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Table 1 Recommendation grades

A There is sufficient scientific evidence and it is recommended to
be actively performed

B There is scientific evidence and it is recommended to be
performed

C1 There is not sufficient scientific evidence; however, it may be
considered to be performed with utmost attention

C2 There is not sufficient scientific evidence and basically it is not
recommended to be performed

D  There is scientific evidence that it may be harmful for the patient

and it is recommended not to be performed

Table 2 Evidence grades

Convincing There is enough evidence to determine that
an association with cancer risk is certain
and taking preventive action is
recommended

Probable There is enough evidence to determine that

an association with cancer risk is almost
certain and taking preventive action is
generally recommended

Limited-suggestive Although neither “convincing” nor
“probable” can be determined, there is
evidence suggesting an association with

cancer risk

Data are insufficient and an association with
cancer risk cannot be determined

Limited-no
conclusion

Substantial effect on
risk unlikely

There is enough evidence to determine that
there is no substantial effect on cancer risk

When it is recommended to be performed in the field
unless there is something exceptional, such as the presence
of comorbidity, A or B is determined (classification as A or
B is according to the degree of strength of recommendation
for it). When the position as a guideline is neutral and the
decision is left to the attending physician because there is
no sufficient evidence to determine whether or not to per-
form at this time, C1 is determined. When it is not rec-
ommended to be performed in the field unless there is
something exceptional, C2 or D is determined (classifica-
tion as C2 or D is according to the degree of strength of
recommendation against it).

The “epidemiology and prevention” area included
many CQs that were unsuitable for recommendation
grades. Therefore, the evidence grades were used
(Table 2). The evidence grade was determined on the
basis of guidelines in “food, nutrition and physical
activity and cancer prevention: from an international
perspective, second edition”! published by the World
Cancer Research Fund (WCRF)/American Institute for
Cancer Research (AICR).

! http://www.dietandcancerreport.org/.
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Breast cancer clinical practice guidelines in English

All previous breast cancer clinical practice guidelines have
been described in Japanese. This time, it was decided to
create and publish an English version. All CQs and rec-
ommendations of the 2013 edition created in Japanese were
described, followed by the addition of commentary
focusing on the differences between the guidelines in Japan
and overseas. It is planned to revise the English version on
a regular basis in concert with the Japanese version.

In conclusion

Breast cancer incidence is still on the rise in Japan and it
afflicts many women. It is hoped that these guidelines will
be utilized in clinical practice and will spread the appli-
cation of more appropriate practice and help to reduce the
suffering of patients as a result.

The guidelines are only “what should be fully utilized
with flexibility by medical staff” and should be used taking
into consideration the situation of each medical institution,
patient’s preferences and social norms. Therefore, it is not
intended to restrict the discretion of the individual physi-
cian, and use of the material as the basis of medical conflict
or malpractice is a deviation from the purpose of the
guidelines.

Moreover, it is meaningless unless the guidelines are
supported and used by practitioners in the field. It is
essential that the guidelines accurately reflect the opinions
of physicians working in the field to make the guidelines
easy to use and useful.
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ABSTRACT

Background. Laparoscopy-assisted total  gastrectomy
(LATG) is commonly performed for early gastric cancer
(EGC) in the upper stomach; however, the incidence of
anastomotic complications remains high, and postoperative
autritional status is not satisfactory. This study aimed to
evaluate the feasibility and nutritional impact of a novel
surgical proceduie, laparoscopy-assisted subtotal gastrec-
tomy (LASTG),

Methods. This was a retrospective study of 167 patients
with EGC in the upper stomach. Of these, 57 patients
underwent LASTG, while 110 patients underwent LATG.
Postoperative change in body weight, and serum concen-
tration of albumin (Alby and total protein (TP) were
compared between the LASTG and LATG groups. Aualysis
of covariance (ANCOVA) was used to assess the influence
of potential confounding factors.

Results. Frequency of anastomotic complications was
significantly higher in the LATG group (16.3 %) than in
the LASTG group (5.3 %, P = 0.040). Postoperative
recovery of body weight at 12 months after surgery was
significantly better in the LASTG group (89.8 & 1.4 %)
than in the LATG group (82.1 £ 1.0 %, P < 0.001). By
ANCOVA, adjusted mean differences of Alb and TP at
12 months afier surgery between the LASTG and LATG
groups were 0.226 g/dl (95 % CI 0.141-0.312; P < 0.001)
and 0.380 g/dl (95 % CI 0.265-0.495; P < (.001); thus,
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the surgical procedure was significantly associated with the
postoperative Alb and TP levels.

Conclusions, LASTG could be a better choice than LATG
for EGC in the upper stomach as a result of improvements
in the incidence of anastomotic complications and post-
operative nutritional status.

The incidence of early gastric cancer (BEGC) in Japan
continues to increase; it now accounts for more than 50 % of
all patients with gastric cancer.' There have been many reports
on the feasibility and safety of laparoscopy-assisted distal
gastrectomy (LADG) for the treatment of EGCF Recently,
cases of EGC in the upper third of the stomach have increased,
and laparoscopy-assisted total gastrectomy (LATG) or prox-
imal gastrectomy (LAPG) has been applied as minimal
invasive surgery.' ! However, these surgical procedures carry
a high level of technical difficulty, especially in reconstruc-
tions accompanied by esophagojejunostomy.'>™'® Reported
postoperative anastomotic complication rates are also higher
for LATG than for LADG, and such eomplications lead to
postoperative nutritional disorder.'” Meanwhile, restoration
of the food passage by straight esophagojejunostomy after
total gastrectomy is accompanied by intestinal-esophageal
reflux, with its associated detrimental effect on esophageal
mucosa and persistent weight loss, and occasionally by severe
dumping syndromes; all of which seriously affect quality of
life (QOL).'7*°

In some patients with EGC in the upper body of the
stomach, there is still some distance from the tumor to the
esophagogastric junction (EGJ). For these selected cases,
we previously reported a novel surgical procedure, lapa-
roscopy-assisted subtotal gastrectomy (LASTG) with very
small remnant stomach.>’?? In the present study, we
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evaluated the feasibility and nutritional impact of LASTG
compared to LATG.

