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Abstract

Background Perioperative fluid management is a critical component in patients undergoing abdominal surgery.
However, the benefit of restricted fluid regimen remains inconclusive. This systematic review aimed to explore
potential factors causing these inconsistent findings.

Methods The literature searches were performed in three databases including PubMed, Embase, and the Cochrane
library until August 30, 2018. Only randomized, controlled trials comparing the effect of restricted versus liberal
regimen in abdominal surgery were included. The primary outcome was total postoperative complications. Subgroup
analysis was performed according to between-group weight increase difference (> 2 kg and < 2 kg) and fluid intake
ratio (> 1.8 and < 1.8).

Results Sixteen studies were finally included in this meta-analysis. The benefit of the restricted regimen in reducing
postoperative complication was only significant in the subgroup with high weight increase difference (> 2 kg) (RR
0.67, 95% CI 0.57-0.79) and the subgroup with high fluid intake ratio (> 1.8) (RR 0.72, 95% CI 0.62-0.82). In the
subgroup with low weight increase difference (< 2 kg) or low fluid intake ratio (< 1.8), the effect of the restricted
regimen was not significant (RR 0.88, 95% CI 0.51-1.50, and RR 1.18, 95% CI 0.91-1.53, respectively).
Conclusions The benefit of the restricted regimen was only significant in the subgroup with high weight increase

difference (> 2 kg) or high fluid intake ratio (> 1.8).

Introduction

More than 310 million major surgical procedures are per-
formed worldwide every year [1]. Despite significant
advances in perioperative care over the past few decades,
the incidence of complications after abdominal surgery
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remains high [2, 3]. Perioperative fluid strategy plays a
critical role in perioperative care [4]. However, the con-
clusions remain conflicting. Early consensus suggested
aggressive fluid administration [5] to increase tissue per-
fusion and oxygenation [6], as hypovolemia was common
due to preoperative fasting, anesthesia-related vasodilation,
and blood loss [7]. However, recent studies found that
perioperative positive fluid accumulation was a major
cause of postoperative complications [8, 9], and the
Enhanced Recovery After Surgery (ERAS) program sug-
gested maintaining a zero fluid balance [10] for a better
prognosis.

For the past 20 years, the restricted perioperative fluid
regimen has been considerably investigated in patients
undergoing abdominal surgery. However, the findings were

@ Springer


https://doi.org/10.1007/s00268-019-05091-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-019-05091-y&amp;domain=pdf
https://doi.org/10.1007/s00268-019-05091-y

2748

World J Surg (2019) 43:2747-2755

inconsistent. Several studies [11, 12] reported that the
restricted regimen was associated with fewer postoperative
complications, while Futier et al. [13] reported that fluid
restriction may aggravate hypovolemia and was associated
with more postoperative complications. Recently, a large
multi-center study [14] reported that the incidence of acute
kidney injury was significantly higher in patients receiving
a restricted fluid regimen than in those receiving the stan-
dard fluid regimen. However, the possible reasons behind
these contradictory conclusions remain unclear. We
noticed that the benefits of fluid restriction were more
frequently reported in studies with high postoperative
weight increase [15-17] while they were less significant in
those with low weight increase [14, 18]. Clinically, despite
the application of similar fluid restriction, the fluid accu-
mulation status would be quite different in different pop-
ulations. Thus, we speculate that weight increase may play
a critical role in these inconsistent findings. Furthermore,
although the intervention was named “restricted fluid
regimen” in most of these studies, the volumes of fluid
intake were quite different. Thus, we performed this meta-
analysis to investigate whether different weight increases
and volumes of fluid intake have an interactive effect with
fluid restriction in patients undergoing abdominal surgery.

Methods
Search strategy

The literature searches were conducted in PubMed,
Embase, and the Cochrane library database by two authors,
using the key words “Gastro* surgery” or “Pancre* sur-
gery” or “major surgery” or “abdom* surgery” or “colon
resect*” or “colorect*” and “standard fluid” or “crystall*
fluid” or “colloid* fluid” or “fluid restrict*” or “volume
replacement” or “liberal fluid” with no limitations applied
to the publication year or language. All references listed in
each identified article were also manually reviewed to
identify all eligible studies and minimize potential bias.
The detailed search protocol for the PubMed database is
supplied in a Supplementary file (p. 1).

