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Abstract

AIM: To investigate the effect of perioperative restrict-
ed fluid therapy on circulating CD4*/CD8* T lympho-
cyte ratio, percentage of regulatory T cells (Treg) and
postoperative complications in patients with colorectal
cancer.

METHODS: A total of 185 patients met the inclusion
criteria and were included in the randomized clinical
trial. These patients were divided into two groups ac-
cording to receipt of either perioperative standard (S,
n = 89) or restricted (R, 7 = 96) fluid therapy. Clinical
data of these patients were collected in this prospec-
tive study. Perioperative complications and cellular im-
munity changes (CD4"/CD8" and Treg) were analyzed
comparatively between the two groups.

RESULTS: Both during surgery and on postoperative

Baishidenge ~ WJG | www.wjgnet.com

15852

days, the total volumes of fluids administered in the
R group were significantly lower than those in the S
group (1620 = 430 mL vs 3110 + 840 mL; 2090 £ 360
mL vs 2750 £ 570 mL; 1750 + 260 mL vs 2740 + 490
mL; 1620 + 310 mL vs 2520 + 300 mL; P < 0.05). De-
creased ratios of circulating CD4*/CD8" T lymphocytes
(147 £ 0.28 vs 2.13 £ 0.26; 1.39 £ 0.32 15 2.21 +
0.24; P < 0.05) and Treg percentage values (2.79 + 1.24
vs 4.26 + 1.04; 2.46 + 0.98 vs 4.30 + 1.12; P < 0.05)
were observed after surgery in both groups. However, in
the R group, these values restored more quickly starting
from postoperative day 2 (1.44 £ 0.24 vs 1.34 = 0.27;
2.93 £ 1.08 vs 2.52 £ 0.96; P < 0.05). The proportion
of patients with complications was significantly lower in
the restricted group (36 of 89 vs 59 of 96, P < 0.01).

CONCLUSION: Perioperative restricted intravenous
fluid regimen leads to a low postoperative complication
rate and better cellular immunity preservation in pa-
tients with colorectal cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This prospective study revealed that periop-
erative restricted intravenous fluid regimen results in
a low postoperative complication rate and better pres-
ervation of cellular immunity, which at least in part,
explains the improved postoperative clinical outcomes
associated with the restricted fluid regimen in patients
with colorectal cancer.
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INTRODUCTION

In the hospital setting, intravenous fluid administration
has became one of the most usual therapies“’zl. The exact
quantity of intravenous fluid is not known or is roughly
calculated. The correlation between extracellular water
volume and fluid administration in surgery is pootly un-
derstood, and is a matter for debate. In current practice,
the volume of fluids administered in major abdominal
procedures can reach 4-6 L during the operation and
approximately 10-20 L postoperativelym. As a result, an
increase in the patient’s weight caused by an ovetload of
intravenous fluids is often observed in the postoperative
period. Traditional fluid therapy in major surgery causes
a body weight increase of 3-6 kg, Interstitial oedema,
disturbed coagulation, impaired wound healing and car-
diopulmonary complications ate associated with fluid
overload, which has been shown to decrease muscular
oxygen tension and delay recovery of gastrointestinal
function™, Furthermore, postoperative weight gain and
intraoperative fluid overload have been associated with
poor survival and complications'.,

Several studies have demonstrated that the volume
and type of administered liquids differentially influenced
the immunity and inflammation, which was in line with
another study showing that volume replacement using
colloid could significantly reduce inflammatory response
in patients with major abdominal surgery compared with
crystalloid-based treatment'” ",

Therefore, we supposed that a perioperative fluid re-
striction regimen could decrease postoperative complica-
tions by regulating inflammatory responses. In addition, it
was previously reported that CD4/CDS8 ratio and regula-
tory T cells (Treg) play an important role in the outcomes
of gastrointestinal cancer surgerym’m. However, the
detailed mechanisms of the petioperative fluid restriction
therapy to reduce postoperative complications and regu-
late inflammatory function remain unknown to date™"™*",
The aim of this study was to compate the effect of a
restricted perioperative intravenous fluid regimen to a
standard regimen on complications and immunological
function in patients with colorectal resection.

