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Introduction

Fluid therapy is a common therapeutic intervention in 
intensive care units (ICU) and has a vital role in the treatment 
of critically ill patients. There have been studies on which 
type of fluid, such as crystalloids or colloids, is of benefit to a 
specific patient in a given clinical context. Evidence suggests 
that the use of hydroxyethyl starch (HES) may be related to 

an increased incidence of acute kidney injury (AKI) [1-4], and 
mortality [4-6] in ICU patients, and that 0.9% saline containing 
high chloride may be associated with hyperchloremic 
metabolic acidosis and AKI [7-9]. In addition, the choice of type 
and amount of resuscitation fluid may also have an impact on 
acid-base balance and serum electrolytes [10]. Consequently, 
the selection of resuscitation fluid can influence clinical 
outcomes.
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ABSTRACT

Purpose: The aim of this study was to analyze the temporal change of resuscitation fluid use based 
on all fluids administered in a surgical intensive care unit (ICU).

Methods: The administration of resuscitation fluid to all patients admitted to a surgical ICU of a 
tertiary referral hospital was investigated from 2008 to 2015. The types and volumes of fluid, and 
laboratory data taken within 7 days after ICU admission were evaluated. Resuscitation fluids were 
defined as fluids infused according to stat orders, rather than routine orders. 

Results: There were a total of 8,885 admissions to the ICU for 7,886 patients. The volumetric 
proportion of crystalloid to total resuscitation fluids increased significantly over the study period 
(p < 0.001; 79.6% in 2008; 93.7% in 2015). Although the proportion of 0.9% saline to crystalloids 
decreased, that of balanced solutions increased (p < 0.001; 29.5% in 2008; 55.6% in 2015). The use 
of colloids decreased from 20.4% in 2008, to 6.3% in 2015 (p < 0.001). Proportions calculated using 
the number of individual fluids administered revealed trends similar to those calculated using 
volumetric data. The amount of infused 0.9% saline was weakly correlated with the lowest blood pH 
and the highest serum chloride levels (ρ = -0.26 and 0.19, respectively). 

Conclusion: Changes in the trends of fluid resuscitation practice were noted in a single surgical ICU 
over the 8-year study period. Crystalloid use increased owing to a rise in the utilization of balanced 
solutions with a downward trend in colloid use. 
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Along with cumulative evidence, some studies revealed that 
a transition in the pattern of resuscitation fluid administration 
has taken place in recent years [11,12]. Such studies and 
guidelines along with physician preferences have probably 
influenced our clinical practices in fluid resuscitation.

In this study, the temporal change of resuscitation fluid 
administered was investigated based on all fluids administered 
in a surgical ICU over the past 8 years, and correlations between 
the volume of each type of infused fluid and laboratory values 
of concern were analyzed.

Materials and Methods

This is a descriptive study on resuscitation fluid administered 
in a single surgical ICU. The administration of resuscitation 
fluids to all patients admitted to 1 surgical ICU of a tertiary 
referral teaching hospital in Seoul, South Korea, from 2008 to 
2015 was examined. The surgical ICU is an intensivist-directed 
ICU with 13 beds managed by an intensivist who specializes in 
both general surgery and critical care medicine. The intensivist 
stays in the ICU for more than 10 hours a day and on weekdays. 
Many evidence-based protocols regarding sepsis, ventilator 
weaning, sedation, massive transfusion, nutrition, and others 
are implemented therein. The majority of patients entering 
the ICU are surgical patients who arrive immediately after 
elective or non-elective surgery. Patients with postoperative 
complications or medical problems can also be admitted to the 
ICU. 

The present study protocol was reviewed and approved by 
the Institutional Review Board of Samsung Medical Center (IRB 
no.: 2017-10-044-002). The requirements for informed consent 
were waived by the board.

1. Resuscitation fluid 

Patient-related data such as clinical characteristics, and the 
type and amount of fluids administered during the study period 
were obtained retrospectively from the electronic database of 
hospital. Resuscitation fluids were defined as fluids infused 
according to stat orders regardless of infusion rate, except for 
those given based on routine orders. The purpose of each fluid 
infusion was not precise because the analysis was performed 
retrospectively. However, the fluid infused according to stat 
orders in the ICU represented the resuscitation fluid because 
almost all the stat orders for fluid infusion would be conducted 
to replace intravascular volume in the condition where there 
was a clear intravascular volume deficit.

We retrieved the type and amount of resuscitation fluids, 
and laboratory data from the time of ICU admission to ICU 
discharge, or for the first 7 days after ICU admission, whichever 
was less. Data on administered fluids was acquired by assessing 

the code number of each prescribed fluid product. The sum of 
resuscitation fluid volume over the ICU stay for each person 
was the volume of resuscitation fluid administered to an 
individual to analyze the trends and laboratory correlations 
involving resuscitation fluid.

