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Background: We determined the feasibility of the ERAS protocol in laparoscopically operated
patients for early and advanced gastric cancer.
Methods: Fifty-eight patients were included in the study (19 in the ERAS and 39 in the CC
group). In both groups, only laparoscopic technique was used. Postoperative recovery
parameters and serum CRP levels were compared.
Results: The CC group had significantly more complications (0% in the ERAS vs. 25.6% in the
CC group; p=0.018). Patients in the ERAS group had a significantly shorter hospital stay
(8.5±2 days in the ERAS vs. 11.3±4 days in the CC; p=0.002) and significantly lower pain
scores on days one to three compared to the CC. The total medical cost was higher in the ERAS
group (p<0.0001). The multivariate logistic regression model identified shorter hospital stay
(HR: 0.567; 95% CI: 0.326-0.985; p=0.044), and lower pain scores on day one (HR: 0.12; 
95% CI: 0.022-0.662; p=0.015) and two (HR: 0.134; 95% CI: 0.026-0.693; p=0.017), as 
significantly related to the ERAS protocol.
Conclusion: ERAS protocol is feasible for laparoscopic gastrectomy. It reduces postoperative
pain on days one and two which allows faster mobilization and earlier discharge. 
Key words: ERAS protocol, laparoscopy, gastric cancer

INTRODUCTIONINTRODUCTION

The success of the enhanced recovery after surgery (ERAS) protocol in major
abdominal operations has been widely acknowledged (1). Reports from ERAS
implementation in colorectal surgery reported favourable results in terms of
faster recovery of the bowel function, less postoperative pain, reduced post-
operative morbidity and mortality, shorter hospital length as well as lower costs
and postoperative inflammatory response (1). These results have sparked the
desire to achieve the same goals in gastric cancer surgery. Indeed, the first 
studies confirmed many benefits compared to the conventional care surgery 
(2-5). However, only open approach was used in the first reports. Meanwhile,
laparoscopic surgery has become an established part of gastric cancer treatment
with proven benefits for patients (6-11). Laparoscopy reduces the tissue trauma
and postoperative pain as well as speeds up recovery (6-11). Studies have only
recently begun to take laparoscopic gastrectomy combined with the ERAS 
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protocol into account, albeit they did not exclude open
surgery (2-5). This makes an assessment of the impact
of the ERAS protocol difficult.

As the experience has grown in the field of laparo-
scopic gastric cancer surgery, studies comparing the
results of the ERAS protocol only in laparoscopically
operated patients have begun to emerge (12-18).
Results from these publications confirm the benefits of
the ERAS protocol combined with laparoscopy.
However, some authors question the generalisation of
these results (21). These studies have almost exclusively
been performed in Asiatic countries where patients are
younger, in better general shape, often include only
early gastric cancer and have lower BMI compared to
their Western counterparts (12-18). Additionally, most
studies excluded patients with perioperative chemo-
therapy (12-18), whereas, according to ESMO guidelines,
most Western patients are candidates for perioperative
treatment (19). Consequently, the results from the 
current studies cannot be generally applied to Western
patients. The aim of the present study was to deter-
mine the value of the ERAS protocol in patients with
early and advanced gastric cancer operated with
laparoscopic gastrectomy at a Western medical centre. 

METHODSMETHODS

Before operation, a written informed consent was
obtained from the patients. The study was conducted in
accordance with the Declaration of Helsinki and
approved by the Ethics Committee of the University
Medical Centre Maribor, Slovenia. The study was 
registered under the code UKC-MB-KME-74/20.

Patients with histologically confirmed gastric cancer
were included in the study. The inclusion criteria were
as follows: i) a preoperative gastric cancer stage of any
T, any N, M0; ii) no previous upper abdominal surgery;
iii) laparoscopic surgery; iv) normal haematological,
renal, hepatic, and cardiac parameters; v) ASA ≤ 3.
Exclusion criteria were as follows: i) history of cancer; ii)
presence of acute infection; iii) gastric cancer infiltrating
other organs or causing obstruction.

