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Background: The aim of this study was to determine the effects of laparoscopic surgery within an ERAS program on out-
comes and immunological function in patients with a carcinoma in the right colon.

Material/Methods: Patient data were acquired from a prospectively maintained database, and 176 patients diagnosed with right
colon carcinoma with surgery were selected from the database. These patients were divided into a laparoscopic
group (Lap group, n=86) and an open operation group (Open group, n=90). All patients received treatment ac-
cording to a standardized ERAS protocol. We collected data on CRP levels, CD4*/CD8* ratios, and Treg values
in peripheral blood, baseline and surgical characteristics, postoperative complications, and postoperative ileus
(POI).

Results: Circulating CD4+/CD8* ratios and Treg values were decreased and CRP levels were increased in both groups af-
ter the operation. However, the values in the Lap group patients recovered much more quickly than those of pa-
tients in the Open group (P<0.05). Patients undergoing laparoscopic surgery had significantly less preoperative
bleeding (P<0.01), reduced ratio of overall POI (mainly early ileus), and shorter postoperative hospital stay
(P=0.03). Multivariate logistic regression analysis showed that POD1 Treg value was an independent predicator
for postoperative ileus in patients with right colon carcinoma resection.

Conclusions: In patients with a carcinoma in the right colon, laparoscopic surgery within an ERAS protocol leads to better
immunity preservation after surgery, and POD1 Treg value may be an independent predicator for postopera-
tive ileus, which could, at least in part, explain the shorter hospital stay after surgery.
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Background

In recent years, Enhanced Recovery after Surgery (ERAS) pro-
grams have emerged as a new standard of care for patients
with elective colorectal surgery [1,2]. These programs consist of
many perioperative methods proven to reduce the psychological
and physiological stress of elective colorectal surgery, resulting
in improved and shortened recovery after the operation [3,4].
Compared with open surgery, Laparoscopic colorectal surgery
has been shown to have equal oncologic effects [5-7]. In re-
cent years, laparoscopic has become established worldwide as
a useful method in colorectal surgery as a result of better data
on favorable short-term results of laparoscopic surgery [5,8].
Laparoscopic colorectal surgery reduces trauma and the manip-
ulation of tissues, and produces less stimulation to the intes-
tinal tract, blood vessels, and nervous system compared with
open surgery [7,9]. Furthermore, many studies have demon-
strated that laparoscopic colon surgery not only reduces sur-
gical trauma, but also produces a minimal postoperative sys-
temic immune response [10]. In parallel with this development,
the use of an ERAS program in open colorectal surgery has
been demonstrated to ameliorate recovery after surgery [4].

Multimodal interventions have been used in ERAS programs
to improve postoperative recovery and shares the same ob-
jective as laparoscopic surgery purposed to reduce operative
stress, and recent randomized trials show that laparoscopic
surgery has better outcomes in an ERAS environment [1,11-13].
Furthermore, it was previously reported that regulatory T cells
(Treg) and CD4/CD8 ratio play an important role in the out-
comes of gastrointestinal carcinoma surgery [14,15]. However,
the effect of laparoscopy within the ERAS program on postop-
erative immune function is uncertain. Therefore, the purpose of
the present study was to determine the effect of laparoscopic
surgery within an ERAS program on immunological function
and clinical outcomes. To reduce selection bias, only patients
with a carcinoma in the right colon were included in this study.

Material and Methods

This study was undertaken at the Department of General
Surgery of Taizhou People’s Hospital, Taizhou Clinical Medical
College of Nanjing Medical University (China). Patients with
right colon carcinoma were identified from the prospectively
maintained database and the present study was approved by
the Ethics Committee of the Taizhou People’s Hospital, Taizhou
Clinical Medical College of Nanjing Medical University (China).