The choice of resuscitation fluid type was left to the 
discretion of the treating physician or intensivist. The 
resuscitation fluids were categorized as crystalloids and 
colloids. Crystalloid solutions consisted of 0.9% saline 
(packaging sizes: 250 mL, 500 mL, 1,000 mL), half saline (1,000 
mL), Hartmann's solution (500 mL, 1,000 mL), and Plasma 
Solution A (1,000 mL, CJ Healthcare, Seoul, Korea), which 
has the same composition as Plasma-Lyte 148. The latter 2 
solutions are balanced salt solutions. Crystalloids given in 
volumes ≤ 100 mL and dextrose solutions were not counted. 
Colloids included 5% human albumin (250 mL, Green Cross, 
Yongin, Korea) and synthetic colloids [Volulyte 6%, 500 mL 
(Fresenius Kabi, Bad Homburg, Germany), Voluven 6%, 500 
mL (Fresenius Kabi, Bad Homburg, Germany), Hextend 6%, 
500 mL (CJ Healthcare, Seoul, Korea), and Pentaspan 10%, 500 
mL (Jeil Pharm, Seoul, Korea)]. Dextran and gelatin were not 
administered as colloids in this ICU.

To assess the correlations between the volume of each fluid 
type and laboratory data, the highest values of serum chloride, 
creatinine, blood urea nitrogen, prothrombin time international 
normalized ratio (PT INR), and activated partial thromboplastin 
time were noted, while the lowest values of serum bicarbonate, 
blood pH, and hemoglobin were taken.

2. Statistical analysis

Continuous variables were expressed as the mean ± standard 
deviation or median with interquartile range (IQR) as measures 
of the central tendencies of normally distributed or skewed 
data, respectively. Categorical variables were represented by 
counts and proportions. The Jonckheere-Terpstra test was 
used to examine yearly trends for the volume of each type 
of infused resuscitation fluid by individual, and the Cochran-
Armitage test was used to analyze yearly trends in the 
proportions of the total volume of each type of fluid given to all 
patients over the course of each year. The trend analyses were 
unadjusted for potential confounding factors such as severity 
of illness, admission diagnosis, and patient characteristics. 
Spearman rank correlation coefficients were used to assess 
the association between the worst laboratory findings and the 
volumes of infused resuscitation fluid.

All statistical tests were 2-tailed with p < 0.05 considered 
statistically significant. Missing values were not imputed 
unless stated otherwise. Statistical analyses were performed 
using SAS version 9.4 (SAS Institute, Cary, NC) and R version 
3.0.3 (R Foundation for Statistical Computing, Vienna, Austria; 
http://www.R-project.org).
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Results

1. Patients’ characteristics

From 2008 to 2015, there were a total of 8,885 admissions for 
7,886 patients to the surgical ICU. The clinical characteristics of 
the enrolled patients are shown in Table 1. Most of the patients 
were admitted to the ICU following surgery (scheduled or 
unscheduled). The median age of all admitted cases was 66 
(IQR, 56-73) years, with 99.5% of patients 16 years of age or 
older, and approximately 2/3 were male. The median length 
of stay in the ICU was 23.1 (IQR, 19.0-45.6) hours. Before 
admission to the ICU, most patients (78.1%) came directly from 
the operating room, and this did not differ much through the 
years. The mean in-hospital mortality rate in the study period 
was 219/8,305 (2.6%).

2. Annual use of resuscitation fluid

Resuscitation fluids administered in each of the study 
years are shown in Table 2. The median total fluid volume 
by individual, did not typically change from 2009 to 2014  
(p = 0.759), although 2008 and 2015 were the exceptions.

The percentages of the total volumes of each type of 
resuscitation fluid, over all patients by year are shown in 
Figure 1. The proportion by volume of crystalloids to total 
resuscitation fluids increased significantly from 79.6% in 2008 
to 93.7% in 2015 (p < 0.001), whereas the proportion by volume 
of colloids decreased significantly from 20.4% in 2008 to 6.3% 
in 2015 (p < 0.001).

