spread of 
the ethanol in detail.

Part 2: theraPeutiC endosCoPy for uPPer gastrointestinal 
diseases 

The possibility to immediately perform a therapeutic intervention during the diagnostic 
procedure makes endoscopy a valuable instrument to the gastroenterologist. For a 
long time, endoscopic clipping has been performed to approximate mucosal defects or 
fistulas and to achieve haemostasis by clamping a leaking blood vessel.53-58 The clips that 
are used for this purpose are advanced through the endoscope instrument channel and 
by definition, the clips cannot be larger than the diameter of the instrument channel, 
generally 2.8 mm. Clips that are placed over the tip of the endoscope were recently 
introduced.59,60 These clips have a larger diameter, which makes them more suitable for 
treating larger defects. It was later reported that the shape and size of these clips allow 
for the approximation of tissue for prophylactic treatment of a perforation that occurs, 
for instance when endoscopic full-thickness resection (eFTR) of a subepithelial tumor 
(SET) is performed.61-64 Subepithelial lesions in the stomach or duodenum may cause 
significant morbidity and even mortality. Etiology of the lesion is often unclear and in 
order to prevent potential metastasis, guidelines advice endoscopic removal of duode-
nal lesions <1 cm and surveillance or endoscopic removal for gastric lesions <1 cm.65 
Furthermore, surgical resection is advised for lesions ≥2 cm and careful consideration 
for lesions 1-2 cm. However, small lesions are often treated conservatively since viable 
treatment options are lacking. Surgical laparoscopic resection of such tumors, especially 
in the duodenum, is associated with considerable morbidity.66-69 Available endoscopic 
options for removal are either ineffective or difficult to perform and are associated with 
a high complication rate, especially in the notoriously fragile duodenum.70-73 A conserva-
tive approach is safer but may leave the patient with bothersome symptoms, uncertainty 
about the etiology of the lesion and regular surveillance endoscopy. In Chapter 6, we 
present the results of a feasibility study on a new over-the-scope clip, used to perform 
full-thickness resection of gastric and duodenal SETs.
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Stent placement is commonly used for the treatment of malignant strictures and 
fistula.74 More recently, the use of temporary stent placement for the treatment of anas-
tomotic strictures has been reported.75,76 This is another example of using an existing 
device for a different indication. Upper gastrointestinal tract surgery combined with 
chemoradiotherapy has been a major development for the treatment of malignant 
disease since it is considered the most effective curative treatment for esophageal can-
cer.77-82 After (partial) resection of the esophagus, an anastomosis is created by sewing or 
stapling the remaining structures together to restore continuity of the gastrointestinal 
tract. However, anastomotic strictures often occur and can impede quality of life.83-85 
The most commonly used endoscopic treatments are wire-guided mechanical bougie 
dilation and through-the-scope balloon dilation.86 Bougie dilation, during which dila-
tors with increasing diameters are advanced beyond the stricture, is generally preferred 
since effectiveness and safety are comparable to balloon dilation but the option of 
re-using dilators makes bougie dilation the most cost effective choice.87-89 However, the 
majority of patients require several dilation sessions to reach adequate dilation and 10% 
of patients experience refractory or recurrent stricture despite repeated dilation.85,90 To 
overcome these shortcomings, temporary placement of a self-expandable metal stent 
(SEMS) has recently been introduced as an alternative treatment for difficult to treat 
esophageal strictures. However, stent placement is not without shortcomings, including 
pain, hyperplastic tissue in- or overgrowth, migration, perforation and costs.91-96 It is 
currently unknown which therapeutic option, either ongoing bougie dilation or tem-
porary stent placement, is best suited for the treatment of difficult to treat anastomotic 
strictures. Retrospective comparisons may be biased since the applied treatment was 
probably not a random choice. In Chapter 7, we performed a randomized comparison 
of bougie dilation versus temporary SEMS placement for the treatment of refractory or 
recurrent anastomotic esophageal strictures.

Fully or partially covered stents can also be used to seal esophageal leaks. Since the 
first report of application of an esophageal stent for this indication, many case series 
on esophageal stents for leakages have been published.97 Clinical success of stent 
placement for this indication is approximately 80%.98 Factors influencing success rates 
are mostly unknown. However, it is important to have an idea of success prior to stent 
placement; if the likelihood is low, other treatment strategies such as primary surgical 
intervention might be preferred. In Chapter 8, we report on a clinical prediction rule for 
successful esophageal leakage control, based on large cohorts from multiple centers.

In achalasia, esophageal motility is disrupted and the lower esophageal sphincter 
(LES) fails to relax when food is swallowed.99,100 No curative treatment is available and 
treatment focuses on reducing the residual resting pressure of the LES.101,102 Classic en-
doscopic treatment of achalasia consists of stretching (and perhaps partial dissection) 
of the LES to a certain diameter using a pneumatic dilation balloon.103,104 The balloon is 
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advanced over a guidewire which is placed endoscopically. To ensure proper placement 
of the balloon, dilations are performed under fluoroscopic guidance. The balloon is 
inflated to a predetermined pressure. In general, dilations are performed with a 30-mm 
balloon followed by a 35-mm balloon and in most centers a 40-mm balloon.101 The dila-
tion regimen is identical in all patients, but not all patients benefit equally from the treat-
ment and recurrent symptoms occur in approximately 14% of cases within two years.103 
Recently, a hydraulic balloon was introduced which measures the shape of the balloon 
and the elastic recoil of the tissue using a technique called impedance planimetry.105 
Increasing evidence shows that this technique can be used to obtain information on the 
compliance of the esophagogastric junction (EGJ). Compared with healthy volunteers, 
EGJ-distensibility is significantly reduced in achalasia patients.106 Moreover, post-
treatment EGJ-distensibility measurements can be used to predict clinical success.107 
However, these measurements require the introduction of a separate measurement bal-
loon after the dilation procedure. To overcome this problem, a hydraulic dilation balloon 
with incorporated impedance planimetry technique has been developed.108 In Chapter 
9, we present the results of a feasibility study in which achalasia patients are dilated 
using this new hydraulic dilation balloon. Also, we discuss the technique and possible 
implications of the impedance planimetry technique.

Everyday practice of a gastroenterologist includes endoscopic placement of nasoduo-
denal feeding tubes in patients with an indication for post-pyloric feeding. Indications 
include gastroparesis, gastric outlet obstruction, acute pancreatitis or risk of aspira-
tion.109-112 Nasal introduction of an endoscope is generally considered unpleasant and 
many patients request sedation during placement, which is associated with a small risk 
of cardiopulmonary adverse events.113,114 Another important shortcoming of endoscopic 
feeding tube placement is that the placement of a feeding tube is performed blindly. 
Once the duodenum or jejunum is reached during endoscopy, a guidewire is advanced 
through the endoscope. Then, the endoscope is removed and the feeding tube is ad-
vanced blindly over the guidewire, after which the guidewire is removed. To ensure a 
post-pyloric position of the tube, an abdominal radiograph can be obtained but this 
has implications with regard to costs, logistics, radiation exposure, and delay before re-
storing proper caloric intake.115,116 To overcome the issue of spontaneous migration and 
consequently the necessity of an abdominal radiograph, an endoscopic clip can be used 
to attach the tube to the wall of the duodenum. This technique proved effective in a 
randomized trial but was found to be technically challenging, time consuming, and not 
cost-effective.117 A safe and effective alternative to endoscopic placement is transnasal 
placement of a tube preloaded with a guidewire and an electromagnetic transmitter 
in the tip.118-124 By placing a receiver unit on the xiphoid process of the patient, one can 
visualize the tip of the tube in the patient while advancing the tube. After reaching a 
post pyloric position, the guidewire is removed. Contrary to an endoscope, the tip of 
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the feeding tube is non-steerable and advancement of the tube is dependent of natural 
structures. In Chapter 10, we present a randomized comparison of endoscope guided 
feeding tube placement versus electromagnetic placement.

Endoscopic treatment of gastroesophageal reflux disease (GERD) has shown disap-
pointing results so far. Since GERD is currently one of the most common gastrointestinal 
disorders affecting approximately 10-30% of the adult population in Europe and is as-
sociated with a decreased quality of life, any effective therapy would have an enormous 
impact on healthcare.125-128 Acid suppression is the mainstay of medical therapy for 
GERD. Although safe and effective, a substantial number of patients report persistent 
symptoms.129 Anti-reflux surgery provides an effective control of GERD but is associated 
with side effects such as bloating, increased flatulence and dysphagia which negatively 
influence quality of life.130,131 Therefore, multiple minimally invasive endoscopic alterna-
tives have been investigated.132 Current endoscopic alternatives include two different 
methods of performing fundoplication and radiofrequency energy delivery to the LES. 
However, these therapies have shown disappointing results and considerable side ef-
fects.132,133 A minimally invasive surgical alternative to endoscopic therapy is laparoscopic 
implantation of a bipolar stimulation lead, which stimulates the LES via an implantable 
pulse generator.134-138 In Chapter 11, we present the 6-month results of a prospective, 
international, multicenter study on LES stimulation in GERD.

In Chapters 12 and 13, the results are summarized, discussed and recommendations for 
future research are presented.



17

General introduction and thesis outline

Ch
ap

te
r 1

referenCes

 1. van Asselt SJ, Brouwers AH, van Dullemen HM, et al. EUS is superior for detection of pancreatic 
lesions compared with standard imaging in patients with multiple endocrine neoplasia type 1. 
Gastrointest Endosc 2015;81:159-67

 2. Pieterman CR, Conemans EB, Dreijerink KM, et al. Thoracic and duodenopancreatic neuroendo-
crine tumors in multiple endocrine neoplasia type 1: natural history and function of menin in 
tumorigenesis. Endocr Relat Cancer 2014;21:R121-42

 3. Goudet P, Murat A, Binquet C, et al. Risk factors and causes of death in MEN1 disease. A GTE 
(Groupe d’Etude des Tumeurs Endocrines) cohort study among 758 patients. World J Surg 
2010;34:249-55

 4. Metz DC, Jensen RT. Gastrointestinal neuroendocrine tumors: pancreatic endocrine tumors. 
Gastroenterology 2008;135:1469-92

 5. Dean PG, van Heerden JA, Farley DR, et al. Are patients with multiple endocrine neoplasia type I 
prone to premature death? World J Surg 2000;24:1437-41

 6. Thakker RV, Newey PJ, Walls GV, et al. Clinical practice guidelines for multiple endocrine neoplasia 
type 1 (MEN1). J Clin Endocrinol Metab 2012;97:2990-3011

 7. Falconi M, Bartsch DK, Eriksson B, et al. ENETS Consensus Guidelines for the management of 
patients with digestive neuroendocrine neoplasms of the digestive system: well-differentiated 
pancreatic non-functioning tumors. Neuroendocrinology 2012;95:120-34

 8. Kulke MH, Anthony LB, Bushnell DL, et al. NANETS treatment guidelines: well-differentiated 
neuroendocrine tumors of the stomach and pancreas. Pancreas 2010;39:735-52

 9. Triponez F, Goudet P, Dosseh D, et al. Is surgery beneficial for MEN1 patients with small (< or = 2 
cm), nonfunctioning pancreaticoduodenal endocrine tumor? An analysis of 65 patients from the 
GTE. World J Surg 2006;30:654-62

 10. Hellman P, Hennings J, Akerstrom G, et al. Endoscopic ultrasonography for evaluation of pancre-
atic tumours in multiple endocrine neoplasia type 1. Br J Surg 2005;92:1508-12

 11. Lewis MA, Thompson GB, Young WF Jr. Preoperative assessment of the pancreas in multiple 
endocrine neoplasia type 1. World J Surg 2012;36:1375-81

 12. Wiersema MJ, Vilmann P, Giovannini M, et al. Endosonography-guided fine-needle aspiration 
biopsy: diagnostic accuracy and complication assessment. Gastroenterology 1997;112:1087-95

 13. Wiersema MJ, Hassig WM, Hawes RH, et al. Mediastinal lymph node detection with endosonogra-
phy. Gastrointest Endosc 1993;39:788-93

 14. Kelly S, Harris KM, Berry E, et al. A systematic review of the staging performance of endoscopic 
ultrasound in gastro-oesophageal carcinoma. Gut 2001;49:534-9

 15. Catalano MF, Alcocer E, Chak A, et al. Evaluation of metastatic celiac axis lymph nodes in patients 
with esophageal carcinoma: accuracy of EUS. Gastrointest Endosc 1999;50:352-6

 16. Annema JT, Veselic M, Rabe KF. Endoscopic ultrasound-guided fine-needle aspiration for the 
diagnosis of sarcoidosis. Eur Respir J 2005;25:405-9

 17. Annema JT, van Meerbeeck JP, Rintoul RC, et al. Mediastinoscopy vs endosonography for medias-
tinal nodal staging of lung cancer: a randomized trial. JAMA 2010;304:2245-52

 18. Bang JY, Magee SH, Ramesh J, et al. Randomized trial comparing fanning with standard technique 
for endoscopic ultrasound-guided fine-needle aspiration of solid pancreatic mass lesions. Endos-
copy 2013;45:445-50



Chapter 1

18

 19. Wallace MB, Kennedy T, Durkalski V, et al. Randomized controlled trial of EUS-guided fine needle 
aspiration techniques for the detection of malignant lymphadenopathy. Gastrointest Endosc 
2001;54:441-7

 20. Polkowski M, Larghi A, Weynand B, et al. Learning, techniques, and complications of endoscopic 
ultrasound (EUS)-guided sampling in gastroenterology: European Society of Gastrointestinal 
Endoscopy (ESGE) Technical Guideline. Endoscopy 2012;44:190-206

 21. Puri R, Vilmann P, Saftoiu A, et al. Randomized controlled trial of endoscopic ultrasound-guided 
fine-needle sampling with or without suction for better cytological diagnosis. Scand J Gastroen-
terol 2009;44:499-504

 22. Sahai AV, Paquin SC, Gariepy G. A prospective comparison of endoscopic ultrasound-guided 
fine needle aspiration results obtained in the same lesion, with and without the needle stylet. 
Endoscopy 2010;42:900-3

 23. Rastogi A, Wani S, Gupta N, et al. A prospective, single-blind, randomized, controlled trial of EUS-
guided FNA with and without a stylet. Gastrointest Endosc 2011;74:58-64

 24. Lee JK, Choi JH, Lee KH, et al. A prospective, comparative trial to optimize sampling techniques in 
EUS-guided FNA of solid pancreatic masses. Gastrointest Endosc 2013;77:745-51

 25. Schmidt RL, Witt BL, Lopez-Calderon LE, et al. The influence of rapid onsite evaluation on the 
adequacy rate of fine-needle aspiration cytology: a systematic review and meta-analysis. Am J 
Clin Pathol 2013;139:300-8

 26. Klapman JB, Logrono R, Dye CE, et al. Clinical impact of on-site cytopathology interpretation on 
endoscopic ultrasound-guided fine needle aspiration. Am J Gastroenterol 2003;98:1289-94

 27. Iglesias-Garcia J, Dominguez-Munoz JE, Abdulkader I, et al. Influence of on-site cytopathology 
evaluation on the diagnostic accuracy of endoscopic ultrasound-guided fine needle aspiration 
(EUS-FNA) of solid pancreatic masses. Am J Gastroenterol 2011;106:1705-10

 28. Cleveland P, Gill KR, Coe SG, et al. An evaluation of risk factors for inadequate cytology in EUS-
guided FNA of pancreatic tumors and lymph nodes. Gastrointest Endosc 2010;71:1194-9

 29. Cherian PT, Mohan P, Douiri A, et al. Role of endoscopic ultrasound-guided fine-needle aspiration 
in the diagnosis of solid pancreatic and peripancreatic lesions: is onsite cytopathology neces-
sary? HPB (Oxford) 2010;12:389-95

 30. Cermak TS, Wang B, DeBrito P, et al. Does on-site adequacy evaluation reduce the nondiagnostic 
rate in endoscopic ultrasound-guided fine-needle aspiration of pancreatic lesions? Cancer Cyto-
pathol 2012;120:319-25

 31. Alsohaibani F, Girgis S, Sandha GS. Does onsite cytotechnology evaluation improve the accuracy 
of endoscopic ultrasound-guided fine-needle aspiration biopsy? Can J Gastroenterol 2009;23:26-
30

 32. Wani S, Mullady D, Early DS, et al. The clinical impact of immediate on-site cytopathology 
evaluation during endoscopic ultrasound-guided fine needle aspiration of pancreatic masses: a 
prospective multicenter randomized controlled trial. Am J Gastroenterol 2015;110:1429-39

 33. Noda Y, Fujita N, Kobayashi G, et al. Diagnostic efficacy of the cell block method in comparison 
with smear cytology of tissue samples obtained by endoscopic ultrasound-guided fine-needle 
aspiration. J Gastroenterol 2010;45:868-75

 34. Qin SY, Zhou Y, Li P, et al. Diagnostic efficacy of cell block immunohistochemistry, smear cytology, 
and liquid-based cytology in endoscopic ultrasound-guided fine-needle aspiration of pancreatic 
lesions: a single-institution experience. PLoS One 2014;9:e108762

 35. Liu K, Dodge R, Glasgow BJ, et al. Fine-needle aspiration: comparison of smear, cytospin, and cell 
block preparations in diagnostic and cost effectiveness. Diagn Cytopathol 1998;19:70-4



19

General introduction and thesis outline

Ch
ap

te
r 1

 36. Kopelman Y, Marmor S, Ashkenazi I, et al. Value of EUS-FNA cytological preparations compared 
with cell block sections in the diagnosis of pancreatic solid tumours. Cytopathology 2011;22:174-
8

 37. de Luna R, Eloubeidi MA, Sheffield MV, et al. Comparison of ThinPrep and conventional prepara-
tions in pancreatic fine-needle aspiration biopsy. Diagn Cytopathol 2004;30:71-6

 38. LeBlanc JK, Emerson RE, Dewitt J, et al. A prospective study comparing rapid assessment of smears 
and ThinPrep for endoscopic ultrasound-guided fine-needle aspirates. Endoscopy 2010;42:389-
94

 39. Caraceni A, Portenoy RK. Pain management in patients with pancreatic carcinoma. Cancer 
1996;78:639-53

 40. Cherny N, Ripamonti C, Pereira J, et al. Strategies to manage the adverse effects of oral morphine: 
an evidence-based report. J Clin Oncol 2001;19:2542-54

 41. Wong GY, Schroeder DR, Carns PE, et al. Effect of neurolytic celiac plexus block on pain relief, qual-
ity of life, and survival in patients with unresectable pancreatic cancer: a randomized controlled 
trial. JAMA 2004;291:1092-9

 42. Kappis M. Erfahrungen mit local anasthesie bie bauchoperationen. Vehr Dtsch Gesellsch Chir 
1914;43:87-9

 43. Lieberman RP, Waldman SD. Celiac plexus neurolysis with the modified transaortic approach. 
Radiology 1990;175:274-6

 44. Ischia S, Ischia A, Polati E, et al. Three posterior percutaneous celiac plexus block techniques 
A prospective, randomized study in 61 patients with pancreatic cancer pain. Anesthesiology 
1992;76:534-40

 45. Ischia S, Luzzani A, Ischia A, et al. A new approach to the neurolytic block of the coeliac plexus: the 
transaortic technique. Pain 1983;16:333-41

 46. Eisenberg E, Carr D, Chalmers T. Neurolytic celiac plexus block for treatment of cancer pain: a 
meta-analysis. Anesthesia & Analgesia 1995;80:290-5

 47. Wiersema MJ, Wiersema LM. Endosonography-guided celiac plexus neurolysis. Gastrointest 
Endosc 1996;44:656-62

 48. Gerke H, Silva RG Jr, Shamoun D, et al. EUS characteristics of celiac ganglia with cytologic and 
histologic confirmation. Gastrointest Endosc 2006;64:35-9

 49. Gleeson FC, Levy MJ, Papachristou GI, et al. Frequency of visualization of presumed celiac ganglia 
by endoscopic ultrasound. Endoscopy 2007;39:620-4

 50. Levy MJ, Topazian MD, Wiersema MJ, et al. Initial evaluation of the efficacy and safety of endo-
scopic ultrasound-guided direct Ganglia neurolysis and block. Am J Gastroenterol 2008;103:98-
103

 51. Doi S, Yasuda I, Kawakami H, et al. Endoscopic ultrasound-guided celiac ganglia neurolysis vs. 
celiac plexus neurolysis: a randomized multicenter trial. Endoscopy 2013;45:362-9

 52. Ward EM, Rorie DK, Nauss LA, et al. The celiac ganglia in man: normal anatomic variations. Anes-
thesia & Analgesia 1979;58:461-5

 53. Goelder SK, Brueckner J, Messmann H. Endoscopic hemostasis state of the art - Nonvariceal 
bleeding. World J Gastrointest Endosc 2016;8:205-11

 54. Palmer R, Braden B. New and emerging endoscopic haemostasis techniques. Frontline Gastroen-
terol 2015;6:147-52

 55. Rogalski P, Daniluk J, Baniukiewicz A, et al. Endoscopic management of gastrointestinal perfora-
tions, leaks and fistulas. World J Gastroenterol 2015;21:10542-52



Chapter 1

20

 56. Dabizzi E, De Ceglie A, Kyanam Kabir Baig KR, et al. Endoscopic “rescue” treatment for gastro-
intestinal perforations, anastomotic dehiscence and fistula. Clin Res Hepatol Gastroenterol 
2016;40:28-40

 57. Goenka MK, Goenka U. Endotherapy of leaks and fistula. World J Gastrointest Endosc 2015;7:702-
13

 58. Willingham FF, Buscaglia JM. Endoscopic Management of Gastrointestinal Leaks and Fistulae. Clin 
Gastroenterol Hepatol 2015;13:1714-21

 59. Kirschniak A, Kratt T, Stuker D, et al. A new endoscopic over-the-scope clip system for treatment of 
lesions and bleeding in the GI tract: first clinical experiences. Gastrointest Endosc 2007;66:162-7

 60. Kirschniak A, Traub F, Kueper MA, et al. Endoscopic treatment of gastric perforation caused by 
acute necrotizing pancreatitis using over-the-scope clips: a case report. Endoscopy 2007;39:1100-
2

 61. Gubler C, Bauerfeind P. Endoscopic closure of iatrogenic gastrointestinal tract perforations with 
the over-the-scope clip. Digestion 2012;85:302-7

 62. von Renteln D, Schmidt A, Vassiliou MC, et al. Endoscopic full-thickness resection and defect 
closure in the colon. Gastrointest Endosc 2010;71:1267-73

 63. von Renteln D, Rosch T, Kratt T, et al. Endoscopic full-thickness resection of submucosal gastric 
tumors. Dig Dis Sci 2012;57:1298-303

 64. von Renteln D, Kratt T, Rosch T, et al. Endoscopic full-thickness resection in the colon by using a 
clip-and-cut technique: an animal study. Gastrointest Endosc 2011;74:1108-14

 65. Delle Fave G, O’Toole D, Sundin A, et al. ENETS Consensus Guidelines Update for Gastroduodenal 
Neuroendocrine Neoplasms. Neuroendocrinology 2016;103:119-24

 66. Yang F, Jin C, Du Z, et al. Duodenal gastrointestinal stromal tumor: clinicopathological charac-
teristics, surgical outcomes, long term survival and predictors for adverse outcomes. Am J Surg 
2013;206:360-7

 67. Rangelova E, Blomberg J, Ansorge C, et al. Pancreas-preserving duodenectomy is a safe alterna-
tive to high-risk pancreatoduodenectomy for premalignant duodenal lesions. J Gastrointest Surg 
2015;19:492-7

 68. Koh YX, Chok AY, Zheng HL, et al. A systematic review and meta-analysis comparing laparoscopic 
versus open gastric resections for gastrointestinal stromal tumors of the stomach. Ann Surg 
Oncol 2013;20:3549-60

 69. Bischof DA, Kim Y, Dodson R, et al. Open versus minimally invasive resection of gastric GIST: a 
multi-institutional analysis of short- and long-term outcomes. Ann Surg Oncol 2014;21:2941-8

 70. Gincul R, Ponchon T, Napoleon B, et al. Endoscopic treatment of sporadic small duodenal and 
ampullary neuroendocrine tumors. Endoscopy 2016;48:979-86

 71. Lian J, Chen S, Zhang Y, et al. A meta-analysis of endoscopic submucosal dissection and EMR for 
early gastric cancer. Gastrointest Endosc 2012;76:763-70

 72. Facciorusso A, Antonino M, Di Maso M, et al. Endoscopic submucosal dissection vs endo-
scopic mucosal resection for early gastric cancer: A meta-analysis. World J Gastrointest Endosc 
2014;6:555-63

 73. Pimentel-Nunes P, Dinis-Ribeiro M, Ponchon T, et al. Endoscopic submucosal dissection: European 
Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2015;47:829-54

 74. Didden P, Spaander MC, Bruno MJ, et al. Esophageal stents in malignant and benign disorders. 
Curr Gastroenterol Rep 2013;15:319



21

General introduction and thesis outline

Ch
ap

te
r 1

 75. Dua KS, Vleggaar FP, Santharam R, et al. Removable self-expanding plastic esophageal stent 
as a continuous, non-permanent dilator in treating refractory benign esophageal strictures: a 
prospective two-center study. Am J Gastroenterol 2008;103:2988-94

 76. de Wijkerslooth LR, Vleggaar FP, Siersema PD. Endoscopic management of difficult or recurrent 
esophageal strictures. Am J Gastroenterol 2011;106:2080-91

 77. Van Hagen P, Hulshof M, Van Lanschot J, et al. Preoperative chemoradiotherapy for esophageal or 
junctional cancer. N Engl J Med 2012;366:2074-84

 78. Shapiro J, van Lanschot JJ, Hulshof MC, et al. Neoadjuvant chemoradiotherapy plus surgery versus 
surgery alone for oesophageal or junctional cancer (CROSS): long-term results of a randomised 
controlled trial. Lancet Oncol 2015;16:1090-8

 79. Sjoquist KM, Burmeister BH, Smithers BM, et al. Survival after neoadjuvant chemotherapy or 
chemoradiotherapy for resectable oesophageal carcinoma: an updated meta-analysis. The lancet 
oncology 2011;12:681-92

 80. Tepper J, Krasna MJ, Niedzwiecki D, et al. Phase III trial of trimodality therapy with cisplatin, fluo-
rouracil, radiotherapy, and surgery compared with surgery alone for esophageal cancer: CALGB 
9781. J Clin Oncol 2008;26:1086-92

 81. Kelsen DP, Winter KA, Gunderson LL, et al. Long-term results of RTOG trial 8911 (USA Intergroup 
113): a random assignment trial comparison of chemotherapy followed by surgery compared 
with surgery alone for esophageal cancer. J Clin Oncol 2007;25:3719-25

 82. Allum WH, Stenning SP, Bancewicz J, et al. Long-term results of a randomized trial of surgery with 
or without preoperative chemotherapy in esophageal cancer. J Clin Oncol 2009;27:5062-7

 83. Conio M, Repici A, Battaglia G, et al. A randomized prospective comparison of self-expandable 
plastic stents and partially covered self-expandable metal stents in the palliation of malignant 
esophageal dysphagia. Am J Gastroenterol 2007;102:2667-77

 84. Repici A. Systematic review: the role of self-expanding plastic stents for benign oesophageal 
strictures. Aliment Pharmacol Ther 2010;31:1268-75

 85. Pereira-Lima JC. Endoscopic dilation of benign esophageal strictures: report on 1043 procedures. 
Am J Gastroenterol 1999;94:1497-501

 86. Lew RJ, Kochman ML. A review of endoscopic methods of esophageal dilation. J Clin Gastroen-
terol 2002;35:117-26

 87. Saeed ZA, Winchester CB, Ferro PS, et al. Prospective randomized comparison of polyvinyl bougies 
and through-the-scope balloons for dilation of peptic strictures of the esophagus. Gastrointest 
Endosc 1995;41:189-95

 88. Scolapio JS, Pasha TM, Gostout CJ, et al. A randomized prospective study comparing rigid to bal-
loon dilators for benign esophageal strictures and rings. Gastrointest Endosc 1999;50:13-7

 89. Siersema PD, de Wijkerslooth LR. Dilation of refractory benign esophageal strictures. Gastrointest 
Endosc 2009;70:1000-12

 90. Sigounas DE, Siddhi S, Plevris JN. Biodegradable esophageal stents in benign and malignant 
strictures - a single center experience. Endosc Int Open 2016;4:E618-23

 91. van Halsema EE, Wong Kee Song, Louis M, et al. Safety of endoscopic removal of self-expandable 
stents after treatment of benign esophageal diseases. Gastrointest Endosc 2013;77:18-28

 92. Tan BS, Kennedy C, Morgan R, et al. Using uncovered metallic endoprostheses to treat recurrent 
benign esophageal strictures. AJR Am J Roentgenol 1997;169:1281-4

 93. Cheng Y, Li M, Chen W, et al. Temporary partially-covered metal stent insertion in benign esopha-
geal stricture. World J Gastroenterol 2003;9:2359-61



Chapter 1

22

 94. Bakken JC, Wong Kee Song, Louis M, et al. Use of a fully covered self-expandable metal stent for 
the treatment of benign esophageal diseases. Gastrointest Endosc 2010;72:712-20

 95. Eloubeidi MA, Lopes TL. Novel removable internally fully covered self-expanding metal esopha-
geal stent: feasibility, technique of removal, and tissue response in humans. Am J Gastroenterol 
2009;104:1374-81

 96. Senousy BE, Gupte AR, Draganov PV, et al. Fully covered Alimaxx esophageal metal stents in the 
endoscopic treatment of benign esophageal diseases. Dig Dis Sci 2010;55:3399-403

 97. Schaheen L, Blackmon SH, Nason KS. Optimal approach to the management of intrathoracic 
esophageal leak following esophagectomy: a systematic review. Am J Surg 2014;208:536-43

 98. Dasari BV, Neely D, Kennedy A, et al. The role of esophageal stents in the management of esopha-
geal anastomotic leaks and benign esophageal perforations. Ann Surg 2014;259:852-60

 99. Ates F, Vaezi MF. The Pathogenesis and Management of Achalasia: Current Status and Future 
Directions. Gut Liver 2015;9:449-63

 100. Tsuboi K, Hoshino M, Srinivasan A, et al. Insights gained from symptom evaluation of esophageal 
motility disorders: a review of 4,215 patients. Digestion 2012;85:236-42

 101. Boeckxstaens GE. Achalasia. Lancet 2014;383:83-93
 102. Kahrilas PJ, Boeckxstaens G. The spectrum of achalasia: lessons from studies of pathophysiology 

and high-resolution manometry. Gastroenterology 2013;145:954-65
 103. Boeckxstaens GE, Annese V, des Varannes SB, et al. Pneumatic dilation versus laparoscopic Heller’s 

myotomy for idiopathic achalasia. N Engl J Med 2011;364:1807-16
 104. Pandolfino JE, Gawron AJ. Achalasia: a systematic review. JAMA 2015;313:1841-52
 105. Kwiatek MA. Esophagogastric junction distensibility assessed with an endoscopic functional 

luminal imaging probe (EndoFLIP). Gastrointest Endosc 2010;72:272-8
 106. Pandolfino JE. Distensibility of the esophagogastric junction assessed with the functional lumen 

imaging probe (FLIP™) in achalasia patients. Neurogastroenterol Motil 2013;25:496-501
 107. Rohof WO, Hirsch DP, Kessing BF, et al. Efficacy of treatment for patients with achalasia depends 

on the distensibility of the esophagogastric junction. Gastroenterology 2012;143:328-35
 108. O’Dea J, Siersema PD. Esophageal dilation with integrated balloon imaging: initial evaluation in a 

porcine model. Therap Adv Gastroenterol 2013;6:109-14
 109. Hsu CW, Sun SF, Lin SL, et al. Duodenal versus gastric feeding in medical intensive care unit 

patients: a prospective, randomized, clinical study. Crit Care Med 2009;37:1866-72
 110. Montecalvo MA, Steger KA, Farber HW, et al. Nutritional outcome and pneumonia in critical care 

patients randomized to gastric versus jejunal tube feedings. The Critical Care Research Team. Crit 
Care Med 1992;20:1377-87

 111. Silk DB. The evolving role of post-ligament of Trietz nasojejunal feeding in enteral nutrition and 
the need for improved feeding tube design and placement methods. JPEN J Parenter Enteral Nutr 
2011;35:303-7

 112. Li Z, Qi J, Zhao X, et al. Risk-Benefit Profile of Gastric vs Transpyloric Feeding in Mechanically 
Ventilated Patients: A Meta-Analysis. Nutr Clin Pract 2016;31:91-8

 113. Garewal D, Powell S, Milan SJ, Nordmeyer J, Waikar P. Sedative techniques for endoscopic retro-
grade cholangiopancreatography. Cochrane Database Syst Rev 2012:CD007274

 114. Sethi S, Wadhwa V, Thaker A, et al. Propofol versus traditional sedative agents for advanced 
endoscopic procedures: a meta-analysis. Dig Endosc 2014;26:515-24

 115. Andersen HK, Lewis SJ, Thomas S. Early enteral nutrition within 24h of colorectal surgery versus 
later commencement of feeding for postoperative complications. Cochrane Database Syst Rev 
2006:CD004080



23

General introduction and thesis outline

Ch
ap

te
r 1

 116. Doig GS, Heighes PT, Simpson F, et al. Early enteral nutrition, provided within 24 h of injury or in-
tensive care unit admission, significantly reduces mortality in critically ill patients: a meta-analysis 
of randomised controlled trials. Intensive Care Med 2009;35:2018-27

 117. Hirdes MM, Monkelbaan JF, Haringman JJ, et al. Endoscopic clip-assisted feeding tube placement 
reduces repeat endoscopy rate: results from a randomized controlled trial. Am J Gastroenterol 
2012;107:1220-7

 118. Ackerman M, Mick D, Bianchi C, et al. The Effectiveness of the CORTRAK™ Device in Avoiding Lung 
Placement of Small Bore Enteral Feeding Tubes. Am J Crit Care 2004;13:253-76

 119. Young RJ, Chapman MJ, Fraser R, et al. A novel technique for post-pyloric feeding tube placement 
in critically ill patients: a pilot study. Anaesth Intensive Care 2005;33:229-34

 120. Deane AM, Fraser RJ, Young RJ, et al. Evaluation of a bedside technique for postpyloric placement 
of feeding catheters. Crit Care Resusc 2009;11:180-3

 121. Gray R, Tynan C, Reed L, et al. Bedside electromagnetic-guided feeding tube placement: an 
improvement over traditional placement technique? Nutr Clin Pract 2007;22:436-44

 122. Windle EM, Beddow D, Hall E, et al. Implementation of an electromagnetic imaging system to 
facilitate nasogastric and post-pyloric feeding tube placement in patients with and without criti-
cal illness. J Hum Nutr Diet 2010;23:61-8

 123. Holzinger U, Brunner R, Miehsler W, et al. Jejunal tube placement in critically ill patients: A pro-
spective, randomized trial comparing the endoscopic technique with the electromagnetically 
visualized method. Crit Care Med 2011;39:73-7

 124. Kline AM, Sorce L, Sullivan C, et al. Use of a noninvasive electromagnetic device to place transpy-
loric feeding tubes in critically ill children. Am J Crit Care 2011;20:453-9

 125. Sandler RS. The burden of selected digestive diseases in the United States. Gastroenterology 
2002;122:1500-11

 126. Becher A. Systematic review: the association between symptomatic response to proton pump 
inhibitors and health-related quality of life in patients with gastro-oesophageal reflux disease. 
Aliment Pharmacol Ther 2011;34:618-27

 127. El-Serag H, Sweet S, Winchester C, Dent J. Update on the epidemiology of gastro-oesophageal 
reflux disease: a systematic review. Gut 2014;63:871-80

 128. Gerson LB. A systematic review of the definitions, prevalence, and response to treatment of noc-
turnal gastroesophageal reflux disease. Clinical gastroenterology and hepatology 2009;7:372-8

 129. El-Serag H. Systematic review: persistent reflux symptoms on proton pump inhibitor therapy in 
primary care and community studies. Aliment Pharmacol Ther 2010;32:720-37

 130. Wang YR. Trends and perioperative outcomes of inpatient antireflux surgery in the United States, 
1993–2006. Diseases of the esophagus 2011;24:215-23

 131. Richter JE. Gastroesophageal reflux disease treatment: side effects and complications of fundo-
plication. Clin Gastroenterol Hepatol 2013;11:465-71

 132. Pandolfino JE. Do endoscopic antireflux procedures fit in the current treatment paradigm of 
gastroesophageal reflux disease? Clinical gastroenterology and hepatology 2014;12:544-54

 133. Ganz RA. A Review of New Surgical and Endoscopic Therapies for Gastroesophageal Reflux Dis-
ease. Gastroenterol Hepatol (N Y) 2016;12:424-31

 134. Rinsma N, Bouvy N, Masclee AAM, et al. Electrical stimulation therapy for gastroesophageal reflux 
disease. J Neurogastroenterol Motil 2014;20:287-93

 135. Rodríguez L, Rodríguez P, Neto MG, et al. Short-term electrical stimulation of the lower esopha-
geal sphincter increases sphincter pressure in patients with gastroesophageal reflux disease. 
Neurogastroenterol Motil 2012;24:446-50



Chapter 1

24

 136. Rodríguez L, Rodríguez P, Gomez B, et al. Electrical stimulation therapy of the lower esophageal 
sphincter is successful in treating GERD: final results of open-label prospective trial. Surg Endosc 
2013;27:1083-92

 137. Rodríguez L, Rodríguez P, Gómez B, et al. Long-term results of electrical stimulation of the 
lower esophageal sphincter for the treatment of gastroesophageal reflux disease. Endoscopy 
2013;45:595-604

 138. Rodríguez L, Rodriguez P, Gómez B, et al. Two-year results of intermittent electrical stimula-
tion of the lower esophageal sphincter treatment of gastroesophageal reflux disease. Surgery 
2015;157:556-67







Part 1
Endoscopic ultrasound





Ch
ap

te
r 1

Ch
ap

te
r 2

Ch
ap

te
r 3

Ch
ap

te
r 4

Ch
ap

te
r 5

Ch
ap

te
r 6

Ch
ap

te
r 7

Ch
ap

te
r 8

Ch
ap

te
r 9

Ch
ap

te
r 1

0
Ch

ap
te

r 1
1

Ch
ap

te
r 1

2
Ch

ap
te

r 1
3

Ap
pe

nd
ix

Chapter 2
Growth rate of small pancreatic 

neuroendocrine tumors in multiple 
endocrine neoplasia type 1: results from an 
endoscopic ultrasound based cohort study

W.F.W. Kappelle, G.D. Valk, M. Leenders, L.M.G. Moons, 
 A. Bogte, P.D. Siersema, F.P. Vleggaar

Endoscopy. 2017 Jan;49(1):27-34.



Chapter 2

30

abstraCt

background and aims: In multiple endocrine neoplasia type 1 (MEN1), endoscopic 
ultrasound (EUS) is used for identification and follow-up of pancreatic neuroendocrine 
tumors (PNETs). The role of EUS in surveillance of small (<20  mm) PNETs is unclear, 
mostly because the natural course of these lesions is largely unknown. We aimed to 
determine annual growth and incidence rate of small PNETs in patients with MEN1 using 
EUS-based surveillance.

Patients and methods: Linear array EUS procedures in patients with MEN1 between 
2002 and 2015 were identified. Number, size, and location of PNETs were recorded. 
Annual growth of PNETs <20  mm identified at the initial EUS (“prevalent” PNETs) and 
during follow-up (“incident” PNETs) was calculated using mixed model linear regression 
analysis.

results: A total of 54 patients were identified and 38 patients were included. In all, 226 
PNETs were identified (median size 5.0  mm, interquartile range 3.7–7.5) of which 124 
(55%) were prevalent and 102 (45%) were incident PNETs. Annual incidence rate was 0.79 
PNETs/year (95% confidence interval [CI] 0.73 to 0.87). Overall growth rate was 0.10 mm/
year (95% CI 0.02 to 0.19; P=0.01); PNETs <10 mm (n=198) did not grow (P=0.23), whereas 
PNETs ≥10 mm (n=28) grew 0.44 mm/year (95% CI 0.10 to 0.78; P=0.01). Prevalent PNETs 
grew 0.21 mm/year (95% CI 0.10–0.32; P<0.001), whereas incident PNETs did not grow 
(P=0.26).

Conclusions: The annual growth rate of small, solid PNETs in patients with MEN1 is lower 
than previously thought. Surveillance intervals could probably be prolonged without 
compromising safety.
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introduCtion

Multiple endocrine neoplasia type 1 (MEN1) is a rare genetic disorder (prevalence 
3:100.000) with autosomal-dominant inheritance.1 A mutation in the MEN1 gene on 
chromosome 11q13, a tumor suppressor gene, leads to hyperplastic and neoplastic 
disorders of endocrine organs, including the parathyroid gland (95%), anterior pituitary 
gland (30%), and pancreas.2-4 Pancreatic neuroendocrine tumors (PNETs) are found in 
30%–75% of patients with MEN1 and are most often nonfunctional.5,6 Nevertheless, the 
presence of nonfunctional PNETs is associated with an increased risk of MEN1-related 
premature death.2,7 An early diagnosis and timely intervention is thought to lead to a 
better long-term outcome.8 Therefore, screening and surveillance of PNETs in MEN1 is 
warranted, even if the patient is asymptomatic.

Endoscopic ultrasound (EUS) is the most sensitive modality to screen for PNETs and 
enables visualization of small lesions that are frequently missed with computed tomog-
raphy (CT), magnetic resonance imaging (MRI), or somatostatin receptor scintigraphy 
(P<0.001).4,9,10 Functional PNETs are often surgically removed to treat the endocrine syn-
drome (independent of size), especially when medical therapy fails.11 There is consensus 
that nonfunctional PNETs larger than 20  mm should be surgically removed because 
of the increased risk of metastasis. A conservative approach is considered to be safe 
for smaller nonfunctional PNETs.11-15 Nevertheless, some guidelines advise to consider 
surgical resection of nonfunctioning PNETs >10 mm because of a scarcity of evidence-
based data on the risk of metastasis of PNETs of 10–20  mm.11 Furthermore, surgical 
resection is suggested for PNETs that show a significant growth rate (e.g. ≥5  mm per 
year) and exceed 10 mm in size. However, because of the potential morbidity of surgery, 
this approach requires an informed patient choice, ideally based on scientific evidence. 
Currently, little is known about the growth rate of small PNETs and the proportion of 
small PNETs that progress to large PNETs. Furthermore, little is known about annual 
incidence rates of new PNETs. Therefore, the aims of this study were to evaluate the 
growth rate and annual incidence of small PNETs (<20 mm) in patients with MEN1 using 
EUS in a large cohort of patients.

Patients and methods

Patients

This study was conducted at the Department of Gastroenterology and Hepatology of 
the University Medical Center Utrecht, The Netherlands – a tertiary referral center for pa-
tients with MEN1. The research protocol was approved by the institutional review board.
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Patients were identified using a prospective database of MEN1 patients who were un-
der endoscopic follow-up, using the key words “EUS” and “MEN1.” Procedures between 
May 2002 and April 2015 were included. Patients were eligible for inclusion if they were 
aged ≥18 years and had undergone at least two EUS procedures for evaluation of the 
pancreas for the presence of NETs. The diagnosis of MEN1 was based either on genetic 
analysis or on commonly used and accepted clinical criteria, stating that at least one 
MEN1 manifestation combined with at least one first-degree family member with ge-
netically proven MEN1 is required for a diagnosis.11

Demographic data and data on (previous) surgical treatment of PNETs were recorded. 
Furthermore, reports of CT/MRI of the pancreas less than 1  year before surgery were 
reviewed.

endoscopic ultrasound procedures

In accordance with guidelines, patients with MEN1 underwent surveillance imaging an-
nually.11 In our center, surveillance imaging of the pancreas is done with CT or MRI alone 
in the majority of patients. EUS is used to monitor multiple small PNETs, when there is 
doubt about growth of small lesions on CT/MRI, or when symptomatology suggests a 
functional NET without a visible lesion on CT/MRI.

Procedures were performed by four experienced ultrasonographers (>150 annual EUS 
procedures), who utilized the same technique of EUS surveillance.16 The senior author 
of the paper (F.P.V.) performed the majority of procedures (78%). Procedures were per-
formed using a linear array echoendoscope (GF-UC140P, GF-UCT140-AL5, or GF-UCT180; 
Olympus, Hamburg, Germany). Patients were placed in the left lateral decubitus position 
and vital functions were monitored during the procedure. Conscious sedation using 
intravenous midazolam and fentanyl was administered in the majority of the procedures 
(96%); the remaining procedures were performed with monitored anesthesia care using 
intravenous propofol and alfentanil.

Procedural data were collected, including ultrasonographer, date of procedure, and 
echoendoscope used. Data on PNETs included number, size, location, and appearance. 
Although EUS appearance of PNETs may vary, a typical PNET is solid, with or without 
a cystic component, well demarcated, hypoechoic, and homogeneous (Figure 1).4 All 
pancreatic lesions meeting these criteria were considered to be PNETs, which is standard 
practice in EUS surveillance of PNETs in patients with MEN1.4,17-19 In the majority of (as-
ymptomatic) patients with MEN1, one or multiple PNETs are found and for this reason, 
histology of detected pancreatic lesions is not regularly obtained.20-23 Lesions described 
as cysts, without a halo sign or a solid component, were considered to be pancreatic 
cysts or side-branch intraductal papillary mucinous neoplasms and were excluded from 
the analyses.
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PNETs ≥20  mm during the initial EUS were excluded from the growth rate analysis. 
Only PNETs that were identified again during at least one follow-up EUS were consid-
ered for analysis, the exception being new PNETs visualized during the last EUS proce-
dure.17 PNET measurements were grouped with previous measurements based on the 
reported location in the pancreas (e.g. measurements of PNETs in the pancreatic head 
were grouped with previous measurements of PNETs in the pancreatic head). If multiple 
PNETs were found in one region, measurements were allocated based on the descrip-
tion in the endoscopy report (e.g. appearance or proximity to certain landmarks of the 
PNET). If such a description was not available, allocation was based on size; the largest 
lesion within a region during the previous EUS was assumed to be the largest lesion 
during the next EUS.

Distinction was made between PNETs that were visualized during the first EUS pro-
cedure (“prevalent” PNETs) and PNETs visualized during a subsequent EUS procedure 
(“incident” PNETs). For a subgroup analysis, PNETs were categorized by diameter of the 
longest axis at first visualization into five classes: (1) 0–4 mm, (2) 5–9 mm, (3) 10–14 mm, 
(4) 15–19 mm, (5) ≥20 mm.24

study outcomes

The primary outcomes of the study were the growth rate of small (<20  mm) PNETs, 
measured as tumor diameter of the longest axis, and incidence of new PNETs that were 

figure 1. Typical round, hypoechogenic, well-demarcated appearance of a pancreatic neuroendocrine tu-
mor.
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not identified during previous EUS. Secondary outcomes were number of PNETs that 
increased ≥2 categories (at least 5 mm) in size during follow-up, and the proportion of 
surgically removed PNETs that were also detected with CT or MRI.

statistical analysis

Categorical variables were expressed as proportions. Continuous variables were 
expressed as median (interquartile range [IQR]) or mean (SD), where appropriate. The 
growth rate of each lesion was calculated with linear mixed model analysis with random 
intercepts per patient and lesion to adjust for multiple observations per lesion in the 
same patient. Annual incidence of new PNETs was calculated by dividing the number of 
new PNETs by the total follow-up time (i.e. time between first and last procedure) of all 
patients combined. If a previously detected lesion was not described during a follow-up 
EUS, but was visualized during an EUS thereafter, the missing measurement was not 
considered in the analysis. Growth rates were compared by adding a multiplicative 
interaction term to the model and examining the significance.

Analyses were performed using R, version 3.3.0 (R Development Core Team 2016) or 
SPSS version 23 (IBM Corp., Armonk, New York, USA). A P value of <0.05 was considered 
to be statistically significant.

results

Patients

A total of 54 patients with MEN1 who underwent screening EUS for PNETs were identi-
fied and 38 patients were included in the study (Figure 2). Patient characteristics, imag-
ing studies performed before the initial EUS, and indication for initial EUS are shown 
in Table 1. Four patients (11%) had a history of pancreatic surgery: enucleation in one, 
distal pancreatectomy in two, and Whipple resection in one. None of the patients had a 
history of chronic pancreatitis. A total of 169 EUS procedures were included (median 4, 
IQR 2–5). Median time between procedures was 10.5 months (IQR 6.3–13.0). The major-
ity of included patients underwent EUS every 6–12 months.

Pnets

In the 54 identified patients, 303 pancreatic lesions were visualized during the screening 
EUS. In the 38 included patients, a total of 275 focal pancreatic lesions were detected. 
A total of 226 PNETs were included in the analysis (median 6, IQR 3–8) after excluding 
completely cystic lesions (n=23, 8%), PNETs detected only once (n=18, 7%), and PNETs 
≥20 mm at the first visualization (n=8, 3%) (Figure 2). A total of 124 PNETs were visualized 
during the first EUS procedure (“prevalent” PNETs, 55%) in 33 patients (Figure 2). During 
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surveillance EUS, an additional 102 incident PNETs were identified (45%), after a median 
of 2.4 years (IQR 1.1–3.5) since the initial EUS procedure. A total of 66 PNETs (29%) were 
located in the head/uncinate of the pancreas and 160 (71%) were in the body/tail of 
the pancreas. At first visualization, 28 PNETs (12.4%) were ≥10 mm (24 prevalent and 4 
incident PNETs). In total, 129 patient follow-up years (median 3.2, IQR 1.5–5.6) and 553 
PNET follow-up years (median 2.5, IQR 0.5–3.6) were available for analysis.

size, growth rate, and incidence

Table 2 shows size and growth rate of the diameter of the largest axis of all included 
PNETs, prevalent and incident PNETs, PNETs <10 mm, and PNETs ≥10 mm at first identifi-
cation. At the time of first detection, the median size of PNETs (n=226) was 5.0 mm (IQR 
3.7–7.5). Prevalent PNETs were larger at first detection than incident PNETs (P<0.001).

The annual growth of the largest diameter of all PNETs (n=226) was 0.10 mm (P=0.01) 
(Table 2). Prevalent PNETs (n=124) grew 0.21 mm per year (P<0.001) while incident PNETs 
(n=102) did not grow (P=0.26); this difference was significant (P<0.01). PNETs <10 mm at 
first identification (n=198) did not grow (P=0.23), whereas PNETs ≥10 mm (n=28) grew 

•
•
•
•

•
•
•

•
•
•
•

figure 2. Patient inclusion flowchart. EUS, endoscopic ultrasound; MEN1, multiple endocrine neoplasia 
type 1; PNET, pancreatic neuroendocrine tumor.
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table 1. Baseline characteristics.

Patient characteristics n=38

Gender – male (%) 13 (34)

Age - years (SD) 41 (14)

Surgery prior to EUS (%) 4 (11)

Alcohol consumption (%)

None 12 (32)

1-2 unit(s) per week 19 (50)

1 unit per day 3 (8)

2 units per day 4 (11)

Prior imaging modality (%)

None 2 (5)

CT 14 (37)

MRI 26 (68)

Radionuclide uptake scan 7 (18)

Indication initial EUS (%)

Doubt about growth 16 (42)

Suspicion of functional PNET 14 (37)

Multiple small PNETs 4 (11)

More detail about location 3 (8)

Other 1 (3)

Imaging during follow up (%)

CT 25 (66)

MRI 33 (87)

Radionuclide uptake scan 12 (37)

No. of EUS procedures (IQR) 4 (2-5.3)

Patient follow-up - years (IQR) 3.2 (1.1-5.6)

No. of PNETs (IQR) 7 (4-9)

Pnet characteristics n=226 (100)

Location PNET (%)

Head/uncinate 66 (29)

Body/ tail 160 (71)

Size PNET – mm.

0-4 99 (44)

5-9 99 (44)

10-14 21 (9)

15-19 7 (3)

PNET follow-up – years (IQR) Total 2.5 (0.5-3.6)

Prevalent PNETs 2.6 (0.6-3.6)

Incident PNETs 2.4 (0.0-3.6)

EUS, endoscopic ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; PNET, pancre-
atic neuroendocrine tumor; IQR, interquartile range.
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0.44 mm/year (95% CI 0.10 to 0.78; P=0.01) and this difference was significant (P<0.001). 
The most rapid growth was seen in prevalent PNETs that were ≥10 mm during the initial 
EUS (n=24; 0.76 mm per year; P<0.001) (Table 2).

During follow-up, three PNETs (3/226; 1%) in three patients (8%) grew to ≥20  mm, 
26–30 months after the initial EUS. All three PNETs were prevalent PNETs, and sizes at the 
initial EUS were 14, 16.6, and 18 mm, respectively. In nine patients (24%), the size of 11 
PNETs (5%) increased significantly (≥5 mm), after a median of 2.6 years (IQR 2.3–3.3); all 
11 PNETs were prevalent at initial EUS, with a median size of 7.0 mm (IQR 4.5–10.8). None 
of the included PNETs metastasized during the study period. Location of the PNET was 
not correlated with growth (P=0.87). In five patients (13%), six PNETs (3%) increased two 
categories in size after a median of 1.0 year (IQR 1.0–1.1). The risk of significant growth 
increased with the number of PNETs visualized in a patient during initial EUS (odds ratio 
[OR] 1.48 per additional PNET visualized, 95% CI 1.03 to 2.11; P=0.03).

•
•

figure 3. Proposed screening and surveillance imaging strategies for pancreatic neuroendocrine tumors in 
multiple endocrine neoplasia type 1 (MEN1). CT, computed tomography; MRI, magnetic resonance imag-
ing; PNET, pancreatic neuroendocrine tumor; EUS, endoscopic ultrasound.

table 2. Size and annual growth of pancreatic neuroendocrine tumors.

n initial eus- mm. (iQr) annual growth- mm. (95% Ci) P value

Pnets 226 5.0 (3.7-7.5) 0.10 (0.02-0.19) 0.01

Prevalent 

<10 mm 100 5.0 (4.0-7.1) 0.11 (0.003-0.21) 0.04

≥10 mm 24 12.0 (10.8-15.0) 0.76 (0.42-1.11) 0.0001

Total 124 6.0 (4.0-8.5) 0.21 (0.10-0.32) 0.0003

incident

<10 mm 98 4.2 (3.0-5.9) -0.03 (-0.13-0.07) 0.54

≥10 mm 4 12.3 (11.3-12.7) -0.63 (-1.47-0.21) 0.17

Total 102 4.4 (3.0-6.0) -0.06 (-0.18-0.05) 0.26

EUS, endoscopic ultrasound; IQR, interquartile range; CI, confidence interval; PNET, pancreatic neuroendo-
crine tumour. Values are expressed as median (IQR).
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The annual detection rate of new PNETs (incidence rate) was 0.79 per patient-year 
of follow-up (95% CI 0.73 to 0.87). One incident PNET was 20 mm at first visualization, 
during EUS performed just 1.5 months after the initial EUS procedure; none of the re-
maining incident PNETs grew to ≥15 mm during follow-up.

No differences were seen between the operator who performed 78% of the proce-
dures and the remaining three operators with regard to number of PNETs visualized 
during each EUS (P=0.65 after correction for timing of EUS), incident PNET detection 
rate (0.85 vs. 0.55; P=0.08), or size of incident PNETs (P=0.57 after correction for timing 
of EUS).

surgery

During follow-up, 12 surgical resections were performed in 11 patients (29%) (Table 3). 
In five patients, surgery was performed for PNETs that were ≥20 mm at first detection. 
Seven patients underwent surgery after surveillance EUS for PNETs that were <20 mm at 
first detection; this was done because of growth of the PNET (n=4) or because the PNETs 
were hormone-producing and conservative treatment was unsatisfactory (n=3). All 
PNETS ≥10 mm that prompted surgical resection had also been visualized with CT/MRI 
less than 1 year before surgery. In one patient, the PNETs were only visualized with EUS 
prior to surgery; in this patient, however, elevated chromogranin A levels were detected.

disCussion

This EUS-based surveillance study shows that the growth of small PNETs (<20 mm) in 
a large cohort of patients with MEN1 is slow. Only a few small PNETs exceeded 20 mm 
during follow-up. The risk of significant growth was higher if a PNET was ≥10 mm and 
increased if a higher number of PNETs was found. The incidence rate of new PNETs was 
high, but these PNETs were often <10 mm and did not grow during follow-up. One inci-
dent PNET was 20 mm at discovery and required surgery, but none of the remaining 101 
incident PNETs exceeded 15 mm during follow-up, suggesting that clinical relevance of 
incident PNETs is limited. Finally, all PNETs ≥10 mm for which surgery was performed 
were also detected with CT/MRI.

