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INTRODUCTION OF 
CONTRAST‑ENHANCED ENDOSCOPIC 
ULTRASOUND

The general use of  contrast agents  (if  not 
contraindicated) is obvious and has never been 
questioned performing computed tomography  (CT) 
and magnetic resonance imaging  (MRI).[1,2] Why should 
this not be true for ultrasound to analyze vascularity 
and perfusion and thereby the etiology of  pancreatic 
lesions? The introduction of  ultrasound contrast agents 
has strengthened the value of  ultrasound.[3‑6] In 2003, 
contrast‑enhanced endoscopic ultrasound  (CE‑EUS) 
was introduced for the first time.[7,8] CE‑EUS combines 
the advantage of  high‑resolution ultrasound of  internal 
organs with the administration of  ultrasound contrast 
agents.[7,9] In the following years, CE‑EUS has been 
mainly established in the differential diagnosis of  
solid and cystic pancreatic lesions,[5,9‑18] epithelial and 
submucosal tumors of  the gastrointestinal tract,[19,20] 
lymph nodes,[21‑25] and less common applications 
including the biliary tract[26] and vascular indications.[27‑29] 
As has been shown in several studies including a 
recently published multicenter trial with more 
than 1000  patients  (Pancreatic Multicenter Ultrasound 

Study), CE‑US and CE‑EUS improve the diagnostic 
accuracy of  ultrasound techniques for characterization 
of  focal pancreatic lesions.[30‑34]

EARLY DETECTION OF SMALL SOLID 
PANCREATIC LESIONS  (SPLs)

Preoperative diagnosis of  T1 carcinoma  (<20  mm) 
is important for improved survival.[35] Independently 
of  etiology, most small SPLs are detected 
incidentally in asymptomatic patients.[36] In large 
cohorts of  SPL, lesions other than pancreatic 
ductal adenocarcinoma  (PDAC) have rarely been 
reported  (5%–11%).[37,38] In most patients  (up to 95%), 
PDAC is diagnosed late with locally advanced or 
metastatic disease[39,40] with a low overall 5‑year survival 
rate  <5%.[41,42] Due to the fact that the prevalence 
of  both pancreatic neuroendocrine tumors and 
metastases is reported to be only approximately 3%, 
most guidelines do not recommend to exclude other 
pathologies than PDAC before surgery.[34]

EUS is the method of  choice to exclude pancreatic 
neoplasia and to detect and characterize small 
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SPL. [6,30,31,33,34,43‑46] Several studies have shown 
superiority of  EUS in detection and characterization 
of  PDAC.[34,47‑52] This has been strengthened by the 
inclusion of  EUS in the National Comprehensive 
Cancer Network guidelines.[53] The role of  
conventional imaging methods, e.g ., CT and MRI 
in the differential diagnosis of  pancreatic masses, 
was reported to be disappointing.[42,54,55] CT is the 
most used technique for diagnosis and staging of  
pancreatic cancer.[42,43,53,54,56] However, detection of  
SPL  <20  mm is difficult using CT[51,57,58] and CT 
does not reliably allow differential diagnosis.[34,36,59]

The value of  CE‑EUS has been proven in a 
recently published  (SPATEUS) study with data 
of  394  patients  (median age: 61  years; range: 
18–100  years; 158  males and 236  females) with 
small SPL  ≤15  mm and a definite histological or 
cytological diagnosis. The inclusion criteria for this 
retrospective study analysis were small SPL  ≤15  mm, 
which have been detected in asymptomatic 
patients with a final diagnosis based on histology 
or cytology obtained by imaging‑guided biopsy 
and/or surgery.[34] Of  394  patients with small SPLs, 
146  (37%) were finally diagnosed as PDAC  (median 
age: 66  years; range: 31–100  years; 55  males and 
91  females).  All but one patient were operated. In 
the whole population of  small SPL, the PDAC 
prevalence was 146/394  (37%). In the subgroup of  
SPL, measuring exactly 15  mm  (n  =  83), 51 lesions 
proved to be PDAC  (62%). In contrast, only 95 
of  311 SPLs  <15  mm  (31%) were diagnosed to 
be PDAC  (P  <  0.01). Approximately 60% of  small 
SPLs were finally diagnosed with lesions other than 
PDAC, which is important to know before radical 
surgery.[34] In a small subgroup of  patients  (n  =  38), 
we were able to evaluate the contrast behavior of  
PDAC and neuroendocrine tumor  (NET) with CT 
in comparison with CE‑EUS. Noteworthy, in 37% 
of  patients, CT was not able to detect an SPL. This 
might be due to the very small diameter of  these 
lesions (median 8  mm), which however had been 
described and characterized before by EUS and 
CE‑EUS only. According to the small number of  
patients in this subgroup and the retrospective design 
of  the study, this observed suboptimal consistency 
between CT and CE‑EUS enhancement patterns 
must be interpreted with caution. Moreover, contrast 
enhancement patterns with CT might have been 
influenced by sequelae of  the previously performed 
biopsy  (e.g., hemorrhage).

