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ABSTRACT

Introduction: endoscopic ultrasound (EUS) is a highly useful technique for the

diagnosis and management of different gastrointestinal (GI) tract conditions.

Objective: to prospectively assess the clinical usefulness of a novel forward-viewing

echoendoscope (FV-CLA).

Methods: this was a cross-sectional observational study. All patients that underwent

EUS over a two-month period were considered for the study. All mediastinal,

perigastric and periduodenal stations were consistently assessed with a rating from 0

to 10 points with regard to the ease to obtain ultrasonographic sections and the

quality of ultrasound images. The identified lesions were punctured when clinically

indicated.



Results: a total of 45 patients were included. EUS was completed in 100% of patients,

with two minor complications recorded. Echoendoscope maneuverability was graded

as “A” (9-10 points), overall plane visibility was graded as “B” (7-8 points) and only

stations 4L and 5 visualization were graded as “D” (< 7 points). Visualization of the

pancreas and the rest of the EUS stations were rated as excellent or very good. The

feasibility to perform EUS-FNA, even from the second portion of the duodenum, was

graded excellent or very good.

Conclusion: the FV-CLA allows a complete, high-quality examination of the upper GI

tract, including EUS-FNA punctures. Some mediastinal stations are hardly accessible

with this new device. A formal validation of the FV-CLA for EUS-guided therapy would

be of interest.
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INTRODUCTION

Endoscopic ultrasound (EUS) was introduced in the early 1980s (1-3) and has had a

strong impact in the management of many diseases. Especially for the preoperative

diagnosis and staging of malignancies (4-8) and the study of the bile duct and benign

pancreatic conditions (9-11). EUS also allows tissue samples to be obtained under real-

time echoendoscopic guidance with fine-needle aspiration (EUS-FNA). Sample

collection is usually performed with a complex echoendoscope that, in contrast to

conventional endoscopes, provides an oblique rather than a forward view image with

respect to the longitudinal axis of the endoscope. Similarly, the ultrasonic plane is also

lateral to the endoscope’s longitudinal axis. Finally, the working channel through which

the fine needle is advanced is also oblique to the endoscope’s longitudinal axis

(oblique-viewing curved linear array, OV-CLA). This complex design allows the needle

and ultrasonic bundle to be on the same plane, which facilitates safe and efficient

punctures. However, this echoendoscope has some limitations from a technical

perspective (12), including an inadequate visualization in a retroflex position. The so-

called push-back phenomenon occurs due to the force that is applied for puncturing

with the needle, which pushes the endoscope backwards due to the angled working



channel. This results in difficulties to advance the therapeutic devices (stents, dilators,

etc.) due to the above-mentioned angled channel and the presence of an elevator at

the tip of the endoscope (12). Recently a forward-viewing curved linear array (FV-CLA)

echoendoscope has been introduced, which might theoretically overcome the above

limitations of OV-CLA devices (13). The FV-CLA provides a forward view (endoscopy

and ultrasound), a working channel that runs parallel (rather than oblique) to the

optics and an ultrasonic plane that is frontal rather than lateral to the tip of the

endoscope (only 90 degrees of US vision). It has been hypothesized that these

differential characteristics may facilitate the performance of EUS-FNA and/or

endoscopic therapy, due to an improved instrument force transmission. These

characteristics make the FV-CLA a highly promising echoendoscope, particularly for

therapeutic procedures (pseudocyst drainage, celiac plexus neurolysis, etc.). However,

the evidence to date of the potential benefit of the FV-CLA over the OV-CLA is scarce

and even the most appropriate indications and locations/stations remain unclear.

There are no reports of the use of this new echoendoscope in the gastroenterology

field. Therefore, this prospective study was performed to assess the clinical

performance of the FV-CLA in the upper GI tract in a systematic and controlled

manner.

