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A Primer on Endoscopic Ultrasound: 
Indications, Techniques, and Future Directions 

Objectives 

Indications – General 
›  Anatomy!!! 

Equipment 
Basics of Ultrasound Imaging 
Indications 

 Staging 
 Diagnosis 
 Therapy 

EUS: A disruptive innovation in endoscopy 
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514% increase 

Peery,	
  A.	
  F.,	
  et	
  al.	
  (2012).	
  "Burden	
  of	
  gastrointesGnal	
  disease	
  in	
  the	
  United	
  States:	
  2012	
  update."	
  Gastroenterology	
  
143(5):	
  1179-­‐1187	
  e1171-­‐1173.	
  

Mediastinum 

 

• Tracheobronchial (4) 
• Subcarinal (7) 
• Aortopulmonary 
window (5) 
• Main bronchial (10) 
• Paraesophageal (8) 
• Pulmonary ligament (9) 

Abdomen Rectum 
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Instruments 

Electronic radial echoendoscope 
Linear array echoendoscope 
High frequency catheter probe 
›  2-3mm catheter that fits through the working channel of a 

therapeutic gastroscope 
›  Adjustable frequency from 12 to 30 MHz 

Radial echoendoscope 

›  360°field of view 
› Adjustable 

frequency 5-12 
MHz 

Linear echoendoscope 

• 150 - 180° field of view, scanning along the long axis of the endoscope 
• Elevator to assist needle guidance 

Needles Imaging Process 

Generator 
emits an 
ultrasonic 
pulse 

The pulse is 
reflected 

An echo 
returns to the 
transducer 

Signal 
transformatio
n 
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Ultrasound Frequencies (MHz) 

The higher the 
frequency, the shorter 
the wavelength 
›  Higher frequency, lower 

depth 
Higher frequencies for 
bowel wall 
Lower frequencies for 
deeper tissues 

Gain 

The signal is amplified in accordance with its transit 
time 
The greater the distance the signal travels, the 
more it is amplified 
Signals are amplified to compensate for the 
attenuation of sound in tissue 

Color Doppler US-specific characteristics 

Echogenicity 
›  Anechoic (cysts/fluid) 
›  Hypoechoic (tumors, scar tissue) 
›  Isoechoic (normal structures) 
›  Hyperechoic (fat, calcifications) 

Shadowing 
›  Acoustic (calcifications) 
›  Through transmission (beyond cysts/vessels) 
›  Reflection (air interference) 

Risks 

Baseline risk of diagnostic EUS similar to upper 
endoscopy 
 
Fine needle aspiration (FNA) 
Overall complication rate 1.1% 

›  0.5% for solid lesions 
›  <1-14% for cystic lesions with/without antibiotics  
›  1.2% pancreatitis  
›  1% of severe bleeding 
›  <1% death 

Bleeding -- 1:1,000 
Perforation -- 1:1,000 
Tumor tracking -- ? 

Indications for EUS 

Staging 
•  Best: Esophagus, Pancreas, Rectum, Lung 
•  Others: Gastric, Duodenal 

Diagnosis 
•  Unexplained abdominal pain 
•  Intramural/Extramural lesions 

Therapies 
•  Celiac block/neurolysis 
•  Drainage procedures 
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Staging 

TNM classification (general) 

T: tumor 
›  T1-T4 

N: node/nodal 
›  N0: no nodes 
›  N1: nodes 

M: metastases 
›  M0:  metastasis not present 
›  M1: metastasis present 

GI tract histology 1st:  bright = 
interface 

2nd:  dark = deep 
mucosa 

3rd:  bright = 
submucosa 

4th:  dark = inner 
MP 

5th:  bright = 
connective tissue 

6th:  dark = outer 
MP 

7th:  bright = 
adventitia/serosa 

T3 esophageal cancer 

Esophageal Leiomyomatosis Accuracy of EUS for locoregional staging 

EUS vs. spiral CT 
›  EUS superior 

EUS vs. PET 
›  PET superior for liver or other distant metastasis 

Modality EUS PET CT 
T staging ü 
Celiac node involvement ü 
Regional lymph node involvement ü 
Liver or other distant metastasis ü ü 
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Esophageal cancer 

Medically fit for 
surgery 

Tis or T1m 
EMR or esophagectomy 

(ablation?) 