Our findings on growth rate of small, asymptomatic PNETs in patients with MEN1 are 
in line with the results of a recent, nationwide study in The Netherlands.25 In this study, 
CT and MRI were used to assess growth rate of PNETs (n=92) over a median follow-up 
period of 4 years (range 0.5–16.5). Median baseline tumor size in the study (12.0 mm, 
range 3–82) was larger than in our study, which is probably due to the fact that CT and 
MRI are less suitable for detecting lesions <10  mm.4 Even though much larger PNETs 
were included, the authors reported no clinically relevant growth (<1  mm per year). 
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Sakurai et al.26 reported on 13 prevalent PNETs using CT with a follow-up ranging from 
24 to 115  months. Only one PNET showed significant growth (>20%), but this PNET 
was already 31  mm during the initial EUS. In another study, the Groupe des Tumeurs 
Endocrines reported an increase of PNET size of at least two categories during follow up 
(median baseline size 6.0 mm, range 2–60) in 2 of 16 patients after a median follow-up 
of 50 months (range 12–70) with EUS, resulting in a patient number-needed-to-test of 
8, comparable to the number we found (5 of 38 patients; 7.6).24 In another EUS-based 
surveillance study by Kann et al., median baseline size of PNETs was also 5 mm.17 How-
ever, the authors reported a growth of 1.3% (SD 3.2%) per month, which would result 
in an annual growth of 16.8% per year (1 mm in the first year), whereas we found an 
annual growth of 0.10  mm (2%). Fewer patients (n=20) and fewer PNETs (n=61) were 
included in that study. Moreover, considerably fewer patient and tumor follow-up years 
were available than in the current study: 33.8 vs. 129 patient-years and 106.7 vs. 553 
tumor-years, respectively. Furthermore, only four patients (11%) from our cohort had a 
history of pancreatic surgery, whereas 10 patients (50%) in the study by Kann et al. had 
previously undergone surgery.17 These findings suggest that patients referred to Kann’s 
institution had a more aggressive disease course.

We found that prevalent PNETs grew significantly faster than incident PNETs (P<0.01), 
unlike a recent study in which incident PNETs were found to grow significantly faster 
than prevalent PNETs (P=0.01).18 Although the study by D’souza et al. had a long follow-
up, only 11 patients with 30 PNETs (18 prevalent PNETs and 12 incident PNETs) were 
included. Furthermore, EUS data from 1990–2010 were used and cystic lesions were in-
cluded. Although age at the initial EUS was comparable (41 vs. 42 years), we found more 
(3.3 vs. 1.6 PNETs/patient) but smaller PNETs (6.0 mm vs. 9.5 mm) during initial EUS. This 
suggests that in the other study, small prevalent PNETs may have been missed initially 
and were only visualized after having grown larger, thus erroneously being considered 
an incident PNET. Moreover, 8 of 11 patients had a history of distal pancreatectomy and 
9/18 prevalent PNETs (50%) were ≥10 mm during initial EUS; in our cohort this was seen 
in only 24/124 (19%) PNETs. Finally, technical advancements in EUS equipment in our 
more recent cohort may have played an important role as small PNETs are easily missed; 
this is demonstrated by the fact that often more PNETs are found during pancreatec-
tomy than during imaging studies.15,20-23,27

The incidence rate of new PNETs reported by Kann et al. was comparable to our find-
ings: 0.62 vs. 0.79 PNETs per patient-year follow-up, respectively.17 D’souza et al. reported 
12 incidental lesions during 72.4 patient-years of follow-up, resulting in an incidence 
rate of just 0.17 PNETs per patient-year.18 Sakurai et al. reported 6 new lesions during 91 
follow-up years, resulting in an incidence of just 0.07 PNETs per patient-year.26 The lower 
incidence rate of this latter study is explained by the fact that CT was used to detect 
PNETs. It is likely that lesions that were considered incident PNETs in the study by Sakurai 
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et al. were in fact already prevalent during an earlier imaging study, but were too small 
to be detected.

The current study suggests that the clinical benefit of surveillance EUS may be limited. 
Previous studies have shown that a size ≥20 mm is a predictive and easily workable cut-
off point to identify patients at risk for PNET-related metastasis.12,15,24,28,29 The decision to 
perform surgery is often based on the largest PNET, thus limiting the clinical relevance 
of detecting smaller PNETs. As can be seen in Table 3, surgically resected PNETs ≥10 mm 
were all visualized with CT/MRI beforehand. Furthermore, EUS surveillance may not be 
useful if no PNETs are visualized during the initial EUS, since incident PNETs almost never 
grow beyond 20  mm. One “incident” PNET in our study was 20  mm when it was first 
mentioned in the endoscopy report, and it was described as having a lymph node-like 
appearance. This EUS procedure was performed only 1.5  months after the initial EUS 
procedure. There was no mention of the PNET in the initial EUS report, while the PNET 
was already visible on CT/MRI, and EUS was repeated to visualize the lesion to make an 
informed decision about surgical intervention. During surgery, the lesion was found in 
the tail of the pancreas and the tail was resected. It is likely that the lesion was prevalent 
during the initial EUS, but that there was no mention of it in the report because it was 
considered a lymph node.

Initial screening and surveillance for PNETs in patients with MEN1 can be performed 
with CT/MRI, as lesions ≥10 mm are found at least as often with MRI as with EUS, and 
asymptomatic PNETs <10 mm have limited clinical relevance.19 If a patients’ symptom-
atology suggests a functional PNET, then EUS is the imaging modality of choice if CT/MRI 
shows no PNET, as EUS is the most sensitive modality for detecting smaller PNETs.4,9,10,19,20 
Based on the findings of the current study, if a PNET of 10–19 mm is identified during 
screening CT/MRI, then surveillance imaging should be performed after 6–12 months to 
avoid potential delay in surgery. If only PNETs <10 mm are visualized during screening, 
surveillance CT/MRI after 6–12 months can be useful to assess whether there is growth 
of the PNETs. If limited growth of the PNETs (i.e. <5 mm) is observed at that time and no 
PNET is ≥20 mm, periodic surveillance imaging using MRI or CT with longer intervals (e.g. 
once every 2–3 years) may be justified. Additional EUS imaging can then be performed 
when symptomatology suggests a functional NET but CT/MRI show no PNET, or when 
there is doubt about growth of a PNET on CT/MRI (Figure 3). This approach is largely in 
line with previous recommendations.15 

This study has some potential limitations. Histology assessment was not available in 
the majority of PNETs. However, obtaining histology of pancreatic lesions in MEN1 is not 
common in clinical practice or clinical studies, as the a priori chance that a pancreatic 
lesion is a PNET is very high in patients with MEN1.4,17-23 In certain cases, histological as-
sessment could be considered when there is doubt about neuroendocrine origin of the 
lesion (i.e. when EUS features are suggestive of adenocarcinoma). However, we never 
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encountered such a dilemma. Dedicated effort went into allocating measurements to 
the correct PNET by using a hierarchal model. Nevertheless, measurements within one 
region of the pancreas were grouped based on size if no further description of the PNETs 
was available. Theoretically, it is possible that an incident PNET grew larger than a previ-
ously visualized PNET between two EUS procedures. However, no growth was observed 
in solitary incidental PNETs, in which re-identification is not difficult. Although this 
shortcoming may be more profound in a retrospective study, a prospective study would 
require similar assumptions. Unless a PNET has distinct features, allocating measure-
ments to the correct PNET can only be done based on the previously reported location 
and size. It is seldom possible to determine the exact location of a PNET on previously 
recorded images. Therefore, the ultrasonographer needs to rely largely on the previous 
EUS report; this is a well-known shortcoming of (E)US.

This was a single-center study, which can be considered either an advantage or a 
disadvantage. The fact that one experienced ultrasonographer performed 78% of the 
EUS procedures reduces operator bias; on the other hand, it limits generalizability of the 
study outcomes. However, no differences were observed between the operators with 
regard to number of lesions found or incident PNET detection rate. As MEN1 is rare and 
care for these patients requires a multidisciplinary approach with experienced physi-
cians, treatment is centralized in the Netherlands. Therefore, limited generalizability is 
not a clinically relevant shortcoming in the context of care for patients with MEN1.

In conclusion, based on this large cohort, small PNETs in patients with MEN1 grow 
more slowly than previously thought, and EUS-based surveillance of these PNETs ap-
pears to have limited clinical value. Although PNETs increase in size, few patients had a 
PNET that grew to ≥20 mm. Only prevalent PNETs with a size of ≥10 mm at initial visu-
alization have a relatively high risk of showing significant growth; PNETs <10 mm and 
incident PNETs did not grow. Therefore, the interval between surveillance imaging could 
probably be prolonged if only small, asymptomatic PNETs are found during the initial 
screening. Furthermore, standard EUS surveillance does not appear warranted because 
of the limited additional value when compared with noninvasive imaging modalities.
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abstraCt

objectives: Studies on the impact of rapid on-site evaluation (ROSE) during endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) of lymph nodes are retrospective 
and have shown conflicting results. We aimed to compare the diagnostic yield of EUS-
FNA of lymph nodes with ROSE (ROSE+) and without ROSE (ROSE-).

methods: This was a multicenter, randomized controlled trial. Consecutive patients 
who were scheduled to undergo EUS-FNA of mediastinal or abdominal lymph nodes 
were randomized to ROSE+ or ROSE-. In the ROSE+ group, the number of passes was 
dictated by the on-site cytotechnician. In the ROSE- group, five passes were performed 
without interference from the cytotechnician. All samples were reviewed by a single 
expert cytopathologist, blinded to group allocation. Primary endpoint was diagnostic 
yield with and without ROSE.

results: After inclusion of 90 patients, interim analysis showed futility of study con-
tinuation since diagnostic yield of ROSE+ and ROSE- were comparable. A total of 91 
patients were randomized to ROSE+ (n=45) or ROSE- (n=46). Diagnostic yield of ROSE+ 
and ROSE- and diagnostic accuracy were comparable: 93.3% vs. 95.7% (P=0.68) and 
97.6% vs. 93.2% (P=0.62), respectively. Two major complications (one per group) oc-
curred (P=0.99). ROSE- patients more often reported self-limiting post-procedural pain 
(P<0.001). Median procedure time for ROSE+ (20 minutes) and ROSE- (23 minutes) was 
comparable (P=0.06). Median time to review slides in the ROSE- group (12:47 minutes) 
was longer than with ROSE+ (7:52 minutes) (P<0.001). Mean costs of ROSE- and ROSE+ 
were comparable: €938.29 (±172.70) vs. €945.98 (±223.38) (P=0.91), respectively.

Conclusions: Diagnostic yield and accuracy of EUS-FNA of mediastinal and abdominal 
lymph nodes with and without ROSE are comparable. Time needed to review slides was 
shorter and post-procedural pain was less often reported in the ROSE+ group. Based on 
the primary outcome, the implementation of ROSE during EUS-FNA of mediastinal and 
abdominal lymph nodes cannot be advised.(Dutch Trial Register: NTR4876)
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What is current knowledge

• Recently, a randomized trial showed that there was no benefit of rapid on-site evalu-
ation (ROSE) during endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) 
of pancreatic masses with regard to diagnostic yield and accuracy.

• The clinical benefit of ROSE during EUS-FNA of lymph nodes is unclear. Only obser-
vational data is available and prior studies have shown conflicting results.

What is new here

• In this multicenter, randomized trial ROSE during EUS-FNA of lymph nodes did not 
improve diagnostic yield or accuracy.

• In the group with ROSE, review of slides was faster and post-procedural pain was 
reported less often. However, it required more time of the cytotechnician. Costs were 
comparable.
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introduCtion

Endoscopic ultrasound (EUS) is a minimally invasive and safe method for imaging medi-
astinal and abdominal lymph nodes.1-5 A major advantage is that fine needle aspiration 
(FNA) can be performed during the procedure. FNA is able to provide a diagnosis based 
on cytologic aspirates with high sensitivity and accuracy rates, and a low complica-
tion rate. EUS-FNA is commonly used for diagnosing and staging gastrointestinal and 
thoracic malignancies and benign diseases, such as sarcoidosis and reactive lymphade-
nopathy.5-10

Many technical and procedural aspects of EUS-FNA have been studied with the 
aim to improve its diagnostic yield and accuracy.11-16 Studies on the addition of rapid 
on-site evaluation (ROSE) during EUS-FNA have mainly been retrospective and mostly 
focused on solid masses.17-24 The rationale behind ROSE is that an on-site cytotechnician 
gives direct feedback on the quality of the samples obtained to the endosonographer, 
thereby decreasing the non-diagnostic rate of the final cytological assessment and 
the number of required FNA passes. However, the reported study results have been 
contradictory.19,21,24 Reported diagnostic yield is approximately 95% when ROSE is avail-
able.18,19,21,25-27 Variation in diagnostic yield is probably related to a broad variation of 
other factors that influence diagnostic yield, such as experience of the cytotechnician 
or endosonographer, applied technique (needle gauge or type), aspiration technique 
(suction, fanning), and expulsion technique (air-flushing or stylet reintroduction).

Recently, a large well designed clinical trial showed that ROSE did not improve diag-
nostic yield and accuracy in EUS-FNA for pancreatic masses.28 However, no comparative 
studies on ROSE during EUS-FNA targeting lymph nodes are available. In the current 
study, patients were randomized to ROSE (ROSE+) or a situation without ROSE (ROSE-) 
in which 5 samples are obtained, the advocated number of passes when ROSE is not 
available.18 We hypothesized that ROSE during EUS-FNA of mediastinal and abdominal 
lymph nodes increases diagnostic yield compared with EUS-FNA with 5 passes without 
ROSE.4,25,26,29

Patients and methods

study design and population

This investigator initiated, multicenter, randomized, sequential, clinical trial was con-
ducted in one tertiary referral center and two teaching hospitals in the Netherlands. 
Adult patients, scheduled for EUS-FNA of a mediastinal or abdominal lymph node, were 
included between February 2014 and July 2016. Exclusion criteria were uncorrected 
coagulopathy (INR>1.5, platelets<50.000/mm3), pregnancy and previous participation 
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in the study. All patients provided written informed consent prior to the procedure. 
The study was conducted according to the principles of the Declaration of Helsinki. The 
study was registered at the Dutch Trial Registration (NTR4876). All authors had access to 
the data and approved the final manuscript.

randomization

Randomization was done in a 1:1 ratio to ROSE+ or ROSE-. Computer-generated block-
randomization sheets with a block size of six were stored in consecutively numbered, 
opaque and sealed envelopes. Randomization was stratified for participating centers. If 
a (presumed) lymph node was identified during EUS and was considered accessible for 
FNA, patients were randomized by opening one of the sealed envelopes. If the operator 
decided during the procedure that no FNA was to be performed, patients were excluded.

eus-fna procedure

Procedures were performed in the endoscopy units of the three hospitals by eight ex-
perienced endosonographers. Patients were placed in the left lateral decubitus position 
and vital functions were monitored during the procedure. Conscious sedation using 
intravenous midazolam and fentanyl or monitored anesthesia care using intravenous 
propofol and alfentanil was used in all patients. A curvilinear array echoendoscope 
was used for FNA (GF-UCT180 or GF-UCT140-AL5; Olympus, Hamburg, Germany or 
EG3870UTK; Pentax Medical, Hamburg, Germany). At the discretion of the performing 
endosonographer, radial EUS was performed prior to FNA to visualize and inspect the 
lymph node. After identification of the node location, size, shape, margins and echo-
genicity were recorded. Technique for the first pass was standardized in both groups. 
FNA was performed with a 22 gauge needle (Expect, Boston Scientific, Natick, MA, 
USA or SonoTip Pro Control, Cobra Medical, Groningen, the Netherlands), no suction 
was applied, the needle was moved to-and-fro at least 10 times in a fanning motion 
and the aspirate was placed on the glass slide by reinsertion of the stylet, followed by 
air-flushing by controlled air injection through the needle using a 10-mL syringe. After 
the first pass, it was allowed to adjust the technique of sampling at the discretion of 
the endosonographer, based on the feedback of the cytotechnician in case of ROSE+ 
or based on the macroscopic appearance of the obtained sample (ROSE-). The applied 
technique was recorded.

If a patient was allocated to ROSE+, the cytotechnician reviewed the slides on-site 
after each pass. After determination of adequacy, the cytotechnician informed the en-
dosonographer whether more passes were required. If the cytotechnician judged that 
enough adequate material was obtained or the endosonographer deemed more passes 
not useful, the procedure was ended. Time from introduction of the echoendoscope 
to this moment was recorded. If the patient was allocated to ROSE-, five passes were 
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performed independent of macroscopic appearance of the obtained samples. Although 
the cytotechnician was present in the endoscopy room and did evaluate the samples, 
no communication was allowed between the cytotechnician and the endosonographer. 
The time from introduction of the echoendoscope to completion of the fifth pass was re-
corded. After the fifth pass, the cytotechnician informed the endosonographer whether 
enough adequate material had been obtained. If not, additional passes were done, to 
ensure optimal quality of care. After each pass, the cytotechnician recorded whether the 
sample was adequate and whether the procedure could have been stopped after that 
sample.

Cytopathology evaluation

After each pass, acquired cell material was expressed on glass slides. Using another glass 
slide, the material was smeared out. The slides were numbered according to number of 
the pass. One slide was air-dried and stained with a modified Giemsa stain (DiffQuick). 
Injecting part of the sample in a haemolytic solution for cell block or thin layer cytology 
was done at the discretion of the endosonographer and, in case of ROSE, the cytotechni-
cian. However, since this is a different technique with its own advantages and short-
comings, results from these samples were not considered for the study and were not 
reviewed at a later time. The remaining samples were processed by the cytotechnician 
after the procedure.

The slides were reviewed consecutively by one expert cytopathologist (D.S-G.), 
blinded to allocation of the patient and unaware of the number of passes performed. 
Slides from each pass were assessed for cellularity, contamination, amount of blood, 
adequacy, diagnosis and whether the procedure could have been stopped after that 
pass. A sample was considered adequate if there was a background of lymphoid cell 
material or if no lymphoid background was seen in the presence of diagnostic malignant 
cells. Final diagnosis was categorized into inadequate, benign, atypical, suspicious for 
malignancy, and malignancy.

reference standard

Cytopathology results from EUS-FNA were compared to the reference standard to 
determine diagnostic accuracy. The reference standard was histologic evidence (either 
by histological biopsy or surgical specimen), radiologic evidence (either progression 
of metastases or stable size/regression of lymph node in case of a benign diagnosis), 
presence of non-caseating granulomas in the obtained cytological material in case of 
sarcoidosis suspicion, clinical follow-up with clinical evidence of malignancy, or a follow-
up of at least six months with no signs of malignancy.
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outcomes

The primary endpoint of the study was diagnostic yield, defined as the proportion of 
cases in which a diagnosis could be obtained by the cytopathologist on the samples. 
Secondary endpoints included sensitivity, specificity, positive predictive value, negative 
predictive value, and diagnostic accuracy. Diagnostic accuracy was defined as a match-
ing cytological diagnosis and reference standard. Other secondary endpoints included 
agreement between the cytotechnician and the cytopathologist regarding the required 
number of passes, the time of the procedure and revision, costs, and risk of adverse 
events of both approaches.

Costs were calculated using actual unit costs rather than reimbursement rates submit-
ted to third parties. A detailed calculation was performed including required inventory 
and materials used, time an endoscopy nurse and operator were present during the en-
doscopy, one additional endoscopy nurse present in case of conscious sedation or one 
anaesthesia nurse with specialized equipment present in case of monitored anaesthesia 
care, recovery room time, review time of the cytopathologist, time the cytotechnician 
was present during the procedure (in case of ROSE+), and time the cytotechnician need-
ed to process the sample. Fifteen minutes of time were added for the endoscopist, the 
endoscopy nurse(s), the anaesthesia nurse, and the cytotechnician (in case of ROSE+) to 
account for logistics (e.g. preparation of the patient, time-out procedure, patient trans-
port, room cleaning, writing of the report, transport time). For processing, 5 minutes 
was counted per sample. Review time of the pathologist was recorded. To account for 
logistics, 10 minutes were added to the review time and to the processing time. Finally, 
costs resulting from related adverse events and required additional diagnostic tests 
were included in the cost analysis.

statistical analysis

Analyses were performed according to the intention-to-treat principle. Categorical 
variables were expressed as proportions; continuous variables were expressed as me-
dians (interquartile range; IQR) or means (standard deviation; SD), where appropriate. 
Comparisons between treatment groups were made by logistic and linear regression 
analyses, after stratification for center.

For the sample size calculation, we presumed a 96% diagnostic yield with ROSE and 
an 84% diagnostic yield without ROSE, based on previous reports and our own experi-
ence.21,27 A one-sided alpha level of 0.025 and a power (1-β) of 80% were used for sample 
size calculations. The original fixed size for comparing these two techniques (accounting 
for 10% lost to follow up) was 214 patients in total. However, during the study a clinical 
trial with similar methodology was published that showed no superiority of ROSE+ in 
EUS-FNA of pancreatic masses.28 The fact that ROSE did not improve diagnostic yield 
in that study, while the presumed difference in diagnostic yield was comparable with 
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our presumed difference (15% and 12%, respectively), made us question our original 
hypothesis that ROSE improves diagnostic yield in EUS-FNA. The trial design was there-
fore adapted by planning three interim analyses to assess both efficacy and futility, 
which was effectuated in June 2016.30-32 The first interim analysis was performed after 
inclusion of 90 patients, the second was planned after 130, the third after 170, while the 
maximum sample size at the last analysis was adapted to 222 patients (244 when ac-
counting for a 10% drop out). We employed an alpha spending function approach with 
O’Brien Flemming type of boundaries for efficacy testing while the futility boundaries 
were non-binding (no type I error was included) and less conservative, being employed 
as a guide to stop the trial in case of lack of efficacy rather than a strict statistical rule.

For other statistical tests, a two-sided P value of 0.05 was used. Analyses were per-
formed using R version 3.3.0 (R Development Core Team 2016) or SPSS version 23 (SPSS 
Inc., Chicago, Ill, USA). Health care costs were expressed in Euro. Since healthcare costs 
are often highly skewed, non-parametric bootstrapping with 100.000 samples was used 
to derive a P value for the difference in distribution of health care costs between the two 
groups.33,34 

results 

Between February 2014 and July 2016, 118 patients were assessed for eligibility; 27 
patients were excluded, including 15 patients who provided written informed consent 
in whom no FNA was performed. A total of 91 patients were included, all patients were 
included in the intention to treat analysis. Reasons for exclusion are listed in Figure 1. 
Baseline characteristics of included patients and of targeted lesions are listed in Table 1.

The predetermined lower (futility) boundary of the sequential testing procedure was 
crossed at the first interim analysis after inclusion of 90 patients, indicating that continu-
ation of patient inclusion for the purpose of testing the hypothesis (ROSE+ is superior 
to ROSE- in EUS-FNA of lymph nodes) was futile, since approaches were comparable. 
Based on these findings, it was decided to stop inclusion in the trial after 91 patients 
were included.

diagnostic yield

Diagnostic yield, defined as the proportion of patients in whom the cytopathologist was 
able to make a diagnosis, was 93.3% (42/45, 95% CI 85.8-100%) for ROSE+ and 95.7% 
(44/46, 95% CI 89.5-100%) for ROSE- (P=0.63) (Table 2).

In the ROSE- group, five passes were performed as standard. If fewer passes had been 
performed, diagnostic yield would have been lower. For 1 pass the yield was 58.7% (95% 
CI 43.9-73.5%), for 2 passes 71.7% (95% CI 58.2-85.3%), for 3 passes 80.4% (95% CI 68.5-
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92.3%), and for 4 passes 84.8% (95% CI 74.0-95.6%). In the ROSE+ group, the number of 
passes was dictated by the on-site cytotechnician. However, if fewer passes had been 
performed, diagnostic yield would also have been lower in the ROSE+ group. For 1 pass, 
diagnostic yield would have been 57.8% (95% CI 42.8-72.8%), for 2 passes 82.2% (95% 
CI 70.6-93.8%), for 3 passes 84.4% (95% CI 73.4-95.5%), for 4 passes 88.9% (95% CI 79.3-
98.4%), for 5 passes 88.9% (95% CI 79.3-98.4%), for 6 passes 91.1% (95% CI 82.5-99.8%), 
and for 7 91.1% (95% CI 82.5-99.8%).

secondary endpoints

Final diagnoses in both groups are shown in Table 3. Final diagnoses were comparable 
between the two groups. Diagnostic accuracy of ROSE+ and ROSE- was comparable; 
97.6% (95% CI 92.6-100%) versus 93.2% (95% CI 85.4-100%), respectively (P=0.62).

As expected, the number of passes was significantly higher in the ROSE- group, 
compared with the ROSE+ group (P<0.001). However, the required median number of 
passes was not different, according to the cytotechnician; 2.0 (IQR 1.0-2.5) for ROSE+ 
and 2.0 (IQR 1.0-3.0) for ROSE-, respectively (P=0.99). According to the judgment of the 
cytopathologist, the number of passes required for ROSE+ and ROSE- was also compa-
rable: 1.0 (IQR 1.0-2.0) versus 1.0 (IQR 1.0-2.8), respectively (P=0.60). As shown in Table 3, 
technique was rarely adjusted after the first pass. There were no differences between the 
groups and accounting for technique adjustments did not influence outcomes. Median 
time of the procedure was also comparable between ROSE+ and ROSE-, although a trend 

•
•
•
•
•

figure 1. Patient inclusion. ROSE, rapid on-site evaluation.
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for a faster procedure in case of ROSE+ was seen; 0:20 (IQR 0:16-0:29) versus 0:23 (IQR 
0:20-0:33) minutes, respectively (P=0.06). Mean time required to review the samples was 
significantly longer in case of ROSE- compared with ROSE+; 12:47 (±05:18) versus 07:52 
(±04:57) minutes, respectively (P<0.001). Median time required of the cytotechnician 
was longer for ROSE+ compared with ROSE-; 55:00 (IQR 48:00-66:00) versus 35:00 (35:00-

table 1. Baseline characteristics.

rose+ (n=45) rose- (n=46)  P value

Age –yr. (SD) 61.4 (12.1) 56.5 (13.8) 0.08

Gender – Male (%) 35 (77.8) 32 (69.6) 0.37

BMI – (SD) 26.0 (5.0) 24.8 (4.3) 0.23

Indication (%) 0.59

Sarcoidosis/TBC 9 (20.0) 13 (28.3)

Malignancy? Sarcoidosis? 7 (15.6) 5 (10.9)

Metastasis/staging 29 (64.4) 28 (60.9)

Location (%) 0.08

N2 3 (6.7) 4 (8.7)

N4 (Aorto-pulmonary window) 6 (13.3) 11 (23.9)

N7 (Subcarinal) 17 (37.8) 25 (54.3)

N8 5 (11.1) 0 (0)

N9 1 (2.2) 0 (0)

Celiac trunk 4 (8.9) 4 (8.7)

Small curvature 1 (2.2) 0 (0)

Liver hilus 4 (8.9) 1 (2.2)

Hepatoduodenal ligament 2 (4.4) 0 (0)

Para-aortic 2 (4.4) 1 (2.2)

Size target node – mm. (IQR)

Long axis 20.5 (16.6-32.0) 27.8 (13.3-36.4) 0.37

Short axis 12.0 (8.9-17.4) 13.0 (9.3-18.7) 0.62

EUS features (%)

Shape 0.12

 Bean 12 (26.7) 12 (26.1)

 Round 17 (37.8) 9 (19.6)

 Package 15 (33.3) 22 (47.8)

 Other 0 2 (4.4)

Poorly defined margin 4 (8.9) 6 (13.0) 0.74

Homogeneous 32 (71.0) 28 (60.9) 0.30

Hypoechoic 39 (86.7) 41 (89.1) 0.72

ROSE, rapid on-site evaluation; yr, year; SD, standard deviation; BMI, body mass index; TBC, tuberculosis; 
IQR, interquartile range; EUS, endoscopic ultrasound.
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35:00) minutes (P<0.001). Characteristics of slides with regard to cellularity, bloodiness, 
contamination did not differ between the two groups (Table 3).

Diagnostic performance of both approaches is depicted in Table 2. Sensitivity (P=1.00), 
specificity (P=0.51), positive predictive value (P=0.24) and negative predictive value 
(P=1.00) were all comparable.

adverse events

No adverse events occurred during the EUS-FNA procedures. Post-procedural pain 
requiring non-opioid analgesics was reported more often after ROSE- compared with 
ROSE+ during follow-up; 41.3% versus 20%, respectively (P=0.03). Two complications at-
tributable to the EUS-FNA were reported during follow-up, one in each group (P=0.99). 
One patient in the ROSE+ group developed abdominal pain and fever after abdominal 
EUS-FNA and was admitted for one day, blood and urine cultures were negative and 
laboratory findings were negative. The next day, the patient was free of pain and no 
longer had fever. One patient in the ROSE- group developed hemoptysis after EUS-FNA 
and was admitted for two days. No differences between ROSE+ and ROSE- with regard 
to 30-day mortality (0 versus 2, P=0.15) or 6-month mortality (7 versus 5, P=0.51) were 
found.

Costs

Costs of procedures are shown in Table 4. Detailed costs for the FNA procedure were 
comparable for ROSE+ (€900.44 ±81.07) and ROSE- (€916.19 ±96.27) (P=0.40). When 
including costs for treatment of complications, costs increased to €918.53 (±138.77) vs. 
€938.29 (±172.70) for ROSE+ and ROSE-, respectively (P=0.55). When including costs 
made in case samples were inadequate, costs increased to €945.98 (±223.38) ROSE+, 
costs for ROSE- remained similar since no additional tests were performed (P=0.91).

table 2. Diagnostic performance.

overall - % (95% Ci) rose+ - % (95% Ci) rose- - % (95% Ci) P value

Diagnostic yield 93.4 (88.2-98.6) 93.3 (85.8-100) 95.7 (89.5-100) 0.68

Diagnostic 
accuracy

95.3 (90.8-99.9) 97.6 (92.8-100) 93.2 (85.4-100) 0.62

Sensitivity 97.1 (93.0-100) 97.2 (91.6-100) 97.0 (90.8-100) 1.00

Specificity 88.2 (71.2-100) 100 (100-100) 81.8 (54.6-100) 0.51

PPV 97.1 (93.0-100) 100 (100-100) 94.1 (85.8-100) 0.24

NPV 88.2 (71.2-100) 85.7 (50.8-100) 90.0 (67.4-100) 1.00

ROSE, rapid on-site evaluation; CI, confidence interval; PPV positive predictive value; NPV, negative predic-
tive value.
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table 3. Comparison of groups.

overall
n=91

rose+
n=45

rose-
n=46

P value

Passes – median (IQR) 4 (2-5) 2 (1.0-2.5) 5 (5-5) <0.001

Technique FNA

To-and-fro, mean (SD) 18.1 (10.0) 19.8 (11.2) 16.5 (8.4) 0.11

Without vacuum only (%) 77 (84.6) 37 (82.2) 40 (87.0) 0.53

22 gauge needle only (%) 89 (97.8) 44 (97.8) 45 (97.8) 1.00

Fanning only (%) 89 (97.8) 44 (97.8) 45 (97.8) 1.00

Air expulsion all passes (%) 89 (97.8) 43 (95.6) 46 (100) 0.24

Reintroduction stylet all passes (%) 89 (97.8) 44 (97.8) 45 (97.8) 1.00

Slides total – median (IQR) 9.0 (6.0-17.0) 7.0 (4.0-10.5) 13.0 (8.0-18.3) <0.001

Slides per pass - median (IQR) 3 (1.8-4.6) 3.5 (2.0-5.3) 2.6 (1.6-3.8) 0.12

Procedure time - median (IQR) 0:22 (0:18-0:30) 0:20 (0:16-0:29) 0:23 (0:20-0:33) 0.06

No of passes required – median (IQR)

According to cytotechnician 1.0 (1.0-3.0) 2.0 (1.0-2.5) 1.0 (1.0-3.0) 0.99

According to pathologist 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.8) 0.60

EUS-FNA cytology diagnosis (%) 0.92

Benign 46 (50.5) 22 (48.9) 24 (52.2)

Suspicious 1 (1.1) 1 (2.2) 0 (0)

Malignant 39 (42.9) 19 (42.2) 20 (43.5)

Inadequate 5 (5.5) 3 (6.7) 2 (4.3)

Cytopathology characteristics (%)

Cellularity 0.60

 0% 4 (4.4) 3 (6.7) 1 (2.2)

 1-24% 48 (52.7) 21 (46.7) 27 (58.7)

 25-50% 24 (26.4) 13 (28.9) 11 (23.9)

 >50% 15 (16.5) 8 (17.8) 7 (15.2)

Contamination 0.83

 0% 48 (52.7) 24 (53.3) 24 (52.2)

 1-24% 42 (46.2) 20 (44.4) 22 (47.8)

 25-50% 1 (1.1) 1 (2.2) 0 (0)

Amount of blood 0.52

 Minimal 11 (12.1) 7 (15.6) 4 (8.7)

 Moderate 8 (8.8) 3 (6.7) 5 (10.9)

 Severe 72 (79.1) 35 (77.8) 37 (80.4)

Time to review slides – mean (SD) 10:20 (05:40) 07:52 (04:57) 12:47 (05:18) <0.001

Diagnostic accuracy (%) 82 (95.3) 41 (97.6) 41 (93.2) 0.62

ROSE, rapid on-site evaluation; IQR, interquartile range; FNA, fine needle aspiration; SD, standard deviation; 
EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration.
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disCussion

In this randomized trial, we showed that addition of direct on-site evaluation of cyto-
logic samples of lymph nodes acquired with EUS-FNA did not improve diagnostic yield 
or diagnostic accuracy. Furthermore, no differences in major complications or costs 
were observed. Post procedural pain was reported significantly more often after ROSE-, 
possibly due to the higher number of passes; however, all cases could be managed with 
analgesics alone. Review of samples took significantly longer after ROSE-, but this did 
not result in a cost reduction. Based on the primary outcome, implementation of ROSE 
for EUS-FNA of lymph nodes cannot be advised.

While designing the study, superiority of ROSE+ compared with ROSE- to acquire an 
adequate sample was assumed based on the best available literature at the time. This 

table 4. Costs of both approaches.

unit/hour
price

amount Costs per patient-mean (sd)-€ P
valuerose+ rose- rose+ (n=45) rose- (n=46)

Endoscopy 45 46 598.30 (27.37) 603.32 (21.72) 0.30

Personnel (operator + 1 nurse) - €/hour 122,26

Equipment/ facilities- € 369.57

Overhead + other personnel - € 148.17

Additional FNA needle 263 2 5 11.69 (54.81) 28.59 (82.77)

Sedation 0.92

Midazolam + 1 nurse 59+29.66/h 41 43 71.27 (23.14) 74.68 (20.62)

Propofol + MAC 132+39/h 4 3 14.41 (46.91) 10.23 (39.17)

Pathology

Cytotechnician <0.01

 Presence during EUS 30/h 45 0 19.77 (6.72) 0

 Processing after procedure* 30/h 45 46 21.67 (3.78) 28.23 (1.21)

Pathologist 95/h 45 46 28.30 (7.75) 36.09 (8.22) <0.01

Overhead + other personnel - € 135.05 45 46 135.05 (0) 135.05 (0)

(Pathology total) (45) (46) (204.78 (15.57)) (199.37 (8.69)) (0.05)

eus-fna with processing of samples 900.44 (81.07) 916.19 (96.27) 0.40

Treatment severe adverse events 1 1 18.09 (121.38) 22.10 (149.87)

eus-fna including treatment adverse events 918.53 (138.77) 938.29 (172.70) 0.55

Additional testing due to inadequate sample 1 0 27.45 (184.11) 0

total costs 945.98 (223.38) 938.29 (172.70) 0.91

ROSE, rapid on-site evaluation; SD, standard deviation; FNA fine-needle aspiration; MAC, monitored anes-
thesia care; EUS, endoscopic ultrasound; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration. 
*maximum 5 samples in ROSE- group
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was also our assumption and this was strengthened by the fact that high diagnostic 
yield and accuracy were achieved over the years in our center where ROSE was used.27 
During conduction of the study however a high quality clinical trial with a comparable 
design in which the pancreas was sampled with EUS-FNA was published.28 Surprisingly, 
no differences were found between ROSE- and ROSE+ with regard to yield, accuracy, or 
costs. These results were relevant to the continuation of the current study as EUS-FNA of 
pancreatic lesions is generally considered to be more difficult than FNA of lymph nodes, 
since echogenicity of pancreatic tissue and lesions commonly differ little and samples 
are more often found inadequate due to fibrosis or contamination by bile or necrosis.18 
It was therefore decided to include interim analyses to prevent potentially unnecessary 
further inclusion of patients in the study. The first interim analysis after inclusion of 90 
patients revealed no difference between ROSE+ and ROSE- with regard to diagnostic 
yield but more importantly, it showed that increasing the sample size in order to find 
such a difference was futile since it was very unlikely that such a difference would ever 
occur.

Although hypothetically ROSE is useful to ensure that an adequate sample is obtained, 
we failed to show superiority of this approach. Although the diagnostic yield of ROSE+ 
was as expected (93.3% with a presumed yield of 96%), the yield of ROSE- was much 
higher than anticipated; 95.7% instead of the presumed 84%. It may well be that an 
experienced endosonographist is able to judge whether the targeted lesion has been 
successfully aspirated and whether the material is adequate. The high yield without 
ROSE allows the conclusion that it is almost impossible to significantly further improve 
the yield by adjustment of the technique. Based on our results, it can be concluded 
that 5 passes during EUS-FNA of lymph nodes is an adequate approach when ROSE is 
not available. Nevertheless, in many centers including the centers that participated in 
the current study, ROSE is currently still being used. One possible explanation is that 
operators value the confirmation that a sample is adequate, thereby preventing that 
the procedure needs to be repeated. Another explanation could be the assumption that 
the high diagnostic yield is the result of ROSE, while the setting of ROSE- with 5 random 
samples is not tested. Finally, the decision to implement ROSE could have been based 
on scarce literature. Extrapolation of findings from the current study to other sampling 
modalities, such as endobronchial ultrasound-guided transbronchial needle-aspiration 
(EBUS-TBNA), should be done with caution. In EBUS-TBNA, implementation of ROSE does 
not increase diagnostic yield. However, in EBUS-TBNA a targeted lesion is more often 
truly negative and the on-site technician can inform the operator so that a different 
lymph node can be targeted in the same session. Consequently, the need for a repeat 
sampling procedure is lower in case ROSE is available.35-39

Studies on the impact of ROSE on diagnostic yield during EUS-FNA of lymph nodes 
are scarce. The majority of studies focus on FNA of solid masses, primarily the pancreas. 
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Cleveland et al.27 reported the largest retrospective study on the impact of ROSE on 
diagnostic yield during EUS-FNA of lymph nodes. In their center, a cytopathologist was 
available for ROSE during office hours, but not after-hours. They reported a significant 
increase in yield if ROSE was available during a procedure of 96% versus 84% without 
ROSE, respectively (P=0.002). This difference in yield in a situation of ROSE+ and ROSE- is 
remarkable in light of the findings of the current study and suggests that other (un-
identified) factors varied between office hours and after-hours. Moreover, the median 
number of passes in the ROSE- group was only 2 (IQR 2-4). Klapman et al.19 retrospec-
tively compared the diagnostic yield of two centers; ROSE was available in one center 
but not in the other center. The yield was 61/65 (93.8%) and 17/24 (70.8%) for ROSE+ and 
ROSE-, respectively. As with the study by Cleveland et al., this low diagnostic yield in the 
ROSE- center is likely due to the low mean number of passes (2.26); in the current study, 
performing only two passes in the ROSE- group would have led to a diagnostic yield of 
71.7% (95% CI 58.2-85.3%) which is comparable to the yield reported by Klapman et al. 
These findings confirm the conclusion by LeBlanc et al.18, who concluded that a median 
number of 2.5 passes was required to obtain a diagnosis and advised 5 passes when 
sampling lymph nodes. In the current study, the cytopathologist concluded in only one 
patient in the ROSE- group that more than 5 samples were required to obtain a reliable 
diagnosis. Wiersema et al.5 reported their experience in EUS-FNA of 192 lymph nodes in 
171 patients and reported a diagnostic yield of 95.8%, with ROSE available.

Another important finding of the study was that diagnostic accuracy of both ap-
proaches was comparable, which is clearly an important finding since this is ultimately 
the most important outcome for any diagnostic procedure. Costs of both approaches 
were also comparable, which is relevant to hospitals and to pathology departments that 
have to decide whether to implement ROSE. Although the higher number of samples in 
case of ROSE- required more time of the pathologist, showed a trend towards a longer 
procedure time (P=0.06), and more often required an additional FNA needle, the higher 
costs associated with these factors were compensated by the lower cytotechnician costs. 
However, personnel costs may vary considerably per center and country. Therefore, it 
is possible that in other hospitals, costs for ROSE- are higher compared with ROSE+. 
The study was not powered to detect differences in procedure time. Nonetheless, if 
the sample size had been increased, difference in procedure time may well have been 
statistically significant. The fact that ROSE+ saves time for the pathologist and shows 
a trend towards saving time of the operator, the endoscopy nurse, and an additional 
endoscopy nurse or anesthesia nurse could be used as an argument to implement ROSE 
even though yield and costs are not influenced.

Strengths of this study include the randomized design, especially in combination 
with blinding of the cytopathologist to prevent introduction of bias, the inclusion of 
EUS-FNA of lymph nodes only to create a homogeneous group of patients, performing 
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5 passes in the ROSE- group which is currently advised, and the planning of interim 
analyses with a robust methodology when convincing new insights made us question 
the original hypothesis. However, the study has a few potential shortcomings as well. 
Only low-volume centers were included in the study; nevertheless, we found a high 
diagnostic yield. This might be because only experienced operators performed the EUS 
procedures. Furthermore, an expert pathologist reviewed all the samples, which could 
also have played a role. Also, the sample size of the study is relatively small to show small 
differences in secondary endpoints.

In conclusion, as far as we know, this is the first randomized trial that studied the im-
pact of ROSE during EUS-FNA of lymph nodes. We did not find a difference in diagnostic 
yield, diagnostic accuracy, costs, or major complications. ROSE- required more passes 
which required utilization of an additional FNA needle more often, led to self-limiting 
post-procedural pain more often, required more time of the cytopathologist to review 
the samples but saves time and costs of a cytotechnician. Based on the primary out-
come, the implementation of ROSE for EUS-FNA of mediastinal and abdominal lymph 
nodes cannot be advised.
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abstraCt

background: Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) with 
cytological smears (CS) is an accurate technique to biopsy lymph nodes and masses. 
Liquid-based cytology (LBC) to create a thin layer slide or cell block may be useful when 
smears are inadequate and/or immunohistochemistry (IHC) is required. The comple-
mentary value of LBC to CS is unclear.

methods: All EUS-FNA procedures between 2003 and 2014 were retrospectively 
reviewed. Thereafter, in 50 consecutive EUS-FNA procedures of solid masses both CS 
and LBC were prospectively obtained and were reviewed by an expert cytopathologist. 
Diagnostic yield and accuracy, sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) of CS and CS+LBC were calculated and compared.

results: In total, 691 cases were identified and 540 cases were included (78%). A lymph 
node was targeted in 407 (75%), a mass in 133 (25%). Only CS was obtained in 309 (57%) 
and CS+LBC was obtained in 231 (43%); diagnostic yield (P=0.16) and accuracy (P=0.79), 
sensitivity (P=0.26), specificity (P=0.51), PPV (P=0.55) or NPV (P=0.32) were comparable. 
Additional LBC was clinically meaningful in 26.8% of cases. LBC was more frequently of 
value if the lesion was suspicious for malignancy (OR 2.63, 95% CI 1.30-5.28). Staining 
LBC using IHC was more frequently of value compared with immunocytochemistry (OR 
4.07, 95% CI 1.16-14.25). In the prospective study, yield, accuracy, sensitivity, specificity, 
PPV, and NPV in 50 patients were similar but additional LBC was useful in 14%.

Conclusion: CS and LBC are complementary in EUS-FNA. Although diagnostic charac-
teristics do not improve by the addition of LBC, it is of clinical value in a fair proportion 
of cases, especially due to the possibility of IHC if a malignancy is suspected.
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introduCtion

Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) enables cytological 
analysis of (small) masses and lymph nodes with high diagnostic accuracy.1-3 Most 
commonly, obtained samples are expelled onto glass slides to create cytological smears 
(CS). An alternative is liquid-based cytology (LBC) preparation, in which a sample is ex-
pelled into a (hemolytic) preservative fixation medium such as formaldehyde or CytoLyt 
(ThinPrep, Hologic Inc., Boxborough, MA, USA). Hereafter, the sample is processed in 
the laboratory to create a single thin layer slide (TLS). Formaldehyde or ThinPrep can 
also be used to obtain a cell block (CB). In CB, the sample is expelled in the fixation 
medium, clustered, embedded in paraffin wax, and then sectioned; this enables analysis 
of particles (e.g. tissue, blood clot) too thick to be analyzed with CS. Moreover, the thin 
sections allow for multiple immunostains. The diagnostic efficacy of LBC versus CS has 
previously been compared and results are contradictory.4-10 However, little is known 
about the clinical value of preparation of TLS and CB, when used complementary to CS. 
The aim of this study was to compare the results of EUS-FNA with only CS to EUS-FNA 
with both CS and LBC prepared samples.

material and methods

Data on EUS-FNA procedures between November 2003 and September 2014 were col-
lected from the endoscopy database of the University Medical Center Utrecht, a tertiary 
referral hospital, using the keywords “EUS” and “FNA”. Demographic data and procedural 
data were collected. The indication for EUS-FNA was retrieved from patient files, the 
endoscopy order, or the endoscopy report. All procedures in which cytological material 
was acquired, including lymph nodes and extramural masses (e.g. pancreas, liver), were 
included in the study. Intramural masses were excluded. Patients had consented for 
endoscopy and EUS-FNA.

Hereafter, 50 consecutive patients that underwent EUS-FNA of a solid mass between 
October 2014 and February 2016 were prospectively included in a clinical study. Patients 
provided written informed consent. Demographic data, indication for FNA, site of FNA, 
and number of slides were recorded. The local ethics committee approved the study 
protocol.

Procedure

EUS was performed by one of five experienced endosonographers. Patients were placed 
in the left lateral supine position. Vital parameters were monitored during the procedure. 
Procedures were performed under conscious sedation with intravenous midazolam or 
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monitored anesthesia care with intravenous propofol. A linear array echoendoscope 
(GF-UC140P, GF-UCT140-AL5, or GF-UCT180 endoscope, Olympus, Hamburg, Germany) 
was used for EUS. In case of lymphadenopathy, the largest or most suspicious appear-
ing lymph node was targeted unless adjacent vessels made safe FNA impossible. The 
needle was moved to-and-fro, most commonly in a fanning motion, multiple times at 
the discretion of the endosonographer. If little or no material was aspirated during the 
first attempt(s), suction was applied by attaching a 10-mL syringe to the hub of the 
needle. Aspirated material was placed either on glass slides or in a fixation medium by 
slowly reinserting the stylet into the needle. The majority of procedures were done with 
a 22-gauge needle (Expect, Boston Scientific, Natick, MA, USA or EchoTip, Cook Medical, 
Limerick, Ireland). A cytotechnician was available almost all cases to stain the smears 
with a DiffQuick stain and to perform rapid on-site evaluation, remaining cases were 
excluded. If smears contained definite evidence of malignancy or significant cellular 
abnormalities, samples were considered diagnostic. On the other hand, if samples from 
multiple needle passes only contained cells native to the targeted organ (e.g. lymphoid 
tissue or pancreatic tissue) and in sufficient quantities, the samples were considered 
adequate as well. The procedure was terminated once enough diagnostic material was 
obtained. The decision to obtain LBC was made by the operator/ cytotechnician. Until 
July 2010, an aspirate was expelled in an empty vial for CB preparation. Thereafter, Cyto-
Lyt became the standard fixation medium in our center, both for TLS and for CB.

In the prospective study, four operators performed the procedures. Procedures were 
performed with a linear array echoendoscope (GF-UCT180 or GF-UCT140-AL5). The 
same technique as described above was used. In all patients, the required number of 
passes was determined by the cytotechnician and the operator. Size of the lesion, num-
ber of passes, whether or not suction was applied, number of slides, and passes which 
were (partially) expelled in CytoLyt were recorded. A maximum of approximately six 
cytological smears was performed for each pass, the remaining material was expelled 
in CytoLyt. In addition, one pass was completely expelled in the same vial. Thereafter, 
all samples were reviewed by an expert cytopathologist; cellularity, bloodiness, con-
tamination, adequacy, and number of samples required according to the pathologist 
were recorded.

sample processing 

In the pathology laboratory, the air-dried smears were stained with a modified Giemsa 
stain up to July 2009 and with a May Grunwald Giemsa stain since then. Pathology 
reports were collected from the local pathology database. The decision to use CB or 
TLS preparation was made by the cytotechnician and pathologist. This decision was 
based on the indication of the procedure, the history of the patient, and the quality 
and quantity of the sample; TLS was used if little material was available, while CB was 
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used if enough material was available or if a clot or histological core was found in the 
expelled material. For sample processing, obtained material was spun at 2000 rpm. In 
CB preparation, the sediment was then embedded in paraffin wax, sectioned to obtain 
thin coupes (4µm), and stained. Hematoxylin and eosin (H&E) staining was combined 
with further morphologic, immunocytochemical and immunohistochemical staining 
were performed at the discretion of the pathologist. TLS preparation was performed 
with the T2000 (Hologic Inc.), followed by PAP-staining using a Papanicolaou stain. Upon 
request, the Cellient device (Hologic N.V., Zaventem, Belgium) could be used to process 
the remainder of the sample into a Cellient CB according to the manufacturers’ instruc-
tion, followed by H&E staining and assessment by the pathologist along with the CS. 
Depending on FNA indication, history of the patient, processing technique and amount 
of cellular material, immunostaining was performed to further differentiate the etiology 
of the aspirated material.

accuracy

Results from cytology acquired with EUS-FNA were compared to the reference standard 
for final diagnosis. If FNA was performed for a malignancy, a positive cytological result 
was considered true positive if histology confirmed the result, if clinical progress was 
consistent with the diagnosis or if the response to chemo-/radiotherapy corresponded 
with expectations. If sarcoidosis was suspected, presence of non-caseating granulomas 
was considered true positive, whilst presence of granulomas in lymph nodes was consid-
ered true negative if a disseminated malignancy was suspected prior to the procedure. 
If positive cytology results did not match with the reference standard, the results were 
considered false positive. Inconclusive or benign cytology results were considered false 
negative if further diagnostic work-up or clinical follow-up revealed evidence of malig-
nancy (e.g. progress in case of a tumor or evidence of dissemination in case of a lymph 
node) or a benign inflammatory disorder. If no other reference standard was available, 
clinical follow-up of at least 6 months or repeat imaging were used. A specimen was 
considered to be a malignancy if the results were either ‘malignancy’ or ‘suspicion of 
malignancy’. Negative cytology was considered true negative if lymphoid tissue (lymph 
node) or organic tissue from the targeted region (mass) was seen, without evidence of 
malignancy or a benign inflammatory disorder, which was confirmed by histology, by 
imaging studies showing resolution or a lack of progression during follow-up. If no final 
diagnosis was available, patients were excluded from analysis.

statistical analysis

Categorical variables were expressed as proportions. Continuous variables were ex-
pressed as median (interquartile range [IQR]) or mean (standard deviation [SD]), where 
appropriate. Comparison between categorical parameters was performed with a chi-
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square test or Fischer’s exact test. For continuous parameters, a two-sided independent 
Student’s t test or Mann-Whitney U test was used. Comparison between more than 2 
categorical parameters was performed with an ANOVA test. Logistic regression analysis 
was performed to evaluate which parameters influence chance of an adequate FNA. 
Analyses were performed with SPSS version 23.0 (SPSS Inc., Chicago, Ill, USA). A P value 
of <0.05 was considered to be statistically significant.

results

A total of 633 patients were identified in the endoscopy database; 49 patients had 
undergone more than one procedure, resulting in a total of 691 procedures. Of these, 
540 procedures in 502 patients were included after excluding procedures in which no 
mass was detectable (n=60), only histology was obtained (n=25), no reference stan-
dard was available (n=50), no final diagnosis was available (n=12), or no rapid on-site 
evaluation was performed (n=4). CS+LBC was obtained in 231 (43%) and CS alone in 
309 (57%) procedures. Median follow up was 17.1 months (IQR 6.6-48.6). Table 1 shows 
the baseline characteristics and procedure characteristics of both groups. Mean age 
of the patients was 58.6 years (±14.2); 60.7% was male. 133 (25%) procedures were 
performed in masses and 407 (75%) in lymph nodes. In the majority of cases (71%), the 
indication for EUS-FNA was suspicion for malignancy. Immunostaining was performed 
in 166 cases (31%).

Pathology diagnoses and final diagnoses are depicted in Table 2. In 486 cases (90%), 
a cytological diagnosis was made following EUS-FNA. Diagnostic yield (P=0.16) and 
diagnostic accuracy (P=0.79) of cases without LBC and cases with LBC were comparable 
(Table 3). Of the 231 cases with CS+LBC, TLS was created in 33 cases (14.4%), CB in 137 
cases (59.8%) and both in 59 cases (25.8%) (Table 4). Diagnostic yield of cases with LBC, 
CB, and both was 81.8% (95% CI 67.9-95.7), 89.8% (95% CI 84.6-94.9) and 93.2% (95% CI 
86.6-99.8), respectively. Diagnostic accuracy was 92.6% (95% CI 82.0-100), 91.1% (95% CI 
85.9-96.2) and 92.7% (95% CI 85.6-99.8), respectively. Cases with LBC versus CB did not 
differ with regard to diagnostic yield (P=0.08) or diagnostic accuracy (P=0.79).

Based on the pathology report, LBC was considered valuable in 62 of 231 cases (26.8%) 
in which LBC was available (number needed to test [NNT]; 3.8); diagnosis was obtained 
on LBC alone in 18/62 cases (29.0%), differentiation of type of malignancy could be 
made with LBC in 3 cases (4.8%), and IHC was useful for diagnosis/differentiation in 41 
cases (66.1%, NNT with regard to IHC: 1.1). In 62 of 231 cases (26.8%), LBC was not useful 
according to the pathology report. In 89 cases (38.5%), LBC findings were comparable to 
CS; in 18 cases (7.8%), pathology results of LBC were not mentioned separately.
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table 1. Baseline characteristics of cases with and without LBC.

overall
n=540

Without lbC
n=309

With lbC
n=231

P value

Age – mean (SD) 58.6 (±14.2) 59.4 (±13.5) 57.5 (±15.0) 0.25

Male gender - % 328 (60.7) 193 (62.5) 135 (58.4) 0.37

Indication - % 0.06

Sarcoidosis 130 (24.1) 63 (20.4) 67 (29.0)

Process diagnostic 106 (19.6) 66 (21.4) 40 (17.3)

Staging 304 (56.3) 181 (58.3) 124 (53.7)

Echoendoscope - % 0.36

GF-UC140P 277 (51.3) 164 (53.1) 113 (48.9)

GF-UCT140-AL5 143 (26.5) 86 (27.8) 57 (24.7)

GF-UCT180 93 (17.2) 45 (14.6) 48 (20.8)

Other 27 (0.1) 14 (0.1) 13 (0.1)

No. of targets - % 0.001

1 449 (83.1) 272 (88.0) 177 (76.6)

>1 91 (16.9) 37 (12.0) 54 (23.4)

Target size – median (IQR) 28.0 (19.0-37.0) 27.0 (18.0-36.0) 30.0 (20.0-39.0) 0.04

Target site - % <0.001

Mediastinal node 285 (52.8) 155 (50.2) 130 (56.3)

Abdominal node 44 (8.1) 40 (12.9) 4 (1.7)

Pancreas 65 (12.0) 40 (12.9) 25 (10.8)

Left adrenal gland 19 (3.5) 10 (3.2) 9 (3.9)

Stomach 10 (1.9) 8 (2.6) 2 (0.9)

Liver hilus 13 (2.4) 8 (2.6) 5 (2.2)

Other 13 (2.4) 11 (3.6) 2 (0.9)

Multiple 91 (16.9) 37 (12.0) 54 (23.4)

No. of passes – median (IQR) 3.0 (2.0-4.0) 3.0 (2.0-3.0) 3.0 (3.0-4.0) <0.001

Needle size - % 0.17

19G 23 (4.3) 15 (4.9) 8 (3.5)

22G 485 (89.8) 279 (90.3) 206 (89.2)

25G 14 (2.6) 11 (3.6) 3 (1.3)

Unknown 29 (5.4) 15 (4.9) 14 (6.1)

Immunostaining - % 

No 374 (69.3) 220 (71.2) 154 (66.7)

ICC 112 (20.7) 89 (28.8) 23 (10.0)

IHC 45 (8.3) 0 (0) 45 (19.5)

ICC/IHC 9 (1.7) 0 (0) 9 (3.9)

LBC, liquid based cytology; SD, standard deviation; IQR, interquartile range; ICC, immunocytochemistry; 
IHC, immunohistochemistry.
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Univariate analysis revealed that suspicion of malignancy (OR 2.52, 95% CI 1.26-5.05) 
and increasing age (OR 1.02, 95% CI 1.00-1.04) increased that likelihood that LBC was 
valuable. A suspicion of granulomatous inflammation on the other hand reduced the 
likelihood that LBC was beneficial (OR 2.26, 95% CI 1.10-4.63). Usefulness of LBC was 
not dependent of whether the target lesion was a lymph node or mass (OR 1.09, 95% CI 
0.54-2.22), needle size (P=1.00), gender (OR 0.82, 95% CI 0.46-1.48), number of passes 

table 2. Cytology results.

