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Abstract

Background Glucose fluctuation after gastrectomy represented by dumping syndrome is a well-known post-gastrectomy
syndrome that negatively impacts patient quality of life. However, the current methods of post-gastrectomy glucose monitor-
ing do not comprehensively capture the postoperative blood glucose fluctuations that characterize this.

Methods We used a continuous glucose monitoring (CGM) system to document the glycemic profiles of patients undergo-
ing gastrectomy and compared these between patients undergoing distal gastrectomy (DG) and total gastrectomy (TG). To
evaluate post-gastrectomy syndromes, including dumping syndrome, we used the Post-gastrectomy Syndrome Assessment
Scale 37-item questionnaire. The glycemic profiles were also compared using this tool.

Results We studied 57 patients who had undergone DG and 13 who had undergone TG between September 2017 and Sep-
tember 2019. Our results revealed larger diurnal glycemic variability and longer periods of nocturnal hypoglycemia after
gastrectomy. The dumping score was worse in the TG than in the DG group (TG 2.4+1.4 vs. DG 1.3+1.2, P=0.0061).
Importantly, 30 of 57 DG patients (52.6%) and 5 of 13 TG patients (38.5%) experienced postprandial hypoglycemia follow-
ing hyperglycemia without hypoglycemic symptoms. There was no correlation between the dumping symptom score and
glycemic variability (p =0.0545, P=0.6662).

Conclusions CGM demonstrated diurnal glycemic variability and nocturnal hypoglycemia in patients undergoing gastrec-
tomy. Because some hypoglycemic patients did not develop symptoms and glycemic variability was not necessarily associated
with dumping symptom, dumping syndrome must only partially explain the postoperative glucose fluctuations.
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Introduction

Gastric cancer is the fifth most common type of cancer
and the third most common cause of cancer-related death
worldwide [1]. Surgical resection remains the only curative
treatment option and regional lymphadenectomy is recom-
mended as a part of radical gastrectomy. However, gastrec-
tomy disrupts reservoir capacity, mechanical digestion, and
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gastric emptying. Because of the altered form and function
of the stomach, various post-gastrectomy syndromes can
occur. One of these, dumping syndrome is a common, well-
known, post-gastrectomy syndrome that negatively affects
patient quality of life (QOL) by causing hypoglycemia sec-
ondary to excess insulin secretion, following meal-induced
hyperglycemia [2]. However, hypoglycemic symptoms,
including general fatigue, cold sweat, and tremor, arise
independently of the surgical procedure or the nature of
the reconstruction performed. In addition, if patients do not
report hypoglycemic symptoms, their blood glucose con-
centrations are routinely measured at most three times a day
immediately before every meal prior to their discharge from
hospital, and may not be measured at all after discharge.
Therefore, postoperative blood glucose fluctuations are usu-
ally not fully documented.
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Continuous glucose monitoring (CGM) can be used to
measure interstitial glucose concentration, which closely
approximates plasma glucose concentration, after a short
time-lag. CGM provides detailed information about the 24-h
glycemic profile, including nocturnal and postprandial gly-
cemia, which standard finger-prick blood glucose monitor-
ing cannot provide [3]. Therefore, the use of CGM has the
potential to provide a more comprehensive insight into the
glycemic profile of patients following gastrectomy.

In the present study, we monitored 24-h interstitial glu-
cose concentrations after gastrectomy to obtain information
regarding glucose fluctuations, including these due to dump-
ing syndrome, and to compare the glycemic profiles obtained
in patients who had undergone distal gastrectomy (DG) or
total gastrectomy (TG). At the same time, the patients’
dumping symptoms and QOL were also evaluated using the
Post-gastrectomy Syndrome Assessment Scale 37-item ques-
tionnaire (PGSAS-37).

