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Abstract

Background The incidence of gastric cancer has been
increasing among elderly persons in Japan. This study
aimed to clarify risk factors for postoperative complica-
tions in oldest old patients with gastric cancer.

Methods One-hundred ninety patients more than 75 years
old with gastric cancer underwent gastrectomy between
2000 and 2011. Patients were classified into two groups:
group A included 29 patients who were 85 years or older
(oldest old patients), and group B included 161 patients who
were 75-84 years of age. Perioperative parameters associ-
ated with complications were compared in each group.
Results The preoperative estimated glomerular filtration
rate was significantly lower in group A (p = 0.03). The
two groups significantly differed in performance status
(p = 0.018). Patients in group A received a lesser extent of
lymph node dissection and had fewer lymph nodes excised.
As a result, the duration of the operation was significantly
shorter in group A. There were no significant differences in
the frequency or grade of total complications or mortality
between the two groups. Operative hemorrhage (>300 ml)
and Hiroshima POSSUM (predicted morbidity risk >40)
were risk factors in both groups A and B; the risk factors of
preoperative serum albumin level and prognostic nutri-
tional index (PNI) were specific to group A.
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Conclusions Adjustments to the extent of surgery among
oldest old patients most likely reduces the incidence of
postoperative complications in this group. Preoperative
serum albumin level and PNI are significant predictors of
postoperative complications in oldest old patients with
gastric cancer.
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Introduction

The number of elderly individuals (aged 65 years or older) has
rapidly increased in Japan. In 1994, elderly persons accounted
for 14 % of the Japanese population. By 2013, this figure had
increased to 25 %, including the 11.9 % of the population in
late-stage old age (>75 years old) [1]. This increase reflects
the aging society of Japan, in which 1 in 4 persons are elderly
and 1 in 9 persons are late-stage elderly. In gerontology,
individuals who are at least 85 years old are often called the
oldest old. Twenty percent of gastric cancer patients in Japan
are more than 80 years old. Elderly patients have a higher
incidence of postoperative complications that are caused by
reduced physiological function. Additionally, rates of under-
lying diseases are higher among elderly patients, meaning that
complications may tend to be more serious [2, 3]. Conse-
quently, postoperative complications among the elderly may
lead to prolonged hospitalization, increased medical costs,
and wasteful uses of human resources. To prevent postoper-
ative complications in the elderly, it is important to evaluate
the risks of postoperative complications according to the
overall preoperative status and to vary postoperative care
depending on the type of surgery and the specifics of the case.
The present study was conducted to clarify factors associated
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with postoperative complications among late-stage elderly
patients with gastric cancer, and particularly among oldest old
patients with gastric cancer (aged >85 years).

Patients and methods

One-hundred ninety patients more than 75 years old with
gastric cancer underwent gastrectomy at the Department of
Gastroenterological Surgery, Kagawa University, between
January 2000 and December 2011. Patients were classified
into two groups: group A included the 29 patients who
were 85 years or older (oldest old patients), and group B
included the 161 patients who were 75-84 years of age.

These two groups were examined and compared in
terms of sex; past history (the presence or absence of
diabetes mellitus, ischemic heart disease, and lung dis-
ease); body mass index; preoperative serum albumin level,
prognostic nutritional index (PNI), as proposed by Onodera
et al. [PNI = serum albumin (g/dl) + total peripheral
lymphocyte count (/mm’)] [4]; respiratory function [per-
cent vital capacity (%VC); forced expiratory volume
(FEV) 1.0 %]; renal function [estimated glomerular filtra-
tion rate (eGFR)] [5]; the type of surgery performed; lymph
node excision (the degree of lymph node dissection and the
number of excised lymph nodes); bleeding; surgery time;
disease stage; Physiological and Operative Severity Score
for the Enumeration of Mortality and Morbidity (POS-
SUM) for comprehensive risk assessment; Hiroshima
POSSUM (H-POSSUM; developed on the basis of POS-
SUM for Japanese patients) [6-11]; performance status
(PS) [Eastern Cooperative Oncology Group (ECOG)] [12];
and postoperative complications. We applied the new
American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) standard to define
postoperative complications [13, 14]. Surgical complica-
tions were graded according to the Clavien—Dindo classi-
fication for patients with postoperative complications
(grade II or greater) [15-17].

