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Purpose: Many studies have shown that the enhanced recovery after surgery (ERAS) protocols improve postoperative sur-
gical outcomes. The purpose of this study was to observe the effects on postoperative inflammatory markers and to ex-
plore the effects of a high degree of compliance and the use of epidural anesthesia on inflammation and surgical out-
comes.
Methods: Four hundred patients underwent colorectal cancer surgery at 2 hospitals during 2 different periods, namely, 
from January 2006 to December 2009 and from January 2017 to July 2017. Data related to the patient’s clinicopathological 
features, inflammatory markers, percentage of compliance with elements of the ERAS protocol, and use of epidural anes-
thesia were collected from a prospectively maintained database.
Results: The complication rate and the length of hospital stay (LOS) were less in the ERAS group than in the conventional 
group (P = 0.005 and P ≤ 0.001, respectively). The postoperative white blood cell count and the duration required for leuko-
cytes to normalize were reduced in patients following the ERAS protocol (P ≤ 0.001). Other inflammatory markers, such as 
lymphocyte count (P = 0.008), neutrophil/lymphocyte ratio (P = 0.032), and C-reactive protein level (P ≤ 0.001), were lower 
in the ERAS protocol group. High compliance ( ≥ 70%) was strongly associated with the complication rate and the LOS (P =  
0.008 and P ≤ 0.001, respectively).
Conclusion: ERAS protocols decrease early postoperative inflammation and improves short-term postoperative recovery 
outcomes such as complication rate and the LOS. High compliance ( ≥ 70%) with the ERAS protocol elements accelerates 
the positive effects of ERAS on surgical outcomes; however, the effect on inflammation was very small.

Keywords: Enhanced recovery after surgery; Colorectal neoplasms; Laparoscopy; Inflammation, Length of stay

INTRODUCTION

The link between inflammation and cancer has been thoroughly 
deliberated since 1863, when Virchow noted that tumors arise at 
sites of chronic inflammation [1]. It has been proven that inflam-
mation plays a role in tumor growth and aggressiveness; the pre-
operative and early postoperative inflammatory response and the 
inflammatory period induce a micrometastatic environment and 
negatively impact cancer prognosis [1-4]. Colorectal cancer is the 
third most common cancer in the world and the fourth leading 
cause of death. Minimally invasive surgery (MIS) is the preferred 
modality of treatment, and many systematic reviews and meta-
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analyses have demonstrated its safety and oncological efficacy, in 
addition to its ability to reduce the postoperative inflammatory 
response [5-7]. Currently, the goal is to perform surgery in com-
bination with an enhanced recovery after surgery (ERAS) proto-
col (EP), as many studies have shown favorable effects of EP on 
short-term postoperative recovery outcomes, such as the length 
of hospital stays (LOS), morbidity, and readmission rate [8-13]. 
Many studies have revealed that the postoperative surgical stress 
response reflected by the levels of markers such as C-reactive pro-
tein (CRP) and interleukins has been improved when surgery is 
combined with EP [14, 15]. Our objective in the present study 
was to address the direct and independent effects of EP on post-
operative inflammation, regardless of the procedure type and to 
determine if the degree of inflammation would decrease with in-
creased compliance with the multimodal EP elements.

METHODS

Patients
Data were collected for this study from 400 patients who under-
went colorectal cancer surgery at 2 different hospitals. One hun-
dred thirty-seven patients underwent the surgery and followed 
the EP at Seoul St. Mary’s Hospital, The Catholic University of 
Korea from January 2017 to July 2017. Two hundred sixty-three 
patients underwent surgery and followed the conventional proto-
col (CP) at Yeouido St. Mary’s Hospital, The Catholic University 
of Korea from January 2006 to December 2009. All procedures 
were performed by the same surgeon at both hospitals, but one 
additional surgeon at Seoul St. Mary’s Hospital shared in perform-
ing the procedures. Patients with either missing laboratory values 
or an emergency presentation were excluded, as shown in Fig. 1. 
The final number of included patients was 296, with 82 patients 
(27.7%) who followed the EP and 214 patients (72.3%) who fol-
lowed the CP. This study was approved by the Institutional Review 
Board (IRB) of Seoul and Yeouido St. Mary’s Hospital, College of 
Medicine, The Catholic University of Korea (SC11TISI0080, KC-
17TESI0796) and informed consent was waived by IRB.