Patients were diagnosed between May 2015 and
October 2020. Before operation, each patient was 
discussed at the local tumour board. Patients with 
preoperative stage Ib or higher were scheduled for peri-
operative chemotherapy. 

In the final group, 57 patients were included. While
39 patients received conventional perioperative care
and laparoscopic surgery (CC), 11 received the ERAS

rehabilitation program and laparoscopic surgery
(ERAS).

All patients were operated by the same team of 
surgeons experienced in laparoscopic gastric cancer
surgery. A totally laparoscopic total or subtotal gastrec-
tomy was performed in all the included patients. The
proportion of laparoscopic operations and types of
reconstruction is presented in table 1. The elements of
the ERAS protocol were developed according to ERAS
consensus guidelines for gastric cancer (2). Details of
the ERAS and conventional care protocols are listed in
table 2.

Patients in the ERAS group were educated before
the surgery at the outpatient clinic. Patients were
admitted 2 days before surgery. They were allowed to
consume a normal diet up to 6 hours before operation.
A carbohydrate-rich drink was allowed until 2 hours
before surgery. Patients received no preoperative
bowel preparation. Before operation, no nasogastric
tube was inserted. On the day of the surgery, an 
epidural catheter was inserted. Patients in the ERAS
group received additional postoperative anti-inflamma-
tory drugs twice a day. Nasogastric tubes were removed
on POD1 (post-operative day one), and they were
allowed to sip clear fluid and a glutamine-rich drink.
They began with early mobilisation. On POD1, they
were encouraged to sit and perform respiratory 
rehabilitation; on POD2, they were encouraged to
stand with help; on POD3, they began to walk. The
postoperative intravenous fluids were gradually
tapered off until POD3 or 4 when they received a soft
diet. Patients were discharged when fully ambulatory,
when they required no intravenous analgesia, or when
with afebrile status. After discharge, they were 
regularly followed-up on outpatient clinic.

All surgery was performed by the same experienced
laparoscopic team. Depending on the location of the
tumour, either a total or a subtotal laparoscopic gas-
trectomy was performed. The laparoscopic technique
was described elsewhere (28, 29). The intestinal conti-
nuity was reconstructed with either Billroth II or Roux-
en-Y anastomoses. The lymphadenectomy was per-
formed in accordance with the Guidelines of Japanese
Gastric Cancer Association (27). For early gastric cancer,
a D1+ lymphadenectomy was sufficient; for all other
stages, a D2 lymph node dissection was performed. The
extraction of the specimen and the intestinal recon-
struction were performed through a 5 to 8 cm
supraumbilical midline incision. Drains were routinely
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All patients Type of postoperative care p
ERAS CC

Age [years±SD] 68.6±11 76.5±0.7 67.5±11.3 NS
Gender [n(%)] NS

Male 27(54) 5(45.5) 22(56.4)
Female 23(46) 6(54.5) 17(43.6)

ASA score [n(%)] NS
I 15(30) 2(18.2) 13(33.3)
II 26(52) 7(63.6) 19(48.7)
III 9(18) 2(18.2) 7(17.9)

Location [n(%)] NS
Proximal third 1(2) 0(0) 1(2.6)
Middle third 18(36) 2(18.2) 16(41)
Distal third 31(62) 9(81.8) 22(56.4)

Type of operation [n(%)] NS
Lap STG 24(48) 8(72.7) 16(41)
Lap TG 26(52) 3(27.3) 23(59)

Lymph node dissection [n(%)] 0.031
D1+ 12(24) 0 12(30.8)
D2 2(76) 11(100) 27(69.2)

Type of reconstruction [n(%)] 0.001
Roux-en-Y 26(52) 11(100) 15(38.5)
Rouy-en-Y invert 7(14) 0(0) 7(17.9)
Omega 14(28) 0(0) 14(35.9)
Circular 3(6) 0(0) 3(7.7)

