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Background: Roux-en-Y gastric bypass (RYGB) is a reliable treatment for obesity, and most of the 
people do lose weight after the surgery. However, there are risks for the failure to lose weight or weight 
regain. One of the primary reasons for weight regain after the RYGB is the size of the anastomosis at the 
gastrojejunostomy (GJ). There is no standard endoscopic technique for the measurement of this anastomosis. 
Consequently, many treatment plans may lead to ineffective intervention. This study was performed to 
identify the most accurate method to measure the luminal diameter of GJ endoscopically. This may allow 
better management of the patients with weight regain after the RYGB.
Methods: Ten subjects were asked to endoscopically measure a ring of known diameter at the end of a 
plastic tube representing the esophagus using four commonly used endoscopic measuring techniques and 
a double channel endoscope. Subjects used (I) visual estimation (VE); (II) instrument reference (IR) to 
biopsy forceps; (III) esophageal dilating balloon (EDB); (IV) ruler made from an endoscopic retrograde 
cholangiopancreatography (ERCP) guide wire tip. The five models were presented in random order. The 
data was collected and saved in the institutional database. 
Results: A total of 10 participants, 9 surgeons and 1 gastroenterologist, participated in the study. 
Endoscopic experience was >1,000 scopes for 4 subjects; 250–500 for 3, and <100 for 3. The VE was the least 
accurate with an average diversion (AD) from the actual diameter of 6.25±4.95 mm (24.2%); followed by IR, 
3.89±3.05 mm (14.8%); then the ruler, 2.4±1.9 mm (9.2%). The balloon measurement was the most accurate, 
with AD of 1.46±0.9 mm (7.2%). Of the 200 total measurements, 8 (4%) were accurate, 142 (71%) were 
underestimating, and 50 (25%) were overestimating. Underestimation was found in 82.5% (33/40) of each of 
the VE and IR methods; while it was less in the ruler method 60% (24/40); and least in the balloon method 
40% (16/40). Additionally, the overestimation was highest in balloon method 55% (22/40), followed by ruler 
method 35% (14/40), then IR 15% (6/40); and lowest in VE 12.5% (5/40). Measurements of the largest 
model diameter (33 mm) were 98% underestimating; while only 2% were overestimating. In the smallest 
diameter model (13 mm), 16% of the measurements were underestimating; 2% were accurate, and 82% were 
overestimating.
Conclusions: Endoscopic VE of anastomosis diameter is the least accurate method of measurement 
leading to the overestimation of the measurements. It is, therefore, highly recommended that endoscopists 
avoid using only VE entirely for the measurement of GJ. More objective methods may be considered for the 
measurement of GJ diameter.

Keywords: Roux-en-Y gastric bypass (RYGB); gastrojejunostomy (GJ); visual estimation (VE); instrument 

reference (IR); endoscopic retrograde cholangiopancreatography (ERCP)
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Introduction

Obesity and its related complications pose a grave threat 
to national and worldwide public health (1,2). More than 
30% of the people worldwide are struggling with obesity 
and its related complications, and nearly 5% of the global 
fatalities are attributed to obesity alone (1,3). According 
to a recent study, if left unattended, more than 50% of the 
world's population will undoubtedly be obese by the end of 
2030 (4). Unfortunately, most of the treatments options for 
the obesity such as dietary adjustment, exercise, cognitive 
behavioral therapy, as well as pharmacotherapy are less 
reliable compared to the surgical interventions, which can 
attain more substantial and sustainable weight loss (1,2).

Over the past few decades, RYGB has emerged as the 
most effective and prominent approach for weight loss in 
morbidly obese individuals (5,6). Although this procedure is 
risk-free and reliable, weight gain can still occur in almost 
20% of the patients undergoing RYGB for obesity (6,7). 
Amongst various factors connected with weight gain after 
the RYGB, diameter of GJ ( due to failing to measure the 
anastomosis size at the GJ site precisely) is one of the most 
vital and also less documented factors (6,8). Currently, 
there seems to be no agreement on exactly how to best 
endoscopically determine anastomosis size at the GJ site 
(2,6). 

