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Abstract
BACKGROUND 
Although dumping symptoms constitute the most common post-gastrectomy 
syndromes impairing patient quality of life, the causes, including blood sugar 
fluctuations, are difficult to elucidate due to limitations in examining dumping 
symptoms as they occur.

AIM 
To investigate relationships between glucose fluctuations and the occurrence of 
dumping symptoms in patients undergoing gastrectomy for gastric cancer.

METHODS 
Patients receiving distal gastrectomy with Billroth-I (DG-BI) or Roux-en-Y 
reconstruction (DG-RY) and total gastrectomy with RY (TG-RY) for gastric cancer 
(March 2018-January 2020) were prospectively enrolled. Interstitial tissue 
glycemic profiles were measured every 15 min, up to 14 d, by continuous glucose 
monitoring. Dumping episodes were recorded on 5 patient-selected days by diary. 
Within 3 h postprandially, dumping-associated glycemic changes were defined as 
a dumping profile, those without symptoms as a control profile. These profiles 
were compared.

RESULTS 
Thirty patients were enrolled (10 DG-BI, 10 DG-RY, 10 TG-RY). The 47 early 
dumping profiles of DG-BI showed immediately sharp rises after a meal, which 47 
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control profiles did not (P < 0.05). Curves of the 15 late dumping profiles of DG-BI 
were similar to those of early dumping profiles, with lower glycemic levels. DG-
RY and TG-RY late dumping profiles (7 and 13, respectively) showed rapid 
glycemic decreases from a high glycemic state postprandially to hypoglycemia, 
with a steeper drop in TG-RY than in DG-RY.

CONCLUSION 
Postprandial glycemic changes suggest dumping symptoms after standard 
gastrectomy for gastric cancer. Furthermore, glycemic profiles during dumping 
may differ depending on reconstruction methods after gastrectomy.

Key Words: Gastric cancer; Gastrectomy; Billroth-I reconstruction; Roux-en-Y 
reconstruction; Dumping syndrome; Continuous glucose monitoring

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Glucose variability at dumping onset was investigated using continuous 
glucose monitoring and subject diaries after standard gastrectomy for gastric cancer. 
Postprandial glycemic changes suggest both early and late dumping symptoms. 
Glycemic profiles during dumping may differ depending on reconstruction methods 
after gastrectomy, considering the similar glucose fluctuation curves with both early 
and late dumping after distal gastrectomy with Billroth I reconstruction and rapidly 
decreasing glucose profiles with late dumping after distal and total gastrectomy, both 
with Roux-en-Y reconstruction.

Citation: Ri M, Nunobe S, Ida S, Ishizuka N, Atsumi S, Makuuchi R, Kumagai K, Ohashi M, 
Sano T. Preliminary prospective study of real-time post-gastrectomy glycemic fluctuations 
during dumping symptoms using continuous glucose monitoring. World J Gastroenterol 2021; 
27(23): 3386-3395
URL: https://www.wjgnet.com/1007-9327/full/v27/i23/3386.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i23.3386

INTRODUCTION
Globally, gastric cancer (GC) is among the most life-threatening malignancies[1,2]. 
Gastric resection with lymph node dissection is still the only curative treatment option 
for resectable GC, though it is noteworthy that early lesions can be resected endoscop-
ically[3]. However, gastrectomy can result in various gastrointestinal symptoms 
known as post-gastrectomy syndrome, which is characterized by functional deficits 
and disorders due to loss of some or all of the stomach, often giving rise to clinical 
issues reflecting deterioration of quality of life for patients[4,5].

Dumping symptoms constitute the most common post-gastrectomy syndrome 
adversely affecting quality of life[6-8]. According to the time of onset, dumping 
syndrome is classified into early and late symptoms[9,10] but cannot always be clearly 
separated into these two categories. Therefore, while some patients develop either 
early or late dumping symptoms, others may have both. The mechanisms underlying 
late dumping symptoms especially are thought to involve hypoglycemia in response 
to hyperinsulinemia after carbohydrate ingestion[10,11]. However, blood glucose 
changes appearing while patients experience dumping symptoms are still not fully 
understood because a method allowing blood glucose to be measured easily and 
continuously has been lacking.