Materials and methods
Patients

Between September 2017 and September 2019, a total of
107 patients with gastric cancer underwent curative TG or
DG in our hospital. Of these, 70 patients were enrolled in
this study, whereas the remaining 37 patients were excluded
because of diabetes, because they also underwent resection
of other organs, excluding cholecystectomy, or because of
other organ malignancies or residual gastric cancer. Dia-
betes was defined as a casual blood glucose >200 mg/dL
or HbAlc>6.5% [4]. In the TG group, simple Roux-en-Y
(R-Y) reconstruction was performed, while in the DG group,
Billroth-I (B-I) or R-Y reconstruction was performed. The
type of reconstruction performed during DG was determined
according to the experience of the surgeon. Body mass
index, blood glucose, and HbAlc were evaluated before
surgery. The clinical and pathological stages of the malig-
nancies were determined on the basis of the 14th edition of
the Japanese Classification of Gastric Carcinoma [5]. As
a control group for the glucose monitoring, seven patients
without diabetes who had undergone partial resection of the
stomach because of submucosal tumors, during the same
period, were also evaluated. The gastrectomy performed in
these patients would have had a minimal effect on reservoir
capacity and did not necessitate reconstruction.

Glucose monitoring
We used a CGM device to document post-gastrectomy

glycemic profile. The FreeStyle Libre® Flash Glucose
Monitoring System (Abbott Diabetes Care Inc., Alameda,
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CA, USA) is a CGM device that provides a record of an
individual’s interstitial glucose concentrations, trends,
and patterns. The sensor continuously measures glucose
concentration in interstitial fluid through a small filament
inserted just under the skin, records glucose concentra-
tions every 15 min for up to 14 days, and displays the data
when scanned. A Flash CGM sensor was placed subcu-
taneously on each patient’s left upper arm immediately
prior to discharge from hospital. The data were down-
loaded and analyzed using standard measures of amplitude
and timing, including the mean, median, standard devia-
tion (SD), maximum, minimum, and percentage of time
within the target range (glucose concentration < 80 mg/dL,
80 — 140 mg/dL, or > 140 mg/dL).

Evaluation of post-gastrectomy syndromes

To evaluate post-gastrectomy syndromes, including dump-
ing syndrome, and QOL, we used the Post-gastrectomy
Syndrome Assessment Scale 37-item questionnaire
(PGSAS-37) developed by the Japan Post-gastrectomy
Syndrome Working Party [6]. The main outcomes on
the PGSAS-37 were recorded on seven symptom scales
(esophageal reflux, abdominal pain, meal-related dis-
tress, indigestion, diarrhea, constipation, and dumping),
four independent living status scales (amount of food
ingested at each meal, necessity for additional food, qual-
ity of ingestion, ability to work), and one QOL scale
(dissatisfaction in daily life). The total symptom score
was calculated as the mean value for the seven symptom
scales. In the PGSAS-37 questionnaire, high scores for
the amount of food ingested per meal and the quality of
ingestion reflected positive outcomes, whereas low scores
for necessity for additional food, ability to work, and dis-
satisfaction in daily life reflected positive outcomes. The
questionnaire was distributed to all the participants, who
were instructed to complete it for the period between dis-
charge and 1 month after the procedure, and then to return
it to the department.

Statistical analysis

All statistical analyses were performed using JMP software
(v. 13; SAS Institute, Cary, NC, USA). Continuous variables
are presented as means+ standard deviations and were ana-
lyzed using Student’s ¢ or the Mann—Whitney U test, while
categorical variables are expressed as frequencies and were
analyzed using Pearson’s y* test. Spearman’s correlation was
used to assess the relationship between SD and the dump-
ing symptom score. The statistical tests were two-sided and
P <0.05 was considered to represent statistical significance.
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Results
Patient demographics and characteristics

A total of 57 patients had undergone DG and 13 had
undergone TG (Table 1). The two groups were similar in
terms of age, sex, body mass index, preoperative casual
blood glucose concentration, and HbAlc. The TG group
included more advanced cases, which necessitated open
gastrectomy and longer postoperative hospital stays than
the DG group.

Glycemic profile after gastrectomy

The glycemic profiles of representative patients are shown in
Fig. 1. In the control group without diabetes, meal-induced
increases in glucose concentration occurred, but hypergly-
cemia (glucose concentration > 140 mg/dL) and hypoglyce-
mia (glucose < 80 mg/dL) were rare (Fig. 1a). Conversely,
hypoglycemia was detected in patients with TG and DG after
a postprandial glucose peak, which suggests late dumping
syndrome (Fig. 1b, c). Glucose fluctuations were particularly
evident in TG patients and nocturnal periods of hypoglyce-
mia following the evening meal were also identified in both

