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Introduction
Endoscopic ultrasound (EUS) is utilized for  
minimally invasive diagnostic and therapeutic 
interventions, frequently involving the diagnosis 
and staging of gastrointestinal (GI) malignancies. 
When employed to evaluate GI malignancy or for 
cancer staging, EUS may change clinical manage-
ment in 31% of patients, resulting in less invasive 
and less risky management [Nickl et al. 1996].

Due to the anatomic location of the pancreas pos-
terior to the stomach and to its easy accessibility 
by EUS, EUS has a prominent role in evaluating 
and managing lesions of the pancreas. Endoscopic 

ultrasound-guided fine needle aspiration (EUS-
FNA) is the most sensitive and specific modality 
for the diagnosis of pancreatic cancers, with stud-
ies showing EUS-FNA sensitivity of 80–94%, 
specificity of 97–100% and accuracy of 84–92% 
[Wiersema et al. 1997; Gress et al. 1997; Williams 
et al. 1999; Harewood and Wiersema, 2002; Raut 
et al. 2003; Eloubeidi et al. 2003].

However, EUS equipment is expensive, the proce-
dure duration is comparatively long, the training 
requirements are extensive, and reimbursement is 
not reflective of the discrepancy in procedure length 
and complexity. These factors create a disincentive 
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to the incorporation of EUS into medical centers 
and practice groups. Nevertheless, EUS may have 
comparatively greater downstream health resource 
utilization than other interventional endoscopic 
procedures, including colonoscopy, endoscopic ret-
rograde cholangiopancreatography (ERCP) and 
endoscopic mucosal resection (EMR) [Harewood 
et al. 2009; Atkinson and Schmulewitz, 2009]. We 
sought to examine downstream health resource uti-
lization for patients uniquely referred for EUS, and 
for whom EUS represented the first point of con-
tact within the institution, to determine the relative 
impact by specialty and by procedural indication.

Methods
Study design and population.  The study was a 
retrospective review of EUS procedures performed 
within a 20-month period at a tertiary referral, aca-
demic medical center. The Institutional Review 
Board of Emory University approved the study. All 
patients provided written informed consent for the 
clinical procedures. Downstream health utilization 
was calculated within the 20-month period for the 
patients for whom EUS represented the first point 
of contact. A downstream health service was 
included only if it was a direct result of findings at 
EUS and would not have occurred at the study 
institution in the absence of EUS.

An EUS procedure was considered the first point 
of contact if a patient was referred directly for an 
EUS procedure from outside the study institu-
tion. Patients were included if they had prior care 
at the study institution and this prior care was for 
an unrelated indication (e.g. bone fracture and 
orthopedic surgery 5 years prior to EUS). 
Patients were included if they received an imag-
ing test at the study institution prior to the EUS 
if these patients had been referred from outside 
the study institution for EUS and cross sectional 
imaging was ordered by the consultants in prepa-
ration for the procedure. EUS procedures were 
included as first point of contact for inpatients if 
the transfer request was for endoscopic ultrasound 
or an EUS guided intervention (e.g. pseudocyst 
and pancreatitis). EUS procedures were not 
included if they resulted from internal referral 
within the study institution.

EUS procedures were included if they had been 
performed ≥1 month prior to the end of follow 
up to allow a minimum of 1 month for exami-
nation of intra-institution follow up to have 
occurred.

Downstream health utilization was examined for 
clinic visits including surgery, gastroenterology, 
hematology-oncology, radiation-oncology, nutri-
tion, pain center, psychiatry, endocrine, rehabili-
tation and anticoagulation clinics. Surgeries included 
major operations such as pancreaticoduodenec-
tomy (Whipple procedure) as well as minor opera-
tions such as chemotherapy port placement. 
Endoscopy procedures included EUS, ERCP, endo-
scopic gastroduodenoscopy (EGD) and colonos-
copy. Imaging included computed tomography 
(CT), magnetic resonance imaging (MRI), octreo-
tide scanning, positron emission tomography (PET), 
ultrasound and hepatobiliary iminodiacetic acid 
(HIDA) scan. Interventional radiology procedures 
included percutaneous transhepatic biliary cath-
eter placement, gastrojejunostomy tube place-
ment and peripherally inserted central catheter 
(PICC) line insertion.

Data collection.  Data on patient demographics, 
dates of service utilization, indications, proce-
dural details and endoscopist, as well as down-
stream health resource utilization were abstracted 
from the electronic medical record and were com-
piled to form the study database.

Statistical analysis.  Downstream health utiliza-
tion was examined using descriptive statistics. 
Patients referred for evaluation of pancreatic 
mass lesions were compared with other indica-
tions in terms of downstream surgery, downstream 
chemotherapy and downstream radiation ther-
apy. Noncontinuous variables were compared 
using the Chi-square tests for contingency 
tables. A p value ≤ 0.05 was considered statisti-
cally significant.

