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Objectives: To determine whether perioperative
fluid restrictive administration can reduce specific
postoperative complications in adults undergoing
major abdominal surgery.

Methods: We searched the MEDLINE, EMBASE,
and Cochrane Central Register of Controlled Trials,
Google scholar, and article reference lists (up to
December 2015) for studies that assessed fluid therapy
and morbidity or mortality in patients undergoing
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major abdominal surgeries. The quality of the trials was
assessed using the Jadad scoring system, and a meta-
analysis of the included randomized, controlled trials
was conducted using Review Manager software, version

5.2.

Results: Ten studies with a total of 1160 patients
undergoing major abdominal surgeries were included.
We found that perioperative restrictive fluid therapy
could reduce the risk of postoperative infectious
complications (odds ratio [OR]=0.54, 95% confidence
interval [CI]:0.39-0.74, p=0.0001, ’=37%), pulmonary
complications (OR=0.49, 95% CI: 0.26-0.93, p=0.03,
P=50%), and cardiac complications (OR=0.45,
95% CI: 0.29-0.69, p=0.0003, =48%), but had no
effect on the risk of gastrointestinal complications
(OR=0.87, 95% CI: 0.51-1.46, p=0.59, ’=0%), renal
complications (OR=0.76, 95% CI: 0.43-1.34, p=0.35,
P=0%), and postoperative mortality (OR=0.62,
95% CI: 0.25-1.50, p=0.29, ’=0%).

Conclusion: Perioperative restrictive fluid
administration was superior to liberal fluid
administration in reducing the infectious, pulmonary
and cardiac complications after major abdominal
surgeries.
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he goal of perioperative fluid administration is

to maintain optimal oxygen supply and tissue
perfusion, but the optimal amount of fluid to be
administered is still in question. Hypovolemia can
cause organ hypoperfusion, systemic inflammatory
response syndrome, sepsis, and multiple organ
failure, while hypervolemia can cause edema, illeus,
pulmonary and cardiac complications."” According
to the textbook, Miller’s Anesthesia, the perioperative
liberal fluid therapy includes the replacements for the
following components: the intravascular expansion
caused by anesthesia, deficits from preoperative fasting,
physiological maintenance, redistribution in the third
space, and blood loss.” Currently, the conception of
the third space has been questioned by an increasing
number of anesthesiologists, and whether it should be
replaced intraoperatively is controversial. It has been
shown that endothelial glycocalyx plays a key role in
maintaining the endothelial integrity, and fluid overload
from liberal fluid administration may precipitate the
excretion of atrial natriuretic peptide (ANP), which
can damage the endothelial integrity, and cause platelet
aggregation, vascular permeability, and tissue edema
as a result.”” Rahbari et al® defined the terminology of
liberal fluid therapy and restrictive fluid therapy in the
meta-analysis, and the results showed that perioperative
fluid restriction could decrease postoperative morbidity.
But whether fluid restriction can reduce specific
complications (such as, infective, pulmonary, cardiac,
gastrointestinal and renal complications) after major
abdominal surgery is still unclear, and new randomized,
controlled clinical trials (RCTs) have been published
in recent years. Therefore, a meta-analysis needs to
be performed to determine whether perioperative
fluid restrictive administration can reduce specific
postoperative complications in adults undergoing major
abdominal surgery.

Methods. Our systematic review and meta-analysis
were conducted in accordance with the methods
recommended by the Preferred Reporting Items for
Systematic Reviews and Meta-analyses guidelines.”
There was no registered protocol.

Liberal fluid administration was defined according to
Miller’s Anesthesia,’ as mentioned previously. According
to recent clinical trials, restrictive fluid administration
generally consists of partial or no replacement for the
intravascular expansion from anesthesia, in which case
vasopressors are usually administered, no replacement
for the third space loss, and only partial replacement for
deficits from preoperative fasting. The replacements for
physiological maintenance and blood loss were similar
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for both restrictive fluid strategy and the liberal fluid
strategy.®’

Literature search. MEDLINE, EMBASE, Cochrane
Central Register of Controlled Trials, and Google
scholar were searched up to December 2015, and the
references of RCTs and published meta-analysis papers
were checked for additional potential eligible trials. To
reduce publication bias, the abstracts were searched
in the databases without any language restrictions.
The key words included abdominal surgery, colon
resection, rectum resection, gastric resection, pancreas
resection, pancreaticoduodenectomy, hemicolectomy,
esophagectomy (abdominal route), and abdominal
aortic aneurysm repair, fluid administration, restrictive
fluid, liberal fluid, standard fluid, and conventional
fluid. The inclusion criteria were defined as follows:
RCTs, the comparison of liberal fluid administration and
restrictive fluid administration, and major abdominal
surgery. The exclusion criteria were defined as follows:
only postoperative restrictive fluid therapy and liberal
fluid therapy were compared, patients were younger
than 18 years old, the participants included patients
with critical illness or sepsis, or organ dysfunction
established preoperatively.

