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ABSTRACT

Background/Aim: Despite the safety and high diagnostic yield of endoscopic ultrasound guided fine 
needle aspiration (EUS FNA) for the evaluation of gastrointestinal diseases in adults, literature discussing 
the therapeutic use of EUS FNA in pediatrics remains limited. This study reports our experience with the 
use of EUS in children with pancreaticobiliary disorders. Patients and Methods: A retrospective study was 
conducted to evaluate safety, clinical utility, and impact of therapeutic EUS on the management of children 
(<18 years) at a tertiary referral center. Data were collected from January 1, 2011, to April 30, 2014. Patient 
demographics, clinical characteristics, and EUS procedure data were reviewed. Continuous variables were 
described using the mean and standard deviation. Categorical variables were described using frequencies 
and percentages. Results: A total of 6 therapeutic EUS procedures were performed in 5 children (3 F/2 
M). The mean age was 13 years (range 6–17) with a mean body mass index of 28.2 (range 18.5–38.8). The 
indications for EUS procedures were abdominal pain with chronic pancreatitis (3) and management of 
symptomatic pancreaticobiliary cysts/pseudocysts observed on previous imaging (3). All procedures 
were performed under general anesthesia. The 6 therapeutic procedures performed were celiac plexus 
block (3), cyst gastrostomy with stents placement (2), and cyst aspiration using EUS FNA (1). A celiac 
plexus block effectively relieved abdominal pain in 2 patients with chronic pancreatitis. Cyst gastrostomy 
successfully resulted in pseudocyst resolution in the follow up imaging of 2 patients (up to 6 months after 
the procedure). Cyst aspiration with EUS guided FNA resulted in cyst resolution and confirmation of the 
benign nature of the cyst in 1 patient. All the procedures were successfully completed with no reported 
complications. Conclusion: The therapeutic use of endoscopic ultrasound in the pediatric population is 
safe and has a high success rate.
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Endoscopic ultrasound (EUS) is a valuable diagnostic tool 
for the evaluation of gastrointestinal diseases in adults. The 
combination of endoscopic visualization and high‑frequency 
ultrasonographic images of the gastrointestinal tract enable 
advanced diagnostic and therapeutic EUS procedures.[1] The 
main diagnostic indications for EUS are well established in 
adults. These include evaluating pancreatobiliary lesions 
or masses, mediastinal diseases, submucosal lesions of 

the gastrointestinal wall, and luminal and extraluminal 
malignancies.[2] Therapeutic EUS applications are expanding. 
EUS‑guided fine needle aspiration (FNA) and drainage of 
cystic lesions and fluid collections along the gastrointestinal 
tract, particularly in the pancreas, are the most common 
therapeutic procedures. Other innovative EUS therapeutic 
applications are celiac plexus block or neurolysis for 
abdominal pain resulting from chronic pancreatitis or 
pancreatic cancer. EUS‑guided pancreatic and biliary drainage 
is gaining popularity.[2‑5] The safety profile of EUS procedures 
is excellent. Adverse events associated with EUS‑FNA include 
hemorrhage, infection, and pancreatitis. However, these are 
rare and occur in approximately 1%–2% of procedures.[6,7]

Despite established indications for therapeutic EUS in 
adults, literature discussing the therapeutic use of EUS in 
the pediatric population remains limited.[8‑10] This scarcity is 
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mainly due to the relatively low incidence of pancreatobiliary 
and gastrointestinal disorders in children, limitation of 
equipment and trained pediatric gastroenterologists, and 
need for general anesthesia.[8‑10] Most advanced diagnostic 
and therapeutic procedures in pediatric patients are 
performed by advanced endoscopists with extensive 
experience in adults.[8] This is a case series evaluating 
the clinical utility and outcomes of therapeutic EUS in 
the management of gastrointestinal disorders in pediatric 
populations.

PATIENTS AND METHODS

We conducted a retrospective study to evaluate the safety, 
clinical utility, and outcomes of EUS in pediatric patients 
(<18 years old) in a tertiary referral center along the United 
States–Mexico border. The study was approved by the Texas 
Tech University Health Sciences Center Institutional Review 
Board. Data were collected from January 1, 2011 to April 30, 
2014. Patient demographics, EUS indications, details of EUS 
procedures, pathological data, and radiographic data were 
obtained by reviewing existing electronic medical records.

Indications of EUS included celiac plexus block for pain 
control in chronic pancreatitis, cyst gastrostomy with stent 
placement and drainage for pancreatic pseudocyst, and 
EUS‑guided FNA aspiration for simple pancreatic cysts. 
The patients were followed up for 6  months after the 
procedure. Descriptive statistics of the patient and procedure 
characteristics were reported using means and percentages. 
Continuous variables were described using mean and 
standard deviation. Categorical variables were described 
using frequency and percentages.