Table 1 Patient demographics
and characteristics

DG (n=57) TG (n=13) P value
Age, years 65.9+11.0 66.7+10.7 0.5967
Gender, male/female 29/28 9/4 0.2244
Body mass index (kg/m?) 21.6+3.1 22.1+4.0 0.6505
Preoperative blood glucose level (mg/dL) 101.9+11.2 101.3+15.6 0.8598
Preoperative HbAlc (%) 5.6+04 5.6+0.3 0.7458
Pathological T factor, T1/2/3/4 36/5/10/6 5111215 0.0081
Pathological N factor, N0/1/2/3 37/12/3/5 5/5/0/3 0.2501
Pathological stage, /II/III/IV 36/12/8/1 6/1/5/1 0.0090
Approach, open/laparoscopic 18/39 1172 0.0010
Postoperative hospital stay (days) 12.9+8.6 17.3+8.4 0.0008

Continuous variables are presented as means with standard deviation

DG distal gastrectomy, 7G total gastrectomy
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TG and DG patients. Nine of the 13 TG patients (69.2%)
and 32 of the 57 DG patients (56.1%) showed nocturnal
hypoglycemia of < 70 mg/dL for more than 20% of the time
between 00:00 and 06:00 h (data not shown).

Glycemic variability can be evaluated using the SD of
the CGM measurements. The two treatment groups had
similar mean glucose concentrations (TG 85.0 vs. DG
89.1 mg/dL, P=0.2212), which were lower than that of
the control group (99.5 mg/dL). The DG and the control
group had similar SDs, but the TG group d had a larger SD
(TG 27.2 vs. DG 22.7 mg/dL, P=0.0551) (Table 2). There
were no significant differences between the maximum and
minimum glucose values. In the TG group, 33.8% and
6.4% of the time the glucose values were <70 (generally
used as the definition of hypoglycemia) and > 140 mg/dL,
respectively, while in the DG group, the respective per-
centages were 20.8% and 4.5% (TG vs. DG; P=0.0454 and
0.4800, respectively) (Table 2). Both treatment groups, but
especially the TG group, showed more frequent nocturnal
hypoglycemia (< 70 mg/dL between 00:00 and 06:00 h;

TG 55.5 vs. DG 37.0%, P=0.0936), than the control
group. The TG group had a lower mean glucose concen-
tration (TG 67.5 vs. DG 74.9 mg/dL, P=0.0285) than the
DG group, but the mean glucose concentration of the DG
group was also lower than that of the control group.

We also evaluated the effect of the type of reconstruc-
tion used in the DG group. R-Y reconstruction was associ-
ated with a lower mean glucose concentration (R-Y 85.2
vs. B-1 92.1 mg/dL, P=0.0282) and a higher percentage
of time with glucose <70 mg/dL (R-Y 27.7 vs. B-1 15.5%,
P =0.0395) than B-I reconstruction (Table 3). Noctur-
nal hypoglycemia was also more marked following R-Y
reconstruction than B-I reconstruction (mean glucose
concentration, R-Y 70.4 vs. B-1 78.4 mg/dL, P=0.0254;
percentage of the time <70 mg/dL, R-Y 48.8 vs. 27.8%,
P =0.0238). There were no differences in either the DG
or TG groups with respect to glycemic profile between
patients who underwent open or laparoscopic approaches
(data not shown).

Table2 Standard measures
and the percentages of time

the participants had glucose
concentrations of > 140 mg/dL
or <70 mg/dL

Control (n=7) DG (n=57) TG (n=13) P value
Mean glucose level (mg/dL) 99.5+6.9 89.1+11.7 85.0+109 0.2212
Standard deviation of glucose level (mg/dL) 212+4.2 22.7+4.8 272+7.6 0.0551
Maximum of glucose level (mg/dL) 183.0+£23.7 189.6+31.8  199.8+40.7 0.5015
Minimum of glucose level (mg/dL) 559+11.8 453+79 41.9+3.1 0.3447
% time of > 140 mg/dL 5.1+3.1 45+3.6 6.4+58  0.4800
% time of <70 mg/dL 5.6+5.0 20.8+20.3 33.8+21.2 0.0454
Nocturnal hypoglycemia
Mean glucose level (mg/dL) 85.0+10.5 749+12.8 67.5+9.1 0.0285
% time of <70 mg/dL 12.4+13.1 37.0+32.4 55.5+35.7 0.0936