MATERIALS AND METHODS

Patients

We conducted a prospective, randomized study from
March 2009 to December 2012 in the Department of
General Surgery of Taizhou People’s Hospital of the
Medical College of Nantong University (China). Adult
patients admitted for elective colorectal resection were
considered eligible if they had no life-threatening sys-
temic diseases [American Society of Anesthesiologist
(ASA) I -IMand did not meet the following exclusion
criteria: current lactation, pregnancy, language problems,
smoking within 2 wk, diabetes mellitus, renal insuffi-
ciency, disseminated or secondary cancer, inflammatory
bowel disease, alcohol overconsumption, mental disorder
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and contraindications to epidural analgesia. Randomiza-
tion was achieved by using computer-generated random
numbers, and was stratified for colonic or rectal surgery.
A list of randomized numbers for grouping according to
receipt of either perioperative standard (S) or restricted
(R) fluid therapy was generated by computer and sealed
in opaque envelopes by a research assistant blinded to
the study objective and design. Sequential distribution
of these envelopes determined the perioperative ap-
proach used on each study subject. Both oral and written
consents were collected from patients or the next-of-kin
relatives. This study was conducted in accordance with
the principle of good clinical practice, the Declaration
of Helsinki, and the study protocol was approved by the
Institutional Review Board in Taizhou People’s Hospital.

Restricted and standard perioperative fluid therapy

Perioperative fluid regimens in both R and S groups
are demonstrated in Table 1. Operative blood losses in
both S and R groups were estimated by weighing blood-
soaked sponges, and by measuring the volume collected
in drains and suction bottles. 6% hydroxyethyl starch
(HAES) in saline was used to replace the loss of blood,
with an allowance for 500 mL of extra normal saline as
decided by the anesthesiologist according to clinical find-
ings. The blood component treatment was started when
the estimation of blood loss reached 1500 ml., with the
goal of obtaining 25%-35% hematocrit (patients with
cardiovascular diseases were given a higher percentage
of hematoctrit) in both groups. A maximum of 25 mL/
kg of lactated Ringer’s (RL) solution was used. In order
to correct intraoperative blood loss, HAES (6%) was
also used to obtain further requirements of fluid. 5%
albumin solution was administered if the maximum al-
lowable dose of 6% HAES reached (33 mL/kg per day).
After surgery, 30 mL/h of oral fluid was allowed in all
patients. The total oral fluids were increased to 60 mL/h
after 12 h, and to unrestricted oral fluids after 24 h un-
less nausea was observed. If 200 mL of drinking water
was tolerated in patients in 0.5 h, intravenous fluid treat-
ment was discontinued. In addition, whole blood lactate
was measured to guide the fluid treatment as previously
described™. In order to adjust the above-mentioned fluid
regimens, blood lactate was monitored during the opera-
tion (every hour) and after the operation (2, 6, 12, 24, 306,
48, and 72 h). A maximum of allowed HAES (6%) was
1500 mL, only when active bleeding was observed. If the
maximum allowable dose of HAES had been reached (33
mL/kg per day), 5% albumin solution was administered.

Presurgery and postsurgery management

Patients received intravenous cephoxitin (1-2 g/8 h) as
antibiotic prophylaxis initiated on induction of anesthesia
0.5-1 h before incision unless contraindicated, repeated
every 4 h if the operation had not been terminated, and
continued for 24 h after operation. Re-feeding was pro-
grammed to begin on the day after operation, zia either
the oral or the enteral route, unless contraindicated, and
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nasogastric tubes were not routinely used. Prophylaxis of
deep vein thrombosis was administered to all moderate-
and high-risk patients with 20-40 mg of enoxaparin 1-2
h before surgery and repeated daily after surgery on an
individual basis. All patients wete encouraged to perform
early mobilization after operation. General anesthesia or
combined (general and thoracic epidural) was employed
at the anesthesiologist’s discretion.