All procedures were performed by an adult gastroenterologist 
with advanced endoscopy training. GIF‑HQ190 and 
GF‑UC140P endoscopes  (Olympus, Melville, NY, USA) 
were used to perform the procedures. All procedures were 
performed under general anesthesia. One dose of intravenous 
antibiotics was given immediately prior to all procedures. 
A  celiac plexus block was performed by injection of 
bupivacaine (0.25%, 20 mL) and methylprednisolone (80 mg) 
on both sides of the celiac ganglia after identifying the 
celiac artery take off from the aorta. A  cyst gastrostomy 

was performed by the technique described previously 
by Al‑Rashdan et  al., and Jazrawi et  al.[9,11] A Doppler 
examination was used to identify the intervening vascular 
structures along the anticipated needle path. The area of 
interest was punctured using a 19‑gauge FNA needle under 
ultrasonographic and fluoroscopic guidance. Suction with 
a 10 cc syringe was applied. Aspiration of the pseudocyst 
contents was performed. Aspirated liquid material was 
sent for a gram stain, culture, and cytological evaluation. 
A 0.035 mm guide wire was advanced through the needle 
and was allowed to coil several times inside the pseudocyst 
under fluoroscopic guidance. The cyst gastrostomy tract was 
created using needle knife (Olympus America Inc, Center 
Valley, PA, USA) over the guide wire. The tract was then 
dilated with 10 mm with the endoscope balloon (CRE™, 
Boston Scientific, Natick, MA, USA). Two 7‑French 
double pig tail plastic stents (Advanix®, Boston Scientific) 
were placed under endoscopic and fluoroscopic guidance 
for drainage. A  repeat CT scan was performed within 
1  week following the procedure. The stent was removed 
in a subsequent endoscopy session after confirmation of 
pseudocyst resolution.

All patients were monitored for complications throughout 
the procedures and for 6 months thereafter. The following 
complications were particularly monitored: Uncontrolled 
bleeding (defined as need for admission or blood transfusion), 
pancreatitis, gastrointestinal perforation, infection, 
abdominal pain, fever, nausea, and vomiting.

RESULTS

Six EUS procedures  (all upper EUS) were performed in 5 
children  (3  females/2 males). The mean age was 13  years 
(range 6–17  years). Three Hispanic and 2 non‑Hispanic 
white patients were included. The mean weight percentile 
was 58th  (range 10th–99th), and the mean body mass index 
was 28.2  (range 18.5–38.8, percentile range 13th–99th) 
[Table 1]. The indications for EUS were abdominal pain 
with chronic pancreatitis  (3 procedures) and management 
of symptomatic pancreatic cyst or pseudocysts (3 procedures) 
[Figures 1–3] [Table 2]. The three patients with pancreatic 
cysts or pseudocysts presented with abdominal pain. Fever 
was noted in one patient with pseuodcyst. All EUS procedures 

Table 1: Patient characteristics
Gender Age (years) Ethnicity Weight (kg)/percentiles BMI/percentiles Indication

Pt 1 M 16 White 70/77th 22.5/74th Pain control for chronic pancreatitis
Pt 2 F 15 Hispanic 69/90th 32.1/99th Pain control for chronic pancreatitis
Pt 3 M 6 Hispanic 42/99th 25.6/99th Walled off pancreatic necrosis on MRI
Pt 4 F 17 White 47/10th 18.5/13th Pancreatic pseudocyst on CT
Pt 5 F 13 Hispanic 41/16th 38.8/99th Pancreatic cyst on CT
MRI: Magnetic resonance imaging; CT: Computed tomography; BMI: Body mass index
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were performed under general anesthesia. The EUS findings 
included chronic pancreatitis in two patients, a pancreatic 
pseudocyst in two patients, and a simple pancreatic cyst 
in 1 patient. All patients with pancreatitis were diagnosed 

by clinical presentation, abnormal pancreatic enzymes, 
and characteristic imaging findings. The EUS findings in 
patients with chronic pancreatitis included hyperechoic 
strands, hyperechoic foci, and lobularity in the parenchyma 
of the pancreas. The pancreatic duct had hyperechoic walls, 
visible side branches, and a tortuous/ectatic appearance. The 
pancreatic duct measured up to 4 mm in diameter in the body 
of the pancreas. In patient 2, intraductal stones were also noted 
on the EUS examination. The etiology of chronic pancreatitis 
in our patients was not identified. Both patients tested 
negative for genetic mutations in protease, serine, 1(PRSS1), 
cystic fibrosis transmembrane conductance regulator (CFTR), 
or serine protease inhibitor Kazal‑type 1  (SPINK1) genes. 
Absence of genetic mutation in these genes suggests the 
exclusion of common forms of hereditary pancreatitis as the 
cause of their chronic pancreatitis.

Therapeutic procedures included a celiac plexus block 
(3 procedures), cyst gastrostomy with stent placement 
(2 procedures), and cyst aspiration using EUS‑FNA 
(1 procedure). All the procedures were completed successfully 
without any immediate or long‑term complications during 
the follow‑up period (up to 6 months after the procedure).

The celiac plexus block effectively provided relief of 
abdominal pain in the two chronic pancreatitis patients in the 
follow‑up assessments over the 6‑month period. One patient 
with multiple pancreatic duct stones received endoscopic 
retrograde cholangiopancreatography immediately after the 
EUS for stone removal.