Continuous variables are presented as means with standard deviations. “Nocturnal hypoglycemia” refers to
data collected between 00:00 and 06:00 h. The P values refer to comparisons of DG and TG

DG distal gastrectomy, 7G total gastrectomy

Table 3 Standard measures

and percentages of time the
participants had glucose
concentrations of > 140 mg/dL
or <70 mg/dL after DG

Control (n=17) B-1 (n=32) R-Y (n=25) P value
Mean glucose level (mg/dL) 99.5+6.9 92.1+10.9 852+11.6 0.0282
Standard deviation of glucose (mg/dL) 21.2+4.2 22.5+4.4 23.0+£5.3 0.6936
Maximum of glucose level (mg/dL) 183.0+23.7 191.9+31.5 186.7+32.7 0.5304
Minimum of glucose level (mg/dL) 559+11.8 472+8.5 42.8+6.4 0.0107
% time of > 140 mg/dL 51+3.1 5.3+4.1 3.6+2.6 0.1588
% time of <70 mg/dL 5.6+5.0 15.5+17.0 27.7+22.4 0.0395
Nocturnal hypoglycemia
Mean glucose level (mg/dL) 85.0+10.5 78.4+10.3 70.4+14.4 0.0254
% time of <70 mg/dL 12.4+13.1 27.8+27.1 48.8+35.3 0.0238

Continuous variables are presented as means with standard deviations. “Nocturnal hypoglycemia” refers to
data collected between 00:00 and 06:00 h. The P values refer to comparisons of B-I and R-Y reconstruc-

tions

B-I Billroth-I reconstruction, R-Y Roux-en-Y reconstruction, DG distal gastrectomy
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Dumping syndrome, postoperative symptoms,
and quality of life

The PGSAS-37 symptom scores 1 month after surgery
are listed in Table 4. The dumping score was significantly
higher, reflecting a poorer outcome, in the TG group than
the DG group (TG 2.4 vs. DG 1.3, P=0.0061). Meal-related
distress, diarrhea, and the ability to work scores were also
higher in the TG group. However, the QOL (dissatisfaction
in daily life) score was similar in the two groups.

Next, we analyzed the relationship between the dumping
symptom score and the SD of the glucose concentrations,
reflecting glycemic variability, and found no correlation
between dumping symptom score and glycemic variability
(p=0.0545, P=0.6662). (Fig. 2). This implies that dumping
symptoms do not necessarily reflect glucose fluctuations or
hypoglycemia.

Discussion

Glucose fluctuation after gastrectomy, represented by dump-
ing syndrome, is a post-gastrectomy syndrome that impairs
patient QOL, the mechanism of which has been previously
elucidated [2]. To avoid hypoglycemia following postpran-
dial hyperglycemia, patients who undergo gastrectomy for
gastric cancer routinely receive advice to eat slowly; to eat
smaller and more frequent meals; to avoid ingesting fluids
with their meals; to limit sugary food intake; to eat more pro-
tein, complex carbohydrates, and fiber; and to eat high-sugar
foods immediately if they identify signs of hypoglycemia.
Patients undergoing gastrectomy are rarely administered
insulin for hyperglycemia or glucose for hypoglycemia in
our hospital, because there has been an assumption that the
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ing symptom score and glycemic variability

dietary recommendations are effective and that patients do
not develop dumping syndrome. In the present study, we
continuously measured subcutaneous glucose concentration
in patients that had undergone gastrectomy using a CGM
system, and analyzed the values with reference to an objec-
tive evaluation of dumping, made using the PGSAS-37 ques-
tionnaire. The results showed that the diurnal glycemic vari-
ability is greater, nocturnal hypoglycemia is more frequent
than expected, and some patients develop hypoglycemia
without showing hypoglycemic symptoms. To our knowl-
edge, this is the first study to systematically characterize
the post-gastrectomy glycemic profile using a CGM system.