Pathology diagnosis

final diagnosis

benign
granulomatous 

inflammation malignancy
metastic 
disease unknown

Without LBC (n=311)

Benign 65 5 5 5 0

Granulomatous inflammation 1 59 1 0 0

Malignancy 0 0 35 0 0

Metastatic disease 0 0 0 92 0

Suspicion of malignancy 0 0 6 5 0

Inadequate 11 7 5 3 4

Total 77 71 52 105 4

With LBC (n=231)

Benign 51 6 5 6 0

Granulomatous inflammation 0 55 0 0 0

Malignancy 0 0 22 0 0

Metastatic cancer 0 0 0 62 0

Suspicion of malignancy 0 0 0 0 0

Inadequate 7 2 4 3 8

Total 58 63 31 71 8

LBC, liquid based cytology.

table 3. Diagnostic characteristics of cytology.

overall 
- % (95% Ci)

Without lbC 
- % (95% Ci)

With lbC 
- % (95% Ci) P value

Diagnostic yield 90.0 (87.5-92.5) 90.3 (87.0-93.6)  89.6 (85.6-93.6) 0.16

Diagnostic accuracy 93.0 (90.7-95.3) 93.9 (91.1-96.7) 91.8 (88.0-95.6) 0.79

Sensitivity 91.3 (88.4-94.2) 92.9 (89.4-96.4) 89.2 (84.3-94.1) 0.26

Specificity 98.3 (95.9-100) 97.1 (92.9-100) 100 0.51

PPV 99.4 (98.6-100) 99.0 (97.6-100) 100 0.51

NPV 78.4 (71.7-85.1) 81.5 (72.8-90.1) 74.6 (63.9-85.3) 0.32

LBC, liquid based cytology; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive 
value.
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(OR 0.81, 95% CI 0.63-1.03), location (P=0.93) or amount of blood in samples (OR 0.87, 
95% CI 0.64-1.19). Multivariate analysis revealed suspicion of malignancy as the only 
significant predictor of usefulness of LBC; OR 2.63 (95% CI 1.30-5.28).

Prospective study

A total of 50 patients were included in the analysis. Baseline and procedure character-
istics are depicted in Table 5. Mean size of the target lesion was 28.5 (±14.7) mm. The 
majority of targeted lesions were located in the pancreas (76%). Mean number of passes 
was 3.0 (IQR 2.0-4.0). Vacuum suction was applied in 20 procedures. The most common 
indication for EUS-FNA was suspicion of a malignancy (58%). In all cases, a separate pass 
was performed for LBC; additionally, part of a pass was expelled in CytoLyt in 20 cases. In 
20 patients, only LBC was obtained, in 18 only CB, and in 12 both LBC and CB. In 17 cases, 
immunostaining was performed; in 6 on CS, in 7 in LBC, and in 4 in both. Cellularity was 
lower for LBC compared with CS (P<0.001). Mean follow up was 7.1 months (±5.1).

Pathology results and final diagnoses are depicted in Tables 5 and 6. Malignancy was 
diagnosed in 39 patients (78%), with the most common diagnosis being pancreatic 
adenocarcinoma (n=30). In one case, no final diagnosis was available as the pathologist 
considered the specimen inadequate. Diagnostic yield for CS alone and CS with LBC 
was identical: 92% (95% CI 84.0-99.8%). The diagnosis was altered because of findings 
on LBC in only 1 patient, resulting in a diagnostic accuracy of 93.5% (95% CI 86.1-100%) 
when not taking LBC into account and 95.7% (95% CI 89.5-100%) when including the 
LBC (P=0.38) (Table 7). LBC was considered useful by the pathologist in 7 patients (14%); 
diagnosis in 4 (8%) and IHC in 3 (6%). Number needed to test is therefore 7.1. Median 
number of passes required according to the pathologist was 1.00 (IQR 1.00-2.00); signifi-
cantly less than the number of passes performed (P<0.001).

table 4. Diagnostic characteristics of TLS versus CB.

tls
n=33

Cb
n=137

tls+Cb
n=59 P value

Diagnostic yield 81.8 (67.9-95.7) 89.8 (84.6-94.9) 93.2 (86.6-99.8) 0.23

Diagnostic accuracy 92.6 (82.0-100) 91.1 (85.9-96.2) 92.7 (85.6-99.8) 0.92

Sensitivity 90.9 (77.9-100) 88.2 (81.5-94.9) 90.2 (80.8-99.7) 0.90

Specificity 100 100 100 NA

PPV 100 100 100 NA

NPV 71.4 (26.3-100) 73.2 (59.0-87.3) 77.8 (56.5-99.1) 0.92

TLS, thin layer slide; CB, cell block; PPV, positive predictive value; NPV, negative predictive value.



Chapter 4

76

table 5. Patient, procedure and pathology characteristics of cases in the clinical study.

n=50

Age – mean (SD) 62.3 (12.2)

Male gender - % 20 (40.0)

Indication - % 

Suspicion malignancy 29 (58.0)

Suspicion metastasis 12 (24.0)

Tissue before initiation treatment 9 (18.0)

Target size – mean (SD) 28.5 (14.7)

Target site - % 

Head pancreas 23 (46.0)

Body pancreas 13 (26.0)

Tail pancreas 2 (4.0)

Left adrenal gland 2 (4.0)

Stomach 3 (6.0)

Peri organic 7 (14.0)

No. of passes – median (IQR) 3.0 (2.0-4.0)

Vacuum suction - %

No 30 (60)

Yes 20 (40)

Needle size - % 

22G 28 (56.0)

25G 8 (16.0)

Unknown 14 (28.0)

Immunostaining - % 

No 33 (66.0)

ICC 6 (12.0)

IHC 7 (14.0)

ICC/IHC 4 (8.0)

LBC content - %

Only additional pass 29 (58.0)

Additional pass+ part of CS pass 21 (42.0)

LBC - %

TLS 20 (40.0)

CB 18 (36.0)

Both 12 (24.0)



77

The benefit of liquid based cytology during EUS-FNA

Ch
ap

te
r 4

disCussion

In this study on EUS-FNA of solid masses and lymph nodes, CS and LBC was not superior 
to CS alone regarding diagnostic yield, diagnostic accuracy, sensitivity, specificity, PPV, 
or NPV. Nevertheless, LBC was considered being of clinical value in 26.8% of cases. LBC 
appears to be especially useful in case of a suspected malignancy and in case IHC is per-
formed. In the prospectively collected samples, complementary LBC after CS judgment 
was considered useful in 14% during revision. These findings suggest that obtaining LBC 
as standard in all EUS-FNA procedures is not warranted, but the decision to do so should 
be made with little hesitation in specific patient groups.

Performance of EUS-FNA varies considerably in existing literature. Moreover, studies 
have shown contradictory results with regard to superiority of CS4-7 or LBC8-10. In our 
center, sample processing in EUS-FNA is rarely performed with LBC alone. This provided 
us with an opportunity to compare performance of CS and CS plus LBC in a large co-
hort. The current study showed that LBC was often not indicated in addition to CS for 
obtaining the diagnosis. Although no significant differences were observed, having an 

table 5. Patient, procedure and pathology characteristics of cases in the clinical study. (continued)

n=50

Cs lbC P value

Cellularity - % <0.001

Poor 19 (38.0) 25 (50.0)

Average 24 (48.0) 16 (32.0)

Rich 7 (14.0) 9 (18.0)

Contamination - % 0.77

Mild 48 (96.0) 48 (96.0)

Severe 2 (4.0) 2 (4.0)

Bloodiness - % 0.09

Minimal 3 (6.0) 27 (54.0)

Moderate 42 (84.0) 23 (46.0)

Severe 5 (10.0) 0 (0)

Final diagnosis - %

Unknown 1 (2)

Benign 7 (14)

Metastasis 6 (12)

Neuroendocrine tumour 5 ( 10)

Pancreatic adenocarcinoma 30 (60)

Pancreatitis 1 (2)

SD, standard deviation; IQR, interquartile range; ICC, immunocytochemistry; IHC, immunohistochemistry; 
LBC liquid based cytology; CS, cytology smear; TLS, thin layer slide; CB, cell block.
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additional slide or CB may be convenient for the pathologist and aid in differentiating 
between types of cancer. The pathology report rarely stated that the diagnosis could 
only be made on LBC (n=3, 1.3%). However, in spite of the lack of statistically significant 
improvement of yield or accuracy, LBC provided valuable information in 26.8%; espe-
cially if a malignancy was suspected and IHC was available. In the prospective study, no 
statistically significant improvement in diagnostic yield was observed when results from 
LBC were taken into account; in one case the diagnosis could only be made on CB. In 
two other cases, LBC was judged valuable to strengthen the diagnosis by the reviewing 
pathologist. In the remaining four cases in which LBC was considered useful, IHC added 

table 6. Cytology results in the clinical study.

Pathology diagnosis

final diagnosis

benign malignancy metastic disease unknown

Only CS

Benign 5 2 1 0

Malignancy 0 30 0 0

Metastatic disease 0 0 5 0

Suspicious for malignancy 0 3 0 0

Inadequate 2 1 0 1

Total 7 36 6 1

With LBC

Benign 5 2 0 0

Malignancy 0 31 0 0

Metastatic cancer 0 0 6 0

Suspicious for malignancy 0 2 0 0

Inadequate 2 1 0 1

Total 7 36 6 1

CS, cytology smear; LBC, liquid based cytology.

table 7. Diagnostic characteristics of cytology in the clinical study.

Cs only -% 
(95% Ci)

lbC only -% 
(95% Ci)

Cs and lbC -% 
(95% Ci)

P value*

Diagnostic yield 92.0 (84.0-99.8) 80 (68.5-91.5) 92 (84.2-99.8) -

Diagnostic accuracy 93.5 (86.1-100) 97.5 (92.4-100) 95.7 (89.5-100) 0.38

Sensitivity 92.7 (84.4-100) 97.1 (91.3-100) 95.1 (88.2-100) 0.38

Specificity 100 100 100 -

PPV 100 100 100 -

NPV 62.5 (19.2-100) 83.3 (40.5-100) 71.4 (26.3-100) 0.46

CS, cytology smear; CI confidence interval; LBC, liquid based cytology; PPV, positive predictive value; NPV, 
negative predictive value.
* CS only versus CS + LBC
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valuable diagnostic information. However, the diagnosis of a malignancy was made on 
CS alone in these cases; consequently, the clinical value of LBC could not simply have 
been measured as a higher diagnostic yield/accuracy or increased sensitivity/PPV com-
pared with CS alone.

Combining LBC and CS may well result in “the best of both worlds”. Both processing 
techniques have their strengths and weaknesses. With CS, shortcomings are that not all 
stains can be performed on CS and that the number of stains is limited to the number 
of slides prepared. Furthermore, blood and necrotic material may cause background 
staining and inflammatory changes in the lesion complicate interpretation. Also, the 
technique is operator dependent as cells and cell architecture may be damaged during 
smearing of the sample on the glass and since inadequate smearing may result in cell 
crowding which complicates differentiation.8 With LBC, cellularity is often much lower 
compared with CS and this results in a lower diagnostic yield in most studies4,7,9 and 
in the current study (P<0.001). Furthermore, preparation of LBC is more complex and 
time-consuming, mucin is rinsed during preparation which is usually beneficial but not 
in mucinous neoplasms, and on-site evaluation is not possible.6,11,12 Unless all samples 
are inadequate, the combination of both techniques during EUS-FNA overcomes the 
shortcomings of the two techniques.5,13,14 Moreover, a cell block permits preservation of 
tissue and adds the possibility of future additional immunohistochemical or molecular 
analyses, which is becoming increasingly important for targeted therapy.15,16 Our finding 
that CS plus LBC is not significantly superior to CS alone is in contrast to some previ-
ous studies in solid pancreatic lesions, in which CS plus CB was superior to CS alone.5,13 
However, in both studies diagnostic accuracy of CS alone was lower than in the current 
study; 86.1% and 81% versus 92%, respectively. Moreover, the accuracy of CB plus TLS 
was lower as well; 91.8% and 88% versus 94%, respectively. It may be that superiority of 
the combination CS plus CB was due to a lower accuracy of CS alone. Therefore, a lower 
yield or accuracy of CS in a center could be an argument to implement additional CB as 
standard.

This study has several limitations. The retrospective design of the first part of the study 
limits the conclusions that can be drawn from the results. Although no differences in 
baseline characteristics could be observed between cases with and without LBC, it is 
likely that the decision to obtain LBC was not taken at random, thus potentially intro-
ducing selection bias. In the prospective part of the study however, in which LBC was 
obtained in all patients irrespective of indication or operator, no statistically significant 
difference was observed as well. For data collection we were dependent on the pathol-
ogy and endoscopy reports, and if LBC was not mentioned separately we could not 
determine the impact of LBC on the diagnosis. Since all EUS-FNA procedures between 
2003 and 2014 were included the patient group was heterogeneous, including both 
masses and lymph nodes. However, to answer the research question, we chose to 
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include all targeted lesions. The influence of on-site cytotechnician during EUS-FNA is 
much debated. Early studies are contradictory but a recent clinical trial failed to show 
benefit of on-site evaluation during pancreatic EUS-FNA.17 Nevertheless, when profound 
blood contamination is observed during the first passes, the risk that no diagnosis can 
be obtained increases; ROSE may be useful to determine whether this could be a prob-
lem. Therefore, we tried to avoid potential bias by excluding the few cases in which no 
ROSE was available.

It is important to identify patient groups that may benefit from adding LBC to CS. 
It was noticed in the current study that the possibility to perform (multiple) IHC to 
differentiate the type of tumour is clinically the most useful aspect of LBC when used 
complementary to CS; OR 4.07 (95% CI 1.16-14.25) compared with ICC in which no IHC 
was available. In addition, biomarker analysis for therapy decisions is becoming more 
important. Consequently, addition of LBC may well be most useful when a malignancy/
metastasis is suspected; OR 2.63 (95% CI 1.30-5.28) compared with suspicion of benign 
disease. LBC should not be performed if granulomatous inflammation is suspected since 
the chance that LBC is not of clinical value is high compared with other indications; OR 
2.26 (95% CI 1.10-4.63). No other factors that predict whether LBC will be of value were 
identified. Therefore, a tailored approach is the best way to decide whether to obtain 
material for LBC or not.

In conclusion, our results did not show a significant increase in diagnostic yield or 
accuracy of EUS-FNA if a part of the obtained material was processed with CB or TLS in 
addition to CS. Nevertheless, the availability of LBC did provide relevant information in a 
substantial proportion of patients. The decision to use LBC complementary to CS should 
be patient-based. Large prospective studies are required to identify factors that could 
help predict whether obtaining LBC is useful.
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abstraCt

background and aims: There is little evidence that structures targeted during endo-
scopic ultrasound guided celiac ganglia neurolysis (EUS-CGN) are celiac ganglia and that 
selective ethanol injection into ganglia is feasible. We aimed to visualize celiac ganglia, 
confirm that these structures are ganglia and visualize ethanol spread after EUS-CGN 
and EUS-guided celiac plexus neurolysis (EUS-CPN).

methods: Firstly, celiac ganglia were sought during 97 consecutive EUS procedures. 
Secondly, ganglia were identified in a prosected human cadaver by placing a linear 
echo-endoscope next to the celiac trunk and the underlying tissue was removed for 
histology. Finally, various EUS-CGN and EUS-CPN techniques were performed in human 
cadavers; EUS-CGN was performed with 1 cc ethanol in one ganglion, 1 cc per ganglion 
(both ‘low volume’), and 4 cc per ganglion (‘high volume’). EUS-CPN was performed with 
a central (20 cc) and a bilateral (2*10 cc) approach. Transverse sections (75 µm) were 
obtained and photographed to visualize the spread of ethanol.

results: 204 ganglia were detected in 83 patients. Mean size of the long axis was 8.1 
(±7.4) mm. Histology of the removed region in the cadaver showed only nerve cell bod-
ies. After low volume EUS-CGN in cadavers, ethanol spread well beyond the targeted 
ganglion. After high volume EUS-CGN in cadavers, a larger ethanol spread was seen 
which also reached unidentified ganglia; the spread was comparable to spread after 
EUS-CPN.

Conclusions: Specific EUS-CGN is not feasible since ethanol spreads well beyond the 
targeted ganglion. Unidentified celiac ganglia are better reached with high volume EUS-
CGN and this would likely result in a more thorough neurolysis. High volume EUS-CGN 
should be preferred to low volume EUS-CGN.
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introduCtion

Pancreatic carcinoma is associated with chronic pain in up to 80% of patients, requiring 
chronic use of high-dose opioids.1 High-dose opioid use is associated with considerable 
and dose limiting side effects, such as nausea and vomiting, constipation, sedation, 
delirium, and even respiratory depression.2 

An alternative to opioid therapy is celiac plexus neurolysis (CPN).3 The celiac plexus 
consists of 1-5 celiac ganglia, approximately 25 x 15 mm in size, which are connected 
by nerve branches and connective tissue.4-6 CPN is performed by injecting a neurolytic 
agent (e.g. ethanol 96%) in the proximity of the celiac plexus. Ethanol causes neural 
degeneration, thereby preventing transmission of nociceptive signals from the abdomi-
nal viscera. Since the first report of a percutaneous CPN, several approaches have been 
used with comparable results.7-12 Later, endoscopic ultrasound-guided celiac plexus 
neurolysis (EUS-CPN) was introduced.13 In EUS-CPN, a needle is advanced adjacent and 
anterior to the lateral aspect of the aorta at the level of the celiac trunk and ethanol 
is injected.14,15 Several techniques have been tried over time in an attempt to improve 
the sometimes disappointing results.16-19 In 2008, feasibility of injecting a neurolytic 
agent directly into the celiac ganglia (EUS-guided celiac ganglia neurolysis, EUS-CGN) 
was reported.20 Recently, superiority of EUS-CGN compared with central EUS-CPN was 
reported.14,21 In EUS-CGN, approximately 1-4 cc of ethanol (96%) is injected directly in 
each visualized ganglion. However, there is little evidence that the targeted structures 
are indeed celiac ganglia. Moreover, the variety in spread of ethanol with the various 
EUS techniques and dosages is largely unknown. Considering the size of the ganglia, it 
seems unlikely that the spread is limited to the (proximity of ) ganglia.

In the current study, we aimed to assess the proportion of patients in which we could 
visualize presumed celiac ganglia using EUS. Furthermore, we intended to confirm 
EUS images of celiac ganglia with a detailed histological analysis. Finally, we aimed to 
visualize the spread of ethanol after various EUS-guided celiac plexus/ganglia neurolysis 
techniques and ethanol dosages in a human cadaver model.

material and methods

Visualization of ganglia in patients

The study was conducted at the Endoscopy unit of the University Medical Center (UMC) 
Utrecht. Demographic, clinical and EUS data of consecutive patients undergoing EUS 
of the upper gastrointestinal tract and data of visualized ganglia were prospectively 
collected. Procedures were performed by four experienced endosonographers. Hy-
poechogenic, oblong shaped anatomic structures without flow on color Doppler in the 
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area around the celiac artery, sometimes with irregular edges, echo-poor threads and/or 
central echo-rich foci were presumed to be celiac ganglia.6 The area of the ganglia was 
calculated since this would be relevant if EUS-CGN is performed. The area was calculated 
by assuming an ellipse shape, since a ganglion is commonly oblong and wider in the 
middle than at the ends. The study was approved by the Medical Ethics Committee of 
the UMC Utrecht on 23 November 2013.

Visualization of ganglia in a human cadaver

All human cadavers used in this study had entered the Department of Anatomy of the 
UMC Utrecht through a donation program. Written informed consent was obtained from 
these persons during life that allowed the use of their entire bodies for educational and 
research purposes. One cadaver, embalmed with formaldehyde (3.5%) was dissected 
and the celiac trunk was identified. A linear endoechoscope (GF-UCT160-OL5, Olympus, 
Hamburg, Germany) was placed directly on the loose fatty tissue posterior of the celiac 
trunk, anterior of the aorta. After visualization of presumed celiac ganglia, an 18 gauge 
spinal needle (BD Medical, Franklin Lakes, NJ, USA) was inserted into a ganglion and a 
small amount of orange dye was injected. The area around of the needle tip was removed 
en bloc immediately afterwards. The specimen was cut in 5 µm sections and histological 
assessment was performed using a haematoxylin & eosin stain.

eus-Cgn/-CPn in human cadavers

EUS was performed in six unembalmed, non-frozen human cadavers with a postmortem 
delay to intervention of less than 36 hours. EUS was performed by an experienced en-
dosonographer (FV) with a linear echoendoscope (GF-UCT160-OL5, Olympus, Hamburg, 
Germany). The bodies were placed in a supine position. After per oral introduction into 
the stomach, the base of the celiac artery was identified. Celiac ganglia were identified 
using the endosonographic criteria described above. For neurolysis, ethanol 96% mixed 
with orange dye was injected. Locating the injection site proved difficult on transverse 
images of the first cadaver. In the cadavers thereafter, a golden fiducial preloaded in a 
22-gauge (22G) EUS-needle (Expect, Boston Scientific, Natick, MA, USA), was placed at 
each injection site by re-insertion of the stylet.

In the first cadaver, EUS-CGN was performed by inserting a 25G (Expect, Boston Scien-
tific, Natick, MA, USA) needle deep in each ganglion, followed by injection of 1 cc etha-
nol/dye solution. In a different cadaver, the procedure was performed using the same 
technique, only with a 22G needle. In another cadaver, only one of the identified ganglia 
was injected with 1 cc ethanol/dye solution using a 25G needle in order to visualize the 
spread of a ‘low volume’ of ethanol.21 In the fourth cadaver, each visualized ganglion was 
injected with 4 cc of ethanol (‘high volume’) using a 22G needle.14,20 In the remaining 
two cadavers, central and bilateral EUS-CPN were performed with a 22G needle.
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Cryomacrotome and histology

Immediately after the EUS-CGN procedure, the cadavers were frozen to -30°C in a supine 
position. After completion of the freezing process, the entire area of the celiac plexus 
and surrounding tissue was removed en bloc using a heavy-duty belt saw (Figure 1). Size 
of tissue blocks varied, but included the 11th thoracic vertebra to the 3rd lumbar vertebra, 
kidneys, part of the liver, and pancreas in all cadavers. The resulting ‘cube’ was frozen 
in carboxymethylcellulose gel at -30°C. A heavy-duty sledge cryomacrotome (CMX3600 
XP, Leica Biosystems, Nussloch, Germany) was used to obtain consecutive transverse 
sections with intervals of 75 µm. The surface of the sections was photographed using a 
fixed microscope camera (DFC450C, Leica Microsystems Ltd, Heerbrugg, Switzerland) at 
a resolution of 300 pixels/ inch. Histological sections were obtained regularly according 
to interest using adhesive tape. For histological staining, a modified Mallory-Cason stain 
was used.22 Afterwards, cross-sectional sagittal and coronal planes were reconstructed 
using previously developed unique software (E-MAC Group, Department of Information 
and Computing Sciences, University of Utrecht, Utrecht, the Netherlands).23 Distances 
on transverse images were measured using internet based software (https://sketchand-
calc.com). This software was also used to calculate the surface of dye (cm2) on transverse 
images every 5 mm. Volume of tissue affected by dye was calculated thereafter. Similar 
calculations were performed for identified celiac ganglia. Celiac ganglia were identified 
by evaluation of the histology sections and the transverse images.

figure 1. Tissue block after endoscopic 
ultrasound-guided celiac ganglia neu-
rolysis with 1 cc ethanol per ganglion. 
Wide margins were used to ensure that 
the anatomy around the celiac plexus 
was left undisturbed. Size of the block 
was approximately 15 x 14 x 17 cm. Here 
after, transverse sections were removed 
and high-quality images were obtained 
every 75 µm to visualize anatomy of the 
celiac ganglia and spread of the dye in 
great detail.
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statistical analysis

Continuous variables were reported as means with standard deviation (SD) or medians 
with interquartile range (IQR). Categorical variables are presented as percentages and 
were compared using a Chi-squared test or Fischer’s exact test. All tests were two-sided, 
a P value of <0.05 was considered significant. For statistical analyses, SPSS Statistics ver-
sion 23.0 (SPSS Inc., Chicago, IL, USA) was used.

table 1. Patient characteristics.

n=97 (%)

Gender - male. % 44 (45)

Age – mean (SD) 56.3 ±15.2

Echoscope - %

Linear 93 (96)

Radial 4 (4)

Indication EUS - %

Pancreatic mass/cyst 24 (25)

Cholelithiasis 19 (20)

FNA/biopsy 33 (34)

Familial pancreatic cancer screening 14 (14)

Gastrointestinal or HPB cancer 3 (3)

Other 4 (4)

Ganglion/ ganglia visualized - % 83 (86)

SD, standard deviation; EUS, endoscopic ultrasound; FNA, fine needle aspiration; HPB, hepatopancreatobiliary.

table 2. Celiac ganglia visualized in consecutive patients with endoscopic ultrasound.

n=204 (%)

Long axis mm. – mean (SD) 8.1 ±7.4

Short axis mm. – mean (SD) 3.8 ±4.0

Area cm2 – mean (SD) 168.4 ±527.6

Location in relation to celiac trunk - %

Anterior 61 (29.9)

Left 60 (29.4)

Left-anterior 71 (34.8)

Left-posterior 3 (1.5)

Right 4 (2.0)

Right-anterior 4 (2.0)

Right-posterior 1 (0.5)

Injection possible - % 195 (95.6)

SD, standard deviation.
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results

Visualization of ganglia in consecutive patients undergoing eus

Between January and September 2014, 97 EUS procedures in 97 patients were included. 
Baseline characteristics are shown in Table 1. A linear echoendoscope (GF UC-140P/ 
GF-UCT180, Olympus, Hamburg, Germany) was used in the majority of cases. In 31 
cases, a GF-UC140P was used and in 62 cases, a GF-UCT180. In 4 patients, a radial echo-
endoscope (GF-UE160-AL5, Olympus, Hamburg, Germany) was used. In 83 cases (86%), 
ultrasonographic signs of one or more presumed celiac ganglia were seen. In these 
cases, a median of 2 (IQR 2-3) ganglia were visualized. Characteristics of the ganglia are 
depicted in Table 2. The ganglia were most often seen anterior of the aorta and/or to the 
left of the celiac artery (n=192; 94%). No predictors for identifying ganglia were found, 
including gender (male 82% vs. female 89%; P=0.34) or endosonographer (P=0.09). The 
endosonographer determined that injection with a needle was possible in the majority 
of ganglia: 195 (96%). Injection was judged to be too difficult in 9 ganglia (4%) in 6/83 
patients (7%).

Visualization of ganglia in a cadaver model

The endoechoscope was placed left of the celiac trunk, and several hypoechoic struc-
tures were visualized. The needle was placed within one of the larger structures (Figure 
2). Microscopic evaluation with histological staining of the area showed nerve cell 
bodies and nerve fibers. No other structures that mimic echogenic characteristics of 
celiac ganglia (e.g. lymph nodes) were observed in the tissue, confirming that visualized 
structures were most likely celiac ganglia.

figure 2. Manual ganglion injection 
with an 18 gauge spinal needle in a dis-
sected cadaver, placed under direct en-
doscopic ultrasound guidance. L, liver; 
CA, celiac artery; LGA, left gastric artery; 
CHA, common hepatic artery; SA, splen-
ic artery.
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table 4. Celiac ganglia findings with cryomacrotomy in cadavers.

location in relation to celiac trunk (mm)

Vector in relation to 
celiac trunk d

im
en

si
on

s 
ga

ng
lio

n 
(le

ng
th

 x
 

w
id

th
 x

 h
ei

gh
t)

 –
 

m
m

.*
**

su
rf

ac
e 

ar
ea

 - 
cm

3

d
ye

 a
ro

un
d 

ga
ng

lio
n

left/ right*
anterior/ 
posterior*

inferior/ 
superior **

Technique 1: CGN, 1 cc per ganglion, 25G needle

1 Left (5) Anterior (9) Inferior (3) Lateral, posterior, inferior 8 x 10 x 13 0,38 Yes

2 Left (4) Anterior (11) 0 Inferior 3 x 9 x 8 0,16 Yes 

3 Right (20) Anterior (5) Superior (4) Lateral, posterior, inferior 24 x 6 x 11 0,37 No 

Technique 2: CGN, 1 cc per ganglion, 22G needle

1 0 Anterior (9) Inferior (3) Lateral, posterior, inferior 6 x 16 x 20 0,81 Yes 

2 Right (16) Anterior (1) Inferior (8) Lateral, anterior, inferior 10 x 4 x 35 0,55 No 

3 Right (6) Anterior (36) Inferior (25) Inferior 10 x 3 x 9 0,10 No

Technique 3: CGN (1 cc in 1 ganglion)

1 Left (8) Anterior (2) Superior (1) Anterior, inferior 7 x 8 x 6 0,08 Yes

2 Right (26) Posterior (5) Inferior (3) Lateral, posterior, superior 9 x 3 x 5 0,06 No

3 Left (16) 0 Inferior (14) Medial, anterior, inferior 3 x 13 x 3 0,05 Yes

4 0 0 Inferior (26) Inferior 12 x 6 x 12 0,34 No

5 Left (15) 0 Inferior (26) Inferior 6 x 23 x 8 0,30 Yes 

Technique 4: CGN (4 cc per ganglion)

1 Left (12) Anterior (4) Inferior (10) Lateral, inferior 10 x 13 x 28 0,87 Yes 

2 Right (12) Anterior (16) Superior (5) Lateral, inferior 11 x 5 x 6 0,06 Yes

3 Left (4) Anterior (7) Inferior (11) Lateral, anterior, inferior 11 x 6 x 17 0,40 Yes 

4 Left (11) Anterior (10) Inferior (16) Lateral, anterior, inferior 13 x 5 x 22 0,51 Yes

Technique 5: Central CPN (20 cc)

1 Left (10) 0 0 Lateral, posterior, inferior 3 x 11 x 6 0,13 Yes

2 Left (10) Anterior (11) Inferior (5) Inferior 6 x 13 x 13 0,29 Yes

3 Left (13) Posterior (4) Inferior (11) Anterior, inferior 5 x 12 x 12 0,35 Yes

4 Right (10) Anterior (16) Inferior (20) Medial, anterior 17 x 5 x 14 0,68 Yes

5 Right (22) Anterior (15) Inferior (18) Inferior 19 x 3 x 9 0,20 Yes

Technique 6: Bilateral CPN (2*10 cc)

1 0 Anterior (6) Superior (1) Lateral, anterior, inferior 5 x 2 x 5 0,03 Yes

2 Left (6) Anterior (4) Inferior (3) Inferior 5 x 4 x 8 0,07 Yes

3 Right (4) Anterior (16) Inferior (11) Lateral, Inferior 6 x 3 x 6 0,07 Yes

4 Left (8) Anterior (2) Inferior (14) Inferior 3 x 16 x 5 0,15 Yes

*Most cranial image in which ganglion is visible 
**Calculated difference cranial-caudal between the middle of the celiac trunk and the middle of the gan-
glion 
***Largest part of ganglion, measured on transverse images (left-right, anterior-posterior) and calculated 
difference (cranial-caudal).
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figure 3. Transverse sections showing spread of dye at the level of the celiac trunk after celiac ganglia neu-
rolysis. (1) 1 cc ethanol injected in each ganglion (n=2) with a 25G needle. (2) 1 cc ethanol injected in each 
ganglion (n=2) with a 22G needle. (3) 1 cc ethanol injected in 1 ganglion. (4) 4 cc ethanol injected in each 
ganglion (n=3). (5) 20 cc ethanol injected anterior of the celiac trunk without searching ganglia (central 
celiac plexus neurolysis). (6) 10 cc ethanol injected left and 10 cc injected right of the celiac trunk, without 
searching for ganglia (bilateral celiac plexus neurolysis). P, pancreas; RAG, right adrenal gland; A, aorta; LAG, 
left adrenal gland; RK, right kidney; LK, left kidney; L, liver; S, stomach.
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Visualization of celiac ganglia neurolysis

Results of various techniques are depicted in Tables 3 and 4. Ethanol spread at the level 
of the celiac trunk after various techniques is shown in Figure 3.

Technique 1: Celiac ganglia neurolysis of each ganglion (1 cc ethanol per ganglion, 25G needle)
In the first cadaver, two presumed celiac ganglia were visualized and both were injected 
with 1cc ethanol 96% (Table 3). A high plunger resistance was noticed during injections. 
Since the long axes of both ganglia were less than 1 cm, the tip of the needle was placed 
in the center of the ganglia. An ethanol spread of 60.3 cm3 was found; spread was limited 
to the left side of the aorta (Figure 3.1). At the level of the celiac trunk, most dye was 
located superior (Figure 4). Three celiac ganglia were identified on transverse images 
and histology. The right-sided celiac ganglion was not surrounded by dye (Figure 5, 
Tables 3 and 4). The dye was visible between the diaphragm, left kidney, the left renal 
artery, and around the celiac artery. Since identification of the injection site was found to 
be difficult, fiducials were placed during procedures performed thereafter.

Technique 2: Celiac ganglia neurolysis of each ganglion (1 cc ethanol per ganglion, 22G needle)
Two ganglia were identified and successfully injected with 1 cc ethanol per ganglion 
(Table 3). Transverse images showed an ethanol spread of 83.5 cm3. Spread of dye was 
limited to the left side of the aorta and was situated between the gastric cardia, left 
kidney, pancreas, left renal vein, and celiac artery (Figure 3.2). The right-sided ganglia 
were not surrounded by dye (Table 4). Dye was visible from 3.9 cm cranial of the higher 
fiducial to 3.8 cm caudal of the lower fiducial.

figure 4. Reconstructed sagital image show-
ing the spread of dye after celiac ganglia neu-
rolysis with 2*1 cc of ethanol in relation to the 
celiac trunk. The majority of dye is seen supe-
rior of the celiac trunk. S, stomach; L, liver; D, 
diaphragm; A, aorta; P, pancreas; CA, celiac ar-
tery; SMA, superior mesenteric artery.
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Technique 3: Celiac ganglia neurolysis of one ganglion (1 cc ethanol)
Two ganglia were visualized and using a 25G needle, 1 cc of ethanol was injected in the 
largest ganglion (4.2 x 3.4 mm) with the tip of the needle positioned in the middle of 
the ganglion. Again, a high plunger resistance was noticed. An ethanol spread of 49.3 
cm3 was found on transverse images (Figure 3.3, Table 3). Dye was situated between 
the pancreas, left kidney, celiac artery, and the superior mesenteric artery. Anterior and 
right-sided ganglia were not surrounded by dye (Table 4). The fiducial was found in the 
ganglion, left of the celiac trunk. Dye was visible from 2.6 cm cranial to 3.1 cm caudal of 
the fiducial.

figure 5. Spread of dye after 
celiac ganglia neurolysis with 
2*1 cc ethanol. A unilateral left-
sided spread of dye is visible. 
Consequently, the left-sided 
ganglion is surrounded by dye 
but the right-sided ganglion is 
not reached.

figure 6. Endoscopic ultrasound visualization and injection of two presumed celiac ganglia, which on 
transverse images turned out to be one ganglion.
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Technique 4: Celiac ganglia neurolysis of each ganglion (4 cc ethanol per ganglion)
Three ganglia could be visualized; all were situated on the left side of the celiac trunk. 
All ganglia were successfully injected with 4 cc of ethanol using a 22G needle (Table 3). 
A surprisingly large spread of ethanol was seen. Dye was already visible in the cranial 
end of the cube, which was sawed at the 11th thoracic vertebra, approximately 3.5 cm 
above the celiac trunk. Consequently, only the volume of the visualized part of the dye 
spread could be calculated; approximately 220 cm3. Dye was visible on the left and on 
the right side of the celiac trunk, although the dye was denser on the left side (Figure 
3.4). Dye was visible between the spleen, left kidney, liver hilum, inferior vena cava, left 
renal artery, and in abdominal fat anterior of the pancreas. One ganglion was situated 
on the right side of the celiac trunk, it was surrounded by dye (Table 4). Interestingly, 
two fiducials were placed in one left-sided ganglion, suggesting that ethanol injection 
was performed twice in a single ganglion (Figure 6). The third fiducial was visible in a 
different left-sided ganglion (Figure 7). The dye was situated from 3.6 cm cranial to the 
higher fiducial to 4.9 cm caudal of the lower fiducial.

Technique 5: Central celiac plexus neurolysis
A 22G needle was advanced to within 5 mm of the angle between the celiac artery and 
the aorta and 20 cc of ethanol was injected while holding the tip of the needle in place. 
Transverse images showed a very large spread of ethanol, with a total volume of ap-
proximately 348.4 cm3 (Table 3). Interestingly, dye showed a clear bilateral distribution 
and lateralized well into the perirenal fat on both sides (Figure 3.5). Three ganglia were 
identified on the left side, two ganglia were identified on the right side; all five ganglia 
were surrounded by dye (Table 4, Figure 8). Dye was found between the diaphragm, 
spleen, stomach, left kidney and lateral perirenal fat, liver hilum, transverse colon, gall 
bladder, and right kidney. Dye was visible from 6.1 cm cranial to 8.0 cm caudal of the 
fiducial.

figure 7. Detailed image of fiducial situ-
ated in a celiac ganglion visualized and 
injected during endoscopic ultrasound-
guided celiac ganglia neurolysis.
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Technique 6: Bilateral celiac plexus neurolysis
The celiac trunk was identified. Thereafter, the echoendoscope was torqued counter-
clockwise until the celiac artery was no longer visible. The needle was then advanced 
several centimeters and 10 cc of ethanol was injected. Thereafter, the needle was re-
tracted and the echoendoscope was torqued clockwise and the process was repeated 
on the other side. On transverse images, a large spread of dye was visible; 267.3 cm3 in 
total (Table 3, Figure 3.6). The dye was visible between the left lateral and medial liver, 
left and right kidney and perirenal fat, and transverse colon. The first fiducial was located 
anterior of the celiac trunk. Nevertheless, transverse images showed a right-sided spread 
of dye to the perirenal fat. The second fiducial was located on the left side of the celiac 
trunk. Four ganglia were visualized and all four were surrounded by dye, including the 
right-sided ganglion (Table 4). Dye was seen from 4.7 cm cranial of the higher fiducial to 
7.4 cm caudal of the lower fiducial.

disCussion

We were able to visualize the spread of ethanol after various EUS-CGN and EUS-CPN 
techniques in great detail. Thin transverse sections showed a relatively large spread of 
dye after EUS-CGN with just 1 cc of ethanol, well beyond the celiac plexus, let alone the 
celiac ganglion targeted. Injecting a higher volume of ethanol during EUS-CGN resulted 
in a large and bilateral ethanol distribution, comparable to EUS-CPN.14,20 Nevertheless, 

figure 8. Transverse section after central celiac plexus neurolysis (20cc). A bilateral spread of dye is visible. 
Both the left- and right-sided ganglia are surrounded by dye. SMA, superior mesenteric artery.
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the concentration of ethanol per cm3 of targeted tissue after high volume EUS-CGN was 
higher compared with low volume EUS-CGN. Moreover, celiac ganglia that were not 
visualized were also surrounded by ethanol when larger volumes were used. The spread 
of 12 cc of ethanol in EUS-CGN was comparable to the spread after EUS-CPN, suggesting 
that the clinical benefit of targeted celiac ganglia neurolysis is not due to a more targeted 
ethanol spread, but rather due to a more favorable ethanol distribution in and around 
the celiac ganglia.24 These findings suggest that targeted celiac ganglia neurolysis with 
a large volume of ethanol would be the most effective neurolysis technique. Finally, this 
study confirmed the earlier observations that celiac ganglia can be visualized with EUS 
in the majority of patients.

Using established endosonographic characteristics, we were able to visualize a 
median of 2 ganglia in 86% of patients, comparable to earlier reports.6,14,20 Although 
it is impossible to be certain that the identified structures were indeed celiac ganglia, 
Gleeson et al.6 reported an excellent agreement between presumed celiac ganglia and 
cytology results from the visualized structures. We used the same endosonographic 
criteria and therefore assumed that the visualized structures were indeed celiac ganglia. 
Moreover, we confirmed that we could identify celiac ganglia by placing a spinal needle 
in a presumed ganglion of a human cadaver, followed by histological assessment.

Dissection images after EUS-CGN with 1 cc ethanol in a single ganglion showed a 
significant spread of dye well beyond the celiac ganglion, suggesting that even small 
amounts of ethanol directly injected in ganglia will spread over a larger area. Therefore, 
the principle of specific celiac ganglia neurolysis may not be feasible since ethanol 
spreads well beyond the targeted ganglion, especially when using larger volumes of 
ethanol.

Transverse images of the cadavers showed that not all celiac ganglia were visualized; 
visualization of right-sided ganglia was found to be difficult, which was also the case 
in the clinical study. Furthermore, two fiducials were retrieved in one ganglion, which 
may have resulted from the fact that a ganglion cannot always be visualized in full in 
one plane or visualized completely at all during EUS. Despite the fact that low-volume 
EUS-CGN (1 cc of ethanol per ganglion) resulted in a relatively large spread, ganglia that 
were not in the vicinity of the injection site (i.e. right-sided ganglia) were not reached 
by the ethanol. EUS-CGN with a larger volume (4 cc of ethanol per ganglion) resulted in 
a bilateral spread of ethanol, comparable to EUS-CPN. As a result, ganglia that were not 
visualized during EUS-CGN were surrounded by ethanol nonetheless. Moreover, high 
volume EUS-CGN resulted in a higher concentration of ethanol per cm3 of tissue. It is 
likely that a higher concentration of ethanol/ cm3 would affect target tissue (i.e. nerve 
tissue) more thoroughly and this may result in a more effective neurolysis. Based on 
these findings, it is questionable whether a specific low-volume ganglia neurolysis is 
desirable. Unfortunately, no clinical trials have reported specifically on the difference in 
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pain-relief after EUS-CGN with small and large amounts of ethanol. Doi et al.14 found no 
difference in clinical effect of EUS-CGN based on injected volume of ethanol. However, 
no odds ratio was calculated for the likelihood of clinical success in relation to the vol-
ume of ethanol used per ganglion.

Apart from reaching ganglia that are not visualized, the increased effectiveness of 
EUS-CGN may be due to approaching the ganglion through a “dual route”. Theoretically, 
ethanol will be located both on the inside of the ganglion and on the outside after EUS-
CGN, whereas ethanol is only located on the outside of the ganglion after EUS-CPN. 
Targeting a ganglion from both routes may result in a more thorough neurolysis since 
ethanol will be located in the entire ganglion. This includes the center of the ganglion 
which may otherwise not be reached due to the connective tissue capsule, continuous 
with the epineurium, covering the ganglion and the internal connective tissue frame-
work of the ganglion.25 High volume EUS-CGN with approximately 12 cc may well be 
the most effective treatment, since it combines a high concentration of ethanol/ cm3 
in and around the ganglia with targeting ganglia that were not visualized during EUS. 
Since right-sided ganglia were rarely observed during the clinical study but were seen in 
all cadavers and right-sided spread of ethanol was more distinct after bilateral EUS-CPN 
compared with high volume EUS-CGN, one could consider performing a right-sided 
EUS-CPN after EUS-CGN unless right-sided ganglia were seen and successfully injected 
during EUS-CGN. Theoretically, using higher volumes of ethanol could also increase the 
risk of complications. However, if a total amount 20 cc of ethanol is not exceeded, it is 
unlikely that the risk of complications is higher than after EUS-CPN.

This study has some limitations. If histology is not obtained in each patient, one can 
never be certain that visualized structures are indeed celiac ganglia. However, the hu-
man cadaver model to compare ultrasonographic findings and histology confirmed that 
the identified structures were indeed celiac ganglia. Furthermore, highly detailed thin 
microsections provided a unique opportunity to visualize the targeted structures with 
fiducials in situ at the injection site. Macroscopic inspection of the histological samples 
confirmed that the targeted structures were indeed nervous tissue. With regard to the 
different neurolysis techniques, the sample size of this study is very small, making it 
difficult to estimate the generalizability of the findings. The fact that a cadaver model 
was used may well have influenced the spread of ethanol to some extent; a cadaver 
model does not take tissue oxygenation, inflammatory response, blood circulation and 
in-vivo elasticity of structures into account. Despite the attempt to minimize the effect 
of these factors by using unembalmed cadavers within 36 hours post-mortem, the pos-
sible effects of these factors on ethanol distribution could complicate extrapolation of 
the data to the clinical situation. Replication of the study in an animal model may be 
useful to visualize the distribution of ethanol after EUS-CGN/-CPN in-vivo, provided that 
cryomacrotomy is used to process the tissue.
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In conclusion, ethanol spreads well beyond the celiac ganglia after EUS-CGN, even 
when a small volume of ethanol is injected. Feasibility of targeted celiac ganglia neu-
rolysis is questionable. An increased clinical effect of EUS-CGN compared with EUS-CPN 
is more likely due to the fact that the ganglion is affected from the inside-out as well as 
from the outside-in after EUS-CGN. Moreover, injecting a larger volume of ethanol dur-
ing EUS-CGN leads to a higher concentration of ethanol/ cm3 in and around the ganglia 
and enables targeting of ganglia that are not visualized during EUS. The clinical effects 
of this observation remain to be elucidated.
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abstraCt

background: Surgical resection of upper gastrointestinal (GI) subepithelial tumors (SET) 
is associated with significant morbidity and mortality. A new over-the-scope (OTS) clip 
can be used for endoscopic full-thickness resection (eFTR). We aimed to prospectively 
evaluate feasibility and safety of upper GI eFTR with a new, flat-based OTS clip.

methods: Consecutive patients with a gastric or duodenal SET <20 mm were prospec-
tively included. After identification of the lesion, the clip was placed and lesions were 
resected. Patients were followed for one month to assess severe adverse events (SAEs); 
3-6 months after eFTR, endoscopy was performed.

results: eFTR was performed on 13 lesions in 12 patients: 7 gastric and 6 duodenal 
SETs. Technical success was achieved in 11 cases (85%). In all 11 cases, R0-resection was 
achieved. In all 6 duodenal cases and in 1 gastric case, FTR was achieved (64%). One SAE 
(pain) was observed after eFTR of a gastric SET. After eFTR of duodenal SETs, several SAEs 
were observed: perforation (n=1), microperforation (n=3), and hemorrhage (n=1). Dur-
ing follow up endoscopy, the clip was no longer in situ in most patients (7 of 10; 70%).

Conclusions: eFTR with this new flat-based OTS clip is feasible and effective. Although 
gastric eFTR was safe, eFTR in the duodenum was complicated by (micro)perforation 
in several patients. Therefore, the design of the clip or the technique of resection need 
further refinement to improve safety of resection of SET in thin walled areas such as the 
duodenum before being applied in clinical practice. (Dutch trial register: NTR5023)
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introduCtion

Sub-epithelial tumors (SETs) located in the stomach or duodenum, such as neuroendo-
crine tumors (NETs) and gastrointestinal stromal tumors (GISTs), can cause significant 
morbidity, and in some cases, mortality. If necessary, SETs are usually resected by lapa-
roscopy. However, laparoscopic resection of such tumors, especially in the duodenum, is 
associated with considerable morbidity.1-4 Endoscopic removal is advised for small duo-
denal SETs (<1 cm) and surveillance or endoscopic removal (depending on suspected 
etiology of the lesion) for gastric SETs <1 cm.5 The guideline advices surgical resection 
for lesions >2 cm and careful consideration for SETs 1-2 cm. However, small SETs are 
often treated conservatively since viable treatment options are lacking; this approach is 
safer, but may leave the patient with bothersome symptoms, uncertainty on the diag-
nosis and regular surveillance endoscopies. Should endoscopic removal be attempted, 
endoscopic mucosal resection (EMR) can be performed if the tumor is smaller than 1-1.5 
cm. However, EMR is associated with a low rate of R0-resection and a high complication 
rate.6 Another option is endoscopic mucosal dissection (ESD). The R0-resection rate of 
ESD is higher compared with EMR but the risk of perforation is higher.7,8 In the duode-
num EMR is preferred over ESD, since the risk of perforation is >30% with ESD.9

This problem of low R0-resections may be overcome with a full thickness resection 
which includes the muscularis propria in the specimen such as in a laparoscopic wedge 
excision. Recently, endoscopic full-thickness resection (eFTR) using over-the-scope 
(OTS) clips has gained interest as an alternative to laparoscopic surgery and EMR/ESD 
in this patient category. Despite the limited invasiveness of the procedure, eFTR is a 
potentially curative treatment and allows for a definitive histopathological diagnosis, 
which is often difficult in smaller SETs. A new OTS clip with a flat base (Padlock Pro-
select, Aponos Medical Corp., Kingston, NH, USA) has recently become available.10 The 
flat base of the clip is thought to facilitate snaring of the tumors after deployment of 
the clip, thus increasing the chance of achieving R0-resection. Successful eFTR with this 
new flat-based OTS clip in gastric or duodenal SETs has been reported in only one case 
thus far.11 Herein, we report our experience with eFTR with this new flat-based OTS clip 
in gastric and duodenal SETs.

Patients and methods

Between January 2015 and July 2016, patients were prospectively included in this study 
at the Department of Gastroenterology and Hepatology at the University Medical Cen-
ter Utrecht, The Netherlands. Patients were eligible for inclusion if they were ≥18 years 
of age, if previous endoscopic ultrasound showed a submucosal lesion ≤20 mm in the 
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gastric or duodenal wall, and if resection was indicated. Indications for eFTR included 
(suspected) hormone-producing NET or (in)definite histology. In case of indefinite his-
tology, aims of eFTR were to remove uncertainty of the patient with regard to unknown 
etiology of the lesion, to stop potentially unnecessary surveillance, and to remove the 
risk of metastasis.12 The research protocol was approved by the institutional review 
board. Patients provided informed consent for endoscopy and data collection.

the over-the-scope-clip

The Padlock system consists of a clip, a cap and a deploying mechanism (Figure 1). The 
clip consists of a nitinol ring with six “swords” of 7 mm, which is preassembled on a 
transparent applicator cap with a chamber of 11.5-14 millimeter (depending on the 
endoscope used). The swords point forward when the clip is situated on the cap (Figure 
1). The swords turn inward when the clip is deployed, thereby puncturing, lifting, and 
approximating the targeted tissue (Figure 2). Once deployed, the clip is flat-based and 
has a hexagonal shape. The applicator cap is mounted on a regular or therapeutic en-
doscope; the clip is deployed by a thumb press mechanism. The trigger wire is located 
alongside the endoscope.

endoscopic full-thickness resection

Procedures were performed by two experienced endoscopists (FV, LM) with a GIF-HQ190, 
GIF-1TH190 or GIF-2TH180 endoscope (Olympus, Hamburg, Germany). Patients were 
placed in the left lateral decubitus position and vital functions were monitored during 
the procedure. Patients were sedated using monitored anesthesia care with propofol. All 
lesions were visualized prior to resection with esophagogastroduodenoscopy (EGD) and 

figure 1. The Padlock clip, preassembled on applicator cap, with 
the external deploy mechanism alongside the endoscope, mount-
ed on the tip of an endoscope.

figure 2. The Padlock OTS clip 
has a hexagonal shape and is flat-
based once deployed.



109

Endoscopic full-thickness resection with an over-the-scope clip

Ch
ap

te
r 6

endoscopic ultrasound (EUS) to confirm that the size of the lesion was appropriate and 
that the lesion was indeed located in the submucosa.

After identification of the target lesion (Figure 3.1), the endoscope was removed. 
After assembly of the cap, the scope with the cap was re-introduced (Figure 3.2) and 
the lesion was suctioned into the applicator cap, after which the clip was deployed. This 
way, a pseudopolyp was created with the target lesion situated above the deployed clip 
(Figure 3.3). Hereafter, the endoscope was removed and the cap was removed from the 
endoscope. After reintroduction of the endoscope, a 20 mm electrosurgical snare (Bos-
ton Scientific, Natick, MA, USA) was advanced through the working channel. The snare 
was placed around the pseudopolyp under close endoscopic visualization to ensure 
that the snare was not placed around the clip (Figure 3.4). Subsequently, the lesion was 
removed en bloc with the snare in auto-cut mode (Figure 3.5). The resected specimen 
was retrieved with the snare (Figure 3.6). The base of the pseudopolyp was inspected for 
evidence of hemorrhage or perforation thereafter. The resected specimen was pinned 
on a paraffin block and was sent to the pathologist for histopathological assessment. 
Additionally, size, layer of origin and margins of the tumor were evaluated.

endpoints

We aimed to assess technical feasibility, R0-resection rate, full-thickness resection rate, and 
safety. Technical success was defined as successful placement of the clip and removal of the 
lesion, without macroscopic remnant tissue left in situ. R0-resection was defined as micro-
scopic SET-free horizontal and vertical margins in the specimen. Full-thickness resection 

figure 3. After identification of the duodenal lesion (1), the cap was placed on the endoscope and intro-
duced (2). Thereafter the clip was deployed, thereby creating a pseudopolyp (3). Hereafter a electrosurgi-
cal snare was placed around the pseudopolyp (4) and the lesion was removed in auto-cut mode (5). The 
resected specimen (6) was sent for pathological evaluation.
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was defined as inclusion of muscularis propria in the specimen. Complications were graded 
according to the Clavien-Dindo classification: Grade I, no treatment or only certain medica-
tions required; Grade II, conservative management (including antibiotics); Grade III, surgical 
/ endoscopic / radiologic intervention; Grade IV, ICU management; Grade V, death.13,14

follow up

After eFTR, patients were hospitalized for one night. Prophylactic proton pump inhibitors 
were prescribed in all patients. The first six hours after the procedure only clear liquids 
were given. If signs of infection or severe pain were observed, admission was prolonged 
at the discretion of the treating physician. Follow-up consisted of telephone calls after 
one week and one month to inquire about adverse events. Follow-up endoscopy was 
performed after 3-6 months.

statistical analysis

Categorical variables were expressed as proportions; continuous variables were ex-
pressed as medians (interquartile range; IQR) or means (standard deviation; SD), where 
appropriate. Since this was a feasibility study, no power analysis to calculate sample size 
was performed. The analyses were performed using SPSS version 23 (SPSS Inc., Chicago, 
Illinois, USA), P values <0.05 were considered statistically significant.

results

A total of 12 patients were included (male n=8 [67%], mean age 52.8 ±12.1 years) in 
whom 13 SETs were removed with eFTR. In one patient, two SETs were removed on sepa-
rate occasions. Indications for eFTR included NET (n=4), GIST (n=2), inability to obtain 
histology (n=1), and indefinite histopathology of biopsies (n=6) obtained during earlier 
EGD and EUS. Six eFTRs in five patients were performed in the duodenum (all proximal 
to ampulla of Vater) and seven eFTRs were performed for gastric SETs. Mean size of the 
lesions was 11 ±4 mm. Baseline characteristics of the patients and lesions and results of 
eFTR are shown in Table 1.