Inclusion and exclusion criteria

Eligible clinical trials were identified based on the fol-
lowing criteria:

1. Studies only including patients undergoing abdominal
surgery. 2. Patients receiving a perioperative restricted or
liberal/standard fluid regimen, including intraoperative and
postoperative protocols. 3. The rate of postoperative com-
plication was reported as a primary or secondary outcome.
4. Only randomized controlled trials were screened for
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inclusion. Studies were excluded if the volume of admin-
istered fluid was similar between the two groups on the day
of operation [19, 20] or if they were performed in animals
or in patients younger than 18 years.

Study selection

Two authors performed the study selection independently,
in two phases. First, they excluded all duplicated, non-
randomized, or irrelevant studies by screening titles and
abstracts. Second, full texts of all eligible studies were
carefully reviewed using the previously mentioned inclu-
sion criteria. Any discrepancies were resolved by discus-
sion in the presence of a third author.

Data extraction

All relevant data were extracted and recorded in a standard
form by two independent investigators. This form con-
tained details of the authors, publication year, number of
centers, age, sex, body mass index, American Society of
Anesthesiologists (ASA) class, surgery types, funding,
outcome measures (duration of follow-up, total postoper-
ative complications), and fluid data. For any missing data,
the corresponding authors were contacted by e-mail to
obtain the original data. Any differences in opinions were
resolved by discussion in the presence of a third author.

Quality assessment

For the quality assessment of each included study, the
Cochrane risk of bias tool was used. Each study was
assessed using the following six items: (1) random
sequence generation; (2) allocation concealment; (3)
blinding of participants; (4) blinding of outcome assessors;
(5) incomplete data; (6) selective reporting; Two inde-
pendent investigators conducted quality assessments of
study methodology, and any divergences were resolved
through discussion.

Outcome measure

The primary outcome was total postoperative complica-
tions, defined as the number of patients who at least had
one complication after abdominal surgery. However, in the
study by Myles et al. [14], the number of patients with
complications was not available and the total number of
complications was used in this analysis. Other outcomes,
such as time-to-first flatus and bowel movement, were not
analyzed due to the significant non-normal distribution.
Cardiopulmonary complications were also not reported as
only the total number of these complications was available
in most included studies.
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Subgroup analysis

As the main purpose of this meta-analysis was to explore
the possible reasons behind these inconsistent conclusions,
subgroup analysis was performed according to two factors.
Factor one: weight increase difference > 2 kg or weight
increase difference < 2 kg between the liberal and
restricted groups [4]. Weight increase difference was
defined as the difference of weight increase on postopera-
tive day 1 between the two groups. The threshold value of
2 kg was defined according to the recommendation of the
ERAS [4] program. Only eight studies were included in
this subgroup analysis due to lack of data. Factor two: fluid
ratio > 1.8 or fluid ratio < 1.8. In all included studies; the
volume of fluid intake on the operation day varies greatly,
largely due to the different definitions of the duration, such
as intraoperative duration, intraoperative + post-anesthe-
sia care unit duration, postoperative day 1, and 24 h after
operation. To minimize this bias, the fluid intake ratio was
used for subgroups, which was defined as the fluid intake
volume of the standard group/fluid intake volume of the
restricted group. The mean value of fluid intake ratio (1.8)
was used as the threshold point. All sixteen studies
[12-18, 21-29] were included in this subgroup analysis.

Statistical analysis

Statistical analysis of the study was performed using
STATA 14.0 (College Station, TX, USA). For dichoto-
mous variables, a Mantel-Haenszel risk ratio with 95%
confidence interval was calculated. The value of I* > 50%
[30] was used to indicate a significance of heterogeneity. A
random-effect model was applied in the presence of sta-
tistical heterogeneity. Meta-regression was also performed
to explore potential factors causing heterogeneity, and
publication bias was tested by funnel plot and Harbord
method. Sensitivity analysis was performed to assess the
impact of excluding studies based on methodological
quality.

Results
Study description

We identified sixteen trials that met our inclusion criteria
(2341 patients were treated with restricted regimen and
2337 patients receiving liberal regimen). A summary of the
study selection process is shown in Fig. 1, and the details
of excluded references are presented in the Supplementary

Fig. 1 Flow chart of study

selection

Records identified through database searches
(n=2352)

Excluded based on title and abstract review
(n=2312)

Full-text studies assessed for eligibility
(n=40)

(. )

1. Not the comparison between restricted
and liberal regimens (n = 6)
2. Similar fluid intake between two regimens

(n=2)
3. Retrospective study (n = 3)
\4. Lack of data (n = 5) J

Studies included in qualitative synthesis
(n=16)
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file (pp. 1-2). It is noteworthy that the study by Holte et al.
[31] was excluded in two previous systematic reviews
[32, 33] due to the definitions of fluid regimen in their
study, which were more likely standard and supplemental
regimens although they were designated as “restricted
regimen” and “liberal regimen.” A meta-analysis includ-
ing the study by Holte et al. [31] was also performed, and
the results are shown in the Supplementary file (Figure S1,
S2).

