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Abstract Background This study aimed to investigate
the short-term surgical outcomes of laparoscopic gastrec-
tomy for gastric cancer in elderly patients in order to
determine the safety, feasibility, and risk factors for post-
operative complications associated with this procedure.
Methods We retrospectively investigated 208 patients
who underwent laparoscopic gastrectomy for gastric cancer
between January 2007 and September 2014. After
excluding 15 patients with unusual medical histories or
surgical treatments, 193 were selected for this cohort study.
We divided the patients into two cohorts: elderly patients
(=75 years old) and non-elderly patients (<74 years old).
We compared these cohorts with respect to clinicopatho-
logical characteristics and intraoperative and postoperative
parameters.

Results The overall complication rates were 11.4 % (8 of
70 patients) in the elderly cohort and 8.1 % (10 of 123
patients) in the non-elderly cohort (P = 0.449). In a uni-
variate analysis, Charlson comorbidity index (CCI) of >3,
American Society of Anesthesiologists (ASA) score of 3,
operative time of >330 min, and intraoperative blood loss
of >50 ml were found to correlate significantly with
postoperative complications. In a multivariate analysis,
CCI of >3 (P = 0.034), ASA score of 3 (P = 0.019), and
intraoperative blood loss of >50 ml (P = 0.016) were
found to be independent risk factors of postoperative
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complications. In contrast, age was not found to signifi-
cantly affect the risk of postoperative complications.
Conclusions Laparoscopic gastrectomy for gastric cancer
can be successfully performed in elderly patients with an
acceptable complication rate. This study suggested that
high CCI, ASA score, and intraoperative blood loss volume
were identified as independent predictors of postoperative
complications after laparoscopic gastrectomy for gastric
cancer.
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Aging of the global population has progressed in recent
years. In Japan, 23.3 % of the current population is aged
>65 years; this percentage is predicted to reach 33 % by
2035 and approximately 40 % by 2060 [1]. The age of
patients affected by gastric cancer has also increased
rapidly, thus increasing the importance of cancer treatment
for these patients. However, elderly patients generally have
circulatory and respiratory comorbidities and often suffer
from postoperative complications following laparotomy-
based procedures.

Since the first report by Kitano et al. [2], laparoscopic
distal gastrectomy as a minimally invasive treatment for
gastric cancer has rapidly spread throughout Japan and
other Eastern countries in recent years. Several multicenter
studies have found that this minimally invasive procedure
reduces postoperative complications compared with those
in laparotomy and specifically reduces the frequency of
respiratory complications [3-5]. However, only a few
large-scale studies have investigated the efficacy of
laparoscopic gastrectomy for gastric cancer in elderly
patients. The purpose of this study was to investigate the
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short-term surgical outcomes of laparoscopic gastrectomy
for gastric cancer in elderly patients in order to determine
the safety and feasibility of this procedure. In addition, the
risk factors for postoperative complications following
laparoscopic gastrectomy for gastric cancer were identified.

Materials and methods
Patients

This was a retrospective analysis of a prospectively
maintained gastric cancer database in the Department of
Surgery at Machida Municipal Hospital, a regional referral
hospital in Tokyo, Japan. Between January 2007 and
September 2014, 208 patients were diagnosed with gastric
cancer and underwent laparoscopic gastrectomy with
regional lymph node dissection. Before July 2010, the
eligibility criterion for laparoscopic surgery was cTINO-
c¢T2NO-stage gastric cancer. From July 2010 onward, more
advanced cancers were treated via laparoscopic surgery in
accordance with our increased familiarity and experience
with the procedure.

