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Abstract

Background Fast-track surgery (FTS) is a promising

program for surgical patients and has been applied to

several surgical diseases. FTS is much superior to con-

ventional perioperative care. Our aim was to evaluate and

compare the safety and efficacy of FTS and conventional

perioperative care for patients undergoing gastrectomy

using a systematic review.

Methods We searched the literature in PubMed, SCOPUS,

and EMBASE up to November 2013. No language

restriction was applied. Weighted mean differences

(WMDs) and odds ratios (ORs) with their 95 % confidence

intervals (CIs) were used for analysis by a fixed or a ran-

dom effects model according to the heterogeneity

assumption.

Results In the present meta-analysis, we included five

randomized controlled trials and one controlled clinical

trial from five studies. Compared with conventional care,

FTS shortened the duration of flatus (WMD -21.08; 95 %

CI -27.46 to -14.71, z = 6.48, p \ 0.00001 in the open

surgery group; WMD -8.20; 95 % CI -12.87 to -3.53,

z = 3.44, p = 0.0006 in the laparoscopic surgery group),

accelerated the decrease in C-reactive protein (WMD

-15.56; 95 % CI 21.28 to 9.83, z = 5.33, p \ 0.00001),

shortened the postoperative stay (WMD -2.00; 95 % CI

-2.69 to -1.30, z = 5.64, p \ 0.00001), and reduced

hospitalization costs (WMD -447.72; 95 % CI -615.92 to

-279.51, z = 5.22, p \ 0.00001). FTS made no significant

difference in operation times (p = 0.93), intraoperative

blood loss (p = 0.79), or postoperative complications

(p = 0.07).

Conclusions Based on current evidence, the FTS protocol

was feasible for gastric cancer patients who underwent

gastrectomy (distal subtotal gastrectomy, proximal subtotal

gastrectomy, or radical total gastrectomy) via open or

laparoscopic surgery. Larger studies are needed to validate

our findings.

Introduction

Fast-track surgery (FTS) was first initiated by the Danish

surgeon Kehlet [1, 2] in the field of elective colorectal

surgery during the 1990s. Since then, it has been rapidly

popularized worldwide because of its significant benefits

and safety [3]. The core components of FTS include epi-

dural or regional anesthesia, perioperative fluid manage-

ment, minimally invasive techniques, optimal pain control,

early initiation of oral feeding, and early mobilization,

among others (Table 1) [4]. These joint approaches have

resulted in a significant reduction in complication rates,

morbidity and mortality rates, duration of hospital stay, and

hospitalization costs. Also, the combination of these

approaches reduced stress response and organ dysfunction,

thereby greatly shortening the time required for full
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recovery [5–7]. In recent years, FTS has been applied to

several surgical situations, include radical prostatectomy

[8], cardiac surgery [9], total knee replacement [10],

cesarean section [11], and coronary artery bypass grafting

[12]. It has also been used for specific procedures in chil-

dren [13] and the elderly [14].

Gastric cancer (GC) is the fourth most common cancer

worldwide and the second leading cause of cancer mor-

tality. It has been reported that China, Japan, South

America, Eastern Europe, and parts of the Middle East

have the highest incidence of GC [15]. Approximately

4,00,000 cases of GC are diagnosed in China annually [16],

and more than one million cases are diagnosed worldwide.

Up to now, surgery has been the most common treat-

ment for early-stage GC. However, conventional gastrec-

tomy is associated with a complication rate of 10 to 45 %

and a postoperative hospital stay of 8 to 13 days [17–20]. A

high rate of serious postoperative complications has been

linked to an excessive response to surgical stress [21–23].

C-reactive protein (CRP), interleukin-6, tumor necrosis

factor-a, and resting energy expenditure may be markers

indicating the severity of the surgical stress response [24–

26]. FTS is based on reducing surgical stress using various

surgical and anesthetic approaches to aid faster recovery.

In contrast to a positive and promising attitude about

FTS, some studies have demonstrated that routine naso-

gastric decompression, intraabdominal drainage, and fast-

ing after gastrectomy were unnecessary and were not

beneficial to recovery [19, 20, 27, 28]. Because reports on

FTS for GC are rare and a single study would likely lack

credibility, we performed a meta-analysis of the published

literature to determine the feasibility and safety of fast-

track rehabilitation programs in patients with GC and to

quantify the potential between-study heterogeneity.