Number of resected LNs [n±SD] 23±13 36.5±3.5 21.5±13 0.026
Number of positive LNs [n(IQR)] 0(4) 0(0) 0.5(4) 0.048
TNM T stage [n(%)] NS

Tis 5(10) 0(0) 5(12.8)
1a 12(24) 5(45.5) 7(18)
1b 5(10) 0(0) 5(12.8)
2 8(16) 3(27.3) 5(12.8)
3 15(30) 2(18.2) 13(33.3)
4a 5(10) 1(9.1) 4(10.3)

TNM N stage [n(%)] NS
0 32(64) 10(90.9) 22(56.4)
1 5(10) 0(0) 5(12.8)
2 7(14) 0(0) 7(17.9)
3a 3(6) 1(9.1) 2(5.2)
3b 3(6) 0(0) 3(7.7)

TNM M stage [n(%)] NS
0 50(100) 11(100) 39(100)

BMI [kg/m2±SD] 24.8±4.2 22.2±1.8 25.3±4 NS
Length of hospital stay [days±SD] 11±3.4 8.5±2 11.3±4 0.002
Duration of operation [min(IQR)] 300(37) 275(0) 300(52) NS
Costs [EUR(IQR)] 11747(1220) 12522(0) 11572(718) <0.0001
CRP day 1 [mg/l(IQR)] 50(27) 59(0) 48(28) NS
CRP day 3 [mg/l(IQR)] 123(140) 103(0) 123(143) NS
CRP day 7 [mg/l(IQR)] 82(72) 33(0) 83(79) NS
First bowel movement [days(IQR)] 4(1) 3.5(0) 4(1) NS
Duration of IV analgesics [days(IQR)] 5(2) 5(1) 5(2) NS
VAS day 1 6(1) 6(1) 6(1) 0.006
VAS day 2 6.5(1) 6(2) 7(1) 0.018
VAS day 3 6(1) 5(1) 6(0) 0.028
VAS day 4 5(2) 5(0) 5(2) NS
Drain removal [days(IQR)] 6(2) 6(3) 6(2) NS
R0 [n(%)] NS

0 49(98) 11(100) 37(97.4)
1 1(2) 0(0) 1(2.6)

Dindo-Claviene [n(%)] 0.044
0 38(76) 11(100) 27(69.2)
II 2(4) 0(0) 2(5.1)
IIIb 6(12) 0(0) 6(15.4)
IV 3(6) 0(0) 3(7.7)
V 1(2) 0(0) 1(2.6)

Major complications [n(%)] 0.018
Yes 10(20) 0(0) 10(25.6)
No 40(80) 11(100) 29(74.4)

Perioperative KT [n(%)] NS
Yes 21(42) 4(36.4) 17(43.6)
No 29(58) 7(63.6) 22(56.4)

Table 1 - Patients' characteristics
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Table 2 - Perioperative protocol for patients undergoing laparoscopic gastric cancer surgery

Group ERAS Conventional care

Before admission Patient consultation, risk assessment, additional testing, informed consent risk assessment, additional testing, informed
consent

Preoperative Patient and family counselling and education, preoperative physiotherapy, Preoperative physiotherapy, no bowel preparation,
no bowel preparation, preoperative fasting up to 6 hours before surgery, midnight fasting
oral carbohydrate drink before surgery, no intravenous fluids

Day of surgery Epidural catheter, Insertion of the Foley catheter, nasogastric tube insertion Epidural catheter, Insertion of the Foley catheter,
after general anaesthesia, laparoscopic total or subtotal gastrectomy, nasogastric tube insertion after general anaesthesia,
standard five-trocar placement, 5-8 cm incision, routine use of closed drains, laparoscopic total or subtotal gastrectomy, standard
O2 inhalation 3l/min, LMWH injection in the evening and antiembolic stockings, five-trocar placement, 5-8 cm incision, routine use
Fluid restriction 1500 ml crystalloids/colloids of closed drains, O2 inhalation 3 l/min, LMWH 

injection in the evening and antiembolic stockings,
Fluids not restricted

POD 1 Nasogastric tube removal, oral clear fluids 100 ml/d, IV fluids 1 mL/kg/h Nil per os, respiratory physiotherapy, parenteral
(Ringer's lactate, 10% glucose, amino acid solution), active mobilisation  nutrition, IV fluids not restricted
out of bed, respiratory physiotherapy