PATIENTS AND METHODS
Patients

From January 2009 to March 2012, laparoscopy-assisted
gastrectomy was performed in 879 patients with preoper-
atively diagnosed EGC at our institution. The staging of the
tumor was classified according to the Japanese classifica-
tion of gastric carcinoma, 3rd English edition.”® LASTG
was performed in 57 patients with EGC who fulfilled the
following criteria: (1) EGC diagnosed as ¢T1NO; (2) tumor
located in the upper third of the stomach or the tumor
lesion involving the upper third of the stomach (tumor
located on the greater curvature was excluded); (3) a cer-
tain distance remaining from the oral margin of tumor to
EGI but <3 em.®"™ For patients who would receive
LASTG, an extra preoperative gastroscopy was performed
wherein the proximal margin (approximately 2 cm to the
tumor) was marked by clips and was counfirmed by biopsy
to be cancer negative. In the same time period, LATG was
performed in 110 patients with ¢TINO EGC in the upper
stomach; the disease was not amenable to LAsTG. Mean-
while, the patients undergoing LAPG were excluded from
this study because such procedure was performed for EGC
in the fornix or the cardia, and such subjects could never be
the candidates for LASTG as a result of the tumor location,

Surgical Procedure of LAsTG

Modified D2 lymphadenectomy (D1+No, 8a, 9, and
11p) was performed according to the 2010 Japanese gastric
cancer treatment guidelines, version 3.4

The detailed surgical procedure of LASTG has been
described in our previous report.”! Briefly, the left gastro-
epiploic vessels were divided from the root, and the lymph
nodes of station 4sb were totally resected. Several distal
branches of the short gastric artery were also divided,
preserving at least one branch near the cardia. The pos-
terior gastric artery ‘was also preserved. The final blood
supply of the remnant stomach would be from the left
inferior phrenic artery and one or two branches of the short
gastric arlery and posterior gastric artery. After mobiliza-
tion of the stomach and lymph node dissection,
intraoperative gastroscopy was performed to confirm the
location of the tumor and the preoperatively placed clips.
The location of clips and EGJ were marked by suturing in
the outer wall, and a safe gastric resection line was marked
with dye. The stomach was transected with endoscopic
linear staplers, leaving a very small remnant stomach.
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Reconstruction in LAsTG

H

An OrVil wbe (Covidien, Mansfield, MA, USA) with
25-mm anvil was transorally introduced into the remnant
stomach and was extracted through the hole until the anvil
reached the greater curvature of the gastric stump. The
specimen was removed thorough the intraumbilical 3-cm
minilaparotomy incision. Then the proximal margin and
some enlarged lymph nodes of stations 2 and 4sa were sent
for frozen pathology; all were confirmed as negative for
cancer. Jejunojejunostomy (Y-anastomosis) was performed
extracorporeally to create the R-Y limb. A 25-mm circular
stapler (Premium Plus CEEA stapler; Covidien Japan) was
inserted into the limb of the jejunum, then introduced into
the abdominal cavity. The anvil and circular stapler were
connected, and gastrojejunostomy was performed laparo-
scopically with a hemidouble stapling technique. The
jejunal stump was closed with an endoscopic linear stapler,
and the antecolic R-Y reconstruction was completed.

Reconstruction in LATG

LATG was performéd as previously described.™
Esophagojejunostomy was performed using a modified lift-
up method, which reduces the difficulty of anvil insertion
by lifting up the nasogastric tube connected 1o the anvil
head, and then the antecolic R-Y reconstruction was
completed.

Clinical Analyses and Surgical Outcomes

‘The following clinical data were obtained from medical
records: age, gender, body mass index (BMI), American
Society of Anesthesiologists physical status (ASA-PS),
history of abdominal surgery, previous treatment with’
endoscopic submucosal dissection (ESD), and clinical T
stage of patients. Surgical findings such as operation time,
estimated blood loss, conversion to open surgery, number
of retrieved lymph nodes, and residual tumor (R) were also
recorded. The following data were recorded to evaluate
early postoperative outcomes: postoperative mortality,
postoperative hospital stay, and postoperative complica-
tions within 3 months after surgery, including anastomotic
complications (anastomotic leakage, anastomotic stricture,
and anastomotic bleeding) related to gastrojejunostomy in
LASTG and esophagojejunostomy in LATG, pancreatic
fistula, duodenal stump leakage, intra-abdominal bleeding,
intra-abdominal abscess, and ileus. Postoperative compli-
cations were classified according to the Clavien-Dindo
classification of surgical complications, and complications
of grade I1la and above were reviewed.”
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Follow-Up and Postoperative Nutritional Status

Mean follow-up time of the 167 patients was 27.9 months.
To evaluate postoperative nutritional status, change in body
weight and serum concentrations of Alb and TP at 3, 6, and
12 months after surgery were measured. Endoscopic gastro-
esophageal reflux was evaluated at 12 months after surgery
according to the Los Angeles classification.

Statistical Analysis

For comparing the background characteristics between
the LASTG and the LATG groups, x°-test and Student’s  test
were used for categorical variables and continuous variables,
respectively. Postoperative change in body weight, and Alb
and TP were compared between the two groups by Student’s
t test. In addition, the influence of potential confounding
factors was assessed using analysis of covariance
(ANCOVA) for Alb and TP at 12 months after surgery. In
the ANCOV A model, the following factors were modeled as
potential confounding factors: preoperative value of Alband
TP, age, gender, BMI, ASA-PS, previous abdominal opera-
tion, clinical T stage, and previous treatment with ESD.
Statistical analyses were performed with SAS version 9.3
and JMP 8 (SAS Institute, Cary, NC, USA). All P values
cited are two-sided, and significance levels were set at 5 %.

