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Abstract

Mini abstract In older patients with cT1INOMO gastric cancer in the middle third of the stomach, LPPG has advantages over
LDGBI1 in maintaining skeletal muscle mass.

Background Laparoscopic pylorus-preserving gastrectomy (LPPG) for early gastric cancer in the middle third of the stomach
is expected to be an alternative procedure to laparoscopic distal gastrectomy (LDG). However, whether LPPG is safe and
more useful than LDG in older patients is unclear because of their comorbidities and organ dysfunctions.

Methods We retrospectively analyzed the data of consecutive patients aged 75 or over who underwent LDG with Billroth
I reconstruction (LDGB1) or LPPG for cTINOMO gastric cancer in the middle third of the stomach between 2005 and
2019. After propensity score matching was used to improve the comparability between the LDGB1 and LPPG groups, we
compared surgical and postoperative nutritional outcomes, including the postoperative trends of bodyweight (%BW) and
skeletal muscle index (%SMI).

Results A total of 132 patients who underwent LDGB1 (n=_88) and LPPG (n=44) were collected for this study. No signifi-
cant difference in postoperative complications was observed. The total protein levels after LPPG were significantly higher
than those after LDGBI1 for 4 postoperative years. Both %BW and %SMI after LPPG were significantly maintained compared
with those after LDGBI1 during the first year after surgery. For the subsequent years, %BW after LPPG became similar to
that after LDGB 1, while %SMI after LPPG was significantly larger than LDGB1 continuously.

Conclusions LPPG has a great advantage in maintaining the postoperative skeletal muscle mass as well as the nutritional
parameters of older patients. LPPG is expected to be an alternative to LDG in older patients.

Keywords Gastric cancer - Laparoscopic surgery - Pylorus-preserving gastrectomy - Older patients - Skeletal muscle mass

Introduction

Gastric cancer is one of the most prevalent tumors and the
third leading cause of deadly neoplasms worldwide [1]. The
recent improvements in diagnostic techniques have enabled
the early detection of gastric cancer and prolonged over-
all survival after gastrectomy [2], and hence treatments for
early gastric cancer have shifted to less-invasive and more
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function-preserving procedures to improve postoperative
quality of life (QOL).

Pylorus-preserving gastrectomy (PPG) is a function-
preserving gastrectomy for early gastric cancer in the mid-
dle third of the stomach and has been recently performed
laparoscopically (LPPG) as a less invasive surgery. PPG is
expected to be an alternative procedure to conventional dis-
tal gastrectomy (DG) because it is predicted to have a lower
incidence of bile reflux and post-gastrectomy syndromes
such as dumping syndrome compared with DG with Billroth
I reconstruction (DGB1) [3]. Several studies have revealed
the potential advantages of PPG [4, 5].

Conversely, PPG has several limitations. First, PPG has
specific complications such as gastric stasis or delayed gas-
tric emptying, which sometimes causes nausea, vomiting,
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and postprandial fullness. Second, PPG is a more compli-
cated surgical technique than conventional DG [6]. Third,
solid evidence regarding the advantages of PPG compared
with DG has not been established because we have lim-
ited data from retrospective or single-institutional studies.
Thus, because of these problems of PPG, some surgeons feel
that older patients should be excluded from the indication
for PPG. Older patients may be more likely to suffer from
delayed gastric emptying [7] and the complicated procedures
of PPG may be a burden for older patients. Furthermore, the
advantages with which PPG provides older patients during
their short life spans are unclear.

Japan is the world’s most aging country. The proportion
of older patients with early gastric cancer is increasing, and
patients over 75 years of age account for almost half of all
patients [8]. Currently, older patients in good health have a
long life expectancy even after gastrectomy and their need
for improved postoperative QOL arises. Surgeons must
respond to the trend of aging patients, but the optimal strat-
egy is still controversial because the safety and usefulness
of PPG exclusively for older patients have not been reported.
Therefore, whether PPG is also suitable for older patients
needs to be clarified.