Definitions
The clinicopathological data were collected from a prospectively 
maintained database and analyzed. Routine laboratory measure-
ments, including white blood cell (WBC) count, neutrophil 
count, lymphocyte count, monocyte count, eosinophil count, 
platelet count, CRP level, and albumin level were performed pre-
operatively and then daily until postoperative day 4. For the com-
parative analysis, the inflammatory marker variables were 
grouped using the standard threshold of the hospital laboratory. 
The WBC count was categorized as either < 10,000 mm3/L or 
≥ 10,000 mm3/L. The time required after surgery for the leuko-
cyte count to drop below 10,000/mm3 (in days) was grouped into 
3 categories, namely, < 1 day, 1 to 3 days, and ≥ 4 days. The neu-
trophil/lymphocyte ratio (N/L ratio) and Glasgow prognostic 
score (GPS) were calculated pre- and postoperatively. Age was 
classified as either < 65 years or ≥ 65 years. Tumor location was 
categorized as either colon or rectum; the colon category included 
all tumors in the right colon, left colon, and rectosigmoid colon 
above the peritoneal reflection. The colorectal procedures were 
performed through either conventional surgery or MIS (laparo-
scopic and robotic surgery). Staging evaluation was carried out 
according to the guidelines of the American Joint Committee on 
Cancer sixth edition for the CP group, and eighth edition for the 
EP group. A complication was defined as the presence of any de-
viation from the normal postoperative course (e.g., fever, diar-
rhea, voiding difficulties, ileus, and anastomosis leak); the absence 
or presence of complications was indicated as either yes or no, 
and the severity of complications was graded according to the 
classification proposed by Clavien-Dindo. The LOS was defined 
as the duration from the first postoperative day until discharge. 
The compliance response cutoff level was set as 70%, and EP pa-
tients were divided into 2 groups according to their compliance as 
follows: ≥ 70%, high compliance response (HCR) group; and 
< 70%, low compliance response (LCR) group. For the analysis of 
epidural anesthesia (EPA), the EP patients were divided into the 
EPA group and the patient-controlled analgesia (PCA) group.

EP elements
In the EP group, the effects of compliance with the EP elements 
on postoperative inflammation and surgical outcomes were as-
sessed. The compliance with 18 elements was checked during the 
preoperative (5 elements), intraoperative (4 elements), and post-
operative (9 elements) phases as follows: preoperative phase (pre-
admission patient education, preoperative oral carbohydrate 
treatment, preoperative formula intake, thrombosis prophylaxis, 
and antibiotics prophylaxis), intraoperative phase (EPA, preven-
tion of hypothermia, restrictive fluid strategy, and postoperative 
nausea and vomiting prophylaxis), and postoperative phase (post-
operative epidural analgesia, effective pain control, balanced flu-
ids, stimulation of gut motility, early surgical drain removal, early 
urinary catheter removal, termination of intravenous fluid infu-
sion, early mobilization, and early intake) (Table 1).Fig. 1. Patient flow chart. ERAS, early recovery after surgery. 

400 Total number of patients

137 ERAS protocol

82 Included patients

55 Excluded due to missing
lab values or emergency

presentation

263 Conventional protocol

214 Included patients

49 Excluded due to missing
lab values or emergency

presentation
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Statistical analysis
We used descriptive statistics with numbers (percentage) for the 
categorical data and medians (range) or means± standard devia-
tion for the continuous data, according to their distributions. 
Comparisons between the EP group and the CP group were made 
using the chi-square test or Fisher exact test for discrete outcomes, 
and t-tests or the Mann-Whitney U-test were used for continuous 
outcomes. HCR and LCR were compared using the same analyti-
cal methods. Different regression models were used to perform 
univariate and multivariate analyses to determine the factors as-
sociated with postoperative inflammatory markers and LOS. LOS 
data was skewed, and therefore the data was log transformed. Bi-
nary logistic regression, ordinal logistic regression, and log-linear 
regression were used as appropriate according to the response 
variables. All statistical tests were 2-tailed, and the significance 
level was set at P≤ 0.05. All statistical analyses were performed us-
ing IBM SPSS Statistics ver. 21.0 (IBM Corp., Armonk, NY, USA) 
and SAS ver. 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Patient clinicopathological characteristics and short-term 
postoperative surgical outcomes
Clinical and surgical features were compared between EP and CP 
patients (Table 2). The patient male to female ratio was 1.4:1. In the 
EP group, 77 patients (93.9%) underwent MIS for colorectal can-
cer, while only 5 patients (6.1%) underwent conventional surgery. 
In the CP group, 181 patients (84.6%) underwent laparoscopic 
surgery, and 33 patients (15.4%) underwent conventional surgery. 
There was a significant difference between the frequency with 
which each type of surgical procedure was performed (P= 0.032).

