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Abstract
Background  The proportion of elderly patients who undergo surgery has rapidly increased. However, clinical indicators that 
predict outcomes are limited. Frailty is thought to estimate physiological reserves, although its use has not been evaluated in 
laparoscopic surgical patients. This study aimed to evaluate the significance of preoperative modified frailty index (PMFI) 
in octogenarians undergoing a laparoscopic gastrectomy.
Methods  We reviewed prospectively collected data from 119 patients with gastric cancer (GC) aged 80 years or older who 
underwent a radical laparoscopic gastrectomy (RLG) between January 2007 and December 2012. Three baseline frailty traits 
were measured using routine preoperative laboratory data: albumin < 3.4 g/dL, haematocrit < 35%, and creatinine > 2 mg/
dL. Patients were categorized by the number of positive traits as follows: low preoperative modified frailty index (LPMFI): 
0–2 traits and high preoperative modified frailty index (HPMFI): 3 traits. We compared patient characteristics, operative 
outcomes, pathological results, morbidity, and survival.
Results  A total of 43 (36.1%) patients were considered HPMFI, and 76 (63.9%) patients were considered LPMFI. HPMFI 
was associated with an increased risk of postoperative complications (HPMFI group: odds ratio 2.506; 95% CI, 1.113–5.643, 
P = 0.027). With a median follow-up of 39.0 months, the 3-year overall survival (OS), recurrence-free survival (RFS), and 
cancer-specific survival (CSS) rates for the entire cohort were 47.9, 34.3, and 51.7%, respectively. Significant differences 
were observed in OS (HPMFI group, 37.2%; LPMFI group, 53.9%; P = 0.038) and RFS (HPMFI group, 23.3%; LPMFI 
group, 40.5%; P = 0.012) between the groups, but no difference was found for CSS (HPMFI group, 43.5%; LPMFI group, 
56.4%; P = 0.078).
Conclusions  HPMFI based on an easily calculable preoperative measure may be useful for predicting postoperative complica-
tions and have a negative impact on 3-year OS and RFS after an RLG in octogenarians. Therefore, HPMFI can serve as a low-
cost, simple screen for high-risk individuals who might suffer more than expected during the postoperative period after an RLG.
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With the global increase in the ageing population and rapid 
developments in medicine, the proportion of octogenarians 
undergoing surgery is expected to increase each year [1, 2]. 
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However, because octogenarian patients often have a variety 
of comorbidities, their abilities to endure both surgery and 
anaesthesia are reduced, potentially leading to a number of 
postoperative complications or death [3, 4]. Therefore, it is 
necessary to carefully evaluate the physiological condition 
of octogenarian patients to accurately evaluate the level of 
operative risk and predict postoperative outcomes.

Frailty is a geriatric syndrome thought to reflect an 
age-related, multi-system deterioration in function charac-
terized by reduced stamina reserves. Frailty is associated 
with increased hospitalizations, disability, death, and other 
adverse outcomes [5]. Recent studies have found that pre-
operative frailty (PF) is a better predictor of postoperative 
complications than age [6, 7]. Furthermore, many scholars, 
including Ma L, have reported that PF is closely associ-
ated with postoperative long-term outcomes for octogenar-
ian patients [8, 9]. Aged patients with gastric cancer (GC), 
for example, have higher morbidity and mortality after a 
laparotomy. Therefore, surgical procedures must be care-
fully chosen with emphasis on both safety and efficacy [10, 
11]. A radical laparoscopic gastrectomy (RLG) has been 
associated with several benefits, such as a shorter hospital 
stay, earlier mobilization, fewer pulmonary complications, 
and earlier functional recovery [12, 13]. In recent years, 
an increasing number of aged patients with GC have been 
treated with a laparoscopic gastrectomy and have achieved 
good results [14, 15]. However, PF has not been commonly 
used to predict the prognosis of octogenarians with GC after 
gastrectomy, especially laparoscopic gastrectomy. The prob-
lems faced in the frailty literature of using other tools are 
cumbersome. It is necessary to use simple tools that can be 
applied to routine practice. The aim of this study is to use 
the preoperative modified frailty index to assess the risk of 
surgery in patients with laparoscopic gastrectomy.