In this study, we compared the clinical outcomes after
LPPG with conventional laparoscopic DGB1 (LDGB1) to
determine whether LPPG is an advantageous procedure in
older patients. The results obtained from this study will help
surgeons to decide whether to select LPPG for older patients
with early gastric cancer in the middle third of the stomach.

Methods
Patient selection

The data of patients aged 75 years and over who underwent
LDG or LPPG for cTINOMO gastric cancer in the mid-
dle third of the stomach at the Cancer Institute Hospital,
Tokyo, Japan, between January 2005 and December 2019,
were retrospectively collected from our prospectively devel-
oped database. In addition to tumor status, patients were
selected according to the following criteria: patients who
had no hiatus hernia or esophageal reflux preoperatively;
patients who underwent LDG or LPPG; and patients who
underwent additional gastrectomy after endoscopic submu-
cosal dissection. The exclusion criterion was synchronous
cancer. In the LDG group, patients who underwent LDGB1
were limitedly collected in this study to avoid the confound-
ing effect of food passage through the duodenum. Clinical
and pathological stages were classified according to the 14th
edition of the Japanese Classification of Gastric Carcinoma
(3rd English edition) [9]. In pathological diagnosis, tubular
differentiated and papillary adenocarcinoma were classified
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into differentiated type, and poorly differentiated adenocar-
cinoma, signet ring cell carcinoma, and mucinous adeno-
carcinoma were classified into undifferentiated type. This
study was approved by the Institutional Review Board of the
Cancer Institute Hospital (2021-GB-023).

Surgical procedure
LDGB1

Each patient in the LDG group satisfied the same criteria as
LPPG but underwent the LDG procedure mainly because of
old age. At our institution, several surgeons had not previ-
ously performed LPPG for older patients even though they
had adequate lesions and conditions. In LDG, D1 +lym-
phadenectomy was performed, which involved the dissec-
tion of lymph node stations no. 1, 3a, 3b, 4sb, 4d, 5, 6, 7,
8a, and 9. The proximal side of the stomach was usually
transected on the level of the meeting point of the bilat-
eral gastroepiploic vessels in the greater curvature. After
dissection and transection of the stomach extracorporeally
or intracorporeally using a linear stapler, a Billroth I-type
gastroduodenostomy was created via a small laparotomy to
use a circular stapler or intracorporeally for the delta-shape
anastomosis using a linear stapler.

LPPG

Recently, we have applied LPPG to older patients according
to the surgeons’ preference when they did not have factors
associated with contraindications for LPPG, such as pre-
operative hiatal hernia and reflux esophagitis. The detailed
procedures of LPPG were described in our previous report
[10]. Modified D1 + lymphadenectomy (dissection of lymph
node stations no. 1, 3a, 3b, 4sb, 4d, 6, 7, 8a, and 9) was per-
formed at our hospital. Consistent with our previous study
[6], in addition to the preservation of the infrapyloric artery,
the infrapyloric vein was preserved to keep venous drainage
in the pyloric cuff. Because the right gastroepiploic artery
and vein were transected after the bifurcation of infrapyloric
vessels, the lymph node dissection of station no. 6 was par-
tially restricted. The lymph node dissection of station no. 5
was not performed, but the sampling of station no. 5 lymph
nodes was added when their metastasis was suspected. The
hepatic and pyloric branches of the vagus nerve were pre-
served to maintain the pyloric function. Marking clips were
preoperatively placed on the pathologically intact mucosa
proximal and distal to the tumor edge. The stomach was tran-
sected with an endoscopic linear stapler, confirming these
marking clips by touching them via a small laparotomy or
under the guidance of intraoperative endoscopy. The proxi-
mal side of the transection line was consistent with the level
of the meeting point of the bilateral gastroepiploic vessels in
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the greater curvature. Gastro-gastrostomy as reconstructions
was created extracorporeally or intracorporeally. The intra-
corporeal reconstructions were represented by delta-shaped
anastomosis [11] or by the piercing method [12].