There were no significant differences between the 2 groups re-
garding age, sex, tumor location, TNM stage, extent of radical re-
section, neoadjuvant chemoradiotherapy, or surgical site infec-
tion. Complications occurred in 10 patients (12.2%) in the EP 
group and in 59 patients (27.6%) in the CP group; there was a sig-
nificant difference in the frequency of complications between the 
2 groups (P= 0.005). There was a significant difference between 
EP and CP group with regard to the number of patients with Cla-

Table 1. Early recovery after surgery protocol of our institution

Period Component Content

Preoperative Preadmission patient education

Preoperative oral carbohydrate treatment By 2 hours before surgery

Preoperative formula intake Parenteral nutrient solution after mechanical bowel preparation

Thrombosis prophylaxis Preoperative vascular surgery team consultation, application of pneumatic compression

Antibiotics prophylaxis Administered at 30 minutes before incision

Intraoperative Epidural or spinal anesthesia

Body temperature preservation Use of air warmer and transesophageal monitoring device

Restrictive fluid strategy Crystalloid 2–4 mL/hr

PONV prophylaxis Administered before the end of surgery

Postoperative Postoperative epidural analgesia Using at least one day of PCA through epidural route

Effective pain control Well controlled pain with NSAID only

Balanced fluids Daily total fluid level 500 mL or less

Stimulation of gut motility I Laxatives used

Stimulation of gut motility II Chewing gum used

Termination of urinary drainage Withdrawal of Foley catheter before the third postoperative day 

Drainage remove Until the third postoperative day

Termination of intravenous fluid infusion Until the third postoperative day

Mobilization on day of surgery Postoperative movement outside the bed

Mobilization on postoperative day 1 Over 4 hours 

Mobilization on postoperative day 2 Over 6 hours

Mobilization on postoperative day 3 Over 6 hours

Energy intake on day of surgery, postoperatively Intake 200 kcal or more

Energy intake on postoperative day 1 Intake 500 kcal or more

PONV, postoperative nausea and vomiting; PCA, patient-controlled analgesia; NSAID, nonsteroidal anti-inflammatory drug.
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vien-Dindo classification IIIa or greater (P= 0.027) (Table 2). A 
univariate analysis of EP and other predictive factors was also 
performed to investigate their impact on the complication rate. 
The analysis showed (data not shown) that the EP significantly 
reduced the complication rate (P= 0.005), while other predictive 
factors, such as age (P = 0.380), sex (P = 0.751), tumor location 
(P = 0.430), procedure type (P = 0.379), TNM stage (P = 0.164), 
radical resection (P= 0.838), and neoadjuvant chemoradiotherapy 
(P= 0.682), did not affect the complication rate. The median LOS 
was 5 (4 to 34) days in the EP group and 9 (6 to 60) days in the CP 
group, and the difference between the 2 groups was significantly 
different (P≤ 0.001) (Table 2).

Table 2. Clinicopathological characteristics of the EP and CP groups 
(n=296)

Variable EP CP P-value

Patient 82 (27.7) 214 (72.3)

Age (yr) 0.804

   < 65 37 (45.1) 100 (46.7)

   ≥ 65 45 (54.9) 114 (53.3)

Sex 0.375

   Male 44 (53.7) 127 (59.3)

   Female 38 (46.3) 87 (40.7)

Tumor location 0.417

   Colon 65 (79.3) 160 (74.8)

   Rectum 17 (20.7) 54 (25.2)

Procedure 0.032

   Open 5 (6.1) 33 (15.4)

   Minimally invasive surgery 77 (93.9) 181 (84.6)

TNM classificationa 0.100

   Stage 0 3 (3.7) 16 (7.5)

   Stage I 21 (25.6) 53 (24.8)

   Stage II 20 (24.4) 63 (29.4)

   Stage III 34 (41.5) 59 (27.6)

   Stage IV 4 (4.9) 23 (10.7)

Radical resection 0.758

   R0 76 (92.7) 196 (91.6)

   ≥ R1 6 (7.3) 18 (8.4)

Neoadjuvant therapy 0.616

   Yes 8 (9.8) 17 (7.9)

   No 74 (90.2) 197 (92.1)

Complication 0.005

   Yes 10 (12.2) 59 (27.6)

   No 72 (87.8) 155 (72.4)

Clavien-Dindo classification 0.002 

   Grade I 1 (1.2) 19 (8.9)

   Grade II 4 (4.9) 32 (15)

   Grade IIIa 4 (4.9) 3 (1.4)

   Grade IIIb 0 (0.0) 5 (2.3)

   Grade IVa 1 (1.2) 0 (0.0)

Surgical site infection 0.974

   Yes   3 (3.7) 8 (3.7)

   No 79 (96.3) 206 (96.3)

Length of hospital stay (day) 5 (4–34) 9 (6–60) < 0.001b

Values are presented as number (%) or median (range).
EP, enhanced recovery after surgery protocol; CP, conventional protocol.
aAmerican Joint Committee on Cancer TNM classification, sixth and eighth edi-
tions. bMann-Whitney U-test.