Materials and methods

Publication search

Two of the authors (Y.L., T.H.) independently performed a

bibliographic search in PubMed, SCOPUS, and EMBASE

using the following terms: (‘‘fast-track surgery’’ or ‘‘FTS’’

or ‘‘fast track perioperative care’’) and (‘‘gastric cancer’’ or

‘‘GC’’). No language restriction was applied. All of the

studies found were retrieved, and their references were

checked as well for other relevant publications. Review

articles were also looked up to find additional eligible

studies. The inclusion criteria were (1) evaluation of FTS

comparison with conventional care, (2) randomized con-

trolled trials (RCTs) or controlled clinical trials (CCTs), (3)

diagnosis of GC based on clinical symptoms, imaging, and

pathology. The included studies met all of these criteria.

Authors with more than one published study were repre-

sented by their most recent publication to avoid multiple

reporting of patients. Each article was checked by an

associate professor.

Studies were excluded if they (1) were not RCTs, (2) did

not compare FTS and conventional care, (3) applied fewer

than four elements of FTS, (4) were in a language for

which a translation to English was not available, and (5)

were unpublished studies with only the abstracts presented

at national and international meetings.

Table 1 Comparison of fast-track surgery and conventional perioperative intervention protocols

Time Intervention Fast-track surgery Conventional protocol

Day before surgery Diet Normal meal until 6 h before surgery; normal

carbohydrate drink until 2 h before surgery

Liquid diet at dinner; no intake of

drink after dinner the day before

surgery

Day of surgery Anesthesia Tracheal intubation and epidural anesthesia Tracheal intubation and general

anesthesia

Thermal insulation Body temperature was maintained at 36 �C No thermal insulation

Abdominal drainage No routine use of abdominal drainage tube Use of abdominal drainage tube

Day after surgery Analgesia Infiltration of surgical wounds with

ropivacaine and oral intake of celecoxib

Standard use of patient-controlled

analgesic pump

Mobilization Encourage patients to mobilize out of bed Mobilize out of bed upon patient’s

request

Intravenous nutrition IV infusion of parenteral nutrition if oral

intake is not adequate

IV infusion of glucose saline and

amino acid injection

Removal of nasogastric tube Within 24 h after surgery After flatus

Removal of urinary catheter Within 24 h after surgery On postoperative day 3 or 4t

Antibiotics Standard use of antibiotics before and once

after surgery

Standard use of antibiotics for 3 days

after surgery

IV: intravenous
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Data extraction

The following information was extracted from each study:

the first author, published year, country of study popula-

tion, number, age, sex, body mass index (BMI) and TNM

classification of both cases and controls (Table 2). Docu-

mentation was extracted from all the publications, inde-

pendently by two of the authors (Y.L., J.X.). Disagreement

was resolved by discussion between the authors. If they

could not reach a consensus, the professor adjudicated the

disagreement. Six outcome variables were considered

suitable for analyzing the efficacy of FTS: operation time,

intraoperative blood loss, duration of flatus, CRP, postop-

erative hospital stay, cost of hospitalization. Postoperative

complications were used to assess the safety of FTS.

Postoperative hospital stay was calculated from the date of

operation to the date of discharge, and all of the costs of

hospitalization were calculated by U.S. Dollar. The quality

of the RCTs was assessed by two of the authors (Y.L., J.X.)

using the Jadad scoring system [29] (Table 3).

Statistical methods

Weighted mean differences (WMDs) and their 95 % con-

fidence intervals (CIs) were used to analyze continuous

variables presented in the same scale by a fixed effects

model or a random effects model according to the hetero-

geneity assumption (operation time, intraoperative blood

loss, duration of flatus, CRP, postoperative hospital stay,

hospitalization cost). p of Q test [ 0.1 and I2 \ 50 %

indicated a lack of heterogeneity. This outcome was cal-

culated by a fixed effects model. p of Q test \ 0.1 and

Table 2 Characteristics of studies included in this meta-analysis

Study Year Country Characteristic Fast-track

surgery

Conventional Type of surgery

Feng [32] 2013 China No. 59 60 Open (radical total gastrectomy)

Male/female 41/18 44/16

Age 54.98 ± 11.35 55.79 ± 10.06

BMI 22.44 ± 3.51 21.01 ± 1.78

TNM I/II/III/IV 14/12/33/0 8/31/21/0

Wang [33] 2010 China No. 45 47 Open (distal subtotal, proximal subtotal,

and radical total gastrectomy)Male/female 32/13 29/18

Age 58.76 ± 9.66 56.87 ± 9.16

BMI 23.85 ± 2.40 23.25 ± 2.79

TNM I/II/III/IV – –

Chen [34] 2012 China No. 19 22 Laparoscopic (radical total gastrectomy)