Postoperative management

Postoperative management according to the clinical path was
the same between the LDGB1 and LPPG groups. In addi-
tion to the above management, we were concerned about the
postoperative symptoms and findings in patients after LPPG.
When we had a concern that delayed gastric emptying had
occurred, close monitoring by X-ray examination, prescrip-
tion of oral medications, and sufficient dietary instruction
were considered. After discharge, all patients who under-
went LPPG were administered an anti-acid agent for 1 post-
operative month, but not those who underwent LDG.

Evaluation of outcomes

We evaluated the surgery time, blood loss, postoperative
morbidities, and mortality in hospital. The postoperative
morbidities were evaluated according to the Clavien—Dindo
classification and those of grade 2 or higher within 30 days
after surgery were recorded. Delayed gastric emptying was
defined by the following three conditions: (1) upper abdomi-
nal distension; (2) remnant stomach fullness on radiogra-
phy imaging; and (3) a period of starvation exceeding 24 h.
Nutritional parameters, such as changes in the levels of total
protein, albumin, and hemoglobin for 5 years and percentage
of bodyweight (postoperative bodyweight loss/preoperative
bodyweight) (%BW) for 3 years after surgery, were evalu-
ated. To evaluate the total skeletal muscle, including the
psoas, paraspinal, and abdominal wall muscles, the skel-
etal muscle index (SMI) was measured at the level of the
third lumbar vertebra with a SYNAPSE VINCENT Volume
Analyzer (Fujifilm Medical Co., Tokyo, Japan) [13]. Tissue
Hounsfield units (HU) were — 29 to 150 HU for skeletal mus-
cle. The SMI was calculated as follows: SMI = cross-sec-
tional area of the skeletal muscle (cm?)/height(m?). The SMI
percentage (postoperative SMI/preoperative SMI) (%SMI)
for 3 years after surgery was also evaluated.

In this study, we made three comparisons to identify
the significance of LPPG for older patients: first, surgical
and endoscopic data; second, postoperative nutritional out-
comes between the LDGB1 and LPPG groups; and third,
postoperative changes in body weight and SMI between the
LDGB1 and LPPG groups. The esophageal reflux and food
residue was endoscopically evaluated 1 year after surgery.
The severity of esophageal reflux was evaluated by the Los
Angeles classification, which defined grade B or higher as
positive.

Statistical analysis

Differences in baseline characteristics and outcomes
between groups were evaluated. Categorical variables were
analyzed using Fisher’s exact test and continuous variables
were analyzed using the Mann—Whitney test. The changes in
nutritional parameters BW and SMI were compared between
LDGB1 and LPPG using the Student’s #-test. Propensity
score matching (PSM) was used to improve comparability
between the LDGB1 and LPPG groups. Its model was cre-
ated using logistic regression analysis with the following
variables: sex, age, body mass index (BMI), performance
status (PS), American Society of Anesthesiologists physical
status (ASA-PS) score, tumor size, and histological type.
Nearest-neighbor matching was performed with a caliper
width equal to 0.25 standard deviations on the logit of the
estimated propensity score with the use of a 1:1 matching
protocol without replacement. We used the standardized dif-
ference to measure covariate balances, whereby an absolute
standardized difference of less than 0.2 was considered an
adequate balance. Statistical significance was defined as
p <0.05. All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria).

Results
Patient characteristics

A total of 274 patients were collected in this study. After
exclusions, 88 and 44 patients who underwent LDGB1 and
LPPG, respectively, for tumors of the same criteria were
selected for the study (Fig. 1). Patient characteristics accord-
ing to the procedures are also shown in Table 1. Signifi-
cant differences were found between the LDGB1 and LPPG
groups in age and tumor size. After adjustment by PSM, 43
patients were eligible in each group and no significant dif-
ferences were shown between the groups.