Data collection and outcome parameters. Two
authors independently conducted the search and
screened the literature. To avoid translation and
transcription bias, the data were rechecked by another
reviewer. When any disagreement regarding the data
occurred, all of the reviewers discussed and resolved it.

The primary outcomes included postoperative
infectious complications, pulmonary complications,
cardiac  complications, = and  gastrointestinal
complications. The secondary outcomes were
postoperative renal complications and mortality (death
in hospital from any cause after surgery).

Statistical analysis. The meta-analysis was performed
using Review Manager version 5.2 for Windows (the
Cochrane Collaboration, Oxford, UK). The calculations
of effect size for dichotomous data were odds ratio
(OR) with 95% confidence interval (CI). Statistical
heterogeneity was assessed using 7 statistics,'" the levels
of heterogeneity was defined as low when 7 levels are
<25%, moderate when 7 levels range between 25-50%,
or high levels when 7 levels are >50%. The fixed-effect
model was used when P<50%, and the random-effect
model was used when 2>50%.

The risk of bias was checked by appraising “adequate
sequence  generation”, “allocation  concealment”,
“blinding”, “incomplete outcome data addressed”,
“free of selective reporting”, and “free of other bias”,
as recommended by the Cochrane Collaboration.
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Publication bias was evaluated with funnel plot analysis,
in which the OR is plotted against the standard error.
Furthermore, Egger test was utilized to assess the funnel
plot for significant asymmetry. There was no statistical
publication bias if p>0.05 in Egger test.

The quality of the trials was assessed using the
Jadad scoring system. The evaluated items included size
calculation, generation of allocation sequence, allocation
concealment, methods of randomization, blinding, and
descriptions of protocol deviations, withdrawals, and
dropouts.' The trials with a quality score less than 3
were excluded.

Results. Characteristics of eligible trials. We
identified 844 potential articles through the key words,
376 articles from MEDILINE, 410 articles from the
Cochrane Library, 56 articles from EMBASE, and 2
articles from other sources. Seven hundred twenty-six
papers remained after duplicates were removed, and
61 potentially relevant articles remained after an initial
screening and reading the titles and abstracts. After a
more detailed selection process, we excluded 24 trials
investigating goal-directed fluid therapy versus liberal
or restrictive fluid therapy, 17 trials with insufhicient
data, 6 reviews, and 4 trials with quality scores less than
3. Finally, 10 RCTs"*?" with a total of 1160 patients
were included. The details of the eligibility process are
presented in Figure 1.

These 10 trials were conducted in different countries

(China, UK, Sweden, Northern Ireland, Brazil,

Denmark, Belgium, Bosnia and Herzegovina), and were
published from 2003 to 2015. The surgeries were all
elective abdominal surgeries, including oesophagectomy,
gastric resection, colon resection, rectum resection,
hemicolectomy, pancreatoduodenectomy, and
abdominal aortic aneurysm repair. The characteristics
of the trials are presented in Table 1 A & B.

Methodological quality of studies. The quality of the
trials was assessed using the Jadad score, and the results
are presented in Table 1 A & B. The quality scores was 5
in 5 trials,">'71*2! 4 for 2 trials,'>'® and 3 for the other
3 trials.”'*!® The risk of bias summary is shown in
Figure 2. The Cohen x statistic for agreement regarding
study inclusion was 0.857.

Results of the meta-analysis. 1) Data on postoperative
infectious complications were from 9 trials of all,
and the sample size was 921. Postoperative infectious
complications included anastomotic leakage, wound
dehiscence, wound infection, peritonitis, sepsis, and
urinary tract infection. The fixed-effects model showed
a significant reduction of postoperative infectious
complications in restrictive fluid administration
(OR=0.54, 95% CI: 0.39-0.74, p=0.0001, F’=37%)
(Figure 3). There was no significant publication bias
according to Egger test (p=0.129).