As a result of the absence of standardized endoscopic 
measurement techniques of the GJ anastomosis size, 
the subsequent therapies may result in an inefficient 
intervention, therefore causing the weight gain after the 
RYGB (6). The current study aims to identify the most 
accurate method to endoscopically gauge the lumen 
diameter at the anastomosis to permit better management 
of the patients undergoing RYGB.

Methods

The current prospective study was conducted at Case 
Western Reserve University, Cleveland, Ohio. The primary 
objective of the study was to measure a ring of known 
diameter in a standardized plastic model of the esophagus 
and gastric pouch using four commonly used endoscopic 
measuring techniques and a double channel endoscope. A 

total of 10 participants, including 9 general surgeons and 
1 gastrointestinal fellow, were asked to participate in the 
study voluntarily. There was no financial compensation 
to participate in the study, and no repercussions for not 
participating. The demographical data, years of endoscopic 
experience, and the number of endoscopies performed by 
the participants are summarized in (Table 1). 

At the beginning of the study, five plastic models of the 
esophagus and gastric pouch were created (Figure 1). All 
the participants were asked to endoscopically measure the 
rings of a known diameters of 33, 27, 24, 18, and 13 mm, 
respectively (Figures 2,3). Participants used visual estimation 
(VE), instrument reference (IR) to a biopsy forceps, an 18 
mm esophageal dilating balloon (EDB)  as a reference, and 
a 30 mm endoscopic ruler (ER) made from an ERCP guide 
wire tip (Figures 4-6). The 5 models (33, 27, 24, 18, and  
13 mm) were presented in random order. 

Furthermore, the data was collected and transferred to 
the Microsoft Excel (Microsoft Corporation, Redmond, 
Washington) spreadsheet. The measurements obtained were 
analyzed for the average and the standard deviation using 
the basic statistical function of Microsoft Excel (Microsoft 
Corporation, Redmond, Washington). Moreover, the data 
is only shared with the participant and the individuals 
related to the study, and a copy of the data was also saved 
in the institutional database at the Case Western Reserve 
University, Cleveland, Ohio.

Results

A total of 10 participants consisting of 9 surgeons and 
also 1 gastroenterologist (Table 1) performed various 
measurements of GJ model, using VE, IR to a biopsy 
forceps, an 18 mm EDB as a reference, and a 30 mm 
endoscopic ruler (ER) made from an ERCP guide wire tip. 
Following observations were noticed for each category. 

Visual estimation (VA) method

The VE was the least accurate method with an average 
diversion (AD) from the actual diameter of 6.25±4.95 mm 
(24.2%). Based upon the measurements obtained during 
the testing, the maximum difference from the least accurate 
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single measurement was noted to be 22 mm. In the largest 
33 mm ring diameter model, the average measurement 
was observed to be 19.3±6.4 mm, accounting for a  
13.7 mm (42.0%) difference between actual sizes (33 mm) 
and the average measurements. Likewise, in the 27 mm ring 
diameter model, the average measurement was observed 
to be 19.35±6.5 mm, accounting for a 7.65 mm (28.0%) 
difference between actual sizes (27 mm) and the average 
measurements (Table 2). 