However, the continuous glucose monitoring (CGM) system developed for the 
management of diabetes allows interstitial glucose levels, which are closely related to 
blood glucose levels, to be tracked continuously[12,13]. Therefore, details of the 24 h 
glycemic profile, which includes both postprandial and nocturnal trends not 
measurable with a simple conventional glucometer, can be obtained using CGM. This 
also means that CGM has the potential to provide essential information about the 
glucose profiles of patients suffering from dumping symptoms after gastrectomy.

Herein, we designed a prospective exploratory pilot study to investigate relation-
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ships between glucose fluctuations and the occurrence of dumping symptoms in 
patients who had undergone gastrectomy for GC, with various reconstructions. To our 
knowledge, this is the first examination of real-time glucose variability during the 
onset of dumping symptoms.

MATERIALS AND METHODS
Patients
During the period from March 2018 to January 2020, patients who underwent distal or 
total gastrectomy for GC at the Department of Gastroenterological Surgery, Cancer 
Institute Hospital, Tokyo, Japan, were prospectively enrolled in this study. The 
inclusion criteria were as follows: Diagnosed as having pathological stage I or II gastric 
adenocarcinoma, underwent R0 resection, age 20 to 75 years, 3 mo to 3 years after the 
operation and Eastern Cooperative Oncology Group Performance Status score 0 or 1. 
Patients with simultaneous resection of other organs (other than cholecystectomy or 
splenectomy), diabetes under treatment, receiving adjuvant chemotherapy, and/or 
taking supplements including enteral nutrition were excluded. Pathological stages 
were determined according the 14th edition of the Japanese classification of gastric 
carcinoma[14]. This study was approved by the institutional review board of the 
Cancer Institute Hospital (No. 2017-1110). All participants signed a written informed 
consent for the present study. All protocols are carried out in accordance with relevant 
guidelines.

Continuous glucose monitoring
FreeStyle Libre Pro (Abbot Diabetes Care Inc., Alameda, CA, United States), a CGM 
device, was used to continuously measure glucose concentrations. The sensor attached 
to the posterior surface of the patient’s upper arm continuously measured and 
recorded the glucose concentration in the subcutaneous tissue interstitial fluid every 
15 min for up to 14 d. Measurement results automatically saved on the sensor were 
transferred wirelessly to the reader and then analyzed using FreeStyle Libre Pro 
Software via the reader.

Assessment of dumping syndrome
Dumping symptoms were evaluated using a diary recording diet and symptoms. 
Diary entries were made every 15 min and listed the 15 typical symptoms related to 
dumping, as previously reported[15,16]. The patient filled in the times of starting and 
completing meals, whether symptoms appeared, allowing the times and corres-
ponding symptoms to be checked. Considering that patient dietary records after 
gastrectomy often document three or more meals, snacks described by the patient as 
being about the same amount as an ordinary meal were regarded as meals and were 
recorded as such in the diary. The diary entries were made for 5 patient-selected days 
within the 14 d period with the sensor attached.

Definition of dumping and control
Our strategy for defining the dumping and control profiles is presented in Figure 1. 
Dumping syndrome is defined as the development of one or more of the 15 symptoms 
listed in the diary within 3 h of eating a meal. Furthermore, symptoms that occurred 
within 1 h after the start of a meal were regarded as early dumping and those 
occurring within 1 h to 3 h after starting a meal were regarded as late dumping, as 
previously reported[10,17]. To avoid effects of the intakes of other foods, we excluded 
cases in which another meal was consumed from two hours before to three hours after 
the baseline meal. The total number of symptoms was described as N-symp. In 
addition, within 3 h after the start of a meal, glycemic changes associated with early or 
late dumping symptoms were defined as a dumping profile, while those with no 
symptoms were defined as a control profile. The control profiles consisted of up to one 
series per patient per day. The total number with each profile was designated the N-
profile. If multiple symptoms appeared simultaneously, the symptoms were counted 
accordingly, and the profile was only counted once.

