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Abstract

Context: Fluid therapy is the basis of resuscitation; however, there has been a heated debate on the choice of appropriate fluid. This
study mainly aimed to determine which fluid is correlated with a decline in mortality rate and can be the most suitable choice for
each group of patients.
Evidence Acquisition: We conducted a systematic search on Google Scholar, Web of Science, Scopus, BMJ Journals, Thieme, Path
Consult, BIDS Index, Embase, Medline, and Cochrane Controlled Trials up to April 2016. The relevant studies were those that provided
a comparison between the effects of different fluids on the mortality rate of patients. Two independent authors participated in the
evaluating methodological quality, selecting eligible studies, and extracting the relevant data from the studies.
Results: We selected 26 out of 2724 potential randomized controlled trials (RCTs) from the databases for both quantitative and
qualitative analyses resulting in a total of 22882 patients receiving either colloid or crystalloid fluids. The approximated pooled
Relative risk (RR) for the death of patients who had been resuscitated with crystalloid fluid therapy rather than colloid fluid therapy
was 1.008. This meta-analysis illustrated that there was a decline in the mortality rate with borderline significance in both traumatic
and hypovolemic patients through utilizing colloid fluids. The mortality reduced more by using dextran and albumin than using
crystalloid fluids.
Conclusions: The results of this meta-analysis show that colloid fluids can increase the successful resuscitation rate compared to
crystalloid fluids especially in traumatic and hypovolemic patients.Some of the colloids like albumin and dextran have a positive
effect on reducing the mortality rate but others like Hetastarch (HES) increase the mortality rate compared to normal saline (NS).
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1. Introduction

Fluid therapy is the basis of resuscitation due to sep-
sis, major surgery, burns, or trauma. However, some re-
searches (1) have emphasized the need for careful consid-
eration in the timing of volume replacement; and clini-
cians have various options regarding the selection of re-
suscitation fluid. Although some controversial evidence
exists that can guide clinicians in choosing their resusci-
tation goals in critically ill patients, there is a lack of suf-
ficient high-quality evidence guiding the choice of the re-
suscitation fluid (2). Currently, the choice is made between
colloid and crystalloid solutions. Although colloid solu-
tions are often utilized in obtaining lasting and rapid cir-
culatory stabilization, there is a lack of enough empirical
evidence to support such practice.

There is a widespread use of colloids because they have
been recommended in certain intensive care management
algorithms and resuscitation guidelines (1). According
to the recommendations by the US hospital consortium
guidelines, colloids are employed in non-hemorrhagic

shock after an infusion of crystalloid and in hemorrhagic
shock up to the time when blood products will be avail-
able (2). However, a survey conducted by the US academic
health centers in 1995 revealed that the application of col-
loids exceeded the recommendations of the hospital con-
sortium (2). While the results obtained from the evalua-
tion study of albumin versus saline fluid revealed no sig-
nificant disparity in the mortality of a heterogeneous pa-
tient’s population receiving resuscitation within the inten-
sive care unit (ICU) department, an evaluation of a pre-
specified subgroup of patients suffering from chronic sep-
sis revealed that the use of albumin could be more ben-
eficial. Nevertheless, there are prominent challenges as-
sociated with the use of subgroup analyses in drawing
conclusions (3). The previous meta-analyses conducted to
evaluate the albumin solutions’ effectiveness in resusci-
tation process have focused on patients with critical ill-
nesses and patients with hypoalbuminemia and burns (4-
9). There have been inadequate systematic reviews defin-
ing the most appropriate resuscitation fluid for different
patients (4, 7, 9-12), and there is a lack of indications re-
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garding the use of colloid or crystalloid. Thus, this study
conducted a meta-analysis and systematic review with the
aim of addressing the following question: Which fluid re-
sults in a lower mortality rate among different groups of
patients with critical illnesses?

2. Methods

This meta-analysis was performed in accordance with
the so-called preferred reporting items for systematic re-
views and meta-analyses (PRISMA) (13).

2.1. Eligibility Criteria

Patients: patients with critical illnesses who need
emergency treatment and care.