POD 2 Enteral nutrition from water to glutamine suspension and enteral nutrition Sitting at bedside
suspension up to 500 ml/d, ambulation in the ward, pain control, IV fluids 
reduced to 1000 ml/d, Foley catheter removal

POD 3-5 Stop IV analgesia, full mobilisation, soft diet as tolerated, oral enteral nutrition Nasogastric tube removal, Foley catheter removal,
suspension, stop IV fluids, drain removal if amylase negative or volume less oral fluids, walking in the ward, drain removal if
than 100 ml per day amylase negative or volume less than 100 ml per day

POD 6 Check discharge criteria Soft diet, continue with mobilisation
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placed in the right subhepatic and left subdiaphragmal
space.

Primary study endpoints were the length of 
the postoperative hospital stay, postoperative pain
measured by the visual analogue scale (VAS) on days
one to four, time to first defecation, duration of intra-
venous analgesics and the complication rate.
Secondary endpoints were the costs of hospitalisation,
postoperative systemic inflammatory response 
measured with serum CRP levels on days one, three
and seven and the 30-day readmission rate.

Continuous variables were presented as mean ± SD
for normally distributed variables and as median (IQR)
for continuous variables without normal distribution.
Discrete variables were presented as absolute number
(percentage). Depending on the distribution, continu-
ous variables were compared with Student’s t-test and
Mann-Whitney’s U-test. Normality was tested with the
Kolmogorow’s and Smirnoff’s test for normality. The
discrete variables were compared with the 2 test of the
Fisher’s exact test. The level of significance was the p
value of 0.05 or less. All analyses were performed with
the SPSS v. 22.0 (IBM, Chicago, IL, USA).

RESULTSRESULTS

A total of 58 consecutive patients who underwent
laparoscopic gastrectomy from January 2015 to
October 2020 were included in the study. The baseline
characteristics of the included patients are summarized
in table 1. There was no significant difference in the 
distribution of patients’ characteristics between the
ERAS and CC groups. Tumours in both groups were
mostly located in the distal third of the stomach. In both
groups, the same proportion of patients received peri-
operative chemotherapy (47.4% in the ERAS group vs.
43.6% in the CC group; p = 0.741).

Most of the patients in the ERAS group received a
laparoscopic distal subtotal gastrectomy [16(84.2)]. In
the CC group, significantly more patients received a
laparoscopic total gastrectomy [23 (59); p = 0.002]. All
patients in the ERAS group received a D2 lymphadenec-
tomy compared to 69.2% of patients in the CC group 
(p = 0.012). The average number of dissected 
lymph nodes was significantly higher in the ERAS group
(28±9 LNs in the ERAS vs. 19.9±13 LNs in the CC; 
p = 0.026). there was no significant difference in the
number of positive LNs between groups. In all patients
in the ERAS group, a Roux-en-Y reconstruction was
used. In most cases in the CC group, Roux-en-Y recon-
struction was used followed by Omega loop. A circular
stapler was used in the CC group only in three cases.
Operation time ways significantly shorter in the ERAS
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group [260 (112) min in ERAS vs. 300(40) min in CC; 
p = 0.025]. In both groups, we observed no 30-day 
mortality. The ERAS group had no morbidity and no
mortality. Patients in the CC group had significantly
more complications. In the CC group, major complica-
tions needing any form of intervention were observed
in 25.6%.

Between the ERAS and CC groups, there was no 
significant difference in the TNM distribution. However,
in 12.8% of the included patients in the CC group the
histology revealed a carcinoma in situ, while there was
none in the ERAS group. Slightly less cases of early 
carcinoma was observed in the CC group compared to
the ERAS group (42.1% in the ERAS vs. 30.8% in the CC;
p = 0.862). There was no significant difference in the
rate of R0 resection between groups.