Table 3. Comparison of the postoperative inflammatory markers be-
tween the EP and CP groups after controlling for the preoperative 
inflammatory markers

Inflammatory marker
EP CP P-value

Preoperative Postoperative

WBC count ( × 109/L)

   < 10,000 < 10,000 43 (57.3) 55 (27.1) < 0.001

≥ 10,000 32 (42.7) 148 (72.9)

   ≥ 10,000 < 10,000 0 (0) 2 (18.2) 0.497

≥ 10,000 7 (100) 9 (81.8)

C-reactive protein level (mg/L)

   ≤ 0.5 ≤ 0.5 50 (80.6) 13 (24.1) < 0.001

> 0.5 12 (19.4) 41 (75.9)

   > 0.5 ≤ 0.5 7 (35.0) 2 (1.4) < 0.001

> 0.5 13 (65.0) 144 (98.6)

Albumin level (g/dL)

   ≥ 3.5 ≥ 3.5 9 (100) 133 (100) -

< 3.5 0 (0) 0 (0)

   < 3.5 ≥ 3.5 33 (45.2) 7 (8.6) < 0.001

< 3.5 40 (54.8) 74 (91.4)

Glasgow prognostic score

   0 0 28 (50.0) 15 (62.5) 0.489

1 25 (44.6) 7 (29.2)

2 3 (5.4) 2 (8.3)

   1 0 6 (27.3) 6 (7.0) 0.032

1 10 (45.4) 55 (63.9)

2 6 (27.3) 25 (29.1)

   2 0 0 (0) 0 (0) 0.013

1 2 (50.0) 3 (3.3)

2 2 (50.0) 87 (96.7)

Values are presented as number (%).
EP, enhanced recovery after surgery protocol; CP, conventional protocol; WBC, 
white blood cells.



Annals of

Coloproctology

www.coloproctol.org

Influence of the Enhanced Recovery After Surgery Protocol on Postoperative Inflammation and 
Short-term Postoperative Surgical Outcomes After Colorectal Cancer Surgery

Heba Essam Jalloun, et al.

268

Ta
bl

e 
4.

 F
ac

to
rs

 a
ss

oc
ia

te
d 

w
ith

 p
os

to
pe

ra
tiv

e 
in

fla
m

m
at

or
y 

m
ar

ke
rs

 a
nd

 L
O

S 
in

 th
e 

m
ul

tip
le

 re
gr

es
sio

n 
m

od
el

Pr
ed

ic
tiv

e 
fa

ct
or

Ou
tc

om
e 

va
ria

bl
ea

Po
st

op
er

at
iv

e 
W

BC
 c

ou
nt

Ti
m

e 
fo

r W
BC

 c
ou

nt
 to

 d
ec

re
as

e 
<

10
,0

00
/m

m
3

Po
st

op
er

at
iv

e 
CR

P
Po

st
op

er
at

iv
e 

GP
S

LO
S

OR
95

%
 C

I
P-

va
lu

eb
OR

95
%

 C
I

P-
va

lu
ec

OR
95

%
 C

I
P-

va
lu

eb
OR

95
%

 C
I

P-
va

lu
ec

OR
95

%
 C

I
P-

va
lu

ed

Pr
ot

oc
ol

3.
84

2.
15

–6
.8

4
<

0.
01

2.
08

1.
24

–3
.4

7
<

0.
01

17
.9

2
7.

63
–4

2.
10

<
0.

01
8.

22
4.

72
–1

4.
34

<
0.

01
0.

67
0.

61
–0

.7
3

<
0.

01

   
ER

AS

   
Co

nv
en

tio
na

le

Tu
m

or
 lo

ca
tio

n
0.

63
0.

32
–1

.2
7

0.
20

0.
76

0.
41

–1
.4

0
0.

39
0.

73
0.

25
–2

.0
7

0.
55

0.
89

0.
47

–1
.6

7
0.

72
0.

85
0.

76
–0

.9
5

0.
07

   
Co

lo
n

   
Re

ct
um

e

Pr
oc

ed
ur

e
0.

43
0.

20
–0

.9
2

0.
03

0.
72

0.
37

–1
.4

2
0.

34
1.

99
0.

38
–1

0.
55

0.
42

2.
47

1.
13

–5
.4

0
0.

02
0.

78
0.

69
–0

.8
8

<
0.