2) Data with respect to postoperative pulmonary
complications were from 9 trials of all, and the sample
size was of 1094. The random-effects model showed
a significant reduction of postoperative pulmonary
complications in restrictive fluid administration

842 total records identified
through database searching

2 of additional records identified
through another source

v
726 of records after duplicates
removed

665 records excluded by screening
titles and abstracts

A
61 full-text articles were
assessed for eligibility

v

v
10 of studies
meta-analysis

included for

51 papers were excluded for the following
reasons:

Insufficient data: 17

Review: 6

Quality score less than 3: 4

GDT* versus liberal fluid therapy: 6
GDT* versus restrictive fluid therapy: 18

Figure 1 - Flow chart summarizing the procedure of studies selection for the
meta-analysis. GDT - goal-directed fluid therapy
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Table 1 A - Basic features of the included trials for postoperative complications analysis.

ID Group Samplesize  Intraoperative fluid strategy or volume (ml)  Blood loss (ml)  Hospital stay (d)
1. Brandstrup et al'® R 69 5% GS 500 ml 400 (0-4530) Unclear
2003 Denmark 6% HAES (maximum 500 ml)
blood component
(blood loss >1500 ml)
L 72 NS 500 ml+ 500 (0-1600) Unclear
first hour: NS 7 ml/kg/h
second and third hours: NS 5 ml/kg/h,
following hours: NS 3 ml/kg/h.
NS 1000-1500 ml ( blood loss <500 ml),
6% HAES (loss >500 ml)
2. Abraham-Nordling et al' R 79 Crystalloid: 575(452-800) 100 (100-200) 6(4-8)
2011 Sweden Colloid: 0(0-200)
L 82 Crystalloid: 2500(2000-3070) 100 (100-300) 6(4-8.8)
Colloid: 0(0-500)
3. Kalyan et al'” 2013 UK R 118 Total: 1000(690-1500) 400 (50-4245) 8(6-11)
L 121 Total: 2033(1576-2500) 403 (63-2500) 8(7-12)
4. Lobo et al'® 2011 Brazil R 45 Crystalloid: 2301 + 1064 Unclear 6(4-10)
Colloid: 1216 + 814
L 43 Crystalloid: 4335 + 1546 Unclear 6(4-9)
Colloid: 915 + 559
5. Gao et al”® 2012 China R 93 first hour: LR 7 ml/kg/h, 350 (0-3700) Unclear
following hours: LR 5 ml/kg/h
L 86 LR 12 ml/kg/h 420 (0-5400) Unclear
6. McArdle et al*® 2009 R 9 Hartmann 4 ml/kg/h 1146 + 242 7.78(0.64)
Northern Ireland L 11 Hartmann 12 ml/kg/h 1100 + 162 16(4.82)
7. Holte et al'> 2007 Denmark R 16 Crystalloid: 1140(580-1500) 200 (10-980) 2.5(2-9)
Colloid: 500(350-750)
L 16 Crystalloid: 3900(2722-6500) 305 (0-1600) 3(2-34)
Colloid: 500(341-850)
8. Piljic et al™ 2015 R 30 Total: 2445.47 + 914.43 Unclear 4.33
Bosnia and Herzegovina L 30 Total: 3308.66 + 802.93 Unclear 6.2
9. Van Samkar et al** 2015 R 34 Crystalloid: 5.1 ml/kg/h 1100 + 600 12 (11-14)
Belgium Colloid: 1.4 L
L 32 Crystalloid: 9.8 ml/kg/h 1000 + 800 10 (9-17)
Colloid: 1 L
10. Peng et al*! 2013 China R 84 first hour: LR 7 ml/kg/h, 350 (0-3700) Unclear
following hours: LR 5 ml/kg/h
L 90 LR 12 ml/kg/h 420 (0-5400) Unclear

Jadad scale for quality appraisal (total possible score=5). R - restrictive group, L - liberal group, GS - glucose, NS - 0.9% normal saline,
LR - lactated Ringer’s solution, HAES - hydroxyethyl starch in normal saline, RA - Ringer’s acetate solution, AAA - abdominal aortic aneurysm

(OR=0.49, 95% CI: 0.26-0.93, p=0.03, F=50%)
(Figure 4), there was no significant publication bias
according to Egger test (p=0.348).