Surgical data and postoperative complications

Table 2 shows the comparisons of surgical results between
the LDGB1 and LPPG groups after PSM. Although the
surgery time was longer in the LPPG group, no significant
difference was found compared with the LDGB1 group. No
significant differences were also found between the groups
regarding blood loss and the overall incidence of postopera-
tive complications. One patient in the LPPG group suffered
from anastomotic stricture, but he recovered only by starva-
tion and dietary instruction. Postoperative delayed gastric
emptying was not significant but was more frequent in the
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Fig. 1 Flowchart of patient |
selection in this study. LDG

Patients who enrolled in this study (N=274) |

laparoscopic distal gastrectomy,

|

LPPG laparoscopic pylorus- [

preserving gastrectomy, LDGBI | LDG (N=227)

laparoscopic distal gastrectomy
with Billroth I reconstruction

l
| LPPG(N=47) |

Excluded N=139
i Synchronous malignancy (N=4)
Roux-en-Y reconstruction (N=135)

Excluded N=3
Synchronous malignancy (N=3)

| LDGB1 (N=88)

LPPG (N=44) |

| Propensity score matching |

| LDGB1 (N=43)

\ | LPPG(N=43) |

LPPG group. Patients who suffered from delayed gastric
emptying required temporary starvation and oral medication
with gastrointestinal motility regulators. Some patients addi-
tionally needed the insertion of a nasogastric tube because of
severe abdominal fullness or vomiting. Endoscopic findings
showed that the incidence of reflux esophagitis after LPPG
was similar to that after LDGB1. An amount of food resi-
due that was sufficient to disturb endoscopic evaluations was
more frequently observed after LPPG than after LDGB1.
The median observation period was 5.7 years (range,
99 days—11.0 years). The 5-year overall survival rates were
100% in the LDGBI1 group and 89.6% in the LPPG group
(p=0.359). No recurrence was observed in both groups.

Postoperative nutritional outcomes
Nutritional parameter trends

The trends of nutritional parameters between the LDGBI1
and LPPG groups after PSM are represented in Fig. 2. No
significant differences were identified in the preoperative
levels of total protein, albumin, and hemoglobin between
the two groups. The total protein levels after LPPG were
significantly higher than those after LDGB1 for 4 postop-
erative years. The albumin levels after LPPG were consist-
ently higher than after LDGB1 and significant differences
were evident at 6 and 12 months. The hemoglobin levels
after LDGB1 were higher than those after LPPG for the first
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2 years, but conversely, those after LDGB1 were lower than
those after LPPG.

Trends of %BW

Figure 3a shows the postoperative %BW for 3 years. No sig-
nificant difference was found in the preoperative level of BW
between the two groups (LDGB1 vs LPPG; 55.5 kg vs 56.7 kg;
P=0.624). During the first year after gastrectomy, %BW after
LPPG was significantly larger than that after LDGB1, while
%BW was almost the same in both groups at the third year
after surgery.

Trends of %SMI

Figure 3b presents the postoperative 3-year trends of %SMI
after LDGB1 and LPPG. No significant difference was identi-
fied in the preoperative level of SMI between the two groups
(LDGBI1 vs LPPG; 42.3 cm?/m? vs 42.5 cm*/m?; P=0.896).
The %SMI after LPPG was significantly larger than that after
LDGBI after the first year. The %SMI after LPPG remained
roughly unchanged for the subsequent 2 years. Conversely,
the SMI after LDGB1 decreased considerably in the first year
and keep decreasing for 3 years. Eventually, the %SMIs were
significantly different between the LDGB1 and LPPG groups
for 3 years after surgery and the differences became greater
every year.