For crystalloid solutions, the volumetric proportion of 0.9% 
saline decreased significantly from 64.5% in 2008 to 42.6% in 
2015 (p < 0.001), while that of balanced solutions increased 

Characteristic
Year

Total 
2008 2009 2010 2011 2012 2013 2014 2015

No. of patients 1,055 1,254 1,209 1,226 1,202 1,191 998 750 8,885

Male 688
(65.2)

848
(67.6)

797
(65.9)

803
(65.5)

787
(65.5)

778
(65.3)

666
(66.7)

475
(63.3)

5,842
(65.8)

Age (y), 
median (IQR)

66
(53-72)

65
(54-72)

65
(56-72)

66
(56-73)

65
(55-73)

66
(57-74)

66
(57-74)

68
(59-75)

66
(56-73)

ICU duration (h), 
median (IQR)

23.7
(19.0-50.6)

23.2
(19.5-45.9)

24
(19.7-49.8)

23.6
(18.8-48.7)

23.2
(19.3-45.7)

23
(18.9-41.1)

22.3
(18.2-36.7)

22.1
(18.5-38.2)

23.1
(19.0-45.6)

Source of ICU  admission

Operating 
room

774
(73.4)

1,008
(80.4)

972
(80.4)

975
(79.5)

934
(77.7)

935
(78.5)

744
(74.5)

596
(79.5)

6,938
(78.1)

General ward 105
(10.0)

89
(7.1)

90
(7.4)

97
(7.9)

123
(10.2)

111
(9.3)

107
(10.7)

69
(9.2)

791
(8.9)

Emergency 
room

57
(5.4)

47
(3.7)

70
(5.8)

73
(6.0)

74
(6.2)

53
(4.5)

47
(4.7)

27
(3.6)

448
(5.0)

Other ICU 19
(1.8)

23
(1.8)

23
(1.9)

27
(2.2)

35
(2.9)

39
(3.3)

48
(4.8)

25
(3.3)

239
(2.7)

Outpatient 
department

2
(0.2)

1
(0.1)

1
(0.1)

1
(0.1)

2
(0.2)

0
(0)

0
(0)

0
(0)

7
(0.1)

Delivery room 0
(0)

0
(0)

2
(0.2)

0
(0)

1
(0.1)

0
(0)

2
(0.2)

1
(0.1)

6
(0.1)

Others 98
(9.3)

86
(6.9)

51
(4.2)

53
(4.3)

33
(2.7)

53
(4.5)

50
(5.0)

32
(4.3)

456
(5.1)

In-hospital  
mortality*
[n/total (n, %)]

33/967
(3.4)

23/1,185
(1.9)

32/1,144
(2.8)

26/1,150
(2.3)

25/1,119 
(2.2)

25/1,117 
(2.2)

34/929
 (3.7)

21/694
(3.0)

219/8,305 
(2.6)

Data are presented as n (%) unless otherwise specified.
ICU = intensive care unit; IQR = interquartile range.
*Repeated ICU admissions of a patient during the same hospital stay were counted once.

Table 1. Baseline characteristics of the study patients.
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Resuscitation fluid
Year

Total 
2008 2009 2010 2011 2012 2013 2014 2015

Total fluid 
volume (mL) 3,183,750 5,555,500 5,353,500 5,424,500 5,055,000 5,142,000 4,638,750 4,301,750 38,654,750

Albumin (mL, %) 135,250
(4.2)

158,000
(2.8)

79,000
(1.5)

40,000
(0.7)

34,750
(0.7)

43,750
(0.9)

64,250
(1.4)

80,000
(1.9)

635,000
(1.6)

Synthetic colloids 
(mL, %)

515,500
(16.2)

683,500
(12.3)

573,500
(10.7)

680,500
(12.5)

561,000
(11.1)

435,000
(8.5)

295,500
(6.4)

191,000
(4.4)

3,935,500
(10.2)

Half saline (mL, %) 152,000
(4.8)

276,000
(5.0)

166,000
(3.1)

100,000
(1.8)

271,000
(5.4)

215,000
(4.2)

137,000
(3.0)

74,000
(1.7)

1,391,000
(3.6)

0.9% saline (mL, %) 1,633,500
(51.3)

2,659,000
(47.9)

2,308,000
(43.1)

2,465,500
(45.5)

1,882,250
(37.2)

2,006,250
(39.0)

1,988,500
(42.9)

1,717,250
(39.9)

16,660,250
(43.1)

Balanced solutions 
(mL, %)

747,500
(23.5)

1,779,000
(32.0)

2,227,000
(41.6)

2,138,500
(39.4)

2,306,000
(45.6)

2,442,000
(47.5)

2,153,500
(46.4)

2,239,500
(52.1)

16,033,000
(41.5)

Total fluid by person

Median (mL, IQR)
2,500 

(1,500-
3,500)

4,000
(3,000-
5,500)

4,000
(3,000-
5,500)

4,500 
(3,000-
5,500)

4,000 
(3,000-
5,000)

4,000 
(3,000-
5,000)

4,500 
(3,000-
5,500)

5,500 
(3,937-
7,000)

4,000 
(3,000-
5,500)

Mean* (mL; ± SD) 3,017 
(± 2,111)

4,430
(± 2,475)

4,428
(± 2,271)

4,424 
(± 2,098)

4,205 
(± 2,246)

4,317
(± 2,610)

4,648 
(± 2,475)

5,735 
(± 2,881)

4,350 
(± 2,464)

IQR = interquartile range.
*Although total fluid volume per capita is not normally distributed, means are shown for reference.

