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Abstract
AIM: To determine the effect of three digestive tract 
reconstruction procedures on pouch function, after 
radical surgery undertaken because of gastric cancer, 
as assessed by radionuclide dynamic imaging. 

METHODS: As a measure of the reservoir function, with 
a designed diet containing technetium-99m (99mTc), the 
emptying time of the gastric substitute was evaluated 
using a 99mTc-labeled solid test meal. Immediately after 
the meal, the patient was placed in front of a γ camera 
in a supine position and the radioactivity was measured 
over the whole abdomen every minute. A frame image 
was obtained. The emptying sequences were recorded 
by the microprocessor and then stored on a computer 
disk. According to a computer processing system, the 
half-emptying actual curve and the fitting curve of food 
containing isotope in the detected region were depicted, 
and the half-emptying actual curves of the three 
reconstruction procedures were directly compared. 

RESULTS: Of the three reconstruction procedures, the 
half-emptying time of food containing isotope in the 
Dual Braun type esophagojejunal anastomosis proce-

dure (51.86 ± 6.43 min) was far closer to normal, sig-
nificantly better than that of the proximal gastrectomy 
orthotopic reconstruction (30.07 ± 15.77 min, P  = 
0.002) and P type esophagojejunal anastomosis (27.88 
± 6.07 min, P  = 0.001) methods. The half-emptying 
actual curve and fitting curves for the Dual Braun type 
esophagojejunal anastomosis were fairly similar while 
those of the proximal gastrectomy orthotopic recon-
struction and P type esophagojejunal anastomosis were 
obviously separated, which indicated bad food conser-
vation in the reconstructed pouches. 

CONCLUSION: Dual Braun type esophagojejunal 
anastomosis is the most useful of the three procedures 
for improving food accommodation in patients with a 
pouch and can retard evacuation of solid food from the 
reconstructed pouch.
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after gastrectomy play a vital role in the quality of  life of  
patients. As to which reconstruction after gastrectomy 
provides the least complications and best quality of  life, 
much research has been carried out. Most of  these stud-
ies focus on the function of  the pouch built by surgery, 
including volume of  the pouch, storage time of  food in 
the pouch, and emptying mode of  the food. In previous 
studies, most judgments were made from the subjective 
experience of  the inspector, which cannot reveal the 
true state of  the reconstructed pouch function. There is 
a long way to go, as regards further research, before we 
know which kind of  reconstruction mode will provide 
patients with a good quality of  life with the least prob-
lems after gastrectomy is performed.

Radionuclide dynamic imaging is the gold standard 
for measuring emptying time of  the gastrointestinal 
tract[1,2]. It has been used to measure gastric emptying 
function when there is abnormal digestive function 
with normal anatomy. This is a simple technique and its 
best advantage is that there is seldom impact from the 
inspector or subject, and results reflect the actual empty 
time of  the pouch based on objective facts. The method 
is simple and non-invasive, requiring a single oral ad-
ministration of  the radionuclide tracer. The meal used in 
the procedure does not alter the normal physiology of  
the gut. It is possible with this imaging to judge whether 
a reconstructed pouch matches normal physiological 
function. The aim of  the present study was to quantify 
pouch emptying time of  a solid meal in patients who 
had undergone gastrectomy surgery by calculating their 
half-emptying time (T1/2) values. 

MATERIALS AND METHODS
Patients
This study was conducted in patients who had under-
gone total and proximal gastrectomy for gastric cancer 
after a period of  6-36 mo, and who were surviving with-
out cancer. Total number was 34 cases, and the average 
age of  the patients was 28-72 years. Three operation 
procedures were conducted as follows: proximal gastrec-
tomy orthotopic reconstruction, 10 cases; total gastrec-
tomy P type esophagojejunal anastomosis, 11 cases; total 
gastrectomy Dual Braun type esophagojejunal anasto-
mosis, 13 cases. Clinical data are displayed in Table 1.