A continuous muscle-sparing advantage of pylorus-preserving gastrectomy for older patients. .. 149
Table 1 Patient characteristics before and after propensity score matching
Variables Non-matched Matched
LDGBI1 LPPG P-value  LDGBI1 LPPG P-value SMD
(n=288) (n=44) (n=43) (n=43)
Age 78 (75-89) 76 (75-84) 0.006 77.5 (75-84) 76 (75-84) 0.170 0.074
Sex M/F 56/32 23/21 0.336 23/20 22/21 0.668 0.047
BMI (kg/m?) 22.0(15.9-29.9)  22.5(14.1-31.7)  0.503 22.4(15.9-27.7)  22.5(14.1-31.7)  0.656 0.068
ASA-PS, 172 57/31 24120 0.316 26/17 24/19 0.827 0.094
PS, 0/1 80/8 42/2 0.479 39/4 4172 0.676 0.183
Tumor size (mm) 30 (10-60) 25 (10-45) 0.006 25 (10-42) 23.5 (10-45) 0.429 0.097
Comorbidity, n (%) 57 (64.7) 31(70.4) 0.562 27 (62.7) 30 (69.8) 0.649 0.148
Hypertension 28 (31.8) 12 (27.2) 11 (25.5) 11 (25.5)
Cardiovascular 5(5.6) 4 (9.0) 3(6.9) 4.(9.3)
Respiratory 5(5.6) 4 (9.0) 3(6.9) 4.(9.3)
Cerebrovascular 5(5.6) 3(6.8) 3(6.9) 3(6.9)
Diabetes mellitus 11 (12.5) 8 (18.1) 6 (13.8) 8 (18.6)
Liver disease 3(3.4) 0(0) 1(2.3) 0(0)
Histological type 1.000 1.000 0.047
Differentiated 46 (52.3) 23 (52.3) 24 (55.8) 23 (53.5)
Undifferentiated 42 (47.7) 21 (47.7) 19 (44.1) 20 (46.5)
pT, n (%) 0.548 0.119 <0.001
1 78 (88.6) 40 (90.9) 40 (93.0) 40 (93.0)
2 7(7.9) 12.2) 3(6.9) 0(0)
3 2(2.2) 2 (4.5) 0 (0) 2 (4.6)
4 1(1.1) 12.2) 0(0) 1(2.3)
pN, n (%) 0.935 0.757 0.135
0 74 (84.0) 38 (86.6) 36 (83.7) 38 (88.4)
1 12 (13.6) 5(11.1) 6 (13.9) 5(11.6)
2 2(2.2) 12.2) 1(2.3) 0(0.0)
pStage, n (%) 0.246 1.000 0.065
1A 71 (80.6) 37 (82.2) 36 (83.7) 37 (86.0)
1B 7 (7.0) 3(6.8) 4(9.3) 3(6.9)
A 8(9.1) 12.2) 2 (4.6) 1(2.3)
1B 2(2.2) 3(6.8) 1(2.3) 2 (4.6)
Adjuvant chemotherapy 1.000 1.000 0.218
Absent 87 (98.9) 44 (100.0) 42 (97.7) 43 (100.0)
Present 1(1.1) 0(0.0) 12.3) 0(0.0)
Residual tumor
RO 88 (100.0) 44 (100.0) 1.000 43 (100.0) 43 (100.0) 1.000 <0.001
R1/2 0 (0.0) 0 (0.0 0(0.0) 0(0.0)

Values are presented in range

LDGBI laparoscopic distal gastrectomy with Billroth I reconstruction, LPPG laparoscopic pylorus-preserving gastrectomy, BMI body mass
index, PS performance status, ASA-PS American Society of Anesthesiologists physical status, SMD standardized mean difference

Discussion

In the present study, we evaluated whether LPPG for
older patients with cTINOMO gastric cancer in the mid-
dle third of the stomach has some advantages compared
with LDGB1. Three new findings were obtained in this
study. First, LPPG was safe for older patients, similar to