01

   
M

IS

   
Op

en
e

TN
M

 c
la

ss
ifi

ca
tio

nf
1.

24
0.

71
–2

.1
5

0.
45

1.
33

0.
82

–2
.1

5
0.

24
1.

79
0.

75
–4

.2
5

0.
19

1.
16

0.
71

–1
.9

0
0.

55
0.

99
0.

91
–1

.0
8

<
0.

01

   
Ad

va
nc

ed

   
Ea

rly
e

Ra
di

ca
l r

es
ec

tio
n

0.
97

0.
37

–2
.5

7
0.

95
0.

63
0.

27
–1

.4
9

0.
29

0.
27

0.
04

–1
.7

4
0.

17
0.

36
0.

13
–0

.9
5

0.
04

1.
31

1.
12

–1
.5

3
0.

89

   
≥

R1

   
R0

e

Ne
oa

dj
uv

an
t C

RT
1.

72
0.

62
–4

.7
4

0.
30

2.
00

0.
78

–5
.1

7
0.

15
0.

88
0.

19
–4

.0
5

0.
87

0.
89

0.
34

–2
.3

3
0.

82
0.

88
0.

74
–1

.0
4

<
0.

01

   
Ye

s

   
No

e

Co
m

pl
ic

at
io

n
1.

26
0.

68
–2

.3
4

0.
45

1.
11

0.
65

–1
.9

0
0.

70
0.

44
0.

14
–1

.3
7

0.
16

0.
83

0.
47

–1
.4

6
0.

52
1.

16
1.

05
–1

.2
7

<
0.

01

   
Ye

s

   
No

e

Ad
ju

st
ed

 b
y 

ag
e,

 s
ex

, g
ro

up
 (E

RA
S 

pr
ot

oc
ol

 a
nd

 c
on

ve
nt

io
na

l p
ro

to
co

l g
ro

up
) (

re
le

va
nt

 p
re

op
er

at
ive

 in
fla

m
m

at
or

y 
m

ar
ke

rs
) a

nd
 a

bo
ve

 c
lin

ic
op

at
ho

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s.
LO

S,
 le

ng
th

 o
f h

os
pi

ta
l s

ta
y;

 W
BC

, w
hi

te
 b

lo
od

 c
el

ls
; C

RP
, C

-r
ea

ct
ive

 p
ro

te
in

; G
PS

, G
la

sg
ow

 p
ro

gn
os

tic
 s

co
re

; O
R,

 o
dd

s 
ra

tio
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; E
RA

S,
 e

nh
an

ce
d 

re
co

ve
ry

 a
fte

r s
ur

ge
ry

; M
IS

, m
in

im
al

ly 
in

va
si

ve
 s

ur
ge

ry
; C

RT
, c

he
m

or
ad

io
th

er
ap

y.
a Th

e 
re

fe
re

nc
es

 fo
r 

th
e 

ou
tc

om
e 

va
ria

bl
es

: p
os

to
pe

ra
tiv

e 
W

BC
 c

ou
nt

, 
>

10
,0

00
 m

m
3 /L

; t
im

e 
fo

r W
BC

 c
ou

nt
 to

 d
ec

re
as

e 
<

10
,0

00
/m

m
3 , 

>
da

y 
4;

 p
os

to
pe

ra
tiv

e 
CR

P, 
≤

0.
5;

 p
os

to
pe

ra
tiv

e 
GP

S,
 s

co
re

 2
. 

b Lo
gi

st
ic

 re
gr

es
si

on
. c Or

di
na

l l
og

is
tic

 re
gr

es
si

on
. d Lo

g-
lin

ea
r r

eg
re

ss
io

n.
 e Re

fe
re

nc
e 

gr
ou

p 
fo

r p
re

di
ct

ive
 fa

ct
or

s.
 f Am

er
ic

an
 J

oi
nt

 C
om

m
itt

ee
 o

n 
Ca

nc
er

 T
NM

 c
la

ss
ifi

ca
tio

n,
 s

ixt
h 

an
d 

ei
gh

th
 e

di
tio

ns
.