All sixteen studies compared the total complication rates
between restricted and standard regimens in patients
undergoing abdominal surgery. Postoperative weight
increase was reported in eight studies [14-18, 22, 24, 26].
The volume of fluid intake was reported in all included
studies. For surgical types, four trials included patients
undergoing elective colorectal surgery [16-18, 25]. Two
trials included patients undergoing pancreatic surgery
[28, 29]. Two trials included patients undergoing elective
abdominal aortic surgery [12, 23]. The remaining eight
trials included patients with other major abdominal sur-
gery. Details of all included studies are summarized in
Table 1.

Quality assessment

Assessment of the bias risk is summarized in Fig. 2. The
quality of all included trials was moderately high. How-
ever, blinding of patients was unclear in nine and negative
in two of these trials. The blinding of outcome assessors
was well reported in 14 of these trials. No studies were
excluded for low quality or dubious decisions in sensitivity
analysis.

Subgroups of weight increase difference

Eight trials were included in this subgroup comparison
(Fig. 3). The overall total postoperative complication was
decreased in the restricted group (RR 0.71, 95% CI
0.51-0.96), and the heterogeneity was obvious
(> = 87.3%, p < 0.001). In the subgroup with high post-
operative weight increase difference (> 2 kg), the post-
operative complication rate was significantly lower in the
restricted group (RR 0.67, 95% CI 0.57-0.79), and the
heterogeneity was not significant (> = 0%, p = 0.419). In
the subgroup with low weight increase difference (< 2 kg),
the difference was not significant (RR 0.88, 95% CI
0.51-1.50).

Subgroups of different fluid intake ratio
Sixteen trials were included in the subgroup analysis of

fluid intake ratio (Fig. 4). The overall total postoperative
complication rate was not significant (Figure S3, RR 0.84,
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95% CI 0.69-1.03), while the heterogeneity was significant
(F = 81.7%, p < 0.001). In the subgroup with high fluid
intake ratio (> 1.8), the postoperative complication rate
was significantly lower in the restricted group (RR 0.72,
95% CI 0.62-0.82), and the heterogeneity was not signif-
icant (I2 = 10.1%, p = 0.351). However, in the subgroup
with low fluid intake ratio (< 1.8), the difference was not
significant (RR 1.18, 95% CI 0.91-1.53).

Meta-regression

Meta-regression was performed to test the contribution of
these two stratification factors in heterogeneity. According
to the result of univariate meta-regression (Supplementary
file, Table S1), only fluid intake ratio (p = 0.002) was
suggested as a potential cause of heterogeneity of these
studies. However, this finding could be underpowered by
the small number of included trials.

Publication bias

A regular funnel plot is shown in Supplementary file Fig-
ure S4. Visual asymmetry of the plot was observed, and the
p value of the Harbord test was significant (p = 0.026),
which suggested the presence of publication bias.

Discussion

The main finding of this meta-analysis was that postoper-
ative weight increase is a critical factor in the effectiveness
of the restricted fluid regimen, and that a weight increase
difference of 2 kg may be a threshold to determine whether
the restricted regimen is effective. In trials with fluid intake
ratio > 1.8, the effect of the restricted fluid regimen in
reducing postoperative complications is significant, as the
difference of weight increase between liberal and restricted
fluid regimens may be greater.

Opinions regarding appropriate fluid strategy remain
controversial. Although sufficient fluid administration is
necessary to maintain adequate tissue perfusion, positive
fluid accumulation has been reported as a major risk factor
for postoperative complications [8]. In a cohort of critically
ill patients undergoing acute surgery [9], Galinos found
that achieving negative fluid balance during ICU admission
was associated with a significant reduction in the risk for
mortality, and a zero fluid balance was also recommended
by ERAS program [10] for a better prognosis in these
patients.