In routine clinical practice at our hospital, patients with right
colon carcinoma are generally recommended to receive laparo-
scopic surgery, although some patients may refuse laparoscopy
because of personal choice or economic cost. Between May
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2013 and Dec 2017, 176 patients diagnosed with right colon
carcinoma with surgery were selected from the prospectively
maintained database. The inclusion criteria were: no preop-
erative radiotherapy or chemotherapy, no disease of the im-
mune system, no history of operation on abdominal and dis-
tant metastases, normal bowel habits and normal evacuation
from stomach, American Society of Anesthesiology (ASA) score
degree I/11/11l, and self-care function prior to hospitalization.
The exclusion criteria were: emergency operation, conversion
from laparoscopic operation to laparotomy, association with
other organ resection, need for a stoma, inability to place an
epidural catheter, and inability to infuse drugs.

All patients received treatment according to a standardized
ERAS protocol [16], which mainly included preoperative edu-
cation, no routine mechanical bowel preparation, clear fluids
should be allowed up to 2 h and solids up to 6 h prior to in-
duction of anaesthesia, no routine use of nasogastric tubes,
analgesia with non-steroidal anti-inflammatory drugs and
reduce opioid analgesics, avoidance of perioperative fluid
overload, early feeding, early removal of catheters, and ear-
ly mobilization. These patients were divided into the laparo-
scopic operation group (n=86) and the open operation group
(n=90). Laparoscopic right colon resection was performed us-
ing the same operative set-up and standardized technique, as
described by Hildebrandt and Franco [17].

Immunological tests

Between 5: 30 and 7 a.m. on the day before surgery and af-
ter surgery (day 1, 3, and 5), samples with EDTA from venous
blood were collected serially in our hospital.

Immunoturbidimetric method (Olympus, Tokyo, Japan) was
used to detected C-reactive protein (CRP) levels. CD4, CD8,
and CD4*CD25*Foxp3*Treg were also measured, as previous
described [18]. Briefly, heparinized blood (50 pL) samples
were incubated at 4°C for 30 min with each monoclonal an-
tibody (10 pL) specific for a surface antigen (CD4, CD8, CD25,
Foxp3) or isotype-matched monoclonal antibody, conjugated
to different fluorescent dyes. Red blood cells were depleted
from peripheral blood samples with 1 mL of FACS lysing so-
lution (BD Biosciences) for 10 min at room temperature. We
started the intracellular staining procedure after all samples
were washed with PBS 2 times. Then, 0.25 mL solution of
Cytofix/Cytoperm (BD Biosciences) were used to resuspend the
cells, which were allowed to sit for a further 20 min to keep
cells permeabilized to favor penetration of anti-Foxp3 in the
subsequent incubation. Samples were then washed twice with
BD Perm/Wash (BD Biosciences). To maintain the samples, we
used 50 pL of BD Perm/Wash solution, which contained 10 pL
of FITC-conjugated isotype-matched irrelevant antibody or FITC-
conjugated anti-Foxp3 at 4°C for 30 min, and then samples

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Wang H. et al.:
Laparoscopic surgery within an ERAS protocol reduced postoperative ileus...
© Med Sci Monit, 2018; 24: 7231-7237

were resuspended in 250 pL of PBS after being washed twice
with BD Perm/Wash solution. We used a FACS Calibur instru-
ment (BD Biosciences) to perform flow cytometry, and at least
104 events were collected for each analysis.

Clinical materials collection and evaluation

We collected data on baseline and surgical characteristics,
postoperative complications, and postoperative ileus (POI). The
duration of hospitalization after surgery was defined as time
from the day of surgery to the day of hospital discharge, plus
any hospital readmission stay within 30 days after surgery.
Postoperative morbidity was divided into general and surgical
complications. General complications were defined as pulmo-
nary, cardiovascular, urinary tract, thromboembolic, and other
complications. Surgical complications were defined as anas-
tomotic leak, postoperative bleeding, wound complication,
and bowel obstruction requiring reoperation. Our primary
end-points were the rates of postoperative ileus, in-hospital
mortality and readmission, and length of stay after surgery.
Secondary outcome measures were overall complications and
30-day morbidity. Nausea, vomiting, food intake, nasogastric
tube presence or reinsertion within 5 days, defecation, and
gastric retention were registered daily in the database.