EUS cyst gastrostomies with stent placement were successful 
in the two patients with walled‑off pancreatic necrosis and 
pancreatic pseudocysts. The follow‑up abdominal imaging 
after 6 months showed resolution of the previously observed 
fluid collection or necrosis. An EUS-FNA was performed 
in 1 patient with a simple pancreatic cyst. Two passes were 
attempted with a 22‑gauge needle using the transgastric 
approach, and 3 mL of fluid were collected. The fluid was 
purulent, with a possible diagnosis of infected pseudocyst. 
Gram stain and culture of the cyst fluid was negative for 
any bacterial infection, and cytology did not identify any 
malignant cells. This result supported the diagnosis of a 
simple pancreatic cyst. The follow‑up imaging showed 
complete resolution of the cyst after aspiration.

DISCUSSION

Compared with the established role of EUS in adult 
gastrointestinal and pancreatobiliary diseases, EUS 
experience in pediatric patients is rarely reported.[8‑10] 
Although current guidelines indicate that EUS can be used 
in pediatric patients, published studies of pediatric EUS are 
limited to few patients and single‑center trials. Moreover, 

Figure 1: Pancreatic pseudocyst observed on endoscopic ultrasound

Figure 2: Cyst gastrostomy dilation with 10 mm balloon

Figure 3: Cyst gastrostomy stents
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most studies focus on diagnostic indications for EUS, and 
only a few provide information on its therapeutic role.[9‑13] 
We demonstrated 6 successful pediatric therapeutic EUS 
procedures, including a celiac plexus block for pain control 
in chronic pancreatitis, cyst gastrostomy with stent 
placement, and drainage of a pancreatic pseudocyst and 
EUS‑guided FNA aspiration for a simple pancreatic cyst. 
We found that standard EUS equipment and accessories can 
be used in pediatric patients to perform EUS therapeutic 
interventions. We demonstrated that therapeutic EUS 
procedures can be safely performed in pediatric patients as 
young as 6 year olds.

Pseudocysts are the most common pancreatic cysts in the 
pediatric population. Large pseudocysts have a higher risk of 
rupture.[11] A pseudocyst larger than 6 cm or one that persists 
for more than 6 weeks is less likely to resolve spontaneously. 
Therefore, all symptomatic pancreatic pseudocysts require 
therapeutic drainage. EUS‑guided drainage of pancreatic 
pseudocysts is more common in adults because this approach 
has a higher efficacy than percutaneous drainage and 
similar efficacy with less morbidity compared with surgical 
intervention.[2] Jazrawi et al., reported their experience with 
EUS‑guided cyst gastrostomy in 10 pediatric patients.[11] In all 
10 cases, transgastric endoscopic drainage of pseudocysts was 
successfully achieved without any reported complications. 
Three other studies reported their experience in one or 
two cases with good success.[12‑14] Despite the rare nature 
of cyst gastrostomy in children, there is a high success rate 
of the EUS‑guided cyst gastrostomy in our data and other 
published data.[9,11,12]

An EUS‑guided celiac plexus block is used for pain relief 
from chronic pancreatitis, whereas EUS‑guided celiac 
plexus neurolysis is used for pain relief from pancreatic 
cancer.[4] An EUS‑guided celiac plexus block in chronic 
pancreatitis is assumed to be a short‑term intervention 
and results in less durable pain relief compared with a 
celiac plexus neurolysis for pancreatic cancer patients.[2] 
In our study, an EUS‑guided celiac plexus block effectively 
provided temporary relief of abdominal pain up to 
6 months after the procedure.

EUS‑guided therapeutic interventions have a higher 
incidence of complications than other endoscopic 
procedures.[6] Most EUS complications are associated 
with performing therapeutic EUS procedures, including 
immediate perforation, bleeding, infection of the drained 
pseudocyst, and pancreatitis. However, the incidence of these 
complications is rare. EUS safety appears to be comparable 
with percutaneous or surgical approaches. Our series had no 
major complications 6 months after the procedure.

Antibiotic prophylaxis is indicated for adult EUS‑guided 
FNA of cystic lesions but not for solid lesions or lymph 
nodes.[15] In our three EUS‑guided interventions for 
pancreatic cysts and pseudocysts, antibiotics were provided 
prior to the procedures. None of the patients developed a 
fever or other infectious complications.

Another concern of invasive EUS in pediatric patients is 
the route of anesthesia. The current guidelines indicate no 
preference for moderate sedation over general anesthesia 
in pediatric patients.[9] In our study, general anesthesia 
provided significant sedation and maintenance of airway with 
adequate safety and no adverse events in all the pediatric 
patients.

Our limitations include a small number of patients, single 
center study, and limitations associated with a retrospective 
review. It is noteworthy that we had no infant patients in our 
study. In conclusion, the therapeutic use of EUS in pediatric 
patients is safe and effective and has a significant impact 
on the management of pediatric patients with pancreatic 
diseases. It should be considered as part of the therapeutic 
plan in pediatric gastroenterology.
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