Procedure outcomes

Technical success was achieved in 11 (85%) cases (Table 1). In two gastric lesions, suc-
tion of SETs in the cap were unsuccessful. These lesions measured 18 and 20 mm and 
were located in the fourth layer on EUS (muscularis propria). In one case, the cap could 
not be advanced beyond the pharynx due to edema caused by manipulation with the 
endoscope in the pharynx with the device in place. Six months later, endoscopy was 
repeated and clip placement was successful this time. In general, gastric lesions were 
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found to be more difficult to place into the cap than duodenal lesions. In all success-
ful cases, difficulty of the entire procedure was considered easy by the endoscopists. 
In one gastric eFTR, the SET was not situated within the pseudopolyp after clip place-
ment. The clip was removed with a rat tooth forceps and a second clip was successfully 
placed. In another gastric eFTR, there was doubt whether the SET was captured in the 
pseudopolyp. Radial EUS (GF-UE160-AL5, Olympus, Hamburg, Germany) confirmed this 
and the SET was resected without difficulties. Mean total procedure time was 35 (±10) 
minutes. Mean procedure time from the moment of insertion of the clip until removal 
of the endoscope was 18 (±8) minutes. All successfully removed lesions were resected 
en bloc. Follow-up endoscopy was available in 10 of 11 successfully treated cases and 
revealed no local recurrences. In three cases, the clip was still in situ.

Pathology results

Size of resection specimens are shown in Table 1. In the duodenum, histopathology re-
vealed brunneroma (n=1), ectopic pancreas (n=1) and gastrinoma (n=4). Gastric lesions 
were GIST (n=1), duplication cyst with ectopic pancreas (n=1), ectopic pancreas (n=1), 
reactive gastric epithelium (n=1) and inflammatory fibroid polyp (n=1). Interestingly, R0-
resection was achieved in all cases. Full-thickness resection was achieved in all duodenal 
cases (n=6), and in one of five gastric cases.

safety

Five of six duodenal eFTRs were complicated by immediate adverse events (within 10 
hours). One case was complicated by post-procedural hemorrhage and repeat endos-
copy was performed and hemostasis was achieved with coagulation forceps; further 
treatment consisted of blood transfusion and coiling of the bleeding vessel (Grade III). 
Three patients reported having severe pain; on abdominal CT-scan, fat stranding but no 
signs of perforation were observed. All three patients were diagnosed with a microper-
foration and were treated with opiates and antibiotics (Grade II). Finally, one patient was 
diagnosed with a perforation on abdominal CT-scan which was treated conservatively 
with opiates and antibiotics (Grade II). Despite adjustments in technique (i.e. leaving 
more tissue in situ on top of the clip), adverse events occurred and inclusion of duodenal 
cases was halted. Median post-procedural in-hospital stay was 2.0 days (IQR 1.0-7.0).

After gastric eFTR (n=7), one patient reported pain with no signs of perforation on 
abdominal CT; treatment consisted of opiates (Grade I). No other severe adverse events 
were observed. The patient in whom the procedure was ceased due to esophageal ede-
ma reported dyspnea after the failed eFTR. Saturation was >95%, infection parameters 
were low and no symptoms of perforation or pneumonia were observed. The dyspnea 
resolved within hours without intervention (Grade I). Median post-procedural hospital 
stay was 1.0 days (IQR 1.0-1.5).
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disCussion

This is the first prospective study on eFTR of gastric and duodenal SETs. The current 
study showed that eFTR is technically feasible in both locations with the new flat-based 
Padlock OTS clip. Interestingly, R0-resection was achieved in all technically successful 
cases. Therefore, the utilized suction-and-entrap method seems correct when using this 
clip. Unfortunately, eFTR in the duodenum was complicated by (micro)perforation in 
several patients. The current technique of eFTR or the design of the clip therefore needs 
to be optimized for eFTR in the duodenum before application in clinical practice can be 
advised. In gastric eFTR on the other hand a favorable safety profile was observed which, 
combined with an optimal R0-resection rate, makes eFTR with this clip an interesting 
new option for endoscopic resection of gastric SETs.

Although alternative resection techniques (i.e. EMR, ESD, and surgery) are available 
for SETs <20 mm, these techniques have important limitations. The duodenum is a 
notoriously difficult location for (endoscopic) resection of SETs. EMR is associated with 
a relatively low rate of R0-resection, uncertainty of complete resection if piecemeal 
resection is performed, and a high complication rate; in a recent report on sporadic 
neuroendocrine tumors in the duodenum, certain R0-resection was achieved in only 
50% and complications were observed in 38%.6 Alternatively, ESD can be performed. 
The R0-resection rate of ESD is higher compared with EMR, but ESD is associated with a 
high risk of perforation (up to 39%) and requires extensive experience with endoscopic 
resection techniques.15-17 Because of the poor results of endoscopic resection in the 
duodenum, laparoscopy is most commonly used to remove SETs in this location. How-
ever, since limited resection is often not an option in SETs, laparoscopic resection in 
the duodenum usually consists of a (pylorus preserving) pancreaticoduodenectomy; an 
operation associated with significant post-surgical morbidity.1,2 

In conclusion, all methods available for resection of duodenal SETs have limitations. 
Nevertheless, eFTR could be considered if resection is indicated, since R0-resection and 
FTR was achieved in 100% of patients. However, the risk of (micro)perforation needs to 
be lowered by modification of the applied technique or design of the clip. Until this is 
achieved, duodenal eFTR should not be considered standard clinical practice. If eFTR 
is considered the only viable option, e.g. in case of significant morbidity but also pres-
ence of co-morbidities, the risk of (micro)perforation should warrant hospitalization for 
observation and prophylactic antibiotics. Fortunately, all complications could be man-
aged conservatively, with only 1 Grade III complication, thereby comparing favorably to 
surgery. There are several possible explanations for the high number of complications 
observed in duodenal eFTR. First and foremost, the relatively thin wall of the duodenum, 
approximately 1.5 mm on average, is very fragile; when the ‘swords’ turn inwards after 
puncturing the duodenum, the swords may tear the duodenum which causes a (micro)
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perforation, especially when the clip and snare make contact during electrosurgical 
snaring of the lesion. Moreover, electrosurgical snaring may cause deep coagulation 
damage, which could affect tissue strength. Another possible explanation is that the 
space between the wider parts of the opposing swords (9 mm) could be too large for 
the thin duodenum, which allows for the two walls to give way which in turn results in 
a perforation.18 After the first microperforation, it was decided to leave more tissue in 
situ above the clip. Despite this more defensive approach however, delayed bleeding 
occurred for which, apart from the extensive vasculature of the duodenum, no causative 
factor was found. Dedicated effort was put in avoiding the clip with the electrosurgical 
snare; nevertheless, abdominal infection due to perforation occurred.

Reported results of EMR, ESD, and surgical resection for SETs in the stomach are better 
than for the duodenum. Bleeding rate after ESD and EMR is comparable (approximately 
10%), procedure time for ESD is longer (approximately 60 vs. 15 minutes for EMR) and the 
perforation risk of ESD is higher (approximately 4% vs. 1% for EMR).7,8 However, high en 
bloc- and R0-resection rates for ESD of gastric SETs situated above the muscularis propria 
layer are the reason ESD is considered first-line treatment in this location.7-9, 19, 20 Perform-
ing ESD in gastric SETs originating from the muscularis propria is feasible (R0-resection 
in 97.1%), but is associated with an increased risk of perforation (12.1%).21 Alternatively, 
laparoscopic resection can be performed, especially in larger SETs originating from the 
muscularis propria. Limited laparoscopic resection is often performed for SETs in the 
stomach, which is effective and safe, but is time consuming and requires multiple days 
of post-surgical admission.3,4,22 In the current study, R0-resection was achieved in all suc-
cessfully clipped gastric SETs. Furthermore, the median number of in-hospital days after 
gastric eFTR was just one day in the current study, compared with five days after ESD in 
a recent study.22 The sample size of this study is too small for comparison to ESD with 
regard to the risk of complication. Nevertheless, eFTR with this new flat based clip is a 
promising new technique for gastric SETs <20 mm situated superficial to the muscularis 
propria and should be further explored in larger studies. Two gastric lesions originating 
from the muscularis propria could not be suctioned in the cap. The muscularis propria 
was less compliant than more superficial layers upon suctioning, that combined with 
the fact that the two lesions were relatively large (18 and 20 mm) may well have caused 
the failure to suction the lesions in the cap. Therefore, it is advisable to perform eFTR of 
gastric lesions located in the muscularis propria of lesions up to 15 mm only. However, 
larger studies are required to test this hypothesis.

Literature on eFTR in the stomach and duodenum is scarce. Sarker et al.23 reported on 
eFTR of three SETs in the duodenum and two in the stomach with a different, curved, 
OTS clip (OTSC; Ovesco Endoscopy AG, Tübingen, Germany) and reported no adverse 
events. Although R0-resection was achieved in all five cases, FTR was achieved in only 
one gastric NET. Three other studies report on their experience with the same type of 
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clip. Fahnrich et al.24 reported one successful eFTR in the duodenum with R0-resection 
and two gastric lesions with R0 in both and FTR in one. Schmidt et al.25 reported on eFTR 
of two SETs in the duodenum; R0 resection and FTR was achieved in both. Monkemuller 
et al.26 reported on successful eFTR of one gastric NET but did not report whether R0 
and FTR were achieved. In all studies, no adverse events were reported. Recently, an-
other retrospective study reported on four eFTR procedures of upper gastrointestinal 
SETs with the flat-based OTS clip.11 However, placement of the flat-based OTS clip was 
successful in only one case (duodenal bulb). Two SETs that could not be clipped were 
located in the duodenal bulb and one was located in the lesser curve of the stomach. In 
all three cases, the clip failed to deploy. A curved OTSC was used in the three failed cases 
and in one other case. In all 5 included upper GI SETs (four located in the duodenum), 
R0-resection was achieved and no adverse events were reported. It was not specified 
whether FTR was achieved.

The rate of FTR achieved in the duodenum in these other studies is somewhat low; 
we were able to accomplish FTR in all SETs in the duodenum and R0-resection of all 
duodenal and gastric SETs. En bloc resection in all successful cases allows for a reliable 
judgment of whether R0-resection is achieved, as opposed to piecemeal resection in 
EMR. Furthermore, resection with this OTS clip was considered fairly easy, while other 
techniques (e.g. EMR, ESD) require extensive experience in endoscopic resection tech-
niques.16 Therefore, we believe that the flat-based OTS clip maybe a useful addition to 
the arsenal of the therapeutic endoscopist for gastric SETs <20 mm in size and located 
above the muscularis propria. Moreover, if the design of the clip and technique for resec-
tion of duodenal lesions <20 mm are optimized, then this would could have important 
implications for the treatment of duodenal SETs in the foreseeable future.

 In conclusion, gastric and duodenal eFTR with this new, flat-based OTS clip is feasible. 
However, the resection technique should be further optimized before eFTR of duodenal 
SETs can be performed safely on a larger scale. eFTR in the stomach is effective with a 
favorable safety profile. High RO- and en bloc resection rates makes eFTR with this clip 
an interesting new device for therapeutic endoscopists.
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abstraCt

background and aims: Fully covered self-expanding metal stents (FCSEMS) provide 
an alternative to Bougie Dilation (BD) for refractory benign esophageal strictures. 
Controlled studies comparing temporary placement of FCSEMS to repeated BD are not 
available.

methods: Patients with refractory anastomotic esophageal strictures, dysphagia scores 
≥ 2, and 2-5 prior BDs were randomized to 8 weeks of FCSEMS (SEMS group) or to re-
peated BD (BD group). The primary endpoint was the number of BDs during 12-months 
after baseline treatment.

results: Eighteen patients were included (male 67%, median age 66.5; 9 SEMS, 9 BD). 
Technical success rate of stent placement and stent removal was 100%. Recurrent dys-
phagia occurred in 13 (72%) patients during follow-up. No significant difference was 
found between the SEMS and BD group for mean number of BDs (5.4 vs. 2.4, P=0.159), 
time to recurrent dysphagia (median 36 days vs. 33 days, Kaplan-Meier: P=0.576) and 
frequency of reinterventions per month (median 0.3 vs. 0.2, P=0.283). Improvement in 
quality of life (QoL) was greater in the SEMS group compared to the BD group at month 
12 (median 26% vs. 4%, P=0.011).

Conclusions: The number of BDs during 12-months after initial treatment was compa-
rable. FCSEMS offers greater QoL improvement from baseline sustained at 12-months 
compared to repeated BD for patients with refractory anastomotic esophageal strictures.
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introduCtion

Benign esophageal strictures are a challenging clinical problem and may occur second-
ary to gastroesophageal reflux disease, external beam radiation, caustic ingestion, or 
surgical anastomosis following esophagectomy.1,2 A common cause of benign strictures 
of the esophagus is development of anastomotic strictures following resection of the 
distal esophagus and proximal stomach for treatment of esophageal cancer.3,4 The main-
stay of management of benign esophageal strictures is esophageal dilation. Several 
techniques for dilation exist and the most commonly used techniques are Savary-Gilliard 
bougie dilation (BD) and through-the-scope (TTS) balloon dilation.5 

While 80% to 90% of patients initially respond to dilation, most patients require more 
than one session to reach adequate dilation, and nearly 10% will experience a refractory 
or recurrent stricture despite repeated dilation.6 Perforation is the most serious compli-
cation of esophageal dilation, and carries a mortality rate of approximately 20%.7 The 
overall perforation rate has been reported to be 0.1% to 0.4%, but rates as high as 1.9% 
have been reported with BD.8 The rate of significant bleeding after dilation, likely the 
result of mucosal disruption caused by dilation, has been reported to be 0.4%. Further-
more, retrosternal pain is reported in 0% to 5% of cases after dilation.9 

Adjuncts to the management of difficult benign esophageal strictures include steroid 
injection, use of cautery, and, more recently, the use of esophageal stenting. Options 
for stenting include self-expanding metal stents (SEMS), nonmetal expandable stents, 
and biodegradable stents.6,10-15 The fully-covered (FC) nature of metal endoprostheses 
appears to allow for long-term removability, thus permitting their use in both malignant 
and benign disease.10,12,16 

The use of FCSEMS for the management of postoperative complications following 
esophagectomy has not been well studied. The aim of this study was to compare the 
safety and effectiveness of temporary indwell of a FCSEMS to BD for the treatment of 
benign refractory anastomotic esophageal strictures.

methods

study design

This was a prospective, multi-center, randomized, controlled, open-label clinical trial. 
The study was conducted in the Netherlands and Brazil and was approved by the ethics 
committee of the University Medical Center Utrecht, the Netherlands, and thereafter by 
the ethics committees of all participating centers. In Brazil, the study was also approved 
by the Brazilian regulatory Competent Authority prior to enrollment. All patients pro-
vided written informed consent at the time of enrollment into the study. The study was 
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conducted in accordance with the latest version of the Declaration of Helsinki. The trial 
was sponsored by Boston Scientific Corporation and is registered at www.ClinicalTrials.
gov, number NCT01699542.

Patients

Patients with a refractory symptomatic esophagogastric anastomotic stricture post 
esophagectomy were enrolled at four centers, three in the Netherlands and one in Brazil. 
Eligible patients had baseline Ogilvie dysphagia scores of Grade 2 (ability to swallow 
semi-solid foods), Grade 3 (ability to swallow liquids only), or Grade 4 (unable to swallow 
liquids)17; between two and five prior dilations to at least 16 mm in diameter; a stricture 
unable to pass with a standard endoscope of approximately 9.8 mm diameter, and were 
willing and able to comply with study procedures and provide written informed con-
sents. Major exclusion criteria included strictures within 2 cm of the upper esophageal 
sphincter, strictures more than 5 cm in length, dysphagia related to a motility disorder, 
non-anastomotic esophageal strictures, esophagocolonic strictures, prior esophageal 
stent placement, and active erosive esophagitis.

Procedures

Patients were randomized 1:1 to endoscopic BD or temporary placement of a FCSEMS, 
the WallFlexTM Esophageal FC stent (Boston Scientific, Marlboro, MA, USA) which is made 
of nitinol wires braided to form a cylindrical mesh. The stent contains a flare at both ends 
to minimize the risk of migration. A suture is threaded just on the proximal end and may 
be used to remove or reposition the stent. Stent sizes were 18 mm body diameter and 
103, 123, or 153 mm length; or 23 mm body diameter with 105, 125, or 155 mm length.

Patients in the SEMS group were treated with a single FCSEMS at time 0, with endo-
scopic imaging confirmation after placement. FCSEMS were removed per protocol at 8 
weeks (+ 7 days) post-placement or sooner if complications occurred, at the discretion 
of the treating physician and the patient. After stent removal, dilation for recurrence 
of dysphagia was repeated as needed, and these dilation procedures were recorded 
until end-of-study at 12-months after enrollment. The BD group received dilations up 
to at least 16 mm, in 1 to 4 dilation sessions, per standard treatment; the date of the 
last dilation session was considered time 0, completion of the initial study treatment. In 
cases of recurrent dysphagia in the BD group, dilation was repeated and recorded until 
12-months after enrollment.

follow up

After initial study treatment, all patients completed an in-person or by-phone visit on 
Day 2, Week 2, and Month 1, 2, 3, 6, 9, and 12. In the SEMS group, the Month 2 visit 
coincided with endoscopic removal of the FCSEMS. At each follow-up visit adverse 
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events were collected, Quality of Life (QoL) was evaluated per the EQ-5D-5L question-
naire, a validated questionnaire for describing and valuing general health based on 5 
dimensions including mobility, self-care, usual activities, pain/discomfort, and anxiety/
depression.18 Patient’s reported pain and satisfaction with therapy was assessed using a 
10-point visual analog scale (VAS), episodes of dysphagia (at baseline, 1st month-daily, 
and thereafter weekly up to 12 months) were evaluated as recorded in the patient’s di-
ary, and endoscopic and/or fluoroscopic imaging was conducted in the FCSEMS group 
at the discretion of the investigator. Each subject was followed for 12-months post initial 
study treatment.

endpoints

The primary endpoint was the number of dilation procedures for the management of 
dysphagia within 12-months following initial study treatment. Secondary endpoints 
included adverse events related to the device and/or the procedure; technical stent 
placement success, defined as the ability to deploy the stent in satisfactory position 
across the stricture with a standard 9.8 mm endoscope; technical stent removal success, 
defined as the ability to remove the stent without complications; time to recurrence 
of dysphagia, defined as inability to pass the stricture; stent migration with or without 
symptoms; number of reinterventions within 12-months following the initial study treat-
ment; patient’s report of pain and satisfaction with the therapy (by VAS); and change in 
QoL.

sample size calculation

Based on prior experience of the senior investigator (PS), after initial treatment with a 
SEMS, approximately half the patients do not require dilation procedures for the manage-
ment of dysphagia, and approximately half of the patients require 1 to 3 dilations in the 
subsequent 12 months.2 After initial treatment with BD, approximately 30% of patients 
need at most 1 dilation and approximately 70% of the patients need 2-4 dilations in the 
12-month period.5 This yields the expected number of dilations to be 1.0 with standard 
deviation (SD) of 1.15 in the SEMS group, and 2.3 with SD of 1.39 in the BD group. The 
hypothesis of the study was superiority of the mean number of dilation procedures in 
the SEMS group compared to the BD group, with a margin of 1.30, 80% power and two-
sided alpha of 0.05. Testing this hypothesis required 20 patients per group. Addition of 
10% of patients to compensate for potential attrition during follow-up yielded the initial 
44 patient enrollment goal. Due to slow enrollment, the study was discontinued after 33 
months when 18 patients had been enrolled and completed the 12-month follow-up.



Chapter 7

124

randomization

Patients were randomized to a 1:1 ratio between Stent Arm (Group A) and Bougie Dila-
tion Arm (Group B). Randomization was stratified by clinical site using random block 
sizes of 4. Randomization sequence was created using SAS version 9.3 and executed 
at the time of the initial treatment by study staff at each participating center. After a 
patient was enrolled and passed screening, site staff referred to the randomization 
sequence to determine treatment assignment. An electronic database was the primary 
method to implement randomization with envelopes as a back-up method. At the end 
of trial enrollment, a total of 18 patients were randomized, with 9 assigned to the Stent 
Group and 9 to the Bougie Dilation group.

statistical analyses 

Baseline data (patient demographics and medical history) and post-procedure infor-
mation was summarized using descriptive statistics (e.g., mean, standard deviation, 
number of data points used) for continuous variables with normal distribution or count 
variables, inter quarter range for continuous variable with non-normal distribution, and 
frequency tables for discrete variables. A negative binomial model was used to compare 
the primary endpoint and the number of dilation procedures for the management of 
dysphagia during 12-months follow-up between the BD and SEMS group. Univariate 
and multivariate analysis were performed per protocol to assess possible predictors of 
the primary endpoint. Factors from the univariate model with P≤0.20 were modeled 
multivariately using a stepwise procedure in a negative binomial model. The significance 
thresholds for entry and exit into the model was set to P<0.10.

results

Participant flow

A total of 22 patients were assessed for eligibility, among which 4 were excluded for not 
meeting inclusion criteria (3 patients) and investigative site error during enrollment (1 pa-
tient). 18 patients were deemed eligible and were subsequently randomized, see Figure 1.

baseline 

Baseline (BL) characteristics were similar between the two study groups (Table 1). Mean 
age was 67 +7 years and 67% of patients were male. Esophagectomy was transthoracic 
in 78% (14/18) and transhiatal in 22% (4/18). Mean time from esophagectomy to first 
dilation was 95 + 36 days. The mean stricture length was 0.7 cm (range 0.3-1.5 cm), lo-
cated at 21.6 + 2.9 cm from the incisors. The SEMS group had lower baseline QoL scores 
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(median 65 vs. 80, P=0.021), but similar dysphagia scores (median 2 vs. 2, P=0.206) and 
number of BDs during 12 months prior to baseline treatment (mean 2 vs. 2.4, P=0.566).

•
•
•

••

figure 1. Study flow chart. 

table 1. Demographics and baseline information.

bd1 sems1 P value2

Age - mean 66.6±7.7 66.6±6.3 1.0

Male - % 66.7% (6/9) 66.7% (6/9) 1.0

Type of esophagectomy - % 0.577

Trans-thoracic 88.9% (8/9) 66.7% (6/9)

Trans-hiatal 11.1% (1/9) 33.3% (3/9)

Max dilation (second dilation) - mean (mm) 15.9±2.0 (9) 16.4±0.9 (9) 0.450

Dysphagia score3 - % 2.0 (2.0, 2.0) 2.0 (2.0, 3.0) 0.206

2 100% (9/9) 66.7% (6/9) 0.206

3 0.0% (0/9) 22.2% (2/9) 0.471

4 0.0% (0/9) 11.1% (1/9) 1.0

Number of pre-treatment dilations - mean 2.4±1.0 2.0±0.0 0.566

Quality of life overall health score3 - median 80.0 (70.0, 80.0) 65.0 (50.0, 70.0) 0.021

1 BD = Bougie Dilation; SEMS = Self-Expanding Metal Stents; Treatment group is per randomization.
2 P values calculated from t-test for continuous variable with normal distribution, Wilcoxon test for continu-
ous variable with non-normal distribution, negative binomial models for count variable, and fisher’s exact 
for binary variable.
3 Median (IQR) presented for continuous variables with non-normal distribution.
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technical success

Nine FCSEMS were placed, seven patients received a FCSEMS of 18 mm diameter with 
a length of 103 mm and two patients received a FCSEMS sized 23 mm diameter with a 
length of 105 mm. Technical placement success and removal success in the SEMS group 
was 100%. SEMS were removed by retrieval of the suture at the proximal end of the SEMS 
in 67% (6/9) of patients and from the suture at the distal end in 33% (3/9) of patients. 
Two patients required early removal due to symptomatic stent migration.

treatment of recurrent dysphagia

Post-treatment dilations and re-interventions are listed in Table 2. Dysphagia was the 
cause of reintervention in 89% (23/26) of the BD group and 98% (49/50) of the SEMS 

table 2. Post initial treatment dilations and re-interventions.

bd1 sems 1 P value2

No. of post dilations due to dysphagia through 12 mo. - mean 2.4±2.5 5.4±5.4 0.159

Number of post dilations through 12 months - mean 2.7±2.6 5.4±5.4 0.183

Frequency of dilation per month post treatment3,6 - median 0.2 (0.1, 0.3) 0.3 (0.2, 1.1) 0.283

Total number of re-interventions - mean 2.9±2.7 5.6±5.3 0.168

Time to first recurrence of dysphagia 6 - median (days) 33 (21, 33) 36 (24, 71) 0.576

Reintervention due to dysphagia - % 88.5% (23/26) 98.0% (49/50) 0.113

Reason for recurrence of dysphagia - %

Stent migration 0.0% (0/23) 6.1% (2/33) 0.507

New stricture formation 4.3% (1/23) 0.0% (0/33) 0.411

Stricture recurrence 95.7% (22/23) 87.9% (29/33) 0.639

Other 0.0% (0/23) 6.1% (2/33)4 0.507

Type of reintervention - %

Study stent removed 0.0% (0/26) 4.0% (2/50) 0.544

Bougie dilation 96.2% (24/26) 94.0% (47/50) 1.0

Balloon dilation 0.0% (0/26) 4.0% (2/50) 0.544

Other 3.8% (2/26) 20.0% (10/50)5 0.202

1 BD = Bougie Dilation; SEMS = Self-Expanding Metal Stents; Treatment group is per randomization.
2 P values calculated from Wilcoxon test for continuous variable with non-normal distribution, negative 
binomial models for count variable, fisher’s exact for binary variable, and log-rank test for time to event 
variable.
3 Defined as time 0 to last follow-up or end of study for BD and stent removal to last follow-up or end of 
study for SEMS
4 One patient experienced 2 incidences of recurrent dysphagia; cause unknown
5 Other types of reintervention are: gastroscopy to check for recurrent stenosis (1) and gastroscopy per-
formed but no stenosis (1) for BD and needle knife (9) and Chest tube into right pleura and pleurodesis (1) 
for SEMS.
6 Median (IQR) presented for continuous variables with non-normal distribution and KM estimated median 
(IQR) presented for time to event variables.
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group. In the BD group, other causes for reintervention are as followings: one patient 
had a gastroscopy to check for recurrent stenosis, one patient had odynophagia and 
a third patient reported complaints with passing food but a slight stricture could be 
passed with a diagnostic scope (approx. 9.8 mm diameter) and hence this was not 
qualified as dysphagia caused by the stricture. In the SEMS group, one patient had a 
reintervention due to pleuritic carcinomatosa of the right lung and had a chest tube 
into the right pleura and pleurodesis. The mean number of post-treatment dilations 
for dysphagia was not different between the groups (2.4 for the BD group; 5.4 for the 
SEMS group; P=0.159). A Kaplan-Meier analysis of time to first recurrence after initial 
treatment for the BD group and after removal for the SEMS group demonstrated no 
difference between groups (P=0.576); see Figure 2. Median time to recurrence of dys-
phagia after treatment was 33 days for the BD group and 36 days for the SEMS group. 
The most common reason for recurrent dysphagia was stricture recurrence. The most 
common reintervention was BD, 92% of the interventions in the BD group and 94% in 
the SEMS group. Both groups experienced similar reduction in the frequency of dilation 
after the initial study treatment (P=0.931). In the BD group median frequency of dilation 
decreased from 2.7 before study treatment to 0.2 interventions per month after study 
treatment. In the SEMS group the median frequency decreased from 2.9 to 0.3.

figure 2. Kaplan-Meier analysis of time to first recurrence†. †Time 0 is end of initial treatment for BD group 
and stent removal for SEMS group.
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multivariate analysis

A multivariate analysis identified location of anastomotic stricture, age and treatment 
modality – SEMS or BD - as predictors of the number of reinterventions due to dysphagia 
(Table 3). Age was not a significant predictor at the 0.05 level when adjusting for other 
covariates. The multivariate analysis demonstrated that with each centimeter increase of 
distance from the incisors to the stricture, the number of reinterventions for dysphagia 
during 12-months after the initial treatment decreases by 32% (P=0.006).

Patient reported outcomes

Pain by VAS in the SEMS group was generally low, with median ranging from 0 at base-
line to a maximum of 3 at Day 2, and a return to low levels (median 0) at Day 14 which 
remained low during follow-up. In the BD group pain levels were consistently low (median 
0) during follow up. Patient satisfaction with treatment was similar between the groups 
(SEMS median ranging from 8 to 9.5; BD median ranging from 8 to 10). As seen in Figure 
3, patients in the SEMS group experienced a greater QoL improvement following initial 

table 3. Multivariate analysis of number of reinterventions due to dysphagia.

Predictor rate ratio (95% Ci) P value1

SEMS2 vs. BD2 2.4 (1.0, 5.7)  0.053

Location of anastomotic stricture 0.7 (0.5, 0.9) 0.006

1 Negative binomial model is used.
2 BD = Bougie Dilation; SEMS = Self-Expanding Metal Stents

 figure 3. Change in quality of life (EQ-5D-5L Questionnaire) from baseline. QOL = Quality of Life; P values, 
calculated from Wilcoxon tests, indicated whether there is a significant difference between SEMS and BD 
groups in % change from baseline.
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study treatment compared with the BD group; although this declined after removal of the 
stent, improvement in QoL was greater in the SEMS group compared to the BD group at 
1-month (median 25% vs. 0%, P=0.005), 2-months (median 21% vs. 9%, P=0.038), 9-months 
(median 18% vs. 11%, P=0.037), and at 12-months (median 26% vs. 4%, P=0.011). Note 
that QoL score change from baseline in percentage was analyzed rather than the raw score 
change to account for the baseline score. Details of patient reported outcomes, including 
VAS pain score and patient satisfaction score, are shown in Figure 4 and 5.

figure 5. Patient satisfaction with treatment.

figure 4. VAS Pain Score. VAS= Visual Analog Scale.
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adverse events

There were a total of 8 adverse events that were related to either procedure or the 
device, among which 7 were non-serious and 1 serious. In the SEMS group, 1 patient 
experienced aspiration during FCSEMS removal (serious), 1 patient experienced recur-
rent dysphagia due to stent migration, 1 patient had stent-related gastroesophageal 
reflux, 1 patient had foreign body sensation and retching due to foreign body sensation 
(both related to stent), and 1 patient experienced thoracic pain and cervical pain dur-
ing FCSEMS placement procedure. In the BD group, 1 patient had epigastric pain after 
FCSEMS removal.

disCussion

The current study confirmed that FCSEMS placement is a technically feasible and a 
clinically effective treatment for benign refractory anastomotic strictures after esopha-
gectomy during FCSEMS indwell, including greater QoL improvement during FCSEMS 
treatment compared with continued BD.

However, the number of dilations required in the 12 months after treatment were 
comparable between the two groups. Patients’ reports of pain were similarly low be-
tween the groups, and satisfaction was higher in the SEMS group.

The study failed to confirm our initial hypothesis, namely that placement of a FCSEMS 
would reduce the number of dilations over a follow-up time of 12 months after initial 
treatment. Several factors may have contributed to this outcome. First, the sample size 
was smaller than intended, thus complicating detection of small differences between the 
two methods. Based on the 18 subjects randomized, the power to detect the predefined 
relevant difference in the primary outcome was low. Due to slow enrollment over 33 
months, it was decided to discontinue inclusion before the predefined required number 
of patients was included. Due to the enrollment challenge, one inclusion criterion was 
relaxed, namely the number of dilations to reach 16 mm in diameter since esophagec-
tomy. Originally this was 2 dilations, but was expanded to allowing 2-5 dilations.

In the current study, the stent was removed after 8 weeks to avoid tissue overgrowth 
with new stricture formation as a result. During the time that the stent was in place, 
dilations for dysphagia were avoided; after removal of the stent, the median number 
of episodes of dysphagia requiring intervention increased. These findings suggest that 
stent placement for benign strictures is effective, but only as long as the stent is in place. 
Its effect is not sustained once the stent has been removed. Some anastomotic strictures 
are highly refractory due to ongoing ischemia leading to recurrent fibrosis.

The number of related adverse events was higher in the SEMS group. Based on litera-
ture and our own experience, we see no reason to suspect a direct causal relationship 
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in the finding of increased number of related events, and instead believe this to be an 
artifact of the small sample size.

Despite not meeting the primary endpoint, patients in the SEMS group experienced 
a higher QoL improvement from baseline compared with the BD group, and the differ-
ences between two groups are significant at month 1 and 2 as well as toward the end 
of the follow-up (at month 9 and 12). Note that QoL score at baseline in the SEMS group 
was significantly lower than the BD group. To account for baseline scores, QoL score 
change from baseline in percentage was calculated instead of the raw score. The peak 
improvement of the QoL in the SEMS group occurred at the time of stent removal (8-
week). Both groups had decreased frequency of interventions for dysphagia during the 
study. Larger studies are needed to evaluate the recurrent dysphagia rate for FCSEMS 
vs. standard dilation in patients with refractory anastomotic strictures. Longer term 
utilization of FCSEMS and outcome measures comparing interventions during the time 
of stenting only versus a standard dilation group would be relevant outcome measures 
for subsequent studies.

It can be concluded that in the current study no significant difference was found 
between SEMS placement and repeat BD with regard to the number of BDs thereafter. 
Nevertheless, temporary FCSEMS indwell may offer reduced treatment burden as long as 
the stent remains in place and offers greater QoL improvement from baseline sustained 
during 12 months compared to repeat BD for patients with refractory anastomotic 
esophageal strictures.
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abstraCt

background and study aims: Sealing esophageal leaks by stent placement allows heal-
ing in 44%–94% of patients. We aimed to develop a prediction rule to predict the chance 
of successful stent therapy.

Patients and methods: In this multicenter retrospective cohort study, patients with 
benign upper gastrointestinal leakage treated with stent placement were included. We 
used logistic regression analysis including four known clinical predictors of stent therapy 
outcome. The model performance to predict successful stent therapy was evaluated in 
an independent validation sample.

results: We included etiology, location, C-reactive protein, and size of the leak as clini-
cal predictors. The model was estimated from 145 patients (derivation sample), and 59 
patients were included in the validation sample. Stent therapy was successful in 55.9% 
and 67.8% of cases, respectively. The predicted probability of successful stent therapy 
was significantly higher in success patients compared with failure patients in both the 
derivation (P<0.001) and validation (P<0.001) samples. The area under the receiver 
operating characteristic curve was 74.1% in the derivation sample and 84.7% in the 
validation sample. When the model predicted ≥70% chance of success, the positive 
predictive value was 79% in the derivation sample and 87% in the validation sample. 
When the model predicted ≤50% chance of success, the negative predictive value was 
64% and 86%, respectively.

Conclusions: This prediction rule, consisting of four clinical predictors, could identify 
patients with esophageal leaks who were likely to benefit from or fail on stent therapy. 
The prediction rule can support clinical decision-making when the predicted probability 
of success is ≥70% or ≤50%.
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introduCtion

Anastomotic leaks after esophagectomy cause severe morbidity, prolongation of hospi-
talization, intensive care unit (ICU) admission, and even mortality.1-5 Leakage develops 
in 6%–24% of patients undergoing esophageal surgery with esophagogastrostomy, 
and leads to increased postoperative mortality rates of 7.2%–18.2% compared with 
3.1%–6.2% in patients without leakage.1-3,6-13 The aim of treatment of esophageal leaks 
is to prevent sepsis and allow healing by administration of antibiotics, bypassing the 
esophageal defect with a duodenal feeding tube, and adequate drainage of infected 
fluid collections.

Another way to prevent further contamination of the para-esophageal cavity is by 
sealing off the defect with an esophageal stent.14 Endoscopic stent placement for 
esophageal leaks and perforations allows complete healing in approximately 80% of 
cases in pooled literature analyses.14,15 Either fully covered or partially covered self-
expandable stents are used for sealing esophageal disruptions. The pitfall of esophageal 
stent placement is the high risk of stent migration, which occurs in 11%–27% of cases, 
depending on the type of stent.14,15 Inadequate sealing may be one of the reasons why 
the clinical success rates of esophageal stent placement vary widely from 44% to 94%.15 
Optimal drainage of adjacent fluid collections is also essential for the success of stent 
therapy. Other factors that contribute to successful stent therapy are the size of the 
defect, the etiology of the leak, the severity of sepsis, and the delay between diagnosis 
and stent insertion.16-20

Leakage control is crucial for the healing process in these severely ill patients. If we 
were able to predict the success of stent therapy, we could select patients who are likely 
to benefit from stent placement. In this way, patients in whom stent therapy is likely 
to fail can be identified and treated differently. Therefore, the aim of the current study 
was to evaluate the performance of a clinical prediction rule to predict the chance of 
successful stent therapy in the treatment of benign upper gastrointestinal leaks.

Patients and methods

This study was designed as a multicenter retrospective cohort study including three 
tertiary care university hospitals and one general teaching hospital from the Nether-
lands. The study was reviewed by the Medical Ethics Review Committee of the Academic 
Medical Center and did not apply to the Dutch Act “Medical Research Involving Human 
Subjects” (date of review: 17 June 2015).

We electronically searched the endoscopic database ENDOBASE (Olympus Medical 
Systems, Hamburg, Germany) and a prospectively collected database of all esophagec-
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tomy patients to identify suitable candidates for inclusion. All patients who received an 
esophageal stent for the treatment of benign anastomotic leakage, perforation or fistula 
were included. Patients with active malignant esophageal disease were excluded from 
the analysis. The details of patient selection are presented in Figure 1.

A leak or perforation was diagnosed based on the combination of clinical signs and ra-
diological or endoscopic evidence of a transmural esophageal defect. Symptomatology 
included at least one of the following symptoms: severe cervical or thoracic pain, subcu-
taneous emphysema, elevated C-reactive protein (CRP) level or leukocyte count, sepsis, 
air leakage through the drain or wound, and/or excessive drain or wound production. 
Radiological evidence included leakage of oral contrast outside the esophagus at com-
puted tomography (CT) scan or esophagogram. A fistula was defined as a radiologically 
or endoscopically proven connection between the esophagus and the respiratory tract, 
the cutis or the pleura. Perforations included all iatrogenic and spontaneous transmural 
esophageal lacerations.

The primary outcome of the study was successful leakage control after esophageal 
stent placement. We defined success as no need for additional invasive procedures 
(surgery or percutaneous drainage) after stent removal without persisting symptoms 
of leakage, or as successful sealing without further symptoms of leakage in case it was 
decided that the stent was left in permanently. Follow-up was calculated as the time 
between the first stent placement procedure and the date of last contact.

Procedures

Because of the retrospective study design, procedures were not standardized. In gen-
eral, when an upper gastrointestinal leak was suspected, imaging studies (CT scan or 
esophagogram) and/or endoscopy were performed to confirm the diagnosis. In case of 
a suspected cervical anastomotic leak, the neck wound was re-opened for exploration 
and drainage. Patients received antibiotics and were kept on a “nil by mouth” regimen 
with duodenal tube feeding or feeding jejunostomy. Infected fluid collections were 
drained by radiological tube placement whenever possible.

The treating surgeon and gastroenterologist determined whether stent placement 
was indicated. Proximal stent placement across the upper esophageal sphincter was 
considered a contraindication for stent placement. Stent placement was performed 
endoscopically at the endoscopy ward with or without fluoroscopic guidance. In case of 
ICU admission, endoscopic stent placement took place at the ICU without the support 
of fluoroscopy. Anesthesia during the procedure consisted of monitored anesthesia care 
using propofol or conscious sedation using midazolam and/or fentanyl. Either fully cov-
ered or partially covered self-expandable metal stents (SEMSs) were used, which were 
preferably removed after 4–6 weeks. Stents were removed by pulling either the proximal 
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end or distal end (inside-out) of the stent with a grasping forceps. The stent-in-stent 
technique was used for the removal of embedded partially covered SEMSs.21

The aim of stent therapy was to achieve leakage control, defined as a stable clinical 
condition, allowing oral intake and healing of the defect. When stent dysfunction and 
persistent leakage was suspected, endoscopy was performed. In case of stent migration 
or inadequate sealing, stents were either repositioned or replaced. Once leakage control 
had been achieved, patients were discharged from the hospital, and returned to the 
outpatient clinic for stent removal and further ambulatory care.

data collection

The variables presented at baseline (Table 1) were collected from the electronic medical 
records at the participating hospitals. CRP level (mg/L) and leukocyte count (109/L) were 
defined as highest value in the 7 days before the first stent placement procedure.

To determine the defect size, we collected the endoscopic images of the leaks at 
the time of the baseline procedure. The images were independently assessed by four 
experienced interventional endoscopists (B.W., F.V., M.S., and J.vH.). They could choose 
between three categories: <1  cm, 1–2  cm, and >2  cm. Assessment of the defect size 
by all four raters was possible in 63% of cases (129/204), with complete agreement in 
27% (35/129) and three out of four agreement in 42% (54/129). The interobserver agree-
ment was fair (intraclass correlation two-way random single measures model 0.54). For 
analysis, we chose the category that received the majority of votes. When there was 
no majority or the endoscopic images were missing, we used the estimation from the 
endoscopy report whenever available.

We further retrieved the data on previous upper gastrointestinal surgery, synchronous 
esophageal strictures, stent type and size, esophageal contrast studies, further leakage-
related treatments after stent placement, time and method of stent removal, adverse 
events, ICU admission, recurrence of esophageal cancer, and mortality.

statistical analysis

The prediction model was estimated using the data of 145 patients from the Academic 
Medical Center, Erasmus Medical Center, and St Antonius Hospital (“derivation sample”). 
The patient cohort from the University Medical Center Utrecht (n=59) was collected 
independently by W.K. and F.V. and was therefore used for external validation of the 
model. We selected four known predictors based on face validity and the literature:
1. etiology of the leak, categorized as: 1) anastomotic dehiscence, 2) iatrogenic/spon-

taneous perforation, and 3) esophago-respiratory, -cutaneous or -pleural fistula;
2. location of the leak, categorized as: 1) proximal esophagus <25 cm from the incisors, 

2) mid esophagus 25–30 cm from the incisors, and 3) distal esophagus >30 cm from 
the incisors;
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figure 1. Flow chart of patient selection. AMC, Academic Medical Center; AZN, St Antonius Hospital; EMC,
Erasmus University Medical Center; UMCU, University Medical Center Utrecht.
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figure 1. Flow chart of patient selection. AMC, Academic Medical Center; AZN, St Antonius Hospital; EMC,
Erasmus University Medical Center; UMCU, University Medical Center Utrecht.
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table 1. Population characteristics.

derivation sample
n = 145

Validation sample
n = 59

Hospital, n (%)

Academic Medical Center Amsterdam 64 (44.1) 0 (0)

Erasmus University Medical Center Rotterdam 48 (33.1) 0 (0)

St. Antonius Hospital Nieuwegein 33 (22.8) 0 (0)

University Medical Center Utrecht 0 (0) 59 (100)

Male sex, n (%) 105 (72.4) 38 (64.4)

Age, mean ± SD, years 63.9 ± 10.6 63.2 ± 10.6

Etiology, n (%)

Anastomotic leak 72 (49.7) 35 (59.3)

Perforation 48 (33.1) 19 (32.2)

Fistula 25 (17.2) 5 (8.5)

History of esophageal cancer, yes, n (%) 90 (62.1) 39 (66.1)

History of thoracic/cervical radiotherapy, yes, n (%) 79 (54.5) 19 (32.2)

History of upper gastrointestinal surgery

No 49 (33.8) 18 (30.5)

Esophagectomy 86 (59.3) 24 (40.7)

Gastrectomy 4 (2.8) 14 (23.7)

Bariatric surgery 4 (2.8) 0 (0)

Other 2 (1.4) 2 (3.4)

Unknown 0 (0) 1 (1.7)

Location of defect, n (%)

Proximal esophagus (<25 cm from incisors) 73 (50.3) 24 (40.7)

Mid esophagus (25–30 cm from incisors) 23 (15.9) 10 (16.9)

Distal esophagus (>30 cm from incisors) 49 (33.8) 25 (42.4)

C-reactive protein level, median (IQR), mg/L 165 (89–306) 275 (158–400)

Leukocyte count; median (IQR), 109/L 14.3 (10.6–20.9) 18.4 (11.9–24.9)

Size of defect, n (%)

<1 cm 68 (46.9) 21 (35.6)

1–2 cm 44 (30.3) 21 (35.6)

>2 cm 33 (22.8) 17 (28.8)

Previous leak-related treatment, n (%)

None 61 (42.1) 25 (42.4)

Drainage by tube placement 68 (46.9) 24 (40.7)

Surgical interventions 11 (7.6) 10 (16.9)

Endoscopic interventions 5 (3.4) 0 (0)

Delay until stent placement, median (IQR), days 1 (0–7) 0 (0–3)

Stents used, n 301 93

FCSEMS, n (%) 174 (57.8) 17 (18.3)
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3. CRP level (mg/L), defined as highest value in the 7 days before the first stent place-
ment procedure;

4. size of the leak as estimated during endoscopy, categorized as: 1) <1 cm, 2) 1–2 cm, 
and 3) >2 cm.

In the derivation sample, missing values included CRP level (n=35; 24%), leukocyte 
count (n=34; 23%), defect size (n=22; 15%), and delay until stent placement (n=3; 2%). 
In the validation sample, missing values included history of esophageal cancer (n=3; 
5%), previous leak-related treatment (n=2; 3%), history of radiotherapy (n=2; 3%), CRP 
level (n=14; 24%), leukocyte count (n=13; 22%), size of defect (n=12; 20%), and delay 
until stent placement (n=2; 3%). For descriptive purposes, missing data were imputed 
using single stochastic imputation to obtain plausible values for missing units reflecting 
the variation present in the dataset. The logistic regression estimates of the four-variable 
prediction model were obtained by pooling the coefficients of five rounds of imputa-
tions based on 12 predictor variables including the outcome variable.22 Linearity in the 
logit of the continuous variable “CRP” was checked by restricted cubic spline indicating 
no violation of the assumption. From the log odds of successful stent therapy, derived 
from the regression equation, we calculated the probability of successful stent therapy 
for each patient. Discriminative performance was evaluated with Nagelkerke’s R2 and 
receiver operating characteristic – area under the curve (ROC–AUC), and fit of the model 
with the Hosmer–Lemeshow test based on four risk strata. To estimate the optimism of 
the model, we performed bootstrap validation using 300 bootstrap samples and ap-
plied uniform shrinkage on the model coefficients to correct for optimism.23 We used 
the Utrecht cohort (UMCU, Figure 1) for external validation of the model. We calculated 
the chance of successful stent therapy for each patient using the prediction model after 
shrinkage. To evaluate the performance of the model in the external cohort, we again 

table 1. Population characteristics. (continued)

derivation sample
n = 145

Validation sample
n = 59

PCSEMS, n (%) 117 (38.9) 76 (81.7)

Other, n (%) 1 (0.3) 0 (0)

Stent type unknown, n (%) 9 (3.0) 0 (0)

Patients receiving multiple stents, n (%) 63 (43.4) 18 (30.5)

No. of stents per patient, median (IQR) 2 (2–3) 2 (2–3)

Leak-related ICU admission, n (%) 93 (64.1) 32 (54.2)

Duration, median (IQR), days 12 (3–25) 11 (7–23)

Successful stent therapy, yes, n (%)) 81 (55.9) 40 (67.8)

SD, standard deviation; IQR, interquartile range; FCSEMS, fully covered self-expandable metal stents; PC-
SEMS, partially covered self-expandable metal stents; ICU, intensive care unit.
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calculated Nagelkerke’s R2 test, ROC–AUC, and Hosmer–Lemeshow test based on three 
risk strata.

Continuous variables with a normal distribution are presented as mean with standard 
deviation, and skewed data as median with interquartile range (IQR). We considered 
two-sided P values <0.05 to be statistically significant. For statistical analyses we used R 
Studio: Integrated Development for R, Version 3.3.2 (R Studio Inc., Boston, Massachusetts, 
USA) using the mice (multiple imputation) and rms (regression modeling) packages.

results

Patient characteristics

The derivation sample consisted of 143 unique patients who underwent endoscopic 
stent placement for upper gastrointestinal leakage (Figure 1). Two further patients were 
also treated for a recurrent leak that developed more than 1 year after closure of the 
primary defect, so we included a total of 145 cases in the analysis. Patient characteristics 
are presented in Table 1. In the derivation sample, fully covered SEMSs (FCSEMSs) and 
partially covered SEMSs (PCSEMSs) remained in situ for a median time of 33 days (IQR 
13–57 days) and 32 days (IQR 11–46 days), respectively (P=0.26). Stents were finally re-
moved in 121 patients (83.4%), 21 patients (14.5%) died with the stent in situ, 2 patients 
(1.4%) were still alive with the stent in place at the end of follow-up, and removal status 
was unknown in one patient (0.7%). The median follow-up period in the derivation sam-
ple was 316 days (IQR 97–742 days). In the validation sample (n=59), the median time 
that PCSEMSs and FCSEMSs were in situ was 23 days (IQR 12–28 days) and 35 days (IQR 
24–87 days), respectively (P=0.001). Stents were finally removed in 47 patients (79.7%) 
and 12 patients (20.3%) died with the stent in situ. The median follow-up period in the 
validation sample was 143 days (IQR 40–692 days). The success rate of stent therapy was 
55.9% in the derivation sample and 67.8% in the validation sample. See Table 2 for the 
failure cases and Table 3 for success rates within different subgroups.

Clinical predictors

The prediction rule predicted the probability of successful stent therapy for individual 
patients based on four clinical predictors: 1) etiology of the leak, 2) location of the leak, 
3) baseline CRP level, and 4) size of the leak. In the multivariable logistic regression 
model, etiology fistulae (estimated regression coefficient –2.219, P=0.001) and defect 
size >2 cm (estimated regression coefficient –1.174, P=0.02) were statistically significant 
predictors of an adverse outcome of stent therapy (Table 4). The prediction rule formula 
after shrinkage is available online as “Supplementary Material.” The individual probabil-
ity of success can be derived from the nomogram (Figure 2).
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Performance of the prediction rule

In the derivation sample, the median predicted probability of success was 62.6% 
(range 3.4%–88.7%). Patients who actually failed on stent therapy had a median pre-
dicted probability of success of 48.3% (range 3.4%–86.0%) compared with 66.9% (range 
14.7%–88.7%) in patients in whom stent therapy was actually successful (P<0.001). 
The prediction rule explained 26.1% of the variance in outcome (Nagelkerke’s R2). The 
overall discriminative accuracy of the model was 74.1% (ROC–AUC). Calibration of the 
model was good with at most 11.6% absolute difference between the actually observed 

table 2. Failure of stent therapy.

reasons for failure of stent therapy derivation sample
n = 64 (%)

Validation sample
n = 19 (%)

Surgical closure/reconstruction 19 (29.7) 3 (15.8)

Death because of uncontrolled leakage and ongoing sepsis 14 (21.9) 9 (47.4)

Readmission for persisting symptomatic leakage 7 (10.9) 0 (0)

Diverting cervical esophagostomy 6 (9.4) 1 (5.3)

Additional tube drainage 6 (9.4) 0 (0)

Additional endoscopic interventions 4 (6.3) 0 (0)

Death because of major bleed with stent in situ 3 (4.7) 2 (10.5)

Death with symptomatic leakage in the presence of recurrent 
malignancy

3 (4.7) 2 (10.5)

Additional surgical cleansing 1 (1.6) 2 (10.5)

Death for unknown reasons with stent in situ and symptomatic 
leakage

1 (1.6) 0 (0)

Patients who died during follow-up 37 (57.8) 17 (89.5)

Death related to persisting leakage 23 (35.9) 13 (68.4)

Death unrelated to leakage 9 (14.1) 1 (5.3)

Relationship unknown 5 (7.8) 3 (15.8)

figure 2. Nomogram of the prediction rule. Add up the points scored for each predictor to calculate the 
total number of points. The “total points” line corresponds with a “predicted probability of success” as indi-
cated by the bottom line.
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risks and predicted risks (Hosmer–Lemeshow, chi-squared 1.19, df2, P=0.55) (Figure 3a). 
After correction for optimism by shrinkage of the model, the median predicted prob-
ability of success was 59.7% (range 9.7%–86.5%) in the validation sample. The median 
predicted probability of success was 43.9% (range 9.7%–79.1%) for patients who ac-
tually failed and 65.7% (range 46.7%–86.5%) for patients in whom stent therapy was 
actually successful (P<0.001). Nagelkerke’s R2 was 45.2% and the ROC–AUC was 84.7%. 
The difference between the actually observed and predicted risks was at most 39.3% 
(Hosmer–Lemeshow, chi-squared 9.46, df1, P=0.002) (Figure 3b).

table 3. Success rates of stent therapy within different subgroups.

derivation sample n = 145 Validation sample n = 59

Success 
n = 81

Failure
n = 64

Success
n = 40

Failure
n = 19

Sex, n (%)

Male 58 (55.2) 47 (44.8) 23 (60.5) 15 (39.5)

Female 23 (57.5) 17 (42.5) 17 (81.0) 4 (19.0)

Age, mean ± SD, years 64.3 ± 11.1 63.4 ± 9.8 61.4 ± 11.3 67.2 ± 7.7

Etiology, n (%)

Anastomotic leak 41 (56.9) 31 (43.1) 25 (71.4) 10 (28.6)

Perforation 36 (75.0) 12 (25.0) 15 (78.9) 4 (21.1)

Fistula 4 (16.0) 21 (84.0) 0 (0) 5 (100)

History of esophageal cancer, n (%)

No 35 (63.6) 20 (36.4) 15 (75.0) 5 (25.0)

Yes 46 (51.1) 44 (48.9) 25 (64.1) 14 (35.9)

History of thoracic/ cervical 
radiotherapy, n (%)

No 43 (65.2) 23 (34.8) 29 (72.5) 11 (27.5)

Yes 38 (48.1) 41 (51.9) 11 (57.9) 8 (42.1)

Location of defect, n (%)

Proximal esophagus 39 (53.4) 34 (46.6) 17 (70.8) 7 (29.2)

Mid esophagus 8 (34.8) 15 (65.2) 5 (50.0) 5 (50.0)

Distal esophagus 34 (69.4) 15 (30.6) 18 (72.0) 7 (28.0)

C-reactive protein level, median (IQR), mg/L 165 (81–293) 162 (92–315) 274 (154–390) 276 (195–400)

Leukocyte count, median (IQR), 109/L 15.0 (11.3–22.0) 13.0 (10.3–20.8) 14.9 (11.8–25.0) 19.9 (13.6–23.8)

Size of defect, n (%)

<1 cm 41 (60.3) 27 (39.7) 15 (71.4) 6 (28.6)

1–2 cm 25 (56.8) 19 (43.2) 18 (85.7) 3 (14.3)

>2 cm 15 (45.5) 18 (54.5) 7 (41.2) 10 (58.8)

Delay until stent placement, median 
(IQR), days

1 (0-3) 1 (0-13) 0 (0-2) 2 (0-6)

SD, standard deviation; IQR, interquartile range.



147

Stent placement for esophageal leaks, perforations, and fistulae; a prediction rule

Ch
ap

te
r 8

table 4 Outcomes of multivariable logistic regression analysis in the derivation sample.

estimated 
coefficient

se 95% Ci P value

Etiology*

Perforation 0.702 0.593 –0.473, 1.878 0.24

Fistula –2.219 0.670 –3.548, –0.890 0.001

Location of defect†

Mid esophagus –0.825 0.601 –2.015, 0.365 0.17

Distal esophagus –0.129 0.571 –1.258, 1.000 0.82

CRP level –0.003 0.002 –0.007, 0.002 0.21

Size of defect‡

1–2 cm –0.567 0.469 –1.495, 0.361 0.23

>2 cm –1.174 0.506 –2.176, –0.171 0.02

SE, standard error; CI, confidence interval; CRP, C-reactive protein.
*Reference category anastomotic dehiscence.
†Reference category proximal esophagus.
‡Reference category <1 cm.

figure 4. Endoscopic images of esophageal leaks at time of the baseline procedure. a,b Anastomotic de-
hiscence after esophagectomy. c Perforation after balloon dilation for stenosis after Nissen fundoplication.

figure 3. Calibration plots of the predicted and observed outcomes. a Derivation sample. b Validation 
sample.
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Classification accuracy

The positive predictive value for a predicted probability cutoff of ≥70% was 79% (38/48) 
in the derivation sample and 87% (13/15) in the validation sample. The false positive 
rate using that cutoff was 16% (10/64) and 11% (2/19), respectively. The negative predic-
tive value for a predicted probability cutoff of ≤50% was 64% (32/50) in the derivation 
sample and 86% (12/14) in the validation sample. The false negative rate using that 
cutoff was 22% (18/81) and 5% (2/40), respectively (Table 5).

disCussion

We developed a novel prediction rule, consisting of four clinical variables, to predict 
the probability of successful stent therapy for individual patients with benign upper 
gastrointestinal leaks. The etiology, location, CRP level, and size of the leak together 
significantly discriminated between failure and success of stent therapy, including in 
an independent sample of patients from a different center. External validation showed 
that patients with a predicted probability of ≥70% had an 87% chance of success and 
patients with a predicted probability of ≤50% had an 86% chance of failure. Using these 
cutoff values, the prediction rule can be a tool to guide physicians in clinical decision-
making and informing patients.