In this study, a more extensive definition of ileus was used to
describe symptoms of POI in addition to return of defecation.
Early, late, and prolonged POl were defined as previous de-
scribed [19]. Early ileus was defined as presence of 1 or more
of the following symptoms: more than 1 episode of vomiting
or nausea, or reinsertion of the nasogastric tube in the first 5
days; the use of a nasogastric tube for more than 4 days; and
no recover of euphagia after 5 days or no first-time normal
defecation within 7 days. Vomiting or nausea during the first
5 days that necessitated reinsertion of the nasogastric tube
or that influenced defecation and normal intake were defined
as late ileus. If early ileus lasted more than 5 days, it was then
redefined as prolonged ileus.

Statistical analysis

All data are expressed as means +SD. Repeated measures anal-
ysis of variance (ANOVA) on ranks, followed by the Student-
Newman-Keuls test, were used to evaluate statistical differ-
ences. The Mann-Whitney rank sum test was used to assess
statistical differences between different groups. Risk factors
for postoperative ileus were evaluated using multivariate lo-
gistic regression analysis. A p value <0.05 was considered as
statistical significance.
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Results

Altogether, 176 patients underwent a right-sided hemi-colec-
tomy. Of these 176 patients, 86 underwent a laparoscopic op-
eration (Lap group) and 90 underwent a conventional open
operation (Open group) for a colonic carcinoma localized in
the hepatic flexure, ascending colon, or cecum (Table 1). There
were no significant differences between the 2 groups with re-
spect to sex, age, body mass index (BMI), ASA score, current
smoker status, comorbidity, or tumor stage (P>0.05) (Table 1).

The postoperative levels of CRP were significantly higher in
patients in booth groups compared to pre-operatively. The in-
crease in the Open group was significantly higher than in the
Lap group (P<0.05), and the levels of CRP on postoperative
days 1, 3, and 5 in the Lap group were significantly lower
than in the Open group (P<0.05, Figure 1A). Decreased cir-
culating CD4*/CD8* T cells ratios were found in both groups
after surgery. However, the ratios in the Lap group were re-
stored much more quickly in POD1 and POD3 compared with
the Open group (P<0.05, Figure 1B). Treg plays an important
role in maintaining the homeostasis of immunity. Interestingly,
decreased values of Treg percentage were also found in both
groups after surgery.

In addition, decreased values of Treg percentage were found
on POD1, and the values were gradually restored on POD3
and POD5 in the 2 groups. However, expression of Treg in the
Lap group was consistently higher than in the Open group on
POD1, POD3, and POD5 (P<0.05; Figure 1C).

Patients undergoing laparoscopic surgery had significantly
less preoperative bleeding (91103 ml vs. 1924215 ml,
P<0.01, Table 2). Length of postoperative hospital stay and
overall POl (mainly early ileus) were reduced in the Lap group
compared with the Open group (P=0.03, Table 2). However,
the duration of surgery was longer in the Lap group compared
with the Open group (159+35 vs. 138+28, P<0.01, Table 2).
There was no significant difference in time to first defecation,
overall complications, readmission, and 30-day mortality be-
tween the 2 groups (P>0.05, Table 2). Further, we used multi-
variate logistic regression analysis to find potential predicative
factors for postoperative ileus in a total of 59 patients with
right colon carcinoma. We found that POD1 Treg percentage
was an independent predicator for postoperative ileus in pa-
tients with right colon carcinoma resection (OR: 1.97, 95% Cl:
1.17-3.32, P=0.011, Table 3).

Discussion

In the present study, in patients with right-side colonic carcino-
ma treated within an ERAS program, we found a significantly
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Table 1. Basic characteristics of 176 patients having laparoscopic and open right hemicolectomy and preoperative investigation.