3) Nine trials (1094 patients) reported postoperative
cardiac complications, which included arrhythmias,
heart failure, and myocardial infarction. The fixed-
effects model showed a significant reduction of
postoperative cardiac complications in restrictive fluid
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group (OR=0.45, 95% CI: 0.29-0.69, p=0.0003,
P=48%) (Figure 5). There was no significant publication
bias according to Egger test (p=0.775).

4) Eight of the 10 trials reported postoperative
gastrointestinal  complications, ~ which  included
intestinal obstruction, bowel obstruction, and bleeding,
the sample size was of 979. The fixed-effects model

showed no reduction in restrictive fluid administration
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Table 1 B - Continuation of basic features of the included trials for postoperative complications analysis.

ID Group Sample  Surgery type Purgative bowel ~ Volume preloading Postoperative fluid administration  Jadad
size preparation before epidural score
1. Brandstrup et al'® R 69 Colorectal Unclear No first day: 5% GS 1000 ml + 4
2003 Denmark surgery 6% HAES (volume to volume
for loss through drains)
L 72 Unclear 6% HAES 500 ml  first day: crystalloid 1000-2000 ml
+ 6% HAES (volume to volume
for loss through drains)
2. Abraham-Nordling etal'* R 79 Colorectal Yes No first day: 10% GS 1 ml/kg/h 3
2011 Sweden surgery
L 82 Yes RA 500-1000 ml first day: RA 1000 ml +
10% GS 1 ml/kg/h
3. Kalyan et al'” 2013 UK R 118  Gastrointestinal No No 5% GS 1 ml/kg/h iv + 5
surgery Oral intake
L 121 No Hartmann 500 ml 5% GS 1.5 ml/kg/h iv +
Oral intake
4. Lobo et al'® 2011 Brazil R 45 Colorectal, Unclear NS 10 ml/kg Crystalloid 1145 + 680 3
vascular, and Colloid 1210 + 700
L 43 other surgery Unclear NS 10 ml/kg Crystalloid 1296 + 1114
Colloid 1321 + 595
5. Gao et al” 2012 China R 93 Gastrointestinal ~ Yes (colon surgery) No first day: 5% GS 1000 ml following 5
surgery No (gastric surgery) 3 days: 1000-1500 ml crystalloid
L 86 6% HAES 500 ml first day: no fluid, following
3 days: 2000-2500 ml crystalloid
6. McArdle et al”® 2009 R 9 AAA repair No No first day: Hartmann 83 ml/h, 3
Northern Ireland following 5 days: NS 500 ml
+5% GS 1500 ml
L 11 No NS 10 ml/kg first day: Hartmann 125ml/h,
following 5 days: NS 1000 ml
+5% GS 2000 ml
7. Holte et al'? 2007 R 16 Colonic surgery No No On the day of surgery: 1000 ml 4
Denmark (oral), following days:
free oral intake
L 16 No LR 10 ml/kg On the day of surgery: 1000 ml
(oral), following days:
free oral intake
8. Piljic et al® 2015 R 30 AAA repair Unclear Unclear 1-3 days: 70-100 ml/h 5
Bosnia and Herzegovina L 30 Unclear Unclear 1-3 days: 150-200 ml/h
9. Van Samkar et al* 2015 34 Pancreatoduode- Yes Unclear 2500 ml/24 h fluid (iv + oral) 5
Belgium nectomy
L 32 Yes Unclear 2500 ml/24 h fluid (iv + oral)
10. Peng et al*! 2013 China 84 Gastrointestinal Yes Unclear The rest of the day of operation: 5
surgery 5% GS 1000 ml
L 90 Yes Unclear The rest of the day of operation:

5% GS 1000-1500 ml

Jadad scale for quality appraisal (total possible score=5). R - restrictive group, L - liberal group, GS - glucose, NS - 0.9% normal saline,
LR - lactated Ringer’s solution, HAES - hydroxyethyl starch in normal saline, RA - Ringer’s acetate solution, AAA - abdominal aortic aneurysm

(OR=0.87, 95% CI: 0.51-1.46, p=0.59, F=0%)
(Figure 6). There was no significant publication bias
according to Egger test (p=0.139).