Additionally, in 18 mm ring diameter model, the average 
measurement was observed to be 14.85±4.6 mm, accounting 
for a 3.15 mm (18.0%) difference between actual size (18 
mm) and the average measurements. Furthermore, in a 

24 mm ring diameter model, the average measurement 
was observed to be 17.25±5.1 mm, accounting for a  
6.75 mm (28.0%) between actual size (24 mm) and the 
average measurements. Finally, in the smallest 13 mm ring 

Table 1 Demographical data, years of endoscopic experience, and number of endoscopies performed by the participants

Participants initials Gender Specialty of participant Endoscopic procedures performed (N) Years of experience

Participant 1 M Surgery >1,000 N/A

Participant 2 M Surgery <100 0

Participant 3 M Surgery 250–500 0

Participant 4 M Surgery 250–500 2

Participant 5 M Surgery 250–500 2

Participant 6 M Surgery >1,000 N/A

Participant 7 M GI >1,000 0

Participant 8 M Surgery <100 0

Participant 9 F Surgery >1,000 6

Participant 10 M Surgery <100 0

GI, gastrointestinal; N, number; N/A, not available.

Figure 1 Endoscopic set up showing plastic model of esophagus 
(yellow) and gastric pouch (white).

Figure 2 Endoscopic set up showing the participants measuring 5 
plastic models of esophagus and gastric pouch in a random fashion.

Figure 3 Endoscopic set up showing the participants measuring 5 
plastic models of esophagus and gastric pouch in a random fashion.
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Figure 4 Image showing instrument reference to a biopsy forceps.

Figure 5 Image showing an esophageal dilating balloon of 18 mm.

Figure 6 Imagine showing an endoscopic ruler: 30 mm ruler 
made from an ERCP guide wire tip. ERCP, endoscopic retrograde 
cholangiopancreatography.

diameter model, the average measurement was observed 
to be 12.3±3.2 mm, accounting for a 0.7 mm (5.0%) 
difference between actual sizes (13 mm) and the average 
measurements. Furthermore, VA measurements variations 
on different models based on the endoscopic experience of 
the participants are explained in (Table 2). Not surprisingly, 
the underestimation was found in 82.5% (33/40) of each of 
the VE while the overestimation was lowest in VE 12.5% 
(5/40).

IR method

Using IR method, an AD from the actual diameter was 
3.89±3.05 mm (14.8%), an overestimation of was noticed in 
IR 15% (6/40) measurements, while underestimation was 
seen in 82.5% (33/40) of the measurements. Additionally, 
based upon the measurements obtained during the testing, 
the maximum difference from the least accurate single 
measurement was noted to be 19 mm. In the largest 33 

mm ring diameter model, the average measurement was 
observed to be 24.5 mm, accounting for an 8.5 mm (26.0%) 
difference between actual sizes (33 mm) and the average 
measurements. Also, in the 27 mm ring diameter model, 
the average measurement was observed to be 22.1 mm, 
accounting for a 4.9 mm  (18.0%) difference between actual 
sizes (27 mm) and the average measurements (Table 3). 

Similarly, in 18 mm ring diameter model, the average 
measurement was observed to be 16.25 mm, accounting for 
a 1.75 mm (10.0%) difference between actual sizes (18 mm)  
and the average measurements. Furthermore, in a  
24 mm ring diameter model, the average measurement was 
observed to be 20.4 mm, accounting for a 3.6 mm (15.0%) 
difference between actual size (24 mm) and the average 
measurements. Finally, in the smallest 13 mm ring diameter 
model, the average measurement was observed to be  
13.3 mm, accounting for a −0.7 mm (5.0%) between actual 
sizes (13 mm) and the average measurements. Furthermore, 
VA measurements variations on different models based on 
the endoscopic experience of the participants are explained 
in (Table 3).

EDB method

Using the  EDB method,  an  AD from the  actua l 
diameter was 1.46±0.9 mm (7.2%) was noticed, while an 
overestimation of 55% (22/40), and an underestimation of 
40% (16/40) of the measurements was also documented. 
Additionally, the maximum difference from the least 
accurate single measurement was noted to be 10 mm 
on the 33 mm ring model. Additionally, in the largest  
33 mm ring diameter model, the average measurement was 
observed to be 30.7 mm, accounting for a 2.7 mm (8.0%) 
difference between actual sizes (33 mm) and the average 
measurements. Also, in the 27 mm ring diameter model, the 
average measurement noted was 27.8 mm, accounting for 
a −0.8 mm (3.0%) difference between actual sizes (27 mm) 
and the average measurements (Table 4). 