Laboratory tests
Samples of venous EDTA blood were collected seri-

ally before 8 a.m. on the day before surgery as well as
on days 1, 2, 3, and 5 after surgery. CD4, CD8 and Treg

(CD4 CD25 Foxp3") were detected as described previ-
ously". Briefly, 50 uL of heparinized blood were incu-

bated at 4 'C with 10 pL. of each monoclonal antibody
specific for a surface antigen (ze., CD4, CD8, CD25)
or an irrelevant isotype-matched monoclonal antibody,
conjugated to a different fluorochrome for 30 min. Pe-
ripheral blood samples were depleted of red blood cells
by incubation with 1 mL of FACS lysing solution (BD
Biosciences) at room temperature for 10 min at the end
of this step. And the intracellular staining procedure was
started when all samples were washed twice with PBS. To
this end, cells were first resuspended in 0.25 mL of Cy-
tofix/Cytoperm solution (BD Biosciences) and allowed
to sit for further 20 min. In order to favor penetration of
anti-Foxp3 in the subsequent incubation, samples were
then washed twice with BD Perm/Wash (BD Bioscienc-
es) to keep cells permeabilized. Samples were maintained
in a minute amount of BD Perm/Wash solution (50 ulL)
containing FITC-conjugated anti-Foxp3 or FITC-con-
jugated isotype-matched irrelevant antibody (10 pL) at
4 °C for 30 min, then washed twice with BD Perm/Wash
solution, and finally resuspended in 250 puL. of PBS. Flow
cytometry was immediately performed on a FACS Cali-

bur instrument (BD Biosciences) and a2 minimum of 10

events wete acquired for each analysis.

Clinical data collection and assessment

Fluid administration and loss were both recorded from
the initiation of abrosia to postoperative day (POD)5.
Intraoperative and postoperative physiologic parameters
were monitored, venous blood was sampled daily until
PODS5 or until hospital discharge, and arterial blood was
collected as needed. Any complication recorded within
30 d as well as death and other adverse effects, including
ischemia and impairment of renal function after surgery
were defined as the primary outcomes and the secondary
outcomes, respectively. Baseline and surgical characteris-
tics, and postoperative complications were recorded.

Statistical analysis

Before the trial was started, it was estimated that a sample
size of 70 patients in each group had a power of 80% to
detect an effect size of 1.00 standard deviation (SD) us-
ing a two-group £test with a two-sided significant level
of 0.05.

Statistical analyses were performed using SPSS soft-
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ware version 17.0 (SPSS, Inc.). Data are expressed as
means with their SD. The Mann-Whitney U test was
used to analyze non-parametric ordinal data and the
Student’s #test was used to analyze normally distributed
continuous data. The ;52 test or Fisher’s exact test were
used to compare complications between groups, and
results were considered statistically significant if P values
were < 0.05.

RESULTS

In all, 364 patients underwent colorectal resection at the
Department of Surgery, Taizhou People’s Hospital, dur-
ing the study period. Of these, 185 patients completed
the trial at last, including 96 in the S group and 89 in the
R group (Figure 1).

Baseline characteristics are shown in Table 2. The
clinical characteristics were similar in two groups (P >
0.05).

Patients in the R group received significantly lower
volumes of fluids than those in the S group both during
operation and on POD1-3 (Figure 2A-C). The num-
bers of patients receiving higher volumes of fluids than

planned to resolve hyperlactatemia were similar in each
group [R group: 27 (30.3%) »s S group: 23 (24.0%), P =
0.33]. In addition, the administration of dopamine and
epinephrine was also similar between the R group and
S group [R group: 22 (24.7%) vs S group: 19 (19.8%), P
= 0.42]. There was no significant difference in time to
return of bowel function (passage of flatus) between
the restricted and standard groups (2.8 £ 0.8 d »s 3.0
0.9 d, P = 0.11). In the first 3 d after surgery the median
weight gain was smaller in the restricted group (Figure 3).

The circulating CD4"/CD8" T cells ratios were de-
creased in both groups after surgery (P < 0.05; Figure
4A). However, the ratios in the R group were restored
much more quickly starting from POD2 compared with
the S group (P < 0.05; Figure 4A). Treg play a nonredun-
dant role in the maintenance of immune homeostasis.
Interestingly, the Treg percentage values after surgery
were also decreased in both S and R groups. After the
operation, suppressed Treg percentage values were found
on POD1, which were gradually restored on POD2-5
in both groups. However, expression of Treg in the S
group was consistently lower than that in the R group on
POD1-5 (P < 0.05; Figure 4B).