Aiming to alleviate the detrimental effect of fluid
accumulation, restricted fluid management was evaluated
and was reported to be associated with improved outcomes
in cohorts of trauma and acute respiratory distress
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Wuethrich 2014

Fig. 2 Risk of bias summary. Green indicates a low risk of bias, red
indicates a high risk of bias, and yellow indicates an unclear risk of
bias

syndrome patients. However, in patients undergoing
abdominal surgery, the effect of restricted fluid regimen
remained inconsistent. In 2003, Brandstrup et al. [16]
performed a multi-center randomized, observer-blinded
clinical trial to evaluate the effects of the combined
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intraoperative and postoperative fluid restriction on post-
operative complications in 172 patients undergoing elec-
tive colorectal surgery. They found that a restricted
regimen aiming at unchanged body weight could signifi-
cantly decrease both overall and cardiopulmonary com-
plications; the weight increases on postoperative day 1
were 0.57 kg and 2.76 kg in the restricted and liberal
groups, respectively. Similar findings were also found in
two other single-center randomized trials wherein Lobo
et al. [15] reported that compared to restricted regimen,
liberal regimen sufficient to cause a 3 kg weight increase
after surgery delayed the recovery of gastrointestinal
function and prolonged hospital stay in patients undergoing
elective colonic resection, and Nordling et al. [17] also
found that restricted perioperative fluid regimen was
associated with reduced rate of complications after elective
colorectal resection, but did not reduce the length of hos-
pital stay or readmission. One common characteristic of
these studies was that the weight increase difference on
postoperative day 1 between liberal and restricted regimen
is relatively high (> 2 kg), and in other studies with low
weight increase difference, MacKay et al. reported that
there were no differences in complications between the
groups. Furthermore, a recent multi-center randomized
study [14] including 2983 patients undergoing major
abdominal surgery found that compared to the liberal fluid
regimen, a restrictive fluid regimen was not associated with
a higher rate of disability-free survival and was even
associated with a higher rate of acute kidney injury.
However, in clinical practice, even under similar fluid
restriction protocols, the fluid accumulation statuses could
differ considerably. For instance, the volume of fluid intake
was quite similar in studies by Myles et al. (3671 mL vs.
6146 mL) and Lobo et al. (3236 mL vs. 5909 mL), but the
difference in weight increase was larger in the study by
Lobo et al. (0.64 vs. 2.68 kg) than in the study by Myles
et al. (0.3 vs. 1.6). However, whether the weight increase
difference was a major factor behind these contradictory
findings have remained unclear. In the current meta-anal-
ysis, this issue has been addressed. In the subgroup with a
low weight increase difference, the pooled benefit of the
restricted fluid regimen was not significant, while in the
subgroup with a high weight increase difference, the effect
of the restricted regimen was significant. Notably, the
mechanism cannot be directly inferred from the current
review. However, in clinical practice, differences in weight
increase often represent differences in fluid accumulation
status after surgery. As many studies have reported positive
associations between positive fluid balance and poor out-
comes, we speculate that, compared to the liberal fluid
regimen, the benefit of the restricted fluid regimen only
remained significant when it led to a low weight increase.
To determine whether our hypothesis is correct, the
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Weight difference (= 2kg)

Lobo (2002)

N
p

Brandstrup (2003)

Nordling (2011)

Peng (2013)

Wuethrich (2014)

Subtotal (I-squared = 0.0%, p = 0.419)

Weight difference (< 2kg)

Nisanevich (2005)

Mackay (2006)

Myles (2018)

Subtotal (I-squared = 71.8%, p = 0.029)

Overall (I-squared = 87.3%, p = 0.000)

NOTE: Weights are from random effects analysis

I
A

Fig. 3 Forest plot of subgroup comparison of weight increase difference: weight increase difference was defined as the difference of weight
increase on postoperative day 1 between the restricted and liberal groups, using a threshold value of 2 kg

Events, Events, %
RR (95% CI) Restricted Liberal Weight
0.14 (0.02, 0.96) 110 710 255
0.55 (0.36, 0.83) 21/69 40/72 13.96
0.68 (0.49, 0.95) 31/79 47/82 15.13
0.72(0.50, 1.04) 29/84 43/90 14.65
0.70 (0.55, 0.90) 43/83 61/83 16.29
0.67 (0.57,0.79) 125/325 198/337 62.57
0.55 (0.30, 1.00) 13/77 23/75 11.18
0.84 (0.37,1.91) 8/39 10/41 8.45
1.19(1.13,1.27) 985/1490 826/1493 17.81
0.88 (0.51, 1.50) 1006/1606 859/1609 37.43
0.71(0.51, 0.98) 1131/1931 1057/1946 100.00
I
6.5

mediating effect of fluid accumulation/weight increase in
trials investigating the benefit of fluid restriction should be
re-evaluated in further controlled studies.