Likewise, in 18 mm ring diameter model, the average 
measurement noted was 19.9 mm, accounting for a −1.9 mm  
(11.0%) difference between the actual sizes (18 mm) and 
the average measurements. Furthermore, in the 24 mm ring 
diameter model, the average documented was observed to 
be 23.5 mm, accounting for a 0.5 mm (2.0%) difference 
between actual size (24 mm) and the average measurements. 
Ultimately, in the smallest 13 mm ring model, the average 
measurement noticed was 14.5 mm, accounting for a  
−1.5 mm (12.0%) difference between actual sizes (13 mm)  
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Table 2 Measurements obtained using visual estimation (VA) method 

Variable 

33 mm ring 
diameter model 
measurement in 

mm

27 mm ring 
diameter model 
measurement in 

mm

18 mm ring 
diameter model 
measurement in 

mm

24 mm ring 
diameter model 
measurement in 

mm

13 mm ring 
diameter model 
measurement in 

mm

Participants

Participant 1 20 21 15 18 16

Participant 2 30 30 25 25 20

Participant 3 12 9 11 10 7

Participant 4 20 20 15 18 11

Participant 5 25 18 14 17 12

Participant 6 25 20 15 20 14

Participant 7 11 11 7 12 10

Participant 8 22 27 18 25 12

Participant 9 14 22 15 12 10

Participant 10 14 15.5 13.5 15.5 11

Average in mm (SD) 19.3 (6.4) 19.35 (6.5) 14.85 (4.6) 17.25 (5.1) 12.3 (3.2)

Difference from the actual 
measurement in mm (%)

13.7 (42.0) 7.65 (28.0) 3.15 (18.0) 6.75 (28.0) 0.7 (5.0)

Participant who performed >1,000 17.5 18.5 13 15.5 12.5

Participant who performed 250–500 19 15.7 13.3 15 10

Participant who performed <100 22 24.2 15.5 21.8 14.3

SD, standard deviation; mm, millimeter.

and the average measurements.  Furthermore,  VA 
measurements variations on different models based on the 
endoscopic experience of the participants are explained in 
(Table 4). 

ER method

Using the ER method, an AD from the actual diameter was 
2.4±1.9 mm (9.2%) was noticed, while an overestimation 
of 35% (14/40), and an underestimation of 60% (24/40) 
of the measurements was also documented. Additionally, 
the maximum difference from the least accurate single 
measurement was noted to be 23 mm on the 33 mm ring 
model. Additionally, in the largest 33 mm ring diameter 
model, the average measurement was observed to be 28 
mm, accounting for a 5 mm (15.0%) difference between 
actual sizes (33 mm) and the average measurements. Also, in 
the 27 mm ring diameter model, the average measurement 
noted was 25.4 mm, accounting for a 1.6 mm (6%)  

difference between actual sizes (27 mm) and the average 
measurements (Table 5). 

Likewise, in 18 mm ring diameter model, the average 
measurement noted was 16 mm, accounting for a 2 mm 
(11%) difference between the actual sizes (18 mm) and the 
average measurements. Furthermore, in the 24 mm ring 
diameter model, the average documented was observed 
to be 20.6 mm, accounting for a 3.4 mm (14%) difference 
between actual size (24 mm) and the average measurements. 
Ultimately, in the smallest 13 mm ring model, the average 
measurement noticed was 13 mm, accounting for a 0 mm 
(0%) difference between actual sizes (13 mm) and the 
average measurements. Furthermore, VA measurements 
variations on different models based on the endoscopic 
experience of the participants are explained in (Table 5).