Methods
Meal preparation: The solid test meal was prepared by 
mixing 1 mCi non-absorbable containing technetium-
99m (99mTc)-DTPA with 100 g flour, a 50 g raw egg and 
80 mL clear water (thus containing protein 12.9 g, fat 
15.4 g, carbohydrate 72.9 g); this was mixed to a paste. 
A pancake was heated in a microwave oven for 3 min. 
Each test meal offered 1814 kJ of  calorific energy.

Scintigraphic measurements: Patients were supple-
mented with potassium chlorate 15 min before scanning, 
in order to block out hypothyroid and gastric mucosa 
influence and speed up the excretion of  remnant 99mTc. 

Emission images were taken by a γ camera. All the pa-
tients ate the test meal within a 5 min period. Immedi-
ately after the meal, the patient was placed in front of  a γ 
camera in a supine position, representing 0 min, and ra-
dioactivity was measured over the whole abdomen. The 
whole detection process took 90 min, and a frame image 
was collected approximately every minute. One frame 
image was consequently obtained which was stored in a 
computer disk, to measure the period and image of  nu-
clide attenuation. Areas of  interest corresponding to the 
gastric substitute were outlined, and the radioactivity was 
counted on each image and expressed as the percentage 
of  ingested activity. After revising the half  life of  99mTc 
and calculating every emission count of  every image, 
the half-emptying actual curve and fitting curve of  food 
containing isotopes in the detected region were depicted 
according to the computer analyzing processing system. 

Two regions from each patient were investigated as 
follows: upper esophagus anastomosis, detecting reflux; 
food accommodation region after reconstruction, detect-
ing half-emptying time of  food containing the nuclide.

Statistical analysis
The half-emptying actual curve and fitting curve of  the 
radionuclide were analyzed, and the actual half-emptying 
time of  food containing the nuclide was compared among 
the three different reconstruction procedures using group 
comparison. Data analyzed among groups: differences in 
age and postoperative time among groups were tested by 
variance analysis, and there was no significance among 
groups; variance analysis of  the actual half-emptying 
time compared between groups was conducted by Mann-
Whitney test, and results were considered to be significant 
at P < 0.05.

RESULTS
No differences in esophagus reflux were found during 
the experiment between the three groups and no incre-
ment of  isotope radioactivity was detected in the lower 
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Table 1  Patient clinical data

Clinical data Reconstruction mode

Proximal gastrectomy 
(n  = 10)

P type 
(n  = 11)

Dual-Braun 
(n  = 13)

Gender
   Male   7   8   8
   Female   3   3   5
mean age (yr) 61 57 59
General type
   Borrmann Ⅰ   0   0   0
   Borrmann Ⅱ   6   4   4
   Borrmann Ⅲ   4   7   9
   Borrmann Ⅳ   0   0   0
Staging
   Early cancer   1   0   2
   ⅠB   2   2   3
   Ⅱ   4   4   3
   ⅢA   2   4   4
   ⅢB   1   1   1



esophagus. Increments of  isotope radioactivity were de-
tected in the pouch region among some patients, which 
revealed that the actual curve of  half-emptying descend-
ed initially and then ascended.

Emptying time of different reconstruction procedures
Proximal gastrectomy: The half-emptying time of  the 
isotope markedly decreased (30.07 ± 15.77 min) with 
great significance compared to the Dual Braun proce-
dure (51.86 ± 6.43 min). The actual and fitting curves 
were rather separated. After dietary intake for 20 min, 
time approached half-emptying, showing a poor food 
capacity in the remnant stomach (Figure 1).

P type reconstruction: Half-emptying time (27.88 ± 
6.07 min) was close to that of  the proximal procedure. 
This reconstruction had a significantly shorter transit 
time compared to the Dual Braun procedure. The actual 
and fitting curves were rather separated, which showed a 
poor accommodation of  food in the pouch (Figure 2).