Patients in the ERAS group had a significant shorter
hospital stay compared to the CC group (7.5(4) days in
the ERAS vs. 11(6) days in the CC; p = 0.003). For
patients in both groups, the time to first bowel move-
ment was similar and needed IV analgesic treatment
was similar. However, patients in the ERAS group had
significantly smaller pain scores derived from VAS on
days one to three. Total medical costs were significantly
higher in the ERAS group (p < 0.0001). There were no
significant differences in the 30-day readmission rate
between groups (15.8% in both groups). The readmis-
sion rate in the patient group less than 65 years was 0%
in the ERAS and 5.3% in the CC group. this difference
was not significant.

In both groups, differences in the postoperative
stress responses measured with the serum levels of CRP
on day one, three and seven were not significantly 
different. Even so, a faster return to baseline levels was
observed in the ERAS group compared to the CC group.
This difference did not reach the level of significance.

In the subgroup analysis, only patients with no 
morbidity were compared for postoperative recovery
results. Eleven patients from the ERAS group were 
compared to 27 patients in the CC group.

After we excluded patients with postoperative 
morbidity, the length of hospital stay was only insignifi-
cantly longer in the CC group (p = 0.078). Patients in the
ERAS group had a mean of 2-day shorter hospital stay.
Total medical costs were higher in the ERAS group 
(p < 0.0001). The time to first bowel movement and
duration of IV analgesia was similar, while the pain
scores derived from VAS on days 1 to 3 were signifi-
cantly less in the ERAS group. Values of postoperative

stress indicators were similar in both groups. In the
ERAS group, we again noticed an insignificantly faster
recovery of postoperative serum CRP levels to baseline.

Because of the small number of laparoscopic total
gastrectomies in the ERAS group only a meaningful
analysis of the subgroup with laparoscopic subtotal 
gastrectomy could be performed. In the subgroup of
patients with laparoscopic subtotal gastrectomy
patients in the ERAS group had more extracted lymph
nodes per operation (27.7±9 LNs in ERAS vs. 16±13 LNs
in CC; p = 0.009), shorter operation times (220(90) min
in ERAS vs. 320(103) min in CC; p = 0.012), higher 
hospital costs (12479(69) EUR in ERAS vs. 11287(364)
EUR in CC; p <0.0001), lower values of CRP on day seven
(53(0) mg/ml in ERAS vs. 107(71) mg/ml in CC; p = 0.002),
lower pain scores on days one to three compared to
patients in the CC group (5(1), 5(2) and 5(6) in ERAS vs.
6.5(1), 7(2) and 6(1)in CC; p = 0.009, 0.011 and 0.024).
In the ERAS group significantly more D2 lymphadenec-
tomies were performed (16(100) in ERAS vs. 8(50) in
CC; p = 0.003) and patients received exclusively a 
Roux-en-Y reconstruction (p < 0.0001). No significant
differences were noted in the rate of conversions
between groups. There were no complications in the
ERAS group and significantly more proximal tumour
location compared to patients in the CC group 
(p = 0.009). There were no significant differences in the
duration of the hospital stay or the readmission rates
between groups (table 3).

A forward stepwise conditional regression model
was used to identify predictors significantly associated

Figure 1 - Median serum CRP levels on days 1, 3 and 7
Median ERAS: Median serum levels of CRP in the ERAS group with standard errors; 
Median CC: Median serum levels of CRP in the CC group with standard errors
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with the ERAS protocol. The multivariate logistic regres-
sion model identified hospital stay (HR: 0.567; 95%CI:
0.326-0.985; p = 0.044), and the pain scores on day 1
(HR: 0.12; 95%CI: 0.022-0.662; p = 0.015) and 2 (HR:
0.134; 95%CI: 0.026-0.693; p = 0.017) as significantly
related to ERAS protocol.