Glycemic variability and post-gastrectomy symptoms
were more severe in patients who had undergone TG. The
largest difference between TG and DG is the difference in

Table 4 Post-gastrectomy

Domains Main outcome measures DG (n=57) TG (n=13) P value
Syndrome Assessment Scale
37-item questionnaire scores Symptoms Esophageal reflux 22+1.2 2.1+09 0.9118
I month after gastrectomy Abdominal pain 23+1.1 22409 0.9120
Meal-related distress 26+1.4 3.6+1.1 0.0094
Indigestion 20+1.0 22+0.38 0.3153
Diarrhea 1.7+1.1 29+1.5 0.0053
Constipation 26+1.3 2.6+1.8 0.6491
Dumping 1.3+1.2 24+14 0.0061
Total symptom score 2.1+0.7 2.6+0.8 0.0299
Living status Ingested amount of food per meal 34+2.1 3.8+22 0.6178
Necessity for additional food 24+1.1 33+1.5 0.0485
Quality of ingestion 25+1.2 3.2+0.9 0.0773
Ability for working 27+1.4 39+1.3 0.0120
QOL Dissatisfaction for daily life 3.1+1.9 32+1.0 0.4254

Data are presented as means with standard deviations

DG distal gastrectomy, 7G total gastrectomy, QOL quality of life
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the reservoir capacity of the remnant stomach. Therefore,
surgeons have used several methods to add capacity during
the reconstruction following TG. For example, reconstruc-
tion with a jejunal pouch compensates for the loss of reser-
voir capacity and reportedly reduces the severity of symp-
toms related to the dumping syndrome or reflux, resulting
in an improvement in QOL [7-9]. In addition, aboral pouch
reconstruction, in which a jejunal pouch is created in the Y
limb of a Roux-en-Y (R-Y) reconstruction, has been reported
to be associated with significantly higher serum cholesterol
concentrations and QOL than simple R-Y reconstruction
[10]. However, jejunal pouch reconstruction is complex and
can sometimes be associated with food stasis and excessive
pouch dilatation [11], such that Tanaka et al. [12] reported
no benefit of the aboral pouch procedure in their randomized
trial. Therefore, we currently perform a simple R-Y recon-
struction after TG, which remains the standard technique
[13], and the larger glycemic variability and more severe
symptoms in the TG group are consistent with other previ-
ous reports [14-16].

The PGSAS-37 questionnaire data show that patients with
TG often experience meal-related distress and diarrhea, in
addition to dumping syndrome. These symptoms could
also promote hypoglycemia. However, the most important
problems identified were the nocturnal hypoglycemia fol-
lowing both TG and DG and the diurnal glycemic variabil-
ity in many patients who had undergone TG, which were
frequently not reflected in symptoms. Indeed, the patients
whose data are shown in Fig. 1b, c did not report hypoglyce-
mic symptoms. There was no correlation between dumping
symptom score and glycemic variability (evaluated using
the SD) (p=0.0545, P=0.6662) (Fig. 2). Furthermore,
it is likely that patients did not detect their hypoglycemia
while asleep. Thus, there is a possibility that glucose vari-
ability and hypoglycemia can occur for reasons other than
the dumping syndrome in patients who do not have diabetes.
Asymptomatic hypoglycemia, including nocturnal hypogly-
cemia unawareness, is likely to manifest as repeated episodes
of mild hypoglycemia. This results in a weakening of the
autonomic response, termed ‘hypoglycemia-associated auto-
nomic failure’, which further contributes to the development
of hypoglycemia unawareness [17, 18].

In our study, there was a difference in glycemic profile in
patients that had undergone B-I or R-Y reconstructions after
DG. Overall, R-Y reconstruction was associated with a lower
mean glucose concentration and more frequent hypoglyce-
mia of (<70 mg/dL), but the glycemic variability was simi-
lar following each of the two reconstructions. However, the
choice of reconstruction was not randomized, instead being
determined according to the surgeon’s experience, because
there is no specific indication for B-I or R-Y reconstruction.
However, the remnant stomach was probably smaller follow-
ing R-Y reconstruction, because this tended to be performed
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when the tumor was located on upper side of the distal stom-
ach. The size of the remnant stomach could have affected
the glycemic profile after gastrectomy. Following TG, the
complete loss of reservoir capacity may be a cause of the
larger glycemic variability.