To analyze the risk factors for complications, patients in
groups A and B were separated into those who did and did
not develop complications. The degree of lymph node
dissection was based on the Japanese classification of
gastric cancers, 13th edition, and the stage of disease was
based on the Japanese classification of gastric cancers, 14th
edition. This clinical cohort study was approved by the
Dean of the Faculty of Medicine, Kagawa University.

Statistics

The chi-square test, ¢ test (Student’s or Welch’s), and
Mann—-Whitney U test were used to assess statistical
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significance. Survival curves were estimated using the
Kaplan—-Meier method, and survival differences were
assessed using the log-rank test. The 1-, 3-, and 5-year
survival rates were estimated using life tables. Logistic
regression models were used for multivariate analyses. The
multivariate models included all risk factors that were
significantly associated with complications in univariate
models (p < 0.05). Throughout our analysis, values of
p < 0.05 were considered statistically significant. All sta-
tistical analyses were performed using SAS 8.2 (SAS
Institute, Cary, NC, USA).

Results

Patient characteristics are summarized in Table 1. Con-
sidering preoperative tests, preoperative eGFR in group A
was significantly lower than that in group B. Considering
surgical procedures, there were significantly fewer patients
who underwent total gastrectomy in group A than there
were in group B (p = 0.032). Patients in group A received
a lesser degree of lymph node dissection (p = 0.007) and
had fewer lymph nodes excised (p = 0.018). As a result,
operation times were significantly shorter in group A
(»p = 0.003). As assessed using POSSUM and H-POS-
SUM, predicted morbidity and mortality risks did not differ
significantly between the two groups. However, the two
groups differed significantly in terms of performance status
(PS; p = 0.018). In group A, 2 patients (6.9 %) had PS0,
18 patients (62.1 %) had PS1, and 4 patients (13.8 %) had
PS2. In group B, 33 patients (20.5 %) had PSO0, 68 patients
(42.2 %) had PS1, and 51 patients (31.7 %) had PS2.

In regard to postoperative complications, we observed
no significant differences in the frequencies or character-
istics of the complications between the two groups
(Table 2). Eight patients (5 %) developed pancreatic fistula
in group B, of which 6 (3.7 %) had grade B pancreatic
fistula, and 2 (1.2 %) had grade C pancreatic fistula,
according to the International Study Group of Pancreatic
Fistula (ISGPF) classification. No patients developed pan-
creatic fistula (ISGPF grade B or C) in group A. An
intraabdominal abscess was documented in 5 patients
(3.1 %) in group B; no patients developed intraabdominal
abscess in group A. However, there were no significant
differences in pancreatic fistulae or intraabdominal
abscesses between the two groups. Group A did include a
significantly larger proportion of patients who experienced
postoperative delirium (41.4 % in group A vs. 10.6 % in
group B; p = 0.0009). However, postoperative delirium
was excluded from the major study endpoints concerning
complications.

Surgical complications were graded according to the
Clavien-Dindo classification. Fifty-six (29.5 %) patients
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Table 1 Comparison of patient characteristics Table 2 Postoperative mortality and morbidity
Group A Group B p value Group A Group B p value
(n = 29) (n = 161) (n = 29) (n = 161)

Gender Mortality 1 (3.4 %) 3(1.9 %) 0.877
Female 13 (448 %)  47(292%)  0.095 Morbidity 12414 %) 55342 %)  0.454
Male 16 (552 %) 114 (70.8 %) Respiratory disease 5172 %) 16 (9.9 %) 0.248