In addition, a meta‑analysis has proved the high 
accuracy of  CE‑US and CE‑EUS to discriminate 
between PDAC and other SPL with a high accuracy 
of  nearly 90%, concluding that CE‑US and CE‑EUS 
should be used as first‑line methods for characterizing 
neoplastic pancreatic lesions.[60]

THE PROBLEMS OF EARLY DETECTION

In patients with solid pancreatic lesions  (SPLs), a 
diameter of   ≥15  mm is predictive of  PDAC and 
in lesions  >25  mm in more than 90% of  patients 
PDAC. A  lesion size  <15  mm is predictive for 
etiologies other than PDAC.[34,58] Therefore, there is a 
need for differential diagnosis of  small SPL. CE‑EUS 
has proven to differentiate PDAC from other SPL by 
analyzing the enhancement pattern.[30,33,34,44,61] PDAC is 
typically hypovascular and, therefore, hypoenhancing 
in all phases because of  the low mean vascular 
density.[6,30,31] The presence of  intratumoral fibrosis 
and necrosis is typical for the highly aggressive 
types with reduced microvascular density and 
perfusion.[34,62] In the SPATEUS study population, 
92% of  PDAC  ≤15  mm were hypoenhancing with 
CE‑EUS.[34]

Most other differential diagnoses of  SPL such as 
NETs,[34,44] solid serous microcystic neoplasia with 
only microscopically detectable cysts mimicking solid 
lesions, metastases  (e.g., of  renal cell cancer), lymphoma, 
mesenchymal tumors, pancreatic neoplasia of  other 
origin, and intrapancreatic accessory spleens usually 
present as iso‑ or hyper‑enhancing masses compared to 
the surrounding pancreatic parenchyma  [Figure  1].[6,30‑33]

SUMMARY

CE‑EUS is mandatory for differential diagnosis of  
SPL. In principle, all SPLs are presumed to be PDAC 
if  not otherwise proven and therefore radical surgery 
is recommended by guidelines[55,63‑65] without biopsy 
and therefore, without prior histological or cytological 
verification unless contraindications are present or a 
strong suspicion of  a specific diagnosis other than 
PDAC is raised due to patients history or ambiguous 
imaging results.[34,55] According to more recent studies, 
all hyperenhancing SPLs are biopsied because they 
are often of  different etiology implying different 
management of  patients.[6,34] EUS‑FNA currently may 
be regarded the “gold standard” of  the final diagnosis 
in small hypervascular SPL.[11‑13,34,52,58,66‑73]



Dietrich and Burmester:  CEUS a must

S108 ENDOSCOPIC ULTRASOUND / VOLUME 6 / SUPPLEMENT 3 / DECEMBER 2017

REFERENCES

1.	 Chiorean  L, Tana  C, Braden  B, et  al. Advantages and limitations of focal 
liver lesion assessment with ultrasound contrast agents: Comments on 
the European federation of societies for ultrasound in medicine and 
biology  (EFSUMB) guidelines. Med Princ Pract 2016;25:399‑407.

2.	 Chiorean L, Cantisani V, Jenssen C, et  al. Focal masses in a non‑cirrhotic 
liver: The additional benefit of CEUS over baseline imaging. Eur J Radiol 
2015;84:1636‑43.

3.	 Claudon  M, Dietrich  CF, Choi  BI, et  al. Guidelines and good clinical 
practice recommendations for contrast enhanced ultrasound  (CEUS) in the 
liver  –  Update 2012: A  WFUMB‑EFSUMB initiative in cooperation with 
representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. Ultrasound 
Med Biol 2013;39:187‑210.

4.	 Claudon  M, Dietrich  CF, Choi  BI, et  al. Guidelines and good clinical 
practice recommendations for contrast enhanced ultrasound  (CEUS) in the 
liver  –  Update 2012: A WFUMB‑EFSUMB initiative in cooperation with 
representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. Ultraschall 
Med 2013;34:11‑29.