Materials and methods

Materials

We reviewed prospectively collected data of aged patients 
who were diagnosed with primary GC and who underwent 
an RLG by the same group of surgeons at Fujian Medi-
cal University Union Hospital between January 2007 and 
December 2012. The inclusion criteria were as follows: (1) 
an age than 80 years, (2) a diagnosis of primary GC based on 
a pathology report, without evidence of distant metastasis, 
(3) an R0 resection, and (4) no preoperative chemoradiother-
apy. The exclusion criteria included (1) the presence of other 
malignancies, (2) a preoperative or intraoperative examina-
tion showing distant metastasis, (3) T4b tumours, (4) lack of 
a pathologically confirmed diagnosis, and (5) conversion to 
laparotomy. A total of 119 patients were included (Fig. 1). 

All patients voluntarily selected laparoscopic surgery and 
signed an informed consent form. Lymph node dissection 
and postoperative pathological examinations were conducted 
in accordance with the 14th edition of Japan’s Stomach Can-
cer Treatment Statute [16]. Staging was determined accord-
ing to the 7th edition of the International Union Against 
Cancer (UICC) TNM classification [17]. After surgery, 91 
(76.47%) patients with stage II or higher received postop-
erative adjuvant chemotherapy with 5-FU-based regimens: 
31 (72.09%) in the HPMFI group and 60 (78.95%) in the 
LPMFI group.

Preoperative care pathway and surgical procedure

After confirming patients with gastric cancer by gastroscopic 
pathology, preoperative blood routine, urine routine, stool 
routine, biochemical whole set, abdominal enhanced CT, 
chest CT, Ultrasonic cardiogram, pulmonary function, blood 
type cross examination were performed. For patients without 
obvious surgical contraindications, laparoscopic gastrectomy 
was performed.

Laparoscopic curative gastrectomies with radical LNs 
dissection were performed following the Japanese Gastric 
Cancer Treatment Guidelines. Patients were placed in the 
supine position, with legs apart and 20°–30° head-up tilt. 
The surgeon stood on the left of the patient, the assistant 
surgeon stood on patient’s right, and the video laparoscope 
operator stood between the patient’s legs. Five trocars were 
used; one 10-mm trocar for the laparoscope was inserted 
below the umbilicus. One 12-mm trocar was inserted in the 
left pre-axillary line 2 cm below the costal margin as a major 
hand port. A 5-mm trocar was placed at the contralateral site 
for traction and exposure of the liver. A 5-mm trocar was 
inserted as an accessory port in the left and right mid-clav-
icular line 2 cm above the level of the umbilicus. The opera-
tive technique for the LG procedures has previously been 
described in detail [18]. After the laparoscopic operation, 
a small laparotomy incision was made under the xyphoid 
(5–7 cm). Distal gastrectomy with Billroth I, Billroth II or 
total gastrectomy with Roux-en-Y anastomosis was extra 
corporeally performed using the hand-sewn method. The 
specimen was pulled out of the peritoneal cavity through the 
small laparotomy incision.

Follow‑up

Trained personnel from the outpatient clinic were respon-
sible for visiting patients, posting letters, and conducting 
phone calls to follow up with the patients after surgery. 
The last follow-up evaluation was conducted in June 2017. 
Most routine follow-up appointments included a physical 
examination, laboratory tests (including measurement of 
CA19-9, CA72-4, and CEA levels), chest radiography, and 
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abdominopelvic ultrasonography or computed tomography, 
as well as an annual endoscopic examination. Overall sur-
vival (OS) was defined from the day of surgery until death 
or until the final follow-up date of June 2017, whichever 
occurred first. Disease-free survival was defined from the 
date of surgery to recurrence or death. Tumour recurrence 
was confirmed by radiologic or pathologic identification of 
local recurrence or distant metastasis. Cancer-specific sur-
vival (CCS) was measured from the date of surgery to death 
from cancer.