Discussion

Over the past few decades, the RYGB has emerged the most 
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popular form of bariatric surgery, making up 65% of all 
weight-loss procedures carried out worldwide (9,10). The 
success of this innovative treatment option can be assessed by a 
mean excess body weight loss of 62% and also the resolution of 
obesity-related diabetes in about 84% of the patients (9,11,12). 
This significant weight reduction after the RYGB is mostly set 
off by the restrictive impact of a gastric pouch created and also, 
to a lesser extent, by the malabsorptive effect of the surgical 
bypass of the jejunum (9,13). However, RYGB can potentially 
lead to some severe complications including anastomotic 
ulcers and strictures, jejunal ulcers and strictures, small bowel 
obstruction, and most significantly the weight gain after the 
procedure (9,14-17).

Weight regain after RYGB is multi-factorial, and one 
of the critical factors is the size of the gastrojejunal (GJ) 
anastomosis following the RYGB procedure (6,18,19). The 
exact size of the GJ anastomosis plays an essential function in 
the future management of the people treated with RYGB (6).  
Quigley et al. in a study related  to the endoscopic findings 

and their clinical correlations in patients with symptoms 
after RYGB reported that a GJ anastomosis with a size  
<5 mm would prevent patients from digesting liquids, a 
size <10 mm would potentially pose problems in digesting 
the solid food, while sizes >14 mm are significantly related 
with post-operative weight regain (20). This highlights the 
significance of accurate measurement of GJ anastomosis 
which is supported by the similar finding in a review 
article by Levine et al., related to the normal anatomy and 
postoperative complications encountered by the bariatric 
surgery patients (21). 

GJ anastomosis measurement is an essential step in 
delineating a post-operative therapeutic plan. The available 
data evaluating the reliability associated with different 
measurement options is very limited (6,22). The data 
available so far also emphasizes the use of alternatives other 
than VE for the precise measurement of the GJ site which 
is in agreement with the findings of the current study (6). 
de Quadros et al. in an observer agreement study validating 

Table 3 Measurements obtained using instrument reference (IR) Method

Variable 

33 mm ring 
diameter model 
measurement in 

mm

27 mm ring 
diameter model 
measurement in 

mm

18 mm ring 
diameter model 
measurement in 

mm

24 mm ring 
diameter model 
measurement in 

mm

13 mm ring 
diameter model 
measurement in 

mm

Participants

Participant 1 23 26 15 24 16

Participant 2 25 25 17 21 12

Participant 3 20 22 15 15 9

Participant 4 28 22 17 22 12

Participant 5 29 22 16 19 14

Participant 6 20 25 14 20 15

Participant 7 14 16 14 17 12

Participant 8 28 17 19 24 16

Participant 9 30 25 18 20 15

Participant 10 28 21 17.5 22 12

Average in mm (SD) 19.3 (5.2) 22.1 (3.4) 14.85 (1.7) 17.25 (2.9) 12.3 (2.3)

Difference from the actual 
measurement in mm (%)

8.5 (26.0) 4.9 (18.0) 1.75 (10.0) 3.6 (15.0) −0.7 (5.0)

Participant who performed >1,000 21.8 23 15.3 20.3 14.5

Participant who performed 250–500 25.67 22 16 18.67 11.67

Participant who performed <100 27 21 17.83 22.33 13.33

SD, standard deviation; mm, millimeter.
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Table 4 Measurements obtained using esophageal dilating balloon (EDB) Method

Variable 

33 mm ring 
diameter model 
measurement in 

mm

27 mm ring 
diameter model 
measurement in 

mm

18 mm ring 
diameter model 
measurement in 

mm

24 mm ring 
diameter model 
measurement in 

mm

13 mm ring 
diameter model 
measurement in 

mm

Participants

Participant 1 31 29 21 23 16

Participant 2 42 35 20 25 15

Participant 3 26 35 15 22 13

Participant 4 31 27 21 23 16

Participant 5 30 24 15 20 12

Participant 6 24 25 22 25 15

Participant 7 23 22 20 22 16

Participant 8 32 30 23 25 15

Participant 9 30 23 20 20 15

Participant 10 38 28 22 30 12

Average in mm (SD) 30.7 (5.9) 27.8 (4.6) 19.9 (2.8) 23.5 (2.9) 14.5 (1.6)