We used a pre-specified model with four clinical predictors that we selected based on 
face validity and the literature. The etiology of leakage and defect size were statistically 
significant and independent predictors of successful stent therapy in our multivariable 
regression model. In the literature, particularly esophago-respiratory fistulae are associ-
ated with poorer closure rates compared with anastomotic leaks and perforations.15,16,18 
Benign fistulae mainly develop after surgery or radiotherapy.24 The altered and impaired 

table 5 Classification of the prediction rule.

derivation sample
n = 145

Validation sample
n = 59

Predicted probability of success ≥70%, % (n/N)

Positive predictive value 79 (38/48) 87 (13/15)

False positive rate 16 (10/64) 11 (2/19)

Sensitivity 47 (38/81) 33 (13/40)

Specificity 84 (54/64) 89 (17/19)

Predicted probability of success ≤50%, % (n/N)

Negative predictive value 64 (32/50) 86 (12/14)

False negative rate 22 (18/81) 5 (2/40)

Sensitivity 78 (63/81) 95 (38/40)

Specificity 50 (32/64) 63 (12/19)
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vascularization status in these patients often results in a chronic and persisting defect 
that shows a poor tendency of healing with stent therapy. This is also reflected by our 
data, where stent therapy was successful in only 16% of patients with a fistula in the 
derivation sample and in none of the five patients in the validation sample. The success 
rate in patients with large defects (>2 cm) was also much lower than for patients with 
small defects (<1 cm) in both the derivation (46% vs. 60%) and validation (41% vs. 71%) 
samples. Large defects were also associated with unsuccessful closure in two studies 
that used a cutoff of 1.5 cm and 3 cm.17,19 The defect size is estimated by the endoscopist 
during endoscopy and is therefore subject to interobserver variability. In our study, four 
endoscopists assessed the defect size by the available endoscopic images of the base-
line procedure (Figure 4a–c), showing fair overall interobserver agreement. Since defect 
size is an important predictor of success, we emphasize the importance of an accurate 
measurement during endoscopy. For an accurate estimation, endoscopic images of the 
defect should preferably be made in the presence of a reference tool, for instance the 
duodenal tube, which has a fixed diameter.

Previous studies have shown that septic state correlates with the success of stent 
therapy. Patients fulfilling severe sepsis criteria and infectious patients showed poorer 
success rates of stent therapy.19,20 For practical reasons and clinical use, we defined 
septic state as highest CRP level in the past 7 days before stent placement. It is likely 
that a CRP level within 12 hours of the stent placement procedure will have a stronger 
correlation with the outcome of stent therapy. However, the retrospective data in our 
study forced us to expand the window of CRP measurement. We furthermore included 
the location of the defect in the esophagus in the prediction rule. A cervical anastomosis 
after esophagectomy is a known risk factor for the development of anastomotic leak-
age.2,25 This suggests a worse perfusion status than anastomoses located in the thorax. 
Location in the esophagus is therefore likely to affect the healing tendency of the defect.

Thoracic or cervical radiotherapy was also part of our initial, pre-specified predic-
tion model. Although neoadjuvant chemoradiotherapy did not correlate with the 
development of anastomotic leaks in the literature, we had included radiotherapy as 
a predictor of success based on the assumption that radiation injury to the esophagus 
and surrounding tissues may hamper wound healing due to a damaged vasculature.25,26 
However, in multivariable regression analysis, the predictive value of this factor was 
negligible, with an estimated regression coefficient of 0.0032 and a P value of 0.995. We 
therefore dropped radiotherapy from the model. In the literature, the delay between 
the index procedure, meaning the procedure that caused the leak, and stent placement 
consistently impacted on the success of stent therapy. The time to stent placement was 
significantly shorter in patients with successful closure compared with patients in whom 
stent placement failed, and immediate stent placement resulted in higher success rates 
of stent therapy than in cases with a delay of more than 1 week to stent placement.17-20 
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After careful consideration we chose to omit “delay to stent placement” from the model, 
because of the little variation, and thereby expected limited contribution to the pre-
dicted probability, and to prevent overfitting of the model.

This prediction rule is only useful when the predicted probability of success is ≥70% 
or ≤50%, because of the high positive and negative predictive values, respectively. Pre-
dicted probabilities between 50% and 70% poorly discriminated between failure and 
success of stent therapy. For a predicted probability ≤50%, we suggest to reconsider 
stent placement because the chance of success is between 5% and 22%. For example, a 
patient with a small (<1 cm), chronic postoperative esophago-respiratory fistula in the 
proximal esophagus without elevated CRP levels, has a less than 50% chance of suc-
cessful stent therapy according to the prediction rule. It can therefore be discussed with 
the patient that the defect is unlikely to heal with stent therapy. Although evidence is 
scarce, alternative treatment options in this case may be endoscopic clipping or surgical 
repair.27,28 A case series including patients with small (<2  cm), mainly chronic, post-
operative leaks and fistulae reported a closure rate of 89% (8/9) after over-the-scope 
clip placement in the upper gastrointestinal tract.29 Endoscopic clipping has also been 
shown to be effective for the treatment of acute perforations caused by endoscopic pro-
cedures, with a pooled closure rate of approximately 90%.30 In selected patients, surgical 
repair of benign esophago-respiratory fistulae was successful in 72% (18/25).24 Patients 
with postsurgical esophago-respiratory fistulae often had neoadjuvant chemoradiation, 
which hampers healing of the defect. In some patients with symptomatic fistulae who 
are unfit for surgery, stent placement may reduce symptoms and allow for oral intake 
despite a poor probability of closure of the defect. In this case, stent placement can also 
be used for “palliation” of symptoms.

Another example of a patient who has a less than 50% predicted probability of success-
ful stent therapy, is a septic patient with a CRP level of 300 mg/L who is diagnosed with 
a large (>2  cm) anastomotic dehiscence in the mid esophagus after esophagectomy. 
Alternative options are conservative treatment with adequate drainage of infected fluid 
collections, or primary surgical repair of the defect.31-33 A promising alternative for the 
treatment of upper gastrointestinal leaks is endoscopic vacuum therapy (E-Vac).34 In 
small retrospective studies, E-Vac showed superior closure rates compared with stent 
placement: 84%–93% vs. 54%–63%.35,36 Finally, we want to emphasize the importance of 
adequate abscess drainage whenever stent placement is considered.

The main limitations of our study are its retrospective design and the small valida-
tion sample. CRP level and defect size were missing in 24% and 15% of cases in the 
derivation sample, and in 24% and 20% of cases in the validation sample. To deal with 
missing values, the prediction model was estimated using a multiple imputed dataset 
with five rounds of imputation. To examine the performance of the model in the external 
validation sample, we also imputed missing values in the validation dataset. Although 
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we have included all patients treated with stents for upper gastrointestinal leaks, this 
prediction model is mainly applicable to patients with esophageal leaks, because only 
six patients (4%) in the derivation sample had a gastric leak.

In conclusion, using four clinical variables (i.e. etiology, location, CRP level, and size 
of the leak), this novel prediction rule significantly discriminated between failure and 
success of stent therapy for benign upper gastrointestinal leakage. Etiology fistula and 
defect size >2 cm were independent and statistically significant predictors of stent fail-
ure. The individual predicted probability of successful stent therapy by the prediction 
rule can be derived from the nomogram. This prediction rule can support the physician 
in clinical decision-making and informing patients when the predicted probability of 
success is ≥70% or ≤50%. Predicted probabilities between 50% and 70% poorly pre-
dicted the outcome of stent therapy.
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suPPlementary material

regression formula after shrinkage 

The log odds of successful stent therapy: ln (odds of success) = 1.43210 + 0.54003*etiol-
ogy2 – 1.70622*etiology3 – 0.63430*location2 – 0.09898*location3 – 0.00196*crp 
– 0.43567*size2 – 0.90226*size3 
The individual probability of success: P (success) = exp (ln (odds of success)) / (1 + exp 
(ln (odds of success))).
The regression formula is based on the following coding: 
▪ Etiology2 = etiology of defect, defined as: 
– 1 = iatrogenic/spontaneous perforation 
– 0 = other 
▪ Etiology3 = etiology of defect, defined as: 
– 1 = esophago-respiratory, -cutaneous or -pleural fistula 
– 0 = other 
▪ Location2 = location of defect, defined as: 
– 1 =mid esophagus (25 – 30 cm from the incisors) 
– 0 = other 
▪ Location3 = location of defect, defined as:
– 1 = distal esophagus (> 30 cm from the incisors) 
– 0 = other 
▪ CRP= highest CRP level (mg/L) in the 7 days before the first stent placement procedure 
▪ Size2 = size of defect at baseline endoscopy, defined as: 
– 1=1 – 2 cm
– 0 = other 
▪ Size3 = size of defect at baseline endoscopy, defined as: 
– 1 = > 2cm 
– 0 = other
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abstraCt

background: Pneumatic dilation is a commonly used treatment in achalasia. Recent 
studies have shown that esophageal distensibility measurements can be used to assess 
the effect of dilation and possibly the risk of perforation. A new hydraulic dilation bal-
loon is able to visualize the shape of the balloon in vivo and to measure distensibility 
during dilation.

aim: To evaluate whether the use of a 30-mm shape-measuring hydraulic dilation bal-
loon for the treatment of achalasia is technically feasible and safe.

methods: Consecutive patients with newly diagnosed achalasia were dilated using a 
30-mm shape-measuring hydraulic dilation balloon. Patients were contacted one week, 
one month and three months after dilation. Technical success, clinical success and major 
complications were evaluated.

results: Ten patients were included. Technical success was achieved in all cases. Median 
esophagogastric junction distensibility (mm2/mmHg) increased from 1.1 (IQR 0.6-1.3) 
before to 7.0 (IQR 5.5-17.8) after dilation therapy (P=0.01). No major complications were 
seen. Three patients (30%) reported recurrent dysphagia.

Conclusion: Hydraulic dilation with a shape-measuring balloon in achalasia patients is 
feasible. In vivo esophageal distensibility measurements may allow for an individual-
ized, patient-specific dilation regimen. (The Netherlands National Trial Register: NTR4371)
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introduCtion

Achalasia is a rare disease with an incidence of approximately 1:100.000 and a preva-
lence of 10: 100.000.1 It is characterized by both esophageal dysmotility and failure 
of the lower esophageal sphincter (LES) to relax. Clinically, it predominantly presents 
with dysphagia, retrosternal pain and regurgitation of undigested food. Although it has 
been shown that achalasia is caused by degeneration of ganglion cells in the myen-
teric plexus in the esophageal wall, the pathogenesis is still not completely understood 
and a therapy aiming to reverse or halt the degeneration of ganglion cells is currently 
not available.2 Consequently, treatment is focused on facilitating the emptying of the 
esophageal contents by decreasing the LES residual resting pressure.

Achalasia is currently treated endoscopically with repeated pneumatic dilations or 
surgically by Heller myotomy, but no superiority of either treatment modalities has been 
demonstrated.3 Unfortunately, a large proportion of treated patients requires repeated 
intervention due to recurrence of symptoms and recurrence of impaired LES-relaxation. 
Moreover, predicting which patients will experience recurrence of symptoms has proven 
to be difficult.

Recently, a hydraulic dilation catheter has become available. Using this balloon, it is 
possible to visualize the shape of the balloon on a computer screen during the dilation 
procedure, thereby obviating the need for fluoroscopy. Furthermore, esophagogastric 
junction (EGJ) distensibility can be calculated. Previous studies have shown that this 
is useful to assess the effect of dilation therapy and to predict whether symptoms will 
reoccur.4-7 Technical feasibility and safety of this balloon has been demonstrated in a 
porcine model.8 No such study has been conducted in humans. The current study as-
sessed technical feasibility of this dilation balloon in humans.

methods

Patients

Between August 2013 and February 2014, consecutive patients with newly diagnosed 
idiopathic achalasia were included in this prospective study at the Department of Gas-
troenterology and Hepatology of the University Medical Center Utrecht, the Netherlands. 
Patients were eligible for participation if they were between 18 and 70 years of age, 
provided written informed consent, were diagnosed with achalasia and had an Eckardt 
score of >3. The Eckardt score consists of symptom scores for weight loss, dysphagia, 
regurgitation and chest pain. With regard to weight loss, 0 indicates no weight loss in the 
last two months, 1 indicates a loss between 0-5 kg, 2 indicates a loss between 5-10 kg and 
3 indicates a loss of >10 kg. For dysphagia, regurgitation and chest pain, 0 indicates no 
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symptoms, 1 indicates occasional symptoms, 2 indicates daily symptoms and 3 indicates 
symptoms with every meal. Summing up the scores for each item results in a score of 
0-12 in which 12 represents the most severe symptoms.9 The diagnosis of achalasia 
was based on the absence of peristalsis during swallowing and a failure of the LES to 
relax (residual resting pressure ≥10 mmHg during swallow-induced relaxation). A low-
compliance perfusion system with a multiple-lumen, water-perfused catheter with an 
incorporated sleeve sensor (Dentsleeve International Ltd, Mississauga, Canada) was used 
for esophageal manometry. Upper endoscopy was performed to exclude luminal causes 
of dysphagia and CT thorax/abdomen was additionally performed in case of severe 
weight loss to exclude pseudoachalasia, based on the treating physician’s evaluation.

Exclusion criteria were previous invasive treatment of achalasia, pseudoachalasia, 
megaesophagus (diameter of ≥7 cm), altered anatomy of the esophagus due to surgery, 
suspected or confirmed esophageal cancer, confirmed eosinophilic esophagitis, co-
agulopathy (INR>1.5, platelets<50.000/mm3) not corrected prior to the procedure and 
Barrett’s epithelium (>M2; C1) with dysplasia detected in the past six months.

esofliP device

Hydraulic balloon dilations were performed using the Esophageal Functional Luminal 
Imaging Probe (EsoFLIP, Crospon Ltd., Galway, Ireland). The EsoFLIP probe is a 2.3 m 
long dilation balloon catheter with a 7Fr shaft. Fifteen electrodes spaced 5 mm apart 
are located on the shaft inside the balloon. The balloon is 8 cm long, tapered shaped, 
and fabricated from nylon (Figure 1). The maximum diameter is 30 mm. The system uses 
impedance planimetry to perform fourteen simultaneous cross-sectional area (CSA) 
measurements over a length of 7 cm. These impedance measurements are converted 
to provide fourteen diameter measurements on a monitor. A diluted saline solution was 
injected into the balloon using the endoscopic functional luminal imaging probe (End-
oFLIP) system (Crospon Ltd.) at a controlled rate (up to 60 mL/min) (Figure 1). This saline 
was used to inflate the balloon and to measure impedance between the electrodes. The 
pressure within the balloon was measured using an external pressure meter (Dwyer 
Instruments Inc., Michigan City, Indiana), connected to the proximal part of the catheter 
using a 3-way valve. By combining the measurement of the diameter and pressure, 
EGJ distensibility was calculated. Distensibility (mm2/mmHg) measures the association 
between CSA (mm2) and pressure (mmHg) within the balloon, thereby indicating the 
tightness and compliance of the EGJ. In an untreated achalasia patient, EGJ distensibility 
is expected to be low, since the EGJ is tightened and the pressure required to further 
inflate the balloon is high, compared with healthy individuals. After treatment, EGJ 
distensibility is expected to increase since the EGJ is wider and more compliant. Disten-
sibility, measured with the non-therapeutic EndoFLIP balloon, is increasingly being used 
to measure the therapeutic effect of achalasia therapy, and has proven to be predictive 
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of long-term therapeutic success.4 Unlike the EndoFLIP balloon, the EsoFLIP balloon can 
be used to calculate EGJ distensibility and to dilate the EGJ.

dilation procedure

Patients were sedated either with the combination midazolam plus fentanyl (n=2) or 
propofol plus alfentanil (n=18). The EsoFLIP balloon was deployed alongside the en-
doscope under direct visualization. A 0.035” guidewire was advanced beyond the EGJ 
to facilitate placement of the balloon at the level of the EGJ. Since this was a feasibility 
study, videofluoroscopy was applied during the procedure to confirm the EsoFLIP im-
age on the screen as well as its position at the level of the EGJ. The endoscope was not 
passed beyond the EGJ prior to dilation to obtain the most reliable baseline measure-
ments. Under endoscopic visualization, the balloon was injected with 30 mL of saline 
solution to provide a baseline measurement of the cross-sectional area (CSA), pressure 
and EGJ distensibility. Pressure was measured with an external pressure meter and was 
recorded. After saving an image, the balloon was further inflated while visualizing ef-
facement of the balloon (and consequently the EGJ). Potential migration of the balloon 
was corrected accordingly during inflation. The balloon was inflated until the narrowest 
diameter was 28 mm or more, but preferably without reaching a diameter of 30 mm 
anywhere to prevent a pressure spike. The inflated balloon was held in this position for 
three minutes, followed by repeated pressure recording. Subsequently, the balloon was 

figure 1. a the 30-mm EsoFLIP balloon; and b the EndoFLIP system.
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deflated to 30 mL and pressure was recorded. Since only the 30 mm balloon was avail-
able at the time of the study, the procedure was repeated two days later with another 
30-mm EsoFLIP balloon, which means that all patients underwent two dilations.

study outcomes

The primary outcome of this study was technical success. Technical success was defined 
as dilation with the EsoFLIP balloon to 30 mm at the level of the EGJ whilst visualizing 
the shape of the balloon on the screen. Secondary outcomes included safety (defined as 
the rate of complications), clinical success (a reduction in the Eckardt score to ≤3) and 
quality of life (measured with the Achalasia disease specific quality of life [achalasia-
DSQoL] questionnaire).10,11

Pre-treatment assessment and follow-up

Clinical assessment prior to dilation consisted of a medical history, upper endoscopy 
and conventional manometry. Assessment of baseline characteristics, Eckardt score, 
dysphagia score according to Ogilvie (graded according to the type of food which the 
patient was able to eat: 0=able to eat a normal diet; 1=inability to swallow certain solid 
foods; 2=inability to swallow all solid foods; 3=inability to swallow semi-solid foods; 
4=inability to swallow liquids) and WHO score was completed prior to the first dilation.12 
In addition, patients completed an achalasia disease-specific health-related quality of 
life questionnaire (achalasia-DSQoL) questionnaire. This questionnaire resulted in a 
minimum score of 10 points (best DSQoL) and a maximum score of 31 points (worst 
DSQoL) and included questions about food tolerance, dysphagia related behavior modi-
fications, pain, heartburn, distress, lifestyle limitations and satisfaction. These scores 
were then converted to interval scores onto a 0 to 100 scale.10,11

Patients were contacted by phone one week, one month and three months after the 
second dilation to assess complications, Eckardt score, dysphagia score, WHO score, 
medication usage and achalasia-DSQoL.

statistical analysis

Since this was a feasibility study, no power analysis to calculate sample size was performed. 
The following demographic and clinical characteristics were analyzed: baseline character-
istics, manometry results, duration of symptoms, Eckardt score, dysphagia score, achalasia-
DSQoL, technical success, procedure measurements, medication usage, complications and 
reinterventions. Results were expressed as median with interquartile range (IQR). Categorical 
variables were compared with Fisher’s exact test, whereas continuous variables were tested 
with a Student’s t-test or Mann-Whitney U test. Values before and after dilation were com-
pared with a Wilcoxon signed-rank test. The analyses were performed using SPSS version 
21 (SPSS Inc., Chicago, Illinois, USA), P values <0.05 were considered statistically significant.
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results

Patients

Ten consecutive patients were screened and met the inclusion criteria. All patients were 
dilated twice with the 30-mm EsoFLIP balloon, resulting in 20 dilations in total. Baseline 
characteristics are shown in Table 1. All dilations were performed according to the study 
protocol and all patients completed the follow-up period of three months. Patients were 
symptomatic for a median of 10 (IQR 4-19.3) months prior to dilation. Median Eckardt 
score at baseline was 7.5 (IQR 6-9). Median residual resting pressure during swallow-
induced relaxation was 22 (IQR 15.5-31.5) mmHg. Four patients were diagnosed with 
type 1 achalasia (absence of peristalsis), four with type 2 (panesophageal pressuriza-
tions) and two with type 3 (spastic contractions) using esophageal manometry.13

outcomes

Technical success was achieved in all patients; an hourglass shape of the balloon was 
observed in all 20 dilations, indicating the narrowest cross-sectional area at the level 
of the EGJ. The balloon was successfully inflated to 30 mm in all cases, and effacement 
of the waistline of the balloon was visualized with the EndoFLIP system as well as with 
videofluoroscopy. A typical example of an EsoFLIP image before and directly after dila-
tion therapy is shown in Figure 2.

One catheter failed to purge and was replaced; the subsequent dilation was unevent-
ful. Although the balloon tended to migrate proximally or distally during inflation, it 
could be visualized using the EndoFLIP system and subsequently easily corrected.

table 1. Baseline characteristics of 10 patients treated with the EsoFLIP dilation balloon.

Characteristics median value (iQr) n=10

Age- yr. 39.5 (31.8-55.3)

Gender- male (%) 4 (40%)

Length- m. 1.74 (1.66-1.87)

Weight- kg. 73 (52.5-92)

BMI 25.5 (21.8-26.9)

Duration symptoms- mo. 10 (4-19.3)

Dysphagia score 1.5 (1-2.3)

Eckardt score 7.5 (6-9)

WHO score 0 (0-0)

LES-resting pressure- mmHg 35.5 (28.5-44.3)

LES-relaxation pressure- mmHg 22 (15.5-31.5)

IQR, interquartile range; BMI, body mass index; WHO,World Health Organization; LES,
lower esophageal sphincter.
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The median Eckardt score one week after the second dilation had decreased to 1 
(IQR 1-2; P=0.01), and one patient reported weight loss of <5 kg. By one month after 
the second dilation, the median Eckardt score was 1 (IQR 1-3.3; P=0.01), while weight 
loss of <5 kg was reported by two patients. One patient was therapy resistant and one 
patient experienced recurrence of dysphagia within one month after dilation therapy; 
both patients men (Aged 28 and 33 years) and were treated with laparoscopic Heller 
myotomy (LHM) with Dor’s fundoplasty. By three months after the second dilation, the 
median Eckardt score in the remaining eight patients was 1 (IQR 0-1; P=0.01), with none 
of the patients reporting weight loss.

One 40-year-old man was diagnosed with sarcoidosis 2 months after dilation therapy. 
The diagnosis of achalasia secondary to sarcoidosis could not be proven and treatment 
with prednisolone did not restore esophageal motility, as has been shown previously.14 
The patient reported dysphagia at the 3-month follow-up interval. Treatment was per-
formed with standard pneumodilation; the dilation was uneventful and successful in 
reducing symptoms.

figure 2. Typical images from use of the EsoFLIP balloon showing measurements: a just before the first dila-
tion (distensibility, 1.2mm2/mmHg; cross-sectional area, 92mm2; pressure at 30mL, 77mmHg); b after the 
first dilation (20.1mm2/mmHg; 201mm2; 10mmHg); c just before the second dilation in a patient showing a 
good response to the first dilation (2.7mm2/mmHg; 178mm2; 65mmHg); d just before the second dilation in 
a patient showing a poor response to the first dilation (1.1mm2/mmHg; 50mm2; 45mmHg).
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The median baseline achalasia-DSQoL score was 53 (IQR 47-57), which decreased 
to 33 (IQR 26-46) one week after the dilation session, indicating a significant improve-
ment (P=0.01). After one month, the median achalasia-DSQoL scores was 29 (IQR 7-35; 
P=0.001). After three months, median score of the eight patients who did not undergo 
LHM was 18.5 (IQR 0-37.3; P=0.001). Median dysphagia scores and WHO scores before 
and after dilation were not significantly different.

esophagogastric junction distensibility, cross-sectional area and pressure 
measurements

Table 2 shows the EGJ distensibility, CSA and pressure measurements per patient. Mea-
surements were performed before, during and after the first and second dilation. Before 
and after the dilation measurements were performed with 30 mL of saline solution in 
the balloon; the amount of saline solution used for dilation varied between 60 mL and 
75 mL.

Baseline measurement prior to the first dilation showed a median EGJ distensibility of 
1.1 (IQR 0.6-1.3) mm2/mmHg. Directly after the first dilation, median EGJ distensibility 
increased to 9.3 (IQR 5.1-14.1) mm2/mmHg. Two days later, before the second dilation, 
median EGJ distensibility was 1.8 (IQR 1.1-3.2) mm2/mmHg. After the second dilation, 
this increased to 7.0 (IQR 5.5-17.8) mm2/mmHg (Figure 3a). The median EGJ distensi-
bility before the first dilation was significantly lower than median EGJ distensibility 
after the second dilation (P=0.005). The median narrowest CSA measurements (at the 
level of the LES) are shown in Table 3. The minimal CSA after the second dilation was 
higher compared with the baseline measurement before the first dilation in all patients 
(P=0.01) (Figure 3b). Intra-balloon pressure was measured before, during and after the 
first and second dilation. The results are shown in Table 3. Interestingly, the median 
intra-procedural pressure was remarkably high; 601 (IQR 483-678) mmHg, the median 
pressure used during the first and second dilation was not different; 565 (IQR 478-768) 
mmHg vs. 608 (IQR 466-669) mmHg, respectively (P=0.47) (Figure 3c).

figure 3. Median distensibility, cross-sectional area and pressure measurements with IQR. EGJ, esophago-
gastric junction.
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Esophageal distensibility and CSA shortly before the second dilation was significantly 
different between patients with long-term clinical success and patients with recurrence 
of symptoms: 2.8 (IQR 1.7-3.6) mm2/mmHg vs. 1.1 (IQR 1.0) mm2/mmHg (P=0.04) and 156 
(IQR 135-179) mm2 vs. 64 (IQR 50) mm2 (P=0.002), respectively (Table 3); typically, this 
was clearly visible on the EndoFLIP monitor (Figure 2).

Complications and adverse events

No complications occurred during the dilations and there were no severe adverse 
events during the follow-up. Minor complications caused by the dilation included 
post-procedural pain (n=3) and reflux symptoms (n=5). Both symptoms were treated 
satisfactorily with analgesics and proton pump inhibitors. After three months, three 
patients were still using proton pump inhibitors.

disCussion

We conducted the first pilot study in humans to investigate the technical feasibility of 
the EsoFLIP hydraulic dilation balloon in idiopathic achalasia patients and found that 
dilation using this balloon is technically feasible. Using a reduction of the Eckardt score 
to ≤3 as a criterion for clinical success, we found that the success rate after one week and 

table 2. Distensibility, CSA and pressure measurements before, during and after dilation at day 1 and day 3.
Pa

tie
nt

day 1 day 3

distensibility 
(mm2/mmhg)

Pressure (mmhg) Csa (mm2) distensibility 
(mm2/mmhg)

Pressure (mmhg) Csa (mm2)
Be

fo
re

 d
ila

tio
n

A
ft

er
 d

ila
tio

n

Be
fo

re
 d

ila
tio

n

D
ur

in
g 

di
la

tio
n

A
ft

er
 d

ila
tio

n

Be
fo

re
 d

ila
tio

n

A
ft

er
 d

ila
tio

n

Be
fo

re
 d

ila
tio

n

A
ft

er
 d

ila
tio

n

Be
fo

re
 d

ila
tio

n

D
ur

in
g 

di
la

tio
n

A
ft

er
 d

ila
tio

n

Be
fo

re
 d

ila
tio

n

A
ft

er
 d

ila
tio

n

1. 1.3 17.1 50 310 18 66 308 4.3 25.8 42 390 9 181 232

2. 2.2 5.9 50 1130 61 111 360 1.7 7.3 76 815 37 127 272

3. 0.2 0.8 230 795 176 42 141 3.6 5.9 47 599 28 170 165

4. 1.4 13.1 47 484 15 65 196 1.1 14.6 45 414 15 50 219

5. 1.2 20.1 77 550 10 92 201 2.8 5.2 65 483 39 179 204

6. 1.2 4.5 106 653 45 131 204 1.3 3.2 102 613 63 135 204

7. 1.0 10.4 92 460 20 95 209 1.1 29.2 106 664 9 115 263

8. 0.6 8.2 71 579 31 41 254 1.0 15.1 63 603 14 64 211

9. 0.6 12.2 111 551 19 71 232 2.0 6.6 79 682 37 156 243

10. 0.7 5.3 75 759 28 54 147 3.1 5.7 49 637 28 152 158

CSA, cross-sectional area.
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or after the dilation procedures. However, the number of patients in this feasibility study 
was too low to assess safety properly.

Clinical remission was achieved in nine patients (90%), but after three months recur-
rent dysphagia was reported by two patients. This is most likely due to the fact that 
only a 30-mm dilation balloon was used. Farhoomand et al.15 previously showed that 
pneumatic dilation with only a 30-mm balloon resulted in recurrence of achalasia symp-
toms in 42%, requiring repeated interventions with a larger diameter balloon. They also 
found that male gender and younger age were risk factors for recurrence of symptoms. 
Boeckxstaens et al.3 also reported that an age of ≤40 years was strongly associated with 
an increased chance of redilation. Nevertheless, a more precise identification of high-
risk patients, both for complications and recurrence of symptoms, is desirable. Previous 
studies have shown that post-dilation timed barium esophagram can be used to predict 
the risk of recurrence of symptoms.13 However, this would require patients to come in 
1-3 months after the dilation procedure. Measurement of the physiologic changes of 
the LES by the dilation, predicting clinical outcome and the risk of recurrence before 
the procedure is ended, might be more useful in clinical practice. Measurement of EGJ 

table 3. Median distensibility, CSA and pressure measurement differences between patients with good 
and a poor response to treatment.

median (iQr) time total long term clinical success P value

Yes No

Distensibility-mm2/mmHg

Day 1, before dilation 1.1 (0.6-1.3) 1.2 (0.6-1.3) 1 (0.6) 0.86

Day 1, after dilation 9.3 (5.1-14.1) 5.9 (4.5-17.1) 10.4 (8.2) 0.8

Day 3, before dilation 1.8 (1.1-3.2) 2.8 (1.7-3.6) 1.1 (1.0) 0.04

Day 3, after dilation 7.0 (5.5-17.8) 5.9 (5.2-7.3) 15.1 (14.6) 0.17

CSA-mm2

Day 1, before dilation 68 (51-99) 71 (54-111) 65 (41) 0.53

Day 1, after dilation 206 (184-268) 204 (147-308) 209 (196) 0.88

Day 3, before dilation 143 (102-172) 156 (135-179) 64 (50) 0.002

Day 3, after dilation 215 (194-248) 204 (165-243) 219 (211) 0.47

Pressure-mmHg

Day 1, before dilation 76 (50-107) 77 (50-111) 71 (47) 1.0

Day 1, during dilation 565 (478-768) 653 (550-795) 484 (460) 0.30

Day 1, after dilation 24 (17-49) 28 (18-61) 20 (15) 1.0

Day 3, before dilation 64 (47-85) 65 (47-79) 63 (45) 0.75

Day 3, during dilation 608 (466-669) 613 (483-682) 603 (414) 0.66

Day 3, after dilation 28 (13-38) 37 (28-39) 14 (9) 0.06

IQR, interquartile range; CSA, cross-sectional area.
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distensibility and CSA may be useful for this purpose. In a small study by Verlaan et al.16, 
the EndoFLIP device was used to measure CSA before and after per-oral endoscopic my-
otomy (POEM), thereby visualizing the effect of the intervention during the procedure. 
Median EGJ distensibility at 30 mL was 1.0 (IQR 0.8-1.5) mm2/mmHg before treatment 
compared to 2.9 (IQR 1.3-19.6) mm2/mmHg after treatment (P=0.08). Rieder et al.17 
reported comparable results in a small pilot study; distensibility measurements before 
and after POEM were 0.8 (0.7-1.0) mm2/mmHg and 3.1 (1.7-3.4) mm2/mmHg (P=0.05), 
respectively. These small studies suggest that EGJ distensibility measurements may be 
useful to assess the effect of achalasia treatment. Unfortunately, the limited sample size 
of both studies prevents assessment of the predictive value of these measurements. Ro-
hof et al.4 conducted an interesting study in which EGJ distensibility, CSA and pressure 
measurements in healthy volunteers and achalasia patients were compared. EndoFLIP 
measurements showed that EGJ distensibility was significantly reduced in achalasia 
patients compared to healthy volunteers; 0.7 ±0.9 mm2/mmHg vs. 6.3 ±0.7 mm2/mmHg 
(P<0.001). Moreover, EGJ distensibility increased significantly after successful treatment 
from a median of 0.60 (IQR 0.37-0.94) mm2/mmHg prior to treatment to 2.9 (IQR 1.2-7.4) 
mm2/mmHg post-treatment (P=0.02). An important finding in that study was that a 
higher post-treatment distensibility was predictive of clinical success (r=0.89; P=0.005). 
A low LES-pressure post-treatment, but with a low EGJ distensibility, was not predictive 
of clinical success, thereby suggesting that EGJ distensibility is a more useful parameter 
for predicting clinical success.

The abovementioned studies used the EndoFLIP balloon for measuring EGJ distensi-
bility. Like the EndoFLIP balloon, the EsoFLIP balloon measures CSA. Unlike the EndoFLIP 
however, the EsoFLIP balloon can be used for measurements and for dilations, thereby 
obviating the need to change from a measurement balloon (the EndoFLIP balloon) to 
a dilation balloon and vice versa. Furthermore, the EsoFLIP uses an external pressure 
meter, while the EndoFLIP measures pressure in the balloon. As a result, reference values 
of the EndoFLIP cannot be extrapolated to the EsoFLIP, since resistance and behavior 
of the balloon is different. Fluoroscopy is not necessary to ensure correct placement of 
the dilation balloon since the waistline is visualized on the monitor. This offers logistical 
advantages, despite the fact that most endoscopy units have fluoroscopy readily avail-
able. Moreover, this reduces radiation exposure of both the endoscopy personnel and 
the patient, this is particularly advantageous in pediatric patients.

A potential shortcoming of this study is the small sample size. However, the objective 
of the study was to investigate the technical feasibility of the EsoFLIP balloon and the us-
age of impedance planimetry in a hydraulic dilation balloon. In our view, the sample size 
was sufficient for these goals. Nevertheless, larger trials with this balloon are required 
to determine the predictive value of CSA, pressure and EGJ distensibility measurements 
during dilation procedures in achalasia patients. Moreover, such trials are crucial to 
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assess safety of hydraulic dilation in this population. Furthermore, only conventional 
manometry was used to diagnose achalasia, while a recent study shows that high reso-
lution manometry (HRM) can be helpful to predict therapeutic success of either surgical 
or endoscopic therapy.13 Although HRM measurements would have been informative, a 
feasibility study with such a device does not require such accurate manometry measure-
ments, since the device and not the therapeutic principle was the subject of the study. 
Nevertheless, future trials with this balloon should use HRM to determine manometric 
subtypes when comparing other achalasia therapies with EsoFLIP-dilation, since this 
can influence clinical outcomes.

Intraballoon pressure during dilations was remarkably high, up to 1130 mmHg. 
These measurements should however not be compared with typical pneumodilation 
measurements. Air is compressible, while a fluid is practically incompressible. The differ-
ence in pressure within the balloon raises concerns about safety. Ex vivo testing showed 
that the diameter of the balloon does not exceed 31 mm if the pressure is kept <1500 
mmHg.18 Consequently, the pressure will spike if fluid is introduced forcefully after full 
effacement. We tried to prevent this by aiming for a minimal diameter of 28 mm dur-
ing dilation. Theoretically, a higher pressure increases the risk of perforation if a typical 
pneumodilation (approximately 300 mmHg) would not achieve full effacement, while 
hydraulic dilation with a higher pressure (e.g. 700 mmHg) would. However, distensibility 
measurements may be able to prevent this. Measurements of EGJ distensibility prior to 
dilation may identify patients with a tighter EGJ, prompting a more conservative ap-
proach, thus reducing the risk of perforation. In patients with a relatively distensible EGJ 
prior to dilation, more aggressive dilation may be justified. Nevertheless, new reference 
values are required to optimize efficacy and safety.

In conclusion, usage of a shape-measuring hydraulic dilation balloon is feasible 
in newly diagnosed idiopathic achalasia patients. Our findings suggest that dilation 
therapy solely with a 30-mm balloon is inadequate, especially in young male patients. 
Future clinical trials are required to assess the predictive value of intra-procedural 
CSA, pressure and distensibility measurements and to compare efficacy and safety of 
hydraulic dilation vs. standard pneumodilation in achalasia patients. Measurements of 
EGJ distensibility during dilation may offer the possibility of a patient-specific dilation 
regimen.
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summary

Increasing evidence suggests that esophagogastric junction (EGJ) distensibility is 
predictive of long-term clinical success after achalasia treatment. A new commercially 
available hydraulic dilation balloon is capable of measuring EGJ opening diameters 
whilst simultaneously dilating the EGJ. Deployed alongside the endoscope under direct 
visualization, it is used for dilation of the lower esophageal sphincter in patients with 
achalasia. Impedance measurement electrodes are incorporated in the catheter shaft in 
the dilation balloon, which allows measuring the diameter of the EGJ and displaying it in 
real time before, during and after dilation. This obviates the need for fluoroscopy during 
the dilation procedure. The extent of recoil of the EGJ after dilation potentially provides 
a measurement that could be incorporated into a clinical rule for predicting therapeutic 
success after dilation.
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introduCtion

Idiopathic achalasia is a primary motor disorder of the esophagus, characterized by a 
failure of the lower esophageal sphincter (LES) to relax when swallowing combined with 
the absence of peristalsis in the esophageal body.1 Currently, no curative treatment is 
available to halt or restore the degeneration of the esophageal myenteric plexus that 
causes achalasia.2 Treatment focuses on relieving the functional outflow obstruction by 
decreasing the LES pressure. Esophageal decompensation, reduced esophageal sensitiv-
ity and dietary adjustments reduce symptomatology and often delay the identification 
of patients in need of retreatment.3 Timely identification of these patients is important 
to prevent esophageal decompensation. Recent studies suggest that esophagogastric 
junction (EGJ) distensibility may be useful to assess technical success and to predict 
clinical success. Recently, a hydraulic dilation catheter has become available that mea-
sures EGJ opening while dilating the LES; the esophageal functional lumen-imaging 
probe (EsoFLIP, Crospon Ltd., Galwayk, Ireland).

deViCe CharaCteristiCs and teChniQue

The EsoFLIP is a 2.3m long dilation balloon catheter with a 7F shaft (Figure 1). The cur-
rently available 30-mm dilator is designed for dilation of the LES in achalasia patients. 
The tapered nylon balloon is 8 cm long and can be operated at a pressure of up to 1.5 
atm. The catheter is deployed transorally alongside the endoscope and inflated under 
direct endoscopic visualization. A guidewire with a diameter up to 0.035” in diameter 
can be used to direct the catheter beyond the EGJ. A central unit with a display and a 
motor syringe (Crospon Ltd., Galway, Ireland, Figure 2) is connected to the disposable 
catheter. A conductive saline solution is injected at a controlled rate (up to 60 mL/min) 
to inflate the balloon.4 The central unit uses impedance planimetry to perform fourteen 
simultaneous cross-sectional area (CSA) measurements during the dilation procedure, 5 
mm apart, over a length of 7 cm.5 The diameter measurements are displayed on the cen-
tral unit (Figure 3). The pressure within the balloon may be measured using an external 
manometer (Dwyer Instruments Inc., Michigan City, IN), connected to the proximal part 
of the catheter using a 3-way valve. By connecting a manometer, EGJ distensibility can 
be calculated.
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figure 3. Typical EndoFLIP image just before dilation.

figure 1. EsoFLIP balloon figure 2. EndoFLIP System
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egJ distensibility

The EGJ distensibility (mm2/mmHg) is a measurement of the relationship between CSA 
(mm2) and pressure (mmHg) within the balloon; in other words, it is a measurement of 
the tightness and compliance of the EGJ. In untreated achalasia patients, distensibility is 
expected to be low since the EGJ is tight and the pressure required to further inflate the 
balloon high, compared with healthy individuals. After treatment, the EGJ is expected to 
be more distensible since continuity of the LES is disrupted. Previous studies have shown 
that distensibility measurements are useful to objectify symptoms associated with an 
abnormal EGJ function. In 2010, Kwiatek et al.6 reported the initial experience with EGJ 
distensibility measurements in healthy volunteers and in patients with gastroesopha-
geal reflux disease (GERD). They found that patients that exhibited GERD symptoms 
had a two- to three-fold increased EGJ distensibility compared with healthy volunteers 
(P=0.01). Interestingly, no correlation was found between endoscopically assessed EGJ 
morphology and distensibility measurements (P=0.17) suggesting that distensibility 
measurements may be complementary to endoscopy when evaluating GERD patients.

Rohof et al.3 reported on EGJ distensibility measurements in achalasia patients and 
healthy volunteers. They found that EGJ distensibility increased significantly after pneu-
modilation compared to the situation prior to dilation in previously untreated achalasia 
patients; 2.9 (IQR 1.2-7.4) mm2/mmHg vs. 0.6 (IQR 0.37-0.94) mm2/mmHg (P=0.02), re-
spectively. Moreover, the correlation between an increase in distensibility and decrease 
in symptom score was excellent (Spearman Rank test r=0.89; P=0.005). Results in five 
previously treated patients were comparable; median EGJ distensibility increased after 
pneumodilation (three patients) and laparoscopic Heller myotomy (LHM) (two patients) 
after a median of six months follow-up (5.6 [IQR 3.7-6.6] mm2/mmHg vs. 0.79 [IQR 0.58-
1.2] mm2/mmHg, P=0.03). Interestingly, while residual LES pressure was not predictive 
of the height of stasis on a timed barium esophagram (r=0.25; P=0.26), EGJ distensibility 
showed a good correlation with the height of stasis (r=0.72; P<0.001). Therefore, the au-
thors concluded that EGJ distensibility is a better predictor of esophageal emptying and 
long-term success of achalasia treatment than manometry.3 Pandolfino et al.7 reported 
similar results. They compared EGJ distensibility measurements with timed barium 
esophagram, high-resolution manometry and Eckardt score in treated and untreated 
achalasia patients. The correlation between the Eckardt score and EGJ distensibility was 
confirmed (r=0.41, P<0.05).8 Moreover, the EGJ distensibility was low in several patients 
with symptoms (Eckardt score ≥3) while LES pressure and even timed barium esopha-
gram were normal. These findings suggest that distensibility measurement devices may 
identify patients that require additional treatment, when other measurement tools 
fail to do so. Later studies have shown comparable results.9 Verlaan et al.10 compared 
distensibility measurements before and after peroral endoscopic myotomy (POEM) in a 
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small study. A significant increase in distensibility was seen after POEM, compared with 
distensibility beforehand; 6.7 mm2/mmHg vs. 1.0 mm2/mmHg (P=0.02), respectively. 
These results were in line with a reduction in the Eckardt score; 1 after POEM vs. 8 before 
POEM. Rieder et al.11 showed that distensibility measurements during POEM are useful 
to evaluate the effect of myotomy and hence to determine whether to dissect more 
tissue. Comparable applications were studied with LHM12, Nissen fundoplication13,14, and 
gastric banding.15 

The above-mentioned studies were all conducted with the endoscopic functional 
luminal imaging probe (EndoFLIP; Crospon Ltd, Galway, Ireland). It is important to 
note that reference data from publications with the EndoFLIP should not be equated 
with data of EsoFLIP measurements, even though the EsoFLIP dilation balloon uses the 
same measurement technology. Unlike the EndoFLIP balloon, the EsoFLIP balloon is 
not infinitely compliant. While the esophageal lumen shapes the rather soft balloon of 
the EndoFLIP, the inverse is true for the EsoFLIP where the esophageal lumen is shaped 
by the stiffer EsoFLIP balloon (during dilation). This requires the development of new 
outcome data for typical pre- and post-dilation pressures as measured with the dilation 
balloon in achalasia patients. As with EndoFLIP measurements, we used a balloon infla-
tion volume of 30 mL for pre- and post-dilation measurements in a feasibility study.16 
This volume produces a distending pressure of approximately 70 mmHg, whereas with 
EndoFLIP the same inflation volume produces a pressure of approximately 15 mmHg, the 
difference being the result of a greater balloon stiffness of the dilation balloon.7,16 More 
reference data are required before the EsoFLIP data can be used to predict outcomes 
in clinical practice. Ideally, a prospective comparison between intra-balloon pressure 
measurements using the EsoFLIP and EndoFLIP balloon in various patient groups should 
be performed. With these data it may be possible to develop conversion tables, which 
would allow comparison of previously obtained data with the EndoFLIP with those 
obtained with the EsoFLIP balloon.

eXPert Commentary

The dilation technique used with the EsoFLIP balloon is similar to other dilation bal-
loons; however, the fact that the EsoFLIP balloon performs integrated measurements of 
the CSA offers potential advantages.

First, the ease of EGJ luminal opening (distensibility) can be measured directly before 
and after dilation to assess the effect of dilation therapy, without the need for additional 
procedures. As the balloon is deflated after dilation, the degree of recoil of the EGJ lu-
men can be measured; if the lumen recoils strongly towards the pre-dilation diameter 
and, more importantly, the pre-dilation distensibility, this may likely indicate that the 
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performed dilation has not been sufficient. Moreover, in centers where treatment is 
performed in two or three sessions (usually with incremental balloon diameters), the 
distensibility measurement prior to the second dilation may prove particularly useful to 
assess recoil of the EGJ over time, thus possibly predicting the need for a more intensive 
follow-up and/or a third dilation with a larger-sized balloon (e.g. 40 mm).

Second, as can be seen in Figure 3, the waist of the EGJ is visualized before, during and 
after dilation, avoiding the need for fluoroscopy. This has the advantage that radiation 
exposure to patients and staff is reduced. Furthermore, it has logistic advantages since 
dilations no longer need to be performed in a room or even center with fluoroscopy 
equipment available. Recently, Lirio et al.17 reported on the first hydraulic dilation in a 
patient with eosinophilic esophagitis and a benign stricture. The authors used a 20-mm 
dilation balloon without fluoroscopy in this patient, which went smoothly and without 
complications, as was our experience and that of others.18

Third, a pre-dilation diameter and distensibility measurement may be useful to predict 
the risk of procedure-related complications. As is well known from the experience with 
Savary dilators for benign esophageal strictures, encountering resistance while insert-
ing the dilator is a reason to advance only one or two more dilators with incremental 
diameters in an attempt to avoid perforation.19 With pneumodilation in achalasia, such 
tactile feedback is not available and thus incremental balloon sizes are used on different 
days to safely dilate the EGJ. Knowledge of the EGJ distensibility before dilation might 
be useful to decide upon the appropriate balloon size; if the EGJ is tight (i.e. low disten-
sibility), a smaller balloon should be chosen and if the EGJ is relatively compliant (i.e. 
‘high’ distensibility), it may well be safe to use a larger balloon. This could be taken into 
consideration during dilation procedures, further personalizing dilation regimes based 
on EGJ distensibility to optimize effectiveness. However, clinical trials are necessary to 
evaluate such a regime.

Fourth, the EsoFLIP balloon may be the most cost-effective choice. The disposable 
30-mm EsoFLIP is offered at a price of approximately €295, which is comparable to the 
commonly used Rigiflex balloon (Boston Scientific, Nanterre, France). The EsoFLIP bal-
loon requires an EndoFLIP system for inflation. However, if larger trials show that the 
decision for further dilation therapy can indeed be individualized, unnecessary dilations 
with considerable procedural and equipment costs may be avoided; consequently, 
EsoFLIP dilations might still prove to be the cost-effective option. Furthermore, the fact 
that fluoroscopy can be avoided lowers procedural costs.
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initial eXPerienCe

Our group conducted the first pre-clinical study with the EsoFLIP in achalasia in 2013.4 
We recently also reported the results of the first human study in newly diagnosed id-
iopathic achalasia patients.16 In this pilot study, 10 patients were dilated twice with a 
30-mm balloon, with a follow-up of three months. Technical success was achieved in all 
patients and no severe adverse events were reported. EGJ distensibility before the first 
and directly after the second dilation was significantly different; 1.1 (IQR 0.6-1.3) vs. 7.0 
(IQR 5.5-17.8), respectively (P=0.005). A low EGJ distensibility and small cross-sectional 
area (CSA) at the day of the second dilation, directly before the procedure, were as-
sociated with recurrent dysphagia with a P=0.04 and P=0.002, respectively. Although 
these findings will need to be confirmed, our findings suggest that EGJ distensibility 
measurements during dilation may predict clinical success. Dilation with the 30-mm 
balloon achieved clinical success in nine of the ten patients that were treated. During 
follow-up, two patients reported recurrent dysphagia after three months, suggesting 
that dilation with just a 30-mm balloon is not sufficient in a subgroup of patients, which 
has been reported before.20 

Compared with standard pneumodilation, certain aspects of the dilation therapy were 
different. Positioning of the EsoFLIP dilator was done over a guidewire instead of place-
ment through the working channel of the endoscope. After positioning of the EsoFLIP, 
the endoscope was placed just above the balloon. Furthermore, the EsoFLIP balloon 
was inflated with a conductive saline solution instead of air. Using a controlled 1 mL/
sec inflation rate, this means that the dilation is always performed with gradual rather 
than rapid inflation. To date we have not seen any complications of fluid dilation. Median 
pressure to achieve balloon effacement was remarkably high; 565 mmHg (IQR 478-768) 
during the first dilation and 608 mmHg (IQR 466-669) during the second dilation. This 
high pressure should not be compared to the pressure used during pneumodilation; 
while air is compressible, a fluid is practically incompressible. Ex vivo testing has shown 
that the diameter of the EsoFLIP does not exceed 31 mm if the pressure is kept under 
1500 mmHg.21 Consequently, forceful injection of saline after full inflation of the balloon 
causes a considerable pressure spike but does not substantially affect balloon diameter. 
It is therefore not expected that using a higher pressure increases the risk of complica-
tions. Only if a typical pneumodilation (with approximately 300 mmHg) would not be 
sufficient to dilate a very noncompliant EGJ to 30 mm but a typical hydraulic dilation 
(with approximately 600 mmHg) would, the risk of perforation might increase.

Balloon inflation was clearly visible on the EndoFLIP system during each dilation and 
gradual inflation of the balloon allowed for correction of migration of the balloon proxi-
mally or distally during inflation. Moreover, the shape of the balloon on the EndoFLIP 
system was identical to the fluoroscopical image that was shown in parallel. Therefore, 
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fluoroscopy seems unnecessary when the EsoFLIP balloon is used. More recently, Lirio 
et al.17 and Lenglinger et al.18 also reported that fluoroscopy is not indicated when using 
the EsoFLIP balloon.

A shortcoming of the EsoFLIP dilator is that distensibility needs to be calculated after 
measuring CSA and pressure, since the pressure meter is not directly connected to 
the central unit. Although this is not a major issue, it is inconvenient. Furthermore, as 
of now, only a 30-mm balloon is available. In the pilot study, three patients required 
repeat dilations during follow-up, which suggests that a larger version of the dilation 
balloon is required to achieve optimal benefit of dilation therapy. A 40-mm dilator is 
currently being developed and is expected to become available soon. It may be possible 
to dilate the EGJ only to 35 mm with the 40 mm balloon, since further fluid infusion 
can be stopped when the waist of the balloon reaches 35 mm. However, the infusion 
to 35 mm might weaken the EGJ too severe to stop further dilation, thus resulting in 
a 40 mm dilation, which would probably increase the risk of perforation. Until the 40 
mm balloon (and ideally the 35 mm balloon) is available and the central unit is able to 
perform distensibility measurements calculations, widespread adoption of this device in 
clinical practice is unlikely.

ConClusion

Esophagogastric junction distensibility measurements have showed to be predictive 
of success in achalasia treatment, and offer an alternative to the barium height test.3 
Distensibility measurements during dilation therapy may provide a useful real-time pre-
diction of success or failure after dilation and this subject remains the base of ongoing 
research. However, it is probable that any clinical rule developed for prediction of suc-
cess will need to include factors beyond diameter and distensibility alone, and should 
take notice of other known predictors of failure. Clearly, as compared to fluoroscopy, a 
more detailed image with quantitative diameter measurements is provided, and this can 
assist in documenting the therapeutic intervention. The greatest benefit will accrue if 
intra-procedural CSA, pressure and distensibility measurements can be integrated into a 
clinical rule to reliably predict whether a further dilation or surgical intervention might 
be required. Should this be possible, then a patient-specific dilation regimen using 
this balloon may prove to be the safest and most (cost-) effective dilation technique in 
achalasia patients.
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fiVe year VieW

EsoFLIP is a new dilation technology. In terms of how the actual dilation is performed, it 
is not dissimilar to existing technologies. Sensitivity to reducing radiation exposure to 
patients and staff may drive adoption, particularly in pediatric populations. However, 
the most important goals of intra-procedural distensibility measurements are to im-
prove effectiveness of dilation therapy, predict clinical success before or directly after 
dilation, and ideally, to reduce costs of dilation therapy. Over the coming years different 
sizes of EsoFLIP catheters will become available for performing dilations in various parts 
of the alimentary tract. The key research agenda in the coming years will focus on how 
these intra-procedural measurements may be integrated into clinical predictor rules for 
success or failure of dilation therapy. Unfortunately, since achalasia is rare, performing 
trials in achalasia patients with sufficient power might proof challenging.

Key issues

1. The EsoFLIP hydraulic dilation technology offers the ability to eliminate fluoroscopy 
during dilation procedures.

2. All dilations using the EsoFLIP require saline injection into the balloon. Initial experi-
ence suggests that hydraulic (in contrast to air) dilations appear safe for achalasia 
dilation.

3. Future studies should focus on assessing whether intra-procedural pre- and post-
dilation distensibility measurements can be used to make a clinical rule to predict 
therapeutic success after dilation.
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abstraCt

background and aims: Electromagnetic guided placement (EMP) of a nasoduodenal 
feeding tube by trained nurses is an attractive alternative to esophagogastroduodenos-
copy guided placement (EGDP). We aimed to compare EMP and EGDP in outpatients, 
ward patients, and critically ill patients with normal upper gastrointestinal anatomy.

methods: In three centers with no prior experience in EMP, patients were randomized to 
placement of a single lumen nasoduodenal feeding tube either with EGDP or EMP. Pri-
mary endpoint was post-pyloric position of the tube on abdominal radiograph. Patients 
were followed-up for 10 days to assess patency and complications. The analyses were 
performed according to the intention-to-treat principle.

results: In total, 160 patients were randomized to EGDP (n=76) or EMP (n=84). Three 
patients withdrew informed consent and no abdominal radiograph was performed in 
two patients. Thus, 155 patients (59 ICU, 38%), were included in the analyses. Rates of 
post-pyloric tube position between EGDP and EMP were comparable (79% vs. 82%; odds 
ratio 1.16, 90% CI 0.58-2.38, P=0.72). Complications were observed in four patients after 
EMP (hypoxia, gastrointestinal blood loss, atrial fibrillation, abdominal pain) and in four 
after EGDP (epistaxis n=2, gastrointestinal blood loss, hypoxia). Costs of tube placements 
were lower for EMP compared with EGDP: $519.09 vs. $622.49, respectively (P=0.04).

Conclusions: Success rates and safety of EMP and EGDP in patients with a normal 
upper gastrointestinal anatomy were comparable. Lower costs and potential logistical 
advantages may drive centers to adopt EMP as their new standard of care. (Dutch Trial 
Register; NTR4286)
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introduCtion

Malnutrition and inability to eat are frequently encountered conditions in hospitalized 
patients.1 Early enteral feeding promotes wound healing, decreases infection risk, 
avoids central line placement, provides a route for enteral medication, and is associated 
with lower costs than parenteral feeding.2,3 Although nasogastric feeding is generally 
preferred over duodenal or jejunal administration, post-pyloric feeding may be indi-
cated in certain conditions, e.g. gastric outlet obstruction, acute pancreatitis, or risk of 
aspiration.4-8 

Post-pyloric feeding tubes are usually placed using esophagogastroduodenoscopy 
(EGD). Alternatively, bed-side electromagnetic guided tube placement (EMP) can be 
performed.9,10 This has several potential advantages compared with EGD placement 
(EGDP) since only one trained nurse and less equipment is needed. Several observational 
studies have demonstrated feasibility and safety of EMP.11-13 Two studies comparing EMP 
with EGDP in a controlled setting in patients with an unaltered upper gastrointestinal 
anatomy have been published.14,15 These studies included low numbers of patients and 
highly selected patient groups and lacked a cost-comparison. Recently, non inferiority of 
EMP compared with EGDP with regard to repeat intervention rate and costs was found 
in patients admitted to a surgical ward; however, several patients had a history of upper 
gastrointestinal surgery.16 It is unclear how EMP and EGDP compare in an outpatient and 
clinical hospital population with normal upper gastrointestinal anatomy. Therefore, the 
aim of this randomized study was to compare effectiveness, safety, and costs of EMP and 
EGDP in patients with normal upper gastrointestinal anatomy.