Male/female 10/9 10/12

Age 59 (49–71) 62.5(45–72)

BMI 22.94 ± 2.23 22.99 ± 2.24

TNM I/II/III/IV 1/10/8/0 1/10/10/1

Chen [34] 2012 China No. 21 20 Open (radical total gastrectomy)

Male/female 9/12 12/8

Age 64 (40–71) 64.5(49–75)

BMI 23.54 ± 2.59 23.47 ± 2.62

TNM I/II/III/IV 1/8/11/1 1/6/11/2

Kim [35] 2012 Korea No. 22 22 Laparoscopic (distal subtotal gastrectomy)

Male/female 9/13 7/15

Age 52.64 ± 11.57 57.45 ± 14.54

BMI 23.40 ± 3.17 23.77 ± 3.54

TNM I/II/III/IV 20/1/1/0 20/2/0/0

Jiang [36] 2007 China No. 40 40 Open (distal subtotal, proximal subtotal,

and, radical total gastrectomy)Male/female 12/28 25/15

Age 56.3 ± 10.6 54.2 ± 12.4

BMI – –

TNM I/II/III/IV – –

BMI body mass index (in kg/m2)
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I2 [ 50 % indicated a random effects model. Odds ratios

(ORs) and 95 % CIs were used to analyze postoperative

complications. If the study provided medians and inter-

quartile ranges instead of means and standard deviations

(SDs), we imputed the means and SDs as described by

Hozo et al. [30]. Publication bias may be present when

there are fewer than 10 studies in a meta-analysis because

the low number implies inherent weaknesses in the review.

Therefore, we did not emphasize publication bias results.

All above of the statistical analyses were performed using

RevMan 5.2.0 software (Cochrane-information Manage-

ment System).

Results

Article search

The initial literature search identified 21 studies. Based on

the inclusion criteria, 15 studies were excluded, leaving 6

studies to be subjected to a more detailed review. One RCT

was excluded because the repeating data from a same

group published at a different time [31]. Finally, five RCTs

were included [32–36], and the study of Hu et al. [34] can

be treat as two independent research studies in that they

separately reported the effects and safety of FTS for open

and laparoscopic gastrectomy surgery, whereas we perform

a subgroup analysis according to open or laparoscopic

gastrectomies in our RCT. Therefore, six related studies

from five RCTs were included for the meta-analysis

(Fig. 1). Characteristics of each trial are given in Table 2.

There were 206 patients in the FTS group and 211 in the

conventional care group.

Methodologic quality of the included studies

The methodologic quality of the included trials is explained

comprehensively in Table 3. in general, the quality of the

studies was moderate to good (all C 3). All data were ana-

lyzed in accordance with the intention-to-treat principle.

Operation time

Four studies reported the operation time. There was no

significant heterogeneity among the trials (I2 = 0 %,

p = 0.46), neither between the laparoscopic and open

surgery groups by subgroup analysis (I2 = 0 %, p = 0.37).

In the fixed-effects models, there was no significant dif-

ference in operation time between the FTS and conven-

tional treatment groups (WMD 0.47; 95 % CI -9.79 to

10.72, z = 0.09, p = 0.93) (Fig. 2).

Intraoperative blood loss

Four studies mentioned intraoperative blood loss. There

was no significant heterogeneity among the trials

(I2 = 0 %, p = 0.59), neither between the Laparoscopic

and Open groups by subgroup analysis (I2 = 0 %,

p = 0.74). In fixed-effects models, there was no significant

difference in intraoperative blood loss between the FTS

and Conventional groups (WMD 2.02; 95 % CI -12.75 to

16.80, z = 0.27, p = 0.79) (Fig. 3).