The number of patients with complications, as well
as the total number of complications, was significantly
lower in the restricted group (Table 3). The incidence
of anastomotic leakage was similar in the two groups (2
in the R group »s 8 in the S group, P = 0.10). However,
more heart insufficiency complications were observed in
the restricted group (8 »s 1, P = 0.02). In the postopera-
tive period 3 patients in the restricted group had revers-
ible acute renal failure (P = 0.11).

DISCUSSION

This study assessed the effect of perioperative restricted
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Assessed for eligibility (7 = 364)

l

Not randomized (7 = 167)
Did not meet inclusion criteria (7 = 144)
Refused to participate (7 = 10)
Other reasons (7 = 13)

l

Randomization (7 = 197)

|

R group (7 = 98)

l

Allocated and received
restricted perioperative
fluid therapy

l

Analysed (7 = 89)

Excluded for:
Other surgical specialty issues (7 = 4)
Epidural catheter could not be placed (7 = 3)
Discontinued intervention (7 = 2)

!

S group (7 = 99)

i

Allocated and received
standard perioperative
fluid therapy

i

Analysed (7 = 96)

Excluded for:
Other surgical specialty issues (7 = 2)
Epidural catheter could not be placed (7 = 1)

Figure 1 CONSORT diagram for the trial. R group: Restricted fluid therapy group; S group: Standard fluid therapy group.

Table 1 Perioperative fluid regimens

Perioperative period Restricted fluid Standard fluid
Preloading of epidural analgesia No preloading 500 mL 6% HAES
During the operation 7 mL/kg RL in first hour; 5 mL/kg per hour RL in following hours 12 mL/kg per hour RL
Remainder of the operation day 1000 mL 5% glucose (with potassium if needed) 12 mL/kg per hour RL

Days following operation

1000-1500 mL crystalloid

2000-2500 mL crystalloid

HAES: Hydroxyethyl starch; RL: Lactated Ringer’s solution.

intravenous fluid therapy on immunological function
and postoperative complications. Our results showed
that patients treated with a perioperative restricted intra-
venous fluid regimen had significantly fewer postopera-
tive complications after elective colorectal surgery.
Interstitial oedema due to fluid overload may predis-
pose to complications"”. Further effects of fluid over-
load may be poorer wound healing and a delayed return
of bowel function"*"". Many studies have demonstrated
that postoperative immunity dysfunction is associated
with high complication rates""™. Additionally, it was
reported that sustained suppression of lymphocyte func-
tion and numbers may be caused during the postsurgical
period of colorectal surgery, which may promote the
rates of postoperative complications"**"*, Tt was also
reported that increased lymphocyte cell death by Fas-
mediated circulating lymphocyte subset apoptosis can
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be found in patients with major surgery”*”". These find-
ings were in line with those from other studies showing
that the surgical procedures decreased the T-lymphocyte
population**"** A previous study demonstrated an
increased CD4/CD8 ratio during the postoperative
period in patients with colorectal cancer receiving anti-
inflammatory therapy using fish oil®™. Furthermore,
Zhu et al’" demonstrated that CD4/CDS ratio to return
to normal might indicate recovery of the anti-infection
mechanism and may have reduced septic events. Thl,
Th17 and Treg cells represent three CD4" T-cell subsets
that share important developmental elements, but ulti-
mately bifurcate into distinct phenotypes with remark-
ably opposite activities, with Th1l and Th17 cells being
pro-inflammatory, and Treg being anti-inflammatory"**”.
Treg are positively correlated with effector T-cells, and
the activity of all these effector T cells is attenuated by
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Table 2 Baseline and surgical characteristics of the patients in the two study groups

Restricted fluid (7 = 89) Standard fluid (7 = 96) P value
Age (yr) 64.7 +16.8 65.4+17.6 0.78
Male/Female 50/39 56/40 0.77
Body mass index 21.9+42 223+38 0.50
ASA grade 0.98
I 29 30
I 37 41
i 23 25
Dukes stage 0.61
A 9 8
B 54 65
C 26 23
Comorbidity 0.78
Cardiovascular diseases 46 43
Pulmonary diseases 11 14
Other diseases 16 15
Smokers 21 19 0.53
Site of surgery 0.81
Colon 59 62
Rectum 30 34
Type of surgery 0.38
Laparoscopic 27 35
Open 62 61
Stoma 12 15 0.68
Blood loss (mL) 120 £ 46 133 62 0.11
Length of operation (min) 146 + 52 154 £ 48 0.28

ASA: American Society of Anesthesiologists.