RESULTS
Patient Characteristics
Table 1 details the characteristics of patients undergoing

LASTG and LATG. No significant differences were
observed in BMI, ASA-PS, previots abdominal operation,

TABLE 1 Characteristics of patients undergoing LASTG and LATG

and pretreatment with ESD between the two groups. Mean
age was smaller for LASTG group compared to LATG
group, and the LASTG group contained more females than
the LATG group. With respect to the clinical T stage, the
proportion of ¢Tla (M) was higher in LAsTG patients than
in those treated by LATG.

Operative and Early Postoperative Qutcomes

Operative and early postoperative outcomes of patienis
undergoing LASTG and LATG are summarized in Table 2.
Mean operation times and mean estimated blood loss were
significantly less in the LASTG group than in the LATG
group. No LASTG patient needed conversion to open sur-
gery, while 2 patients (1.8 %) in the LATG group needed
conversion to open pracedur& because of the troubles
during the intracorporeal esophagojejunostomy. There
were fewer retrieved lymph nodes in LASTG patients than
in the LATG group, and RO resection was performed in all
patients. Although the mean postoperative hospital stay in
the LASTG group was shorter than that for patients
undergoing LATG, the difference was not significant
between groups. No mortality was recorded for the LASTG
group, while 1 patient (0.9 %) who underwent LATG died
32 days after surgery of surgical complications associated
with pancreatic fistula. The overall postoperative compli-
cation rate was 12.3 % in the LASTG group, and 22.7 % in
the LATG group. There were no significant differences
between the groups in the complication rate regarding
pancreatic fistula, duodenal stump leakage, intra-abdomi-
nal bleeding, intra-abdominal abscess, and ileus. However,
frequency of anastomotic complications was significantly
higher in the LATG group (16.3 %) than in the LASTG
group (5.3 %).

Characteristic

LASTG (n = 57)

Age (years)"
Gender (M/F)
BMI (kg/m?)?

ASA-PS (1/2/3) 18/39/0
Previous abdominal operation, 11 (%) 9 (15.8)
Previous treatment with ESD, n (%) 13 (22.8)
Clinical T stage”
Tia(M) 17 (29.8)
Tib8M) 40 (70.2)

62.2 4 11.4 (35-85)
37 (64.9)/20 (35.1)
22.6 = 3.2 (15.5-31.8)

LATG (n = 110) P
63.7 + 10.5 (39-85) 0.047
92 (83.6)/18 (16.4) 0.006
232 + 3.3 (16.4-38.8) 0.267
372 0.550
28 (25.5) 0.154
25 (22.7) 0.991
0.019
16 (14:5)
94 (85.5)

LAsTG laparoscopy-assisted subtotal gastrectomy, LATG laparoscopy-assisted total gastrectomy, BMI body muass index, ASA-PS American
Society of Anesthesiologists physical status, ESD endoscopic submucosal dissection

* Yalues are expressed as »# (%), mean == standard deviation (range), or n

" According to the Japanese classification of the gastric carcinoma, 3rd English edition
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TABLE 2 Surgical outcomes of patients undergoing LASTG and LATG
Variable LASTG (n = 37) LATG (n = 110) P
Operation time (min)* 289.3 4 497 (154-418) 3129 & 65.0 (192-516) 0.017
Estimated blood loss (ml)?* §1.0 & 61.4 (5-390) 128.2 & 143.0 (10-700) <0.001
Conversion to open surgery 0 () 2(1.8) 0.306
RO resection 57 (100 110 (100} ~
No, of retrieved lymph nodes” 39.1 & 9.8 (23-67) 50.0 & 16.5 (22-97) <0.001
Morbidity 7 (12.3) 25 (2271 0.104
Anastomotic complication 3(53) 18 (16.3) 0.040
Leakage 0 () 4 (3.0)
Stricture 2(3.5) 14 (11.8)
Bleeding 1 (1.8) 0 (0
Pancreatic fistula 1{1.8) 327 0.697
Duodenal stump leakage 1 {1.8) [WCIRS)] 0.634
Intra-abdominal bleeding 0 2 (1.8) 0.306
Intra-abdominal abscess 1(1.8) 0 0,164
Tlens 1(1.8) I (0.9) 0.634
Mortality, n (%) 0 (0} 1(0.9) 0.470
Postoperative hospital stay (days)* 13.9 4 8.4 (8-54) 17.8 £ 17.2 (8-158) 0.106

® Values are expressed as n (%) or mean = standard deviation (range)

Follow-Up and Postoperative Nutritional Status

The mean follow-up time of the 57 patients undergoing
LASTG was 27.9 months {range 9.7-48.1 months), and
none of them developed cancer recurrence in distant
organs, remnant stomach, or lymph nodes.