Lap group (n=86) Open group (n=90) P value
Age (years) 63.5+12.8 64.2+11.9 0.71
"""" Male/Female 53  se/34 o8
"""" B 223135  219s37 o046
"""" ASAscore . o8
o 3 2
oo a a7
W P n
"""" Current smoker (0) 14 17 o0&
"""" Comorbidity (@) . 0%
""""" Angina Pectoris 3 a4
" Heartfalure s >
 pulmonary dysfuncton s s
© Insulin treatment s s
""""" Cortisone treatment 2 2
"""" Radiology/colonoscopy ()~~~ o
""""" Caecaltumowr 42 a6
""""" Ascending colon tumour 26 28
 Rightflexure tumour T 6
"""" TNMstage . o8
o s o
o s s
W 3 72
A" 1501 mopengroup B 2 C s,
-@-Lap group .
S5 0] J_ ............ é " g 4
i 8 05 5 7
2
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Figure 1. (A—C) Evolution of peripheral blood CRP, CD4+/CD8+ ratios, and Treg percentage values in the 2 groups. Data are mean +SD.
POP — pre-operation; POD — postoperative day; Open group — open operation group; Lap group — laparoscopic group.

* P<0.05, ** P<0.01 Lap group vs. open operation group.

faster recovery associated with improved immunologic func-
tions in patients who underwent laparoscopic surgery compared
with those who underwent a conventional open operation.

Laparoscopy has been used in colorectal surgery for nearly 2
decades. Similar postoperative and long-term oncological re-
sults were found between laparoscopic operation and open op-
eration, suggesting that laparoscopic surgery is a safe surgical

procedure [5-7]. Furthermore, many randomized clinical trials
have shown that laparoscopic colon surgery has many advan-
tages, including improved functional bowel recovery, decreased
general complications (pulmonary and cardiac complications),
milder postoperative pain, and shorter hospital stay compared
with traditional open surgery [20-24]. Although many large
randomized multicenter studies showed that laparoscopy pro-
duced better short-term outcomes, these studies were done in
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Table 2. Overall outcomes characteristics in Lap group and Open group

Lap group (n=86)
Duration of surgery (min) 159435
""" Bloodloss (m) 91103
© Time to first defecation(days) 26431
~ OverallPOLR 2
""" Earlyilewss 8
""" lateilewss 7
""" Prolonged ilews 7
""" Post-operative hospital stay (days) 55437
© Complications overal,n 0
© General complications s
© Surgical complications s
""" Readmission,n 3
""" 30-day mortalityn 1

Open group (n=90) P value
138+28 <0.01
"""""""""""" 1924215 <001
"""""""""""" 20¢32 053
"""""""""""""" 7 o003
,,,,,,,,,,,,,,,,,,,,,,,,,,, e
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9
"""""""""""" 68:43 003
"""""""""""""" s 02
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7
""""""""""""""" s os1
""""""""""""""" o o4

Table 3. Risk factors for postoperative ileus by multivariate logistic regression analysis.

Variables (n=59)

POD3 Treg percentage 2.51

Multivariate
P-value

0.79-8.12 0.13

a traditional care setting [20,24]. Previous studies have demon-
strated that, compared with conventional open surgery with-
out an ERAS protocol, open surgery within an ERAS program
with multimodal components reduced surgical stress, resulting
in less morbidity, earlier recovery, and earlier discharge after
colorectal surgery [3,16]. In addition, several studies comparing
open and laparoscopic operations performed within an ERAS
protocol showed better results in patients undergoing lap-
aroscopic surgery. However, some methodological limita-
tions need to be improved, including the mixture of different

surgical procedures with different outcomes, small sample-
size, and absence of a control group [11,25-27]. The benefits
of laparoscopic surgery within an enhanced recovery protocol
were recently demonstrated by 2 multi-center randomized
studies [28,29]. It is well known that abnormal postoperative
immune activity can result in increased occurrence of postop-
erative infections and metastasis of cancer cells. Studies have
reported that laparoscopic colon surgery effectively improves
immune function [30]. Therefore, maintaining normal immune
function is very important for patients undergoing colon surgery,
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especially for patients with malignant diseases that directly in-
fluence long-term oncological results. Hence, the main aim of
the present study was to observe determine whether laparo-
scopic surgery within an ERAS protocol relieves immune sup-
pression after surgery in patients with right-side colon carci-
noma. CRP is a non-specific, acute-phase protein produced
by the liver following inflammation and trauma [21]. Indeed,
the serum CRP value is increased in association with stress
and trauma. Thus, the degree of trauma may be reflected by
the postoperative CRP level [31]. In the present study, serum
CRP level increased less in patients who underwent laparo-
scopic surgery compared to those who underwent open sur-
gery, suggesting that laparoscopic surgery causes less trauma
and stress compared to open surgery, within an ERAS protocol.
Trauma is minimal during laparoscopic surgery because the
incision is significantly shorter, there is less stimulation of the
intestinal tract, nerves, and blood vessels, and there is less
bleeding [32,33]. In addition, surgery induces a systemic im-
muno-inflammatory response with increased concentrations
of CRP (as a marker of inflammatory response) [34]. In present
study, CRP levels were much higher immediately after the sur-
gery and recovered more quickly in patients who underwent
laparoscopic surgery in comparison to those who underwent
open surgery.