BMI 213 £33 221432 0210 Tleus/stenosis 4(13.8 %) 15 (9.3 %) 0.687

Past history Wound infection 2 (6.9 %) 11 (6.8 %) 0.699
Ischemic heart disease 6 (20.7 %) 21 (13.0 %) 0.278 Pancreatitis/pancreatic 0 8 (5.0 %) 0.469
Diabetes mellitus 3 (10.3 %) 29 (18.0 %) 0.456 fistula
Lung disease 6 (20.7 %) 37(23.0%)  0.786 Cardiovascular disease 1 (3.4 %) 6 (3.7 %) 0.644

Nutrition Intraabdominal 0 5(3.1 %) 0.740
Serum albumin (g/dl) 3.20 £ 0.60 342 £ 0.58 0.097 abscess
PNI 3855+ 731 4128 £7.44  0.081 Anastomotic leakage 1 (3.4 %) 4 (2.5 %) 0.740

Respiratory function Sepsis 0 3 (1.9 %) 0.946
%V C 85.7 £ 18.7 89.8 £ 17.4 0.273 Bleeding 1 (3.4 %) 2 (1.2 %) 0.946
FEV 1.0 TIL£132 0 759 £ 142 0585 Other infections 1 3.4 %) 3(1.9 %) 0.877

Renal function Others 3(10.3 %) 10 (6.2 %) -
eGFR 527 £ 140 598 £19.2 0.033 Clavien-Dindo classification (grade II or greater)

Operation Grade 11 6(20.6%)  31(193%) 0068
Pr(::}dures 7 (24.1 %) 64 (39.8 %) 0.038 Orade llla 4% 2 G0%

DG or PG 17 (58.6 %) 95 (59.0 %) Orade ITb 0 2(12%)
Others 5(17.3 %) 2(12 %) graje g; : (i'i Zo) (1) 0%
Time (min) 246 £ 80 297 £ 87 0.004 G;:d: v | E3:4 ‘?Z; 319 %)
Bleeding (ml) 411 £+ 621 428 + 360 0.064
Lymph node dissection
DO or DI 15 517 %) 43 (26.7 %) 0.007 patients (6.4 %) had grade III complications (which require
>Dl 14 (48.3 %) 118 (73.3 %) invasive therapy), and 3 patients (1.6 %) had grade IV
N‘;‘O‘;fegemoved lymph 145 +104 2124122 0.006 complications (which involve organ dysfunction and stays
pStage in the inte.nsive ca.re unit). A grade V complicatiqn (fieath)
Torll 21 (724 %) 100 (677 %)  0.615 o.ccurred 1n.4 patler.lts (2..1 %). There was no significant
1II or IV 8 (27.6 %) 52 (32.3 %) difference in Clavien-Dindo grades between the two

POSSUM groups (Table 2).

Predicted morbidity risk ~ 50.9 &+ 18.1 % 49.4 £ 19.6 % 0.637 Subgroup analyses of risk factors for postoperative
Predicted mortality risk 122473 % 124+93% 0655 complications are presented in Table 3. In group A, uni-

Hiroshima POSSUM variate analyses showed that serum albumin (<3.5 g/dl),
Predicted morbidity risk ~ 33.7 £ 14.6 % 33.9 4+ 157 % 0916 PNI (<40), operative hemorrhage (>300 ml), and H-POS-
Predicted mortality risk 2.6 £ 18% 28+3.1% 0542  SUM predicted morbidity risk (=40) were significantly

Performance status associated with operative morbidity. In group B, diabetes
0 2 (6.9 %) 33(205%) 0018 mellitus, operative hemorrhage (>300 ml), and H-POS-
1 18 (62.1 %) 68 (42.2 %) SUM predicted morbidity risk (>40) were significantly
2 4 (13.8 %) 51 (31.7 %) associated with operative morbidity. In the overall study
3 3103 %) 6 (3.7 %) cohort (group A + B), operative hemorrhage (=300 ml),
4 0 0 POSSUM predicted mortality risk (>10), and H-POSSUM