Table 2. Resuscitation fluids infused during the study period.

Figure 1. Proportions in volume of each type of resuscitation fluid 
used by year.

Figure 2. Proportions in volume of each type of crystalloid fluid to 
total crystalloids.

Figure 3. Proportions in volume of each colloid type to total colloids.

from 29.5% in 2008 to 55.6% in 2015 (p < 0.001; Figure 2). 
With regard to specific colloids, the volumetric proportion of 
albumin to total colloids decreased from 20.8% in 2008 to 5.6% 
in 2011, and then increased to 29.5% in 2015, whereas that of 
synthetic colloids to total colloids increased from 79.2% in 2008 
to 94.4% in 2011, and then decreased to 70.5% in 2015 (Figure 3). 
Of synthetic colloids, tetrastarch was the principal HES.
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Figure 4. Correlations between resuscitation fluid volume and laboratory values.
Missing values were 3.5% (309/8,885) for blood pH, 3.5% (309/8,885) for serum bicarbonate, 0.4% (32/8,885) for
serum chloride, 2.0% (176/8,885) for serum creatinine, 4.4% (387/8,885) for PT INR, and 0.3% (24/8,885) for hemoglobin.
PT INR = prothrombin time international normalized ratio.

3. Correlation between resuscitation fluid and laboratory  
     findings

Correlations between the volumes of  each type of 
resuscitation fluid and the worst laboratory findings are 
displayed on scatterplots (Figure 4). The percentage of missing 
values for laboratory data ranged from 0.3% to 6.5%. The 
total volume of 0.9% saline in individuals infused within the 
7-day period after ICU admission, weakly correlated with the 
lowest blood pH and serum bicarbonate levels (ρ = -0.26 and 
-0.33, respectively), and the highest serum chloride levels  
(ρ = 0.19) measured during the same time period, but was not 
correlated with the highest serum creatinine levels (ρ = 0.04). 
The correlation coefficients between the volume of synthetic 
colloids and the highest PT INR and serum creatinine levels 
were 0.29 and -0.06, respectively, and that for the lowest 
hemoglobin level was -0.10. The volume of albumin was 
weakly correlated with the highest PT INR (ρ = 0.29) and the 

lowest hemoglobin and serum bicarbonate levels (ρ = -0.17 and 
ρ = -0.23, respectively).

Discussion

This study reports the trend changes in fluid resuscitation 
practice in a single surgical ICU in recent years. We discovered 
that the patterns of resuscitation fluid utilization had changed 
during the 8 years from 2008 through 2015 in this surgical 
ICU. The volumetric proportions of crystalloids to total 
resuscitation fluids displayed an upward trend and those 
for colloids displayed a downward trend. The proportion of 
balanced salt solutions in crystalloids increased, whereas that 
of 0.9% saline decreased. Given the downward trends in the 
administration of both albumin and synthetic colloids, the use 
of colloids decreased. Proportions of the number of doses of 
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each resuscitation fluid administered, showed trends similar 
to the results of volumetric proportions, although those results 
are not shown here.

Until a few years ago, colloids were the most used type of 
resuscitation fluid across the world overall despite variations by 
geographic location [13]. Starting in 2012, balanced solutions 
outran 0.9% saline in resuscitation fluid choice in some areas 
[11,12] and this overtaking coincides with our findings. Those 
changes may be influenced by the publication of landmark 
fluid research [7-9,14,15]. There have been clinical trials and 
meta-analyses over the past decade comparing each type of 
fluid. In view of resuscitation studies regarding albumin versus 
crystalloid preparations, albumin was as effective as crystalloid 
in critically ill patients [16,17] and may be associated with 
lower mortality in those with severe sepsis [18], in contrast 
to increased mortality in traumatic brain injury patients [19]. 
Studies comparing HES with crystalloid fluid reported that HES 
increased the risk of AKI and renal replacement therapy (RRT) 
[2,4] and death [4-6] in ICU patients, and was also associated 
with coagulopathy and a greater need for blood transfusion 
[20]. The use of colloid was continuously reduced following 
consistent results of these high-quality studies and meta-
analyses [2,4,5,12,15]. Furthermore, Surviving Sepsis Campaign 
(SSC) guidelines in 2008 recommended that crystalloids or 
colloids be both used in resuscitation fluids in patients with 
severe sepsis and septic shock [21]. However, the guidelines 
changed the recommendation so that crystalloid fluid, not HES, 
could be used as the initial fluid of choice with albumin use in 
cases of substantial fluid administration in the 2012 guidelines 
[22].