LDGBI. Second, LPPG had advantages in the postopera-
tive maintenance of nutritional parameters over LDGB1.
Third, LPPG was also an advantageous procedure for
preventing bodyweight and skeletal muscle losses, espe-
cially the latter, compared with LDGB1. Although older
age was out of indication for LPPG in many patients, these
critical findings suggested that LPPG is also a feasible
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Table 2 Surgical outcomes
between the procedures

Variables Matched patients P-value
LDGBI1 (n=43) LPPG (n=43)
Surgery time, min 226 (124-371) 250 (157-349) 0.112
Blood loss, ml 20 (0-100) 20 (0-440) 0.829
Morbidity, n (%) 7 (16.3) 8 (18.6) 1.000
Anastomotic leakage 0(0) 0 (0) 1.000
Anastomotic stricture 0(0) 1(2.3) 1.000
Delayed gastric emptying 1(2.3) 3(6.9) 0.616
Bowel obstruction 0(0) 0 (0) 1.000
Pneumothorax 0 (0) 0 (0) 1.000
Pancreatic fistula 3(6.9) 3(6.9) 1.000
Intraabdominal abscess 3(6.9) 1(2.3) 0.616
Endoscopic findings, n (%)
Late food residue 4 (9.3) 17 (39.5) 0.002
Reflux esophagitis 2(4.6) 4(9.3) 0.676
Postoperative hospital stay, days 11 (8-42) 11 (8-46) 0.931
Re-operation, n (%) 0 (0) 0 (0) 1.000
Re-admission, n (%) 00 2 (4.6) 0.494
Mortality, n (%) 0 0@ 1.000
Recurrence, 1 (%) 00 0(0) 1.000

Values are presented in range

LDGBI laparoscopic distal gastrectomy with Billroth I reconstruction, LPPG laparoscopic pylorus-pre-

serving gastrectomy

and advantageous procedure compared with LDG in older
patients.

This study showed that LPPG was a safe and viable pro-
cedure compared with LDGBI1 in older patients as well as
in younger patients. The incidence (18.6%) of postoperative
complications in the LPPG group was comparable to that
in previous studies and acceptable considering the indica-
tion for LPPG in older patients. This was probably because
delayed gastric emptying, which is one of the distinctive
complications of LPPG, had a low incidence, although we
exclusively collected older patients who had a decline in
their gastrointestinal function caused by aging. The delayed
gastric emptying of 6.9% in the LPPG group was relatively
high compared with that of the LDGB1 group but was simi-
lar to the findings of previous studies [14]. We previously
demonstrated that the incidence of delayed gastric emptying
increased with age [7]. In another study by Tsujiura et al.,
we targeted patients aged 75 years or younger and showed
that the incidence of delayed gastric emptying was 5.2%
after LPPG [4]. Compared with these data, the incidence of
6.9% in the present study was a little higher but was com-
parable. One of the possible reasons lies in the preserva-
tion of hepatic and pyloric branches of the vagus nerve and
infrapyloric vein in our techniques. The advantages of vagus
nerve and vein preservation in PPG have previously been
discussed. Furukawa et al. reported that the incidence of
postoperative delayed gastric emptying was not different
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with and without preservation of the vagus nerve after LPPG
[15]. Conversely, Nunobe et al. suggested that preservation
of the vagus nerve lowered the incidence of delayed gas-
tric emptying [16]. Furthermore, Kiyokawa et al. reported
that preservation of the infrapyloric vein reduced edema of
the pyloric cuff and prevented postoperative delayed gas-
tric emptying after LPPG [6]. Thus, preserving the nerve
and vessels is probably important to maintain postoperative
gastric function, especially in vulnerable older patients, and
improves the feasibility and safety of LPPG.

Previous studies identified the postoperative nutritional
benefits after LPPG [5, 14]. In fact, the present study veri-
fied such benefits of the nutritional parameters, serum total
protein, albumin, and hemoglobin for long-term observa-
tion. These results suggest that the nutritional outcomes
after LPPG are superior to those after LDGB1 even in older
patients. However, it is unclear what concrete advantages
there are for patients in maintaining serum total protein,
albumin, and hemoglobin.