Patients and methods

study design and patients

This investigator initiated, multicenter, randomized, sequential, open-label, controlled 
trial was performed in one tertiary referral center and two teaching hospitals in the Neth-
erlands between December 2013 and September 2015. Centers had no experience in 
EMP. Adult patients, referred for endoscopic nasoduodenal feeding tube placement, were 
eligible for inclusion. Exclusion criteria were presence of an implantable pacing device, 
altered anatomy or high suspicion of stenosis of the upper gastrointestinal tract, esopha-
geal varices, signs of upper gastrointestinal hemorrhage and pregnancy. The study was 
approved by the Medical Ethics Committee of the University Medical Center Utrecht, the 
Netherlands, and thereafter by the institutional review boards of the other centers. Writ-
ten informed consent was obtained from all patients or their legal representative prior to 
study inclusion. The study was conducted according to the principles of the Declaration 
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of Helsinki. The study was registered at the Dutch Trial Registration (NTR4286). All authors 
had access to the data and reviewed and approved the final manuscript.

randomization

Patients were randomized in a 1:1 ratio to EMP or EGDP. Computer-generated block-
randomization sheets with a block size of ten were stored in consecutively numbered, 
opaque and sealed envelopes. Randomization was stratified for participating centers 
and for severity of illness (intensive care unit (ICU) vs. ward/outpatient). Obvious differ-
ences in placement techniques made blinding impossible. Assessment of the abdominal 
radiographs was performed by an independent radiologist formally blinded to the ran-
domization allocation. However, the two types of tubes have a difference appearance on 
abdominal radiographs.

Procedures

Procedures were performed in patients that had been fasting for at least six hours. Con-
scious sedation with midazolam was allowed during EGDP, but not during EMP on the 
clinical ward and in outpatients. In the ICU, conscious sedation or monitored anesthesia 
care with propofol was allowed in both groups.

EMPs were performed by nurses who underwent a structured training program, fol-
lowed by 15 placements.17 The EMP system consists of a system with an incorporated 
display (Cortrak Enteral Access System, Corpak Medsystems, Wheeling, Ill, US), a guide-
wire with an electromagnetic transmitter in the tip, and a receiver unit (Figure 1). The 
receiver unit is positioned on the xiphoid process of the patient and triangulates the 
location of the guidewire tip. The guidewire comes preloaded in a feeding tube (CORFLO 
Ultra-Lite Feeding Tube, 10 Fr, 140 cm, CORPAK MedSystems, Buffalo Grove, IL, USA). The 
patient was placed in a supine position; a previously placed nasogastric tube was re-
moved. The tube was advanced via the large curvature of the stomach to a post-pyloric 
position since the tip of the tube is non steerable, with the goal of reaching the duode-
nojejunal flexure. Hereafter, the guidewire was removed and the tube was attached to 
the nostrils with tape. On the ICU, if the post-pyloric position was not reached within 30 
minutes, erythromycin (200 mg) was administered intravenously.17 A second attempt 
was made after 15 minutes. In non-ICU patients, a second attempt was made without 
administration of erythromycin. If the pylorus was not passed within 30 minutes, EGDP 
was performed.

EGDPs were performed by experienced gastroenterologists or supervised gastro-
enterology fellows, assisted by one or two nurses. Procedures were performed in the 
endoscopy unit, except for placements in the ICU. Patients were preferably placed in 
the left lateral decubitus position. After transnasal duodenal intubation with a small 
caliber (5.9 mm) endoscope (GIF-XP180 or GIF-XP190N, Olympus, Hamburg, Germany, 
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or EG-530NW, Fujifilm, Osaka, Japan), a straight tip stiff shaft guidewire (Jag wire, Boston 
Scientific, Natick, MA, USA) was advanced as deep as possible. The endoscope was slowly 
retracted, after which a lubricated single-lumen feeding tube (Nutrisafe 2, 10 Fr, 125 cm, 
Vygon, Ecouen, France) was advanced over the guidewire. Thereafter, the guidewire was 
removed and the tube was attached to the nostrils with tape.

Subsequent placement of a nasogastric drain was permitted. An abdominal radiograph 
was performed within three hours after tube placement. An independent radiologist 
(FW), blinded to the treatment allocation of the patient, reviewed the radiographs to 
determine the position of the tip. The decision to initiate, adjust, and discontinue enteral 
nutrition was made by the treating physician based on clinical judgment and validated 
nutrition scores.18,19 Patients were followed-up for ten days to determine patency of 
the tube, indication for reinsertion, repositioning (in case of EMP), and (severe) adverse 
events.

outcomes

Primary endpoint was success rate, defined as a post-pyloric position of the tube on an 
abdominal radiograph. Secondary endpoints were tube location, procedure time, seda-
tion use, difficulty of placement, patient acceptance, electromagnetic (EM) tube location 
assessment, repeat intervention rate, safety, and costs. Procedure time was timed from 
insertion of the endoscope or EM tube until fixation of the tube to the nostrils. Difficulty 
of placement was scored on a 0-10 point numeric rating scale (NRS) by the operator 
(0=very easy, 10=impossible). Patient acceptance was assessed directly after the proce-
dure in non-sedated patients and scored on a similar 0-10 point NRS.

Costs were calculated using actual unit costs rather than reimbursement rates submit-
ted to a third party. For initial placement, a detailed calculation of required inventory was 

figure 1. The electromagnetic guided tube 
placement system consists of a system with an 
incorporated display, a guidewire with an elec-
tromagnetic transmitter in the tip, and a receiver 
unit.
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used; since the device itself is in loan, no costs were made for purchase of the device.20,21 
Procedure time was included in the cost-calculation; fifteen minutes were added to ac-
count for logistics (e.g. patient preparation, report writing, room cleaning, walking to 
ICU). Where applicable, costs for sedation were included, including pre-sedation screen-
ing, presence of an additional nurse during the procedure, and recovery room time. An 
additional cost analysis was done to include placements after a failed initial placement; 
in this analysis, the mean costs of EGDP were used. For placements during follow-up, 
mean EGDP costs were also used. In this cost analysis the costs of repeat procedures, 
tube-related interventions, additional hospital admission days due to tube-related 
adverse events, and abdominal radiographs during follow-up were included.

statistical analysis

Analyses were performed according to the intention-to-treat principle. Categorical 
variables were expressed as proportions; continuous variables were expressed as me-
dians (interquartile range; IQR) or means (standard deviation; SD), where appropriate. 
Comparisons between treatment groups were made by logistic and linear regression 
analyses, after stratification for center and admission ward. For the sample size calcula-
tion, we presumed a 90% success rate with EMP, based on previous reports and a 80% 
success rate with EGDP, based on our own experience.17,22-24 A one-sided P value of 0.05 
and a power (1-β) of 80% were used for sample size calculations. This study was con-
ducted using a sequential trial design.25-27 On average, 127 (90th percentile 206) patients 
would be needed if there was no difference between groups and 194 (90th percentile 
309) patients would be needed to detect a 10% difference in success rate. Sequential 
interim analysis was performed after every 20 patients by an independent statistician, 
to determine whether the success rates of the two techniques differed. After crossing 
the predetermined boundaries of the sequential testing procedure, continuation of the 
study was no longer required. The point and confidence interval (CI) estimates for the 
success rate were adjusted for stratification and sequential testing.27 For other statistical 
tests, a two-sided P value of 0.05 was used. Analyses were performed using R version 
3.3.0 (R Development Core Team 2016) or SPSS version 23 (SPSS Inc., Chicago, Ill, USA). 
Health care costs were expressed in American dollars. Since healthcare costs are often 
highly skewed, non-parametric bootstrapping with 100.000 samples was used to derive 
a P value for the difference in distribution of health care costs between the two groups.28 

results

During the study, 663 patients were screened for eligibility. Of these, 160 patients were 
included and randomized to EMP (n=84) or EGDP (n=76). Reasons for exclusion are 
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shown in Figure 2. Three patients withdrew informed consent and were excluded from 
the analyses. Patients in whom no abdominal radiograph was obtained (n=2) were also 
excluded since the primary endpoint could not be determined. All remaining patients 
(Table 1) were included in the intention-to-treat analysis. In three patients randomized 
to EMP and in two patients randomized to EGDP, no feeding tube was placed. The major-
ity of included patients (97%) were admitted to the clinical ward or ICU.

Figure 3 shows that the lower (futility) boundary of the sequential testing procedure 
was crossed after inclusion of 120 patients. This indicates that the efficacy of EM and 
EGD was comparable and that continuation of the study for the purpose of determin-
ing the primary endpoint was not required. At the time of completion of reviewing the 
abdominal radiographs, approximately 150 patients were already included in the study. 
When the final results of the sequential analysis were available, the decision was made 
to stop further inclusion after inclusion of 160 patients.

feeding tube placements

According to the intention-to-treat analysis, the tip of the feeding tube was located 
post-pyloric in 67 of 82 (82%) patients after EMP and in 58 of 73 (79%) patients after 
EGDP (odds ratio [OR] adjusted for center and ICU/non-ICU; 1.16 90% CI 0.58-2.38, 
P=0.72) (Table 2). A tip position beyond the descending duodenum was observed more 
frequently after EMP compared to EGDP (OR 2.32, 95% CI 1.11-4.82). Repeat intervention 
rates were not different between EMP and EGDP: 21 (26%) vs. 23 (32%), respectively (OR 
0.76, 95% CI 0.37-1.55).

Post-pyloric intubation was considered to be achieved in 69 of 73 (95%) patients 
during EGDP and in 69 of 82 (84%) patients during EMP (OR 3.72, 95% CI 1.10-12.56). 
However, 11 of 69 (16%) tubes actually were located proximal to the pylorus after EGDP, 
compared with only 2 of 69 (3%) tubes after EMP (OR 6.35, 95% CI 1.34-30.15).

Median procedure time was longer for EMP, compared to EGDP: 20 (IQR 10-30) vs. 
10 (IQR 7-13) minutes, respectively (P<0.001). Patient’s acceptance of EMP and EGDP 
was comparable; 4 (IQR 2-6) vs. 4 (IQR 0.8-7), respectively (P=0.50). However, 25 of 45 
(56%) EGDPs were performed with sedation in non-ICU patients, versus none of the 51 
EMPs. On the ICU, 18 of 28 (64%) EGDPs and 11 of 31 (35%) EMPs were performed after 
administration of sedation.

iCu vs. clinical ward and outpatients

No differences were observed between non-ICU patients and ICU patients in EMPs with 
regard to success rate (OR 2.44, 95% CI 0.40-14.89), procedure time (P=0.27), or difficulty 
of placement (P=0.90) (Table 3). For EGDP, success rate (OR 2.98, 95% CI 0.62-14.36), 
procedure time (P=0.40), and difficulty of placement (P=0.53) were comparable as well.
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safety

Eight patients developed an adverse event related to tube placement (Table 4). In 
the EMP-group, one patient with a history of unexplained abdominal pain reported 
an increase in abdominal pain after EMP. A decrease in hemoglobin level from 6.6 to 
4.1 mmol/L  was observed after repeat EGDP in a patient with mucositis. One patient 
allocated to EMP underwent EGDP since sedation was considered mandatory by the 
treating physician after inclusion; de novo atrial fibrillation was observed thereafter. One 
patient developed hypoxia after repeat EGDP with sedation.

table 1. Baseline characteristics.

egdP (n=73) emP (n=82)

Age – mean (SD) 56.6 (14.3) 57.9 (16.8)

Sex – Male (%) 44 (60.3) 44 (53.7)

Setting (%)

Ward 43 (58.9) 47 (57.3)

Medium care 1 (1.4) 0 (0)

Intensive care unit 28 (38.4) 31 (37.8)

Outpatient clinic 1 (1.4) 4 (4.9)

Indication for tube placement (%)

Post-operative gastroparesis 17 (23.3) 21 (25.6)

Critical illness gastroparesis 27 (37.0) 31 (37.8)

Pancreatitis 7 (9.6) 6 (7.3)

Severe GERD 1 (1.4) 1 (1.2)

Severe vomiting 8 (10.9) 3 (3.6)

Low intake 7 (9.6) 11 (13.4)

Other 6 (8.2) 8 (9.8)

Previous intake (%)

Oral 32 (43.8) 33 (44.2)

Parenteral feeding 2 (2.7) 3 (3.7)

Nasoduodenal feeding tube 8 (11.0) 10 (12.2)

Nasogastric feeding tube 29 (39.7) 32 (39.0)

Nil per mouth 2 (2.7) 4 (4.9)

Use of prokinetics (%) 30 (41.1) 27 (32.9)

Use of anticoagulants (%) 55 (75.3) 52 (63.4)

Use of opioids (%) 30 (43.8) 46 (56.1)

Mechanically ventilated (%) 25 (34.7) 27 (32.9)

Sedated (%) 11 (15.3) 20 (24.4)

EGDP, esophagogastroduodenoscopy guided placement; EMP, electromagnetic guided placement; SD, 
standard deviation; GERD, gastroesophageal reflux disease.
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In the EGDP-group, two patients developed self-limiting epistaxis. In one patient, a 
small amount of blood was seen in the gastric drain after EGDP; EGD showed a small 
laceration in the stomach. Finally, one patient developed hypoxia during a repeat EGDP 
with sedation.

Costs

Costs of placements are shown in Table 5. For initial EGDP, the mean sum of costs was 
considerably higher than the costs of EMP (P<0.001). When including the costs of re-
peat EGDP after a failed initial placement or an inadequate position of the tube on the 
radiograph, costs for EGDP were still higher compared with EMP (P=0.002). Costs of all 
placements combined during the study period were higher for EGDP compared with 
EMP (P=0.04). When including costs of diagnostic and therapeutic interventions due to 
adverse events, the costs of EGDP and EMP were similar (P=0.10). If the initial abdominal 
radiograph is not included in the cost calculation for EMP, as this is often considered 
unnecessary, the price for EMP is reduced to $319.11 (SD 28.82) for initial placement, 
$377.63 (SD 157.85) when including the repeat endoscopies, $498.19 (SD 291.28) for 
all placements during the study, and $522.28 (SD 340.45) for total healthcare costs. In 
this scenario, total healthcare costs were also significantly lower for EMP compared with 
EGDP (P=0.04).28

figure 3. Sequential testing procedure. Each X depicts the result of an interim analysis. On the horizontal 
axis, V stands for the amount of information, i.e. a function of the number of patients included at an interim 
analysis. On the vertical axis, Z is a function of the difference in success rates. The blue dashed line repre-
sents the lower futility boundary; if crossed, this indicates futility or similarity of the trial results. The red 
continuous line represents the upper efficacy boundary; if crossed, this indicates superiority of electromag-
netic placement. The inner green dashed line represents a continuity correction. The lower margin was first 
crossed after 120 patients. In total, 155 patients were included and analyzed.
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table 2. Feeding tube placement and position. Analyses performed according to intention-to-treat. Data 
are expressed as proportions (%) or median (IQR).

egdP
(n=73)

emP
(n=82)

or crude 
(egdP vs. 
emP) (95% Ci)

or adjusted 
(egdP vs. emP) 
(95% Ci)

P valueǂ

Post-pyloric position (%) 58 (79) 67 (82) 1.16 (0.59-2.26) 1.16 (0.58-2.38)+ 0.72

Tube placed by (%) NA

Staff 27 (37) 0 (0)

Fellow 44 (60) 0 (0)

Nurse 0 (0) 79 (96)

Use of sedatives (%) 43 (59) 11 (13) 0.09 (0.04-0.21) <0.001

Problems during placement (%) 8 11 1.32 (0.49-3.56) 0.58

Placement cancelled 2 (3) 3 (4)

Anatomic difficulties 5 (7) 1 (1)

Technical difficulties 1 (1) 7 (9)

Erythromycin administered (%) NA 7 (9) NA

Gastric drain placed (%) 32 (44) 35 (43) 1.09 (0.49-2.41) 0.84

Post-pyloric intubation (%) 69 (95) 69 (84) 0.31 (0.10-0.99) 0.27 (0.08-0.91)ǂ 0.03

Procedure time – median (IQR)* 10 (7-13) 20 (10-30) <0.001

Difficulty of placement – median (IQR)* 3 (2-5) 4 (2.3-7) <0.01

Patient acceptance – median (IQR)* 4 (0.8-7) 4 (2-6) 0.50

Location on radiograph (%) 0.02**

Esophagus 1 (1) 0 (0)

Stomach 10 (14) 2 (2)

Duodenal bulb 4 (6) 1 (1)

Descending duodenum 8 (11) 1 (1)

Horizontal duodenum 12 (16) 6 (7)

Ascending duodenum 23 (32) 35 (43)

Jejunum 11 (15) 24 (29)

NA 4 (6) 13 (16)

Tube removed (%)

No 28 (38) 27 (33) 0.74

Yes, no more indication 17 (23) 15 (18)

Yes, tube complication 1 (1) 2 (2)

Yes, unintentional removal 11 (15) 18 (22)

Yes, inappropriate position 8 (11) 2 (2)

Yes, intervention requiring removal 5 (7) 2 (2)

Yes, migration 0 (0) 3 (4)

NA 3 (4) 13 (16)

EGDP, esophagogastroduodenoscopy guided placement; EMP, electromagnetic guided placement; OR, 
odds-ratio; CI, confidence interval; IQR, interquartile range; NA, not applicable.
*Not including the 5 patients that did not undergo feeding tube placement
+Adjusted for center, patient ward and sequential analyses. 90% confidence interval
ǂ Adjusted for center and patient ward
**Pre-pyloric vs. post-pyloric position
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disCussion

This large randomized comparison between EMP and EGDP for post-pyloric feeding 
tube placement showed comparable success-rates in outpatients, ICU patients, and 
clinical ward patients with normal upper gastrointestinal anatomy, even though partici-
pating centers had no prior experience with EMP. Furthermore, no difference in patency 
or complication rates was observed. Finally, although EMP was more time consuming, 

table 3. ICU patients vs. non-ICU patients. Data expressed as proportions (%) or median (IQR).

n  Clinical 
ward/ 
outpatient 

n iCu or ward/out vs. 
iCu (95% Ci) ǂ

P valueǂ

Post-pyloric position (%)

EGDP 45 33 (73) 28 25 (89) 2.98 (0.62-14.36) 0.17

EMP 51 38 (75) 31 29 (94) 2.44 (0.40-14.89) 0.34

Use of sedatives (%)

EGDP 45 25 (56) 28 18 (64) 1.05 (0.31-3.53) 0.94

EMP 51 0 (0) 31 11 (36) NA

Problems during placement (%)

EGDP 45 4 (9) 28 4 (13) 1.42 (0.23-8.64) 0.71

EMP 51 9 (18) 31 2 (7) 1.64 (0.14-19.29) 0.69

Erythromycin administered (%)

EGDP 45 0 (0) 28 0 (0) NA

EMP 51 0 (0) 31 7 (23) NA

Post-pyloric intubation (%)

EGDP 45 41 (91) 28 28 (100) NA

EMP 51 39 (77) 31 30 (97) 3.49 (0.33-37.43) 0.30

Procedure time – Median (IQR)*

EGDP 40 10 (5.3-10.8) 27 10 (7-14) 0.40

EMP 48 20 (12.3-30) 31 15 (10-32) 0.27

Difficulty of placement – Median 
(IQR)*

EGDP 43 2 (1-4) 28 4 (2-5.8) 0.53

EMP 42 4 (2.8-7) 30 4 (2-8) 0.90

Patient acceptance – Median (IQR)*

EGDP 14 4 (0.8-7) 0 0 (0-0) NA

EMP 39 4 (2-6) 1 0 (0-0) 0.02

ICU, intensive care unit, OR, odds-ratio; EGDP, esophagogastroduodenoscopy guided placement; EMP, elec-
tromagnetic guided placement; IQR, interquartile range; NA, not applicable.
ǂ Adjusted for center
*Not including the 5 patients that did not undergo feeding tube placement
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the fact that EMP requires less personnel and equipment resulted in considerably lower 
costs compared with EGDP.

Success rates for EM and EGDP are in line with a recently published trial.16 The pri-
mary endpoint of that study was repeat intervention rate, which is influenced by more 
factors than an unsuccessful placement. The primary endpoint of the current study, a 
post-pyloric position on abdominal radiograph performed directly after placement, 
is directly related to the method utilized and less influenced by other factors. In the 
study by Gerritsen et al., inclusion of patients with a history of upper gastrointestinal 
surgery was allowed. Since EMP relies on natural structures to advance the tube, a his-
tory of upper gastrointestinal surgery could have negatively affected the success-rate 
and costs of EMP more than that of EGDP. Although no such differences were observed, 
the number of patients with an altered anatomy was too low for a valid comparison. 
In the current study, only patients with a normal upper gastrointestinal anatomy were 
included. Furthermore, a detailed cost comparison was added and only centers with no 
prior experience in EMP were included. These factors improve generalizability of the 
results considerably.

The success rate of EGDP was as expected.24 However, the success rate of EMP was 
somewhat lower than anticipated. Reported success rates vary from 43 to 97%. Early 
studies report success rates of EMP of 74-78%, comparable to our findings.12,29 However, 
in two prospective studies, success rates of 92.7% and 95.1% were reported, when an ex-
perienced team performed the placements.22,30 A success-rate of just 43% was reported 
in another study, in which a team without extensive experience performed EMPs in 
ICU-patients.31 The importance of experience was also shown in another study in which 

table 4. Adverse events, (possibly) related to tube placement. Grouping according to intention-to-treat.

egdP (n=73) emP (n=82)

Severe adverse events

After initial procedure 0 0

After repeat procedure (EGDP)

 Gastro intestinal blood loss 0 1

 Hypoxia 1 1

 Atrial fibrillation 0 1

Adverse events

After initial procedure

 Epistaxis 2 0

 Abdominal pain 0 1

 Gastro intestinal blood loss 1 0

After repeat procedure (EGDP) 0 0

EGDP, esophagogastroduodenoscopy guided placement; EMP, electromagnetic guided placement.
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a clear learning curve was observed; in the first 25 EMPs, success rate was 60% versus 
84% in the second 25 cases.17 No such improvement can be expected with EGDP over 
time. The limited experience of the nurses who performed the EMPs in the current study 
could be considered a shortcoming since it could have resulted in a lower success-rate 

table 5. Direct medical unit costs. Analyses performed according to intention-to-treat. Data expressed as 
mean (SD).

unit/hour
price

amount Costs per patient
 - mean (sd). $

P value

egdP emP egdP (n=73) emP (n=82)

EMP 0 79 0 304.0 (63.3)

Equipment- $ 167.33

Personnel (1 nurse) - $/hour 32.63

Overhead + other personnel - $ 126.5

Abdominal radiograph 24.2

EGDP 72 3 381.5 (47.4) 14.1 (72.9)

Equipment/facilities - $ 201.83

Personnel (1 staff/fellow+ 1 nurse) 
$/hour

134.49

Overhead +other personnel - $ 126.5

Abdominal radiograph - $ 24.2

Sedation+ nurse 64.9+32.63/h 25 1 27.1 (37.8) 1.0 (8.7)

Abdominal X-ray 24.2 65 71 21.6 (7.6) 21.0 (8.3)

initial placement 73 82 430.1 (65.1) 340.1 (28.3) < 0.001

Repeat endoscopy for failed placement 411.84 7 11 39.5 (122.1) 55.2 (141.2)

Abdominal X-ray after repeat 
endoscopy

24.2 7 11 2.3 (7.2) 3.3 (8.3)

initial placement inc repeat 
endoscopy

73 82 471.9 (143.8) 398.6 (147.7) 0.002

Repeat endoscopy during follow up 411.84 26 24 146.6 (241.5) 120.6 (237.7)

Fluoroscopy during placement 95.7 3 0 4.0 (24.9) 0

all placements during study period 73 82 622.5 (324.5) 519.1 (287.0) 0.04

Chest X-ray 24.2 0 1 0 0.3 (2.6)

Blood products 303.5-614.0 0 4 0 19.7 (148.0)

Medication 2 0 1 0 0.02 (0.22)

Additional abdominal radiograph 22 28 14 9.2 (17.8) 4.2 (9.9)

total costs inc. all placements and 
interventions

73 82 631.8 (332.5) 543.3 (335.8) 0.10

Total costs excluding initial radiograph 
in EMP group

73 82 631.8 (332.5) 522.3 (340.5) 0.04

EGDP, esophagogastroduodenoscopy guided placement; EMP, electromagnetic guided placement; SD, 
standard deviation.
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than might have been achieved by a more experienced team. On the other hand, EGDPs 
were performed by both gastroenterology fellows and gastroenterologists with various 
experience.

In addition to a comparable success rate, EMP offers various potential advantages 
compared with EGD. Agreement with regard to a post-pyloric position between the EM-
device and abdominal radiograph was very good; as opposed to EGDPs, almost all EMPs 
considered to be successful by the operator resulted in a post-pyloric tube position. Con-
sequently, very few patients required repeat EGDP after assessment of the radiograph 
before initiation of tube feeding, thereby reducing the delay in restoring appropriate 
caloric intake. This could positively affect mortality and morbidity.32,33 Moreover, these 
findings suggest that performing an abdominal radiograph may well be unnecessary 
after EMP, confirming findings of previous reports.22 In case of (suspected) partial migra-
tion, repositioning of the EM tube can also be done at bedside, while repositioning of 
a EGDP tube would require removal of the previously placed tube and repetition of the 
entire placement procedure (including sedation). Furthermore, abdominal radiographs 
showed that EMP resulted in a deeper position of the feeding tube, compared with 
EGDP. It is plausible that a deeper tube position positively affects tube function and 
spontaneous migration rates, even though this was not found in the current study. 17 
Another advantage is that the EMP tube is thinner and more flexible than an endoscope. 
Therefore, EGDP may well be more uncomfortable in non-sedated patients, although 
the current study was not designed to test this hypothesis. Consequently, sedation dur-
ing EGDP is often requested by the patient or suggested by the physician. However, 
conscious sedation is associated with a small risk of cardiopulmonary complications, e.g. 
hypoxia.34,35 Finally, direct costs associated with EMP were considerably lower compared 
with EGDP. Since only one nurse is required and the placement can be done at the bed-
side, personnel and facilities can be allocated to other endoscopic procedures. The fact 
that no sedation is required during EMP and no abdominal radiographs is required after 
EMP results in another cost reduction. Therefore, the cost-difference between EMP and 
EGDP found may be an underestimation of the true cost difference.

In conclusion, this large randomized trial in hospital population and critically ill pa-
tients with an unaltered upper gastrointestinal anatomy showed that success rates of 
EMP and EGDP are comparable. Cost savings and, in the long term, logistical advantages 
may drive centers to consider EMP as their new standard of care.
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abstraCt

background: A previous single-center study showed that lower esophageal sphincter 
electrical stimulation therapy (LES-EST) in gastroesophageal reflux disease (GERD) pa-
tients improves reflux symptoms and decreases esophageal acid exposure.

aim: To evaluate safety and efficacy of LES-EST in GERD patients with incomplete 
response to proton pump inhibitors (PPIs) in a prospective, international, multicenter, 
open label study.

methods: GERD patients, partially responsive to PPIs, received LES-EST. GERD health 
related quality of life (GERD-HRQL), daily symptom diaries, quality of life scores, esopha-
geal acid exposure and LES resting and residual pressure were measured before and after 
initiation of LES-EST. Stimulation sessions were optimized based on residual symptoms 
and esophageal acid exposure.

results: Forty-four patients were enrolled and 6-month data from 41 patients are avail-
able. Hiatal repair was performed in 16 patients. One device related, one procedure 
related and one unrelated severe adverse event was reported. GERD-HRQL improved 
from 31.0 (IQR 26.2-36.8) off-PPI and 16.5 (IQR 9.0-22.8) on-PPI to 4 (IQR 1-8) at 3-month 
and 5 (IQR 3-9) at 6-month follow-up (P<0.0001 vs. on- and off-PPI). Esophageal acid ex-
posure (pH<4.0) improved from 10.0% (IQR 7.5-12.9) to 3.8% (IQR 1.9-12.3) at 3 months 
(P=0.0027) and 4.4% (IQR 2.2-7.2) at 6 months (P<0.0001).

Conclusions: These interim results show an acceptable safety record of LES-EST to date, 
combined with good short-term efficacy in GERD patients who are partially responsive 
to PPI therapy. A remarkable reduction in regurgitation symptoms, without the risk of 
intervention-requiring dysphagia may prove to be an advantage compared with other 
anti-reflux procedures. ClinicalTrials.gov Identifier: NCT01574339.
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introduCtion

Gastroesophageal reflux disease (GERD) is among the most common gastrointestinal 
disorders, affecting anywhere from 10-30% of the population in the United States (US) 
and Europe and its prevalence is increasing.1,2 GERD is associated with a decreased qual-
ity of life and it carries a heavy financial burden to any health care system.3-5

Acid suppression is the mainstay of medical therapy for GERD. While such therapy has 
proven effective and safe, a substantial number of patients reports persistent symptoms 
despite adequate therapeutic regimens.6 Anti-reflux surgery provides an effective con-
trol of GERD, but is associated with adverse effects, such as bloating, increased flatulence 
and dysphagia, and requires revision in a small percentage of patients.7 Perhaps as a 
result, the number of fundoplication procedures performed has been declining.8 Less 
invasive alternatives are sought to provide efficient and safe control of GERD with fewer 
side effects.9

Lower esophageal sphincter electrical stimulation therapy (LES-EST) is a recently de-
veloped alternative to medical and surgical treatment.10 Early studies showed a signifi-
cant enhancement of the LES pressure by electrical stimulation.11-13 A recent open-label 
single center study in Chile showed significant and sustained improvement in GERD 
symptoms and esophageal acid exposure with LES-EST.14,15 The current international 
multi-center study, with centers in Europe, South America and Asia-Pacific, was initiated 
to further validate this technology in GERD patients across multiple sites. The study is 
ongoing and this paper presents the 6-month results.

Patients and methods

study design

This is a prospective, open label, uncontrolled, international, multi-center study, con-
ducted at 10 sites in 8 countries. The study was designed by the sponsor in close col-
laboration with the investigators. The sponsor performed data management and data 
analysis; the authors had access to the data. Approval was obtained from ethics com-
mittees at each site and written informed consent was obtained from all patients. The 
objectives of the study were to evaluate safety and efficacy of LES-EST in GERD patients 
and to assess the effect of LES-EST on esophageal acid exposure, LES pressure, quality of 
life and proton pump inhibitor (PPI) usage.

Patients

Study inclusion and exclusion criteria are listed in Table 1. Patients were eligible for 
inclusion if they were 21-80 years old, suffered from chronic GERD symptoms requiring 
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daily PPI use and had a GERD health related quality of life (GERD-HRQL) score of ≥20 
off-PPI and an increase of ≥5 points compared with on-PPI. The diagnosis of GERD was 
based on symptoms and 24-hour pH monitoring results. LES end-expiratory pressure 
had to be 5-15 mmHg and peristaltic contractions had to be seen in ≥50% of swallows 
with a contraction amplitude of ≥30 mmHg during baseline esophageal manometry. 
Excessive lower esophageal acid exposure was defined as a pH <4.0 for ≥5% of the total 
time. Patients who met the study criteria underwent laparoscopic implantation of the 
LES stimulation system.

study objectives

The primary endpoint was the incidence of serious device- and procedure-related 
adverse events. The secondary safety endpoint was the incidence of non-serious device- 
and procedure-related adverse effects. An independent Data Monitoring Committee 
(DMC) adjudicated all reported events for device- and procedure-relatedness. The extent 
of relatedness was categorized as definite, probable, possible, not related or unknown.

Efficacy was determined by reduction in the GERD-HRQL composite score following 
LES-EST compared with baseline scores while on- and off-PPI. Other efficacy endpoints 
included improvement in esophageal acid exposure time, defined as the proportion of 
time of esophageal acid exposure with distal esophageal pH <4.0. Additional endpoints 
included improvement in esophagitis, sleep-related quality of life, productivity index, 
mean and end-expiratory LES pressures, GERD symptoms measured with daily symp-
toms diaries, the SF-12 Health Survey (SF-12) physical component score and mental 
component score. Furthermore, PPI usage at 6 months was compared with baseline.

les stimulation system 

The LES stimulation system consists of an implantable pulse generator (IPG) and a 
bipolar stimulation lead with two stitch electrodes, which are connected to the IPG 
(EndoStim BV, The Hague, The Netherlands). A commercially available 10-mm electrode 
was used in most patients and an investigational 5-mm electrode was used in a subset 
of patients to facilitate electrode implantation. All patients were initiated on a standard 
stimulation protocol consisting of 30 minute sessions with 90 minute breaks, 12 times 
daily at 5 mA, 20 Hz, 220 µsec pulse-width. Stimulation settings were altered if patients 
had either persistent symptoms or persistent acid exposure at follow-up visit. First, the 
stimulating electrode was changed (only one of the two electrodes is stimulating). If that 
did not resolve the problem, the number of sessions was increased and the amplitude 
was increased.
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les stimulator implant procedure 

The implantation technique used has been described in detail elsewhere.16 Using a 
conventional laparoscopic approach and under endoscopic visualization of the gas-
troesophageal junction, the electrodes were implanted in the muscular layer at the 

table 1. Study inclusion and exclusion criteria.

inclusion Criteria

• Age 21-80 years

• History of heartburn or acid, regurgitation or both 

• Continued daily use of PPI for ≥12 months prior to enrollment 

• Continued symptoms in spite of acid suppression therapy prompted consideration of alternative therapy for 
GERD 

• Baseline GERD HRQL score of ≥20 following 10-14 days off PPI, and at least 5 points higher than the on-PPI 
score 

• Excessive esophageal acid exposure during 24-hour pH monitoring off acid suppression therapy (pH <4 for 
≥5% of total time) 

• Resting LES end expiratory pressure ≥5mmHg 

exclusion Criteria

• History of previous esophageal or gastric surgery, including Nissen fundoplication

• History of gastroparesis 

• History of significant multisystem diseases (e.g. kidney failure, liver failure) 

• Known autoimmune or a connective tissue disorder (e.g. scleroderma, CREST-syndrome, Sjogren’s Syndrome, 
Sharp’s Syndrome), requiring therapy in the preceding 2 years 

• Barrett’s epithelium (> M2; >C1) or any grade of dysplasia 

• Hiatal hernia >3 cm, esophagitis Grade D (LA classification) on upper endoscopy performed within 6 months 
of enrollment 

• ASA Physical Status Classification >II (or comparable local classification if any) 

• BMI greater than 35 kg/m2 

• T1DM or uncontrolled T2DM defined as HbA1c ≥9.5 in the previous 6 months, or T2DM for ≥10 years 

• History of suspected or confirmed esophageal or gastric cancer 

• History of any other malignancy in the last 2 years 

• Esophageal or gastric varices or dysphagia or esophageal peptic stricture 

• Significant cardiac arrhythmia or significant cardiovascular disease 

• Existing implanted electrical stimulator (e.g., pacemaker, AICD) or those requiring chronic anticoagulant 
therapy  

• Pregnant women or women intending to become pregnant during the trial period 

• Those currently enrolled in other potentially confounding research  

• Patients with any condition that, at the discretion of the investigator, would preclude participation in the 
trial 

PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease; HRQL, health related quality of life; LES, 
lower esophageal sphincter; CREST, calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodac-
tyly and telangiectasia; ASA, American Society of Anesthesiologists; BMI, body mass index; T1DM, type 1 
diabetes mellitus; T2DM, type 2 diabetes mellitus; AICD, Automated Implantable Cardioverter-Defibrillator.
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anterior aspect of the LES, spaced approximately 10 mm apart. The lead was advanced 
through the abdominal wall and secured to the IPG, which was then placed in a 5x6.5 
cm subcutaneous pocket. Following implantation, the wireless programmer was used to 
interrogate and program the IPG. A crural repair was performed during the implantation 
procedure in patients with a hiatal hernia to restore normal anatomy at the discretion 
of the team on-site.

Following recovery and observation, the device was interrogated and lead impedance 
was assessed. The device was then programmed to the standard stimulation protocol 
and a stimulation session was initiated. Cardiac activity was monitored during this ses-
sion and during the subsequent observation period. Patients were taken off acid sup-
pressive therapy at discharge and instructed to take H2-receptor antagonists if needed; 
patients were allowed to take PPIs if residual or recurrent symptoms were present 
despite optimization of LES-EST. All (rescue) medication use was recorded.

symptoms assessment and physiological studies

Symptoms of GERD were assessed pre-operatively (both on- and off-PPI), at 2 and 4 
weeks and monthly thereafter by the GERD-HRQL.17 Other quality of life aspects were as-
sessed at baseline (on-PPI and off-PPI) and after six months. Quality of life was assessed 
with the SF-12.18 Heartburn and regurgitation were assessed with a daily symptom ques-
tionnaire diary. The Pittsburgh Sleep Quality Index (PSQI ) assessed sleep quality during 
a period of one month.19 Work productivity was assessed using the work productivity 
and activity impairment (WPAI) questionnaire.20 A patient diary was used to document 
GERD symptoms and medication use at defined intervals throughout the study.

Esophageal acid exposure was assessed using 24-hour esophageal pH monitoring 
after patients were off PPI for at least five days. Esophageal pH measurement systems 
varied among centers. Esophageal manometry (either conventional or high resolution) 
was performed and interpreted by each center using either the Medical Measurement 
System (MMS, Dover, NH) or the Sierra Scientific Instruments system (Given Imaging, 
Los Angeles, California). Esophagogastroduodenoscopy was performed at baseline and 
after six months. Erosive esophagitis was scored according to the Los Angeles (LA) clas-
sification.21

statistical analysis

Study data summaries were primarily descriptive in nature and used the baseline pre-
implant values and values obtained at various follow-up time points post-implant as 
the primary categories for summarization. Categorical variables were summarized by 
number and percentage. Continuous variables were summarized by median and inter-
quartile range (IQR) or mean with standard deviation (SD), where appropriate. Data was 
compared using a two-tailed Student’s t-test or Wilcoxon signed rank test to compare 
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results before and after implantation. A two-sided P value of <0.05 was considered sig-
nificant. Data analysis was performed with SAS version 9.4 (SAS Institute, Cary, NC, USA) 
or R version 3.1.1 (The R Foundation for Statistical Computing, Vienna, Austria).

results

Patient characteristics 

Patient inclusion is presented in Figure 1. Forty-four patients underwent laparoscopy, 
one patient was excluded after the decision was made to perform a Toupet procedure 
because of the intraoperative finding of a hiatal hernia greater than 3 cm. A second 
patient experienced a trocar perforation of the intestine during the implant procedure; 
the device was subsequently explanted and the patient was withdrawn from the study. 
Baseline characteristics of the remaining 42 patients are presented in Table 2. Three 
patients did not take the prescribed daily dose of PPI at time of inclusion due to side-
effects or fear of side-effects. The 6-month follow-up was completed in 41 patients. 
Stimulation started within 48 hours of implant (n=37) or after two weeks in a subset of 
patients (n=5) that underwent a hiatal repair procedure to allow for electrode implant 
site healing after esophageal hiatus dissection. In order to optimize therapy effect, the 
stimulating electrode was switched in 21 patients, followed by altering of the number of 
daily sessions in 17 patients and increasing pulse amplitude in 7 patients.

figure 1. Flow diagram of patient screening, enrollment and follow-up.
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safety

In total, 110 adverse events (AEs) were reported in 32 patients, of which three were 
serious adverse events (SAE). Fifty-four adverse events were classified as device-, proce-
dure- or therapy related, including two serious adverse events (Table 3). There were no 
unanticipated AEs. One SAE was a trocar perforation of the small bowel, which occurred 
during the implant procedure and was successfully laparoscopically repaired. The device 
was explanted and the patient recovered fully. The event was considered procedure-
related by the DMC. One asymptomatic lead erosion was encountered at the 6-month 
endoscopy in a patient implanted with an investigational lead with a 5-mm electrode; 
treatment consisted of explant of the IPG and lead, followed by a Toupet fundoplication 
performed during the same procedure. This SAE was classified as device- or procedure-
related. The remaining 52 non serious AEs were primarily anticipated post-operative 
events (Table 3). Mild or moderate dysphagia was reported in four patients, which 
resolved without intervention. All four patients underwent crural repair during device 
implantation. There were 56 AEs that were classified as non-device-, procedure- or ther-
apy-related, including one SAE; a case of paroxysmal atrioventricular nodal reentrant 
tachycardia (AVNRT) several months after the start of LES-EST. The patient had a history 
of uninvestigated tachycardia that was not disclosed at the time of inclusion into the 
trial. At the first report of tachycardia, the device was not stimulating. After deactivation 
of the device, another documented episode of AVNRT occurred. The patient underwent 

table 2. Patients’ demographics.

demographic Value
n=42

Gender (n/ %)

Male 24 (57%)

Female 18 (43%)

Age (years) – mean (SD) 49.6 (12.3)

Body Mass Index (mean/SD) 27.2 (3.4)

Body Mass Index Class (n/%)

Normal (≤25) 13 (31%) 

Overweight (>25 and ≤30) 22 (52%) 

Obese (>30) 7 (17%) 

PPI usage (n/ %)

No PPI 3 (7%) 

Once daily 14 (33%) 

Twice daily 20 (48%) 

>twice daily 4 (10%) 

Missing 1 (2%) 

SD, standard deviation; PPI, proton pump inhibitor.
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successful therapeutic ablation and EST was resumed without further events. Based on 
the sequence of events, the stimulation parameters, and the distance of the electrodes 

table 3. Detailed description of all adverse events noted during the study.

event n events n patients

sae - related 2

Perforation 1 1

Erosion lead through esophagus 1 1

sae - not related 1

AVNRT 1 1

ae - related 52

Bloating/belching 3 3

Constipation 1 1

Dysphagia 5 4

Epigastric pain 1 1

Hiccups 3 2

Nausea/vomiting 4 3

Inability to vomit 2 2

Weight loss/ anorexia 5 5

Fever 1 1

Pain/discomfort 24 19

Impedance out of range 2 2

Mesh repair hernia cicatricialis 1 1

ae – not related 55

Arrhythmia (PAF-preexisting) 1 1

Gastrointestinal 15 13 

Diarrhea 1 1

Inability to vomit 2 2

Nausea/vomiting 3 3

Other 9 7

Pain/discomfort 15 13

Abdomen/chest 11 9

Other 4 4

Respiratory 14

Cough 4 4

Pneumonia 3 3

Sore throat 2 1

Other 5 5

Other 10 10

SAE, serious adverse event; AVNRT, atrioventricular nodal reentrant tachycardia; AE, adverse event; PAF, 
paroxysmal atrial fibrillation.
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from the heart, the event was considered not to be device- or EST-related by the treating 
cardiologist, and the DMC concurred with this assessment.

There were no technical difficulties with insertion of the electrodes or with creation of 
the subcutaneous pocket containing the IPG. No AEs were seen during the first stimula-
tion session or subsequent observation period. All patients were dismissed within one 
day after surgery.

efficacy

GERD symptoms 
The GERD-HRQL scores are depicted in Table 4 and Figure 2. GERD-HRQL scores at 3 and 
6 months after initiation of LES-EST had improved compared with baseline scores. At 
baseline, 3 of 42 patients (7%) reported in the daily symptom diary that they were “satis-
fied” with their condition while on PPI. At the 6-month follow-up, 21 of 39 patients (54%) 
available for analysis were “satisfied” (P<0.001), 10 (26%) were “neutral” and 8 (21%) were 
“unsatisfied” with their present condition; compared to 74% (31/42) unsatisfied at base-
line on PPI. GERD-HRQL scores at the 6-month follow-up of all “unsatisfied” patients had 
improved compared with baseline off-PPI score (median improvement 44%). Compared 
to baseline on-PPI, four patients had a worse score (9, 19 and 20 vs. 3 and 12 vs. 2), three 
patients had a comparable score (15 vs. 16, 28 vs. 28 and 24 vs. 22), and one patient 
had an improved score (13 vs. 21). One patient had normalized distal esophageal acid 
exposure, two patients had a reduction of acid exposure of >50%, one patient had a 
reduction of 25%, and three patients had worsening in their esophageal acid exposure 
at 6 months. One patient did not undergo esophageal pH testing at 6 months.

Daily symptoms at baseline and at the 3- and 6-month follow-up are depicted in Table 
4. All aspects show improvement, with a remarkable reduction in the proportion of 
nights with heartburn from a median of 64% at baseline off-PPI to 0% (P<0.0001) at 
both the 3- and 6-month follow-up. Also, an impressive reduction in the proportion of 
days and nights with regurgitation to a median of 0% (P<0.0001) was observed at the 
6-month follow-up. Furthermore, only 7% reported moderate regurgitation and none 
reported severe regurgitation at the 6-month follow-up. Thirty-seven patients (88%) 
were completely off PPI at 6 months, two patients (5%) reported intermittent PPI use 
and three (7%) reported regular PPI use (P<0.001).

General quality of life scores also showed improvement. Table 4 shows SF-12, PSQI 
and WPAI scores at baseline and after 6 months. At the 6-month follow-up, all scores 
improved significantly compared with baseline measurements off PPI.



213

Electrical stimulation therapy of the LES for GERD

Ch
ap

te
r 1

1

ta
bl

e 
4.

 B
as

el
in

e 
an

d 
3-

 a
nd

 6
- m

on
th

 p
os

t-
th

er
ap

y 
re

su
lts

.

Vi
si

t i
nt

er
va

l
n

 m
ed

ia
n 

(iQ
r)

 C
ha

ng
e 

fr
om

 b
as

el
in

e 
o

n-
PP

i (
iQ

r)
P 

va
lu

e
Ch

an
ge

 fr
om

 b
as

el
in

e 
o

ff
-P

Pi
 (i

Q
r)

P 
va

lu
e

G
ER

D
-H

RQ
L 

Sc
or

es

Ba
se

lin
e 

O
n-

PP
I

42
16

.5
 (9

.0
-2

2.
8)

Ba
se

lin
e 

O
ff-

PP
I P

PI
42

31
.0

 (2
6.

2-
36

.8
)

3 
M

on
th

s
41

4.
0 

(1
.0

-8
.0

)
-1

1 
(-1

8-
 -5

)
<0

.0
00

1
-2

7 
(-3

3-
 -2

1)
<0

.0
00

1

6 
M

on
th

s
41

5.
0 

(3
.0

-9
.0

)
-8

 (-
16

- -
1)

<0
.0

00
1

-2
2 

(-3
2-

 -1
7)

<0
.0

00
1

24
-H

ou
r E

so
ph

ag
ea

l 
pH

 <
4.

0 
- %

Ba
se

lin
e

42
9.

9 
(7

.5
-1

2.
9)

3 
M

on
th

s
28

3.
8 

(1
.9

-1
2.

3)
-5

.1
 (-

9.
0-

 -1
.0

)
0.

00
27

6 
M

on
th

s
40

4.
4 

(2
.2

-7
.2

) 
-5

.5
 (-

10
.2

- -
2.

5)
<0

.0
00

1

D
eM

ee
st

er
 S

co
re

Ba
se

lin
e

42
35

.1
 (2

7.
1-

51
.9

)

3 
M

on
th

s
26

16
.2

 (9
.6

-3
7.

6)
-1

6.
5 

(-2
8.

8-
 -5

.2
)

0.
01

02
 

6 
M

on
th

s
40

17
.5

 (1
0.

9-
23

.4
)

-1
9.

7 
(-3

7-
 -6

.9
)

<0
.0

00
1

SF
-1

2 
M

en
ta

l H
ea

lth
 S

co
re

s

Ba
se

lin
e 

O
n-

PP
I

39
48

 (4
1-

56
)

Ba
se

lin
e 

O
ff-

PP
I

41
45

 (3
7-

55
)

6 
M

on
th

s
41

52
 (4

5-
57

)
2.

5 
(-4

.0
-8

.0
)

0.
11

47
2 

(-3
.5

-1
2)

0.
02

53

SF
-1

2 
Ph

ys
ic

al
 H

ea
lth

 S
co

re
s

Ba
se

lin
e 

O
n-

PP
I

39
45

 (3
7-

50
)

Ba
se

lin
e 

O
ff-

PP
I

41
39

 (3
0-

45
)

6 
M

on
th

s
41

52
 (4

6-
55

)
7 

(1
-1

4)
<0

.0
00

1
11

 (5
.5

-2
1)

<0
.0

00
1

LE
S 

M
ea

n 
Pr

es
su

re
 (m

m
H

g)
Ba

se
lin

e
35

13
.1

 (1
0-

15
.9

) 

6 
M

on
th

s
30

15
 (1

0.
2-

27
.1

)
0.

7 
(-3

.0
-5

.0
)

0.
21

95

LE
S 

En
d 

Ex
pi

ra
to

ry
 P

re
ss

ur
e 

(m
m

H
g)

Ba
se

lin
e

38
8.

0 
(5

-1
2)

6 
M

on
th

s
35

9.
9 

(5
.2

-1
5)

-0
.4

 (-
2.

0-
5.

0)
0.

73
32

LE
S 

Re
si

du
al

 P
re

ss
ur

e 
(m

m
H

g)
Ba

se
lin

e
42

2.
8 

(0
.3

-6
.7

)

6 
M

on
th

s
37

2.
7 

(1
.0

-5
.2

)
0.

0 
(-2

.0
-0

.9
)

0.
80

18



Chapter 11

214 215

Electrical stimulation therapy of the LES for GERD

Ch
ap

te
r 1

1

ta
bl

e 
4.

 B
as

el
in

e 
an

d 
3-

 a
nd

 6
- m

on
th

 p
os

t-
th

er
ap

y 
re

su
lts

. (
co

nt
in

ue
d)

Vi
si

t i
nt

er
va

l
n

m
ed

ia
n 

(iQ
r)

Ch
an

ge
 fr

om
 b

as
el

in
e 

o
n-

PP
i (

iQ
r)

P 
va

lu
e

Ch
an

ge
 fr

om
 b

as
el

in
e 

o
ff

-P
Pi

 (i
Q

r)
P 

va
lu

e

PS
Q

I S
le

ep
 Q

ua
lit

y 
Sc

or
es

Ba
se

lin
e 

O
n-

PP
I

29
7 

(5
-1

0)

Ba
se

lin
e 

O
ff-

PP
I

30
8 

(6
-1

1)

6 
M

on
th

s
36

5 
(3

-7
)

-2
 (-

3-
 -1

)
<0

.0
01

-4
 (-

5-
0)

<0
.0

01
 

W
or

k 
Ti

m
e 

M
is

se
d 

D
ue

 to
 

G
ER

D
- %

Ba
se

lin
e 

O
n-

PP
I

25
0 

(0
-8

.6
)

Ba
se

lin
e 

O
ff-

PP
I

23
3.

9 
(0

-1
5)

6 
M

on
th

s
22

0 
(0

-0
)

0 
(-5

-0
) 

0.
40

63
0 

(-1
5-

0)
 

0.
08

01

Im
pa

irm
en

t W
hi

le
 W

or
ki

ng
 

D
ue

 to
 G

ER
D

- %

Ba
se

lin
e 

O
n-

PP
I

26
20

 (0
-4

0)
 

Ba
se

lin
e 

O
ff-

PP
I

24
60

 (2
5-

80
)

6 
M

on
th

s
23

0 
(0

-0
)

-1
0 

(-3
0-

0)
0.

00
63

-6
0 

(-7
0-

 -1
5)

 
<0

.0
00

1

O
ve

ra
ll 

W
or

k 
Im

pa
irm

en
t D

ue
 

to
 G

ER
D

- %

 B
as

el
in

e 
O

n-
PP

I
25

20
 (0

-5
5.

5)
 

 B
as

el
in

e 
O

ff-
PP

I
23

64
.5

 (3
0-

82
.2

)

 6
 M

on
th

s
22

0 
(0

-1
0)

-1
5 

(-5
2.

5-
0)

0.
04

5
-6

0 
(-7

8.
6-

 -1
3.

5)
 

<0
.0

00
1

Ac
tiv

ity
 Im

pa
irm

en
t D

ue
 to

 
G

ER
D

- %

 B
as

el
in

e 
O

n-
PP

I
37

20
 (0

-5
0)

 B
as

el
in

e 
O

ff-
PP

I
37

60
 (3

0-
80

)

 6
 M

on
th

s
39

0 
(0

-1
0)

-1
5 

(-4
0-

0)
0.

00
03

-3
5 

(-7
0-

 -2
0)

 
<0

.0
00

1

H
ea

rt
bu

rn
 D

ay
s-

 %

 B
as

el
in

e
35

86
 (6

4-
10

0)

 3
 M

on
th

s
34

21
 (0

-6
4)

<0
.0

00
1

 6
 M

on
th

s
34

17
 (0

-9
3)

<0
.0

00
1

H
ea

rt
bu

rn
 N

ig
ht

s-
 %

 B
as

el
in

e
35

64
 (4

3-
86

)

 3
 M

on
th

s
34

0 
(0

-1
4)

<0
.0

00
1

 6
 M

on
th

s
34

0 
(0

-8
)

<0
.0

00
1



Chapter 11

214 215

Electrical stimulation therapy of the LES for GERD

Ch
ap

te
r 1

1

ta
bl

e 
4.

 B
as

el
in

e 
an

d 
3-

 a
nd

 6
- m

on
th

 p
os

t-
th

er
ap

y 
re

su
lts

. (
co

nt
in

ue
d)

Vi
si

t i
nt

er
va

l
n

m
ed

ia
n 

(iQ
r)

Ch
an

ge
 fr

om
 b

as
el

in
e 

o
n-

PP
i (

iQ
r)

P 
va

lu
e

Ch
an

ge
 fr

om
 b

as
el

in
e 

o
ff

-P
Pi

 (i
Q

r)
P 

va
lu

e

Re
gu

rg
ita

tio
n 

D
ay

s-
 %

 B
as

el
in

e
35

79
 (5

4-
10

0)
 

 

 3
 M

on
th

s
32

4 
(0

-2
1)

 
<0

.0
00

1

 6
 M

on
th

s
34

0 
(0

-2
1)

 
<0

.0
00

1

Re
gu

rg
ita

tio
n 

N
ig

ht
s-

 %

 B
as

el
in

e
35

50
 (1

5-
79

)

 3
 M

on
th

s
32

0 
(0

-7
)

<0
.0

00
1 

 6
 M

on
th

s
34

0 
(0

-7
)

<0
.0

00
1

Er
os

iv
e 

Es
op

ha
gi

tis
 S

ta
tu

s

la
 C

la
ss

ifi
ca

ti
on

n
on

e
a

b
C

Ba
se

lin
e

39
16

/3
9 

(4
1%

)
12

/3
9 

(3
1%

)
9/

39
 (2

3%
)

2/
39

 (5
%

)

6 
M

on
th

s
39

20
/3

9 
(5

1%
)

12
/3

9 
(3

1%
)

7/
39

 (1
8%

)
0/

39
 (0

%
)

IQ
R,

 in
te

rq
ua

rt
ile

 ra
ng

e;
 P

PI
, p

ro
to

n 
pu

m
p 

in
hi

bi
to

r; 
G

ER
D

, g
as

tr
o-

oe
so

ph
ag

ea
l r

efl
ux

 d
is

ea
se

; H
RQ

L,
 H

ea
lth

-R
el

at
ed

 Q
ua

lit
y 

of
 L

ife
; S

F-
12

, S
ho

rt
 F

or
m

 (1
2 

ite
m

s)
 H

ea
lth

 
Su

rv
ey

; L
ES

, l
ow

er
 o

es
op

ha
ge

al
 s

ph
in

ct
er

; P
SQ

I, 
Pi

tt
sb

ur
gh

 S
le

ep
 Q

ua
lit

y 
In

de
x.



Chapter 11

216

Physiological studies
Esophageal acid exposure values had improved at the 3- and 6-month follow up com-
pared with baseline (P=0.0027 and P<0.0001, respectively), as did the median DeMeester 
score (Figure 3, Table 4). After 6 months, 25/40 patients (63%) had either normalized acid 
exposure (n=17, 43%) or a decrease in acid exposure time of ≥50% compared to baseline 
(n=8, 20%).

In two patients (5%), no 6-month esophagogastroduodenoscopy was performed. Im-
provement in esophagitis grade at the 6-month follow-up in the remaining 39 patients 
was significant (P=0.02, Table 4). In fourteen patients (36%), esophagitis decreased by 
one grade and in one patient by two grades (3%); in six patients (15%), esophagitis 
worsened by one grade, in seven patients (18%) with esophagitis at baseline, the grade 
remained the same. Eleven (28%) patients had no esophagitis at baseline or at the 
6-month follow-up, which was considered a success; when only considering patients 
with erosive esophagitis at baseline, improvement was not significant (P=0.07).