TG total gastrectomy, DG distal gastrectomy, PG proximal gastrectomy,
POSSUM Physiological and Operative Severity Score for the Enumeration
of Mortality and Morbidity

had at least one complication that was classified as grade II
or greater: 37 patients (19.5 %) had grade II complications
(which require drug therapy, such as antibiotics), 12

predicted morbidity risk (>40) were significantly associ-
ated with operative morbidity. Accordingly, preoperative
serum albumin and PNI were the significant predictors of
postoperative complications that were specific to group A.
In contrast, the risk factors operative hemorrhage
(>300 ml) and H-POSSUM predicted morbidity risk (>40)
were common to all subgroups (groups A, B, and A + B)
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Table 3 Comparison of patient characteristics subdivided according to the presence or absence of complication

Complication Group A (=85 years) p value Group B (75-84 years) p value All (=75 years) p value
- + - + - +
n=17 n=12 n = 106 n=2>55 n =123 n =67
Gender
Female 6 (353 %) 7(05583%) 0219 35@33.0%) 12(21.8%) 0.138 41 (333 %) 19 (284 %) 0.5171
Male 11 (64.7 %) 5 (41.7 %) 71 (67.0 %) 43 (78.2 %) 82 (66.7 %) 48 (71.6 %)
Past history
Ischemic heart disease 5 (29.4 %) 1 (8.3 %) 0.360 11 (104 %) 10 (18.2 %) 0.163 16 (13.0 %) 11 (164 %) 0.5217
Diabetes mellitus 2(11.8%) 1(8.3 %) 0.749 14 (132 %) 15 (273 %) 0.028 16 (13.0 %) 16 (23.9 %) 0.0684
Lung disease 5294 %) 183 %) 0.360 24 (22.6 %) 13 (23.6 %) 0.887 29 (23.6 %) 14 (209 %) 0.7200
Nutrition
Serum albumin (g/dl)
>3.5 9 (529 %) 1(8.3 %) 0.019 52 (49.1 %) 28 (509 %) 0.869 61 (49.6 %) 29 (433 %) 0.449
<3.5 8(47.1 %) 11 (91.7 %) 54 (50.9 %) 27 (49.1 %) 62 (50.4 %) 38 (56.7 %)
PNI
>40 11 (64.7 %) 1 (8.3 %) 0.005 54 (509 %) 35 (36.6 %) 0.110 65 (52.8 %) 36 (53.7 %) 0.873
<40 5294 %) 10 (83.3 %) 43 (40.6 %) 15 (27.3 %) 48 (39.0 %) 25 (37.3 %)
Respiratory function
%N C
>80 13 (76.5 %) 5 (41.7 %) 0219 72 (679 %) 41 (74.5 %) 0.349 85 (69.1 %) 46 (68.7 %) 0.734
<80 4 (235 %) 5417 %) 32 (30.2 %) 12 (21.8 %) 36 (293 %) 17 (25.4 %)
FEV 1.0
>70 11 (64.7 %) 9 (75 %) 0.204 76 (71.7 %) 35 (63.6 %) 0.259 87 (70.7 %) 44 (65.7 %) 0.604
<70 6(353%) 183 %) 25 (23.6 %) 18 (32.7 %) 31 252 %) 19 (28.4 %)
Renal function
eGFR
>60 4(235%) 2167 %) 1.000 5350 %) 20364 %) 0.133 57 (46.3 %) 22 (32.8 %) 0.090
<60 13 (76.5 %) 10 (83.3 %) 53 (50 %) 35 (63.6 %) 66 (53.7 %) 45 (67.2 %)
Operative factor
Procedures
TG 5294 %) 2167 %) 0.634 40 (37.7 %) 25 (45.5 %) 45 (36.6 %) 27 (40.3 %) 0.7061
DG or PG 10 (58.5 %) 9 (75.0 %) 64 (60.4 %) 30 (54.6 %) 0.318 74 (60.2 %) 39 (58.2 %)
Others 2(11.8%) 1(8.3 %) 2 (1.9 %) 0 (0 %) 4 (3.3 %) 1 (1.5 %)
Lymph node dissection
DO or D1 7412 %) 8(66.7 %) 0329 30283 %) 13 (23.6 %) 0526 37 (30.1 %) 21 (31.3 %) 0.870