Figure 1 shows the pre- and postoperative mean levels
of Alb and TP in patients undergoing LAsTG and LATG.
Although mean baseline Alb and TP levels were not sig-
nificantly different between the two groups, Alb and TP
levels at 3, 6, and 12 months after surgery were signifi-
cantly higher in the LASTG group than in the LATG group.
Table 3 show the ANCOVA for Alb and TP at 12 months
after surgery. Adjusted mean difference in Alb level
between the LASTG and LATG groups was (.226 g/dl
(95 % CI 0.141-0.312), thus both the surgical procedure
and preoperative values of Alb and age were significantly
associated with the postoperative Alb levels. Meanwhile,
the adjusted mean difference in TP between the LASTG
and LATG groups was 0.380 g/dl (85 % C1 0.265-0.495),
thus the surgical procedure and preoperative value of TP
were significantly associated with the postoperative value
of TP,

Change in body weight and the incidence of endo-
scopic gastroesophageal reflux at 12 months after LASTG
and LATG are summarized in Table 4. Postoperative
recovery of body weight at 12 months after surgery was
significantly better in the LASTG group (89.8 & 1.4 %)
than in the LATG group (82.1 &+ 1.0 %, P < 0.001). Los-
Angeles Grade B or more severe reflux esophagitis was

observed in 9 patients (8.2 %) in the LATG group, while
such severe reflux esophagitis was not observed in the
LASTG group.

DISCUSSION

EGC has a low recurrence rate and long survival time
after surgical treatmeni, thus current interest has been
focused on postoperative QOL in patients with EGC.
Although LATG or LAPG have been performed as mini-
mally invasive operations for the treatment of EGC in the
upper stomach, QUL after these procedures is not satis-
factory because of the high rate of complications that
substantially affects QOL such as anastomotic stricture and
reflux esophagitis.”®

Expanding the indication for LATG has not been with-
out its challenges even in the hands of those with
considerable experience in LADG, mainly due to the dif-
ficulties in esophagojejunostomy, in particular creating the
purse-string sutures to the esophageal stump and inserting
the anvil into the esophageal lumen within the confine-
ments of the limited space in the upper abdominal
caviiy.iz“m Actually, in this series, 2 patients (1.8 %)
undergoing LATG needed conversion to the open proce-
dure because of the esophageal injury during intracorporeal
anvil placement into the esophagus. On the other hand,
none of the patients undergoing LASTG needed conversion
to open procedure, and thus the intracorporeal gastiojeju-
nostomy by using the OrVil systern could be safely
performed.
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FIG. 1 a Mean Alb levels at baseline (a) 43
and at 3, 6, and 12 months after surgery ) 1
in patients undergoing LASTG and =
LATG. b Mean TP levels at baseline %
and at 3, 6, and 12 months after surgery =
in patients undergoing LASTG and ‘g
LATG 2
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Lee et al. '? found a higher postoperative complication
rate with LATG compared to LADG, especially that of
anastomotic stricture. While the Japanese multi-institutional
phase II trial to evaluate the safety of LADG (JCOGO0703)
‘has demonsfrated no differences in the incidence of anas-
tomotic complications between LADG and open distal
gastrectomy, anastomotic stricture rate in LATG is reported
higher compared to open total gastrectomy.® 216 Extensive
dissection around the distal esophagus with an ultrasonically
activated. coaguliation device in a magnified view and
inappropriate tension of the anastomotic site with intracor-
poreal anastomiosis might be contributing to the higher
incidence of anastomotic stricture in LATG. In the present
study, the frequency of anastomotic complications was
significantly lower in LASTG patients than in those under-
going LATG, confirming that LASTG has advantages over
LATG in the incidence of postoperative anastomotic
complications,

LASTG showed a significant advantage over LATG
with regard to the postoperative nutritional status, and
severe reflux esophagitis was not observed in LAsTG
while it was observed in 9 patients (8.2 %) in the LATG
group. It has been well documented that distal gastrec-
tomy is superior to total gastrectomy in terms of
postoperative QOL and nutritional status, even though
there have been no data demonstrating whether it also
applies to our LASTG in which very small remnant
stomach is preserved.”’ ™% An et al.*® compared surgical
results between proximal gastrectomy and total gastrec-
tomy and found that proximal gastrectomy was associated
with a markedly higher rate of anastomotic stenosis and
reflux esophagitis and provided no benefit in terms. of
postoperative weight loss despite conserving half of the
stomach. In this series, postoperative dietary intake was
better after LASTG than LATG even though the volume
of the remnant stomach in LASTG was extremely small
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TABLE 3 Data for ANCOVA

Characteristic Cocfficient 95 % confidence interval P

Alb at 12 months after surgery
Surgery (LATG = 0, LASTG = 1) 0.226 0.141 0312 <0.001
Preoperative value of Alb 0.448 0.285 0.612 <0.001
Age (per year) ~0.008 ~0.012 —0.003 0.001
Sex (male = |, female = 0) —0.087 —0.186 0.011 0.084
BMI 0.004 —0.009 0.017 0.516
ASA-PS2 (reference level: 1) —-0,059 —0,158 0.039 0.240
ASA-PS3 (reference level: 1) 0.006 ~{),354 0.365 0.976
Previons abdominal operation 0.084 —~0.011 0.179 0.084
Clinical T stage (Tla = 0, Tlb = 1) 0.084 —0.021 0.188 0.118
Previous treatment with ESD ~0,011 —0.106 0.085 0.826

TP at 12 months after surgery
Surgery (LATG = 0, LASTG = 1) 0.380 0.265 0.495 <0.001
Preoperative value of TP 0.551 0,402 0,700 <0.001
Age (per year) —0.003 ~0.008 0.003 0313
Sex (male = 1, female = 0) ~(.084 -0.218 0.049 0.218
BMI -0.013 —0.030 0.004 0.148
ASA-PS2 (reference level: 1) —0.008 —0.142 0.126 0.906
. ASA-PS3 (reference level: 1) (0,303 —0.189 0.795 0.230
Previous abdominal operation 0.060 —0.068 0.189 0.359
Clinical T stage (T1a = 0, TIb = I} 0.119 ~(.022 0.260 0.100
Previous treatment with ESD —0.108 —0.238 0.022 0.105

¢ According to the Japanese classification of the gastric carcinoma, 3rd English edition

TABLE 4 Change in body weight and incidence of endoscopic gastroesophageal reflux at 12 months after LASTG and LATG