The maintenance of body weight is, however, thought to
be the greatest benefit of LPPG because bodyweight loss
is a prevalent and noticeable problem after gastrectomy
[17]. Nonetheless, this study did not present a persistent
benefit of LPPG regarding bodyweight loss. In this study,
bodyweight after LDGB1 decreased more than that after
LPPG during the first year, but bodyweight after LPPG kept
decreasing and was almost the same as that after LDGB1 in
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Fig.2 Trends of nutritional parameters for long-term observation
between the LDGB1 and LPPG groups after matching. For total
protein and albumin, the levels in the LPPG group were consist-
ently higher than those in the LDGB1 group for 5 years. Statistically
significant differences in total protein levels are shown at 6 postop-
erative months (P=0.002), 12 postoperative months (P=0.005), 24
postoperative months (P=0.01), 36 postoperative months (P=0.01),
and 48 postoperative months (P=0.02), and in serum albumin lev-

the third year. Usually, in LPPG, preservation of the pyloric
cuff works as a gastric reservoir and prevents post-gastrec-
tomy syndrome because of the storage capacity. Hosoda
et al. reported that those who underwent LPPG rather than
LDGBI1 felt less dissatisfaction after meals because of
reduced dumping syndrome [18]. In older patients, such
functional advantages of LPPG can be slightly expected
for the maintenance of body weight. The function of the
antral cuff and pylorus may be impaired due to aging-related
phenomena.

This study clearly presented a muscle-sparing effect of
LPPG compared with LDGB1. The evaluation of skeletal
muscle loss was previously shown to be significant in terms
of its association with increased chemotherapeutic toxicity
and postoperative complications as well as physical disabil-
ity and poor quality of life in patients with various cancers

(b) Albumin

e~ LDGB1
= LPPG

3.7 1 T T T T
612 24 36 48 60

Number Time after surgery (month)

LDGB1 43 41 41 40 35 28 22
LPPG 43 42 42 40 36 25 17

els at 6 postoperative months (P=0.04) and 12 postoperative months
(p=0.02). Hemoglobin levels after LDGB1 were higher than those
after LPPG for the first 2 years, but those after LDGB1 were con-
versely lower than those after LPPG. No statistically significant dif-
ferences are shown. Statistical significance is indicated by asterisks.
LDGBI laparoscopic distal gastrectomy with Billroth I reconstruc-
tion, LPPG laparoscopic pylorus-preserving gastrectomy

[19-22]. Several studies reported the postoperative loss of
skeletal muscle after gastrectomy [23, 24]. Furthermore,
Sugiyama et al. implied that function-preserving gastrec-
tomy had advantages in preventing skeletal muscle loss
compared with conventional gastrectomy [25]. Nomura
et al. also reported that a smaller remnant stomach resulted
in skeletal muscle loss [26]. The present study revealed that
skeletal muscle loss after LPPG was not only smaller than
that after LDGB1 but also decreased much more slowly from
1 to 3 years after surgery. These results suggest that skeletal
muscle mass decreased during the first year after LPPG in
older patients, but after that it was maintained, although their
bodyweight loss continued. Conversely, LDGB1 showed dif-
ferent patterns consistent with previous reports that body
weight decreased during the immediate postoperative period
and was maintained over the long-term postoperative course,
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Fig. 3 Postoperative trends of (a) %BW and (b) %SMI between the
LDGB1 and LPPG groups after matching. a During the first year
after gastrectomy, %BW after LPPG was significantly larger than that
after LDGB1 (LDGBI vs. LPPG; 89.4% vs. 95.2%, P=0.004). How-
ever, %BWs were almost the same in both groups in the third year
after surgery (LDGB1 vs. LPPG; 87.8% vs. 89.2%, P=0.61). b The
%SMI after LPPG was significantly larger than that after LDGBI1 at
the first year (LDGB1 vs. LPPG; 89.5% vs. 94.5%, P=0.002). The

while the skeletal muscle mass decreased continuously
throughout the first 3 years postoperatively [27]. These find-
ings suggest that there is some specific mechanism of main-
taining skeletal muscle mass after LPPG in older patients.