Results
The mean patient age at time of EUS procedure 
was 59 years, with a range of 12 to 97 years. There 
were 108 females and 100 males in the subset 
uniquely referred for EUS. The average duration of 
procedure was 35 minutes [standard deviation (SD): 
14 minutes, range: 6 to 76 minutes]. Downstream 
health utilization was calculated over an average of 
313 days following the EUS procedure date (range: 
35 to 632 days).

The majority of EUS procedures were for pancre-
atic indications, and pancreas-related indications 
constituted 56% of the total for first point of con-
tact EUS (117/208). These included pancreatic 
mass (n = 45), pancreatic cyst (n = 41), evaluation 
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of pancreatitis (n = 14), dilated bile duct and/or 
pancreatic duct (n = 12), evaluation/staging of pan-
creatic neuroendocrine tumor (n = 3), celiac plexus 
neurolysis (n = 1) and evaluation/staging of pan-
creatic cancer (n = 1).

A total of 552 EUS procedures were reviewed 
and 208 represented the first point of contact. 
Downstream health utilization for the 208 first 
point of contact EUS cases were represented by 
contacts across the institution across specialties. 
Total conglomerated utilization was represented 
by surgeries (55), clinic visits outside the 
department of gastroenterology (255), additional 
endoscopic procedures (73), interventional 
radiology procedures (31), and imaging tests 
(262) (Table 1).

Of 208 patients for whom EUS represented the 
first point of contact, 108 (52%) were retained at 
the study institution for health services following 
the EUS procedure and 36 (17%) stayed in the 
institution for one or more surgeries. Additionally, 
84 patients (40%) had one or more clinic appoint-
ments; 72 patients (35%) had one or more imaging 
tests; 49 patients (24%) had one or more endo-
scopic or interventional radiology procedures; and 
15 patients (7%) had clinic appointments with 
hematology-oncology, of which 9 (60%) ultimately 
received chemotherapy ± radiation treatment. The 
most frequent downstream clinic appointment was 
at the surgical clinic (47/208 patients, 23%).

Patients referred for evaluation of mass lesions of 
the pancreas were compared with patients referred 
for other indications. Of the patients with a pan-
creatic mass indication, 62% (28/45) were 
retained in the study institution for further man-
agement compared with 39% (63/163) of the 
patients with a nonpancreatic mass indication  
(p = 0.005). Patients with a pancreatic mass indi-
cation were significantly more likely to remain in 
the study institution for surgery, with 29% (13/45) 
having at least one downstream surgery compared 
with 14% (23/168) of patients with a nonpancre-
atic mass indication (p = 0.020). Patients with a 
pancreatic mass indication were also significantly 
more likely to remain within the study institution 
for chemotherapy ± radiation treatment, with 
11% receiving chemoradiotherapy compared 
with 3% (4/163) of patients with a nonpancreatic 
mass indication (p = 0.012) (Figure 1).

Conclusion
EUS is associated with major downstream health 
resource utilization and significant impact across 
subspecialties outside of and within the Department 
of Medicine. Following unique referral for EUS, 
more than half of the patients in the study were 
retained within the study institution for further man-
agement and, of these, 34% had a major intervention 
in the form of surgery or chemoradiotherapy. The 
majority of referrals (56%) were for pancreatic indi-
cations, consistent with the central role played by 

Table 1.  First point of contact EUS procedures (n = 208) and total downstream health utilization by type of 
referral.

Indication 
by organ of 
interest

n Surgeries 
(total)

Clinic 
visits 
(total)

Chemotherapy 
and radiation 
treatments (total)

Endoscopy and 
interventional radiology 
procedures (total)

Imaging 
(total)

Pancreasa 117 31 219 87 56 168
Stomachb 41 9 42 0 16 43
Esophagusc 24 6 10 1 16 15
Duodenumd 10 1 7 0 10 19
Othere 16 8 21 11 6 17
GRAND 
TOTAL

208 55 299 99 104 262

a�Includes indications: pancreatic mass, pancreatic cyst, evaluation of pancreatitis, dilated bile duct and/or pancreatic duct, 
evaluation/staging of neuroendocrine tumor of the pancreas, celiac plexus neurolysis and evaluation/staging of pancreatic 
cancer.

b�Includes indications: gastric mass and gastric ulcer.
c�Includes indications: esophageal mass, evaluation/staging of esophageal cancer, dysphagia, mass in the gastroesopha-
geal junction, periesophageal mass and surveillance/restaging of dysplasia associated with Barrett’s esophagus.

d�Includes indications: duodenal mass, ampullary adenoma, and duodenal ulcer.
e�Includes indications: abdominal pain, abnormal imaging, abdominal mass, celiac lymphadenopathy, diarrhea, mediastinal 
mass and surveillance/restaging of cholangiocarcinoma.