T1smN0 Esophagectomy preferred 
for noncervical disease 

T1bN1 or T2-T4, 
N0-1, or Stage IVA 

Preoperative 
chemotherapy for adenoca 

of the GEJ or distal 
esophagus 

Preoperative 
chemoradiation 

NCCN Clinical Practice Guidelines v.1.2009 

T1sm1 

Muscularis propria 

Malignant lymph nodes 

Round 
Greater than 1 cm 
Hypoechoic 
Sharply demarcated 
 
The more features, the 
more predictive of 
malignancy 

Any celiac lymph node 
identified has > 90% 
malignant potential 
Celiac LN > 1cm à 
100% malignant 
potential 

Chen VK, Eloubeidi MA, American Journal of Gastroenterology 2004 
Eloubeidi MA, et al., Gastrointestinal Endoscopy 2001 

Celiac lymph node Rectal cancer 

T1 Rectal Cancer 

Adjuvant chemoradiation is recommended for those 
with advanced locoregional cancers 
›  Extension into perirectal fat: T3N0/T4N0 
›  Involvement of mesorectal/pelvic LN: TxN1/TxN2 
 

Diminished local recurrence, possible survival 
benefit with preoperative radiation 
 

TNM staging of rectal cancer 

National Institutes of Health consensus conference. Adjuvant therapy for patients with colon and rectal cancer. JAMA 
1990; 264:1444-1450. 
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Accuracy ranges from 80-90%* 
 
Superior to CT scan for T staging** 
 
Though MRI with endorectal coils has been shown to 
be comparable , abdominal CT + rectal EUS appears to 
be the most cost-effective staging approach*** 
›  EUS still superior to MRI in distinguishing T1 from T2 

EUS: T staging 

*Wiersema MJ, Harewood GC. Endoscopic ultrasound for rectal cancer. Gastroenterol Clinics N Am 2002; 31:1093-1105. 
**Osti MF, Padovan FS, Pirolli C, et al. Comparison between transrectal ultrasonography and computer tomography with rectal inflation of gas in 
preoperative staging of lower rectal cancer. Eur Radiol 1997; 7:26-30. 
***Harewood GC, Wiersema MJ. Cost-effectiveness of endoscopic ultrasonography in the evaluation of proximal rectal cancer. Am J Gastro 2002; 
97:874-882. 

Inflammatory vs. malignant nodes can be difficult to 
distinguish on EUS 
 
Accuracy of EUS in N staging is 70-75% 
›  Yield decreases in LN < 5mm 

 
EUS-FNA is most helpful in the setting of T1/T2 
disease, where preoperative chemoradiation would 
be utilized for N positive disease 
 

EUS: N staging 

Wiersema MJ, Harewood GC. Endoscopic ultrasound for rectal cancer. Gastroenterol Clinics N Am 2002; 31:1093-1105. 
ASGE guideline: the role of endoscopy in the diagnosis, staging, and management of colorectal cancer. Gastrointest Endoscop 2005; 61(1): 1-7. 

Pancreatic EUS 
Diagnosis and Therapy 

Pancreatic cancer: spinning in our tracks 
1970-1974 2000-2004 

National Cancer Institute, Atlas for Cancer Mortality 

Rising incidence of pancreatic cancer EUS for diagnosing pancreatic cancer 

Patients with suspected PDAC undergoing contrast-
enhanced CT and EUS (n=104) 

 Sensitivity for detecting a pancreatic mass (n=80 PDAC) 
  EUS = 98%   CT = 86%  (p=0.012) 
 Tumor staging accuracy (n=53 undergoing surgery) 
  EUS = 67%   CT = 41%  (p<0.001) 
 Comparable nodal staging accuracy (44% vs. 47%) 

Resectable tumors (n=25): EUS (88%) vs. CT (92%) 
Unresectable tumors (n=28): EUS (68%) vs. CT (64%) 

  

DeWitt J, et al. Ann Int Med 2004 
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EUS-FNA for Pancreatic Adenocarcinoma: 
Limitations 

›  Sensitivity 80-90% (10-20% false negative) 
›  Chronic pancreatitis, 55-75% sensitivity 
›  Diffusely infiltrating tumor 
›  Recent acute pancreatitis  
§ Specimen related issues: necrosis, blood, handling of 

specimen 
§ Cytopathologist: on-site and experience 
§ Cost and availability  
§ Operator dependent 
§ Needle track seeding*** 

Buthany et al.  Endoscopy 2004 
Wallace et al. GCNA 2012 

Tumor tracking with EUS-FNA 

• 150 - 180° field of view, scanning along 
the long axis of the endoscope 
• Elevator to assist needle guidance 

EUS-FNA prior to distal pancreatectomy 

230 patients with PDAC (28%), IPMN (20%), and 
endocrine neoplasms (17%), among others 

 EUS-FNA performed in 179, no EUS-FNA in 51 
 Higher prevalence of PDAC in EUS-FNA group 

(32% vs. 12%) 
 
No differences in: 

 Overall or recurrence-free survival   
 Patterns of tumor recurrence were not associated 

with EUS-FNA. 
 