>Dl1 10 (58.8 %) 4 (33.3 %) 76 (711.7 %) 42 (76.4 %) 86 (69.9 %) 46 (68.7 %)
Time (min)
>300 6 (353 %) 3(25%) 0.694 46 (43.4 %) 29 (52.7 %) 0.318 52 (423 %) 32 (47.8 %) 0.541
<00 11 (64.7 %) 9 (75 %) 60 (56.6 %) 26 (47.3 %) 71 (57.7 %) 35 (52.2 %)
Bleeding (ml)
>300 3(17.6 %) 7583 %) 0.046 51 (48.1 %) 36 (655 %) 0.046 54 (439 %) 43 (643 %) 0.010
<300 14 (82.4 %) 5 (41.7 %) 55 (519 %) 19 (34.5 %) 69 (56.1 %) 24 (35.8 %)
No. of removed lymph nodes
>16 9(529 %) 3(25.0%) 0.253 68 (64.2 %) 33 (60 %)  0.611 77 (62.6 %) 36 (53.7 %) 0.3506
<16 8 (47.1 %) 8 (66.7 %) 38 (35.8 %) 22 (40 %) 46 (37.4 %) 30 (44.8 %)
pStage
Torll 14 (824 %) 7 (583 %) 0316 69 (65.1 %) 40 (72.7 %) 0.104 83 (67.5 %) 47 (70.1 %) 0.7461
I or IV 3(17.7 %) 5 (41.7 %) 37 (349 %) 15 (27.3 %) 40 (32.5 %) 20 (29.9 %)
POSSUM:
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Table 3 continued
Complication Group A (=85 years) p value Group B (75-84 years) p value All (=75 years) p value
- + - + - +
n=17 n=12 n = 106 n=>55 n=123 n =67
Predicted morbidity risk
>40 9(529 %) 8 (66.7 %) 0.703 64 (604 %) 37 (673 %) 0.492 73 (593 %) 45(67.2 %) 0.348
<40 8(47.1 %) 4333 %) 42 (369 %) 18 (32.7 %) 50 (40.7 %) 22 (32.8 %)
Predicted mortality risk
>10 7(412%) 7583 %) 0462 44 (41.5 %) 31 (564 %) 0.096 51 (41.5 %) 38 (56.7 %) 0.049
<10 10 (58.8 %) 5 (41.7 %) 62 (58.5 %) 24 (43.6 %) 72 (58.5 %) 29 (43.3 %)
Hiroshima POSSUM:
Predicted morbidity risk
>40 2(11.8 %) 6 (50 %) 0.038 26 (24.5 %) 25 (455 %) 0.012 28 (22.8 %) 31 (46.3 %) 0.001
<40 15 (88.2 %) 6 (50 %) 80 (75.5 %) 30 (54.5 %) 95 (772 %) 36 (53.7 %)
Predicted mortality risk
>4 2(11.8%) 5417 %) 0.092 20 (189 %) 12 (21.8 %) 0.681 22 (179 %) 17 (254 %) 0.260
<4 15 (88.2 %) 7 (58.3 %) 86 (81.1 %) 43 (78.2 %) 101 (82.1 %) 50 (74.6 %)
Table 4 Comparison of patient  complication Group A p value Group B p value
characteristics subdivided
according to the presence or - + - +
absence of complications n=17 n=12 n = 106 n=2>55
Nutrition
Serum albumin (g/dl) 347 £035 2.82+069 0.008 3.39+0.60 3.48 +0.51 0.333
PNI 423+47 331+72 <0001 408 +7.8 42.1+£65 0.279
Respiratory function
%NV C 88.8 =134 804 £253 0344 893 £ 184 90.6 £ 15.3 0.655
FEV 1.0 74.1 £ 136 822+ 115 0339 77.1 £139 735+ 145 0.165
Renal function
eGFR 50.7 £ 169 554 + 8.6 0.104 615+ 187 563 £19.9 0.072
Operative factor
Time (min) 248 + 88 242 + 71 0.823 289 + 87 311 £87  0.143
Bleeding (ml) 205 +£ 133 702 + 893 0.061 387 £340 507 £ 387 0.018
No. of removed lymph 174 £11.2 102 £ 7.6 0.099 213 +122 21.0+£ 125 0.784
nodes
POSSUM:
Predicted morbidity risk ~ 48.1 £ 164 549 +20.3 0334 47.7 £19.7 527+ 193 0.135
Predicted mortality risk 10.8 £ 6.0 143 +8.6 0209 11.8£92 13.6£95 0.133
Hiroshima POSSUM:
Predicted morbidity risk ~ 30.0 £ 11.4 389 + 173  0.107 32.6 £ 159 362 £ 15.1 0.107
Predicted mortality risk 23+1.6 3.0+ 2.1 0463 2.6 +2.8 32+37 0.150