All patients were subjected to a thorough preoperative
assessment with an upper gastrointestinal series and mul-
tidetector-row computed tomography. Endoscopic ultra-
sonography was only performed for staging in patients with
suspected T1 tumors. All patients had histologically veri-
fied adenocarcinoma of the stomach. Patients who under-
went laparoscopic proximal gastrectomy (n = 1) or
combined surgery involving another organ (n = 4) for
malignant disease were excluded from the present study.
Patients who had a history of gastrectomy for concomitant
benign and malignant diseases (n = 5) were also excluded
from the present study. In addition, patients who underwent
palliative gastrectomy (n = 5) because of peritoneal dis-
semination were excluded from the present study. Finally,
193 patients were selected for this cohort study. We divi-
ded the patients into two cohorts: elderly patients
(=75 years old) and non-elderly patients (<74 years old).
All patients were treated with gastrectomy according to the
Japanese classification of gastric carcinoma (JCGC) by the
Japanese Gastric Cancer Association [6].

All laparoscopic gastrectomy operations were per-
formed or guided by two surgeons (T.S., S.K.) who had
performed at least 30 laparoscopic gastrectomies for gastric
cancer. This study was approved by our institutional review
board and included prospective data collection and a ret-
rospective analysis of data obtained from the patients
undergoing laparoscopic gastrectomy. All patients and
their families were informed of the innovative nature of
this study, and written informed consent was obtained
before surgery.

Operative technique

Laparoscopic gastrectomy with perigastric lymph node
dissection and suprapancreatic lymph node dissection were
introduced at our institution in 2002 and 2007, respec-
tively. Beginning in 2007, we began performing laparo-
scopic gastrectomy in the same manner as open surgical
procedures. From July 2010 onwards, we applied a medial
approach for suprapancreatic lymph node dissection in all
cases [7]. At the beginning of each operation in patients
with advanced gastric cancer, the peritoneal cavity was
carefully inspected, and a cytological examination via
peritoneal lavage was performed to detect macroscopic or
microscopic peritoneal dissemination of tumor cells. D1+
or D2 lymph node dissection was performed according to
the preoperative study findings.

Until June 2010, reconstruction was performed via
extracorporeal anastomosis. From July 2010 onward, all
patients underwent laparoscopic gastrectomy with intra-
corporeal anastomosis. During intracorporeal reconstruc-
tion, Roux-en-Y gastrojejunostomy, Billroth IT anastomosis
with a functional side-to-side anastomosis, or delta-shaped
Billroth I anastomosis was performed for patients with
distal gastrectomy [8]. Esophagojejunostomy was per-
formed using a functional end-to-end anastomosis or
overlap anastomosis in patients with total gastrectomy [9].
For extracorporeal reconstruction, a 5-cm minilaparotomy
incision was made in the epigastrium, and a small wound
retractor (ALEXIS wound retractor S, Applied Medical,
Santa Margarita, CA, USA) was applied for wound pro-
tection. Billroth I anastomosis was performed using a cir-
cular stapler (Proximate CDH 25, Endosurgery, Cincinnati,
OH, USA), whereas Roux-en-Y gastrojejunostomy was
conducted using a functional side-to-side anastomosis. In
cases of total gastrectomy, Roux-en-Y esophagojejunos-
tomy was performed with a circular stapler and trans-orally
inserted anvil (Orvil, Covidien, Mansfield, MA, USA).

Perioperative management

Each patient received standardized pre- and postoperative
management. All patients received broad-spectrum antibi-
otics for 48 h during their postoperative hospitalization.
Routine prophylactic somatostatin or octreotide was not
used. Oral feeding was initiated after the passage of flatus.
Patients were discharged once they were free from com-
plications. Clinicopathological parameters such as age,
body mass index (BMI), American Society of Anesthesi-
ologists (ASA) score, and Charlson comorbidity index
(CCI) [10], and perioperative data such as operative time,
estimated blood loss, presence or absence of postoperative
complications, length of postoperative hospital stay, and
clinicopathological TNM stage (according to the
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International Union Against Cancer staging system) [11]
were evaluated. Anastomotic stenosis was defined as a
condition requiring endoscopic dilatation. Anastomotic
leakage was radiologically evaluated using water-soluble
contrast material on the third postoperative day. Pancreatic
fistula was defined according to the definition proposed by
the International Study Group on Pancreatic Fistula [12].
Abdominal abscess was defined as a purulent culture-pos-
itive discharge obtained from abdominal drains placed
during surgery, or fluid collection requiring drainage.
Hospital mortality was defined as death during hospital-
ization or postoperative death from any cause within
30 days.