5) All 10 trials (1160 patients) reported postoperative
renal complications. The fixed-effects model showed
no difference between restrictive and liberal fluid

administration (OR=0.76, 95% CI: 0.43-1.34, p=0.35,
F=0%). There was no significant publication bias
according to Egger test (p=0.263).

6) Data on postoperative mortality were from 8 of
the 10 trials, and 954 patients were included. The fixed-

effects model showed no differences in postoperative
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Figure 3 - Forest plot of postoperative infectious complications comparing restrictive and liberal fluid administration.

restrictive liberal Odds Ratio Odds Ratio

pnts ota

Abraham-Nordling M 2012 0o 79 1 82 34% 0.34[0.01, 8.51]

Brandstrup B 2003 5 69 23 72 155% 0.17 [0.06, 0.47] —

Gao T 2012 9 93 20 86 18.0% 0.35[0.15, 0.83) —

Holte K 2007 5 16 1 16 59% 6.82[0.69, 66.90] -
Kalyan JP 2013 16 118 21 121 201% 0.75[0.37, 1.51)] —=—

Lobo SM 2011 6 45 4 43 121% 1.50[0.39, 5.73] B e
McArdle GT 2009 0 9 5 11 37% 0.06[0.00, 1.33] *

Peng NH 2013 9 84 21 90 18.1% 0.39[0.17, 0.92] —

Piljic D 2015 0 30 1 30 3.3% 0.32[0.01, 8.24]

Total (95% Cl) 543 551 100.0% 0.49 [0.26, 0.93] -

Total events 50 97

Heterogeneity: Tau? = 0.38; Chi? = 16.00, df = 8 (P = 0.04); I* = 50% ’0 o1 011 ] 1=0 m‘
Test for overall effect: Z = 2.19 (P = 0.03) ’ Favour:v. restrictive Favours liberal

Figure 4 - Forest plot of postoperative pulmonary complications comparing restrictive and liberal fluid administration.

128 Saudi Med ] 2017; Vol. 38 (2)  www.smj.org.sa



Fluid therapy and abdominal surgery ... Pang et al

restrictive liberal Odds Ratio Odds Ratio

o u ents 1 ota -H, ed, 95% C ixed C
Abraham-Nordling M 2012 5 79 0 82 0.7% 12.18[0.66, 224.05) - 4
Brandstrup B 2003 0 69 13 72 20.1% 0.03 [0.00, 0.54] ¢ o
Gao T 2012 5 93 15 86 22.6% 0.27 [0.09, 0.78] - =
Holte K 2007 5 16 0 16  0.5% 15.78[0.79, 314.27] ’
Kalyan JP 2013 6 118 12 121 17.2% 0.49[0.18, 1.34] - &
Lobo SM 2011 2 45 6 43 9.0% 0.29 [0.05, 1.51] -
McArdie GT 2009 0 9 2 11 3.3% 0.20 [0.01, 4.75] ¢ *
Peng NH 2013 7 84 18 90 24.4% 0.36 [0.14, 0,92] - &
Piljic D 2015 0 30 1 30 23% 0.32 [0.01, 8.24]
Total (95% CI) 543 551 100.0% 0.45 [0.29, 0.69] <>
Total events 30 67
Heterogeneity: Chi? = 15.38, df = 8 (P = 0.05); I2 = 48% ‘0'0 ; of ] ] 1"0 p 00‘

Test for overall effect: Z = 3.66 (P = 0.0003)

Favours restrictive Favours liberal |

Figure 5 - Forest plot of postoperative cardiac complications comparing restrictive and liberal fluid administration.
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Figure 6 - Forest plot of postoperative gastrointestinal complications comparing restrictive and liberal fluid administration.

mortality between restrictive and liberal strategy
(OR=0.62, 95%ClI: 0.25-1.50, p=0.29, =0%). Egger
test revealed no significant publication bias (p=0.451).

Discussion. Ten clinical randomized controlled
trials were included in our meta-analysis, intraoperative
fluid restriction plus postoperative fluid restriction
or intraoperative fluid restriction alone was used in
these trials, the trials on postoperative fluid restriction
alone were not included in our meta-analysis, because
intraoperative fluid restriction was a requisite strategy.
In most of the RCTs in our meta-analysis, the amount of
postoperative fluid therapy was not shown. Rahbari et al®
reported in his meta-analysis that fluid restriction could
reduce overall morbidity in colorectal surgery, but did
not specify the postoperative complications, such as
infectious, pulmonary, or cardiac complications, that
were analyzed in our meta-analysis.