MATERIAL AND METHODS

The study was carried out at two university hospitals in the Autonomous Community

of Madrid. The prospectively collected information was stored in a database for

subsequent analysis. The study was approved by the hospital’s ethics committee. A

total of 45 patients were prospectively and consecutively included in the study during

January and February 2016. Inclusion criteria: all patients referred for EUS due to a

clinically established indication. Exclusion criteria: a patient refusal to participate and a

contraindication for sedation. The procedures were performed by three expert

echoendoscopists (JFO, FGP, EVS) with more than five years of experience in EUS and

EUS-FNA with conventional echoendoscopes (OV-CLA) and no prior experience with a

FV-CLA. All participating echoendoscopists routinely use the same model of linear

echoendoscope in their daily practice, the Olympus GF-UC160P OL5 with an Aloka



Model Alpha 5 or 7 ultrasound console.

Information regarding patient baseline characteristics and EUS indication was

collected. The conventional endosonographic stations and most significant structures

explored during EUS were routinely assessed in all patients. These included stations 2,

4L, 5, 7, 8, 9, perigastric and periduodenal space, celiac trunk, gastrohepatic ligament,

pancreatic region, pyloric antrum, gallbladder and the common bile duct. A score was

assigned from 0 to 10 for visualization quality (0 = poor visualization/image and 10 =

best visualization/image) according to a visual analog scale (VAS). Echoendoscope

maneuverability was also assessed using a VAS from 0 to 10, with 0 representing the

poorest maneuverability and 10, the best maneuverability (10 was equivalent to using

a conventional gastroscope). Ratings were grouped together as follows: grade “A” (VAS

score between 9 and 10), grade “B/C” (VAS score between 7 and 8) and grade “D” (VAS

score < 7). The participating echoendoscopists met twice before beginning the study in

order to establish the characteristics of each endosonographic station and the

technical aspects required to assign a score of 0 to 10 on a VAS.

A number of technical aspects of the EUS-FNA procedure performed with the FV-CLA

were also assessed; these included the difficulty of puncturing and needle visibility in

the ultrasonographic plane using a VAS 0-10 (as with the above items). Lesion type and

histopathology, diagnostic accuracy and the rate of adverse events associated with

EUS and EUS-FNA were also documented.

Equipment

A forward-viewing echoendoscope (TGF-UC180J, Olympus® Medical Systems, Japan)

connected to an EU-ME2 ultrasound processor (Olympus® Medical Systems, Japan)

was used in all procedures. Conventional COOK 22G (EchoTip® Ultra ECHO 3-22) and

19G (EchoTip® Ultra ECHO-19) cytology needles were used for the study. EUS-FNA was

performed as per the standard technique and every FNA sample was assessed by an

onsite pathologist.

Statistical analysis



A descriptive analysis was performed of the results obtained. A commercially available

statistical software was used for data analysis (JMP version 7.0.2, SAS Institute Inc.,

Cary, NC). Discrete variables are presented as a percentage with confidence interval

(95% CI) and continuous variables are shown as mean, standard deviation (SD) and

range (or median and interquartile range in the case of non-normally distributed

variables). Statistical analysis were carried out using the Pearson X2 test or Fisher’s

exact test for discrete variables. The analysis of variance or Mann-Whitney U-test was

used for continuous variables, depending on data distribution. Statistical significance

was set at a p value of < 0.05. All authors had access to the final results of the study,

for review and approval.

RESULTS

A total of 45 consecutive patients were included during the study enrollment period.

All EUS procedures included in the statistical analysis were performed in the upper GI

tract. The most common indication was a clinical suspicion of a pancreatic tumor (12

cases, 26.6%) (Table 1).

EUS and EUS-FNA characteristics are listed in table 2. All procedures were carried out

by an expert echoendoscopist and were completed until reaching the second part of

the duodenum without significant difficulties. Lesions were punctured under FV-CLA

guidance according to the present findings in 20 of 45 procedures (45.5%). FV-CLA

manageability was rated overall with an “A” by all three echoendoscopists. Ease of

passage through the oropharynx and overall visibility in the ultrasonographic plane

were rated overall with a “B/C” by the experts involved in the study.

The rating of structure and both thoracic and abdominal station assessment with the

FV-CLA is shown in table 3. Visualization and characterization were rated with an “A”

grade (score of 9-10 over 10) for the mediastinal station 7 (subcarinal), gastrohepatic

ligament, gallbladder, and pancreatic body and neck. Mediastinal stations 4L and 5

(left inferior paratracheal/aortopulmonary window and subaortic, respectively) were

rated with a “D” grade (score < 7 over 10) due to difficulties to obtain an adequate

endosonographic image.



