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OBJECTIVE: To summarize the evidence comparing various balanced 
crystalloid solutions.

DATA SOURCES: We searched MEDLINE, EMBASE, PUBMED, and 
CENTRAL databases.

STUDY SELECTION: We included randomized controlled trials that di-
rectly compared the IV administration of one balanced crystalloid solution 
with another.

DATA EXTRACTION AND ANALYSIS: We examined metabolic and 
patient-important outcomes and conducted meta-analysis using random 
effects model. For comparisons or outcomes with insufficient data to allow 
for pooling, we describe results narratively. We assessed risk of bias for 
individual trials using the Cochrane risk of bias tool and certainty of ev-
idence using Grading of Recommendations, Assessment, Development 
and Evaluations methodology.

DATA SYNTHESIS: We included 24 randomized controlled trials com-
paring Plasmalyte, Ringer’s Lactate, Ringerfundin, Hartmann’s solution, 
Ringer’s Bicarbonate, Sterofundin, Kabilyte, Normosol, and novel balanced 
solutions. Of the included studies, 16 were performed in the periopera-
tive setting, six in the ICU, one in the emergency department, and one in 
healthy volunteers. Administration of Plasmalyte resulted in a lower postin-
fusion serum chloride concentration (mean difference, 0.83 mmol/L lower; 
95% CI, 0.03–1.64 mmol/L lower, low certainty), higher postinfusion base 
excess (mean difference, 0.65 mmol/L higher, 95% CI, 0.25–1.05 mmol/L 
higher, low certainty), and lower postinfusion serum lactate levels (mean 
difference, 0.46 mmol/L lower; 95% CI, 0.05–0.87 mmol/L lower, low 
certainty) compared with administration of any other balanced crystalloid. 
There were no important differences in postinfusion serum pH or potas-
sium when comparing Plasmalyte with other balanced crystalloids. Data 
addressing other comparisons or examining the impact of different bal-
anced crystalloids on patient-important outcomes were sparsely reported 
and too heterogeneous to allow for pooling.

CONCLUSIONS: Administration of Plasmalyte results in lower serum 
concentrations of chloride and lactate, and higher base excess than other 
balanced crystalloids. The certainty of evidence is low and requires further 
study in large randomized controlled trials to inform the choice of balanced 
crystalloid in patients requiring volume replacement.
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IV fluid (IVF) is a near ubiquitous practice in hos-
pital-based medical care, especially in the critically 
ill. The most widely used IVF (1), 0.9% saline (i.e., 

normal saline [NS]), contains a chloride concentra-
tion that is higher than that of normal human serum 
(154 mmol/L in NS compared with 94–111 mmol/L in 
serum) (2). Some studies suggest large volume admin-
istration of NS may cause metabolic acidosis, decreased 
smooth muscle contractility, and renal blood flow  
(3, 4), although the evidence comparing the impact 
of administering NS compared with balanced crystal-
loids on patient-important outcomes remains unclear. 
A few studies suggest a potential benefit of balanced 
crystalloids compared with NS (5–9); however, uncer-
tainty persists.

The term “balanced” is applied to IVF that has a 
lower chloride content more closely matching that of 
human plasma, accomplished through the substitu-
tion of chloride with an anion such as lactate or acetate 
(4). There are several commercially available balanced 
crystalloids with varying electrolyte concentrations in-
cluding calcium, magnesium, and potassium. None of 
these solutions exactly matches that of human plasma 
and their comparative effects on clinical outcomes re-
main largely unknown. Although balanced IVF has 
several potential physiologic advantages (4) compared 
with unbalanced solutions, clinicians lack guidance 
when it comes to choosing between the available bal-
anced fluids.

The objective of this systematic review and meta-
analysis is to summarize all the randomized controlled 
trials (RCTs) that directly compared the effects of one 
balanced crystalloid with another examining physio-
chemical properties and patient-important outcomes.

MATERIALS AND METHODS

This systematic review is reported in accordance with 
the PRISMA guidelines (10) and was registered with 
PROSPERO (ID: CRD42019129267; submitted: March 
23, 2019; registered: April 24, 2019).