5.	 Dietrich  CF, Averkiou  MA, Correas  JM, et  al. An EFSUMB introduction 
into dynamic contrast‑enhanced ultrasound  (DCE‑US) for quantification 
of tumour perfusion. Ultraschall Med 2012;33:344‑51.

6.	 Piscaglia  F, Nolsøe C, Dietrich  CF, et  al. The EFSUMB guidelines 
and recommendations on the clinical practice of contrast enhanced 
ultrasound  (CEUS): Update 2011 on non‑hepatic applications. Ultraschall 
Med 2012;33:33‑59.

7.	 Dietrich  CF, Ignee A, Frey  H. Contrast‑enhanced endoscopic ultrasound 
with low mechanical index: A new technique. Z  Gastroenterol 
2005;43:1219‑23.

8.	 Dietrich  CF. Contrast‑enhanced low mechanical index endoscopic 
ultrasound  (CELMI‑EUS). Endoscopy 2009;41 Suppl 2:E43‑4.

9.	 Fusaroli P, Saftoiu A, Dietrich CF. Contrast‑enhanced endoscopic ultrasound: 
Why do we need it? A foreword. Endosc Ultrasound 2016;5:349‑50.

10.	 Fusaroli  P, Jenssen  C, Hocke  M, et  al. EFSUMB guidelines on 
interventional ultrasound  (INVUS), Part  V  –  EUS‑guided therapeutic 
interventions  (short version). Ultraschall Med 2016;37:412‑20.

11.	 Jenssen  C, Hocke  M, Fusaroli  P, et  al. EFSUMB guidelines on 

interventional ultrasound  (INVUS), Part  IV  –  EUS‑guided interventions: 
General aspects and EUS‑guided sampling  (Short version). Ultraschall Med 
2016;37:157‑69.

12.	 Jenssen  C, Hocke  M, Fusaroli  P, et  al. EFSUMB guidelines on 
interventional ultrasound  (INVUS), Part  IV  –  EUS‑guided interventions: 
General aspects and EUS‑guided sampling  (Long version). Ultraschall Med 
2016;37:E33‑76.

13.	 Hocke  M, Dietrich  CF. New technology  –  Combined use of 3D contrast 
enhanced endoscopic ultrasound techniques. Ultraschall Med 2011;32:317‑8.

14.	 Hocke  M, Dietrich  CF. Vascularisation pattern of chronic pancreatitis 
compared with pancreatic carcinoma: Results from contrast‑enhanced 
endoscopic ultrasound. Int J Inflam 2012;2012:420787.

15.	 Hocke  M, Ignee  A, Dietrich  CF. Contrast‑enhanced endoscopic 
ultrasound in the diagnosis of autoimmune pancreatitis. Endoscopy 
2011;43:163‑5.

16.	 Hocke  M, Ignee A, Dietrich  CF. Three‑dimensional contrast‑enhanced 
endoscopic ultrasound for the diagnosis of autoimmune pancreatitis. 
Endoscopy 2011;43  Suppl  2 UCTN:E381‑2.

17.	 Hocke  M, Ignee A, Dietrich  CF. Advanced endosonographic diagnostic 
tools for discrimination of focal chronic pancreatitis and pancreatic 
carcinoma  –  Elastography, Contrast Enhanced High Mechanical 
Index  (CEHMI) and low mechanical index  (CELMI) endosonography in 
direct comparison. Z  Gastroenterol 2012;50:199‑203.

18.	 Dietrich  CF, Dong  Y, Froehlich  E, et  al. Dynamic contrast‑enhanced 
endoscopic ultrasound: A  quantification method. Endosc Ultrasound 
2017;6:12‑20.

19.	 Ignee A, Jenssen  C, Hocke  M, et  al. Contrast‑enhanced  (endoscopic) 
ultrasound and endoscopic ultrasound elastography in gastrointestinal 
stromal tumors. Endosc Ultrasound 2017;6:55‑60.

20.	 Dietrich  CF, Jenssen  C, Hocke  M, et  al. Imaging of gastrointestinal 
stromal tumours with modern ultrasound techniques – A pictorial essay. 
Z  Gastroenterol 2012;50:457‑67.

21.	 Dietrich CF. Contrast‑enhanced endobronchial ultrasound: Potential value 
of a new method. Endosc Ultrasound 2017;6:43‑8.

22.	 Fusaroli P, Napoleon B, Gincul R, et  al. The clinical impact of ultrasound 
contrast agents in EUS: A systematic review according to the levels of 
evidence. Gastrointest Endosc 2016;84:587‑96.e10.
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