Variable LASTG (n = 57) LATG (n = 110) P

Body weight (%)" 89.8 & (4 82.1 £ 1.0 <0.001

Reflux esophagitis” 0 () 9 (8.2) 0.026

* Values are expressed as n (%) or mean == standard deviation

® Grade B or more severe refiux esophagitis according to the Los Angeles classification

(data not shown). Therefore, maintaining an antireflux
mechanism by preserving the lower esophageal sphincter
or relatively maintained serum concentration of ghrelin
rather than a reservoir function may contribute to the
improved nutritional status in LAsTG. 3

Preserving a very small gastric remnant for EGC in the
upper stomach raises some concerns about the oncological
safety. LASTG is recommended if the indication followed
by accurate diagnosis is sirictly confirmed. We set up a safe
resection margin of 2 cm for EGC regardless of the his-
tologic type of tumor according to the Japanese gastric
cancer treatment guidelines.z“ The tumor location and the
safe proximal resection margin were confirmed by preop-
eratively placing clips based on biopsy and by using
intraoperative gastroscopy. Nevertheless, it is advisable to
do frozen pathology as complementary diagnostic

information, even though we should take into consideration
the possibility of false negative, Total gastrectomy should
be performed with no hesitation if the proximal margin is
suspected to be cancer-positive, but we did not have such
cases in this series.

The other concern is metastasis to lymph node stations 2
and 4sa. However, according to the Gastric Cancer Data
Base in our hospital (1946-2004), the percentage of posi-
tive lymph node metastasis on station 2 or 4sa in the cases
with EGC located in the upper third of the stomach or EGC
involving the upper third of the stomach was extremely low
(04 or 0.1 %, respectively). It would become even lower
when the cases with EGC located in the cardia or the
fornix, which are close to these stations, are excluded from
the indication of LASTG, Furthermore, we pick up some
enlarged nodes on these stations, and confirm all of these
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are cancer-negative by frozen pathology. So far, none of
the 57 patient undergoing LAsSTG have developed cancer
recurrence.

In conclusion, LASTG become a valuable surgical pro-

cedure in ‘selected patients with EGC located in the upper
stomach because it has distinct advantages over LATG in
the incidence of anastomotic complications and the post-
operative nutritional status. However, this is a retrospective
study on a smail sample size. Therefore, the results of the
present study should be validated by prospective studies
with large sample sizes, and oncological safety should be
verified by long-term follow-up.

DISCLOSURE The authors declare no confiict of interest.
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Abstract

Background The safety of surgery for gastric cancer in
the elderly has been shown previously. However, poten-
tially fatal complications based on an established severity
grading system were not well described, and associated risk
factors have not been assessed. The present study sought to
examine severity-dependent postoperative complications
after laparoscopy-assisted distal gastrectomy (LADG) in
elderly patients and risk factors of potentially fatal post-
operative complications.

Methods The study included 189 patients aged 70 years
or older and who underwent LADG for early gastric can-
cer. Patient characteristics, perioperative ontcomes, post-
operative complications including severity assessment
using the Clavien-Dindo classification, and risk factors
related to postoperative complications were analyzed.
Results The overall complication rate was 249 %
(47/189). The most frequent complication was abdominal
fluid collection (9 cases, 4.8 %). Severe complications
classified as grade III or above in the Clavien—Dindo
grading system were found in 20 (10.6 %) patients. Mul-
tivariate analysis identified preoperative serum albumin
concentration (odds ratio, 5.200; 95 % CI, 1.706-15.850),
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Roux-en-Y reconstruction (odds ratio, 3.611; 95 % CI,
1.103-11.817), and simultaneous cholecystectomy (odds
ratio, 5.008; 95 % CI, 1.378-18.201) as independent pre-
dictors of a higher rate of severe postoperative complica-
tions after LADG in elderly patients.

Conclusion  The incidence of severe complications after
LADG in the elderly was quite acceptable considering the
risks associated with radical surgery with extensive lym-
phadenectomy. Preoperative serum concentrations of albu-
min (<4.0 g/dh), Roux-en-Y reconstruction, and simultaneous
cholecystectormy are independent risk factors for severe
postoperative complications in these patients,

Keywords Laparoscopic surgery - Gastrectony -
Elderly - Postoperative complication - Risk factor

Introduction

Several recent studies on open gastric surgery have shown
that gastrectomy in the elderly is safe and that, because of
improved surgical technigues and perioperative manage-~
ment, old age alone should not be a contraindication to
surgery [1-3]. :

In Japan and Korea, the supetiority of laparoscopy-
assisted gastrectomy (LAG) for early gastric cancer com-
pared with conventional open gastrectomy has been
confirmed by both randomized and nonrandomized clinical
studies, with advantages including less intraoperative
bleeding, less pain, and shorter postoperative hospital stays
[4-12]. Reported postoperative complication rates are
comparable between LAG and conventional open gastrec-
tomy cases.

in contrast, laparoscopic surgery usually requires a
pheumoperitoneum, which can disrupt respiratory or
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cardiovascular performance during the operation]13-15],
and these effects could be more significant in elderly
patients with a higher likelihood of preoperative comor-
bidities and reduced functional capacities [16, 17].
Although several studies found no significant difference in
the incidence of postoperative complications between
elderly and younger patients undergoing LAG [18-21],
severity of complications was poorly defined in most of
these studies.

This study therefore sought to analyze postoperative
complications after LADG in elderly patients using the
Clavien-Dindo severity grading system and to examine the
risk factors for these complications relative to severity.

Patients and methods
Patient clinical data

From April 2005 to March 2010, 1001 patients underwent
LAG for gastric cancer with curative intent in the
Department of Gastroenterological Surgery, Cancer Insti-
tute Hospital, Tokyo, Japan. Of these, 280 were aged
70 years or older and 189 underwent LADG. For each
patient, surgery was either performed or supervised by one
of two experts in laparoscopic surgery. The study was
approved by an Institutional Review Board. All enrolled
patients provided written informed consent.