DISCUSSIONDISCUSSION

Most of the present studies that evaluate the 
feasibility of the ERAS protocol after laparoscopic 
gastric cancer surgery were published in specialised
Eastern centres, with fit patients capable to endure
the strenuous ERAS protocol (17,25,26). Since there is
avoid in studies evaluating the feasibility of the ERAS 
protocol after laparoscopic gastrectomy in the West,
we performed a retrospective analysis comparing the
results of laparoscopic gastrectomy of early and
advanced gastric cancer patients combined with ERAS
and conventional postoperative care at a Western
centre.

Patients included in our study were older and had
more accompanying diseases compared to studies 
published in the East (21-24). The age of patients
included in RCTs by Sugisawa et al., Kang et al. and
Mingjie et al. ranged from 56 to 64 years (17, 25, 26).
The mean age of included patients in our study was 68
years. The majority of included patients had an ASA
score of II or III. In addition, two thirds of patients in
our study had advanced gastric cancer necessitating a
more demanding laparoscopic total gastrectomy. This
reflects the usual patient population seen in the West.
Our results confirmed that even older patients 
satisfactorily complied with the ERAS protocol. Bu et
al. reported that implementation of ERAS in older
patients significantly increased the incidence of 
nausea, vomiting, gastric retention, and ileus (20). We
did not observe such complications despite the older
age of patients and the fact that nearly half of the
patients received a total gastrectomy. 

In the present study the multivariate logistic 
regression model related the ERAS protocol with
shorter hospitalisation and smaller pain scores on
days 1 and 2. Patients in the ERAS group had a 
significantly shorter hospital stay compared to the CC
group. Similar results were reported from other RCTs
(2-18, 25, 26) and meta-analyses (21-24). Contrary to
the results from studies that included only the laparo-
scopic approach (2-18, 25, 26), we did not observe a
faster recovery of bowel function nor did we observe
a significant reduction of duration of IV analgesic use.
The shorter hospital stay in our study thus could not

Type of postoperative care p
ERAS CC

Age [years±SD] 67±13 69±12 NS
Gender [n(%)] NS

Male 7(43.8) 6(37.5)
Female 9(56.3) 10(62.5)

ASA score [n(%)] NS
I 7(43.8) 3(18.8)
II 7(43.8) 10(62.5)
III 2(12.5) 3(18.8)

Location [n(%)] 0.009
Proximal third 0(0) 0(0)
Middle third 6(37.5) 0(0)
Distal third 10(62.5) 16(100)

Konversion [n(%)] 0(0) 1(3.1) NS
Lymph node dissection [n(%)] 0.003

D1+ 0 8(50)
D2 16(100) 8(50)

Type of reconstruction [n(%)] <0.0001
Roux-en-Y 16(100) 2(12.5)
Rouy-en-Y invert 0(0) 0(0)
Omega 0(0) 14(87.5)
Circular 0(0) 0(0)

Number of resected LNs [n±SD] 27.7±9 16±13 0.009
Number of positive LNs [n(IQR)] 0(0) 0(0) NS
TNM T stage [n(%)] NS

Tis 1(6.3) 4(25)
1a 6(37.6) 5(31.3)
1b 2(12.5) 1(6.3)
2 4(25) 2(12.5)
3 2(12.5) 3(18.8)
4a 1(6.3) 1(6.3)

TNM N stage [n(%)] NS
0 11(68.8) 12(75)
1 2(12.5) 2(12.5)
2 1(6.3) 1(6.3)
3a 2(12.5) 0(0)
3b 0(0) 1(6.3)

TNM M stage [n(%)] NS
0 19(100) 39(100)