Statistical analysis
The patient background characteristics, surgical details and postoperative findings 
were collected from our database and information contained in electronic medical 
records. Based on the glucose concentration values measured every 15 min by CGM 
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Figure 1  How dumping and control profiles were defined.

and the details of the dumping symptoms described in the diary, dumping and control 
profiles were compared. All missing values in the data obtained employing CGM were 
replaced by linear interpolation as single imputation method[18]. All continuous 
variables were expressed as median values. Although we used P value of Mann-
Whitney U test and the χ2 test in addition to basic statistics, statistical analysis is solely 
exploratory and descriptive without any formal general linear models. The statistical 
methods of this study were reviewed by Naoki Ishizuka, a biostatistician. A P value 
less than 0.05 was considered to indicate a statistically significant difference. All 
statistical analyses were performed with JMP Pro 13 (SAS Institute Japan Ltd, Japan) 
for Windows.

RESULTS
Patient characteristics 
Patient background data are presented in Table 1. In total, 30 patients were enrolled 
prospectively: 10 patients each underwent distal gastrectomy with Billroth I 
reconstruction (DG-BI), distal gastrectomy with Roux-en-Y reconstruction (DG-RY) 
and total gastrectomy with Roux-en-Y reconstruction (TG-RY). The DG-BI group had a 
significantly shorter period since surgery than the other two surgical groups (P = 0.01). 
Surgical approach, degree of lymph node dissection and pathological stage differed 
significantly among the three groups. There were no significant differences in 
nutritional status or HbA1c levels among the three groups.

Details of dumping symptoms
The details of early and late dumping symptoms are shown in Tables 2 and 3. In all 
patients, early dumping symptoms consisted mainly of abdominal symptoms such as 
borborygmi, bloating and abdominal pain (Table 2). The rates of borborygmi in TG-
RY, bloating in DG-BI and drowsiness in DG-RY were significantly higher than those 
associated with other procedures. On the other hand, late dumping exhibited a wide 
range of symptoms in all three patient groups, and hypoglycemic symptoms such as 
cold sweat and drowsiness were relatively common among the features of late 
dumping syndrome (Table 3).
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Table 1 Patient demographic and clinical features

DG-BI, n = 10 DG-RY, n = 10 TG-RY, n = 10 P value

Sex, n (%) 0.30

Male 3 (30) 6 (60) 6 (60)

Female 7 (70) 4 (40) 4 (40)

Age, yr (IQR) 60 (48-70) 63 (55-68) 62 (46-70) 0.97

Period from operation, mo (IQR) 7.1 (6.7-19.2) 23.5 (19.5-26.6) 20.3 (14.9-26.1) 0.01

Body mass index, kg/m2 (IQR) 19.0 (16.1-23.1) 21.3 (18.4-23.5) 20.5 (19.4-23.1) 0.32

Serum total protein, g/dL (IQR) 7.1 (6.8-7.4) 7.0 (6.7-7.3) 6.8 (6.5-7.3) 0.57

Serum prealbumin, mg/dL (IQR) 23.4 (18.6-28.7) 23.0 (21.8-29.3) 22.0 (18.4-26.5) 0.62

Serum albumin, g/dL (IQR) 4.3 (4.2-4.6) 4.2 (4.0-4.5) 4.1 (4.1-4.3) 0.45

Serum hemoglobin, g/dL (IQR) 12.9 (12.2-14.3) 13.6 (12.2-15.0) 12.1 (11.3-13.2) 0.21

Blood glucose level, mg/dL (IQR) 96 (95-99) 96 (89-114) 93 (88-100) 0.73

HbA1c, % (IQR) 5.7 (5.3-5.9) 5.7 (5.6-5.9) 5.6 (5.5-5.8) 0.73

Approach < 0.01

Open 0 (0) 2 (20) 6 (60)

Laparoscopic 10 (100) 8 (80) 4 (40)

Lymph node dissection, n (%) < 0.01

D1+ 10 (100) 5 (50) 2 (20)

D2 0 (0) 5 (50) 8 (80)

pStage, n (%) < 0.01

I 10 (100) 9 (90) 3 (30)

II 0 (0) 1 (10) 7 (70)

DG-BI: Distal gastrectomy with Billroth I reconstruction; DG-RY: Distal gastrectomy with Roux-en-Y reconstruction; HbA1c: Hemoglobin A1c; IQR: 
Interquartile range; TG-RY: Total gastrectomy with Roux-en-Y reconstruction.