Intervention: fluid Resuscitation.
Comparison: colloid fluids versus crystalloid fluids.
Outcome: all-cause mortality at the available longest

follow-up (including ICU and hospital mortality).
Study design: randomized controlled trial.

2.2. Literature Search

We conducted a systematic search on Web of Science,
BMJ Journals, Thieme, Index, Scopus, Google Scholar, and
Path Consult up to April 2016. The search employed the fol-
lowing Medical Subject Headings or words: hypovolemic
and plasma substitute patients, crystalloid fluids, colloid
fluids, fluid therapy, and resuscitation in addition to suit-
able filters for randomized controlled trials. Addition-
ally, we conducted a search on the relevant review articles’
bibliographies and the corresponding RCTs, which were
searched through the Controlled Trials’ Meta-Register in-
cluding experts to recognize unpublished trials, and Med-
ical Editor Trials Amnesty.

2.3. Study Selection

We experienced no restriction on language. The results
obtained from the search were screened by a single author
(SMH) in order to obtain the manuscripts of relevant arti-
cles. Two independent authors (AE and SMH) applied the
so-called inclusion criteria to the eligible articles. The dis-
agreements were resolved by either consulting a third re-
viewer (HR) or discussion.

2.4. Data Extraction and Validity Appraisal

Two reviewers (AE and SMH) conducted an indepen-
dent evaluation of each study’s methodological quality
through the application of various items; assessing each
trial through the method of allocation concealment, ran-
domization, blinding, presenting an intention to treat

analysis, as well as a loss to follow-up of ten percent of the
primary outcomes patients.

All-cause mortality was the major result in this study.
In situations where mortality was presented at over one-
time point, this study preferentially utilized the death at
the longest follow-up time-point. We also contacted the au-
thors whose studies lacked data regarding mortality rate
and requested them to give us such data.

2.5. Statistical Analysis

We computed the so-called Pooled risk ratios for all-
cause death using “Comprehensive Meta-Analysis (CMA)”
2.2.064 with 95% confidence intervals (CIs). We used the I2
statistics and chi-square to assess heterogeneity. We per-
formed the assessment of the possibility for bias by in-
specting Egger’s statistics and funnel plot. In this regard,
this study utilized both fixed and random effects mod-
els. We applied the random-effects model only when an I2
statistics or chi-square value of greater than 50 percent was
observed. The fixed effects model was applied in all other
cases. P < 0.05 was regarded to be statistically significant.
We developed monitoring boundaries in an attempt to de-
termine if it was possible to terminate clinical trials when
the p-value is far much less than the statistically significant
P value. We were able to conduct such analysis in all cases
because some of the studies had a small number of events.
We then pooled the interaction term’s p-values by using
the p-value’s meta-analysis.

2.6. Quality Assessment

After performing the initial search, 2724 records were
returned. Sixty-seven eligible studies were evaluated for in-
clusion based on the predefined inclusion criteria. The ap-
plication of the inclusion criteria resulted in the inclusion
of 26 studies (Figure 1).

Such articles randomized 22,882 participants in order
to receive colloid or crystalloid fluids. The studies’ features
are depicted in Table 1. Out of the 67 possible eligible trials,
61 reported the mortality rate. We contacted the authors of
the remaining 6 trials to provide us with the mortality rate
regarding the 522 participants but we did not receive such
data.

3. Results

3.1. Study Selection

Sixty-seven eligible studies were evaluated for inclu-
sion based on the predefined inclusion criteria. 19 out of 67
potentially eligible studies were excluded since they were
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2724 Studies identified
throught search

67 Full text articles
screened for inclusion

27 Studies included in
metaanalysis

Excluded as not relevant

n = 2652

Excluded:

NoRCT                                                                                                n = 19

No pure fluid used                                                                      n = 10

No compare of crystalloid/colloid                                     n = 6

No data about mortality                                                          n = 6

Figure 1. Flow Chart for Study Selection

not RCTs, 10 studies were not associated with the use of col-
loid/crystalloid fluids, and six of them lacked data regard-
ing mortality. Figure 1 provides detailed information re-
garding the articles that were prohibited. We analyzed the
data of 26 trials that were finally involved in our review.