Statistical analysis

The Chi-square test was used to compare percentages of
events between dichotomous cohorts. Fisher’s exact test
was used when a table had a cell with an expected fre-
quency of <5. Patients’ demographics and operative fea-
sibility were compared statistically using an unpaired ¢ test
to test equality between the cohorts. For the multivariate
analysis, each continuous variable was correlated with the
complication rate using Chi-square test to select a cutoff
point that maximized statistical significance but preserved
clinical utility. Next, all variables with P values < 0.1 in
the univariate analysis were entered in the multivariate
logistic regression analysis as categorical variables. P val-
ues of <0.05 were considered statistically significant. All
statistical analyses were performed using Microsoft Excel
2011 software (Microsoft Corporation, Redmond, WA,
USA).

Results

As previously mentioned, we defined elderly patients as
those aged >75 years (termed “old—old” in Japan). The
patients’ characteristics are summarized in Table 1. The
mean ages of patients in the elderly and non-elderly cohorts
were 80.1 £+ 4.1 and 64.8 £ 7.5 years, respectively. An
ASA score of 3 was observed more frequently in the
elderly cohort. The distribution of tumors according to the
TNM classification was similar in the two cohorts [11].
Table 2 presents surgical data of the two cohorts. All
patients underwent potentially curative surgery and had
resection margins free of invasion. Although the frequency
of total gastrectomy was significantly higher in the elderly
cohort (P = 0.045), there were no differences between the
two cohorts in terms of operative time, intraoperative blood
loss, and the degree of lymph node dissection. One patient
in the non-elderly cohort required conversion to open
surgery and blood transfusion because of an adhesion.
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The postoperative variables are shown in Table 3.
Complications were classified according to the criteria
proposed by Clavien and Dindo, and only those rated grade
>2 were recorded [13]. The overall complication rates
were 11.4 % (8 of 70 patients) in the elderly cohort and
8.1 % (10 of 123 patients) in the non-elderly cohort
(P = 0.449). The most common surgical and non-surgical
complications were anastomotic stricture (n = 4, 2.1 %)
and pneumonia (n = 2, 1.0 %), respectively. There were
no significant differences between the two cohorts with
regard to the incidence of surgical complications. On the
other hand, the number of non-surgical complications was
significantly higher in the elderly cohort than that in the
non-elderly cohort (P = 0.025). The most frequent non-
surgical complication was pneumonia, followed by heart
failure and hepatic complication, and the rates of each
complication did not differ significantly between the
cohorts. Although the time to postoperative oral feeding
did not differ significantly between the two cohorts, the
mean postoperative hospital stay duration was 2 days
longer in the elderly cohort (P = 0.019). Five patients
required additional surgery for diaphragmatic hernia
(n = 1), abdominal bleeding (n = 1), anastomotic struc-
ture (n = 1), small bowel obstruction (n = 1), and anas-
tomotic leakage (n = 1). The reoperation frequency also
did not differ significantly between the two cohorts
(P = 1.000). One patient in the elderly cohort who
underwent reoperation for anastomotic leakage died of
severe pneumonia on postoperative day 20.

The results of a univariate analysis to identify the risk
factors for postoperative complications are summarized in
Table 4. To assess differences in surgeons’ experiences, we
also evaluated cases according to the year of operation
(early period: January 2007-June 2010; late period: July
2010-September 2014). The incidence rates of postopera-
tive complications in the two cohorts were comparable (11
vs. 8.3 %, P = 0.485). CCI of >3 (P = 0.002), ASA score
of 3 (P =0.008), operative time of >330 min
(P = 0.004), and intraoperative blood loss volume of
>50 ml (P = 0.006) were significantly related to the
incidence of postoperative complications. A multivariate
analysis that included these significant factors revealed that
CCI of >3 (P = 0.034), ASA score of 3 (P = 0.019), and
an intraoperative blood loss volume of >50 ml
(P = 0.016) were independent risk factors for postopera-
tive complications (Table 5).