Definitions

Three baseline frailty traits were measured using preop-
erative laboratory data [19]: albumin < 3.4 g/dL, haemato-
crit < 35%, and creatinine > 2 mg/dL. Patients were catego-
rized by the number of positive traits as follows: HPMFI 
(n = 43): 3 traits and LPMFI (n = 76): 0–2 traits [19]. The 
definition of each complication was based on the litera-
ture [20]. Complications were classified according to the 

modified version of the Clavien–Dindo classification system 
reported by Dindo et al. [21].

Statistical analysis

All of the statistical analyses were conducted with SPSS, 
version 18.0 for Windows (SPSS Inc, Chicago, IL, United 
States). Continuous data are expressed as means ± SD. Cat-
egorical variables were analysed with the χ2 test or Fisher’s 
exact test, while continuous variables were analysed with 
Student’s t test. Variables with a value of P < 0.05 in the uni-
variate analysis were subsequently included in a multivariate 
binary logistic regression model. Variables that remained 
significant in the multivariate analysis were considered inde-
pendent risk factors. Kaplan–Meier curves were used to esti-
mate OS time, and univariate comparisons were performed 
between groups using the log-rank test. P values < 0.05 were 
considered statistically significant.

Fig. 1   Case inclusion flow chart
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Results

Clinicopathological characteristics

The characteristics of the patients (43 HPMFI vs. 76 LPMFI) 
are listed in Table 1. The mean age was 82.0 ± 2.4 years. 
A total of 36.1% (43/119) of patients were diagnosed with 
HPMFI. The albumin level of the HPMFI group was sig-
nificantly lower than that of the LPMFI group. The serum 
creatinine level, the proportion of haematocrit < 35%, and 
the anaesthesia risk score (ASA score) were significantly 
higher in the HPMFI group. No significant differences were 
observed between the two groups in terms of age, gender, 
tumour size, tumour site, tumour differentiation, exci-
sion extension, body mass index (BMI), and tumour stage 
(Table 1).

Perioperative outcomes

Compared to the LPMFI group, the operative time was 
longer (174.4 vs. 154.5 min, P = 0.037) and n significant 
differences were observed between the two groups in terms 
of intraoperative blood loss, number of lymph node dissec-
tions, time to first flatus, need for a liquid diet, and duration 
of postoperative hospital stay (Table 2).

Postoperative complications

Table 3 details the incidence of postoperative complications. 
Complication was higher (55.8% vs. 30.3%, P = 0.006) in 
the HPMFI group. Systemic complications (P = 0.049) and 
Grade II complications (P = 0.041) were more frequent in 
HPMFI group. However, there was no significant difference 
in local complications between the two groups (P = 0.706).

Risk factors influencing complications after RLG 
for postoperative complications

The univariate analysis showed that HPMFI, a BMI ≥ 25 kg/
m2, and an operative time ≥ 240 min were associated with 
an increased risk of postoperative complications. The mul-
tivariate analysis revealed that HPMFI [odds ratio (OR) 
2.506, P = 0.027], BMI ≥ 25 kg/m2 (OR 1.829, P = 0.047), 
and operative time ≥ 240 min (OR 2.862, P = 0.012) were 
independent risk factors for postoperative complications 
(Table 4).