3.2. Study Characteristics

Ten (38 percent) of the included studies were in sepsis
(4, 5, 8, 17, 18, 23, 32, 34, 40, 41), two (7 percent) in ICU (22,
31), 3 (11 percent) in trauma (26, 28, 36), two (7 percent) in
hypovolemic shock (14, 38), one (3 percent) in abdominal
surgery (25), one (3 percent) in burn (16), one (3 percent)
in pulmonary insufficiency (30), one (3 percent) in hypov-
olemic/septic (35), and five (22 percent) in other critically
illnesses.

NS was compared with HES in 6 (22 percent) of the in-
cluded studies (16, 20, 23, 25, 31, 34), NS was compared with
albumin in three studies (11 percent) (18, 19, 22), hypertonic
saline was compared with dextran in three studies (11 per-
cent) (28, 32, 37), albumin was examined along with non-
albumin in two studies (7 percent) (27, 39), hypertonic dex-
tran was compared with NS in one study (3 percent) (14), NS
was compared with albumin/HES in one study (3 percent)
(35) and other 10 studies (34 percent) compared different
types of crystalloid versus colloid fluids.

Bechir et al. study was conducted on severe burn injury
patients (16); Alpar and Killampalli and Rackow et al. study
dealt with patients in hypovolemic shock (14, 35). Uhlig et
al. worked on the ARDS patients (7) and other studies in-
cluded other critically ill patients.

3.3. Quality of the Included Studies

In fifteen of the trials, concealment of allocation was
adequate. There was a low heterogeneity between trials (I2
= 39, df = 26, P = 0.020). The pooled RR of death for all pa-
tient groups was 1.001 (95%CI: 0.923 to 1.086).

Two studies that contributed to 54% of the weight in
the meta-analysis (22, 31) were of excellent methodological
quality. The quality of all included studies is summarized
in Table 2.

3.4. Risk of Bias Within and Across the Studies

The Cochrane risk of bias tool is shown in Table 2,
whereby the risk of bias was assessed to be high, unclear,
or low. The 26 RCTs provided data regarding all-cause mor-
tality.

There was a lack of evidence regarding the funnel plot’s
inspection bias (Figure 2) even after the confirmation with
the Egger’s statistic (p.65).
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Figure 2. Funnel Plot of Standard Error by Log Risk Ratio

Additionally, there was a lack of evidence of statisti-
cally significant heterogeneity by giving the I2 statistics of
39% and the P value = 0.020. The results obtained from
Kendall’s test showed P value = 0.26 and tau = 0.15.

3.5. Mortality

The approximate value of the pooled RR regarding the
death of patients resuscitated with the crystalloid fluid
versus colloid fluid was 1.008 (95%CI: 9.964 - 1.054, p.726)
(Figure 3). All the results obtained from included stud-
ies were pooled using a random effects model that gave
the pooled RR of 1.003 for the mortality (95% CI 0.923 -
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Table 1. Characteristics of Included Studies

Reference Number Author/Year Total Study
Participants

Study Population Fluid Types The Fluid with Better
Resuscitation

Outcome

(14) Alpar and Killampalli
2004

180 Patients in hypovolemic
shock

NS vs. hypertonic
dextran

Hypertonic dextran

(15) Webb 1999 381 Critically ill patients Crystalloid vs. colloid Crystalloids

(16) Bechir et al. 2013 45 Severe burn injury NS vs. hydroxyethyl
starch

NS

(17) Brunkhorst et al. 2008 535 Severe sepsis Ringer’s lactate vs. HES Ringer’s lactate

(18) Caironi et al. 2014 1781 severe sepsis or septic
shock

NS vs. Albumin Albumin

(19) Dellinger et al. 2013 2397 Septic patients NS vs. Albumin Albumin

(20) Dubin et al. 2010 20 Septic patients NS vs. 6% hydroxyethyl
starch 130/0.4

HES

(21) Feldheiser et al. 2013 48 Critically ill patients Crystalloid vs. colloid Crystalloids

(22) Finfer et al. 2004 6997 ICU patients NS vs. Albumin Albumin

(23) Guidet et al. 2012 195 Severe sepsis NS vs. 6% hydroxyethyl
starch 130/0.4

NS

(24) Guidry et al. 2013 56 Critically ill patients Crystalloid vs. colloid Colloids