Discussion
Several previous studies have reported the clinical advan-

tages of laparoscopic distal gastrectomy versus open sur-
gery in non-elderly patients [14—16]. However, the safety
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Table 1 Patient characteristics

Elderly (n = 70) Non-elderly (n = 123) P value
Age (years)* 80.1 (4.1) 64.8 (7.5) <0.001
Sex n (%) 0.849
Male 44 (62.9) 79 (64.2)
Female 26 (37.1) 44 (35.8)
BMI (kg/m?>)* 22.3 (2.6) 22.6 (3.2) 0.523
CCI n (%) 0.228
0 34 (48.6) 68 (55.3)
1 18 (25.7) 38 (30.9)
2 11 (15.7) 11 (8.9)
3 7 (10.0) 6 (4.9
ASA score n (%) 0.018
1.2 57 (81.4) 114 (92.7)
3 13 (18.6) 9(7.3)
Tumor size (mm)* 35.6 (25.9) 37.8 (31.6) 0.605
Histological type n (%) 0.220
Differentiated 40 (57.1) 59 (48.0)
Undifferentiated 30 (42.9) 64 (52.0)
TNM stage n (%)° 0.518
1 49 (70.0) 96 (78.0)
I 11 (15.7) 15 (12.2)
1 8 (11.4) 11 (8.9)
v 2 (29 1 (0.8)

BMI body mass index, CCI Charlson comorbidity index, ASA American Society of Anesthesiologists

# Values are shown as means (standard deviations)
® According to the UICC staging [11]

Table 2 Intraoperative

outcomes Elderly (n = 70) Non-elderly (n = 123) P value
Operative method n (%) 0.045
Distal gastrectomy 53 (75.7) 107 (87.0)
Total gastrectomy 17 (24.3) 16 (13.0)
Operative time (min)* 314.0 (82.0) 313.4 (70.5) 0.960
Intraoperative blood loss (ml)* 93.0 (145.6) 97.6 (154.0) 0.836
Lymph node dissection n (%)” 0.665
D1 or D1+ 46 (65.7) 77 (62.6)
D2 24 (34.3) 46 (37.4)
Conversion to open surgery n (%) 0 (0.0) 1(1.4) 1.000

? Values are shown as means (standard deviations)

b According to the treatment guidelines issued by the Japanese Cancer Association [6]

and feasibility of laparoscopic gastrectomy, including total
gastrectomy, have not been well characterized in elderly
patients. Accordingly, the present study was designed to
compare the clinical outcomes of laparoscopic gastrectomy
for gastric cancer in elderly and non-elderly patients, with a
particular focus on postoperative morbidity and mortality.
To the best of our knowledge, this is among the largest
matched cohort studies to investigate this technique. In the

present study, laparoscopic gastrectomy for gastric cancer
was found to be safe and feasible in elderly patients.
Consequently, we found that patients with CCI of >3, ASA
score of 3, and intraoperative blood loss volume of >50 ml
have a greater risk of postoperative complications after
laparoscopic gastrectomy for gastric cancer.

Although the frequency of total gastrectomy was sig-
nificantly higher among elderly patients (P = 0.045), the
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Table 3 Postoperative
outcomes