In addition, the impact of different fluid intake ratio was
evaluated in this meta-analysis. The effect of restricted
regimen was significant in studies with high fluid intake
ratio, whereas it was not significant in trials with ratio
< 1.8. In trials with high ratio, the liberal fluid regimen
was more likely to lead to hypervolemia. It is noteworthy
that all three studies with low weight increase differences
were in the low fluid intake ratio subgroup, and four of five
trials with high weight increase differences were in the
high ratio subgroup. Thus, the high fluid ratio was more
likely to be associated with increased weight difference; in
this subgroup, the restricted fluid regimen was associated
with fewer complications.

Several limitations should be addressed in the current
study. First, heterogeneity is a significant issue in all
included studies. In subgroup analysis, the heterogeneity
was not significant in subgroups with weight difference
> 2 kg and fluid intake ratio > 1.8. However, in subgroups
with weight difference < 2 kg and fluid intake ratio < 1.8,
the heterogeneity remains significant. A meta-regression
approach was applied to evaluate the contribution of these

two factors in heterogeneity; however, the conclusion was
unstable due to the small number of included studies.
Second, weight increase difference is reported as an
important factor affecting the effectiveness of restricted
regimen; however, this is only reported in eight trials.
Selection bias should be considered when interpreting our
findings. Third, as the volume of fluid intake varies greatly
(from 1408/3878 to 4652/6472 mL) due to the different
durations of intervention in all included studies, fluid intake
ratio was adopted in the subgroup analysis. Fourth, the
funnel plot and the result of Harbord method suggested a
publication bias in all included studies. As the hetero-
geneity was significant in all analysis, we believed this may
be an important factor of this bias. On the other hand, due
to the small number of included studies in each subgroup,
trim-and-fill method is not applied in this analysis [34, 35].

In conclusion, this meta-analysis showed that differ-
ences in weight increase played an important role in the
effectiveness of restricted fluid regimens in patients
undergoing abdominal surgery, as the benefit of fluid
restriction may have only existed in subgroups with high
weight increase. Further rigorously designed controlled
trials are needed to confirm our findings.
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Study Events, Events, %

ID RR (95% Cl) Restricted Liberal Weight
T

Fluid intake ratio (standard/restricted) < 1.8 :

Mackay (2006) - 0.84 (0.37, 1.91) 8/39 10/41 3.84
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McArdle (2009) S : 0.13 (0.02, 0.88) 111 7110 1.00

Futier (2010) : + 2.20 (1.18, 4.12) 21/36 9/34 5.25

Grant (2016) :+ 1.03 (0.86, 1.23) 100/166 96/164 9.83

Pilijic (2016) < + : 0.22 (0.05, 0.94) 2/30 9/30 1.63

Myles (2018) ' - 1.19 (1.13,1.27) 985/1490 826/1493 10.56

Subtotal (I-squared = 71.6%, p = 0.002) : <<> 1.18 (0.91, 1.53) 1140/1802  970/1804 38.93
|

Fluid intake ratio (standard/restricted) = 1.8 :

Lobo (2002) &= : 0.14 (0.02, 0.96) 110 7110 1.01

Brandstrup (2003) — 0.55 (0.36, 0.83) 21/69 4072 7.36

Nisanevich (2005) _0_:— 0.55 (0.30, 1.00) 13177 23/75 5.45

Cohn (2010) _:-O- 0.92 (0.51, 1.66) 1118 6/9 5.55

Nordling (2011) —k—:— 0.68 (0.49, 0.95) 3179 47/82 8.26

Gao (2012) —+:—- 0.73 (0.50, 1.07) 30/93 38/86 7.74

Peng (2013) —0—:—- 0.72 (0.50, 1.04) 29/84 43/90 7.88

Wuethrich (2014) ——O—L 0.70 (0.55, 0.90) 43/83 61/83 9.21

Weinberg (2017) —IQ-— 0.90 (0.67, 1.22) 19/26 21/26 8.62

Subtotal (I-squared = 10.1%, p = 0.351) Oi 0.72(0.62, 0.82) 198/539 286/533 61.07

. 1

Overall (I-squared = 81.7%, p = 0.000) ¢' 0.84 (0.69, 1.03) 1338/2341 1256/2337 100.00
]

NOTE: Weights are from random effects analysis :

| I
A 1 6
Fig. 4 Forest plot of subgroup comparison of fluid intake ratio: fluid intake ratio was defined as the fluid intake volume of the standard group/
fluid intake volume of the restricted group, using a threshold value of 1.8
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