Annals of

Coloproctology

www.coloproctol.org

Volume 36, Number 4, 2020

Ann Coloproctol 2020;36(4):264-272

269

Table 5. The influence of high degree of protocol compliance on in-
flammation and postoperative surgical outcomes

Variable
HCR 

(n = 59, 72%)
LCR 

(n = 12, 14.6%)
P-value

Inflammatory marker

   Postoperative WBC count ( × 109/L) 0.976

      < 10,000 31 (52.5) 6 (50.0)

      ≥ 10,000 28 (47.5) 6 (50.0)

   Time for WBC count to decrease < 10,000/mm3 (day) 0.998

      < 1 31 (52.5) 6 (50.0)

      1–3 17 (28.8) 4 (33.3)

      ≥ 4 11 (18.6) 2 (16.7)

   Preoperative monocyte count (%) 0.476

      ≤ 9 40 (67.8) 7 (58.3)

      > 9 19 (32.2) 5 (41.7)

   Postoperative monocyte count (%) 0.015

      ≤ 9 51 (86.4) 6 (50.0)

      > 9 8 (13.6) 6 (50.0)

   Postoperative CRP level (mg/L) 0.657

      ≤ 0.5 42 (71.2) 7 (58.3)

      > 0.5 17 (28.8) 5 (41.7)

   Postoperative Glasgow prognostic score 0.099

      0 29 (49.2) 4 (33.3)

      1 24 (40.7) 5 (41.7)

      2 6 (10.2) 3 (25.0)

Postoperative surgical outcome

   Complication 0.008

      Yes   4 (6.8) 4 (33.3)

      No 55 (93.2) 8 (66.7)

   Clavien-Dindo classification 0.018

      Grade I, II 2 (3.4) 3 (25.0)

      Grade > II 2 (3.4) 1 (8.3)

   Length of hospital stay (day) 5.4 ± 1.6 9.9 ± 6.0 < 0.001a

Values are presented as number (%) or mean ± standard deviation.
HCR, high compliance response; LCR, low compliance response; WBC, white 
blood cells, CRP, C-reactive protein.
aMann-Whitney U-tests.

Comparison of the postoperative inflammatory markers 
between EP and CP groups after controlling for the 
preoperative inflammatory markers
The levels of inflammatory markers were compared between the 
EP and CP groups (Table 3). Starting with normal preoperative 
WBC counts, increased postoperative WBC count was found in 
significantly fewer patients in the EP group (42.7%) than in the 
CP group (72.9%) (P≤ 0.001). The time required for the postop-
erative WBC count to normalize was significantly shorter in the 
EP group than in the CP group (P≤ 0.001). Both the postopera-
tive lymphocyte count and the postoperative N/L ratio were sig-
nificantly different between the 2 groups (P= 0.008 and P= 0.032, 
respectively), while the other postoperative WBC differentials, 
such as neutrophil count, monocyte count, eosinophil count and 
platelet count, did not show any significant differences (P= 0.582, 
P= 0.097, P= 0.624, and P= 0.959, respectively [data not shown]).

Other inflammatory markers, such as CRP and GPS, were eval-
uated in both the preoperative and postoperative phases. Signifi-
cantly more patients maintained a normal preoperative or im-
proved a high preoperative CRP level during the postoperative 
phase in the EP group (80.6% and 35%, respectively) than in the 
CP group (24.1% and 1.4%, respectively) (P≤ 0.001) (Table 3). No 
difference was found between the 2 groups in terms of patients 
with a preoperative GPS of 0 (P= 0.489). Among the patients with 
preoperative scores of 1, 72.7% of patients in the EP group and 
70.9% of patients in the CP group postoperatively maintained a 
score of 1 or improved their score to 0. In contrast, significantly 
fewer patients progressed to score 2 in the EP group (27.3%) than 
in the CP group (29.1%) (P= 0.032). Significantly more patients 
with poor preoperative GPS (score 2) in the EP group (50.0%) 
than in the CP group (3.3%) experienced postoperative improve-
ment to score 1 (P= 0.013).

Factors associated with postoperative inflammatory 
markers and LOS in the multiple regression model
The multivariate regression analysis revealed that EP was signifi-
cantly independently associated with LOS (P≤ 0.01) and inflam-
matory markers, namely, postoperative WBC count (P ≤ 0.01), 
time required for WBC count to normalize (P≤ 0.01), postopera-
tive CRP value (P≤ 0.01), and postoperative GPS (P≤ 0.01). MIS 
was associated with postoperative WBC count (P = 0.03), GPS 
(P≤ 0.02), and LOS (P= 0.01). Radical resection was significantly 
associated with postoperative GPS (P= 0.04), and TNM staging, 
neoadjuvant chemoradiotherapy, and the complication rate had 
significant effects on LOS (P≤ 0.01 for all factors). Tumor location 
did not affect inflammatory markers or LOS (Table 4).