Dual Braun type esophagojejunal anastomosis: Emp-
tying time of  this procedure was 51.86 ± 6.43 min, not 
far from normal (60.00 ± 10.00 min), and its actual and 
fitting curves were fairly similar, which revealed that the 
reconstructed pouch could play a role in retarding the ex-
cretion of  food (Figure 3). 

Of  the three kinds of  reconstruction mode, the dif-
ferences in emptying time have significant statistical rel-
evance when compared among groups (Table 2). 

Characteristics of food discharge from pouch
As seen from emptying images of  patients having the 
proximal gastrectomy procedure and the total gastrec-
tomy P type reconstruction procedure, a strong isotope 
development was found outside the detected region with 
the increasing of  time, which revealed that food could 
not be discharged evenly from the pouch, but in an inte-
gral transferred manner. However, the double circles of  
the Dual Braun reconstruction procedure could retard 
food emptying (Figure 4).
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Figure 1  Proximal gastrectomy, 36 mo after operation. Raw data T1/2 was 15.63 min, linear fit T1/2 was 59.36 min. 1Anterior only.

    Linear fit T 1/2 (min) = 59.36

    Linear fit slope (%/min) = 0.84

    Raw data T 1/2 (min) = 15.63

Frame Time (min) Fit % empty Raw % empty Counts (s)1

1   0.0   0   0 46.5

2 12.0 10 49 23.9

3 24.0 20 53 21.8

4 36.0 30 59 18.8

5 48.0 40 62 17.9

6 60.0 51 64 16.8

7 72.0 61 67 15.1

8 84.0 71 70 14.0
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DISCUSSION
In order to improve the quality of  life of  patients post-
operatively, functions of  digestive tract reconstructions 
after gastrectomy have been frequently studied by many 

researchers. A consensus was reached that radionuclide 
dynamic imaging is the most desirable method among a 
host of  techniques used to detect effectiveness of  diges-
tive tract reconstruction. This method is simple and easy 
to perform; it is a non-invasive examination without any 
pain and is preferred by patients. Moreover, the results 
are not affected by subjective factors, and thus reflect 
pouch efficacy after digestive tract reconstruction objec-
tively. 

It has been over 100 years since Schlatter reported 
the first successful total gastrectomy with reconstruc-
tion. During that period, gastric carcinoma surgical tech-
niques evolved into extended resection and ultra-extend-
ed resection. Currently, these have been converted into 
diminution and rational therapeutic protocols. Though 
many operation protocols have changed with time, they 
all tightly stick to the principles of  radical treatment, 
aiming to provide security and functionality after gastric 
carcinoma. In recent years, studies regarding functional-
ity of  digestive tract reconstruction after gastrectomy 
have been progressively increasing. Different methods 
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Figure 2  P type reconstruction, 24 mo after operation. Raw data T1/2 was 17.53 min, linear fit T1/2 was 56.47 min. 1Anterior only.

    Linear fit T 1/2 (min) = 56.47

    Linear fit slope (%/min) = 0.89

    Raw data T 1/2 (min) = 17.53

Frame Time (min) Fit % empty Raw % empty Counts (s)1

1   0.0   0   0 65.2

2 12.0 11 42 37.9

3 24.0 21 60 26.4

4 36.0 32 62 24.7

5 48.0 43 61 25.3

6 60.0 53 60 25.9

7 72.0 64 72 18.6

8 84.0 74 73 17.8
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Table 2  Emptying times of the three kinds of reconstruction  
(mean ± SD)

Reconstruction 
mode

n Time after 
operation 

(mo)2

Raw data 
T 1/2 (min)

Linear fit 
T 1/2 (min)