Table 2 Details of early dumping symptoms in all patients, n (%)

Early dumping symptoms

All, N-symp = 185 DG-BI, N-symp = 80 DG-RY, N-symp = 35 TG-RY, N-symp = 70 P value

Borborygmi 49 (26.5) 14 (17.5) 9 (25.7) 26 (37.1) 0.02

Bloating 47 (25.4) 28 (35.0) 4 (11.4) 15 (21.4) 0.01

Abdominal pain 21 (11.4) 9 (11.3) 2 (5.7) 10 (14.3) 0.42

Drowsiness 21 (11.4) 9 (11.3) 8 (22.9) 4 (5.7) 0.03

Palpitation 15 (8.1) 3 (3.8) 2 (5.7) 10 (14.3) 0.05

Weakness 11 (5.9) 6 (7.5) 3 (8.6) 2 (2.9) 0.37

Others 21 (11.4) 11 (13.8) 7 (20.0) 3 (4.3) 0.03

DG-BI: Distal gastrectomy with Billroth I reconstruction; DG-RY: Distal gastrectomy with Roux-en-Y reconstruction; N-symp: Total number of dumping 
symptoms; TG-RY: Total gastrectomy with Roux-en-Y reconstruction.

Dumping and control profiles
Dumping and control profiles obtained by CGM and the diary results are shown in 
Figure 2. During the 5 d of diary recording, the respective N-profiles of early dumping 
were 47, 25 and 54, those of late dumping were 15, 7 and 13, in the order of DG-BI, 
DG-RY and TG-RY.
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Table 3 Details of late dumping symptoms in all patients, n (%)

Late dumping symptoms

All, N-symp = 62 DG-BI, N-symp = 28 DG-RY, N-symp = 12 TG-RY, N-symp = 22 P value

Cold sweat 9 (14.5) 3 (10.7) 2 (16.7) 4 (18.2) 0.73

Drowsiness 8 (12.9) 3 (10.7) 1 (8.3) 4 (18.2) 0.64

Diarrhea 8 (12.9) 5 (17.9) 3 (25.0) 0 (0) 0.06

Weakness 6 (9.7) 3 (10.7) 0 (0) 3 (13.6) 0.42

Bloating 6 (9.7) 3 (10.7) 1 (8.3) 2 (9.1) 0.96

Abdominal pain 6 (9.7) 1 (3.6) 3 (25.0) 2 (9.1) 0.10

Borborygmi 5 (8.1) 3 (10.7) 2 (16.7) 0 (0) 0.18

Palpitations 4 (6.5) 1 (3.6) 0 (0) 3 (13.6) 0.21

Tremulousness 4 (6.5) 2 (7.1) 0 (0) 2 (9.1) 0.57

Others 6 (9.7) 4 (14.3) 0 (0) 2 (9.1) 0.37

DG-BI: Distal gastrectomy with Billroth I reconstruction; DG-RY: Distal gastrectomy with Roux-en-Y reconstruction; N-symp: Total number of dumping 
symptoms; TG-RY: Total gastrectomy with Roux-en-Y reconstruction.

The early dumping profiles in DG-BI showed a sharp and immediate rise when 
starting a meal and then dropped, with significant increases up to 60 min postpran-
dially as compared with the control group (P < 0.05, Figure 2A). The curves of late 
dumping profiles in DG-BI were similar to those of early dumping profiles, with 
generally lower glucose levels (Figure 2A). The early dumping profiles in TG-RY 
increased significantly from the start of a meal up to 60 min postprandially as 
compared to the control profiles (P < 0.05, Figure 2C).

When late dumping developed in DG-RY and TG-RY (Figure 2B and 2C), the 
dumping profiles in the former showed a sharp decrease from the peak glycemic value 
at 75 min after starting a meal. A similar but more rapid drop was observed in the 
dumping profiles in TG-RY from the hyperglycemic state at 45 min after starting a 
meal. Most notably, glucose levels in TG-RY ultimately decreased to 69 mg/dL at 90 
min postprandially.