Search Strategy and Study Selection

We searched the following electronic databases: 
MEDLINE, EMBASE, PUBMED, and CENTRAL 
from inception until October 4, 2020. We included 
RCTs that directly compared IVF of one balanced 
crystalloid with another. We checked the reference lists 

of included studies and those of review articles to iden-
tify other relevant studies. We did not limit our search 
based on population and included studies in children, 
adults, critically ill or hospitalized patients, and healthy 
volunteers. We limited results to English-language 
publications. We developed search terms using med-
ical subject headings specific to each database platform 
in collaboration with a Health Information Specialist 
(11) (see Supplemental Digital Content, Table 1, 
http://links.lww.com/CCX/A585, for MEDLINE 
search strategy).

We included the following outcomes of interest: 
change in serum chloride and potassium concentra-
tions, change in acid-base status (postinfusion serum 
pH, strong ion difference [SID], strong ion gap [SIG], 
and base excess), change in serum lactate, acute 
kidney injury (AKI) (using any validated scale), organ 
failure (using any validated scale), receipt of life sup-
port modalities (e.g., invasive mechanical ventilation, 
renal replacement therapy [RRT], and vasopressor 
use), ICU and hospital length of stay (LOS), and hos-
pital mortality. If multiple time points were reported 
for postinfusion concentration, we used the time 
point closest to 1 hour following fluid administra-
tion. For the clinical outcomes, if multiple time points 
were reported, we used the time point of the longest 
follow-up.

We used Covidence online platform (www.covi-
dence.org) for screening. We combined search results 
from all sources and removed duplicates. Screening 
was performed in duplicate by three reviewers (J.D.C., 
P.M., K.T.) working independently and in parallel using 
a two-stage screening approach. In stage 1, we screened 
titles and abstracts and any potentially eligible citation 
was advanced to stage 2; the same reviewers evaluated 
full texts with disagreements resolved through con-
sensus or third-party adjudication (J.D.C. or B.R.).

Data Extraction, Risk of Bias, and Certainty 
Assessment

We extracted data from the included studies in du-
plicate using a prepiloted data collection form and 
Covidence online platform including author, journal, 
year of publication, population characteristics, volume 
and rate of fluid administration, cointerventions (e.g., 
surgical procedure), and outcomes of interest. Life 
support modalities included the use of invasive me-
chanical ventilation, RRT, and vasopressor use.

http://links.lww.com/CCX/A585
www.covidence.org
www.covidence.org
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We assessed risk of bias (ROB) for included studies 
using the Cochrane ROB Tool (12). Three reviewers 
(J.D.C., P.M., K.T.) assessed ROB independently and in 
parallel with disagreements resolved by discussion and 
involvement of a third reviewer (J.D.C. or B.R.) where 
necessary.

We assessed overall certainty of evidence in pooled 
estimates using Grading of Recommendations, 
Assessment, Development and Evaluations (GRADE) 
methodology (13). We present final pooled results and 
certainty of effects using an Evidence Profile made 
with www.gradepro.org.

Data Analysis

When possible, we conducted meta-analyses using 
the inverse variance strategy in the method of 
DerSimonian and Laird (14) and using random effects 
model. We performed all analyses using the RevMan 
software (www.revman.cochrane.org; The Cochrane 
Collaboration, London, United Kingdom). We present 
results as risk ratios (RRs) for dichotomous outcomes 
or mean difference (MD) for continuous outcomes, 
both with associated 95% CIs. When sd or other re-
lated information (e.g., se and CIs) were not reported, 
we used an average measure of variance observed in 
the other studies and performed sensitivity analysis 
of imputed value using the smallest and largest vari-
ances observed. We assessed heterogeneity using the 
chi-square test, the I2 statistic, and visual inspection of 
the forest plot. Although we had planned to use Egger 
test (15) to assess for publication bias, this was not per-
formed as less than 10 trials were identified for each 
comparison of interest. For comparisons or outcomes 
with insufficient data to allow for pooling, we describe 
narratively.