(Table 3). Our multivariate logistic regression analysis did
not identify any significant independent risk factors.

In group A, patients with complications had significantly
lower serum albumin levels and PNI. In group B, patients
with complications experienced significantly greater oper-
ative hemorrhage (Table 4).

For univariate predictions of postoperative complica-
tions, the optimum cutoff for serum albumin levels was
2.9 g/dl, and the associated area under the receiver oper-
ating characteristic curve was 0.826. Analogous values for
PNI were 38.1 g/dl and 0.898, respectively. When cases
were partitioned according to these cutoffs, the resulting
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Fig. 1 Kaplan—Meier survival curves after surgery for patients in
group A (age >85 years) and group B (age 75-84 years). There was
no significant difference in prognosis between the two groups (log-
rank test, p = 0.79). y years

groups had significantly different incidences of complica-
tions. Further, we observed that respiratory complications
developed in many of the cases falling below the cutoff
values for both serum albumin level and PNI (supplemental
material).

Actuarial 1-, 3-, and 5-year postoperative survival rates
were 83.8 %, 83.8 %, and 83.8 % in group A, and 91.2 %,
77.3 %, and 67.8 % in group B, respectively. Overall, the
mean observation period was 46 months. The postopera-
tive prognoses did not differ significantly between group A
and group B (log-rank test, p = 0.79; Fig. 1).

Discussion

Recently, the number of surgical interventions in the
elderly has been rapidly increasing in Japan. Although
several reports have indicated that the incidence of post-
operative complications increases in elderly patients, the
applicability of these results to older patients with gastric
cancer is arguably limited [2, 3, 18, 19]. In this series, the
incidence of complications in the group of patients >85
years old (the oldest old group) was not significantly higher
than that in the group of 75- to 84-year-old patients (the
elderly group). This result is likely to be explained by
difference in the extents of the surgeries in these groups.
When we compared the types of surgeries, the durations of
surgeries, and the extents of lymph node excision, we
found that less invasive surgeries appeared to be selected
for patients in the oldest old group. Intraabdominal
abscesses and pancreatic fistulae have been reported as
major complications after gastrectomy. They are thought to
be associated with lymph node dissection around the pan-
creas. Interestingly, no patients experienced these compli-
cations in the oldest old group, even though 8 patients
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(5 %) developed pancreatic fistula and 5 patients (3.1 %)
developed intraabdominal abscess in the elderly group.
These findings suggest that, in clinical practice, surgeons
may avoid lymph node dissection around the pancreas,
particularly among the oldest old.

The two groups did differ significantly in terms of PS. In
the elderly group, 33 patients (20.5 %) had PSO0, 68 patients
(42.2 %) had PS1, and 51 patients (31.7 %) had PS2. On
the other hand, in the oldest old group, 2 patients (6.9 %)
had PSO0, 18 patients (62.1 %) had PS1, and only 4 patients
(13.8 %) had PS2. Accordingly, in clinical practice, PS2 or
greater may generally be considered a contraindication for
surgical resection in oldest old patients with gastric cancer.