Duration of flatus

All studies analyzed duration of flatus. We extracted rele-

vant data and performed a meta-analysis between FTS and

Table 3 Jadad score Study Year Country Randomization Blinding Withdrawal Total

Feng [32] 2013 China 2 2 1 5

Wang [33] 2010 China 1 1 1 3

Chen [34] 2012 China 1 1 1 3

Chen [34] 2012 China 1 1 1 3

Kim [35] 2012 Korea 2 2 1 5

Jiang [36] 2007 China 1 1 1 3

Fig. 1 Chart for selection of trials. FTS fast-track surgery
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conventional perioperative care grouped by type of sur-

gery. The heterogeneity among the trials was significant

(I2 = 87 %, p \ 0.00001), indicating a random effects

model. The duration of flatus of patients undergoing FTS

was 21.08 h less than those undergoing conventional per-

ioperative care in the open surgery group (WMD -21.08;

95 % CI -27.46 to -14.71, z = 6.48, p \ 0.00001)

(Fig. 4). In the laparoscopic group, the duration of flatus of

patients undergoing FTS was 8.20 h less than that of the

controls (WMD -8.20; 95 % CI -12.87 to -3.53,

z = 3.44, p = 0.0006) (Fig. 4).

C-reactive protein

C-reactive protein is a by-product of inflammation usually

found in the blood of some acute cases and can be regard as

a marker of the severity of the surgical stress response.

Four of the six studies recorded CRP levels on days 1 and 3

or 4, 5, or 7 after surgery. The heterogeneity among the

trials was significant (I2 = 70 %, p = 0.0001), indicating a

random effects model. In addition to the groups on post-

operative day (POD) 1 (z = 0.02, p = 0.99) and POD 5 or

7 (z = 1.34, p = 0.18) who underwent laparoscopic sur-

gery, other subgroup analyses indicated a decrease of CRP

in the FTS patients. Overall, the CRP level of patients

undergoing FTS was 15.56 mg/L less than in those

undergoing conventional perioperative care in the open

surgery group (WMD -15.56; 95 % CI -21.28 to -9.83,

z = 5.33, p \ 0.00001) (Fig. 5).

Postoperative hospital stay

All studies recorded the postoperative hospital stay. There

was significant heterogeneity among the trials (I2 = 88 %,

p \ 0.00001). In the random effects model, the postoper-

ative hospital stay of patients undergoing FTS was

2.00 days less than for those undergoing conventional

perioperative care overall (WMD -2.00; 95 % CI -2.69 to

Fig. 2 Meta-analysis of FTS versus conventional care for operation time. Estimated weighted mean differences (WMD) and their 95 %

confidence intervals (CI) are plotted as boxes and horizontal lines. Filled diamonds pooled WMDs and their 95 % CIs

Fig. 3 Meta-analysis of FTS versus conventional care for intraoperative blood loss. See Fig. 2 for description of symbols
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Fig. 4 Meta-analysis of FTS versus conventional care for duration of flatus. See Fig. 2 for description of symbols

Fig. 5 Meta-analysis of FTS versus conventional care for C-reactive protein. See Fig. 2 for description of symbols
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-1.30, z = 5.64, p \ 0.00001) (Fig. 6). This difference

was notable in the open surgery group.

Cost of hospitalization

All six studies calculated the cost of hospitalization. There

was a significant heterogeneity of the trials in the open

surgery group (I2 = 64 %, p = 0.04) but not in laparo-

scopic group. In the random effects model, the cost of

hospitalization of patients undergoing FTS was $447.72

less than for those undergoing conventional perioperative

care overall (WMD -447.72; 95 % CI -615.92 to

-279.51, z = 5.22, p \ 0.00001) (Fig. 7).

Postoperative complications

Four studies reported postoperative complications. There

was no significant heterogeneity among the studies

(I2 = 35 %, p = 0.20). In fixed-effects models, there was

no significant difference in postoperative complications

between the FTS and conventional perioperative care

groups (OR 0.59; 95 % CI 0.33 to 1.05, z = 1.79,

p = 0.07) (Fig. 8).

Discussion

The aim of this study was to evaluate the safety, efficacy,

and outcome of the FTS protocol employed in the peri-

operative treatment of GC patients compared to that of

conventional perioperative treatment. The results from our

meta-analysis suggested that the FTS protocol was feasible

for perioperative care of GC patients who underwent gas-

trectomy (distal subtotal, proximal subtotal, or radical total

gastrectomy) by open surgery or laparoscopy. Compared

with conventional care, FTS shortened the duration to

flatus, accelerated the decrease in CRP, shortened the

postoperative stay, and reduced extremely the cost of

Fig. 6 Meta-analysis of FTS versus conventional care for postoperative hospital stay. See Fig. 2 for description of symbols

Fig. 7 Meta-analysis of FTS versus conventional care for cost of hospitalization. See Fig. 2 for description of symbols
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hospitalization. FTS made no significant difference in

terms of operation time or intraoperative blood loss.