Elderly (n = 70) Non-elderly (n = 123) P value

Complications n (%)*
Overall 8 (11.4) 10 (8.1) 0.449
Surgical complication 4(5.7) 9 (7.3) 0.772
Anastomotic stricture 1(1.4) 324 1.000
Anastomotic leakage 1(1.4) 2 (1.6) 1.000
Anastomotic bleeding 1(1.4) 0 (0.0) 0.363
Abdominal bleeding 0 (0.0) 1 (1.6) 1.000
Pancreatic fistula 0 (0.0) 1(1.6) 1.000
Lymphatic fistula 0 (0.0) 1(1.6) 1.000
Small bowel obstruction 1(1.4) 0 (0.0) 0.363
Diaphragmatic hernia 0 (0.0) 1 (1.6) 1.000
Non-surgical complication 5(7.1) 1(1.6) 0.025
Pneumonia 2(2.9) 0 (0.0) 0.136
Heart failure 1(1.4) 0 (0.0) 0.363
Liver dysfunction 0 (0.0) 1(1.6) 1.000
Others 2(2.9) 0 (0.0) 0.136
Reoperation needed n (%) 2(2.9) 3124 1.000
Time of first oral intake (days)b 5.0 (5.9) 4.1 (3.7) 0.227
Postoperative hospital stay (days)b 12.8 (7.8) 10.3 (4.9) 0.019
Hospital death n (%) 1(1.4) 0 (0.0) 0.363

? According to a modification of the Dindo—Clavien grading system [12]

® Values are shown as means (standard deviations)

operative time, intraoperative blood loss volume, and
degree of lymph node dissection were similar between the
two cohorts, which suggested that the treatments were
performed almost identically in elderly and non-elderly
patients. No significant differences were observed in the
incidence of postoperative complications, which occurred
in eight patients (11.4 %) in the elderly cohort and 10
(8.1 %) in the non-elderly cohort (P = 0.449). Previous
studies of postoperative complications in elderly patients
after laparoscopic gastrectomy for gastric cancer reported
incidences rates ranging from 11.5 to 16.8 % [17-20].
Although it was difficult to directly compare our results
with those of the previous study, the morbidity observed in
our study appeared comparable with that of previous
studies from Japan and some specialized Western centers.

Recently, a Korean group reported that laparoscopic
gastrectomy was a safe treatment for gastric cancer in
elderly patients. The research group concluded that the
presence and degree of preoperative comorbidity was an
important factor associated with postoperative complica-
tions [17, 21]. In the present study, we also performed a
multivariate analysis to investigate the risk factors for
postoperative complications after laparoscopic gastrectomy
for gastric cancer. The present study indicated that CCI of
>3 and ASA score of 3 were independent risk factors;
however, age was not found to be a risk factor. The ASA
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scoring system is simple and widely accepted as an indi-
cator of a patient’s general condition. However, because of
subjective judgment, different anesthesiologists will often
assign different scores to the same patient [22]. On the
other hand, CCI is widely used for objective quantification
of comorbidities. In this index, weighted scores are
assigned to 19 conditions, and the inclusion of multiple
evaluation conditions renders CCI more objective than the
ASA score. In recent years, CCI has been associated with
postoperative complications in patients with diseases such
as lung cancer and prostate cancer [23, 24]. When per-
forming surgical procedures in elderly patients, eligibility
should be determined by placing more emphasis on phys-
ical status, organ function, comorbidities, and social
background rather than age. We believe that CCI is useful
as a prognostic factor for postoperative complications after
laparoscopic gastrectomy for gastric cancer.