Beane J, et al., Surgery 2011 

Diagnostic 
applications 

Chronic Recurrent Abdominal Pain (CRAP): 
The Challenge 

Page: 50 of 353Page: 50 of 353 IM: 50 SE: 3IM: 50 SE: 3
Compressed 11:1Compressed 11:1

 cm cm

Page: 37 of 384Page: 37 of 384 IM: 37 SE: 3IM: 37 SE: 3
Compressed 11:1Compressed 11:1

 cm cm

Page: 568 of 616Page: 568 of 616 IM: 40 SE: 300IM: 40 SE: 300
Compressed 8:1Compressed 8:1

 cm cm

Page: 41 of 618Page: 41 of 618 IM: 41 SE: 4IM: 41 SE: 4
Compressed 11:1Compressed 11:1

 cm cm

Pain + Calcific Chronic 
Pancreatitis 

Pain (pancreatic-type) 

Alternative tests for “early” CP 

Endoscopic ultrasound 
›  High sensitivity (80%) 
›  Low interobserver 

reliability 
Pancreatic function 
testing 
›  CCK (acinar cell function) 

or Secretin (ductal cell) 
›  High sensitivity 
›  Time consuming 
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Siwar Albashir, Amer J Gastro, 2010 

Normal pancreas (salt+pepper) 
à normal histology 

Stranding/lobularity à 
perilobular fibrosis 

Mild dilation/hyperechoic duct 
wall à periductal fibrosis 

Intraductal stoneà stone 
material by histology 

Gallbladder pathology 

Gallbladder stones Gallbladder sludge 

Gastric lesions 

Endoscopy Metastatic meningioma 

Intramural lesions 

Gastric duplication cyst 

Pancreatic tumors 

Portosplenic confluence Side branch IPMN 

Left adrenal “incidentaloma” 
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Stones 

Common bile duct stones Pancreatic duct stones 

Pancreatic cysts 

Therapeutic EUS 

EUS-guided celiac plexus neurolysis 

•  Injection of combination local anesthetic 
(e.g., bupivacaine) and highly concentrated 
alcohol facilitates pain management with 
fewer side effects than opiates. 

•  Minor, self-limited common complications 
•  Hypotension 
•  Diarrhea 
•  Pain flare 

•  Rare severe complications may include 
•  Hemorrhage 
•  Spinal cord infarction 

•  Pain reduction can be expected in 75-85% 
of patients within two weeks of the 
procedure, and a minority of patients can 
stop opiates altogether. 

EUS-guided celiac neurolysis 
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Drainage of pancreatic 
fluid collections 

The evolution of a PFC/pseudocyst 

Endoscopic transmural drainage Cystgastrostomy stent 

Is EUS necessary? 

Visible bulge in gastric wall Needle knife w/electrocautery 

EUS-guided drainage of pancreatic fluid 
collections 

Doppler Wall Thickness 
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Avoiding the urgent page… 

GDA overlying the PFC EUS-guided access 

New Directions: Stent Technology 

Fully Covered Metallic Stents with Anchoring Flanges 

Gornals JB, et al. Endoscopy 2012 
Itoi T, et al. GIE 2012 
AXIOS stent, Boston Scientific Corp. 

Transgastric Debridement through indwelling 
stent 

Cystduodenostomy 

Pre-procedure Post-deployment 

Resolution 
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Endoscopic necrosectomy Endoscopic treatment 

Resolution 

Future directions:  
EUS rendezvous 

Acute recurrent pancreatitis post-Whipple 

EUS-pancreatography Anastomotic stricture 

EUS-directed access 

Antegrade wire access Rendezvous 



8/28/15	
  

13	
  

Novel applications 

Brachytherapy 
Sun et al. Endoscopy 2006 

Fiducial placement 

EUS-guided biliary drainage 

Conclusions 

Expanding indications for diagnostic and 
therapeutic EUS 
Most lesions adjacent to or involving the upper GI 
tract and rectosigmoid colon can be accessed via 
EUS 
Excellence requires a team 
›  Anesthesia 
›  Nursing 
›  Technician 
›  Physician 

Thank you 