BMI [kg/m2±SD] 24.3(2) 23.6(3) NS
Length of hospital stay [days±SD] 7(2) 8(5) NS
30-day readmission rate [n(%)] 3(18.8) 1(6.3) NS
Duration of operation [min(IQR)] 220(90) 320(103) 0.012
Costs [EUR(IQR)] 12479(69) 11287(364) <0.0001
CRP day 1 90.5(71) 41.5(29) NS
CRP day 3 182(199) 192(115) NS
CRP day 7 53(0) 107(71) 0.002
First bowel movement [days(IQR)] 3(0) 3(2) NS
Duration of IV analgesics [days(IQR)] 4.18± 1 4.6±1.5 NS
VAS day 1 5(1) 6.5(1) 0.009
VAS day 2 5(2) 7(2) 0.011
VAS day 3 5(6) 6(1) 0.024
VAS day 4 5(2) 6.5(3) NS
Drain removal 6(4) 5.5(1) NS
R0 [n(%)] NS

0 16(100) 15(93.8)
1 0(0) 1(6.3)

Dindo-Claviene [n(%)] 0.022
0 16(100) 11(68.8)
II 0(0) 1(6.3)
IIIb 0(0) 3(18.8)
IV 0(0) 0(0)
V 0(0) 1(3.1)

Major complications [n(%)] NS
Yes 0(0) 4(25)
No 16(100) 12(75)

Perioperative KT [n(%)] NS
Yes 7(43.8) 2(12.5)
No 9(56.3) 14(87.5)

Table 3 - Subgroup analysis of patients with laparoscopic subtotal 
gastrectomy
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be directly attributed to faster gut function recovery
as reported elsewhere (21). On the other hand, we
observed that pain scores derived from VAS on days 1
to 3 were significantly less in the ERAS group 
compared to the CC group in the univariate analysis.
Based on this finding, we propose that the ERAS 
protocol combined with minimally invasive surgery
reduces the pain on first postoperative days which in
turn allows faster mobilisation, especially on days 1
and 2. The mobilisation of patients on the first two
days is critical, since it reduces the likelihood of 
respiratory complications that prolong the hospital
stay (21). In order to achieve shorter hospitalisation, it
is therefore prudent to strive for early full mobilisa-
tion. This is especially the case in elderly and frail
patients who are more prone to secondary infections.
Moreover, elderly less ambulant patients feel 
reluctant to discharge from the hospital even if the
pain score on days four and more might be low.

There are conflicting results regarding the 
readmission rates between the ERAS protocol and
conventional care in the literature (20-25). Most of the
initial papers reported higher readmission rates in
patients after laparoscopic gastrectomy with ERAS
protocol (20-24). Only recently papers have begun to
emerge reporting exceedingly low readmission rates
(25). This suggests that sufficient experience was 
necessary to reduce readmissions. The readmission
rate in the present study was 15.8% and no statistical
difference was found between the ERAS protocol and
conventional care. Readmission rates presented in the
present study might be higher than reported by
Sugisawa et al. (0% readmission rate in both groups)
(25). However, in their study only patients with an
ECOG performance status of 0 were included (25). As
shown by Bu et al. age and general performance are
significant factors that predispose patients to readmis-
sion (20). When we excluded patients older than 65
years, we also did not observe any readmissions,
which is in agreement with the observations made by
Bu et al and results published by other Eastern studies
(20-25).

No morbidity and mortality was observed in the
ERAS group. Significantly more patients had complica-
tions in the CC group. In the CC group we observed
minor complications (Dindo-Claviene <IIIb) in 5.1%,
while most of the complications in this group were
grade IIIb (15.4%), followed by grade IV (7.7%), while
one patient died in the postoperative period (2.6%).
Complications prolong hospitalisation even if only 
conservative treatment is necessary. To exclude the
confounding effect of complications on the length of

postoperative stay, we compared a subgroup of
patients with an uneventful postoperative course.
Surprisingly in the subgroup analysis of patients with 
no complications, patients in the ERAS group had 
significantly less pain on days one to three. While the
hospital stay in the EARS group was shorter compared
to the CC group, this difference did not reach the level
of significance. In the subgroup analysis of patients who
received laparoscopic subtotal gastrectomy we
observed significantly higher lymph node yield per
operation and shorter operating times in the ERAS
group. The CRP levels on day seven and the pain scores
on days one to three were significantly smaller in ERAS
group. In spite of this no difference in the length of 
hospital stay was observed. This finding is in contrast to
current published studies (21-24). Since laparoscopy
itself reduces hospital stay compared to open surgery,
we agree with Liu et al. that the statistical insignificance
in such cases may be attributed to benefits of laparo-
scopic gastrectomy, leaving little room for improve-
ment via the implementation of the ERAS protocol (23).