(25) Harten et al. 2008 29 Emergency abdominal
surgery patients

NS vs. 6% hydroxyethyl
starch 130/0.4

HES

(26) Lowe et al. 1977 174 Patients with pulmonary
failure after trauma

Crystalloid vs. colloid Colloids

(27) Lucas et al. 1978 99 Critically ill patients Albumin vs.
non-albumin

Non-albumin

(28) Mattox et al. 1991 359 Post-traumatic
hypotensive patients

Hypertonic saline vs.
dextran

Dextran

(29) McIntyre et al. 2008 40 Early septic shock
patients

Crystalloid vs. colloid Crystalloids

(30) Metildi et al. 1984 46 Severe pulmonary
insufficiency patients

Crystalloid vs. colloid Crystalloids

(31) Myburgh et al. 2012 6651 ICU patients NS vs. 6% hydroxyethyl
starch 130/0.4

NS

(32) Oliveria et al. 2002 29 Septic Patients hypertonic saline vs.
dextran

Dextran

(33) Perel et al. 2013 1879 Critically ill patients Crystalloid vs. colloid Colloids

(34) Perner et al. 2012 798 Severe septic patients NS vs. 6% hydroxyethyl
starch 130/0.4

NS

(35) Rackow et al. 1983 26 Patients with
hypovolemic and septic
shock

Albumin, hetastarch,
and saline solutions

Colloids

(36) Shah et al. 1977 20 Multiple trauma and
shock

Crystalloid vs. colloid Colloids

(37) Tollosfrud et al. 1998 40 Normovolemic and
Hypovolemic patients

Hypertonic saline vs.
dextran

Dextran

(38) van der Heijden et al.
2009

24 Hypovolemic patients Crystalloid vs. colloid Colloids

(39) Wu et al. 2001 33 Critically ill patients Albumin vs.
non-albumin

Albumin

1.089, p.948). After the elimination of the first and second
most weighted studies (22, 31), respectively), the approx-

imate value of the pooled RR regarding the death of pa-
tients resuscitated with the crystalloid fluid versus colloid
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Table 2. Qualitative Assessment of Included Studies

Study Name Randomization Allocation Concealment Blinding Intention to Treat Analysis Loss to Follow

Alpar and Killampalli 2004 High risk High risk Low risk High risk Low risk

Webb et al. 1999 Low risk High risk High risk High risk Low risk

Bechir et al. 2013 High risk Low risk Low risk Low risk High risk

Brunkhorst et al. 2008 Low risk High risk Low risk Unclear risk Low risk

Caironi et al. 2014 Low risk High risk Low risk Low risk Low risk

Dellinger et al. 2013 Unclear risk Low risk High risk High risk Low risk

Dubin et al. 2010 Low risk High risk Low risk Low risk Low risk

Feldheiser et al. 2013 Low risk High risk High risk Low risk Unclear risk

Finfer et al. 2004 Unclear risk Low risk High risk Low risk Low risk

Guidet et al. 2012 High risk Low risk Low risk Low risk High risk

Guidry et al. 2013 Low risk High risk Low risk Low risk High risk

Harten et al. 2008 Low risk Low risk Low risk High risk Low risk

Lowe et al. 1977 Low risk Low risk High risk Low risk Low risk

Lucas et al. 1978 Low risk Unclear risk Low risk High risk Low risk

Mattox et al. 1991 High risk High risk Low risk Low risk Low risk

Mcintyre et al. 2008 Low risk High risk High risk Unclear risk Low risk

Metildi 1984 Low risk Unclear risk High risk Low risk Low risk

Myburgh et al. 2012 Low risk Low risk Low risk Unclear risk Low risk

Oliveria et al. 2002 Unclear risk Unclear risk High risk Low risk Low risk

Perel et al. 2013 High risk Unclear risk Low risk Low risk Low risk

Perner et al. 2012 Unclear risk Low risk High risk Low risk Low risk

Rackow et al. 1983 High risk High risk Low risk Low risk Low risk

Shah et al. 1977 Low risk High risk Low risk High risk High risk

Tollosfrud et al. 1998 Low risk Low risk Low risk High risk Low risk

van der Heijden et al. 2009 Low risk High risk High risk High risk High risk

Wu et al. 2001 Low risk Low risk Unclear risk Low risk Low risk

fluid was 1.009 (p.736) and 1.022 (1.074, p.375), respectively.