DISCUSSION
Dumping syndrome was first reported by Mix in 1922 as a serious complication of 
gastrectomy[19]. Several mechanisms have been speculated to underlie the 
development of dumping symptoms[9,10,20]. In early dumping, because of the rapid 
flow of hyperosmolar food into the jejunum, the plasma fluid rapidly moves into the 
intestinal lumen and the plasma volume decreases. Furthermore, the release of 
gastrointestinal hormones, including vasoactive agents, incretins and glucose 
modulators, is also increased[21]. Consequently, vasomotor symptoms such as palpit-
ations, weakness and faintness and gastrointestinal symptoms such as abdominal pain, 
bloating and borborygmi develop[10]. On the other hand, hypoglycemia in response to 
hyperinsulinemia after carbohydrate ingestion has been said to cause hypoglycemic 
symptoms including the drowsiness and cold sweat characteristic of late dumping[9,
10,20]. In fact, early and late dumping symptoms similar to those previously reported 
were also observed in the present study. However, the causes of the onset of dumping 
symptoms have not yet been sufficiently elucidated because, as mentioned above, it is 
difficult to measure changes in plasma volume, various hormones and blood glucose 
levels when a dumping symptom is actually occurring.

To our knowledge, this is the first exploratory study of real-time changes in glucose 
profiles when a dumping symptom actually occurs after gastrectomy using CGM and 
daily recording of diet and symptoms. Although a few studies have demonstrated 
continuous glucose profiles using CGM after GC surgery, with most simply measuring 
the glucose fluctuations, the occurrence of dumping symptoms over time has not 
previously been examined[22-24]. Results of the present study indicated glucose 
fluctuations to be involved in the onset of late dumping as well as early dumping 
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Figure 2 Glycemic changes with dumping symptoms (dumping profiles) and without symptoms (control profiles) after gastrectomy. A: 
Dumping and control profiles after distal gastrectomy with Billroth I reconstruction; B: Dumping and control profiles after distal gastrectomy with Roux-en-Y 
reconstruction; C: Dumping and control profiles after total gastrectomy with Roux-en-Y reconstruction.

symptoms after standard gastrectomy for GC.
The early dumping profiles in DG-BI showed rises immediately after the start of 

meals and subsequently dropped in contrast to the control profiles. Postprandial 
hyperglycemia is usually observed in patients with impaired glucose tolerance, which 
is representative of diabetes. However, it was recently found that healthy subjects 
without diabetes show a similar phenomenon called a blood glucose spike[25]. 
Although the main mechanisms have been considered to differ between early and late 
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dumping symptoms, a series of similar mechanisms might underlie the development 
of both early and late dumping symptoms, considering that similar curves of glycemic 
changes were observed in both symptomatic groups. Mine et al[8], who demonstrated 
a strong correlation between early and late dumping, suggested that a faster or greater 
flow of food into the small intestine may be the cause of both of early and late 
dumping symptoms.

On the other hand, in the late dumping profiles in DG-RY and TG-RY, a marked 
decrease in glucose levels was observed from a high glycemic state around 1 h after 
starting a meal to a hypoglycemic level around 2 h postprandially. Although hypo-
glycemia has been regarded as a cause of late dumping symptoms as described above, 
many hypoglycemic episodes are reportedly asymptomatic, and the appearance of 
hypoglycemia-like symptoms does not consistently correlate with biochemically 
verified hypoglycemia after gastrectomy with RY reconstruction for obese patients[26,
27]. Therefore, the results of the present study raise the possibility that the 
development of late dumping after RY reconstruction may be related not to 
hypoglycemia but rather to rapid drops in glucose profiles following meals. A possible 
mechanism would be that postprandial hyperglycemia, resulting from increased 
carbohydrate absorption from the upper jejunum, further promotes the secretion of 
incretins such as GLP-1, one of the gastrointestinal hormones, resulting in hyperinsu-
linemia and subsequently a rapid decrease in glucose levels[28].

Although a similar glycemic variability was observed in the late dumping groups 
that had undergone DG-RY and TG-RY, the curve of glucose profiles was steeper in 
the TG-RY than in the DG-RY dumping group. Due to the lack of storage capacity, that 
is the absence of part or all of the stomach, there might be a faster flow of food into the 
jejunum in TG-RY than in DG-RY, resulting in a more rapid glucose level change and 
higher number of dumping symptoms. In contrast, some of the observed variation in 
glycemic profiles might have been due to differences in the size of the remnant 
stomach in DG-RY, resulting in a lack of statistical significance. In addition, 
considering that the control profiles in DG-RY and TG-RY were more remarkable than 
those in DG-BI, RY reconstruction, a non-physiological reconstruction method in 
which food does not pass through the duodenum, may impact glucose fluctuations 
after a meal more adversely than the other procedures.