Long‑term outcomes

The median follow-up period was 37 (range 2–68) months. 
The 3-year OS rate, RFS rate, and CSS rate were 47.9, 34.3, 

and 51.7%, respectively (Fig. 2). The 3-year OS rate (37.2% 
vs. 53.9%, P = 0.038) and the 3-year RFS rate (23.3% vs. 
40.5%, P = 0.012) were lower in the HPMFI group than 
in the LPMFI group. No significant difference was found 

Table 1   Clinicopathological characteristics

LPMFI low preoperative modified frailty index, HPMFI high preop-
erative modified frailty index

Characteristics HPMFI (n = 43) LPMFI (n = 76) P value

Age, years 82.1 ± 2.7 82.0 ± 2.3 0.758
Sex 0.052
 Male 39 (90.7%) 58 (76.3%)
 Female 4 (9.3%) 18 (23.7%)

BMI, kg/m2 22.0 ± 1.8 22.0 ± 3.1 0.976
ALB, g/dl 32.4 ± 4.6 35.8 ± 4.5 < 0.001
Cr, mg/dl 1.2 ± 0.4 0.8 ± 0.2 < 0.001
Hct < 35% 0.007
 Yes 28 (65.1%) 30 (39.5%)
 No 15 (34.9%) 46 (60.5%)

ASA status < 0.001
 1 0 (0.0%) 5 (6.6%)
 2 11 (25.6%) 65 (85.5%)
 3 32 (74.4%) 6 (7.9%)

Tumour size 52.5 ± 26.2 50.9 ± 25.9 0.743
Histopathological grade 0.152
 G1–2 25 (58.1%) 54 (71.1%)
 G3–4 18 (41.9%) 22 (28.9%)

Tumour location 0.964
 Lower 15 (34.9%) 29 (38.2%)
 Middle 6 (14.0%) 9 (11.8%)
 Upper 16 (37.2%) 29 (38.2%)
 Mix 6 (13.9%) 9 (11.8%)

Extent of resection 0.799
 Distal gastrectomy 18 (41.9%) 30 (39.5%)
 Total gastrectomy 25 (58.1%) 46 (60.5%)

T stage 0.682
 T1 3 (7.0%) 11 (14.5%)
 T2 9 (20.9%) 14 (18.4%)
 T3 17 (39.5%) 28 (36.8%)
 T4a 14 (32.6%) 23 (30.3%)

N stage 0.871
 N0 7 (16.3%) 15 (19.7%)
 N1 8 (18.6%) 17 (22.4%)
 N2 11 (25.6%) 19 (25.0%)
 N3 17 (39.5%) 25 (32.9%)

TNM stage 0.196
 I 3 (7.0%) 14 (18.4%)
 II 9 (20.9%) 17 (22.4%)
 III 31 (72.1%) 45 (59.2%)

Adjuvant chemotherapy 0.397
 Yes 31 (72.1%) 60 (78.9%)
 No 12 (27.9%) 16 (21.1%)
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between the two groups for the CSS rate (43.5% vs. 56.4%, 
P = 0.078) (Fig. 3).

Discussion

With the rapidly growing ageing population in society, the 
proportion of older patients with GC who undergo surgery 
is expected to increase [22]. However, both morbidity and 
mortality are high in aged patients with GC [5–8]. Some 
researchers have used the ASA score and preoperative 
comorbidities indexes to predict the postoperative efficacy 
of treatment of elderly patients with GC, but the predictive 
value is limited due to the failure to include the reserve func-
tion [23]. Recently, increasing evidence has indicated that 
PF is a better predictor of short- and long-term outcomes for 
elderly patients who undergo surgery [24, 25]. Some studies 
have reported that PF is associated with increased in-hospital 
mortality, serious complications, and prolonged hospitaliza-
tion for older patients who undergo GC surgery [26, 27]. 
With the development of minimally invasive techniques, 
older patients are increasingly choosing to undergo mini-
mally invasive surgery [28, 29]. However, few studies have 
evaluated the relationship between PF and the short- and 
long-term outcomes of octogenarians with GC after a lapa-
roscopic gastrectomy. Therefore, in this study, we assessed 

Table 2   Perioperative outcomes

LPMFI low preoperative modified frailty index, HPMFI high preoperative modified frailty index