At baseline, median baseline LES end expiratory and residual pressure were 8.0 mmHg 
(IQR 5.0-12.0) and 2.8 mmHg (IQR 0.3-6.7), respectively. At the 6-month follow-up, these 
values were comparable: 9.9 mmHg (IQR 5.2-15, P=0.73) and 2.7 mmHg (IQR 1.0-5.2, 
P=0.80), respectively (Table 4).

figure 2. Change in GERD Health-Related Quality of Life (HRQL) composite score from baseline while on 
electrical stimulation therapy. HRQL deteriorated after cessation of proton pump inhibitor (PPI) and im-
proved significantly at 3 and 6 months after start of electrical stimulation therapy, as compared to baseline 
values while on- and off-PPI. Data as median (IQR). PPI, proton pump inhibitor.
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Impact of hiatal hernia
Hiatal hernia status at baseline, surgical repair and results of various parameters among 
the various groups are presented in Table 5. During endoscopy, a hiatal hernia was seen 
in 25 of the 41 patients available at 6 months. Sixteen patients had a hernia >2 cm, and 
in 10 of these 16 patients a crural repair was performed. Nine patients had a hernia <2 
cm, 16 patients had no hernia on endoscopy. A significant hiatal defect was observed 
during laparoscopy in 5 of the 9 patients with a hernia <2 cm and in 1 of the 16 patients 
with no hernia on endoscopy, prompting a crural repair. The impact of hernia status on 
esophageal acid exposure is presented in Figure 4; repair of the hiatus in patients with 
a hiatal hernia ≥2 cm on endoscopy or with a significant hiatal defect on laparoscopy 
(n=16) resulted in an improvement in esophageal acid exposure, comparable with im-
provement in patients with a hiatal hernia <2 cm on endoscopy and no significant hiatal 
defect on laparoscopy (n=19, P=0.35). However, patients with a hiatal hernia ≥2 cm that 
did not undergo hiatal repair (n=6) had significantly less improvement in esophageal 
acid exposure compared to patients with a hernia <2 cm and no significant hiatal defect 
on laparoscopy (P=0.04). Furthermore, patients with a unrepaired hiatal hernia ≥2 cm 
showed a trend for less improvement in esophageal acid exposure compared to patients 
with a repaired hiatal hernia (P=0.09). The status of hernia did not significantly impact 
any of the other outcomes in this study except improvement in nighttime regurgita-
tion from baseline to the 6-month follow-up, which was better in patients that had a 

figure 3. Change in distal esophageal acid exposure while on electrical stimulation therapy. Distal esopha-
geal acid exposure at both 3 and 6 months was reduced as compared to baseline. After 6 months, 63% of 
patients had either normalized or improved their distal esophageal acid exposure by at least 50% while on 
lower esophageal sphincter stimulation. Data as median (IQR). 
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hiatal repair compared to patients that did not have a significant hiatal defect; this was 
predominantly due to higher baseline scores in the former group (P=0.04, Table 5).

disCussion

The 6-month results of this ongoing multicenter trial show an acceptable safety record 
of LES electrical stimulation to date, combined with good efficacy in the treatment of 
GERD patients with a partial response to PPI therapy. Three SAEs were encountered, one 
of which was a device-related, short-electrode erosion requiring explant of the device, 
one was procedure-related, involving trocar perforation, and one was considered 
neither device- nor therapy-related. LES stimulation resulted in a significant reduction 

table 5. Health related quality of life, acid exposure and symptom scores at baseline and 3 and 6 months 
after start of electrical stimulation therapy, per hernia status. Data presented as median (IQR).

Visit Interval

hiatal hernia status

<2cm and non-
significant; not-

repaired

≥2cm or 
significant; 

repaired

≥2cm or 
significant; not-

repaired

n Median (IQR) n Median (IQR) n Median (IQR)

GERD-HRQL

Baseline On-PPI 19 17 (14-23) 17 16 (8-19) 6 14.5 (3.0-22.0)

Baseline Off-PPI 19 33 (27-36) 17 28 (22-33) 6 37.5 (35.0-40.0)

6 Months 19 5 (3-9) 16 4.0 (0.0-6.5) 6 12 (2-20)

24-Hour Esophageal pH 
<4.0 - %

Baseline 19 9.9 (8.6-12.9) 17 10.3 (7.5-18.4) 6 9.9 (6.0-10.9)

6 Months 19 3.9 (1.4-6.4) 16 5.6 (3.0-6.8) 6 8.8 (2.0-12.8)

SF-12 Mental Health Scores

Baseline On-PPI 17 45 (41-56) 16 50.5 (43.0-59.0) 6 46.5 (33.0-54.0)

Baseline Off-PPI 18 48 (36-54) 17 42 (37-55) 6 47 (43-62)

6 Months 19 52 (40-56) 16 53.0 (50.0-57.5) 6 53 (45-58)

SF-12 Physical Health Scores

Baseline On-PPI 17 45 (39-49) 16 42.5 (36.0-49.5) 6 45.5 (44.0-50.0)

Baseline Off-PPI 18 39.5 (29.0-43.0) 17 39 (31-45) 6 37 (33-45)

6 Months 19 51 (45-56) 16 53 (50-55) 6 51 (46-55)

Heartburn Days- %
Baseline 14 100 (64.3-100) 17 80.0 (61.5-100) 5 85.7 (80.0-90.9)

6 Months 17 18.2 (0.0-92.9) 14 6.3 (0.0-80.0) 5 78.6 (21.4-100)

Heartburn Nights- %
Baseline 14 57.7 (50.0-64.3) 17 76.9 (30.0-90.0) 5 81.8 (71.4-85.7)

6 Months 17 0.0 (0.0-64.3) 14 0.0 (0.0-7.1) 5 8.3 (7.1-28.6)

Regurgitation Days- %
Baseline 14 84.3 (53.8-100) 17 70.0 (42.9-90.0) 5 90.9 (78.6-100)

6 Months 17 0.0 (0.0-21.4) 14 0.0 (0.0-0.0) 5 21.4 (16.7-21.4)

Regurgitation Nights- %
Baseline 14 45.8 (14.3-60.0) 17 60.0 (15.4-83.3) 5 71.4 (64.3-92.9)

6 Months 17 0.0 (0.0-7.1) 14 0.0 (0.0-0.0) 5 7.1 (7.1-28.6)

GERD, gastroesophageal reflux disease; HRQL, Health-Related Quality of Life; SF-12, Short Form (12 items) 
Health Survey.
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of esophageal acid exposure and use of acid suppression medication and a significant 
improvement in GERD symptoms and (GERD-related) quality of life scores. The findings 
are in line with previous experience from a single center study.14,15

The device-related lead erosion observed occurred with an investigational 5-mm lead. 
Hereafter, only 10-mm leads were used and no lead erosions have been reported with 
this lead. The trocar perforation is a rare but well-known complication of laparoscopic 
surgery. The occurrence of AVNRT was considered not to be related to the stimulation 
therapy by both the patient’s cardiologist and the independent DMC. This conclusion 
was based on the sequence of events (i.e. the fact that the AVNRT occurred during a 
90-minute break from stimulation), pulse parameters, and the distance of the electrodes 
from the heart. Electrophysiology studies from trans-esophageal atrial stimulation 
show that a pulse width of >5 msec (>20 times longer than the pulse width used during 
LES-EST) at a close proximity to the heart is required to capture cardiac tissue.22 Serious 
adverse events related to a device or procedure in 4.6% (2 of 43 patients) cannot be 
neglected in a low-risk disease such as GERD; however, LES-EST is intended for patients 
with “bothersome” GERD symptoms despite maximal medical therapy whose only cur-
rently available alternative, in addition to doing nothing, is anti-reflux surgery. The early 
safety profile of LES stimulation is favorable compared to that reported with anti-reflux 
surgery.7 Adverse effects and side-effects commonly observed after anti-reflux surgery 
(e.g. bloating, increased flatulence and diarrhea) were not reported, likely due to the 
non-disruptive nature of this intervention; specifically, LES stimulation had no effect on 
LES relaxation in response to swallows.

figure 4. Relative improvement in esopha-
geal acid exposure per hernia status (6-month 
vs. Baseline). Relative improvement in distal 
esophageal acid exposure was comparable in 
patients with a hernia <2 cm on endoscopy 
and no significant hiatal defect during lapa-
roscopy, compared with patients with a hiatal 
hernia ≥2 cm or significant hiatal defect during 
laparoscopy that was repaired. Data as median 
(IQR).
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Various endoscopic methods have been developed over the years to address the need 
of GERD patients, but most of these therapies are no longer available due to lack of 
efficacy or concerns about safety.9 A recent development has been the use of a bracelet 
of magnets, placed laparoscopically around the LES to create a “magnetic sphincter”. 
Although this technique appears effective in reducing symptoms and esophageal acid 
exposure, a high risk of dysphagia has been reported.23,24 The four patients that reported 
dysphagia in the current study had undergone crural repair and dysphagia was transient 
in nature, resolving spontaneously with none requiring dilatation.

The most bothersome symptoms reported pre-operatively, while on PPI, were heart-
burn and regurgitation. LES stimulation reduced the frequency of regurgitation, from 
50% ‘moderate’ and 18% ‘severe’ at baseline on-PPI to 7% and 0% at 6-month follow-up, 
respectively. Combined with the low incidence of mild dysphagia, this is an important 
advantage of LES stimulation compared with anti-reflux surgery and other anti-reflux 
procedures. Interestingly, LES stimulation did not enhance LES pressure, unlike previ-
ously reported.11,13,25 Hence, changes in LES pressure may not explain the beneficial 
effect of LES stimulation. Other potential mechanisms, such as an effect on transient LES 
relaxations, remain to be elucidated.

Uniformity in post-operative outcome may have arisen from the relative simplicity of 
the intervention, unlike laparoscopic fundoplication where outcome results have been 
shown to be variable.26 Adjustment and optimization of therapy in response to varia-
tions in patients’ symptoms, by changing the stimulation electrode, manipulating pulse 
parameters and/or providing more stimulation sessions, may also have contributed to 
the positive outcomes. Unfortunately, the current data to support the clinical value of 
such manipulations are mostly observational and not based on controlled experiments.

Hiatal hernia repair status did not significantly impact various subjective outcome 
variables, although a trend toward a better improvement in acid exposure was observed 
in patients with a hiatal hernia ≥2 cm or a significant hiatal defect that was repaired 
compared with patients with an unrepaired hiatal hernia ≥2 cm. Surgical repair of the 
hiatus almost negated the effect of the hiatal defect demonstrating an improvement 
in esophageal acid exposure that was comparable to patients with <2 cm hiatal hernia 
and no significant hiatal defect on laparoscopy. The beneficial effect of LES-EST was con-
firmed by the positive results of the previous single center trial where no hiatal repair 
was performed in any of the patients and is demonstrated in the subgroup of patients 
without a hiatal defect in this trial. However, it is difficult to precisely determine the con-
tribution of hernia repair in surgical interventions for GERD in uncontrolled studies and 
in practice. 27 A double-blinded, sham-controlled trial may be better suited to determine 
the relative contribution of hernia repair to surgical outcome.

There are limitations to the current study. The open label design is susceptible to a pla-
cebo or a “regression to the mean” effect. Consequently, results of subjective variables 
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such as GERD–HRQL could reflect a placebo effect. Although esophageal acid exposure 
is an objective variable, it is susceptible to the regression to the mean effect as patients 
were only allowed to participate in the study if they had high baseline symptom scores 
and acid exposure.28 A double blind, sham-controlled trial would be useful to limit the 
placebo effect; however, results of the current open-label trial are necessary to justify and 
design such a trial. The benefit of LES-EST in patients with severe LES dysfunction (LES 
end-expiratory pressure <5 mmHg, a hiatal hernia >3 cm, and LA grade D esophagitis) 
remains to be established. The enrollment of only patients who were partially responsive 
to PPI therapy may limit the generalization of results to complete PPI non-responders. 
However, no response to PPI prior to surgery suggests a less satisfactory outcome after 
fundoplication compared with patients who had at least a partial response.29 Further-
more, long-term sustainability remains to be determined. Although results from the 
previously reported single center study showed that LES-EST remained effective over 
time, longer follow-up in a larger cohort of patients from multiple centers is required 
for better assessment of the clinical value of LES stimulation.30 A significant reduction 
in esophageal acid exposure was seen in the majority of patients but not all patients 
had normalized acid exposure at six months, underlining the need for further under-
standing the exact mechanism of action and optimization of stimulation parameters. 
Erosive esophagitis had significantly improved after six months of LES-EST; nevertheless, 
erosive esophagitis was still present in 49% of patients. Long-term results are needed to 
determine whether reflux control with LES-EST is insufficient to heal the esophagus or 
simply requires more time.

In conclusion, these 6-month interim results show an acceptable safety profile of 
LES electrical stimulation to date, combined with good short-term efficacy in the treat-
ment of GERD. The marked reduction in regurgitation episodes, without the risk of 
intervention-requiring dysphagia, is a potentially important advantage of LES stimula-
tion over other existing anti-reflux procedures. Long-term results, sham-controlled trials 
comparing LES stimulation with no-stimulation and comparative effectiveness trials 
with maximal anti-reflux therapy may help to further elucidate the role of LES stimula-
tion in the management of GERD.
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Endoscopy plays a pivotal role in the diagnosis and treatment of patients with gas-
trointestinal diseases. Modifications and refinements of endoscopic devices and tech-
niques are continuously being developed to improve the clinical efficacy and safety of 
endoscopy. This thesis focuses on new devices that have been developed to improve 
therapeutic endoscopy, and on the evaluation of commonly used techniques which lack 
a proper evidence-based background.

main ConClusions from this thesis

endoscopic ultrasound

• Growth rate of small, solid pancreatic neuroendocrine tumors in patients with Mul-
tiple Endocrine Neoplasia Syndrome Type 1 is low and surveillance intervals could 
probably be prolonged.

• Rapid on-site evaluation of cytological aspirates of lymph nodes obtained by en-
doscopic ultrasound guided fine-needle aspiration does not improve diagnostic 
yield nor accuracy, but reduces the required number of samples, review time and 
post-procedural pain.

• Obtaining liquid based cytology in addition to cytological smears during endoscopic 
ultrasound-guided fine-needle aspiration does not improve diagnostic yield or ac-
curacy and should be reserved for specific indications.

• Endoscopic ultrasound-guided neurolysis of individual celiac ganglia is not feasible 
since ethanol spreads well beyond the targeted ganglion.

therapeutic endoscopy for upper gastrointestinal diseases 

• Endoscopic full-thickness resection of gastric and duodenal subepithelial tumors 
with the Padlock clip is feasible, but safety needs to be improved before the device is 
implemented in daily practice for this indication.

• Temporary self-expandable metal stent placement for patients with refractory anas-
tomotic esophageal strictures is a good alternative to bougie dilation and improves 
quality of life.

• Clinical success of self-expandable metal stent placement for esophageal leaks, 
perforations, or fistulas can be predicted by accounting for etiology, location and 
size of the lesion and C-reactive protein.

• Hydraulic dilation with the EsoFLIP balloon in achalasia patients is feasible and 
esophagogastric junction distensibility measurements during the dilation procedure 
can predict clinical success.

• Electromagnetic-guided post-pyloric feeding tube placement is as effective as 
endoscopic placement of a feeding tube. Lower costs and logistical advantages of 
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electromagnetic-guided feeding tube placement are considerations to adopt it as 
standard of care.

• Lower esophageal sphincter electrical stimulation therapy combined with crural re-
pair for hiatal hernias >2 cm is an effective and safe therapy for patients with gastro-
esophageal reflux disease who are partially responsive to proton pump inhibitors.

Part 1: endosCoPiC ultrasound

Endoscopic ultrasound (EUS) is an important diagnostic and therapeutic modality for 
some gastrointestinal disorders. With improving imaging quality and increasing experi-
ence with the technique, new applications have been discovered. Subtle changes in 
size of lesions, previously not noticeable, could be visualized and measured. What is the 
clinical relevance, however, of this possibility? 

In multiple endocrine neoplasia syndrome type 1 (MEN1), pancreatic neuroendo-
crine tumors (PNETs) are found in 30-70% of patients.1,2 Studies show that the risk of 
metastasis is higher if lesions grow beyond 2 cm.3 Guidelines therefore advice to remove 
NETs ≥2 cm, and to consider removal of PNETs 1-2 cm to prevent metastases, which 
is a defensive strategy based on limited data since the growth-rate of small PNETs is 
largely unknown.4-7 In Chapter 2, we found that median annual growth was just 0.76 
mm for PNETs ≥10 mm. These findings are in line with findings on CT/MRI in a recent 
nationwide study.8 Although EUS is superior to CT/MRI for detection of PNETs <10mm, 
clinical relevance of these PNETs and their low growth rate appears limited.9,10 Thus, the 
clinical benefit of surveillance EUS appears limited in MEN1. Initial imaging for PNETs in 
patients with MEN1 can be performed with CT/MRI.10 Surveillance imaging can be per-
formed after 6-12 months and if no significant growth (i.e. <5 mm) is seen and no PNET 
is ≥20 mm, periodic surveillance with CT/MRI after 2-3 years can probably be performed 
safely.6 If there is doubt about growth, EUS can be performed.9 It would be interesting to 
validate these findings in a different, larger prospective cohort.

A valuable application of EUS is fine-needle aspiration (FNA) of lesions. Although 
diagnostic yield of EUS-FNA is approximately 95%, there is still an ongoing ambition 
to improve this even further.19-24 One much debated aspect is the benefit of rapid on-
site evaluation (ROSE).19-21,25-29 Intuitively, ROSE is useful; the cytotechnician informs the 
operator about sample adequacy after each pass and sampling continues until enough 
adequate material is obtained. However, a recent clinical trial failed to show any advan-
tage of ROSE (ROSE+) compared with random (ROSE-) sampling in pancreatic lesions.30 
In two previous retrospective studies, a higher diagnostic yield was reported for ROSE+ 
compared with ROSE-.19,20 However, the median number of passes in both studies (2.0 
and 2.5) was too low for ROSE-. In case of ROSE-, five passes should be made during EUS-
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FNA of a lymph node to optimize diagnostic yield.21 The benefit of ROSE for sampling 
lymph nodes with EUS-FNA is unclear. In Chapter 3, we found no superiority of ROSE 
with regard to diagnostic yield and accuracy. A change in technique or material to im-
prove the already high diagnostic yield and accuracy of EUS-FNA in all patients may not 
be feasible. Although ROSE is helpful to detect an inadequate sample, the operator does 
not have tools to solve this problem. Performing a fine-needle biopsy (FNB) or altering 
the needle gauge generally offers little advantages as does expelling part of a sample in 
a hemolytic solution for alternative processing, which we evaluated in Chapter 4.31-36 No 
differences with regard to diagnostic yield and accuracy between cases with only cytol-
ogy smears (CS) and cases with CS and liquid based cytology (LBC), either processed to a 
thin layer slide or cell block (CB), were found. Nevertheless, complementary LBC was still 
considered useful in 26.8% of cases. These findings suggest that LBC does not improve 
diagnostic yield but still has other value; probably in differentiating types of malignancy 
with multiple immunohistologic cytologic stains. This could explain why LBC was found 
to be useful in only 14% of prospectively collected samples of solid (mainly pancreatic) 
lesions; differentiation of a pancreatic malignancy is often not necessary since this is 
most often a primary tumor. Both processing techniques have strengths and shortcom-
ings and combining both techniques can overcome most of these shortcomings.37-44 
Moreover, CB permits preservation of tissue and allows for additional immunohisto-
chemical or molecular analyses which is of growing importance.45-48 Therefore, a tailored 
approach is the best way to decide whether to obtain material for LBC or not.

EUS provides very detailed imaging but clinical relevance is questionable for visu-
alization of individual celiac ganglia. Celiac ganglia can be visualized and injected by 
EUS-guided celiac ganglia neurolysis (EUS-CGN).11,12 Although it appears plausible that 
direct ganglion injection leads to a more thorough neurolysis, the volume of ethanol 
injected (approximately 4 cc per ganglion) cannot be contained within a small ganglion. 
The spread of ethanol after various celiac neurolysis techniques is largely unknown. In 
Chapter 5, we found that ethanol spreads well beyond targeted ganglia, independent of 
the applied technique, and that the spread was more profound when larger volumes of 
ethanol were used. Moreover, ganglia located at the right side of the celiac trunk were 
rarely visualized and consequently, targeted ganglia neurolysis will likely be incomplete. 
However, injecting a high-volume of ethanol resulted in a spread to undetected, right-
sided ganglia, which may well result in a more thorough neurolysis. Nevertheless, an 
intended CGN is thus effectively a CPN and it is questionable whether the injection of 
individual ganglia is clinically relevant. Assuming that EUS-CGN is indeed superior to 
EUS-CPN, which is being debated, other explanations have to be sought.13-15 A specific 
ganglion injection ensures that ethanol is in the vicinity of the celiac plexus; however, 
identification of this region is not difficult.16 Another explanation is that directly injected 
ethanol leads to neurolysis by a dual route; ethanol diffuses through the entire ganglion, 
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exits the ganglion and then affects the ganglion from the outside. This may result in 
neurolysis of the entire ganglion, including the center of the ganglion that is otherwise 
not reached because of the connective tissue capsule covering the ganglion and the 
internal connective tissue framework.17 Future research should compare EUS-CGN, 
preferably combined with a right-sided EUS-CPN to reach non-visualized right-sided 
ganglia, with a bilateral EUS-CPN.18 

Part 2: theraPeutiC endosCoPy for uPPer gastrointestinal 
diseases

subepithelial tumors 

Small (<2 cm) subepithelial tumors (SET) are often asymptomatic and found coinciden-
tally during esophagogastroduodenoscopy (EGD) performed for a different indication in 
approximately 1% of cases.49,50 It is difficult to determine the etiology of SETs because 
results of EUS-FNA and FNB are poor.51-55 Consequently, patients undergo frequent 
surveillance EGD and are left with uncertainty regarding the diagnosis. Small SETs are 
often treated conservatively since resection techniques have considerable shortcom-
ings. The duodenum is notoriously fragile and has a thin wall of approximately 1.5 mm.56 
Endoscopic resection options are mucosal resection (EMR) or submucosal dissection 
(ESD). EMR is associated with a low rate of an R0-resection, uncertainty of R0-resection 
in case of piecemeal resection, and a high complication rate.57 The R0-resection rate of 
ESD is higher, but ESD is more complex and the risk of perforation is high (up to 39%).58-60 
Laparoscopic resection, usually a (pylorus preserving) pancreaticoduodenectomy, is the 
most commonly used resection technique but is associated with significant post-surgical 
morbidity.61,62 Endoscopic full-thickness resection (eFTR) with preemptive clipping of the 
perforation is a new alternative; however, in the prospective study reported in Chapter 
10, we could not perform eFTR safely in the duodenum. Since alternatives for resection 
are lacking, eFTR could be considered but the risk of (micro)perforation warrants hos-
pitalization and prophylactic antibiotics. The design of the clip should be revised and 
tested before eFTR in the duodenum can be considered standard clinical care.

Performing eFTR of gastric SETs was found to be safe but alternative endoscopic and 
surgical treatments also perform better. ESD is first-line treatment since complete and en 
bloc resection rates are higher compared with EMR.50,63-66 Finally, laparoscopic resection 
can be performed which is effective and safe but time consuming and requires multiple 
days of post-surgical admission.67-69 eFTR of small gastric SETs is promising since R0-
resection was achieved in all technically successful cases and the median number of 
in-hospital days was just one day. Comparative studies could provide important insights 
about the place of eFTR in the treatment of small SETs in the stomach.
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stent placement for benign esophageal diseases

Self-expandable metal stent (SEMS) placement is an established minimally invasive 
therapy for patients with non-resectable esophageal cancer.70-78 Advantages of SEMS 
placement are rapid, complete, and long-term relief of dysphagia which has a major 
impact on quality of life.79 Recently, the use of stents for benign conditions such as 
benign strictures, leaks, fistulas and perforations has been reported.77,78,80,81 However, 
data on SEMS in benign strictures are lacking; a recent systematic review included 227 
patients who received a SEMS, of whom 79 had an anastomotic stricture.82 However, 
only one study specifically studied SEMS in anastomotic strictures and a SEMS was 
used that is not often used in Europe.83 The hypothetical benefit of stent therapy for an 
anastomotic stricture is prolonged forceful dilation, causing remodeling of fibrotic tis-
sue to achieve prolonged lumen patency after stent removal. Previous studies failed to 
show this however.84,85 Drawbacks of stent placement for benign strictures include the 
risk of recurrent stricture formation, tissue in-/overgrowth, bleeding, fistula formation, 
and migration.78,82,86,87 Efficacy and effect on quality of life of stent placement is unclear. 
In Chapter 7, recurrent dysphagia was frequently observed shortly after stent removal 
in a randomized study. Based on our study, we conclude that SEMS placement can be 
considered in patients who need a rest from dilations. However, patients need to be 
informed about the risks and the possible lack of long-term benefits. For now, guidelines 
state that stent therapy for anastomotic strictures should be chosen with caution.77,86,88,89 
Future studies are necessary to confirm the findings of the current study in a larger study 
population and should focus on identifying patient factors that predict who benefits 
most from SEMS placement.

Other indications of esophageal stents include placement for benign leaks, perfora-
tions and fistulas.77,78,80,81 The amount of available evidence for these indications is 
increasing but is still limited.82 However, it is important to determine which patients are 
likely to benefit from stent therapy and in which patients alternative therapies should 
be sought. Using four clinical parameters, we were able to develop a prediction model 
which could be useful for clinical decision making. In case of a predicted likelihood 
of successful esophageal closure <50%, stent therapy should be avoided and in case 
likelihood of success is >70% then stent therapy combined with aggressive pleural/
mediastinal drainage is a good option.78 Alternatives are surgery or over-the-scope clip-
ping. Nevertheless, should the patient be unfit for surgery, stent therapy can be used as 
a temporary solution to reduce symptoms and restore oral intake.90 However, potential 
drawbacks of stent therapy should be considered carefully before choosing to place a 
stent.91 Future studies should focus on validating the performance of the model in a 
prospective study, followed by prospective studies in which the choice of treatment is 
guided by the model.
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dilation therapy in achalasia

Achalasia is a rare disease characterized by dysmotility of the esophagus and failure 
of the lower esophageal sphincter (LES) to relax.92 Treatment focuses on reducing 
symptoms by weakening the LES. Traditionally, the endoscopic option is pneumatic 
dilation (PD). Efficacy of PD and laparoscopic Heller myotomy (LHM) is comparable but 
pneumatic dilation is more cost-effective.93-95 PD consists of multiple sessions using bal-
loons of increasing diameters; first 30 mm, followed by 35 mm and whether this should 
be followed by 40 mm is debated.93,96-100 Esophagogastric junction (EGJ) distensibility, 
a measurement of compliance of the LES, may be able to predict clinical success. In 
untreated achalasia patients, EGJ distensibility is expected to be low, since the EGJ is 
tight compared with healthy volunteers. After treatment, EGJ distensibility is expected 
to increase. Previous studies have shown that EGJ distensibility measurements can 
be used to objectify symptoms and predict clinical success better than timed barium 
esophagram or manometry.101-104 In Chapter 9, a low EGJ distensibility just before the 
second dilation was noted in the three patients that had refractory or recurrent symp-
toms during follow-up; although the sample size of our study is too small for definitive 
conclusions, it may well be that the distensibility just before a repeat procedure is 
predictive of clinical success.105 These measurements could be useful to decide whether 
a third dilation up to 40 mm should be performed or to decide against a second or third 
dilation and to refer for LHM or per-oral endoscopic myotomy.106 Once larger diameter 
EsoFLIP balloons are available, larger studies should be conducted to assess the role of 
EGJ distensibility measurements in achalasia patients. Also, a longer follow-up would be 
informative to determine whether these measurements can predict long-term success.

alternatives to endoscopic interventions in motility disorders

In some instances, shortcomings of endoscopic options cannot be overcome and alter-
natives are sought. The entire gastrointestinal tract consists of compliant, elastic, and 
constantly moving structures. Consequently, endoscopically placed material tends to 
migrate. Fluoroscopy is often used, e.g. for stent placement or pneumatic dilation, to 
determine location of the device in real-time. In nasoduodenal feeding tube placement, 
advancing the tube over the endoscopically placed guidewire is performed without 
visualization. Consequently, in Chapter 10 we found that although EGD placement 
(EGDP) was technically successful in 95% of cases, 16% of the tubes were found to be 
located pre-pyloric after the procedure. Electromagnetic placement (EMP) is performed 
under constant visualization but since the tip is non-steerable, technical success was 
lower. Nevertheless, post-pyloric intubation rate was comparable to EGDP since a post-
pyloric position of the tip visualized during the procedure was almost always confirmed 
by abdominal radiograph afterwards.107 Thus, no abdominal radiograph is required 
which reduces radiation exposure, costs, logistics, and time to restore appropriate 
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caloric intake.108,109 Experience is known to improve success rate of EMP.110 Therefore, it 
would be interesting to repeat the study in the centers that participated in the study. 
Since no learning curve is to be expected from EGDP, it is plausible that the post-pyloric 
intubation-rate of EMP would then exceed that of EGDP. Based on the findings of our 
study, we feel that EMP should be considered as standard care in patients with a normal 
upper gastrointestinal anatomy. Only one trial reported on EMP in patients with an 
altered anatomy.111 However, patients with either a normal or an altered anatomy of the 
upper gastrointestinal tract were included and there were no restrictions about the type 
of surgery performed. This heterogeneity and the fact that the primary outcome was 
‘need for repeat intervention’ prevent clear conclusions about EMP in these patients. 
Larger trials focusing on patients that have undergone one type of surgery will have to 
be awaited; the primary endpoint for any study should be a post-pyloric position or a 
position in the small bowel if the pylorus was surgically resected.

In gastroesophageal reflux disease (GERD), acid suppression with proton pump in-
hibitors (PPI) is the mainstay of medical therapy. For patients with persistent symptoms, 
anti-reflux surgery is a safe and effective alternative but side-effects (e.g. bloating, flatu-
lence and dysphagia) keep patients from choosing this therapy.112-114 Minimally invasive 
endoscopic procedures, aimed at restoring normal anatomy, have been tested over the 
years to fill this gap.115 However, concerns about safety or lack of efficacy have hindered 
widespread adoption. In Chapter 11, we tested LES electrical stimulation therapy (LES-
EST), a minimally invasive surgical alternative. LES-EST showed good results with regard 
to safety, esophageal acid exposure, and PPI usage but is not without downsides. First, 
the implantation procedure still requires laparoscopy and surgical removal of the lead in 
case of a complication or lack of efficacy may be difficult due to adhesions. Furthermore, 
H2 receptor antagonist usage was not monitored as closely as PPI usage, while recent 
studies have shown that efficacy of these two medications might be comparable.116 
Furthermore, repair of a hiatal hernia ≥2 cm was necessary to achieve proper efficacy 
which shows that LES-EST requires intact anatomical anti-reflux barriers. However, for 
many patients surgical restoration of anatomical barriers was the reason to opt out of 
surgery. Moreover, technical improvements of anti-reflux surgery over the years have 
reduced the number of side-effects without affecting efficacy.117,118 Finally, finding the 
optimal settings for patients was in some cases cumbersome and ineffective. Although 
LES-EST could be a promising alternative to anti-reflux surgery, data with regard to 
mechanism of action and its place in the management of PPI-refractory GERD need to 
be elucidated. Sham-controlled double blind trials, in which the implantable pulse gen-
erator is switched off, could provide valuable information. Randomized trials comparing 
LES-EST with anti-reflux surgery need to be awaited before LES-EST can be considered 
standard clinical care.
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summary

endoscopic ultrasound

Endoscopic ultrasound (EUS) can be used for various purposes, both diagnostic and 
therapeutic. EUS is considered the modality of choice for diagnosing and surveilling 
(small) pancreatic neuroendocrine tumors (PNETs) in Multiple Endocrine Neoplasia 
Syndrome Type 1 (MEN1) patients.1,2 In Chapter 2, we report on the growth and 
incidence rates of small PNETs measured by EUS in a relatively large cohort of MEN1 
patients. A total of 38 patients with 226 PNETs were included, median follow-up was 
3.2 years. Median size of PNETs was 5.0 mm. Mean growth per year was slower than 
previously thought (0.10 mm).3 Only PNETs found during the first EUS grew significantly. 
Furthermore, only PNETs ≥10 mm at first detection grew at all and just 3 PNETs in 3 
patients grew to ≥20 mm, all 3 were visualized during the first EUS. All PNETs ≥10 mm 
that prompted surgical resection had also been visualized with CT/MRI less than 1 year 
before surgery. The annual detection rate of PNETs was 0.79 per patient-year. Based on 
these findings, we recommend performing initial screening and surveillance of PNETs in 
MEN1 patients with CT/MRI if patients are asymptomatic. If symptomatology suggests 
a functional PNET, we recommend EUS if CT/MRI shows no PNET since EUS is the most 
sensitive modality for detecting smaller PNETs.1,4-7 If screening reveals a PNET <20 mm, 
surveillance imaging after 6-12 months to assess growth can be useful to determine the 
surveillance interval; in case growth is limited, intervals between imaging using CT/MRI 
can be prolonged (e.g. every 2-3 years). Additional EUS should be considered in case 
there is doubt about growth or if symptomatology suggests a functional PNET while no 
PNET is visualized with CT/MRI. Apart from these exceptions, EUS-based surveillance of 
small PNETs appears to have limited clinical value.

In Chapter 3, we performed a multicenter, single-blinded, randomized comparison on 
the influence of rapid on-site evaluation (ROSE) by a cytotechnician during EUS-guided 
fine-needle aspiration (EUS-FNA) of lymph nodes. Interim analysis showed no difference 
in diagnostic yield or accuracy between the groups with (ROSE+) and without (ROSE-) 
ROSE and inclusion was discontinued after inclusion of 91 patients. No differences in 
major complications or costs were observed. Limited post procedural pain occurred 
more often after ROSE-. Review of samples took longer after ROSE- (P<0.001). Based 
on these findings, the implementation of ROSE for EUS-FNA of lymph nodes cannot be 
advised.

In Chapter 4, we performed a large combined retrospective and prospective cohort 
study. We evaluated the value of liquid based cytology (LBC) when used complimentary 
to cytology smears (CS) sampled with EUS-FNA. We found no differences in diagnostic 
yield and accuracy between cases with CS and cases with CS+LBC. In the prospective 
part of the study, complementary LBC after CS judgment was considered useful in 14% 
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during revision. Based on the pathology report, LBC was considered useful in 26.8% of 
cases. Compared with CS alone, immunohistochemistry to differentiate between types 
of malignancy was the main asset of LBC; OR 4.07 (95% CI 1.16-14.25). Thus, LBC may 
be particularly useful when a malignancy is suspected; OR 2.63 (95% CI 1.30-5.28). The 
decision to obtain additional material for LBC appears to require a tailored approach.

Another application of EUS is the injection of ethanol in or around the celiac plexus to 
treat abdominal pain in pancreatic cancer. Injection is done during real-time visualiza-
tion of the lesion and adjacent vessels which is believed to improve safety and efficacy 
of the procedure. Recent studies have shown that individual celiac ganglia of the celiac 
plexus can be targeted and some evidence suggests superiority of this approach.8 In 
Chapter 5, we performed a study on human cadavers. First, we sought celiac ganglia 
in 97 consecutive EUS-procedures and we were able to visualize presumed ganglia in 
83 cases. After having gained sufficient experience in identifying celiac ganglia, celiac 
ganglia were sought in a prosected human cadaver using a linear array echoendoscope. 
Histologic staining confirmed that the identified structures were celiac ganglia. 
Hereafter, various celiac plexus neurolysis (CPN) and celiac ganglia neurolysis (CGN) 
techniques were performed on human cadavers. Next, the cadavers were sectioned 
and photographed. We found that independent of the applied technique (CPN or CGN), 
ethanol spreads well beyond the targeted region. Interestingly, right-sided ganglia were 
rarely visualized during EUS while they were identified in all cadavers with sectioning. 
High-volume EUS-CGN resulted in a right-sided spread of ethanol which involved all 
celiac ganglia including the ganglia not visualized during EUS. However, the right-sided 
spread was more distinct after bilateral EUS-CPN. Thus, one could consider performing 
a right-sided EUS-CPN after EUS-CGN. Based on our findings, a specifically targeted EUS-
CGN appears impossible. Whether direct injection of ethanol into a ganglion results in a 
more thorough neurolysis remains to be elucidated.

therapeutic endoscopy for upper gastrointestinal diseases

We tested several devices and techniques at various stages towards becoming standard 
clinical practice. In Chapter 6, we performed a prospective feasibility study on a new 
large-diameter clip for the preemptive clipping of a perforation that occurs during 
endoscopic resection of a sub epithelial tumor (SET) performed thereafter. In total, 
endoscopic full-thickness resection (eFTR) was attempted in 13 SETs in 12 patients; 6 
SETs in the duodenum and 7 SETs in the stomach. Endoscopic resection was successful 
in 11/13 (85%) and all SETs were resected completely and en bloc. In all duodenal SETs 
but in only 1 gastric SET eFTR, defined as inclusion of muscularis propria in the resection 
specimen, was achieved. Complications occurred in 5/6 procedures in the duodenum 
but fortunately all complications could be managed without surgical intervention. The 
fact that duodenal eFTR was found to be unsafe is disappointing, since available alterna-
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tives have considerable limitations with regard to effectiveness and safety. Performing 
eFTR of gastric SETs was much safer; only one self-limiting complication, i.e. pain, oc-
curred. Since complete resection was achieved in all technically successful cases and 
the median number of in-hospital days was just one day, eFTR of small gastric SETs is 
considered to be a promising new technique.

Anastomotic strictures following resection of the distal esophagus and proximal 
stomach are primarily treated with endoscopic dilation. However, 10% of patients 
experiences refractory or recurrent stricture despite adequate treatment. In these pa-
tients, alternative therapeutic interventions are needed. In Chapter 7, we performed an 
international, multicenter, open-label randomized comparison of wire-guided bougie 
dilation (BD) and temporary self-expandable metal stent (SEMS) placement for refrac-
tory or recurrent post-surgical anastomotic esophageal strictures. Inclusion was closed 
after inclusion of 18 patients due to slow enrollment. Mean number of post-treatment 
dilations did not differ; 2.4 for the BD group versus 5.4 for the SEMS group (P=0.159). 
As long as the stent was in place, dilations for dysphagia were avoided but the number 
of episodes of dysphagia requiring intervention increased after removal. Improvement 
of quality of life and patient satisfaction was higher in the SEMS group during one year 
follow-up. More (minor) complications occurred in the SEMS group which, based on 
literature, is most likely a coincidence caused by the small sample size. Based on find-
ings from the current study, temporary SEMS placement can be considered in patients 
requiring a temporary rest from cumbersome repeat dilations.

Esophageal stents can also be used for different benign diseases. In Chapter 8, we 
reported on a new prediction rule to calculate the likelihood of successful stent therapy 
in benign esophageal leaks, perforations and fistulae. Data from three tertiary hospitals 
and one teaching hospital were collected. Two groups were created; one derivation 
sample (n=145) and one validation sample (n=59). Four clinical predictors were incor-
porated in the model; etiology of the leak, location of the leak, size of the leak, and 
baseline C-reactive protein (CRP). In the multivariate logistic regression model, a fistula 
and a defect size >2 cm predicted an adverse outcome of stent therapy. A post-surgical 
fistula showed poor healing rates during stent therapy; 16% in the derivation sample 
and 0% in the validation sample. Large defects (>2 cm) showed a poor healing rate com-
pared with small defects (<1 cm) in the derivation (46% vs. 60%) and validation (41% vs. 
71%) sample. The overall discriminative accuracy of the model was 74.1% (ROC-AUC). 
In the derivation sample, median predicted probability of success was 62.6% (range 
3.4-88.7%). Median predicted probability of success was 48.3% (range 3.4%– 86.0%) if 
stent therapy actually failed compared with 66.9% (range 14.7-88.7%) if stent therapy 
was actually successful (P<0.001). In the validation sample, the ROC–AUC was 84.7%. 
Median predicted probability of success was 59.7% (range 9.7-86.5%). Median predicted 
probability of success was 43.9% (range 9.7-79.1%) if stent therapy actually failed and 
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65.7% (range 46.7-86.5%) if stent therapy was successful (P<0.001). Using a cut off of 
≥70% for predicted likelihood of success, the actual likelihood of success was 87% in the 
validation sample. In case of a predicted probability of success of ≤50%, the likelihood 
of therapy failure was 86% in the validation sample. In case of a predicted likelihood of 
success between 50-70%, the model poorly discriminated and should probably not be 
used for decision making. Using these cut off values, this prediction rule can be a useful 
tool for clinicians.

In addition to anastomotic strictures, achalasia is also a cause of benign esophageal 
dysphagia. In Chapter 9, we performed a prospective feasibility study in which the 30 
mm EsoFLIP hydraulic dilation balloon was used in ten symptomatic achalasia patients. 
The integrated electrodes are used to perform cross-sectional area measurements in 
various parts of the balloon and the real-time shape of the balloon is displayed on a 
computer screen. By measuring intra-balloon pressure, esophagogastric junction (EGJ) 
distensibility could be calculated. Technical success was achieved in all cases and no ma-
jor adverse events were reported. Clinical success, defined as a symptom score (Eckardt 
score) of ≤3 points, was achieved in 90% after 1 month and 70% after 3 months. Three 
patients reported refractory or recurrent symptoms; all were young males and all had 
low EGJ distensibility just before the second dilation.9,10 Hydraulic dilation with this new 
balloon was feasible and EGJ distensibility measurements before dilations may allow for 
a more tailored treatment regimen.

Esophagogastroduodenoscopy-guided placement (EGDP) of nasoduodenal feeding 
tubes is daily practice for every gastroenterologist. A disadvantage of EGDP is that the 
feeding tube is advanced over the endoscopically placed guidewire without endoscopic 
visualization. In Chapter 10, we conducted a large, multicenter, randomized trial com-
paring the EGPD technique with electromagnetic-guided placement (EMP), a promising 
alternative. In total, 160 patients were included when the sequential analysis revealed 
no differences between the two groups with regard to post pyloric tube position rate 
(P=0.72). A post-pyloric position was seen after EMP in 67 of 82 (82%) patients and 
after EGDP in 58 of 73 (79%) patients according to intention-to-treat. EMP was less 
often successful compared with EGDP: 84% vs. 95%, respectively (OR 3.72; 95% CI 1.10-
12.56). However, 11 of 69 EGDP tubes were actually located pre-pyloric on abdominal 
radiograph, compared with only 2 of 69 after EMP (OR 6.35; 95% CI 1.34-30.15). Median 
procedure time was longer for EMP compared with EGDP: 20 vs. 10 minutes (P<0.001). 
4 complications occurred in each group; however, in the EMP group, 3 of 4 events oc-
curred after repeat EGDP. Costs of EGDP, including all repeat procedures, were higher 
compared with EMP; $622.49 vs. $519.09 (P=0.04). Since post-pyloric intubation rates 
and safety of EGDP and EMP were comparable while costs of EMP were lower, EMP could 
be considered as standard of care.
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A different subject of research where alternatives are sought to overcome shortcom-
ings of endoscopic intervention is gastroesophageal reflux disease (GERD). In Chapter 
11, we conducted a multicenter, multinational, prospective study on lower esophageal 
sphincter electrical stimulation therapy (LES-EST) for patients not satisfied with acid 
suppression therapy. 44 patients were included and 6 month data of 41 patients was 
available. Three major complications occurred; one device related (erosion of lead 
through the esophagus), one procedure related (small bowel perforation) and one 
unrelated (paroxysmal atrioventriculair nodal reentrant tachycardia). Esophageal acid 
exposure values had improved at 3-month (P=0.003) and 6-month (P<0.001) follow-up. 
After 6 months, 63% of patients had normalized acid exposure or a reduction of ≥50%. 
Esophagitis grade had improved at 6-month follow-up (P=0.02). LES-EST did not affect 
LES end-expiratory (P=0.73) and residual pressure (P=0.80). Symptom scores improved 
significantly at both 3-month (P<0.001) and 6-month (P<0.001) follow-up. Heartburn 
and regurgitation were reduced to a median of 0%, both during the day and night, and 
88% was completely of acid suppression therapy at 6-month follow-up. A hiatal hernia 
was observed in 25 of 41 patients, of whom 16 had a hernia ≥2 cm. In 10 of these 16 
patients, a crural repair was performed and these patients showed an improvement of 
esophageal acid exposure comparable to patients a hernia <2 cm or no hernia. In the 
other 6 patients in whom no crural repair was performed however, esophageal acid 
exposure improved significantly less after initiation of LES-EST compared with patients 
with a hernia <2 cm (P=0.04). This finding shows that normal anatomical anti-reflux bar-
riers are necessary to prevent esophageal reflux. Consequently, electrode implantation 
should be combined with a crural repair in case of a hiatal hernia ≥2 cm to optimize ef-
ficacy. We conclude that LES-EST showed good efficacy and an acceptable safety profile 
and that the remarkable reduction in regurgitation without the risk of dysphagia is an 
important advantage over other existing anti-reflux procedures.
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summary in dutCh (nederlandse samenVatting)

endoscopische echografie

Endoscopische echografie (EUS) kan voor verschillende doeleinden worden gebruikt, 
zowel diagnostisch als therapeutisch. EUS wordt beschouwd als de voorkeursmethode 
voor het diagnosticeren en surveilleren van (kleine) neuroendocriene tumoren van 
het pancreas (PNET’s) bij patiënten met Multiple Endocrine Neoplasia Syndrome Type 1 
(MEN1).1,2 In hoofdstuk 2 rapporteren wij over de groei en incidentie van kleine PNET’s 
gemeten met EUS in een relatief groot cohort van MEN1-patiënten. In totaal werden 38 
patiënten met 226 PNET’s geïncludeerd, de mediane follow-up was 3.2 jaar. Mediane 
grootte van PNET’s was 5.0 mm. De gemiddelde jaarlijkse groei was geringer dan eerder 
werd gedacht (0.10 mm).3 Alleen PNET’s die tijdens de eerste EUS (“prevalente” PNET’s) 
werden gevonden, groeiden significant. Bovendien groeiden alleen PNET’s die bij de 
eerste detectie ≥10 mm waren en slechts 3 PNET’s bij 3 patiënten groeiden tot ≥20 
mm, alledrie waren prevalente PNET’s. Alle PNET’s ≥10 mm die aanleiding gaven tot 
chirurgische resectie waren minder dan 1 jaar voor de operatie ook gevisualiseerd met 
CT/MRI. De jaarlijkse detectie van PNET’s was 0.79 per patiëntjaar. Op basis van deze 
bevindingen raden wij aan om initiële screening en surveillance van PNET’s in MEN1 
patiënten te verrichten met CT/MRI indien patiënten asymptomatisch zijn. Als de symp-
tomen suggestief zijn voor een functionele PNET, adviseren wij om EUS te verrichten 
indien CT/MRI geen PNET laat zien, aangezien EUS de meest gevoelige modaliteit is 
voor het detecteren van kleinere PNET’s.1,4-7 Als screening een PNET van 10-19 mm laat 
zien, wordt surveillance beeldvorming na 6-12 maanden geadviseerd. Als screening 
alleen PNET’s <10 mm laat zien, kan herhaalde beeldvorming na 6-12 maanden nuttig 
zijn om de groei te beoordelen om zo het surveillance-interval te bepalen; in geval van 
een beperkte groei kunnen de intervallen tussen beeldvorming met behulp van CT/
MRI worden verlengd (bijvoorbeeld tot elke 2-3 jaar). Aanvullende EUS moet worden 
overwogen indien er twijfel bestaat over de groei of als de klachten suggestief zijn voor 
een functionele PNET maar er geen PNET wordt gezien bij CT/MRI.

In hoofdstuk 3 hebben we een multicentrische, geblindeerde, gerandomiseerde 
studie uitgevoerd naar de invloed van directe evaluatie (rapid on-site evaluation; ROSE) 
door een cytologisch laborant tijdens EUS-geleide dunne naald aspiratie (fine-needle 
aspiration; EUS-FNA) van lymfeklieren. Interim analyse toonde geen verschil in diagnos-
tische opbrengst of nauwkeurigheid tussen de groepen met ROSE (ROSE+) en zonder 
ROSE (ROSE-) en de inclusie werd stopgezet na 91 patiënten. Er werden geen verschillen 
in belangrijke complicaties of kosten waargenomen. Beperkte pijn na de procedure 
kwam vaker voor na ROSE-. Revisie door de patholoog van monsters duurde langer na 
ROSE- (P<0.001).
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In hoofdstuk 4 hebben we een groot gecombineerd retrospectief en prospectief 
cohortonderzoek uitgevoerd. We evalueerden de waarde van op vloeistof gebaseerde 
cytologie (liquid based cytology; LBC), waarbij het via EUS-FNA verkregen monster in een 
hemolytische oplossing wordt opgevangen, wanneer dit naast cytologie-uitstrijkjes 
(cytology smears; CS) wordt gebruikt. We vonden geen verschillen in diagnostische 
opbrengst en nauwkeurigheid tussen procedures met alleen CS en procedures met CS 
+ LBC. In het prospectieve deel van het onderzoek werd aanvullende LBC na CS-beoor-
deling in 14% van de gevallen door de patholoog als nuttig beschouwd. Op basis van 
het pathologieverslag werd LBC in 26.8% van de procedures als nuttig beschouwd in het 
retrospectieve deel van de studie. Vergeleken met alleen CS was immunohistochemie 
om onderscheid te maken tussen soorten maligniteiten de belangrijkste toegevoegde 
waarde van LBC; OR 4.07 (95% CI 1.16-14.25). LBC kan dus met name nuttig zijn wanneer 
aan een maligniteit wordt gedacht; OR 2.63 (95% CI 1.30-5.28). Het besluit om extra 
materiaal voor LBC te verkrijgen, lijkt maatwerk te vereisen.

Een andere toepassing van EUS is de injectie van ethanol in of rond de plexus coelia-
cus om abdominale pijn bij alvleesklierkanker te behandelen. Injectie wordt uitgevoerd 
tijdens real-time visualisatie van de regio en aangrenzende bloedvaten; aangenomen 
wordt dat deze visualisatie de veiligheid en effectiviteit van de procedure verbeteren. 
Recente studies hebben aangetoond dat individuele ganglia van de plexus coeliacus 
aangeprikt kunnen worden en er is beperkt bewijs voor superioriteit van deze techniek.8 
In hoofdstuk 5 hebben we een studie uitgevoerd in patiënten en menselijke kadavers. 
Eerst hebben we ganglia coeliaca gezocht in 97 opeenvolgende EUS-procedures en in 
83 gevallen konden wij (vermoedelijk) ganglia visualiseren. Na voldoende ervaring te 
hebben opgedaan met het identificeren van ganglia coeliaca werden ganglia gezocht 
in een geprepareerd menselijk kadaver met behulp van een lineaire array echo-endo-
scoop. Histologische kleuring bevestigde dat de geïdentificeerde structuren ganglia 
coeliaca waren. Hierna werden verschillende plexus coeliacus neurolyse (celiac plexus 
neurolysis; CPN) en ganglia coeliaca neurolyse (celiac ganglia neurolysis; CGN) technieken 
uitgevoerd op menselijke kadavers. Vervolgens werden de kadavers in dunne coupes 
gesneden en gefotografeerd. Wij zagen dat de geïnjecteerde ethanol zich, onafhankelijk 
van de toegepaste techniek (CPN of CGN), ver verspreidt buiten de beoogde regio. Een 
specifieke gerichte EUS-CGN lijkt dus onmogelijk. Interessant is dat rechtszijdige ganglia 
zelden werden gevisualiseerd tijdens EUS, terwijl ze werden geïdentificeerd in alle ka-
davers tijdens het prepareren. Hoog-volume EUS-CGN resulteerde in een rechtszijdige 
verspreiding van ethanol waarbij alle ganglia coeliaca betrokken waren, inclusief de 
ganglia die niet gezien waren tijdens EUS. De rechtszijdige spreiding was echter dui-
delijker na bilaterale EUS-CPN. Men zou op basis hiervan kunnen overwegen om een   
rechtszijdige EUS-CPN uit te voeren na EUS-CGN.
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therapeutische endoscopie voor aandoeningen van het bovenste deel van het 
maagdarmkanaal

We hebben verschillende apparaten en technieken getest die zich in verschillende 
stadia van ontwikkeling bevinden naar de standaard klinische praktijk. In hoofdstuk 6 
hebben we een prospectieve haalbaarheidsstudie uitgevoerd naar een nieuwe clip met 
grote diameter voor het preventief dichten van een perforatie die optreedt tijdens en-
doscopische resectie van een subepitheliale tumor (SET). In totaal werd endoscopische 
totale resectie (endoscopic full-thickness resection; eFTR) geprobeerd in 13 SETs bij 12 
patiënten; 6 SETs in de twaalfvingerige darm en 7 SETs in de maag. Endoscopische resec-
tie was succesvol in 11/13 (85%) en alle SETs werden volledig en in één stuk gereseceerd. 
In alle SETs in de twaalfvingerige darm maar in slechts één SET in de maag werd totale 
resectie, gedefinieerd als aanwezigheid van muscularis propria in het resectiepreparaat, 
bereikt. Complicaties kwamen voor in 5/6 procedures in de twaalfvingerige darm. Alle 
complicaties konden worden behandeld zonder chirurgische interventie. Het feit dat 
eFTR in de twaalfvingerige darm onveilig bleek te zijn is teleurstellend, aangezien de 
beschikbare alternatieven aanzienlijke beperkingen hebben met betrekking tot effecti-
viteit en veiligheid. Het uitvoeren van eFTR van SETs in de maag was veel veiliger; er trad 
slechts één milde complicatie op, namelijk pijn. Omdat volledige resectie werd bereikt 
in alle technisch succesvolle procedures en de mediane opnameduur slechts één dag 
bedroeg, wordt eFTR van kleine SETs in de maag als een veelbelovende nieuwe techniek 
beschouwd.

Vernauwingen van de operatienaad na resectie van de distale slokdarm en proxi-
male maag worden primair behandeld met endoscopische dilatatie. Echter, 10% van 
de patiënten heeft een refractaire of recidiverende vernauwing ondanks adequate 
behandeling. Bij deze patiënten zijn alternatieve therapeutische interventies nodig. 
In hoofdstuk 7 hebben we een internationale, multicentrische, open-label gerando-
miseerde vergelijking uitgevoerd van endoscopische Savary-Gilliard bougie dilatatie 
(BD) en tijdelijke metalen stent (SEMS) plaatsing voor refractaire of terugkerende 
vernauwingen van de operatienaad na slokdarmchirurgie. Na inclusie van 18 patiënten 
werd de studie gesloten in verband met trage inclusie. Het gemiddelde aantal dilata-
ties na de initiële behandeling verschilde niet; 2.4 voor de BD-groep versus 5.4 voor 
de SEMS-groep (P=0.159). Zolang de stent ter plaatse van de vernauwing zat, waren 
dilataties voor dysfagie niet nodig. Echter kort na verwijdering van de stent nam het 
aantal episodes van dysfagie waarvoor dilatatie nodig was toe. Verbetering van de 
kwaliteit van leven en patiënttevredenheid was hoger in de SEMS-groep gedurende een 
jaar follow-up. Meer (milde) complicaties deden zich voor in de SEMS-groep. Dit is op 
basis van literatuur waarschijnlijk een toevalsbevinding die wordt veroorzaakt door de 
kleine steekproef. Op basis van bevindingen uit het huidige onderzoek kan tijdelijke 
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SEMS-plaatsing worden overwogen bij patiënten die een tijdelijke rustperiode nodig 
hebben vanwege vermoeiende herhaalde dilataties.