In our further analysis of the postoperative course,
however, we found that 41.4 % of the patients in the oldest
old group experienced postoperative delirium. This value
was significantly higher than that in the elderly group
(10.6 %). Because postoperative delirium can cause
unexpected medical accidents and may lead to prolonged
hospitalization, our results reaffirm that the oldest old
require substantial care postoperatively. It has been
reported that 10-50 % of elderly patients who undergo
surgical treatment develop delirium postoperatively [20].
Postoperative delirium is a reversible and fluctuating acute
brain syndrome characterized by changes in consciousness,
orientation, attention, memory, sensory perception, think-
ing, emotion, and/or volition. This condition may lead to
prolonged hospital stays, may be associated with an unfa-
vorable prognosis, and may develop into dementia [21].
Although the mechanisms of delirium remain unclear,
multiple factors are known to be involved [22]. Besides
advanced age, a recent study showed that systemic stress
and inflammatory response may play important roles in the
development of this condition [23]. Therefore, it is
important to reduce perioperative stress and inflammatory
responses to minimize the occurrence of delirium in elderly
patients.

Elderly persons tend to have a higher rate of suboptimal
renal function because of age-related arteriosclerosis [5]. In
the present study, preoperative eGFR was significantly
lower in the oldest old group than it was in the elderly
group. However, eGFR did not differ significantly between
patients who did and did not experience complications.
Thus, it appeared that renal function in itself might not
have affected the incidence of complications. Prolonged
surgery times and unnecessary hemorrhage may cause
reduced renal blood flow and lead to postoperative renal
dysfunction [24]. In this study, preoperative suboptimal
renal function was not associated with postoperative renal
dysfunction, presumably because less invasive surgeries
had carefully been selected for the oldest old patients.

In this study, we found that serum albumin level and
PNI [4, 19, 25, 26] were significant risk factors for
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postoperative complications (especially respiratory com-
plications) following gastrectomy among oldest old
patients with gastric cancer. The presence of a strong
relationship between preoperative nutrition and postoper-
ative complications has been demonstrated previously [4,
19, 25-27]. It has been reported that postoperative albumin
levels and postoperative peripheral blood lymphocyte
counts are useful for estimating postoperative pulmonary
complications and wound infection [27, 28]. Previous
studies have investigated the prognostic utility of a variety
of other nutritional indexes [7-9]. In particular, the Ono-
dera et al. [4] PNI has been used widely because this
measure is easy to calculate. Onodera et al. [4] reported
that patients with advanced gastrointestinal cancer were
operable for PNIs >45, were at risk or in a warning zone
for PNIs 40—45, and were contraindicated for resection and
anastomosis for PNIs <40. In the present study, however,
the optimal PNI cutoff was 38.1 in the oldest old popula-
tion, and only 2 (13.3 %) of the 15 patients with PNIs
exceeding 38.1 experienced a postoperative complication.
Therefore, the criteria proposed by Onodera et al. [4] may
have been too stringent, particularly as a result of recent
advances in postoperative management. Based on our
results, serum albumin level and PNI should be carefully
considered when selecting treatments for oldest old
patients. Further, our results tend to suggest that less
invasive surgeries should be indicated for patients with
serum albumin levels below the 2.9 g/dl cutoff or PNIs
below the 38.1 cutoff. However, larger prospective analy-
ses are necessary to validate this recommendation.

In the present study, the POSSUM and H-POSSUM
predicted morbidity and mortality risks [6—11, 29] did not
significantly differ between the oldest old and elderly
groups, or between patients who did and did not experience
complications. Although multiple studies have reported
that POSSUM was useful for laparotomy in the elderly and
oldest old, most of these previous studies evaluated cases
of emergency surgery [27, 30]. POSSUM [6-11, 29] is
calculated on the basis of a physiological score that con-
sists of 12 preoperative factors (age, cardiac function,
respiratory status, blood pressure, pulse, consciousness,
hemoglobin value, white cell count, urea level, sodium
level, potassium level, and electrocardiogram results), as
well as an operative severity score that consists of six
surgery-related factors (type of surgery, number of proce-
dures, bleeding, intraabdominal contaminated wound,
malignant tumor, and emergency surgery). Naturally, many
studies of elective surgery in an elderly population will fail
to show large differences in the total POSSUM score or,
indeed, either of its components. Moreover, preoperative
overall status is always assessed in clinical practice, and
the appropriateness of surgical procedures is partly based
on this assessment; therefore, the patients who are actually

selected for each surgical option tend to be somewhat
homogeneous. Therefore, predictors of postoperative out-
comes other than POSSUM may be quite valuable when
considering elective surgery in an elderly patient. For
example, nutritional parameters may provide important
evidence.