With regard to the difficulty to perform EUS-FNA with the forward-view

echoendoscope (FV-CLA) (Table 4), the overall rating by the expert endoscopists was

grade “B” and needle visibility was also rated with a “B”. Punctures were mainly

performed from the gastric body (40%). However, they were carried out from the

second duodenal portion in 20% of cases and from the duodenal bulb in 15% of

procedures. Other areas where EUS-FNA was performed included the celiac trunk,

gastrohepatic ligament, stations 7 and 8 and the gastric antrum (5% each). Despite the

fact that adenopathies were the lesions that were most commonly punctured (20%),

samples were also taken from solid and cystic lesions in the pancreatic head, uncinate

process, body and tail, among others. Cytopathology results (provided by an on-site

pathologist) included neoplasm (65%), necrosis, pseudocyst and benign lesions (10%

each) and an abscess of an adenopathy in one case. The EUS-FNA diagnostic accuracy

was 90% (18/20 cases, 95% CI: 68-99). Two punctures initially had a negative cytology

and were subsequently diagnosed as malignant by other diagnostic tests. The median

number of needle passes performed during the procedure was 1 (range 1-4).

Adverse events developed in 2.2% of procedures (with or without FNA) (1/45 cases,

95% CI: 0-12%). Mild complications recorded included bleeding as the needle was

withdrawn after the puncture of a pancreatic pseudocyst. This adverse event was

successfully treated by the placement of a fully covered self-expandable metal stent

(complication rate for EUS-FNA, 1/20 cases, 5%, CI: 0-25%).

DISCUSSION

This initial study that systematically assessed the performance characteristics of the

forward-view echoendoscope (FV-CLA) has clearly shown the clinical usefulness and

the diagnostic yield of this new device in our field. This study shows that, in expert

hands, diagnostic accuracy approaches 90% with a complication rate of approximately

2%.

Most studies to date of the use of a FV-CLA have only evaluated uncontrolled cases

(14-16) where areas of interest are not systematically examined during the procedure.

These studies have provided biased data that do not allow an understanding of the

limitations and strengths of this new tool. Despite the fact that some studies have



compared the performance characteristics of the OV-CLA and the FV-CLA (17-19), no

study to date has consistently assessed the usefulness of the FV-CLA at the various

echoendoscopic stations in a prospective cohort of patients.

This study provides a systematic description of the different endosonographic stations

with the FV-CLA by following a pre-established protocol including prospective data

collection. This represents a novel approach compared to previously reported studies.

The rating system by expert echoendoscopists (using a VAS 0-10), even though it may

be considered to be subjective, provides the opinion of experts of the difficulties to

perform endosonographic examinations with this new device.

The degree of flexibility of this novel echoendoscope, which has a wide forward view

(120°), allows the second portion of the duodenum to be easily reached and a number

of intervening stations were studied in all cases. The passage through the oropharynx

does not seem to be particularly difficult, in contrast with reports from other studies

(12). However, the ultrasonographic plane provided by the transducer, which is

narrower than usual (90°), may occasionally provide a suboptimal visibility of the

sonographic plane. This may require angulation of the distal end for an appropriate

visualization of adjacent structures in some stations. This is the case with some of the

structures that can be observed from the esophageal body. For this reason,

mediastinal 4L and 5 stations received the poorest grades by the echoendoscopists.

This suggests that the FV-CLA may not be appropriate for patients requiring FNA in

these mediastinal areas. The gastric cavity provided more space to bend the tip of the

endoscope, which facilitated the desired views, and other structures could also be

reached from the gastric body. These were better visualized as compared to

periesophageal structures. Angulation issues when seeking an appropriate plane may

also occur when studying the bulb and second duodenal portion. However, this

occurred to a lesser extent than in the esophagus in the present prospective study.