Variables HPMFI (n = 43) LPMFI (n = 76) P value

Operation time (min) 174.4 ± 53.3 154.5 ± 47.2 0.037
Blood loss (ml) 134.2 ± 228.1 66.6 ± 56.5 0.062
Time to ambulation (days) 2.3 ± 0.8 2.3 ± 0.9 0.914
Time to first flatus (days) 4.1 ± 1.0 3.8 ± 1.1 0.145
Time to soft diet (days) 6.9 ± 6.0 5.4 ± 3.6 0.082
Postoperative hospital stay (days) 16.5 ± 8.1 14.6 ± 14.5 0.432
Number of dissected LNs 25.2 ± 8.2 26.2 ± 4.3 0.978
Complication rate (%) 55.8 (24/43) 30.3 (23/76) 0.006

Table 3   Comparison of postoperative complications between HPMFI 
and LPMFI patients after gastrectomy

LPMFI low preoperative modified frailty index, HPMFI high preop-
erative modified frailty index

Characteristic HPMFI 
(n = 43)

LPMFI (n = 76) P value

Clavien–Dindo classification 0.041
 Grade I 2 1
 Grade II 18 17
 Grade IIIa 2 3
 Grade IIIb 1 0
 Grade IV 1 2
 Grade V 0 0

Systemic complication 0.049
 Pneumonia 16 14
 Arrhythmia 2 4
 Cardiac failure 1 0
 Dysfunction of liver 2 1
 Urinary tract infection 2 3

Local complication 0.706
 Anastomotic leakage 1 1
 Chylous leak 2 3
 Abdominal infection 1 2
 Abdominal bleeding 0 2
 Delayed gastric emptying 2 1
 Wound infection 2 1

Table 4   Univariate analysis 
and Multivariate analysis of 
postoperative complications

LPMFI low preoperative modified frailty index, HPMFI high preoperative modified frailty index

Variable Univariate analysis 
OR (95% CI)

P value Multivariate analysis 
adjusted OR (95% CI)

P value

Sex (male) 1.508 (0.859–2.646) 0.153
ASA (3 vs. 1 or 2) 2.218 (0.947–4.880) 0.052
BMI (≥ 25 kg/m2) 1.835 (1.025–3.349) 0.041 1.829 (1.008–3.320) 0.047
Comorbidities 1.060 (0.792–1.419) 0.694
PMFI (high vs. low) 2.925 (1.627–3.363) 0.013 2.506 (1.113–5.643) 0.027
Operating time (≥ 240 min) 3.672 (1.129–2.478) 0.010 2.862 (1.120–2.466) 0.012
EBL (≥ 200 ml) 0.945 (0.620–1.440) 0.945
Adjuvant chemotherapy (yes vs. no) 1.066 (0.511–2.223) 0.865
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these relationships in aged patients with GC undergoing a 
laparoscopic gastrectomy.

Presently, there is no standardized method of measuring 
physiologic reserves in older surgical patients. A retrospec-
tive study found that frailty can be assessed using the Gro-
ningen Frailty Indicator (GFI) [27]. Martin et al. evaluated 
frailty based on a validated scoring system that character-
izes frailty as an age-associated decline in five domains: 
shrinking, weakness, exhaustion, low physical activity, and 
slowed walking speed [25]. The Edmonton frail scale is a 
simple brief, user friendly screening tool for frailty in older 
patients. It measures cognitive impairment, balance/mobil-
ity, mood, functional independence, medication use, social 
support, nutrition, health attitudes, continence, burden of 
medical illness, and quality of life. It has been shown to 
be a valid measure of frailty and a reliable tool that can be 
completed by people without special training in geriatric 
medicine [30–32]. Compared with the Edmonton frail scale, 
our modified frailty index which used routine preoperative 
laboratory data (i.e. albumin < 3.4 g/dL, haematocrit < 35%, 

and creatinine > 2 mg/dL) may be easier to obtain, simpler 
and more suitable for clinical application [19].