CD4/CD8 ratio and regulatory T cells (Treg) were previously re-
ported to play an important role in recovery of patients who
underwent gastrointestinal carcinoma surgery [14,15]. Studies
also demonstrated that increased CD4/CD8 ratio during the
postoperative period were observed in patients with colorectal
carcinoma receiving anti-inflammatory treatment using fish
oil [35]. Zhu et al. reported that return to normal CD4/CD8
ratio may denote reduced infection as a result of recovery of
the anti-infection mechanism [36]. CD4* T cell subsets (Treg,
Th1l, and Th17) have remarkably opposite activities, Tregs
being anti-inflammatory, and Th1 and Th17 cells being pro-
inflammatory [37-39]. Effector T cells are positively correlat-
ed with Tregs, which can attenuate the activity of all these ef-
fector T cells by anti-inflammatory actions [38]. All these cells
play an important role in prevention of autoimmune respons-
es and excessive immune activation perpetrated by self-reac-
tive T cells [37,40]. In the present study, patients who under-
went laparoscopic surgery experienced an attenuated decrease
and early recovery of Treg percentage values and CD4*/CD8*
ratios compared with the group who received the open sur-
gery regimen. These results suggest better-preserved im-
mune function in these patients, presumably as a result of a
better-regulated inflammatory response. In addition, overall
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complications and readmission were slightly lower in patients
who underwent laparoscopic surgery in this study, but the dif-
ference was not significant.

POl is a common complication in patients undergoing gastroin-
testinal surgery, which is accompanied by increased use of par-
enteral nutrition, increased patient morbidity, prolonged hos-
pitalization, and increased costs [41,42]. An important method
for reducing POl is to inhibit the inflammatory response, and in
this study, overall POI (mainly early ileus) was reduced in pa-
tients who had a laparoscopic operation compared with open
operation, which could at least in part explain the shorter hos-
pital stay after surgery in patients who underwent a laparo-
scopic operation within an ERAS protocol. Although the mech-
anism underlying this effect is currently unclear, the incision
in the laparoscopic operation is significantly shorter and there
is less bleeding. Furthermore, Pedziwiatr et al. [43-45] dem-
onstrated that compliance with the ERAS protocol seems to
influence recovery and length of hospital stay when applied
to laparoscopic colorectal cancer surgery and other abdomi-
nal surgeries, and also found an association between ERAS
protocol compliance and complications. In the present study,
the compliance with ERAS was similar in the 2 groups. In ad-
dition, multivariate logistic regression analysis showed that
POD1 Treg percentage is an independent predicator for post-
operative ileus in patients with right-side colon carcinoma re-
section. Laparoscopic surgery shows promise in reducing POI
and hospital stay after surgery due to better postoperative im-
mune function, especially POD1 Treg percentage, in patients
within an ERAS protocol.

Conclusions

In conclusion, in patients with a carcinoma in the right colon,
laparoscopic surgery within an ERAS protocol leads to better
immune function preservation after surgery, and POD1 Treg
value may be an independent predicator for postoperative
ileus, which could, at least in part, explain the shorter hos-
pital stays after surgery. However, this was a small-sample
study, and a prospective and multi-center study with a larger
number of patients is necessary to strengthen our findings of
the correlation between Treg levels and postoperative recovery
of bowel function.
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