Attempting to assess the theoretical advantages of the FV-CLA versus the OV-CLA may

be challenging. We found that, on occasions, the “push back” phenomenon may

persist with the FV-CLA. Even though the working channel runs parallel to the tube,

which should theoretically allow a more effective force transmission when accessing

lesions. The push back effect may lead to an unstable scope position and, together



with the narrower ultrasonic field and the absence of a tip elevator, may result in a

loss of the needle out of the sonographic plane. This makes the puncture a little more

challenging. However, our experience with therapeutic maneuvers such as draining

pancreatic collections, was successful without great difficulty (Fig. 1). This potential

inconvenience did not preclude the performance of EUS-FNA in any of the 20 patients

whose lesions were punctured. This impression is consistent with reports by other

groups who found no differences compared with the OV-CLA (20). Visualization of the

common bile duct has been reported to be more accurate than with an OV-CLA (12).

However, this procedure was graded as a “B/C” in our study, which suggests that bile

duct drainage may not be an appropriate indication for the FV-CLA. However, the

frontal viewing echoendoscope provides excellent views of the gallbladder and

intrahepatic duct (gastrohepatic ligament), so it may become a highly valuable tool to

perform cholecystogastrostomies and hepatogastrostomies in the near future (21).

This is also true for the pancreatic body, where cystogastrostomy may be facilitated by

the direct, frontal access provided by the FV-CLA. However, such potential therapeutic

uses of the FV-CLA must be validated in future prospective studies by comparing the

results with those of the conventional system (OV-CLA). Similarly, it would be

interesting to assess whether the placement of lumen apposing self-expandable metal

stents, such as the AXIOS® stent (Boston Scientific), is easier with a FV-CLA or with an

OV-CLA. Therefore, the friction resulting from stent advancement through the distally

angled working channel in an OV-CLA could be avoided. Twelve lower GI tract

echoendoscopies were performed out-of-protocol with the FV-CLA, although this data

was not included in the analysis. The splenic angle was readily reached in all cases. The

forward view provided by this echoendoscope represents an advantage when the

target lesion is located in the proximal colon, as advancing through the colon may be

safer with the novel forward viewing echoendoscope as compared to the oblique

viewing device (22). Some studies have suggested that this device may be useful for

the study of fibrosis in advanced polyps, which would help to predict the possibilities

of a successful resection (23).

Our study has some limitations which deserve further discussion. Firstly, this was a

pilot study with a relatively small number of patients (n = 45). Furthermore,



heterogeneous lesions were evaluated and EUS-FNA was performed in some cases

from different locations, which may limit the robustness of the conclusions drawn.

Therefore, further prospective, comparative, randomized studies are needed in order

to make definitive conclusions.

In summary, we report, for the first time in our field, the potential usefulness of the

forward-viewing echoendoscope (FV-CLA) for the diagnosis and treatment of lesions in

the GI tract and adjacent structures. The findings of this prospective, controlled study

highlight multiple areas that are better visualized and accessed with this type of

echoendoscope (gallbladder, gastrohepatic ligament, subcarinal region). This may be

important in the future when planning EUS-guided therapies in the aforementioned

areas. Further prospective, randomized studies are needed to verify the potential

superiority of the forward-view echoendoscope over the oblique-view device for

indications such as cholecystogastrostomy or hepatogastrostomy. The promising

results obtained in this preliminary study support the future research in the field.
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Table 1. Baseline characteristics of patients (n = 45)

Characteristics Total

(%)

Median

(IQR 25-

75)

Range

Age (years)

Sex

Male

Female

-

16/45 (35.5%)

29/45 (64.5%)

75

(60-90)

87-41

-

-

EUS/EUS-FNA indication

Pancreatic neoplasm

Pancreas (benign)

Lithiasis

Subepithelial tumor

Biliary cancer

Adenopathy

Adrenal tumor

Pseudocyst/WOPN

Esophageal neoplasm

Gastric neoplasm

12/45 (26.6%)

8/45 (17.8%)

7/45 (15.5%)

7/45 (15.5%)

3/45 (6.6%)

2/45 (4.4%)

2/45 (4.4%)

2/45 (4.4%)

1/45 (2.2%)

1/45 (2.2%)

-

-

IQR: interquartile range; WOPN: walled-off pancreatic necrosis.