P 1

Proximal 
gastrectomy

10 16   35.16 ± 13.51   69.86 ± 11.71 0.706a

P type 
reconstruction

11 22 29.66 ± 6.07 67.33 ± 8.75 0.002b

Dual-Braun 
reconstruction

13 24   52.66 ± 10.33   65.77 ± 11.43 0.001c

1SPSS 11.0 soft ware; 2There were no statistical differences between groups 
regarding operation time. aProximal gastrectomy vs P type; bProximal 
gastrectomy vs Dual-Braun reconstruction; cP type vs Dual-Braun 
reconstruction.
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have their own disadvantages and advantages when 
viewed from different perspectives[3-12]. To determine the 
optimum reconstruction procedure after gastrectomy in 
terms of  the quality of  life of  patients, we conducted a 
controlled trial to compare the pouch effectiveness of  
the three reconstruction procedures by radionuclide dy-
namic imaging.

We have previously reported a study of  the same 

three kinds of  reconstruction procedure, regarding the 
quality of  life after operation[13]. We found Dual-Braun 
reconstruction provided good quality of  life compared 
to the other two construction methods. Results showed 
patients put on more bodyweight and had less meal 
frequency. We considered that it could be the pouch 
that had good function with regard to digestion, so we 
performed this study in the same patients and confirmed 
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    Linear fit T 1/2 (min) = 74.71

    Linear fit slope (%/min) = 0.67

    Raw data T 1/2 (min) = 43.46

Frame Time (min) Fit % empty Raw % empty Counts (s)1

1   0.0   0   0 80.9

2 13.0   9 16 67.8

3 26.0 17 45 44.8

4 39.0 26 46 43.7

5 52.0 35 58 34.2

6 65.0 44 54 37.1

7 78.0 52 55 36.1

8 91.0 61 55 36.7
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Figure 3  Dual-Braun reconstruction, 17 mo after operation. Raw data T1/2 was 43.46 min, linear fit T1/2 was 74.71 min. 1Anterior only.

Figure 4  Dual-Braun reconstruction (A) and duodenal reflux seen at examination (B, C).

CBA
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that Dual Braun reconstruction can increase storage 
time in the pouch and empty food in a very even man-
ner, nearly at normal levels. Therefore we proposed: (1) 
Proximal gastrectomy with esophagojejunal anastomosis 
partly preserves normal gastric tissue with easy opera-
tion, allowing a normal physiological pathway of  food 
transit. Due to the small volume of  remnant stomach 
and destruction of  pylorus nerves, the remnant pylorus 
loses its routine function. As seen from the observations, 
food containing radionuclide was excreted fast from the 
remnant stomach, and thus incapable of  mixing with 
digestive juice completely, which affects the intake of  
nutritional substances. The syndrome occurring when 
food intake of  patients decreased and emptying times 
increased with a resultant weight loss postoperatively, 
was obvious clinically. The incidence of  reflux was also 
higher postoperatively. All the results were confirmed in 
our subsequent review of  patients; and (2) Total gastrec-
tomy is a common resection used for gastric carcinoma, 
and its complications are still a cardinal factor affecting 
the quality of  life of  patients. Modification of  recon-
struction methods plays a positive role in avoiding post-
operative complications; however, no modified protocols 
have received a consensus of  approval. Among many 
modifications of  pouch reconstruction and capacity, 
we compared P type esophagojejunal anastomosis and 
Dual Braun type esophagojejunal anastomosis, which 
has been advocated recently. In our subsequent review, 
we found that there was no difference in pouch capac-
ity (food intake) between the two procedures, but from 
radionuclide dynamic imaging, there was an obvious 
difference in emptying time. One case even showed that 
the half-emptying time of  nuclide was less than 1 min 
and emptying time was 3 min, as measured 24 mo after 
a P type procedure. The body weight of  the patient de-
creased from 80 to 63 kg postoperatively. The patient did 
not undergo complete lymph node dissection and had 
no steatorrhea postoperatively, and had no symptoms of  
celiac plexus injury. Weight loss was mainly ascribed to 
inflexible function of  the pouch in which food transited 
fast through the upper jejunum and nutritional substance 
intake was poor. The original intention of  the Dual 
Braun procedure was to reduce reflux postoperatively 
and to promote functionality of  the pouch. Double cir-
cles were placed after reconstruction, and the intestinal 
wall internal plexus was not damaged due to retention of  
the continuity of  the jejunum, which retarded the food 
excretion from pouch to some extent. The half-empty-
ing time of  food containing nuclide was longer and the 
actual and fitting curves were similar, which showed the 
superiority of  this reconstruction procedure. 