Table 3 Postoperative complications of the patients in the two study groups 7 (%)

Restricted fluid (7 = 89) Standard fluid (7 = 96) P value

Patients with major surgical complications 5(5.6) 13 (14.6) 0.069
Total major surgical complications 7 19

Sepsis/shock 2 b5 0.29
Anastomotic bleeding 1 3 0.62
Anastomotic leakage 2 8 0.10
Peritonitis without leakage 1 1 1.00
Patients with minor surgical complication 22 (24.7) 38 (39.6) 0.03
Total minor surgical complications 25 44

Wound dehiscence, infection, haematoma 13 15 0.85
Blood transfusion 7 18 0.03
Patients with organ-specific complications 21 (23.6) 30 (31.3) 0.24
Total organ-specific complications 28 34

Urinary tract infection 5 10 0.23
Heart insufficiency 8 1 0.02
Respiratory insufficiency 1 1 1.00
Renal insufficiency 8 0.11
Cognitive disorder 3 7 0.34
Total postoperative complications 60 97

Total patients with complications 36 (40.4) 59 (61.5) <0.01

the anti-inflammatory action of Tregm]. These cells are
critical for the prevention of excessive immune activa-
tion and autoimmune responses perpetrated by self-re-
active T cells'™. In the present study, patients received
the perioperative restricted intravenous fluid regimen
underwent an attenuated reduction and faster recovery of
CD4"/CD8" ratios and Treg percentage values compared
with those received the standard perioperative intrave-
nous fluid treatment.

These results indicated that better preserved immune

Baishidenge ~ WJG | www.wjgnet.com

15856

function may contribute to a better regulated inflamma-
tory response in these patients. Although the detailed
mechanism underlying this effect is unclear to date,
cellular swelling caused by the perioperative restricted
intravenous fluid regimen may have led to disruption of
intracellular signaling mechanisms, which ultimately re-
sulted in poor clinical outcomes™ .

The greater number of perioperative blood transfu-
sions in the standard group was most likely explained
by the excess amount of fluid with low haemoglobin
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Figure 2 Evolution of intravenous fluids received by the patients in two
groups. Data are mean + SD. POD: Postoperative day; HAES: Hydroxyethyl
starch; R group: Restricted fluid therapy group; S group: Standard fluid therapy
group. °P < 0.05, °P < 0.01 R group vs S group.

concentration and haemodilution, triggering transfu-
sion of erythrocytes. Interestingly, the loss of estimated
blood between the two groups was similar. In the pres-
ent study, there were more cardiac complications in the
restricted group. Furthermore, more patients had mild,
reversible renal failure in the postoperative period in the
restricted group. However, there was no statistically sig-
nificant difference. The renal failure may have been trig-
gered by the restricted amount of fluid in these patients.
In addition, increased creatinine levels were also noted in
previous studies, but renal failure was not more common
when fluid was restricted””. These findings indicate that
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the use of a restricted fluid regimen needs to be accom-
panied by increased observation of cardiac and renal
status.

There were no deaths in the present trial, in contrast
to some previous studies of restricted fluid regimens in
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colorectal surgery[g’ml. Holte ¢z o/ demonstrated that
patients in the restricted group had improved pulmonary

function, and a trend towards fewer postoperative com-

plications including major complications such as small

bowel obstruction and anastomotic leakage. However,

major surgical complications were comparable between
two groups in this study.

In conclusion, perioperative restricted intravenous

fluid therapy leads to a low postoperative complication

rate and better cellular immunity preservation after sur-

gery in patients with colorectal cancer, which could at

least in part, explains the improvement of clinical out-

comes associated with the restricted fluid therapy regi-

men. However, this is a single clinical center study and

a multi-center study with a larger number of patients is

necessary to strengthen our findings.
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