Table 2. General characteristics of the procedures

Characteristic Total (%)

Median

(IQR 75-25) Range Grade

Endoscopist

EVS

JFO

FGP

27/45 (60%)

16/45 (35.5%)

2/45 (4.5%)

-

-

-

-

-

-

N/A

EUS

Upper

Lower

45/45 (100%)

0/45 (0%)

- - N/A

FNA

Yes

No

20/45 (45.5%)

25/45 (55.5%)

- - N/A

2nd duodenal portion reached 45/45 (100%) - - N/A

Scope maneuvering

(VAS: 0-10)

9

(8-9)

(5-10) A

Pharynx passage with scope

(VAS: 0-10)

8

(8-9)

(2-10) B/C

Overall ultrasound visibility

(VAS: 0-10)

8

(7-8)

(6-8) B/C

IQR: interquartile range; FNA: fine needle aspiration; VAS: visual analog scale; N/A: not

applicable; EUS: endoscopic ultrasound.



Table 3. Assessment of the thoracic and abdominal structures with FV-CLA

Structure visualization

Median

(IQR 25-75) Range Grade

Thyroid gland

(VAS: 0-10)

8

(7-8)

4-9 B/C

Station 2

(VAS: 0-10)

7

(7-8)

6-8 B/C

Station 4L

(VAS: 0-10)

6

(5-6)

3-8 D

Station 5

(VAS: 0-10)

5

(4-6)

0-7 D

Station 7

(VAS: 0-10)

9

(9-10)

8-10 A

Stations 8/9

(VAS: 0-10)

8

(8-8)

7-9 B/C

Celiac trunk

(VAS: 0-10)

7

(7-8)

6-10 B/C

Gastrohepatic ligament

(VAS: 0-10)

9

(9-10)

8-10 A

Gallbladder

(VAS: 0-10)

10

(10-10)

7-10 A



Common bile duct

(VAS: 0-10)

8

(7-9)

6-10 B/C

Pancreatic tail

(VAS: 0-10)

8

(7-8)

4-9 B/C

Pancreatic body

(VAS: 0-10)

9

(9-10)

7-10 A

Pancreatic neck

(VAS: 0-10)

9

(8-9)

7-9 A

Pancreatic head

(VAS: 0-10)

8

(7-8)

6-8 B/C

Uncinate process

(VAS: 0-10)

7

(7-8)

6-8 B/C

VAS: visual analog scale; IQR: interquartile range.



Table 4. FNA features with FV-CLA

Characteristic Total (%) Median

(IQR 25-75)

Range Grade

FNA

(VAS: 0-10)

8

(7-9)

4-9 B/C

Needle visualization

(VAS: 0-10)

8

(8-10)

5-10 B/C

Scanning position for FNA:

Gastric body

2nd portion duodenum

Duodenal bulb

Celiac trunk

Gastrohepatic ligament

Station 8

Station 7

Gastric antrum

8/20

(40%)

4/20

(20%)

3/20

(15%)

1/20

(5%)

1/20

(5%)

1/20

(5%)

1/20

(5%)

1/20

(5%)

N/A



Type of lesion undergoing FNA:

Adenopathy

Pancreatic head mass

WOPN

Adrenal mass

Pancreatic tail pseudocyst

Common bile duct lesion

Uncinate process mass

Uncinate process cyst

Pancreatic body mass

Pancreatic tail mass

4/20

(20%)

3/20

(15%)

2/20

(10%)

2/20

(10%)

2/20

(10%)

2/20

(10%)

2/20

(10%)

1/20

(5%)

1/20

(5%)

1/20

(5%)

N/A

FNA: fine needle aspiration; IQR: interquartile range; VAS: visual analog score; N/A: not

applicable; WOPN: walled-off pancreatic necrosis.
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Fig. 1. A and B. FV-CLA images showing the drainage of a pancreatic collection that was

identified by endoscopic ultrasound. C-F. The radiographic control shows how the FV-

CLA follows the longitudinal axis of the echoendoscope to reach the collection, rather

than the oblique path seen with a conventional OV-CLA (G).
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