3.6. Hypovolemic Patients

There was no heterogeneity (I2 = 0) among studies re-
porting hypovolemic patients (14, 16, 28, 35, 36, 38), and
statistical analysis showed a decrease in the mortality rate
by using colloid fluids compared to crystalloid fluids (RR:
1.227, 95%CI: 0.932 to 1.614) (Figure 4).

3.7. ICU Patients

In the studies reporting the rate of mortality in ICU pa-
tients (22, 31), the analysis showed no difference between
crystalloid and colloid in decreasing mortality rate (RR:
0.976, 95%CI: 0.911 to 1.046) (Figure 5), and there was a mod-
erate heterogeneity (I2 = 46).

3.8. Traumatic Patients
In traumatic patients (28, 36), colloids decreased the

mortality rate compared to crystalloids (RR 1·260, 95%CI:
0.857 to 1.852) (Figure 6) and there was no heterogeneity
among these studies (I2 = 0).

3.9. Septic Patients
There was a significant heterogeneity (I2 = 67) among

studies reporting septic patients (17-20, 23, 28, 29, 32, 34),
and statistical analysis did not show a significant differ-
ence between colloids and crystalloids (RR: 1.03, 95%CI:
0.967 to 1.102) (Figure 7).

3.10. NS vs. Albumin
Among studies using NS vs. albumin (18, 19, 22), statis-

tical analysis showed that albumin significantly (P = 0.03)
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Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Alpar & Killampalli 2004 1.714 0.707 4.154 0.233

Andrew R Webb 1999 0.710 0.427 1.182 0.188

Bechir 2013 0.784 0.324 1.895 0.589

Brunkhorst 2008 0.828 0.664 1.032 0.093

Caironi P 2014 1.060 0.951 1.181 0.294

Dellinger RP 2013 1.198 1.062 1.351 0.003

Dubin 2010 4.091 0.577 28.984 0.158

Feldheiser 2013 0.091 0.005 1.558 0.098

Finfer S 2004 1.003 0.916 1.099 0.944

Guidet 2012 0.815 0.518 1.282 0.376

Guidry C 2013 5.500 1.339 22.587 0.018

Harten 2008 1.867 0.190 18.383 0.593

Lowe 1977 1.058 0.244 4.588 0.940

Lucas 1978 0.174 0.010 2.943 0.225

Mattox 1991 1.262 0.847 1.878 0.252

Mcintyre 2008 0.737 0.323 1.683 0.469

Metildi 1984 0.769 0.445 1.331 0.348

Myburgh JA 2012 0.942 0.849 1.046 0.263

Oliveria 2002 2.031 0.826 4.993 0.123

Perel P 2013 1.037 0.894 1.202 0.631

Perner A 2012 0.851 0.734 0.988 0.034

Rackow 1983 1.227 0.712 2.114 0.461

Shah 1977 1.227 0.259 5.825 0.797

Tollosfrud 1998 8.455 0.371 192.582 0.181

van der Heijden M 2009 1.167 0.327 4.159 0.812

Wu 2001 1.688 0.322 8.854 0.536

1.008 0.964 1.054 0.726

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 3. The Effect of Crystalloid vs. Colloid Fluids on Mortality

Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Alpar & Killampalli 2004 1.714 0.707 4.154 0.233

Bechir 2013 0.784 0.324 1.895 0.589

Mattox 1991 1.262 0.847 1.878 0.252

Rackow 1983 1.227 0.712 2.114 0.461

Shah 1977 1.227 0.259 5.825 0.797

Van der Heijden M 2009 1.167 0.327 4.159 0.812

1.227 0.932 1.614 0.144

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 4. The Effect of Crystalloid vs. Colloid Fluids on Mortality in Hypovolemic Patients

decreased the rate of mortality compared to NS (RR: 1.067,
95%CI: 1.004 to 1.134) (Figure 8).