The present study has potential limitations. First, although prospective, this was a 
preliminary study with a small sample size conducted at a single institution. It is 
possible that statistical differences could not be demonstrated due to the small number 
of events. In addition, variation in the frequency of dumping among patients might 
have produced statistical bias. Further accumulation of cases, allowing a study with a 
larger sample size, is needed. Second, postoperative periods were not similar among 
the three groups. Although we aimed herein to enroll patients in the mid to long term 
after surgery, differences in postoperative periods may have influenced the onset of 
dumping symptoms and glycemic change. Third, dietary details were not documented 
in this study. Caloric intake has a significant effect on blood glucose levels, and the 
manner in which a meal is consumed may affect the onset of dumping symptoms. 
Finally, although glucose profiles and dumping symptoms were sequentially invest-
igated, other factors possibly involved in the onset of dumping were not examined. 
The evaluation of changes in hemodynamics and various hormones, which are 
considered to be factors causing dumping, is another topic for future research.

CONCLUSION
Postprandial rapid glycemic changes appear to be involved in the onset of early and 
late dumping symptoms after standard gastrectomy for GC. Given the similar glucose 
fluctuation curves with early and late dumping in DG-BI and the rapid decrease in 
glucose profiles with late dumping in DG-RY and TG-RY, the glycemic profiles 
associated with dumping symptoms may differ depending on the reconstruction 
methods employed after gastrectomy.

ARTICLE HIGHLIGHTS
Research background
Dumping symptoms constitute the most common post-gastrectomy syndrome 
adversely affecting quality of life. However, the causes of dumping symptoms, 
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including blood glucose changes, remain poorly understood due to limitations in 
examining dumping symptoms as they occur.

Research motivation
The continuous glucose monitoring (CGM) system, which continuously measures 
interstitial glucose levels to reflect blood glucose levels, was developed for the 
management of diabetes. CGM also has the potential to provide long awaited essential 
information about the glucose profiles of patients suffering from dumping symptoms 
after gastrectomy.

Research objectives
We designed a prospective pilot study to investigate relationships between glucose 
fluctuations and the occurrence of dumping symptoms in patients undergoing 
gastrectomy for gastric cancer (GC). Our results may contribute to devising future 
treatments for dumping syndrome.

Research methods
During the period from March 2018 to January 2020, GC patients who underwent 
distal gastrectomy with Billroth I reconstruction (DG-BI), distal gastrectomy with 
Roux-en-Y reconstruction (DG-RY) or total gastrectomy with Roux-en-Y recon-
struction (TG-RY) were prospectively enrolled in this study. Based on the glucose 
concentration values measured every 15 min by CGM and the details of the dumping 
symptoms (early dumping within 1 h postprandially, late dumping within 1 h to 3 h 
postprandially) described in diaries, patients with dumping-associated glycemic 
changes (dumping profiles) were compared to those without symptoms (control 
profiles). This is the first examination of real-time glucose variability during the onset 
of dumping symptoms using CGM.

Research results
Thirty patients were enrolled (10 DG-BI, 10 DG-RY, 10 TG-RY). The early dumping 
profiles of DG-BI (47 profiles) showed a sharp and immediate rise after a meal, with 
significant increases up to 60 min postprandially as compared with the control group 
(47 profiles) (P < 0.05). The curves of late dumping profiles in DG-BI were similar to 
those of early dumping profiles, with generally lower glucose levels. DG-RY and TG-
RY late dumping profiles (7 and 13, respectively) showed rapid glycemic decreases 
from a high glycemic state postprandially to hypoglycemia, with the drop being 
steeper in TG-RY than in DG-RY.

Research conclusions
Postprandial rapid glycemic changes appear to be involved in the onset of early and 
late dumping symptoms after standard gastrectomy for GC. In addition, the glycemic 
profiles associated with dumping symptoms may differ depending on the 
reconstruction methods employed after gastrectomy, considering the similar glucose 
fluctuation curves with both early and late dumping after DG-BI and rapidly 
decreasing glucose profiles with late dumping after DG-RY and TG-RY.

Research perspectives
We will conduct a prospective interventional study with the aim of developing new 
treatments ameliorating dumping symptoms associated with GC surgery.
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