Clinical classification of tamor depth (¢T) and nodal
involverment (cN) was determined by preoperative evalua-
tions, including barium radiography, upper gastrointestinal
tract endoscopy, computed tomography, and endoscopic
ultrasonography. All tumors were diagnosed histologically
ag adenocarcinomas. Preoperatively diagnosed intramuco-
sal or submucosal carcinoma without lymph node metas-
tasis (¢T1, cNO) was designated as suitable for LADG.

Preoperative evaluation of general condition

We examined the results from chest Xerays, laboratory
tests, electrocardiogram (ECG) readings, and respivatory
function tests using spirometry in all patients to assess
preoperative cardiopulmonary function and other comor-
bidities. Patients were classified according to the American
Society of Anesthesiologists (ASA) Classification of
Physical Status guidelines so that patient comorbidity
could be assessed objectively. Neither LAG nor conven-
tional open gastrectomy was indicated in our hospital for
patients with cardiac (greater than New York Heart Asso-
ciation class I), pulmonary (greater than Hugh~Jones grade
i), hepatic (Child classes B and C), or renal insufficien-
cies consequent to a lack of adegunate support from spe-
cialists in these fields.

Surgical procedures

LADG was performed under a pneumsperitoneum that was
created by injection of carbon dioxide (10~12 mmHyg),
However, an intraperitoneal pressure of 8 mmHg was
sometimes selected if a lower cardiopulmonary reserve was
expected. A total of five ports (each 5-12 mm) were
inserted, and LADG with perigastric and snprapancreatic
lymph node dissection was conducted as reported previ-
ously [22-26]. Extracorporeal reconstruction was per-
formed using a 4- to 5-cm upper midline incision with
Billroth-I reconstruction after LADG. Alternatively, intra-
corporeal reconstruction was performed with Roux-en-Y
reconstruction if the remmant stomach was too small o
enable Billroth-1 reconstruction.

The following parameters were recorded: patient age
and gender, body mass index (BMI), ASA physical status
(ASA-PS), peripheral blood count and biochemical find-
ings, nutritional status, twmor characteristics, operation
time, estimated intraoperative blood loss, postoperative
complications, and length of postoperative hospital stay.
BMI was calculated using preoperative physical measure-
ments, and the severity of complications was graded using
the Clavien—-Dindo classification of surgical complications
[27, 28]. In this study, complications of grade I or above in
the Clavien—-Dindo classification were defined ag overall
complications.

Statistical analysis

All data are presented as mean == standard deviation.
Factors that might affect postoperative complications were
evaluated by univariate and multivariate logistic regression
analysis. Statistical analyses were performed using SPSS
version 11.0 (SPSS, Chicago, 1L, USA). Significance was
established at £ < 0.05.

Results

Clinicopathological findings

Table 1 swmmarizes the patient characteristics. Of the 189
patients, 121 (64.0 %) patients had preoperative comor-
bidities classified as ASA-PS class 2 or 3. Past history of
abdominal surgery including appendectomy was observed
in 54 (28.6 %) patients,

Perioperative outcomes

Postoperative short-term outcomes are listed in Table 2.

Among 20 patients who underwent simultaneous chole-
cystectomy, 12 had gallstones, whereas the other 8 patients

2} Springer
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Table 1 Characteristics of elderly patients undergoing laparoscopy-
assisted distal gastrectomy (LADG)

Characteristic Value
Number of cases 189
Age, years (median) (range) 76 (70-90)
Sex ratio (M:F) 124:63
Body mass index (kg/m?) 222 £34
ASA-PS (1/2/3) 68/106/15
Previous laparotomy 54 (28.6)
Location

Upper 11 (5.8)

Middle 86 (45.5)

Lower 92 (48.7)
Hemoglobin (g/dl) 130+ 14
CRP (g/dl) 0.22 + 0.47
Albumin (g/dl) 41+£03
Prealbumin (mg/dl) 248 £ 5.0
Lymphoeytes (cells/ul} 1829 4+ 701
PNI 49.8 £ 48
Pretreatment (ESD) 27 (14.3)

Data are presented as mean = SD. Values in parentheses are
percentages

ASA-PS American Society of Anesthesiologists physical status, PNI
prognostic nutritional index, ESD endoscepic submuicosal dissection

Table 2 Perioperative data for LADG in the elderly

Variable Value
Operation time (min) 218 £ 60
Blood loss (ml) 76 & 182
Reconstroction

Billroth-1 160 (84.7)

Roux-en-Y 29 (15.3)
Combined surgery

Cholecystectomy 20 (10.6)
Lymph node dissection

D1+ 163 (86.2)

D2 26 (13.8)
Median postoperative hospital stay {days) 11 (7-55)°

Data are presented as mean £ SD. Values in parentheses are
percentages

# Value in parentheses is a range

had normal galibladders and underwent cholecystectomy to
prevent gallstone formation or cholecystitis.

Postoperative complications
Postoperative morbidity and mortality outcomes are listed

in Table 3. The overall complication rate was 24.9 %
(47/189), with the most frequent complication being

@ Springer
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Table 3 Postoperative complications after LADG in the elderly

Complication , Number (of 189)
Overall complications 47 (24.9)
Grade | 8 (4.2)
Grade II 19 (10.1)
Grade Illa 16 (8.5)
Leakage 527
Stricture 5@
Abdominal fluid collection 3 (1.6
Intraabdominal bleeding 1(0.5)
Anastomotic bleeding 1(0.5)
Superficial SSI 1{0.5)
Grade 1Ib 3(l.6)
Bowel obstruction 2 (D
Enteric injury 1(0.5)
Grade IVa 1 (0.3)
Subdural hematoma 1 (0.5}

Fach grade based on the Clavien-Dindo grading system. Values in
parentheses are percentages

SST surgical site infection

abdominal fluid collection including pancreatic fistula (9
cases; 4.8 %). Complications classified as grade III or
above in the Clavien—Dindo grading system occurred in 20
(10.6 %) patients. No postoperative mortality was observed
in this study. The most frequent severe complication was
anastomotic or stump leakage (5 cases, 2.7 %) and anas-
tomotic stricture (5 cases, 2.7 %).