A Dual Braun pouch provides a slower transit of  
food directly below the esophagus, while a double circle 
slows down the passage at that part of  the digestive tract 
where the food can be mixed with bile and pancreatic 
juice arriving from the Y limb. This may provide a better 
utilization of  digestive enzymes and probably leads to an 
improved digestion.

There was reflux noted in almost all patients after 
reconstruction methods of  total and proximal gastrecto-
my, but there was no obvious reflux of  food containing 
nuclide detected in our observations. After subsequent 
review, main reflux did not occur immediately after food 
intake, but during the period beginning from 6 min after 
food intake. This difference between experimental ob-
servation and clinical investigation is mainly ascribed to 
different detecting conditions. Our results were not in 
line with some other experimental reports.

Radionuclide solid gastric emptying studies have been 
performed clinically since 1976[14]. Many investigations 
published since then have confirmed the clinical utility of  
such studies for diagnosis of  a variety of  gastric motil-
ity disorders, but most of  the radionuclide scintigraphy 
research was not in relation to reconstructed gastric 
tract[15-18]. 

The latest paper using radionuclide imaging to detect 
gastric emptying was published by Bernstine et al[19]; their 
study was to clarify whether laparoscopic sleeve gastrec-
tomy to treat morbid obesity causes changes in gastric 
emptying. 

Total gastrectomy is accompanied by a host of  com-
plications postoperatively, and some symptoms (i.e. ma-
lignant anemia) are unable to be avoided by operation. 
However, reconstruction procedures show a positive 
inhibitory effect on such symptoms. There are about 60 
digestive tract reconstruction protocols at present; how-
ever, new prospective clinical trials should be undertaken 
and optimum pouch reconstruction protocols further 
investigated in order to ameliorate the quality of  life of  
patients.

COMMENTS
Background
There are more than 60 kinds of reconstruction mode after gastrectomy. The 
purpose of the different modes is to diminish the complications, such as reflux 
and dumping syndrome, after operation and improve the quality of life. However, 
there is no single type of reconstruction mode commonly accepted by all 
researchers. Radionuclide solid gastric emptying studies have been performed 
clinically since 1976. Many investigations published since then have confirmed 
the clinical utility of such studies for diagnosis of a variety of gastric motility 
disorders. Nevertheless, there is a remarkable lack of standardization of this type 
of study and no generally applicable reference values. In particular, radionuclide 
studies have seldom been used in the reconstructed digestive tract.
Research frontiers
The latest paper using radionuclide imaging to detect gastric emptying was 
published by Bernstine et al; their study was to clarify whether laparoscopic 
sleeve gastrectomy to treat morbid obesity causes changes in gastric emptying. 
Other research was focused on different reconstruction procedures and there 
has not been a study comparing emptying between different reconstruction 
modes.
Innovations and breakthroughs
The authors use the radiolabeled solid food to detect and compare the functions 
of the postoperative gastric tract, to contrast the pouch function between three 
kinds of reconstructed pouch. Compared with other research, the authors have 
used simultaneous patient follow up data to demonstrate their results.
Applications
The authors have concluded through their study that the Dual-Braun procedure 
was a good mode of reconstruction; it has a comparative emptying time to 
normal digestive tract (gastric). Radionuclide scintigraphy is a very useful 
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method to detect the emptying time of the reconstructed pouch, is very simple 
and non-invasive, and can be used in other kinds of pouch.
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value for the readers.
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