Revenig et al. assessed 80 patients who underwent mini-
mally invasive surgery and found that the incidence of 
30-day complications was higher in patients with PF than 
in non-frail patients [33]. Obeid et al. also found that elderly 
patients with PF have a significantly higher risk of grade 
IV–V complications (OR 14.4, P = 0.001) after laparoscopic 
colon surgery [34]. Similar to previously reported results, 
the incidence of postoperative complications in our study 
was 55.8% in the HPMFI group, which was significantly 
higher than that in the LPMFI group (30.3%, P = 0.006). 
PF is clearly associated with prolonged hospitalization in 
elderly patients [25]. We also found that hospitalization 
was slightly longer in the HPMFI group, although the dif-
ference was not significant. Makary et al. found that PF is 
an independent risk factor for postoperative complications 
and increases the risk of morbidity by 2.54 times compared 
to patients without PF [25]. This latter study also found 
that HPMFI measurement significantly improves the ability 

Fig. 2   Long-term outcomes of the all patients, 3-year OS rate (A), 3-year RFS rate (B), and 3-year CSS rate (C)

Fig. 3   Comparison of 3-year OS (A), 3-year RFS (B), and 3-year CSS rates (C), between the PF and non-PF groups. (Color figure online)
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to predict postoperative complications. In our study, the 
univariate and multivariate analysis showed that HPMFI 
was an independent risk factor for postoperative complica-
tions; moreover, we found that HPMFI have better predic-
tive power to identify patients at risk compared to classical 
parameters such as ASA classification.

PF not only can significantly affect postoperative compli-
cations in elderly patients, but it can also affect the long-term 
prognosis. Fried et al. found that the 3- and 7-year mortality 
rates for the PF group were 6 and 3 times higher than those 
of the non-PF group, respectively. Furthermore, PF is an 
independent predictor of death [28]. Green et al. evaluated 
244 patients who underwent aortic valve replacement. The 
1-year mortality rate in the PF group was clearly higher than 
that in the non-PF group (32.7% vs. 15.9%, P = 0.004) [35]. 
In our study, the 3-year OS and RFS rates of the HPMFI 
group were significantly lower than those of the LPMFI 
group, although no significant difference was observed 
between the two groups regarding the 3-year CSS rate. We 
believe that because immune function, nutritional status, 
and preoperative comorbidities were poorer in the HPMFI 
group than in the LPMFI group, the former are more prone 
to death, and therefore the RFS rate is low. It is well known 
that CSS is closely related to the pathological staging of the 
tumour, tumour size, and differentiation. In our study, the 
tumour pathological characteristics of the two groups were 
similar, resulting in a similar CSS rate. Migita et al. [36] 
found that the nutrition index (PNI) is closely related to the 
long-term prognosis of patients with GC who have under-
gone a gastrectomy. Wagner et al. [37] showed that PF pre-
dicts 1-year mortality for older patients who have undergone 
surgery, although the effect on the long-term prognosis was 
not reported. To our knowledge, no report has described the 
effect of the HPMFI on the long-term prognosis of elderly 
patients who have undergone an RLG.

Some shortcomings are present study in the current. First, 
this study is a single-centre retrospective study. Second, the 
patients included in this study lived in the Eastern hemi-
sphere, and therefore, the results may not apply to individu-
als in the Western hemisphere.

In conclusion, this study is the first to report that HPMFI, 
which can be quickly determined by easily acquired preoper-
ative blood indicators, can significantly affect the incidence 
of postoperative complications and the OS and RFS rates for 
octogenarian patients undergoing an RLG. These findings 
may provide a reference for surgeons to design individual-
ized treatment strategies for this group of elderly patients. 
However, large sample, multicentre, randomized controlled 
trials are required to confirm these results.
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