In addition, the reconstruction method may affect the
risk of hypoglycemia. Choi et al. [19] compared the effects
of R-Y and B-I reconstruction after DG on diabetes con-
trol in patients with early gastric cancer who had type 2
diabetes, and showed that R-Y reconstruction specifically
ameliorated type 2 diabetes. Costa et al. [20] also found that
R-Y reconstruction significantly reduced BMI and amelio-
rated diabetes in obese patients with type 2 diabetes. Thus,
R-Y reconstruction seems to be more effective at lowering
blood glucose than other methods of reconstruction. In addi-
tion, Takase et al. [21] suggested that a reconstruction that
permitted the passage of food through the duodenum was
associated with better digestion and absorption, resulting in
superior physical status. R-Y reconstruction has also been
favored for the prevention of bile reflux and the development
of remnant gastric cancer [22, 23]. Thus, each reconstruction
method after DG has advantages and disadvantages, and it
appears that the reconstruction method has an influence on
glucose metabolism. We are now conducting further inves-
tigations into the effect of the type of reconstruction after
gastrectomy on subsequent glucose concentrations.

In recent years, glucose fluctuations and nocturnal
hypoglycemia have become recognized as specific causes
of complications in diabetic patients, but the importance
of these phenomena post-gastrectomy has not been deter-
mined to date. Hypoglycemia not only leads to a short-
term decline in QOL but also has long-term negative
effects, such as inducing greater risks of cardiovascular
events and mortality [24, 25]. A relationship between
hypoglycemia and dementia, particularly in older patients,
has also been reported recently [26, 27], and this is likely
to become increasingly significant, given the aging popu-
lation. Furthermore, it has become apparent that not only
hyperglycemia and high HbAlc concentrations, but also
glycemic variability, can be associated with negative out-
comes. Glycemic variability has been reported to be a
strong independent risk factor for mortality in critically
ill patients [28, 29], and Nusca et al. [30] have suggested
that glycemic variability is a potential risk factor for the
development of cardiac complications in both diabetic
and non-diabetic patients. Furthermore, Akirov et al. [31]
have reported that in patients with or without diabetes
mellitus who are hospitalized in general surgery wards,
high glycemic variability is associated with longer hospi-
talization and higher short-term and long-term mortality.
These findings imply that surgeons should be concerned
about the degree of glycemic variability after gastrectomy,
in addition to hypoglycemia, not only with regard to the
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short-term outcomes and QOL, but also with regard to the
long-term outcomes. Rather than DG, a pylorus-preserv-
ing gastrectomy; and rather than TG, a proximal gastrec-
tomy or subtotal gastrectomy with the preservation of a
small stomach remnant if possible; may be preferable for
the avoidance of glucose variability and hypoglycemia.

Some potential limitations of the present study should
be acknowledged. First, we measured glucose concentration
and patients completed the PGSAS-37 questionnaire over
only the first month following gastrectomy, during which
patient food intake and symptoms are usually variable. In
addition, patients with Stage II or higher tumors require
adjuvant chemotherapy within the first 6 weeks after gas-
trectomy, which could greatly influence their food intake
and QOL [32], meaning that the study had to be performed
before the participants underwent chemotherapy. However,
the most important point is that surgeons should be aware
of the fact that substantial glycemic variability and high fre-
quent hypoglycemia occur at that time. Second, this was a
single-institute study and the sample size was small, espe-
cially in the TG group. Third, patient food intake was not
standardized during the glucose monitoring, because the
Flash CGM sensor was placed immediately prior to dis-
charge from hospital. All the patients received dietary advice
from a dietician before discharge, and we subsequently col-
lected questionnaires in which patients completed details of
their meal composition and timing. However, it was difficult
to accurately evaluate energy, protein, fat, and carbohydrate
intake. Therefore, we cannot rule out the differences between
the groups being due to differences in food intake, and the
present findings should be validated in a larger group of
patients, using standardized approaches.

In conclusion, the use of a CGM system is valuable for
the assessment of glycemic profile after gastrectomy. It
permits the recognition of diurnal glycemic variability and
nocturnal hypoglycemia in patients undergoing gastrectomy.
In addition, it has also revealed that the glycemic profile
differs, depending on the reconstruction method used after
DG. Finally, because some hypoglycemic patients did not
report symptoms and glycemic variability did not neces-
sarily correlate with the presence of dumping symptoms,
dumping syndrome appears to explain only a fraction of the
postoperative glucose fluctuations present during the course
of a day.
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