Postoperative inflammation and short-term surgical 
outcomes according to compliance with EP elements
The effects of compliance with the EP on inflammation, the com-
plication rate, and LOS were assessed. Eleven EP patients were ex-
cluded due to unknown compliance; in total, 59 patients (72.0%) 

were in the HCR group, and 12 patients (14.6%) were in the LCR 
group. Postoperative monocyte count (P= 0.015) was the only in-
flammatory marker that was significantly different between the 2 
groups (Table 5). The HCR group had significantly fewer compli-
cations (6.8%) than the LCR group (33.3%) (P= 0.008). Clavien-
Dindo classification revealed 2 patients with > grade II severity in 
the HCR group, while there was only one patient with > grade II 
severity in the LCR group, which was significant (P= 0.018). LOS, 
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in contrast, was significantly shorter in the HCR group (5.4± 1.6 
days) than in the LCR group (9.9± 6 days) (P≤ 0.001) (Table 5).

One of the main EP elements during the intraoperative period 
was the use of EPA, and its effect on inflammation and LOS was 
evaluated (data not shown). Eighty-two patients in the EP group 
were divided into 76 patients (92.7%) in the EPA group and 6 pa-
tients (7.3%) in the PCA group. Two inflammatory markers were 
associated with the use of EPA. First, the time required for the 
leukocyte count to normalize was shorter in the EPA group than 
in the PCA group. The percentage of cases that required less than 
one day to normalize was significantly greater in the EPA group 
(55.3%) than in the PCA group (16.7%) (P= 0.010). Significantly 
more patients in the EPA group (72.4%) than in the PCA group 
(33.3%) had normal postoperative CRP values (P= 0.046). The 
other preoperative and postoperative inflammatory markers did 
not exhibit any significant differences. There was no difference 
found in between the 2 groups regarding the LOS (P= 0.820).

DISCUSSION

EP is a recent development in the treatment of colorectal cancer 
patients and many surgeons are currently embracing this new 
strategy. The ability of EP to accelerate short-term postoperative 
recovery has been proven by many studies [8-14, 16]. This effect 
has been evaluated in different ways, with some addressing the fa-
vorable effects in combination with laparoscopic procedures [9, 
11, 12, 16], conventional procedures [13], or both [10, 14]. In the 
present study, we did not exclude any cases of elective colorectal 
cancer surgery, and we chose to observe the impact of EP on post-
operative recovery outcomes in general and on postoperative in-
flammation in particular, with a combination of different surgical 
techniques (open and MIS). Although the strongly favorable ef-
fect of MIS on postoperative inflammation has been proven by 
many studies [5, 6], to eliminate the common confusion regard-
ing which factor, EP or MIS, caused that effect, a regression analy-
sis was conducted. The results demonstrated that the EP indepen-
dently significantly affected inflammation postoperatively when 
compared to the CP in colorectal cancer patients, regardless of 
whether MIS was used. In our regression analysis, MIS reduced 
the postoperative WBC count and GPS, while EP significantly re-
duced the postoperative WBC count, the time required for the 
WBC count to normalize, the postoperative CRP level and the 
postoperative GPS. A study by Feng et al. [11] supported this pos-
itive effect of EP on the acceleration of the reduction of the post-
operative WBC count (P= 0.05). At our institution, we addition-
ally reinforced the EP effect on inflammation by using immune-
nutrition modulation that reduces the inflammatory response 
and therefore improves postoperative surgical outcomes after ma-
jor procedures [17-20]. We provided our patients with an en-
riched oral formula (Encover, JW Pharmaceutical, Seoul, Korea) 
that contains omega-3 fatty acids and other elements, with 2 
packs consumed on the last preoperative day during the bowel 

preparation procedure and one pack consumed on the first post-
operative day.

To evaluate the effect of EP on short-term postoperative recov-
ery outcomes, some randomized controlled trials (RCTs) include 
only colon cancer patients [9, 10, 14], while others include only 
rectal cancer patients [11]. It has been shown that patients with 
rectal cancer, especially those required stoma, have higher com-
plication rates and longer LOS than those of colon cancer pa-
tients. A recent multicenter RCT study [16] that included colon 
and all rectal cancer patients reported a limited effect of EP in 
rectal cancer patients. In contrast, our study included all cases, in-
cluding low rectal tumors that required stoma and neoadjuvant 
chemoradiotherapy, and a further subgroup analysis to check for 
bias in the heterogenous group of patients was conducted (data 
not shown). There was no difference between colon cancer and 
rectal cancer patients regarding the following postoperative in-
flammatory marker levels: postoperative WBC count (P= 0.084), 
time required for the WBC to normalize (P= 0.223), and postop-
erative N/L ratio (P= 0.699). There was also no difference in their 
postoperative complication rate (P= 0.430). However, there was a 
significantly longer LOS in the rectal cancer group (mean, 10± 8 
days) than in the colon cancer group (mean, 9 ± 5.4 days) 
(P= 0.033), which agreed with the results of other studies [16]. 
The present study proved the significant ability of the EP to de-
crease the complication rate, which has also been supported by 
several meta-analyses and RCTs [8, 11, 12, 17]. However, based 
on our analysis of the complication severity according to the clas-
sification proposed by Clavien-Dindo, there were still many pa-
tients with severe complications (> grade IIIa) among those who 
followed the EP, indicating that even though the EP reduces the 
complication rate, it cannot reduce the severity of complications 
caused by the surgery itself. Some studies showed no difference in 
the complication rate between the EP and the CP [9, 18].