Therapeutic Advances in Gastroenterology 6 (3)

202	 http://tag.sagepub.com

EUS in the evaluation of pancreatic lesions. Patients 
referred for a mass lesion of the pancreas were sig-
nificantly more likely to remain at the study institu-
tion for further management, to receive downstream 
surgery and to receive chemoradiotherapy.

While surgical services, imaging modalities and 
oncology consult services may be available in the 
community, EUS is often underrepresented due to 
high upfront equipment and set-up costs, lengthy 
training requirements and comparatively lower 
reimbursement based on procedure duration. Thus, 
EUS represents a unique portal of entry into ter-
tiary referral centers. In this study, approximately a 
third of all EUS referrals (208/552 patients, 38%) 
were unique and represented the first point of con-
tact within the institution. Many of these patients 
will remain within the institution, over half in this 
study, emphasizing the importance of EUS as a key 
differentiator for referrals for diagnosis, staging 
and therapeutics. A previous study at our institu-
tion demonstrated an accuracy of 91% with EUS-
FNA for tissue diagnosis, emphasizing the high 
fidelity of the technique despite a difficult tertiary 
referral based cohort [Sodikoff et al. 2012].

EUS is probably the best modality for the evalua-
tion of pancreatic lesions and abnormalities. The 
anatomical location of the pancreas immediately 
posterior to the stomach makes it difficult to access 
percutaneously but straightforward for an EUS 
approach. Correspondingly, EUS-guided fine nee-
dle aspiration has been shown to have the greatest 
sensitivity and specificity for the evaluation of pan-
creatic mass lesions [Wiersema et al. 1997; Gress 

et  al. 1997; Williams et  al. 1999; Harewood and 
Wiersema, 2002; Raut et al. 2003; Eloubeidi et al. 
2003]. The key role played by EUS in evaluating 
lesions of the pancreas was characterized in this 
study. Over half of the EUS referrals were for pan-
creatic indications, and patients presenting for 
evaluation of pancreatic mass lesions had signifi-
cantly greater downstream utilization of surgical 
services, oncology and infusion, and radiation 
therapy. This demonstrates the critical role played 
by EUS in centers specializing in the evaluation 
and treatment of pancreaticobiliary disease.

Many patients referred for EUS have additional 
imaging studies performed in the study institu-
tion. MRI is utilized in most cases of pancreatic 
mass lesions for distant staging and for examina-
tion of vasculature that could define a patient as 
locally advanced (e.g. involvement of the superior 
mesenteric artery (SMA)). Whole body PET/CT 
and EUS are used in the study institution protocol 
for the staging of esophageal malignancies. 
Additional imaging studies are frequently per-
formed by oncology or surgery for the follow up of 
patients undergoing chemoradiotherapy or pos-
tresection to assess for remission or recurrence.

There are a number of limitations in this study. 
The study was retrospective and relied on the 
electronic medical record to capture encounter 
data following the initial referral. The study sought 
to examine patients who were uniquely referred 
for EUS and did not evaluate or characterize the 
sizeable cohort of patients for whom EUS did not 
represent the first point of contact. The impact in 
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Figure 1.  Proportion of patients retained in the institution, receiving downstream surgery, and receiving 
downstream chemo-radiotherapy stratified by procedural indication.
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this cohort was not examined. The duration of time 
for characterization of downstream health utiliza-
tion following EUS was also variable, with some 
cases receiving 35 days of follow up and other cases 
receiving over 600 days of follow up. This may have 
underestimated the downstream impact in cases 
with less follow-up time.

Despite high upfront cost, extended training 
requirements and disparate reimbursement, EUS 
has a profound downstream institutional impact 
on medical and surgical subspecialties. As down-
stream utilization does not fall exclusively within 
gastroenterology or within the Department of 
Medicine, a broad, institutional perspective is 
required in evaluating the impact of the procedure. 
The importance of prompt downstream therapeu-
tic and palliative care has been demonstrated in 
cases of pancreatic cancer where coordination of 
surgical, medical-oncology, radiation-oncology, 
radiology, interventional-radiology and gastroen-
terology services are key factors in patient outcome 
[Yamamoto et al. 2008; Gardner et al. 2010]. Such 
a multidisciplinary approach, as illustrated in our 
study, has implications for accountable care organ-
izations that aim to provide coordinated care 
within an integrated delivery system [Enthoven 
and Tollen, 2005]. EUS is a critical component 
for a pancreaticobiliary center, and represents a 
major and probably differentiating portal of entry 
into the system. The aggregate impact of an 
upfront investment in EUS services could be fur-
ther characterized in a prospective trial with an 
institution-level perspective.
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