Large Japanese and East Asian studies have reported
operative mortality rates of less than 1 % for gastrectomy
in cases of gastric cancer [31, 32]. In contrast, the UK
Medical Research Council and the Dutch D1 vs. D2 trials
identified operative mortality rates of 13 % and 10 %,
respectively, for gastrectomy with D2 lymphadenectomy
[33, 34]. A recent large audit in the UK still reported
mortality rates in the region of 10 % [35, 36]. Among
patients >75 years old, the 30-day mortality rate for gastric
cancer surgery was 12.8 % in the Netherlands [37]. In
contrast, operative mortality rates in the present study were
1.9 % in the elderly (75-84 years old) and 3.4 % in the
oldest old (>85 years old). The most important difference
between the East and West appears to be the different
populations who undergo resection for gastric cancer [38].
Furthermore, Western patients are significantly more
overweight, have a higher incidence of cardiovascular
disease, and have a higher risk of thromboembolic com-
plications. The proportion of proximal tumors is also
increasing in the West, where total gastrectomy has been
associated with twice the mortality of subtotal resection.

The present study has several limitations. The specific
operative procedures and the extents of lymph node dis-
section may have stronger relationships with postoperative
complications than does patient age. This study included
patients with diverse operations and extents of nodal dis-
section. It is likely that the selected surgeries in the oldest
old group were less invasive than the selected surgeries in
the elderly group. Therefore, this study does not provide
clear answers regarding the relationship between age and
operative risk. In an attempt to decrease biases and clarify
the risk factors for postoperative complications in oldest
old patients, we divided these patients into those who did
and did not experience complications. Subsequently, we
compared the patients who actually did and did not expe-
rience complications in terms of the perioperative param-
eters that were associated with complications among all
oldest old patients. We found that the groups did not differ
significantly in terms of the operative procedures or the
extent of lymph node dissection. A larger study with
standardized and uniform procedures should be performed
to validate our results. Nonetheless, the present study
provides instructive background on surgical resections in
oldest old patients with gastric cancer.

The overall survival rate after surgery was similar in
both oldest and elderly patients, although limited lymph
node dissections were performed more frequently in oldest
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old patients. There are several possible explanations for
comparable surgical outcomes in the oldest old patients.
Takeshita et al. [39] reported that surgical outcomes in
elderly patients were comparable to those in nonelderly
patients. They suggested that the biological behavior of the
tumor (e.g., tumor growth and metastatic potential) may
differ between elderly and young patients. Additionally,
many of the elderly patients underwent at least limited
lymph node dissection according to the Japanese guidelines
[regional lymph node and Nos. 7, 8a, and 9 (+11p)].
Takeshita et al. concluded that RO resection with at least
limited lymph node dissection (again, according to the
Japanese guideline) should be considered as the treatment
of first choice for elderly patients with gastric cancer,
especially those between the ages of 80 and 84 years. The
prognostic significance of radical surgical gastrectomy is
still uncertain in oldest old patients (aged >85 years)
because relatively few cases are available for investigation.
A future large study is required to confirm these findings.

In conclusion, preoperative serum albumin level and
PNI are significant predictors of postoperative complica-
tions in oldest old patients (85 years old or older) with
gastric cancer. In this late-stage elderly population,
adjustments to the extent and invasiveness of surgeries and
the degrees of lymphadenectomy are most likely to reduce
the incidence of postoperative complications. When com-
bined with evaluations of these nutritional parameters,
preoperative risk assessments may allow more precise
individual adjustments to surgical procedures.
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