Boland et al® conducted a meta-analysis of
perioperative fluid restriction in major abdominal
surgeries that included a much wider range of surgeries,

than was described in the meta-analysis of Rahbari et al.®
The results showed that fluid restriction intraoperatively,
postoperatively, or both, could not reduce overall
postoperative complications. The specific postoperative
morbidities were not presented.

Our meta-analysis suggested that perioperative
restrictive  fluid  administration  could  reduce
postoperative infectious, pulmonary and cardiac
complications compared with perioperative liberal
fluid administration, but there were no differences in
other complications between the 2 strategies. Among
the RCTs that were included in our meta-analysis,
the length of hospital stay was expressed as medians
(interquatile ranges) in 3 of the 10 trials,'>'*!171%2° and
as averages in other 2 trials.'>"” Consequently, the length
of hospital stay could not be analyzed, but there were
no significant differences between restrictive and liberal
groups in all but 2 of these trials.!*" Perioperative
fluid restriction reduced the postoperative infectious,
pulmonary and cardiac complications, this may be
attributed to the endothelial glycocalyx, which plays a

Saudi Med ] 2017; Vol. 38 (2) 129
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key role in maintaining the integrity and preventing the
permeability of blood vessels.* Liberal fluid therapy may
induce fluid overload, which can lead to high levels of
ANP excretion,” and subsequent damage to endothelial
glycocalyx. As a result, the permeability of the vessels
eventually increased, and infectious pulmonary and
cardiac complications can occur postoperatively.
While restrictive fluid therapy can protect endothelial
glycocalyx and reduce the complications, it should be
considered in major abdominal surgeries.

In recent years, the safety of perioperative fluid
restriction has been questioned by many clinicians.
The main concern is that it has the potential to cause
hypovolemia and postoperative organ dysfunction,
of which acute kidney injury is the most concern.’
In our meta-analysis, there were no differences in
postoperative renal complications and mortality
between restrictive and liberal fluid therapy, nor were
there differences in postoperative gastrointestinal
complications. Gastrointestinal complications can
be induced by gut hypoperfusion,? too much or too
little perioperative fluid administration is detrimental
to gastrointestinal function. A recent study showed
that goal-directed fluid therapy (GDT) is effective to
reduce gastrointestinal complications.” The criteria
of fluid restriction varied among the RCTs, and the
fluid amount also varied considerably among the 10
RCTs in our meta-analysis. This variation may explain
why fluid restriction could not reduce gastrointestinal
complications. The results of our meta-analysis suggest
that perioperative fluid restriction is a safe strategy;
it reduced postoperative infectious, pulmonary and
cardiac complications, and was not harmful to other
organs. Of the 10 RCTs included in our meta-analysis,
the study by Holte et al'*was the only one that favoured
liberal fluid therapy for avoiding infectious pulmonary
and cardiac complications, our meta-analysis reached
the opposite conclusion. In the study by Holte et al,"
the sample size was very small, and the type of surgery
was fast-track colonic surgery, therefore, it is necessary
to investigate the effect of restrictive and liberal fluid
therapy on postoperative complications in fast-track
colonic surgery with a large sample size. Since these
clinical trials involved different types of surgery, further
studies with large sample size should be conducted
in the future to explore the safety of restrictive fluid
therapy in specified types of abdominal surgery.

There are some limitations about our meta-analysis.
First, it included a wide range of major abdominal
surgeries. Second, the patients received different
volumes of fluid therapy before surgery in each of the
10 trials in our meta-analysis. Third, the sample size was
not large enough, and the clinical heterogeneity among
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these studies cannot be ignored. Different therapeutic
methods including anesthetics, purgative bowel
preparation, epidural anesthesia or analgesia, volume
preloading before epidural block and intraoperative or
postoperative fluid administration may have effects on
the results.

In conclusion, our meta-analysis found that
perioperative fluid restrictive administration could
reduce postoperative infectious, pulmonary and cardiac
complications in major abdominal surgeries, but had
no effect on gastrointestinal, renal complications
and postoperative mortality. Therefore, perioperative
restrictive fluid therapy should be considered in major
abdominal surgery.
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