Improving postoperative inflammation and decreasing the post-
operative complication rate might affect the LOS. Most of the 
published articles [8, 10, 17-23] have demonstrated that the EP fa-
cilitates an earlier hospital discharge than that after the CP, with-
out increasing morbidity or mortality rates; our findings were in 
line with the findings of those studies. In the LAFA study [10], 
fast track surgery in combination with laparoscopic procedures 
for colon cancer cases had the shortest LOS, and laparoscopy was 
the only independent predictive factor found to reduce LOS in 
their regression analysis. In contrast, in our regression analysis re-
sults, the EP was found to be an independent factor in the reduc-
tion of the LOS. Other factors, such as MIS, TNM stage, neoadju-
vant chemoradiotherapy, and complication rate, were also associ-
ated with the LOS.

To accurately determine the effect of the EP, it is important to 
measure the degree of compliance with the elements of the EP 
during the pre-, intra-, and postoperative phases. Several authors 
found that achieving high degrees of compliance (more than 
70%) improved postoperative recovery [24, 25]. Our study identi-
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fied a compliance level ≥ 70% at 72% of EP patients. This result 
prompted us to assess the influence of a high degree of compli-
ance on postoperative surgical outcomes in general and on post-
operative inflammation in particular. With a high degree of com-
pliance with the EP, the postoperative monocyte count was the 
only marker that was significantly reduced; therefore, a high de-
gree of compliance has an unsatisfactory effect on reducing in-
flammatory markers, and further investigation is required. In 
contrast, both the complication rate and LOS were significantly 
reduced when ≥ 70% compliance was achieved. This result was in 
line with the observations of other authors [24, 25] and encour-
ages all surgeons to increase their degree of compliance to im-
prove postoperative surgical outcomes after colorectal cancer sur-
gery. A recent systematic review that included 34 studies showed 
how decreasing compliance increases postoperative morbidity, 
hospital readmission and LOS, and further studies are needed to 
determine which specific elements of the EP have the greatest im-
pacts on recovery outcomes after laparoscopic colorectal surgery 
[26]. Although the EP and a high degree of compliance with the 
elements of the EP decrease the complication rate, their effect on 
reducing the severity of complications is limited.

The use of EPA is one of the elements of the EP with the highest 
degree of compliance (67% to 100%) [27]. The influence of EPA 
on the attenuation of the postoperative inflammatory response 
and the acceleration of postoperative recovery has been men-
tioned by many authors [28, 29]. However, some studies reported 
no beneficial effect of EPA in comparison to intravenous analge-
sia on the LOS or other postoperative outcomes, and it is expen-
sive [30]. Our study showed that EPA had some effect on postop-
erative inflammation, decreasing the time needed for leukocytes 
to normalize and reducing the postoperative CRP level, but it had 
no effect on the LOS. It seems that the effect of EPA on postopera-
tive inflammation is still controversial, and more studies are 
needed.

This study had some limitations. First, the patient population 
was heterogeneous, with samples were collected from 2 different 
hospitals at 2 different periods. Second, the analysis of differences 
between groups with high versus low compliance with ERAS in-
cludes very few patients, in particular in the low compliance 
group, the risk of a type II error might be considered. Third, the 
influence of EPA on postoperative inflammation was not clear 
because of a limited number of patients in the present study. 
Fourth, although this study conducted a regression analysis to 
eliminate confounding factors between MIS and open methods, 
which can affect postoperative inflammation, there can be limita-
tion for different rates of surgical methods between EP and CP 
groups. Fifth, the short duration of the study meant that the long-
term effects of the EP on inflammation and oncological outcomes 
such as overall survival and disease-free survival could not be in-
vestigated; we aim to study these effects in the future.

The EP is the most recent advance in the treatment of colorectal 
cancer patients, in combination with MIS. The EP decreases early 

postoperative inflammation and improves short-term postopera-
tive recovery outcomes such as complication rate and the LOS. A 
high degree of compliance (≥ 70%) with the elements of the EP 
accelerates its positive effect on postoperative surgical outcomes, 
but the effect on inflammation was limited.
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