Risk factors of postoperative overall complications

Overall complications after LADG in the elderly correlated
significantly with age (75 years old or more), preoperative
comorbidity (ASA-PS class 2 or 3), preoperative serum
albumitt (less than 4.0 g/dl), and preoperative serum pre-
albumin (less than 22 mg/dl) by univariate analysis
(Table 4). Multiple logistic regression analysis identified
ASA-PS (odds ratio, 2.754; 95 % Cl, 1.207-6.284;
P = 0.016) and preoperative serum albumin (odds ratio,
2.224; 95 % CI, 1.089-4.538; P = 0.028) as the indepen-
dent predictors of a higher postoperative complication rate
{(Table 5). Preoperative serum prealbumin was not used in
multivariate analysis because of the possible strong corre-
lation with preoperative serum albumin concentration.

Risk factors of postoperative severe complications

Subgroup analysis of severe postoperative complications
was performed in the same way. Preoperative serum
albumin concentration (less than 4.0 g/dl) and simulta-
neous cholecystectomy were significantly correlated by
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Pable 4 Univariate analysis of risk factors for overall and severe postoperative complications after LADG in the elderly

Variables Overall complications Severe complications (Dindo ,[Ii, 1V, and V)
Percent {no./total no.) ' Percent {(no.ftotal no.) P
Sex
Male 27.4 (34/124) 0.264 12.9 (16/124) 0.161
Female 20.0 (13/65) 6.2 (4/65)
Age (years)
70-74 17.3 (14/81) 8.6 (7/81)
75~ 30.6 (33/108) 0.039 12.0 (13/108) 0.455
Operation time (min)
>218 26.2 (22/84) 0.707 13.1 (11/84) 0.318
<218 23.8 (25/105) 8.6 (9/103)
BElood loss (ml)
=76 25.7 (9/35) 0.898 11.4 (4/35) 0.857
<76 24.7 (38/154) 104 (16/154)
BMI kg/m™)
<18.5 33.3 (8/24) 0.283 20.8 (5724) 0.071
>18.5 23.2 (38/164) 8.5 (14/164)
Comorbidity (ASA-PS)
Class 1 13.2 (9/68) 8.8 (6/68)
Class 2 and 3 314 (38/121) 0.007 11,6 (14/121) 0.557
Previous laparotomy
Yes 27.8 (15/54) 0.559 11.1 (6/54) 0.881
No 23.7 (32/135) S 104 (147135
Hemaoglohin (g/dl)
<10 40.0 (2/3) 0.437 40.0 (2/5) 0.055
=10 24.5 (45/184) 9.8 (18/184)
CRP (g/di)
=1 25.0 (1/4) 0.928 0 (0/4) 0.778
<] 27.0 (40/148) 11.5 (17/148)
Albumin (g/d))
<4.0 36.7 (22/60) 0.012 21.7 (13/60) 0.002
>4.0 19.4 (25/129) 5.4 (77129
Prealbumin (mg/dl)
<22 35.7 (15/42) 0.043 9.5 (4/42) 0.943
>22 19.8 (22/111) 89 (111D
Lymphoeyte (cells/pl)
<1500 23.7 (14/5%} 0.742 11.9 (7/3%) 0.739
>1500 26.0 (337127} 10.2 (13/127)
Pretreatment (ESD)
No 23.5 (38/162) 9.9 (16/162)
@ Springer
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Table 4 continued

Variables Overall complications Severe complications (Dindo ]]il, IV, and V)
Percent (no./total no.) P Percent (no./total no.) P

Yes 33.3 (927 0.275 14.8 (4/27) 0.443
Reconstruction

Billroth-I 23.8 (38/160) 8.8 (14/160)

Roux-en-Y 31.0 (8/29) 0.405 20.7 (6/29) 0.062
Lymph node dissection

D+ 24.5 (40/163) 10.4 (17/163)

D2 26.9 (7/26) 0.794 11.5 (3726) 0.865
Cholecystectomy

No- 23.7 (40/169) 8.9 (15/169)

Yes 35.0 (7/20) 0.272 25.0 (5720) 0.035
Laocation

Upper 455 (5/11) 0.116 27.3 (3/11) 0.080

Othets 23.6 (42/178) 9.6 (17/178)

Values in parentheses are percentages.

univariate analysis with complications classified as grade
II or above using the Clavien-Dindo grading system
(Table 4). Factors with relatively small P values (P < 0.1)
in the univatiate analysis were selected as covariables in
the multivariate analysis, which identified preoperative
serum albumin concentration (odds ratio, 5.200; 95 % CI,
- 1.706-15.850; P = 0.004), Roux-en-Y reconstruction
(odds ratio, 3.611; 95 % CI, 1.103-11.817; P = 0.034),
. and simultaneous cholecystectomy (odds ratio, 5.008;
95 % CI, 1.378-18.201; P = 0.014) as independent pre-
dictors of a higher rate of severe postoperative complica-
tions (Table 5). Location of the tumer was not used in
multivariate analysis because of the possible strong corre-
Iation with reconstruction method.