Of the crystalloid solutions, 0.9% saline is known to be more 
likely to increase AKI and RRT [7-9] and mortality [14,15] in 
critically ill patients compared with balanced salt solutions, 
although a more recent randomized clinical trial showed 
no difference in the risk of AKI in patients given balanced 
crystalloids and 0.9% saline [23]. Figure 5 shows trends in 
resuscitation fluid use during the study period and relevant 
previous studies in chronological order. An international cross-

sectional study revealed that geographic setting, availability, 
and cost were important predictors of fluid selection, with 
severity of illness uninfluential in fluid choice [13]. Besides 
these factors, concerns about adverse outcomes, including AKI 
and mortality, possibly caused by an inappropriate choice of 
fluid were most likely to influence the fluid ordering practices 
of ICU physicians in our surgical ICU.

Although it was nearly impossible to evaluate the relationship 
between the fluid choice and clinical outcome in this study 
because of the study design and numerous confounding 
factors, we tried to analyze the correlation between fluid 
infusion and laboratory findings. In each patient, the total 
volume of 0.9% saline and synthetic colloids administered 
was weakly correlated with the worst findings for the values 
of blood pH, serum bicarbonate, serum chloride, and PT INR, 
and negligibly correlated with those of serum creatinine. The 
albumin volume weakly correlated with hemoglobin levels, 
serum bicarbonate, and PT INR. It appears that albumin was 
preferred for patients in more critical condition, such as those 
with septic shock, anemia, acidosis, and coagulopathy. The 
number of laboratory tests performed, and the amount of time 
that elapsed between blood sampling and fluid infusion, were 
not evaluated. Therefore, we believe there is a weak correlation 
between infused fluid volume and laboratory values. The effect 
of resuscitation fluids on intravascular volume expansion 
differs among colloid products as well as between crystalloids 
and colloids, and the number or volume of infused fluids alone 
is insufficient to compare resuscitation effects between fluid 
types.

Although we did not control for potential confounders, 
unexpectedly, our results revealed that there was no 
decreasing trend in the whole fluid volume per capita; the year 
2008 was not taken into account because an open ICU model 
was employed that year, and 2015 was omitted owing to an 
outbreak of Middle East Respiratory Syndrome in South Korea. 
This finding is inconsistent with the restrictive strategy on fluid 
resuscitation, which is implemented based on the recognition 
that positive fluid balance may be associated with increased 
mortality in critically ill patients [24,25], including those with 
sepsis [26], and acute lung injury [27,28]. This discrepancy 
would be caused by the different characteristics of surgical 
ICU where there are a lower population of acute lung injuries 
and a higher number of patients with hypovolemic shock or 
intraoperative volume loss rather than general ICU. 

There were several limitations to the present study. Firstly, 
this is a single-center retrospective study. Our results may not 
be applicable to non-intensivist-directed or non-academic ICU 
settings where staff may be less likely to keep up with recent 
findings and current thinking. Secondly, confounding variables, 
such as diagnosis on admission, type of surgery, severity of 
illness, and comorbidities were not identified or controlled Figure 5. Trend of resuscitation fluid use from 2008 to 2015 and 

relevant studies.
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for. Thirdly, our definition of resuscitation fluid during 7 days 
in the ICU was somewhat arbitrary; it did not include blood 
products and the infusion rate was not taken into account. 
Although there could be many inevitable biases and the 
definition of resuscitation fluid was arbitrary in this study, we 
assessed the trends in resuscitation fluid administered based 
on both counts and amounts of all fluids administered to every 
patient admitted to the surgical ICU over the course of 8 years, 
unlike prior studies of resuscitation fluids, most of which were 
carried out through a survey given to ICU physicians and/or 
over a short time period of 24 hours.

This study described the in-practice patterns of resuscitation 
fluid in an academic surgical ICU in South Korea. We consider 
that changes in fluid use would be primarily due to a growing 
body of knowledge about each type of fluid. In conclusion, 
trend changes in fluid resuscitation practice were observed in 
a single surgical ICU over the 8-year study period. Crystalloid 
use increased owing to a rise in the utilization of balanced 
salt solutions, whereas colloid use was observed to be on a 
downturn.
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