3.11. NS vs. HES

In studies using NS vs. HES (16, 20, 23, 25, 31, 34), analysis
showed that NS significantly (P = 0.02) decreased the mor-
tality rate compared to HES (RR 0.910, 95%CI: 0.837 to 0.989)

(Figure 9) and no heterogeneity was reported among these
studies (I2 = 0).

3.12. Hypertonic Saline vs. Dextran

Among the studies that used hypertonic saline vs. dex-
tran (28, 32, 37), there was a low heterogeneity (I2 = 8), and
statistical analysis showed that dextran decreased the mor-
tality rate more efficiently than hypertonic saline with bor-
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Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Finfer S 2004 1.003 0.916 1.099 0.944

Myburgh JA 2012 0.942 0.849 1.046 0.263

0.976 0.911 1.046 0.494

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 5. The Effect of Crystalloid vs. Colloid Fluids on Mortality in ICU Patients

Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Mattox 1991 1.262 0.847 1.878 0.252

Shah 1977 1.227 0.259 5.825 0.797

1.260 0.857 1.852 0.241

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 6. The Effect of Crystalloid vs. Colloid Fluids on Mortality in Traumatic Patients

Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Brunkhorst 2008 0.828 0.664 1.032 0.093

Caironi P 2014 1.060 0.951 1.181 0.294

Dellinger RP 2013 1.198 1.062 1.351 0.003

Dubin 2010 4.091 0.577 28.984 0.158

Guidet 2012 0.815 0.518 1.282 0.376

Mattox 1991 1.262 0.847 1.878 0.252

Mcintyre 2008 0.737 0.323 1.683 0.469

Oliveria 2002 2.031 0.826 4.993 0.123

Perner A 2012 0.851 0.734 0.988 0.034

1.033 0.967 1.102 0.337

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 7. The Effect of Crystalloid vs. Colloid Fluids on Mortality in Septic Patients

derline significance (RR: 1.398, 95%CI: 0.974 to 2.006) (Fig-
ure 10).

4. Discussion

This meta-analysis and systematic review examined
the correlation between the application of colloid and

crystalloid resuscitation fluids. In this review, we included
26 trials consisting of 22,882 randomized patients for re-
suscitation. Generally, the trials only included the patients
who were resuscitated using crystalloid or colloid fluids,
while the studies’ methodological quality was variable.
The previous meta-analyses (4-9, 11, 42) have evaluated the
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Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Caironi P 2014 1.060 0.951 1.181 0.294

Dellinger RP 2013 1.198 1.062 1.351 0.003

Finfer S 2004 1.003 0.916 1.099 0.944

1.067 1.004 1.134 0.035

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 8. The Effect of Crystalloid vs. Colloid Fluids on Mortality in Studies Using NS vs. Albumin

Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Bechir 2013 0.784 0.324 1.895 0.589

Dubin 2010 4.091 0.577 28.984 0.158

Guidet 2012 0.815 0.518 1.282 0.376

Harten 2008 1.867 0.190 18.383 0.593

Myburgh JA 2012 0.942 0.849 1.046 0.263

Perner A 2012 0.851 0.734 0.988 0.034

0.910 0.837 0.989 0.027

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 9. The Effect of Crystalloid vs. Colloid Fluids on Mortality in Studies Using NS vs. HES

Study Name Statistics for Each Study Risk Ratio and 95% CI

Risk Lower Upper 

Ratio Limit Limit p-Value

Mattox 1991 1.262 0.847 1.878 0.252

Oliveria 2002 2.031 0.826 4.993 0.123

Tollosfrud 1998 8.455 0.371 192.582 0.181

1.398 0.974 2.006 0.069

0.01 0.1 1 10 100

Crystalloid Fluids Colloid Fluids

Figure 10. The Effect of Crystalloid vs. Colloid Fluids on Mortality in Studies Using Hypertonic Saline vs. Dextran

effect of colloid fluid regimens on the resuscitation of cer-
tain subgroups of septic patients. However, a few studies
have focused on providing a comparison of the resuscita-
tion of different categories of patients using resuscitation
fluids.