Difference from the actual 
measurement in mm (%)

2.3 (8.0) −0.8 (3.0) −1.9 (11.0) 0.5 (2.0) −1.5 (12.0) 

Participant who performed >1,000 27 24.75 20.75 22.5 15.5

Participant who performed 250–500 29 28.67 17 21.67 13.67

Participant who performed <100 37.33 31 21.67 26.67 14

SD, standard deviation; mm, millimeter.

the use of an endoscopic guidewire for the measurement 
of the GJ anastomosis following RYGB reported that 
compared to the VE; the new instrument offers a higher 
degree of reliability and accuracy for the GJ anastomosis 
measurement which significantly leads to the few post-
operative complications (6). Additionally, the precise 
endoscopic measurement of the GJ anastomosis also tailors 
the post-operative course of the patient (23).

Conclusions

Endoscopic measurement of the GJ anastomosis is a critical 
determinant of the postoperative outcomes of the patient. 
Monitoring the size of GJ anastomosis will not only assist the 
physician in tailoring the prompt postoperative treatment 
plan for the patient but can also assist the physician in 
keeping track of the long-term difficulties leading to the 
red surgical procedures. Endoscopic visualization though 
highly practiced by the endoscopists all around the globe, is 

the least accurate method with the high AD from the actual 
diameter leading to higher underestimation of the actual size. 
On the contrary, the balloon method was the most accurate 
way of measuring the GJ anastomosis of various sizes and 
also demonstrated low AD from the actual size, and also 
demonstrated the least of the measurements. Based on the 
results from the current study and in the light of previously 
published data, we firmly believe that physicians ought to 
not depend on the VE for the GJ measurement. Depending 
on VE may lead to inaccurate judgment, and inappropriate 
planning of management. We believe that physicians should 
use a more accurate method to measure the GJ other than 
VE. Further large scale studies are needed in order to explore 
the most accurate and validated tool for the measurement of 
the GJ anastomosis.

Limitations 

There are limitations to the current study as well. First, 
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Table 5 Measurements obtained using endoscopic ruler (ER) method

Variable 

33 mm ring 
diameter model 
measurement in 

mm

27 mm ring 
diameter model 
measurement in 

mm

18 mm ring 
diameter model 
measurement in 

mm

24 mm ring 
diameter model 
measurement in 

mm

13 mm ring 
diameter model 
measurement in 

mm

Participants

Participant 1 29 28 19 22 15

Participant 2 30 28 15 23 13

Participant 3 32 22 16 20 12

Participant 4 30 25 15 20 15

Participant 5 32 28 18 18 12

Participant 6 30 25 15 20 15

Participant 7 10 9 8 11 8

Participant 8 31 30 20 25 14

Participant 9 25 30 15 24 14

Participant 10 31 29 19 23 12

Average in mm (SD) 28 (6.6) 25.4 (6.3) 16 (3.4) 20.6 (4.0) 13 (2.2)

Difference from the actual 
measurement in mm (%)

5 (15.0) 1.6 (6.0) 2 (11.0) 3.4 (14.0) 0 (0)

Participant who performed >1,000 23.5 23 14.25 19.25 13

Participant who performed 250–500 31.33 25 16.33 19.33 13

Participant who performed <100 3.67 29 18 23.67 N/A

SD, standard deviation; mm, millimeter; N/A, not available.

the study was conducted on plastic models mimicking the 
esophagus and GJ junction. Although the efforts were put 
in to provide an ideal environment to the endoscopists 
miming the real patient environment, yet there might 
be some differences in the measurements due to lack of 
testing on human subjects. Second, a limited number of 
measurements were calculated, which might have impacted 
the measurements overall. 
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