Slokdarmstents kunnen ook worden gebruikt voor andere goedaardige aandoe-
ningen. In hoofdstuk 8 rapporteerden we over een nieuw predictie model om de 
waarschijnlijkheid van succesvolle stent-therapie bij goedaardige oesofageale lekkages, 
perforaties en fistels te berekenen. Gegevens van drie tertiaire ziekenhuizen en een op-
leidingsziekenhuis werden verzameld. Er werden twee groepen gemaakt; één test groep 
(n=145) en één validatie groep (n=59). Vier klinische voorspellers werden opgenomen 
in het model; etiologie van het lek, locatie van het lek, grootte van het lek en basis C-
reactief proteïne (CRP). In het multivariate logistische regressiemodel voorspelden een 
fistel en een defect van >2 cm falen van stenttherapie. Een post-operatieve fistel genas 
slecht tijdens stenttherapie; 16% in de test groep en 0% in de validatie groep. Grote 
defecten (>2 cm) vertoonden een slechte genezing vergeleken met kleine defecten (<1 
cm) in de test groep (46% versus 60%) en validatie groep (41% versus 71%). De algemene 
discriminatieve nauwkeurigheid van het model was 74.1% (ROC-AUC). In de test groep 
was de mediane voorspelde kans op succes 62.6% (range 3.4-88.7%). De mediane voor-
spelde kans op succes was 48.3% (range 3.4% - 86.0%) als stenttherapie gefaald bleek te 
hebben in vergelijking met 66.9% (range 14.7-88.7%) als stenttherapie succesvol was 
gebleken (P<0.001). In de validatie groep bedroeg de ROC-AUC 84.7%. De mediaan 
voorspelde succeskans was 59.7% (range 9.7-86.5%). Bij patiënten waarbij stenttherapie 
had gefaald was de mediane voorspelde succeskans 43.9% (range 9.7-79.1%); bij pati-
enten waarbij de stenttherapie succesvol bleek was de mediane voorspelde succeskans 
65.7% (range 46.7-86.5%) (P<0.001). Bij gebruik van een afkapwaarde van ≥70% voor 
voorspelde kans op succes, was de werkelijke kans op succes 87% in de validatie groep. 
In het geval van een voorspelde succeskans van ≤50% was de waarschijnlijkheid van 
therapie falen 86% in de validatie groep. Met behulp van deze afkapwaarden kan dit 
predictie model een nuttig hulpmiddel zijn voor clinici. Echter, wanneer de voorspelde 
kans op succes tussen 50-70% ligt discrimineert het model slecht en is het waarschijnlijk 
niet bruikbaar voor besluitvorming.

Naast anastomotische stricturen is achalasie ook een oorzaak van goedaardige oes-
ofageale dysfagie. In hoofdstuk 9 hebben we een prospectieve haalbaarheidsstudie 
uitgevoerd waarin de 30 mm EsoFLIP hydraulische dilatatieballon werd gebruikt bij 
tien symptomatische achalasiepatiënten. De geïntegreerde elektroden worden ge-
bruikt voor het uitvoeren van dwarsdoorsnede oppervlaktemetingen in verschillende 
delen van de ballon en het weergeven van de vorm van de ballon in real-time op een 
computerscherm. Door de druk binnen de ballon te meten, kon de distensibiliteit van 
de oesofagogastrische junctie (EGJ) worden berekend. Technisch succes werd in alle 
gevallen bereikt en er werden geen belangrijke bijwerkingen gerapporteerd. Klinisch 
succes, gedefinieerd als een symptoomscore (Eckardt-score) van ≤3 punten, werd be-
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haald in 90% na 1 maand en 70% na 3 maanden. Drie patiënten meldden refractaire of 
terugkerende symptomen; alle drie waren jonge mannen en allen hadden een lage EGJ 
distensibiliteit vlak voor de tweede dilatatie procedure.9,10

Oesofagogastroduodenoscopie geleide plaatsing (EGDP) van nasoduodenale voe-
dingssondes behoort tot de dagelijkse werkzaamheden van elke MDL-arts. Een nadeel 
van EGDP is dat de voedingssonde zonder endoscopische visualisatie opgevoerd wordt 
over de endoscopisch geplaatste voerdraad. In hoofdstuk 10 hebben we een grote, 
multicentrische, gerandomiseerde studie uitgevoerd waarbij de EGPD-techniek werd 
vergeleken met een veelbelovend alternatief: elektromagnetisch geleide plaatsing 
(EMP). In totaal waren 160 patiënten geïncludeerd toen uit de sequentiële analyse geen 
verschillen tussen de twee groepen naar voren kwamen met betrekking tot post-pylori-
sche sondepositie na plaatsing (P=0.72). Een post-pylorische positie werd geobserveerd 
na EMP bij 67 van de 82 (82%) patiënten en na EGDP bij 58 van de 73 (79%) patiënten 
volgens intention-to-treat. EMP was minder vaak succesvol dan EGDP: respectievelijk 
84% versus 95% (OR 3.72; 95% CI 1.10-12.56). 11 van de 69 EGDP-sondes hadden echter 
een pre-pylorische positie op de abdominale röntgenfoto, vergeleken met slechts 2 van 
de 69 na EMP (OR 6.35; 95% CI 1.34-30.15). De mediane proceduretijd was langer voor 
EMP in vergelijking met EGDP: 20 versus 10 minuten (P<0.001). In elke groep deden 
zich 4 complicaties voor. In de EMP-groep vonden 3 van de 4 complicaties plaats na 
herhaalde EGDP. De kosten van EGDP, inclusief alle herhalingsprocedures, waren hoger 
in vergelijking met EMP; $622.49 versus $519.09 (P=0.04).

Een ander onderzoeksgebied waarbij alternatieven worden gezocht om tekortkomin-
gen van endoscopische interventie te overwinnen is gastro-oesofageale refluxziekte 
(GERD). In hoofdstuk 11 hebben we een multicentrisch, internationaal, prospectief on-
derzoek uitgevoerd naar elektrische stimulatie therapie van de onderste slokdarmsfinc-
ter (LES-EST) bij patiënten die niet tevreden waren met de zuurremmende therapie. 44 
patiënten werden geïncludeerd en de 6-maanden gegevens van 41 patiënten waren 
beschikbaar. Er deden zich drie belangrijke complicaties voor; één apparaat gerela-
teerd (erosie van de elektrode door de slokdarm), één procedure gerelateerd (dunne 
darmperforatie) en één niet-verwante complicatie (paroxismale atrioventriculaire no-
dale reentrant tachycardie). Oesofageale zuur expositie waarden waren verbeterd na 3 
maanden (P=0.003) en 6 maanden (P<0.001) follow-up. Na 6 maanden had 63% van de 
patiënten een genormaliseerde zuur expositie of een verlaging van ≥50%. De graad van 
oesofagitis was verbeterd na 6 maanden follow-up (P=0.02). LES-EST had geen invloed 
op eind-expiratoire LES-druk (P=0.73) en LES-rustdruk (P=0.80). Symptoomscores verbe-
terden significant bij zowel de 3 maanden (P<0.001) als 6-maanden (P<0.001) follow-up. 
Zuurbranden en regurgitatie werden teruggebracht tot een mediaan van 0%, zowel 
overdag als ‘s nachts, en 88% van de patiënten gebruikte totaal geen zuurremmende 
therapie meer na 6 maanden follow-up. Een hiatus hernia werd waargenomen bij 25 van 
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de 41 patiënten, van wie er 16 een hernia ≥2 cm hadden. Bij 10 van deze 16 patiënten 
werd een crurale reparatie uitgevoerd en bij deze patiënten werd een verbetering van 
oesofageale zuur expositie vergelijkbaar met patiënten met een hernia <2 cm of zonder 
hernia gezien. Bij de overige 6 patiënten werd geen crurale reparatie uitgevoerd. In 
deze groep verbeterde de oesofageale zuur expositie significant minder na de start van 
LES-EST in vergelijking met patiënten met een hernia <2 cm (P=0.04). Deze bevinding 
toont aan dat normale anatomische anti-reflux barrières nodig zijn om slokdarmreflux 
te voorkomen. Daarom moet elektrode-implantatie worden gecombineerd met een 
crurale reparatie in het geval van een hiatus hernia ≥2 cm.
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aCKnoWledgements (danKWoord)

Lang verwacht maar toch gekomen. Na meer dan vijf jaar klinisch onderzoek is het 
gelukt om het promotietraject tot een succesvol einde te brengen. Iedereen die bij dit 
deel van het proefschrift is aangekomen heeft zich ongetwijfeld door alle voorgaande 
pagina’s heen geworsteld. Ik wil graag een aantal mensen bedanken zonder wie het 
schrijven van dit proefschrift niet mogelijk was geweest. 

In de eerste plaats wil ik de patiënten en hun familie hartelijk danken voor de bereid-
willigheid om deel te nemen aan de verschillende studies, ondanks de spannende en 
onzekere periode waarin velen zich begaven. Zonder uw bewonderenswaardige inzet 
zouden de voorgaande pagina’s allemaal blanco zijn geweest.

Professor dr. P.D. Siersema, het begon allemaal met een telefoontje van u in het najaar 
van 2012. U vroeg of ik per direct wilde starten in Utrecht en ik deed dit, een beslissing 
waar ik nooit spijt van heb gehad. Ondanks het feit dat u een drukbezet man bent, is het 
duidelijk dat u wetenschap belangrijk vindt en hier tijd voor maakt. Regelmatig hebben 
wij overleg gehad en wist u vaak een efficiënte aanpak en oplossing te vinden. Zelfs na 
uw vertrek richting Nijmegen bent u onverminderd betrokken gebleven bij mijn onder-
zoek. Dit is van grote waarde geweest voor het afronden van de promotie en hiervoor 
ben ik u dan ook dankbaar.

Professor dr. F.P. Vleggaar, beste Frank, wat een genoegen dat ik jou als eerste met deze 
recent verkregen titel mag aanschrijven in mijn dankwoord. En dankbaar ben ik. Toen ik 
enkele maanden na mijn start nog zoekende was heb je mij onder je vleugel genomen. 
Wij zijn direct aan de slag gegaan met het opzetten van vele verschillende studies. Het 
feit dat we elkaar nooit afremden heeft geresulteerd in een groot aantal studies waar 
wij onze handen vol aan hadden en hebben. Jij hebt mij geleerd om academisch te 
schrijven, een waardevolle vaardigheid die ik hopelijk nog vaak kan inzetten. Ik verheug 
me er op om binnenkort de endoscopische vaardigheden van je te leren. Hoe jij de 
echo-endoscoop introduceerde in het anatomie laboratorium zal ik niet snel vergeten, 
hopelijk zal dit op de endoscopie kamer niet nodig zijn.

De leden van de beoordelingscommissie prof. dr. B.L.A.M. Weusten, prof. dr. M. Bruno, 
prof. dr. G.D. Valk, prof. dr. G.J.A. Offerhaus en prof. dr. M.R. Vriens wil ik hartelijk danken 
voor het beoordelen van mijn proefschrift en de bereidheid om hierover met mij van 
gedachten te wisselen. 
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Dr. Monkelbaan, beste Jan, jouw eindeloze energie heeft enorm geholpen aan het suc-
cesvol afronden van de Correct-studie. Vele malen hebben we overlegd en hebben we 
op locatie de studie aan de man gebracht. Jouw geduld hierbij was onaantastbaar en 
dat  is bijzonder nuttig gebleken. Ik weet zeker dat ik veel van je zal leren in de kliniek 
de komende jaren.

Dr. Moons, beste Leon, groot van stuk maar zeer beheerst tijdens een endoscopie. Met 
bewondering heb ik gekeken hoe jij met de grootste finesse en rust een echogeleide 
punctie of endoscopische resectie uitvoerde; als ik dit niveau ooit haal zal ik daar trots 
op zijn. Alhoewel je nooit de directe supervisor van een project was, hebben we vele 
studies samen uitgevoerd en wist je altijd heel waardevol commentaar te geven op 
manuscripten.

Dr. Bogte, beste Auke, vele studies hebben wij samen gedaan. Altijd volgde jij zonder 
morren de studie instructies en jij hebt vele manuscripten van commentaar voorzien. 
Jouw vaardigheden, humor en bescheidenheid maken dat je patiënten en collega’s met 
je weglopen. Ik heb onze samenwerking ook altijd als heel prettig ervaren.

Alle overige stafleden en assistenten van de MDL in het UMCU wil ik ook graag hartelijk 
bedanken voor jullie hulp. Het is inspirerend geweest om in zo’n ‘onderzoeksminded’ 
omgeving te hebben gewerkt de afgelopen jaren.

Alle co-auteurs en tevens lokale onderzoekers wil ik graag heel hartelijk danken voor de 
tijd en energie die zij hebben gestoken in de uitvoering van de studies en het kritisch 
lezen van de manuscripten. Het is een voorrecht geweest om met zulke bevlogen artsen 
samen te werken.

De endoscopie afdeling van het UMCU en in het bijzonder Paul, Cora en Marja ben ik 
veel dank verschuldigd voor hun inzet en hulp. Paul, hoe vaak ik jou schichtig naar de 
klok heb zien kijken...mijn dank is groot! Met name de Correct-studie was een logistieke 
puzzel aangezien mijn helden Nynke, Rudy en Denise de helft van de sondes moesten 
plaatsen. In het Sint Antonius Nieuwegein gaat mijn dank uiteraard uit naar Daniëlle, 
Kim en Anja voor het plaatsen van de sondes aldaar!

Linda en Ada, de steunpilaren van de afdeling! Altijd in voor een praatje en altijd bereid 
om mee te kijken naar (on)mogelijkheden in planningen en andere zaken. Hartelijk dank 
voor al jullie hulp de afgelopen jaren en hopelijk de komende jaren!
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Janneke en Marcelline, vele uren hebben wij samen doorgebracht voor verschillende 
studies. Jullie hulp is onmisbaar geweest voor het includeren en vervolgen van de pati-
enten, wat een tijdrovende en soms best heftige klus is geweest. Ik heb altijd met veel 
plezier met jullie gewerkt en vond het daarbij ook altijd leuk om een praatje te maken. 
Helaas zal de MDL-afdeling jullie beiden moeten missen, heel veel succes beiden en 
hopelijk tot ziens! 

Collega onderzoekers, jullie hebben mijn onderzoekstijd zoveel meer gemaakt dan 
promoveren alleen. Daisy, jouw vermogen om efficiënt studies op te zetten, te mana-
gen en dan ook nog om te gaan met monitors vind ik indrukwekkend. Dankbaar heb 
ik meerdere door jou opgezette studies overgenomen. Tim, jouw humor ten aanzien 
van onderzoek is altijd vermakelijk geweest om naar te luisteren. Ik hoop dat we nog 
regelmatig samen mogen werken en als ik er met lichamelijk onderzoek niet uit kom 
weet ik je te vinden. Ik wens jullie samen alle geluk toe, uiteraard ook met de naderende 
gezinsuitbreiding. Erik, jij kon altijd lekker scherp en kritisch afgeven op studies uit de 
European Journal of Crappy Science. Met de recente gezinsuitbreiding en de opleiding 
is het wielrennen er ongetwijfeld een beetje bij ingeschoten. Helaas blijft de kans klein 
dat ik je ooit bij zal houden. Het gemak waarmee je er vandoor ging op de Pyramide was 
een duidelijke boodschap. Vincent, wat hebben we gelachen samen. Soms om elkaar, 
waarbij sarcasme en cynisme niet geschuwd werden. Ik heb er altijd van genoten. Je bent 
een harde werker, gelukkig heeft dat voor jou geresulteerd in een welverdiende elfde 
auteursplaats. Ik hoop dat we elkaar nog vaak zullen tegenkomen in de kliniek. Mike 
van der Have, ik ken weinig mensen die zo onverstoord kunnen werken als jij. Ik denk 
echt dat ik een keer een balletje tegen je hoofd heb gegooid zonder noemenswaardige 
reactie. Je bent een fijne vent om als collega te hebben. Probeer wel kritisch te blijven 
over wie je aanbiedt aan de Intensive Care! Suzanne, jij bent ook een goed voorbeeld 
van een keiharde en gedisciplineerde werker. Alle tumult op de kamer kon jij je voor 
afsluiten en dat heeft geresulteerd in een bliksem promotie. Deze drukte weerhield jou 
er niet van om ook nog fraaie sportieve prestaties te leveren en om de flauwe grappen 
te trotseren. Christine, Captain Barrett. Als er iemand geluk heeft dat fonetisch schrijven 
nooit goed werkt, ben jij het wel. Ik heb jou leren kennen als een bezig bijtje; je wist 
het kroegleven feilloos te combineren met het bewateren van je celletjes op zaterdag. 
Werken met jou is altijd gezellig en gemakkelijk geweest, je neemt geen blad voor de 
mond en bent lekker no nonsense. Binnenkort moeten we maar weer eens borrruluh. 
Jorrit, beste Chukwuma, ik denk dat jij de titel “meest gortdroge persoon ooit” verdient. 
Als het even tegenzit, kon ik altijd met jou samen klagen over het onderzoek op een 
heerlijk droge en cynische manier. Het heeft nooit gelegen aan jouw inzet en discipline, 
die jij ondanks tegenslagen steeds weer op weet te brengen. Ik hoop dat er binnenkort 
een aantal meevallers qua promotie op je pad komen, het is je gegund! Mirjam, de 
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IBDoloog. Ook jij bent een onstopbaar bezig bijtje en ook jij ging in rap tempo door 
je promotie terwijl je allerlei rare sportieve prestaties leverde. Bij jou is er altijd ruimte 
voor een lolletje en is er altijd wat te grinniken. Dat werkt aanstekelijk; Alexander lacht 
nog meer sinds hij bij jou is geweest en komt graag nog eens bij je langs! Faydra, keer 
op keer heb je geprobeerd om ons te enthousiasmeren voor de interne geneeskunde. 
Keer op keer heb ik ervan genoten om te doen alsof het mij totaal koud laat, waarna jij 
een betoog afstak over waarom het heel nuttig is voor een MDL-arts. Je hebt dapper 
weerstand geboden tussen de MDLers en een fraai proefschrift geproduceerd. Jouw 
vastberadenheid is je kracht en ik wens je veel succes, ook met leren fietsen! Joren, als 
allervriendelijkste student hebben wij jou leren kennen. Dat ze jou hebben gehouden is 
een goede keuze geweest, een bescheiden en rustige ijzersterke kracht. Ik heb er geen 
enkele twijfel over dat jij binnenkort je proefschrift succesvol zal verdedigen en dat 
samenwerken met jou de komende jaren een genoegen zal zijn. 

Mijn paranimfen Max en Paul, mijn steunen tijdens onderzoek en daar omheen. Een pa-
ranimf heeft vaak een ceremoniële rol maar in dit geval gaat dat niet op. Max, het komt 
denk ik niet vaak voor dat een paranimf de statistiek beter begrijpt dan de promoven-
dus, maar het zal weinig mensen verbazen dat dit bij ons zeker het geval is. Talloze keren 
heb ik een beroep gedaan op jouw kennis en indrukwekkende inzicht. Daarnaast is het 
altijd gezellig geweest om met jou aan de slag te gaan, behalve toen je een hele syntax 
van SAS naar R ging omzetten terwijl ik er naast zat. Ik vind het mooi dat we elkaar nog 
steeds regelmatig zien en hoop dat dit nog lang zo blijft. Het idee van parttime dag met 
de kinderen op een terras doorbrengen...het kon minder hoor. 

Paul, ik weet nog dat we tijdens mijn wetenschapsstage languit op de bank data aan 
het verwerken waren op het tv-scherm. Gemiste kans dat we dat niet tijdens onze pro-
motie onderzoeken hebben gedaan. Ik vind het heel mooi dat we elkaars paranimf zijn. 
Hopelijk begrijp je mijn proefschrift beter dan dat ik jouw proefschrift begrepen heb. Ik 
ga ervan uit dat ik je tijdens de verdediging niet nodig heb voor de klassieke rol van de 
paranimf, maar anders komt het ook vast goed. 

JC Brút, na al die jaren nog steeds actief. De laatste tijd ben ik, mede door eerder in 
dit proefschrift beschreven studies, wat minder vaak aanwezig maar het feit dat er nog 
regelmatig mensen bij elkaar komen vind ik erg mooi aan onze jaarclub. Ik hoop vanaf 
nu weer makkelijker aan te kunnen sluiten bij borrels en weekenden, al zijn er natuurlijk 
ook al genoeg bruiloften en baby’s op komst natuurlijk!

Heren 28, of was het 27? Of 23? Nou ja, in ieder geval vind ik het altijd fijn om een bal-
letje met elkaar te slaan en een biertje te drinken. Dit is altijd een sportieve afwisseling 



265

Dankwoord

Ch
ap

te
r 1

3

geweest voor werk en promotie. Met verbazing en ontzag kijk ik naar het uithoudings-
vermogen van sommigen, met name tijdens de derde helft. 

Collega arts assistenten en specialisten in het Meander Medisch Centrum, het is een 
voorrecht om de eerste jaren van mijn opleiding tot specialist in zo’n gedreven en 
kundige groep te mogen volgen. Daarnaast wil ik jullie bedanken voor de gezellige en 
open sfeer in de groep, zowel tussen assistenten onderling als tussen assistenten en 
specialisten.

Peter, toen ik kwam wonen in de Apotheek konden we het gelijk goed vinden. We heb-
ben lief en leed gedeeld door de jaren heen en over het algemeen ben je best aardig, 
zolang je niet in de buurt van confetti komt. Er zijn vele veranderingen geweest over de 
jaren met natuurlijk Sylvie, Matthijs en het naderende “Oui” als hoogtepunten. Deson-
danks zien we elkaar gelukkig nog regelmatig. Elies, jouw goede humor en goede smaak 
met betrekking tot whiskey en wijn maken dat iedere avond slaagt. De tijd vliegt voorbij 
wanneer we praten over onderwerpen reikend van wetenschap tot het feit dat je echt 
vrijwillig uroloog wordt. Ik hoop dat er nog velen volgen! 

Lieve schoonfamilie, vanaf het eerste begin heb ik mij altijd welkom gevoeld bij jullie. De 
diverse interesses van iedereen maakt dat er altijd leuke gesprekken worden gevoerd. 
Jullie liefde voor Alexander en bereidwilligheid om bij te springen wanneer de verplich-
tingen ons dreigen te overrompelen waardeer ik zeer. Ik hoop op nog vele gezellige 
familie evenementen de komende jaren. 

Lieve pap en mam, wat ben ik blij met jullie. Waar de wereld je ook mee om de oren 
slaat, op jullie kan ik altijd rekenen. Nog steeds wil ik altijd de grote en de kleine dingen 
met jullie delen en hebben jullie altijd een luisterend oor klaar. Hoe vaak ik gebeld heb 
om te vertellen en soms te klagen over hoe het gaat. Jullie betrokkenheid en interesse 
in mijn leven prijs ik mij gelukkig mee. Mam, ik ben nog iedere dag blij dat je er nog 
bent en hoop dat ik je nog heel erg lang bij ons mag houden. Pap, ik heb altijd veel 
ontzag gehad voor al jouw kennis en intelligentie, als ik later de helft van jouw kennis 
over geneeskunde heb dan komt het wel goed. Het feit dat wij samen boven één van de 
artikelen in dit proefschrift staan maakt mij enorm trots, dat pakken ze ons nooit meer 
af. Alexander boft maar met jullie als opa en oma. 

Lief zussie en Michel, jullie gezelligheid, gastvrijheid en vermogen om als duizend-
poten werk en het gezinsleven te combineren is een knappe prestatie. Ik kijk uit naar 
de vele avonden die over de jaren zullen volgen. Agnes, jouw aanwezigheid bij deze 
avonden is natuurlijk onontbeerlijk! Het blijft afwachten of je vrij kan krijgen natuurlijk. 
Ik ken niemand anders die zo vaak dienst heeft gedaan om anderen een plezier te doen, 
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hulde! Mijn familie aan zowel moeders- als vaderskant ben ik ook dankbaar voor alle 
gezelligheid en saamhorigheid. Ik heb het altijd heel bijzonder gevonden hoe hecht 
onze band is. Dank jullie wel voor jullie interesse in mijn onderzoek en de vele vakanties 
samen!

Lieve Alexander, wat een verrijking van onze levens ben jij. En wat ben je een lief en leuk 
ventje. En wat ben je af en toe een ongelooflijk handenbindertje, vooral wanneer het 
net even echt niet goed uitkomt. Ik geniet er enorm van om te zien hoe jij je iedere dag 
verder ontwikkelt en hoe ondeugend je bent, in dat laatste lijk je onmiskenbaar op je 
moeder. Alhoewel je dit nu nog niet kan lezen en de kans groot is dat je op dit boek gaat 
kauwen als ik het aan je geef, weet dat je een held bent en dat ik heel trots op je ben.

Lieve Margreet, mijn superheld, wat hebben we het goed samen. Vanaf de eerste keer 
dat we elkaar spraken zijn we nooit uitgepraat geraakt. Het is soms jammer dat er maar 
24 uur in een dag zitten. Alhoewel we het laatste jaar behoorlijk druk zijn geweest, heb-
ben we veel om dankbaar voor te zijn. Terugkijkend is het een vergissing geweest dat jij 
eerst gepromoveerd bent, aangezien dit veel te goed ging. “Wij vermaken ons wel” zeg 
ik wel eens als mensen vragen hoe het gaat. Hopelijk kunnen we vanaf nu elkaar nog 
meer gaan vermaken. Ik kan niet wachten om nieuwe avonturen samen met jou en onze 
lieve zoon te beleven!
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artiCle highlights

• Esophageal dysphagia is a commonly reported symptom and is often difficult to 
treat. Achieving adequate intake of drugs is a major challenge for both physicians 
and patients.

• Treatment of choice to enable drug deliverance depends on the cause of the dys-
phagia. In general, treatment of esophageal dysphagia itself is preferable to altering 
medication.

• Curative treatment for malignant dysphagia most often consists of neo-adjuvant 
chemoradiation therapy and esophagectomy. Alternatively, definitive chemoradia-
tion therapy can also be used to cure esophageal cancer. Stent placement, chemo-
therapy and/or (intraluminal) radiotherapy can be used for palliation.

• Dilation is the mainstay of therapy in benign strictures, however recurrence of symp-
toms is common. Wire-guided bougienage is a simple, cost-effective therapy for be-
nign strictures. Recurrent or refractory strictures can be treated with self-expendable 
stent placement or incisional therapy.

• Alteration of medication can be achieved by (temporary) omission, changing the 
formulation or choosing an alternative route of administration. Manipulating medi-
cation is generally not preferred.
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abstraCt

introduction: Esophageal dysphagia is a commonly reported symptom with various 
benign and malignant causes. Esophageal dysphagia can impede intake of oral medica-
tion, which often poses a major challenge for both patients and physicians. The best way 
to address this challenge depends of the cause of dysphagia.

areas covered: The pathophysiology of esophageal dysphagia is discussed, diagnos-
tic tools to determine its cause are reviewed and recent developments in the treatment 
of esophageal dysphagia are discussed. Alternative options to administer medication in 
dysphagia are discussed and the appropriateness of them reviewed.

expert opinion: Two ways can be followed to allow medication intake in patients 
with esophageal dysphagia, i.e. altering medication or resolving dysphagia. The latter is 
generally preferred, since esophageal dysphagia rarely only impedes medication intake. 
Esophageal resection is possible in more advanced esophageal cancer stages due to 
advances in neo-adjuvant therapy. Due to recent improvements in intraluminal radio-
therapy, it can be expected that this will be the primary treatment in a palliative setting. 
Temporary self-expandable metal stent placement is a promising new alternative for 
bougienage in difficult-to-treat benign strictures.
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1. introduCtion

Swallowing is a complex process that requires a precisely coordinated collaboration of 
more than 30 muscles in the oral cavity, oropharynx, hypopharynx and esophagus.1-3 Dis-
turbance of this process may result in difficulty of swallowing, a condition called dyspha-
gia. A distinction is made between oropharyngeal and esophageal dysphagia. Oropha-
ryngeal dysphagia due to dysfunction of the pharynx or upper esophageal sphincter may 
be caused by a neurogenic or myogenic disorder or an oropharyngeal tumor. Esophageal 
dysphagia is caused by either mechanical obstruction or impaired motility.4 Dysphagia 
is considered an alarm symptom, requiring rapid evaluation to determine its cause and 
to initiate appropriate treatment.5,6 New onset dysphagia in elderly patients should not 
be attributed to ageing, since this causes only mild physiologic changes in motility.7-10 
The prevalence of dysphagia ranges from 11% to 16% in the general population over 
the age of 50 years, and up to 60% in nursing home residents.11-15 As approximately 75% 
of patients over 65 years of age use presecription drugs, clinicians are often presented 
with patients that have problems with oral medication intake.16 The aim of this review is 
to discuss possible solutions when confronted with such a challenge. Before choosing 
the appropriate treatment, the cause of dysphagia has to be determined. Oropharyngeal 
dysphagia is an important cause of impeded drug intake. Stegemann et al.17 recently 
reviewed the consequences of the various physiologic changes with increasing age (e.g. 
declining muscle strength, nerve receptor density and response time) and consequently, 
the physiological and clinical implications of these alterations on oropharyngeal func-
tion. Therefore, this review will focus on esophageal dysphagia alone.

2. eValuation of esoPhageal dysPhagia

In malignant disease, narrowing of the esophageal lumen causes esophageal dysphagia 
by physically blocking passage of solids and, to a lesser extent, liquids. Narrowing of 
the esophagus is caused by intrinsic tumor growth or extrinsic tumor compression.18 
Intrinsic esophageal strictures are caused by cancer in the esophagus or at the level of 
the cardia. Extrinsic compression is caused by extra-esophageal cancer, such as lung 
cancer and malignant mediastinal lymphadenopathy. Patients often experience dys-
phagia when the diameter of the esophageal lumen is 12 mm or less (Figure 1).19 At 
that time, the majority of patients with esophageal cancer already has incurable disease 
due to locally advanced disease or distant metastases.20 Benign esophageal dysphagia 
is caused by a stricture or a motility disorder. Common causes of a benign esophageal 
dysphagia include peptic, caustic, anastomotic or radiation induced strictures, Schatzki 
ring, esophageal web, eosinophilic esophagitis (Figure 2) and achalasia.19,21,22 
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To determine the cause of esophageal dysphagia, a careful and detailed history 
plays a pivotal role.23 Esophageal dysphagia for both solids as well as liquids since the 
onset of symptoms is suggestive of a motility disorder, such as achalasia, whereas a 
mechanical cause is more likely if dysphagia for solids preceded dysphagia for liquids.24 
A short history with rapidly progressive dysphagia and profound weight loss suggests 
a malignant obstruction, a more gradual onset and slow progression is suggestive of a 
benign cause. Risk factors for esophageal cancer should be evaluated, such as smoking, 
family history and alcohol abuse.25 Comorbid illnesses (e.g. Parkinson’s disease, diabetes 
mellitus, cerebrovascular events and Zenker’s diverticulum) should also be evaluated.26 
Physical examination will be unremarkable in most patients with esophageal dysphagia 
but lymphadenopathy, particularly in the left supraclavicular fossa (Virchow’s node), 
suggests a malignant cause of dysphagia. Esophagogastroduodenoscopy (EGD) with bi-
opsies of the mucosa is the first investigation in patients with esophageal dysphagia but 

figure 1. Distal esophageal adenocarcinoma before (left) and after (right) placement of fully covered self-
expandable metal stent.

figure 2. Endoscopic features in eosinophilic esophagitis. Endoscopy shows several white exudates (left) 
and longitudinal furrows (right).
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a normal EGD does not exclude pathology and is followed by esophageal manometry if 
the patient’s history suggests a motility disorder.21 A timed barium esophagogram can 
be useful to visualize a stricture, obstruction or stasis in the esophagus.

3. oral drug deliVery in Patients With esoPhageal dysPhagia

Oral drug delivery can be challenging in patients with esophageal dysphagia. Stasis of 
a drug prolonges esophageal drug-transit time, thereby affecting pharmacokinetics 
and decreasing efficacy. For capsules or tablets, delayed transit may lead to premature 
drug-release, which reduces bioavailability and drug degradation. In extended release 
dosage forms, stasis may cause delayed plasma peak concentrations of the drug.27 

Drugs can cause esophageal injury through various pathophysiological mechanisms. 
Esophageal mucosa injury may be caused by a direct irritant effect due to a low pH 
(e.g. tetracycline, emepronium bromide, ferrous sulfate), a prolonged esophageal transit 
time, local chemical esophagitis (e.g. bisphosphonates) or due to affected intracellular 
processes of the tissue at the site of the pill (nonsteroidal anti-inflammatory drugs).28 In 
esophageal dysphagia, local irritant effects of drugs are aggravated by prolonged expo-
sure of the drug to the esophageal wall at the site of the pathological narrowing. Certain 
drugs in particular cause esophageal damage, such as potassium chloride preparations, 
alendronate sodium, ferrous sulfate, antibiotics and NSAIDs.29-31 The relatively large size 
of the tablets (e.g. claritromycin, ibuprofen, alendronate sodium) or adherent surface 
of the drug (e.g. doxycyclin capsules) increase the risk of retention in the esophagus, 
especially in esophageal dysphagia.

Errors in the administration of oral medication are common, with studies reporting 
medication errors in 23% to 38% of hospitalized or institutionalized patients.32-34 Crush-
ing of a tablet or opening a capsule, omission without a valid reason and incorrect 
dosage were the most commonly encountered errors in 30.1%, 27.1% and 23.6% of 
patients, respectively, in a study by Haw et al.33 Furthermore, medication errors were 
observed significantly more often in patients with swallowing difficulties; 37.3% vs. 
20.1% (P<0.0001). In the study by Kelly et al.32 the presence of an enteral feeding tube 
further increased the risk of medication errors compared with patients with dysphagia 
without a feeding tube (56% vs. 25%, respectively).

4. oVerComing the Challenges: relieVing dysPhagia

Treatment of the cause of dysphagia is preferable to altering medication, since dysphagia 
is rarely limited to medication intake alone. Altering medication alone is then insufficient 
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since difficulties with food intake are often even more cumbersome to patients. The 
treatment to relieve esophageal dysphagia depends on the cause of impaired passage.

4.1 malignant strictures

Esophageal resection, often combined with neo-adjuvant chemo- and/or radiotherapy 
to treat micrometastases and downstage the tumor, is the standard curative treatment 
in esophageal cancer.35-40 If patients do not qualify for surgery, definitive chemoradio-
therapy is an alternative potentially curative treatment for esophageal cancer.41 If cura-
tive treatment is not possible, two non-endoscopic treatment modalities can be used to 
relieve malignant esophageal dysphagia, i.e. chemotherapy or radiation therapy. Che-
motherapy is mostly used in metastasized esophageal cancer to palliate dysphagia and 
prolong survival. Combination chemotherapy is more effective than a single-drug regi-
men but increases the risk of toxic effects.42 New biologic agents, such as Trastuzumab 
and Cetuximab, specifically targeted to the Epidermal growth factor receptor (EGFR) may 
improve survival.43,44 Palliative radiotherapy is used to relieve dysphagia and maintain 
long-term locoregional disease control. Radiotherapy can be divided in external beam 
and intraluminal radiation (brachytherapy). Brachytherapy allows for a high radiation 
dose to the luminal side of the tumor with minimal damage to surrounding tissue 
due to a rapid dose fall-off.45,46 In a large randomized controlled trial, brachytherapy 
gave a better long-term relief of esophageal dysphagia than a self-expandable metal 
stent (SEMS) and brachytherapy was recommended if life-expectancy exceeds three 
months.47 However, this conclusion was based on an intention-to-treat analysis while 
45 out of 101 patients that were allocated to brachytherapy also received a SEMS due 
to recurrent or persistent dysphagia. Therefore, the long-term benefit of brachytherapy 
may have been overestimated.48 Stent placement is still frequently used for palliation of 
malignant dysphagia due to the combination of rapid relief of dysphagia and a favor-
able safety profile (Figure 1).49 The stents are partially or fully covered with a silicone or 
polyurethane covering. In partially covered stents, hyperplastic tissue ingrowth at the 
uncovered stent ends prevents migration. However, hyperplastic or tumoral tissue in-
growth may again cause obstruction (3-36% of cases).50-55 Hyperplastic tissue ingrowth 
can be prevented by placing a fully covered stent but migration rates of these stents 
are higher (11-36%) and obstruction still may result from tumor overgrowth (4-24%).55-58 
Comparable efficacy and complication rates among different SEMS have been shown, 
the exception being the partially covered Ultraflex stent (Boston Scientific, Natick, MA), 
with a reported recurrent dysphagia rate of up to 52%.50-55,59 Stent-related complications 
occur in 8-25% and include hemorrhage, retrosternal pain and formation of a fistula.60 
Short-term efficacy and safety of plastic stents is comparable to metal stents, but plastic 
stents showed an increased migration rate in trials by Conio et al.54 (13% vs. 4%) and 
Verschuur et al.55 (29% vs. 12-17%). To overcome the shortcomings of brachytherapy, 
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placing a SEMS loaded with radioactive seeds may be an interesting new option, which 
increased long-term dysphagia alleviation without increasing the risk of major compli-
cations compared with SEMS placement alone in a large randomized trial.61 This is an 
interesting outcome, since single dose brachytherapy combined with biodegradable 
stent placement was found to be associated with an increased risk of major complica-
tions, especially severe retrosternal pain.62

Other endoscopic techniques to relief esophageal dysphagia are rarely used due to 
the favorable results of SEMS.63 Intratumoral injection of ethanol (96%) relieves dyspha-
gia by inducing tumor necrosis but the effect varies widely, from no effect (19-22%) to 
perforation secondary to tissue necrosis (2-3%).64,65 Esophageal dilation therapy using 
wire-guided bougienage or a balloon provides almost instant relief of malignant dys-
phagia and has a limited risk of complications; however, rapid recurrence of dysphagia 
is common.66-68 In photodynamic therapy, a sensitizing agent such as porfimer sodium 
(Photofrin, Pinnacle Biologics Inc., Bannockburn, Australia) is administered systemically. 
Two to three days later, laser light with a specific wavelength (approximately 630 nm) 
is endoscopically applied on the tumor, causing a photo-oxidative reaction leading to 
cell death. Repeat treatment sessions, photosensitivity and expensive equipment are 
drawbacks of this therapy.69 Short-term relief of dysphagia with thermal ablation using 
laser therapy is comparable to stent placement.70-72 However, Gevers et al.70 showed 
that maintaining luminal patency after initial successful recanalization took a mean of 
4.3 ±4.1 sessions. Moreover, compared with other treatment modalities, laser therapy 
is technically more challenging, more expensive, less effective in long strictures and 
more prone to complications (e.g. esophageal perforation, tracheoesophageal fistula 
formation or hemorrhage).65,69,71-73 Argon plasma coagulation is a technique of mono-
polar electrocautery that uses ionized and electrically charged argon gas to destruct 
malignant tissue.74,75 Repeated interventions are often necessary; in a study by Heindorff 
et al.74, 83 patients received 531 treatments with a mean of 6 ±1 sessions per patient.

4.2 benign strictures

Dilation is the mainstay of therapy in benign strictures and alleviates dysphagia in the 
majority of patients (93.5%), but recurrence of the stricture is common.76 Efficacy of 
dilation treatment is determined by the complexity and etiology of the stricture. Simple 
strictures are short (≤2 cm), straight and usually allow passage of a regular diagnostic 
endoscope. Complex strictures are long (>2 cm), angulated, irregular or have a severely 
narrowed lumen. The majority of complex strictures can be passed with a guidewire, 
followed by dilation (Figure 3) but are more often refractory and more likely to recur.19 
Strictures are considered refractory when continuous dilation sessions are required to 
maintain an adequate lumen diameter, when five dilation sessions with a 2-week in-
terval do not result in a lumen diameter of ≥14 mm, or when a satisfactory diameter is 
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figure 3. Post-esophagectomy anastomic stricture before (left) and after (right) bougienage therapy.

not maintained for four weeks after the last dilation.77 Strictures caused by anastomotic 
ischemia, radiation therapy and caustic ingestion comprise most complex strictures.19,76 
Dilation is most often performed with a wire-guided mechanical bougie dilator, such as 
a Savary-Gilliard dilator (Wilson-Cook Medical, Winston-Salem, NC), or a balloon dila-
tor. Despite the theoretical advantages of balloon dilation, treatments proved equally 
effective and safe.78,79 A clear advantage of bougie dilation is that bougie dilators are 
reusable, making bougie-dilation the cost-effective choice.80 Dilation sessions can be 
repeated as necessary, with the goal of achieving a luminal diameter of at least 12 mm, 
but preferably ≥16 mm.

Temporary stent placement has recently been introduced as treatment for benign 
esophageal strictures. The only stent for benign structures that was FDA-approved for a 
long time was the Polyflex stent (Boston Scientific, Natick, MA) but recurrent dysphagia 
due to stent migration is high (23-64%).81-83 Fully covered SEMS are not prone to hyper-
plastic tissue ingrowth and can easily be removed; since SEMS should be removed after 
1-3 months to prevent hyperplastic tissue overgrowth, this is an advantage.84-86 However, 
fully covered SEMS are susceptible to migration (31-39%) and limited data show that 
recurrence of dysphagia after stent removal is common, especially in refractory stric-
tures.56,87-89 Recently, an uncovered biodegradable stent (Ella-BD, Hradec Kralove, Czech 
Republic) was introduced. This stent is made of polydioxanone, which dissolves over a 
period of 2-4 months. Migration rates were approximately 10% in recent trials, but just 
25-45% of patients were dysphagia free for more than six months.83,90,91 Thus, stent place-
ment can be useful but migration, hyperplastic tissue in-/overgrowth and recurrence of 
dysphagia after removal limit the usage to refractory and therapy-resistant strictures. 
Nonetheless, as these patients usually require repeat dilations at a 1- to 2-week interval, 
prolonged dilation with a stent can be considered an advantage.
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Incisional therapy showed a success rate comparable with Savary bougienage as a pri-
mary therapy for esophageal anastomotic strictures in a randomized trial (81% vs. 68%, 
respectively; P=0.26).92 Furthermore, in bougienage-resistant anastomotic strictures, 
incisional therapy using electrocautery with or without argon plasma coagulation can 
be used to alleviate dysphagia.93,94 A drawback of incisional therapy is that it is techni-
cally more challenging than Savary or balloon dilation.

Laparoscopic Heller myotomy (LHM), pneumatic dilation (PD) and, more recently, per-
oral endoscopic myotomy (POEM) are techniques used to decrease the LES-pressure in 
achalasia. In LHM, surgical myotomy is performed from approximately 6 cm proximal of 
the EGJ to 1 cm distal of the EGJ, followed by a Dor fundoplication. Pneumatic dilation 
aims to disrupt the LES by forceful inflation of a balloon, positioned at the EGJ, for a 
certain period of time (Figure 4). In a large trial, LHM and PD proved equally effective 
and safe.95 In a POEM procedure a mucosal entry site at the level of the mid esophagus 
is made, after which a submucosal tunnel is created with an endoscopic knife. The LES is 
then dissected and afterwards the mucosal entry site is closed with hemostatic clips.96-100 
Inoue et al.97 reported a reduction in dysphagia score from 10 to 1.3 (10-point Likert scale) 
and a drop in mean LES-pressure from 52.4 to 19.8 mmHg after POEM (n=17, P=0.0001). 
A recent study reports on a series of a 100 consecutive POEM procedures with a mean 
follow-up of 16 months; 75 of these patients were diagnosed with achalasia. 97.8% of 
achalasia patients was completely dysphagia-free after POEM but approximately 38% 
was later diagnosed with gastroesophageal reflux disease.101

5. oVerComing the Challenges: alteration of mediCation

In patients with esophageal dysphagia for drugs where treatment of the dysphagia is not 
preferred or possible, changing the formulation of a drug or the route of administration 
can be considered. Temporary discontinuation of a drug should be considered if there 

figure 4. Typical EGJ image in achalasia before (left) and after (right) dilation with a 30 mm balloon.
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is no vital indication, especially in case of a treatable cause of esophageal dysphagia 
(e.g. esophageal stricture). If a drug is necessary, other solutions should be considered. 
If there is no dysphagia for liquids, taking the drug with water or other liquids (without 
dissolving the drug beforehand) can be sufficient. If insufficient, changing the formula-
tion of the drug is a possible next step. However, alternative formulations should be 
chosen with careful consideration, since this can affect pharmacokinetics.

If a patient is unable to swallow oral medication, medication can be administered 
through the injectable (intravenous, intramuscular, intracutaneous or subcutaneous), 
inhalatory, buccal, sublingual, rectal, or transdermal route.102-106 The need for nurse sup-
port and dedicated effort to keep the administration route patent, incremental costs 
and the risk of infection generally make the intravenous route an undesirable option for 
long term drug administration.107 Moreover, it is not possible to modify release speed, 
potentially requiring more frequent drug administration which is inconvenient.

Intramuscular, intracutaneous or subcutaneous drug-administration is generally not 
preferable for long term administration since it causes discomfort during administra-
tion.108 Medication delivery through inhalation is effective and safe, but few agents 
are available in this form (e.g. anticholinergics, corticosteroids, β2-adrenergic agonists, 
nicotine).109

Transmucosal drug administration (e.g. buccal, sublingual, nasal, intranasal) adminis-
tration is a very good alternative for oral medication, especially if a rapid effect is desir-
able (e.g. nitroglycerin, opioids), in case of esophageal dysphagia, and in uncooperative 
patients (e.g. geriatric, pediatric, and psychiatric patients). Different formulations are 
available, such as lollipops (e.g. fentanyl), sprays (e.g. nitroglycerin), gels, chewing gums 
(e.g. nicotine) and patches (e.g. testosterone).110-112 Lollipops and patches are particularly 
suitable for extended drug-release at a pre-determined rate. The high vascularity and 
good permeability of the oral mucosa facilitate rapid transmucosal drug uptake.112,113 
Moreover, the direct delivery in the circulation has the advantage of bypassing the he-
patic ‘‘first pass’’ effect and pre-systemic elimination of the drug in the gastrointestinal 
tract, resulting in increased bioavailability of drugs and thus requiring dose adjustment 
when switching from other formulations.114-116 Oral transmucosal formulations cannot 
be used in case of mouth injury, since this affects permeability, or xerostomia and may 
cause mucosal irritation.117 

Orodispersible formulations should be among the first considerations in patients with 
dysphagia since their use is easy and these formulations are inexpensive.118 Orodispers-
ible formulations dissolve in saliva before being absorbed, making them unsuitable for 
patients with xerostomia.102 After dissolvement in saliva, the drug is either absorbed 
transmucosally or swallowed with saliva. The rapid absorption through the oral mucosa 
creates a peak-effect in serum levels, which increases the risk of side-effects. Orodis-
persible formulations that can be swallowed with saliva are useful to overcome these 
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shortcoming but are unsuitable for patients with severe esophageal dysphagia.119,120 
Many orodispersible drugs have an unpleasant taste, requiring sweeteners to mask the 
flavor. Apart from sugar formulations and artificial sweeteners, sorbitol is frequently 
used. However, sorbitol may cause diarrhea due to the osmotic effect on the mucosa of 
the gut.121 

The rectal route is frequently used for systemically administered analgetics (e.g. 
acetaminophen, morphine, aspirin) or benzodiazepines (e.g diazepam), and topically 
administered laxatives (e.g. lactulose).122 The bioavailability with rectal administration 
is high due to a limited hepatic first-pass effect, particularly if a mucoadhesive gel sup-
pository is used.123,124 However, the rectal route is generally unattractive to patients for 
long-term administration.125

Transdermal patches slowly release drugs over an extended period of time. Advan-
tages of transdermal patches are a limited hepatic first pass effect, good adherence, and 
prolonged administration of potent drugs with a short plasma half-life time. Transder-
mal patches are useful for low-dosed drugs such as analgetics, hormones, nicotine and 
nitrates. However, patches are unsuitable for higher dosed drugs due to the relatively 
low permeability of the skin and may cause local skin reaction.102

Manipulation of drugs before administration (e.g. crushing of a tablet or dispersal in 
water) is generally an undesirable option with significant disadvantages. Manipulation 
can affect pharmacokinetic features, therapeutic efficacy and side-effect profile, and can 
result in a distasteful product.126 Moreover, if the chosen method of manipulation is non-
authorised as specified in the summary of product characteristics, then manipulating 
the drug has regulatory implications as well; the resulting product should be considered 
off-label and the manufacturer is not liable for any adverse effects.127 A more suitable 
preparation is often available.128 Modified-release preparations (e.g. naproxen, nife-
dipine, verapamil) are not suitable for crushing (including mastication) or dispersing. 
Manipulation of these drugs affects the modified release properties, thereby increasing 
absorption speed and consequently the clearance from the body which may increase 
the likelihood of side-effects and lead to periods with low serum drug levels.129-131 En-
teric coating is also used for other purposes, e.g. in lansoprazol the enteric coating is 
used to protect the drug from the acidic environment of the stomach and manipulation 
reduces efficacy.126,130,132 In other enteric coated drugs, the coating is used to protect the 
stomach (e.g. diclofenac) or to deliver the drug to the site of action in the more distal 
gastrointestinal tract (e.g. mesalazine or budesonide). Manipulating medication can 
also increase the likelihood of side-effects, especially in drugs with a small therapeutic 
window (e.g. digoxin).132,133 

Enteral feeding tubes can also be used to administer medication in patients with dys-
phagia for solids and liquids. There are various possible sites of tube insertion, i.e. nasal, 
oral or percutaneous, and various sites where the distal tip of the tube can be placed, 
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i.e. stomach, duodenum or jejunum. In general, gastric access is preferred over duode-
nal/jejunal administration since gastric tubes are larger in diameter, the placement is 
cheaper and easier, and the stomach is more tolerant of large volumes and hypertonic 
medications (e.g. concentrated potassium, phosphorus solutions and magnesium).134 
However, the small bowel is preferable in specific cases (e.g. gastroparesis, recurrent 
emesis). Large-bore tubes are less prone to clogging by medication or enteral nutrition 
but cause more discomfort than small-bore tubes.132 

Medication should be administered as a bolus and never be given concomitantly with 
enteral nutrition since these may be incompatible, thereby decreasing drug absorption 
and increasing the risk of tube clogging.135 If a drug should be taken on an empty stom-
ach, enteral feeding through a gastric feeding tube should be stopped 30-60 minutes 
prior to administration of medication and should not be restarted until at least 30 
minutes (but preferably 1-2 hours) afterwards to allow for proper drug absorption.136 
Drug absorption is influenced by the location of the tip of the feeding tube. Although 
most drugs are absorbed in the small intestine, some are absorbed in or have an effect 
on the stomach (e.g. antacids, sucralfate). Furthermore, increased absorption and more 
systemic effects may occur with certain medications if administered in the jejunum (e.g. 
opioids, tricyclic antidepressants, beta-blockers and nitrates).118,137 Other medications 
(e.g. ketoconazole) use gastric acid for optimal absorption and bypassing the stomach 
reduces efficacy.138 Liquid preparations are preferable when available since these are 
absorbed well and are associated with a low tube occlusion rate. Liquid preparations are 
often immediate release and increasing dosing frequency is necessary when switching 
from extended release formulations to a liquid formulation.139 Many liquid preparations 
are hyperosmolar or contain sorbitol, potentially resulting in osmotic diarrhea, espe-
cially if the tube is placed into the small intestine.121,133 Dilution of the hyperosmolar fluid 
with water (a form of compounding) can help to prevent these intestinal side-effects.127 
Solutions with a high viscosity should be avoided since these occlude the tube, e.g. syr-
ups tend to clump or thicken when exposed to enteral nutrition, consequently clogging 
the tube.139 Some drugs (e.g. omeprazole, diltiazem, verapamil and theophylline) are 
available as a multiple-unit pellet system (MUPS). It is possible to control the release of 
the drug more precisely with MUPS formulation than with normal enteric coated drugs 
since small dosages of the drug are packed in multiple pellets.140 Capsules and tablets 
with coated pellets can be opened to administer the pellets through the tube. Thus, 
the first coating is removed and this potentially changes drug absorption characteris-
tics.133,139 However, depending on the coating and the site of the tip of the tube, this is 
not necessarily a problem.
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6. ConClusions

Many patients using oral medication suffer from esophageal dysphagia. Before choosing 
an approach to address esophageal dysphagia, it is important to diagnose the cause. For 
this, a thorough history is indispensable. Since physical examination is usually unremark-
able, an EGD with mucosal biopsies is often necessary. Administration of medication in 
patients with esophageal dysphagia can be achieved either by changing the medication 
formulation or route of administration, or by treating the esophageal dysphagia itself, 
the latter generally being preferable.

Inoperable malignant dysphagia can be alleviated by stent placement, (chemo) radia-
tion or intraluminal radiotherapy. In benign strictures, dilation is the mainstay of treat-
ment. However, temporary stent placement has recently been introduced as a treatment 
for refractory benign strictures. Recurrence of the stricture is common, independent of 
the treatment modality; complex strictures are more susceptible to recurrence than 
simple strictures. Medication can be (temporarily) omitted, administered by using a 
different formulation, administered through an alternative route or by manipulation of 
the pills/ capsules. The latter is generally not preferred and should be chosen only if no 
suitable alternative is available.

7. eXPert oPinion

Ensuring adequate drug intake in patients who suffer from dysphagia remains chal-
lenging, especially as many clinicians are insufficiently aware of the high prevalence of 
dysphagia in the general population. Consequently, inappropriate medication formula-
tions may be prescribed, as physicians often simply assume that patients are able to take 
these.32,33 Physicians should therefore be trained to increase their awareness of impeded 
drug intake due to dysphagia and should be encouraged to proactively enquire about 
dysphagia in patients with an increased risk, such as those hospitalized or institutional-
ized.32-34 Thereafter, careful consideration of the type and formulation of a drug, pref-
erably supported by consulting a pharmacist about alternatives for oral medication if 
necessary, is essential. There is an unmet need for clear and easily accessible guidelines 
to aid prescribing clinicians to investigate the alternatives for oral medication. Such 
guidelines would likely save time for the prescribing physician and increase drug ad-
herence of the patient. Moreover, follow-up of drug adherence by physicians is often 
limited. Physicians should actively ask the patient whether he has drug intake problems 
in order to ensure patients take their medication as intended and to switch to a suitable 
alternative, if necessary.
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A detailed history is indispensable to differentiate between oropharyngeal and 
esophageal dysphagia in a patient with dysphagia for medication. Our standard di-
agnostic work-up for esophageal dysphagia consists of a thorough history, a physical 
examination and esophagogastroduodenoscopy. If an esophageal motility disorder is 
suspected, additional esophageal manometry is indicated as well.21,23-26 As a large pro-
portion of patients with dysphagia are elderly patients living in nursing homes, altering 
medication (formulations) will often be preferred in these patients for practicality. For-
tunately, new medication formulations are constantly being developed and it can be ex-
pected that this will further facilitate the administration of drugs in the future.102,120,124,140 
Inhalatory, transmucosal and transdermal drugs are suitable non-invasive alternatives 
for patients suffering from esophageal dysphagia and continuing innovations of these 
types of formulations will likely result in a wider range of available therapeutics. Enteral 
feeding tube placement provides an important alternative administration route in pa-
tients with dysphagia, especially if dysphagia is expected to be temporary. Therefore, 
pharmaceutical companies should be encouraged to explore formulations specifically 
intended for administration through a feeding tube as tube clogging easily occurs after 
drug administration. Teflon coating at the luminal side of a feeding tube can be useful to 
improve drug passage and reduce the rate of tube obstruction.

Preferably, the cause of esophageal dysphagia should be treated whenever possible 
since dysphagia is usually not limited to swallowing medication alone. In the past years, 
neo-adjuvant chemo- and/or radiotherapy has become increasingly effective for treat-
ing malignant dysphagia. It can expected that this trend will carry on in the coming 
years due to the introduction of more effective neo-adjuvant treatment regimens and 
that consequently, more patients with a malignant obstruction will become eligible for 
curative esophagectomy.35,36 An increased incidence of benign anastomotic strictures 
will likely accrue from this trend, as approximately 40% of patients will develop an anas-
tomotic stricture after esophagectomy.141,142 Future efforts should focus on prevention 
of this complication, e.g. by preventing ischemia during surgery, optimizing surgical 
techniques to prevent anastomotic leakage or by improving post-operative care.141,142

In a palliative setting, brachytherapy is increasingly being used as treatment for 
malignant dysphagia instead of SEMS placement, although data from clinial trials on 
its efficacy are scarce. One could argue that insufficient data are available to show a 
clear benefit of brachytherapy with regard to efficacy and safety, compared with SEMS 
placement. A disadvantage of brachytherapy is the delayed alleviation of dysphagia, up 
to 30 days after treatment. Furthermore, a large proportion of patients (45%) turn out 
to benefit too little from brachytherapy alone, thus requiring placement of a SEMS if 
their condition still allows for such a procedure.47 Therefore, we feel brachytherapy alone 
may be a suboptimal palliative treatment in a subset of patients. Nevertheless, we have 
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witnessed a decline in SEMS placements for palliation of malignant dysphagia in recent 
years, in favor of brachytherapy.

In benign strictures, dilation with Savary-Gilliard bougies or balloons is an easy, safe, 
and inexpensive treatment for benign strictures, but repeat sessions are often needed 
and clinical success is not achieved in approximately 33% of patients.76 The lack of 
comprehensive clinical trials that compare bougienage or balloon dilation to other 
treatment modalities (e.g. stent placement, incisional therapy) leave the clinician with 
insufficient evidence based guidance in bougienage-resistant strictures. In our opinion, 
stent placement may well be a simple, safe and rapidly effective treatment option and 
we expect stents will play an increasing role in bougienage resistant and refractory 
benign strictures in the future.
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