A major concern about FTS is a higher risk of postop-

erative complications. After pooling the data on compli-

cations, however, it was apparent that FTS did not increase

the possibility of postoperative complications versus con-

ventional care by the overall analysis or the analysis con-

ducted on the open and laparoscopic surgery subgroups.

The FTS protocol comprises a new and revolutionary

perioperative treatment that has become prevalent in recent

years and is receiving recognition. Many FTS protocols

have been suggested by hospital groups that comprise

varying preoperative, intraoperative, and postoperative

fast-track elements such as preoperative counseling and

feeding, no bowel preparation, perioperative high oxygen

concentrations, active prevention of hypothermia, and no

routine use of nasogastric tubes and drains. Overall, the

findings indicate that effective pain relief allows early

mobilization, and the hospital stay can be reduced to

2 days without nausea, vomiting, or ileus. Postoperative

fatigue and impaired functional activity can be avoided.

The use of epidural local anesthetic and early oral nutrition

combined with a prokinetic drug (cisapride) as well as the

avoidance of opioids and gastric tubes significantly reduce

the occurrence of gastrointestinal ileus [1]. The combina-

tion of these approaches could reduce the stress response

and organ dysfunction, thereby greatly shortening the time

required for full recovery.

Studies focused on GC patients who underwent gas-

trectomy with FTS treatment are limited. In the study of

Feng et al. [32], FTS not only shortened the time to flatus,

shortened the postoperative hospital stay, and lowered the

hospitalization cost, it accelerated the decrease in the white

blood cell count (p \ 0.05) and alleviated pain in patients

after surgery (p \ 0.05 on PODs 1–3). Wang et al. [33]

indicated that their FTS group showed lower serum levels

of tumor necrosis factor-a (days 1 and 3) and interleukin-6

(days 1 and 3) than were seen in the conventional treatment

group (all p \ 0.05). In a subgroup analysis, Chen et al.

[34] proved that a combination of FTS and laparoscopic

surgery for GC is safe, feasible, and efficient. However, the

time to first flatus in the study of Kim et al. [35] was not

different between groups. Tan and his colleagues published

a systematic review and meta-analysis of RCTs and CCTs

that investigated the FTS strategy after gastrectomy [37].

The meta-analysis included five studies (three RCTs, two

CCTs), two of which were included in the present meta-

analysis. They concluded that FTS after gastrectomy

reduced the time to flatus and the postoperative hospital

stay. It also reduced postoperative complications. The

present meta-analysis included five RCTs and one CCT.

All of these studies came from Asia, which might due to

the high incidence of GC in that region. Compared with the

meta-analysis reported by Tan and colleagues [37], the

present work included one recent large multicenter RCT

published in 2013 [32], which pointed out that open sur-

gery combined with FTS care was the optimal approach for

patients undergoing radical total gastrectomy for GC.

The shortcomings of the present meta-analysis were as

follows. First, one study included in this meta-analysis was

not blinded, so there is a possibility of observer bias.

Second, as is well known, the success of an FTS program

Fig. 8 Meta-analysis of FTS versus conventional care for postoperative complications. The estimated odds ratios and their 95 % CIs are plotted

as boxes and horizontal lines. Filled diamonds pooled odds ratios and their 95 % CIs
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depends on a committed, well-trained, experienced multi-

disciplinary team often comprised of anesthesiologists,

surgeons, dieticians, physiotherapists, and a dedicated

nursing staff. In our study, surgeons with varying expertise

were from different clinical centers. Therefore, the opera-

tion time, intraoperative blood loss, and CRP measure-

ments might be affected. However, intersurgeon variability

is a problem encountered in most clinical trials and is

difficult to avoid. Finally, although some outcome mea-

sures are not significant, it is worth mentioning that the

sample size was small. Therefore, any real differences

might not be apparent at present, but this factor should be

considered when further trials are designed.

Conclusions

The results suggested that FTS pathways could shorten the

time to flatus, accelerate the decrease in CRP, shorten the

duration of postoperative stay, and reduce the cost of

hospitalization gastrectomy without compromising patient

safety. Thus, FTS was effective and safe—superior to

conventional care in some cases—for GC patients who

underwent gastrectomy (distal subtotal, proximal subtotal,

and radical total gastrectomy) during and after open or

laparoscopic surgery. Future studies have to define the

active elements to improve future FTS protocols.
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