Discussion

Several previous studies indicating the feasibility of LAG
in the eldesrly concluded that LAG produces an incidence
rate of postoperative complications in the elderly similar to
that in younger patients [18-21]. However, the definition of
complication severities after LLAG in the elderly was not
strictly defined in these previous repotts. Severe postop-
erative complications can easily become fatal in elderly
patients as the result of age-related decline in immune
functions, which could increase the prevalence and severity
of infectious diseases in elderly patients [29-32]. There-
fore, we analyzed postoperative complications depending

4\ springer

on their severity and studied risk factors for severe com-
plications in elderly LADG cases.

The incidence of complications classified as grade 111 or
above in the Clavien-Dindo grading system was approxi-
mately 10 % in our cohort. This rate was relatively low and
satisfactory compared with previous studies [18, 19, 21],
especially considering that we performed radical surgery
mvolving modified D2 lymph node dissection with curative
intent. Median postoperative hospital stay (range) was 11
(7-55) days, which did not seem to be different from
previously reported postoperative stay after LADG in all
age groups, although statistical analysis was not performed
[33].

Reported risk factors for complications following
extended lymphadenectomies for gastric cancer ate age,
operation time, total gastrectomy, and pancreatectomy
{34]. In this stody, we identified ASA-PS (class 2 and 3)
and preoperative serum albumin (<4.0 g/dl) as independent
risk factors of overall complications with LADG in elderly
patients, We also identified prepperative serum albumin
(<4.0 g/d]), Roux-en-Y reconstruction, and simultaneous
cholecystectomy as independent risk factors of complica-
tions classified as grade I or above in the Clavien—Dindo
system. A feature of the Clavien-Dindo classification is
that different risk factors could be identified for compli-
cations of different severity in the same population. We did
not inelude surgical experience as a variable in the analyses
although it is reported to be ore of the independent risk
factors of postoperative complication in LAG [35]. The
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Table 5 Multivariate analysis of risk factors for overall and severe postoperative complications after LADG in the elderly

Variables Overall complications

Severe complications
(Dindo I, TV, and V)

OR 95 % CI

Lower Upper

P OR 95 % C1 P

Lower Upper

Age (years)
7074 1
=75 1.519
Comorbidity (ASA-PS)
Class 2 and 3 2.754
Class 1 1
Albumin (2/dD)
<40 2.224
>4.0 1

0.719

1.207

1.089 4.538

BMI (kg/m?)
<185
>18.5
Hemoglobin (g/dh)
<10
>10
Reconstruction
Roux-en-Y
Biliroth-I
Cholecystectony
Yes
No

0.274

0.016

0.028 1.706 15.850 0.004

LA
B
ol
<

2.836 0.794 10.133 0.109

3.698 0.486 28.140 0.206

3.611 1.103 11.817 0.034

5.008 1378 18.201 0.014

(R odds ratio

reason for this non-inclusion is that operator selection is a
potential risk of bias because difficult cases tended to be
operated by experts and some of the relatively easy cases
are done by trainees, particularly in this cohort.

ASA-PS classification is a reporied predictive factor of
postoperative complications affer major abdominal sur-
geries for colorectal and pancreatic disease [36-38]. ASA-
PS8 class 2 defines “a patient with mild systemic disease”
such as confrolled hypertension, diabetes without systemic
effects, and cigaretie smoking without chronic obstructive
pulmonary disease [39]. The results of this study suggested
that such a mild comorbidity could be a risk factor for
postoperative complications, specifically in elderly patients
with reduced functional capacities.

Preoperative albumin level is recognized as the best
predictor of postoperative morbidity and mortality in var-
ious kinds of operations [40-43]. Prealburin, also known
as transthyretin, is a rapid-turnover protein that could
provide a sensitive indicator of nutritional status {44, 451
In elderly patients, major surgeries under the condition of
poor nutritional status could be fatal. To prevent the
postoperative complications conferred by a malnutrition

146

status in the elderly, pre- or postoperative immune-nutri-
tional therapy for LADG would be an interesting topic for
future study.

We previously reported that Roux-en-Y recounsiruction
in LADG is an independent risk factor for complications
classified as grade HI or above for all ages [33]. Roux-en-Y
reconstruction in LADG was thought to confer the poten- ’
tial for complications such as internal hernia, duodenal
stnmp leakage, and stricture of the jejunojejunostomy if
some procedures to prevent these complications were not
applied. In other words, they are regarded as preventable if
the potential risks are understood and prophylactic proce-
dures such as closure of mesenteric defects, invagination of
the staple line of the duodenal stump, and temporary
intracorporeal fixation of the jejunojejunostomy before
extracorporeal jejunojejunal anastomosis are applied [33].

We identified simultansous cholecystectomy during
1.ADG as an independent rigk factor of severe postopera-
tive complications, including intraabdominal bleeding,
intraabdominal fluid collection, and duodenal stump dis-
ruption, although these complications are not necessarily
directly related to the cholecystectomy procedure.
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Operation time for the patients with simultaneous chole-
cystectomy (273 + 80 min) was 62 min longer than that
for the patients who did not undergo that procedure
(211 % 53 min, P = 0.003), and the difference was much
greater than empirically expected. In our previous study of
LADG for all ages, simultaneous cholecystectomy was not
identified as an independent risk factor of postoperative
complications classified as grade I or above [33]
Excessive surgical stress could also be a risk factor of
postoperative complications after LADG in the elderly,
indicating that prophylactic cholecystectomy during LADG
in elderly patients should be avoided.

In conclusion, the incidence of severe complications
after LADG in the elderly was quite acceptable considering
the risks associated with radical surgery with extensive
Iymphadenectomy. Preoperative serum concentrations of
albumin, Roux-en-Y reconstruction without procedures to
prevent complications specific to this method, and simul-
taneous cholecystectomy are independent risk factors for
severe postoperative complications in these patients.
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