One of the possible explanations is that the characteris-
tics of PPG represented by food storage capacity and subse-
quent prevention of dumping syndrome might contribute to
preventing skeletal muscle loss. Dumping syndrome causes
postprandial glycemic fluctuations after gastrectomy [28].
We previously showed using continuous glucose monitor-
ing that postprandial blood glucose levels were significantly
higher in patients with dumping syndrome [29]. Moreover,
these postprandial glycemic changes differ among the types
of surgical procedure, and PPG showed mild changes and
prevented the glucose spike [30]. Several reports showed
associations between these glycemic levels and skeletal
muscle mass. Fiolka et al. suggested that hyperglycemia
might be one of the factors causing the undesired decrease
in skeletal muscle mass [31]. A recent molecular study also
showed that hyperglycemia promoted muscle atrophy via
the WWP1/LF15 pathway [32]. From these considerations,
the mild changes in glucose levels and the suppression of
postprandial hyperglycemia after LPPG might contribute to
preventing skeletal muscle loss in older patients. Although
the further examination is required regarding glucose moni-
toring of PPG, our results suggested that skeletal muscle loss
is unlikely to occur after LPPG, which is one of the greatest
advantages after LPPG in older patients because skeletal
muscle loss is much more fatal in this patient group.

This study had several limitations. First, this was a
single-institutional retrospective study with small sam-
ple size. In particular, the study had a smaller number
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Number Time after surgery (month)

LDGB1 43 40 38 31
LPPG 43 38 34 30

%SMI after LPPG remained roughly unchanged for the subsequent
2 years. Conversely, the SMI after LDGB1 decreased considerably for
the first year and kept decreasing for 3 years (24 months, LDGB1 vs.
LPPG; 13.4% vs. 7.4%, P=0.003, and 36 months, LDGB1 vs. LPPG;
15.5% vs. 8.5%, P=0.009). Statistical significance is indicated by
asterisks. %BW %bodyweight, %SMI %skeletal muscle index, LDGBI
laparoscopic distal gastrectomy with Billroth I reconstruction, LPPG
laparoscopic pylorus-preserving gastrectomy

of patients after PSM. Second, patient symptoms were
not compared in this study because of its retrospective
nature. Symptoms regarding dumping syndrome are one
of the important outcomes of PPG. Third, chronological
bias should be considered because the surgical indication
has changed over time. In fact, we undertook LPPG more
aggressively in the later period; therefore, we performed
LDGBI1 rather than LPPG for older patients, especially
from 2014 to 2015. Howeyver, the ratios were similar before
2013 and after 2016. As a result, we suggested that there
was less chronological deviation in this study. Fourth, dif-
ferences in the surgery skills among the surgeons were also
concerning because LPPG is a slightly more complicated
procedure. However, all operations were performed by sur-
geons who were technically certified or equivalent as an
operator or instructive assistant. Finally, the older patients
in the LPPG group might be in better health originally,
although the characteristics of patients in the LDGB1 and
LPPG groups were comparable in this study. The selec-
tion bias of surgeons naturally selecting well-conditioned
patients for LPPG may have influenced the results of this
study. Because large differences in each older individual
exist, it may be difficult to generalize the results of this
study to all older patients.

In conclusion, LPPG is a safe and feasible procedure
for older patients compared with LDGB1. LPPG has
great advantages in maintaining postoperative skeletal
muscle mass as well as nutritional blood parameters for
older patients. Although LPPG takes some time and effort,
surgeons should recommend LPPG to older patients with
early middle gastric cancer as an advantageous surgery
that can spare more skeletal muscle.
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