Before conducting this study, little evidence existed (18-
20, 22, 24-26, 28, 32, 33, 35-39) indicating that colloids are
better than crystalloids in intravascular volume resuscita-

tion of patients with critical illnesses. To narrow this gap
in literature, this meta-analysis revealed that colloids can
reduce the mortality rate. For instance, in the comparison
of dextran and hypertonic saline, the use of a colloid so-
lution of dextran resulted in less number of deaths than
the use of hypertonic saline. However, statistical analysis
in the previous studies (16, 23, 31, 34) revealed that crystal-
loid solution (NS) is superior in reducing the mortality rate
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over HES; this is contrary to the studies conducted by Du-
bin et al. (20) and Harten et al. (25) and a meta-analysis by
Perel et al. (33) revealing that lactated ringer/ NS has no pri-
ority over HES in mortality reduction.

Our findings are consistent with those obtained in a
meta-analysis by Delaney et al. (4) and some other studies
(18, 19, 22), which revealed the superiority of albumin over
NS in decreasing mortality. They were, however, inconsis-
tent with the results of a study carried out by Myburgh et
al. (31) which revealed that NS and albumin have the same
impact in decreasing the mortality rate.

This meta-analysis is in line with a systematic review by
Schierhout and Roberts (12) indicating that the use of col-
loid fluids can result in a decline in mortality rate with bor-
derline significance in both traumatic and hypovolemic
patients. However, we observed no difference in septic
and ICU admitted patients, contrary to a meta-analysis con-
ducted by Xu et al. (8) showing that there is a significant
decline in mortality (P = 0.003) when utilizing colloid fluid
regimens in septic patients.

Our study had some limitations. Just like all other
meta-analyses, included patients and systematic features
are incomparable and hence, the computation of sum-
mary effect measures is questionable. Different trials used
different resuscitation regimens. The studies’ method-
ological quality was variable and some of the trials ran-
domized their participants by the crystalloid and/or col-
loid fluids. In addition, the quantity, concentration, and
type of fluid varied from a study to another. Moreover, all
the patients that were examined in the meta-analyses re-
quired volume replacement; hence, such variation in the
requisite intervention would affect the effect’s size instead
of the effect’s direction. Just like all other meta-analyses,
the reliability of the results obtained from the pooled anal-
ysis is limited to the results obtained from the included
studies. Generally, the included studies’ methodological
quality was not optimal. Particularly, a number of com-
mentators noted that it is incorrect to incorporate the ef-
fect estimates obtained from studies that are based on dif-
ferent colloids. For instance, the commentators argued
that colloids with large molecular weights like HES can be
retained better in the vascular compartment than gelatins
and albumin and hence, they are more likely to reveal a fa-
vorable impact on the mortality rate. The major limitation
with making conclusions in such a form of meta-analysis is
that the entire studies included in this meta-analysis were
conducted on patients suffering from severe diseases with-
out conducting subgroup analysis. At the same time, the
results of this meta-analysis differ from those obtained in
previous meta-analysis studies (4-9, 11, 42). The results of
this analysis are doubtable and further confirmation is re-
quired by using better RCTs. The meta-analysis results can

be refuted by conducting suitable randomized controlled
trials. There is also a need for further research before mak-
ing definitive recommendations on the optimal selection
of the resuscitation fluid for each subgroup of patients.
In this meta-analysis, the pooled RR for mortality was 1.01
when using albumin (95% confidence interval: 0.93 - 1.10).
The two studies that accounted for 59% of the total weight
in this meta-analysis have been conducted by Finfer et al.
and Myburgh et al. (22, 31), which have a low risk of bias and
high methodological quality. Currently, randomized trials
are being carried out on colloid versus crystalloid fluid re-
suscitation. A study comparing crystalloids versus colloids
during surgery (NCT00517127) is planned to enroll 1112 pa-
tients and expected to finish by Feb 2017. In addition, a
study on the effects of colloid and crystalloid on microcir-
culatory alterations during off-pump coronary artery by-
pass surgery (NCT01713166) has completed the enrollment
of 120 patients in June 2016.

4.1. Conclusions

The results of this meta-analysis show that in traumatic
and hypovolemic patients, colloid fluids increase success-
ful resuscitation rate compared to crystalloid fluids.

Some of the colloids like albumin and dextran have a
positive effect on reducing the mortality rate but others
like HES increases this rate compared to NS.
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