In the present study, despite the lack of differences in
postoperative overall complications between elderly and
non-elderly patients, non-surgical complications were more
frequent in elderly patients (P = 0.025). This significant
difference is thought to result from a difference in the rate
of non-surgical complications such as pneumonia and heart
failure, which were associated with patient-related factors.
The significantly higher ASA score observed in the elderly
cohort suggests that decreased physiological organ
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T 4 Ui s of
complications No (n = 175) Yes (n = 18)
Age (years) n (%) 0.449
<75 113 (64.6) 10 (55.6)
>75 62 (35.4) 8 (44.4)
Sex n (%) 0.431
Male 110 (62.9) 13 (72.2)
Female 65 (37.1) 5(27.8)
Mean BMI (kg/m?)* 224 (2.9) 23.2 (3.5) 0.407
CCI n (%) 0.002
0 95 (54.3) 7 (38.9)
1 51 (29.1) 5(27.8)
2 21 (12.0) 1 (5.6)
3 8 (4.6) 5(27.8)
ASA score n (%) 0.008
1,2 159 (90.9) 12 (66.7)
3 16 (9.1) 6 (33.3)
Operative time (min) 0.004
<330 118 (67.4) 6 (33.3)
>330 57 (32.6) 12 (66.7)
Intraoperative blood loss (ml) 0.006
<50 107 (61.1) 5(27.8)
>50 68 (38.9) 13 (72.2)
Operative method 0.120
Distal gastrectomy 148 (84.6) 12 (66.7)
Total gastrectomy 27 (15.4) 6 (33.3)
Lymph node dissection” 1.000
DI or D1+ 112 (64.0) 11 (61.1)
D2 3 (36.0) 7 (38.9)
TNM stage, n (%)° 0.662
1 133 (76.0) 12 (66.7)
I 23 (13.1) 3 (16.7)
il 16 (9.1) 3 (16.7)
v 3.7 0 (0.0)
Year of operation (%) 0.485
Early period (Jan 2007-Jun 2010) 54 (30.9) 7 (38.9)
Late period (Jul 2010-Sep 2014) 121 (69.1) 11 (61.1)

BMI body mass index, CCI Charlson comorbidity index, ASA American Society of Anesthesiologists

? Values are shown as means (standard deviations)

b According to the treatment guidelines issued by the Japanese Cancer Association [6]
¢ According to the UICC staging [11]

functioning and physical activity led to the increase in non-
surgical complications.

Some reports have indicated an association between
surgical experience and postoperative complications fol-
lowing laparoscopic gastrectomy [21, 25]. The advent of
new technologies and increasing surgical experience

throughout the study period may have influenced the
clinical results. Accordingly, we divided the patients into
two cohorts according to the year of surgery: early (until
2010 June) and late periods (from 2010 July), to evaluate
the relationship between differences in the surgeon’s
experience and the incidence of postoperative
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Table 5 Multivariate analysis of risk factors for postoperative
complications

P value Odds ratio 95 % CI

CCI

0 - 1 -

1 0.093 4.17 0.79-22.09

2 0.219 2.89 0.53-15.64

3 0.034 14.44 1.22-170.56
ASA score

1,2 - 1 _

3 0.019 6.42 1.37-30.22
Operative time (min)

<330 - 1 -

>330 0.149 232 0.74-7.31
Intraoperative blood loss (ml)

<50 - 1 -

>50 0.016 5.23 1.37-19.94

CCI Charlson comorbidity index, ASA American Society of
Anesthesiologists

complications. However, no difference was observed
between the cohorts in terms of postoperative complica-
tions (11 vs. 8.3 %, P = 0.485). The discrepancy between
the results of this and previous studies may have resulted
from the following: (1) two surgeons in our study had
already performed many laparoscopic gastrectomy opera-
tions for gastric cancer and had thus cleared the learning
curve, and (2) the same surgical team performed all sur-
gical procedures following the same oncologic and clinical
protocols in both cohorts.

In the present study, an intraoperative blood loss volume
>50 ml was also found to be an independent risk factor
associated with postoperative complications, in agreement
with a previous study [26]. Moreover, this factor has been
reported to associate with the prognosis of many malignant
tumors, including gastric cancer [27-29]. Therefore,
intraoperative blood loss should be minimized through
careful operative technique.

The present study has limitations inherent to its retro-
spective nature. However, this study demonstrates that
elderly patients are not subjected to an increased surgical
risk following laparoscopic gastrectomy when compared to
non-elderly patients. Further research involving random-
ized prospective studies is required to establish the safety
of laparoscopic gastrectomy for gastric cancer in elderly
patients.

Disclosures M. Fujisaki, T. Shinohara, N. Hanyu, S. Kawano, Y.
Tanaka, A. Watanabe, and K. Yanaga have no conflicts of interest or
financial ties to disclose.
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