Total medical costs were significantly higher in the
ERAS group. This finding stands in contrast to most
other studies reporting that shorter hospital stays bring
down cost (21-24). In our country, medical costs of 
hospital stay are cheap. The main bulk of costs are 
produced by the multimodal approach necessary for
the ERAS protocol. The difference of hospital stay of
two days is not enough to reduce costs of the multi-
modal approach. This highlights the importance of 
conducting ERAS studies in different countries. Medical
systems differ from region to region and results cannot
be extrapolated globally. 

The inflammatory response after the ERAS protocol
combined with laparoscopy was found by many
authors to be reduced (16). The association of 
inflammatory response and the ERAS protocol is still
not understood (21). Some evidence points that early
postoperative nutrition strengthens the gut barrier
(21). Nonetheless, we could not confirm lower CRP 
levels in the ERAS group in our study. The rise of serum
CRP was smaller in the ERAS group and the levels fell
faster compared to the CC group at discharge, but this
did not reach the level of significance. We attributed
this to the small sample size of the study. 

Many critics are concerned with the oncological 
sufficiency of ERAS and laparoscopic treatment (18). In
our study, all patents in the ERAS group had a R0 
resection. In each case, a D2 lymph node dissection was
performed, and the average number of extracted
lymph nodes is comparable to other RCT that reported
the lymph node yield (12-18). We could also show that
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perioperative treatment did not have any impact on the
compliance of patients with the ERAS protocol or 
produce additional morbidity. Patients after preopera-
tive course of chemotherapy are in worse general 
condition and have a poorer nutritional status. Our
results prove that, despite chemotherapy, even elderly
patients with early and advanced gastric cancer could
be included in the ERAS protocol. In addition, the ERAS
protocol involves key elements aimed at improving 
the nutritional status of patients. Patients after neo-
adjuvant treatment should benefit the most from this
protocol. This was supported by our results.

Our study has some limitations. Since a small 
number in the ERAS group received a laparoscopic
total gastrectomy, meaningful subgroup analysis to
evaluate the feasibility of the ERAS protocol in laparo-
scopic total gastrectomy could not be performed in the
present study. Further trials with more included
patients will be necessary. Meanwhile, there was a 
significant difference in the type of intestinal 
continuity reconstruction between patients in the
ERAS and CC group. It is therefore questionable
whether ERAS patients fared better because of the
reconstruction and to what extent the ERAS protocol
was responsible. Secondly, it was a retrospective study;
hence some bias in inclusion of patients might be 
present. Finally, the ERAS protocol advocates against
the use of drains. Nevertheless, gastric cancer surgery
is associated with a morbidity of up to 45%, therefore
most authors report the use of abdominal drains, and
only one study on ERAS in gastric cancer reported no
use of drains (18). 

CONCLUSIONCONCLUSION

In conclusion our results confirm that the ERAS 
protocol can be safely used in elderly patients with early
and advanced gastric cancer. It reduces the hospital stay
and pain scores on days one and two. The perioperative
treatment did not influence the compliance of patients
in the ERAS group. Patients benefit from laparoscopic
surgery combined with the ERAS protocol and can 
tolerate the intense postoperative treatment even after
adjuvant chemotherapy. The protocol reduces post-
operative pain on days one and two which allows faster
mobilization and shorter hospital stays. Although the
results support the use of ERAS combined with laparo-
scopic subtotal gastrectomy in elderly patients with
early and advanced gastric cancer, additional RCT 
conducted in specialised Western centres are needed
to determine the value of the ERAS protocol in laparo-
scopic total gastrectomy in the West.
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