RESULTS

Search Strategy and Study Characteristics

A total of 24,877 citations were identified by the search; 
137 underwent full-text review (Supplemental Digital 
Content, Fig. 1, http://links.lww.com/CCX/A584) and 
a total of 24 RCTs (n = 1673 participants) proved el-
igible. Table  1 summarizes the characteristics of the 
included studies. The balanced crystalloids that were 
studied include Plasmalyte (Plasma-Lyte 148/Plasma-
Lyte A), Kabilyte, Normosol-R, Ringer’s Lactate, 

Ringerfundin/Ringer’s Acetate, Hartmann’s solution, 
Ringer’s Bicarbonate, Sterofundin, and novel balanced 
solutions (see Table 2 for a summary of commercially 
available fluids and their electrolyte concentrations). 
Of the included studies, 16 were performed in the peri-
operative setting (n = 1142 participants) (16–20, 23, 25, 
26, 28, 30–32, 35, 36, 38, 39), six in the ICU (n = 427 par-
ticipants) (21, 27, 29, 33, 34, 37), one in the emergency 
department (ED; n = 90 participants) (24), and one in 
healthy volunteers (n = 14 participants) (22). Five stud-
ies involved pediatric patients (n = 298 participants) 
(16, 17, 25, 38, 39), whereas the remainder focused 
on adult participants. Volumes of study fluid received 
ranged from 380 mL (17) to 19,626 mL (37) (median, 
2,000 mL and interquartile range, 2,812.5 mL). The du-
ration of study fluid administration also varied widely 
from 1 hour (29) to 5 days (37). Most studies (n = 19) 
reported only short-term metabolic outcomes (16–22, 
24–27, 29–32, 34, 37–39), while a few (n = 5) reported 
longer term clinical outcomes (23, 28, 33, 35, 36). Six 
studies were available as abstract only (21, 25, 27, 33, 
34, 38). A summary table of main outcomes of interest 
is available in Supplemental Digital Content, Table 2 
(http://links.lww.com/CCX/A585).

ROB was judged to be high in most studies (n = 21) 
due to lack of blinding (n = 19), incomplete outcome 
data (n = 16), and lack of intention to treat analysis  
(n = 10). ROB summary table is available in 
Supplemental Digital Content, Table 3 (http://links.
lww.com/CCX/A585).

Plasmalyte

Twelve RCTs compared Plasmalyte versus another 
balanced crystalloid including Hartmann’s solution 
(n = 3), Ringer’s Lactate (n = 6), Sterofundin (n = 2), 
or Ringerfundin (n = 2). Of these 12 RCTs, eight were 
performed in the perioperative setting (16, 17, 20, 23, 
28, 30, 32, 35), two in ICU (29, 37), one in ED (24), and 
one in healthy volunteers (22).

Compared with any of the other balanced crystal-
loids, administration of Plasmalyte resulted in a lower 
postinfusion serum chloride concentration (MD, 0.83 
mmol/L lower; 95% CI, 0.03–1.64 mmol/L lower, low 
certainty). Comparing Plasmalyte with specific fluids, 
this finding was consistent with Hartmann’s solution 
(MD, 1.69 mmol/L lower; 95% CI, 0.80–2.59 mmol/L 
lower, low certainty) and Ringer’s Lactate (MD, 0.80 

www.gradepro.org
www.revman.cochrane.org
http://links.lww.com/CCX/A584
http://links.lww.com/CCX/A585
http://links.lww.com/CCX/A585
http://links.lww.com/CCX/A585
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TABLE 1. 
Characteristics of Included Studies

Reference Country
Total No.of  

Participants Population
Type of Balanced  

Crystalloid Compared

Cumulative Volume  
of Fluid, Mean (sd)  

or [Range]

Ramanathan 
et al (16)

United States 68 Pregnant women 
undergoing ce-
sarean section

Ringer’s Lactate vs 
Plasmalyte A

1,200 mL; 1,200 mL

Ratcliffe et al (17) United 
Kingdom

29 Pediatric heart sur-
gery patients

Plasmalyte vs 
Hartmann’s

380 mL (222.6); 
413 mL (220)

Attalla et al (18) Egypt 30 Cholecystectomy 
patients

Ringer’s Lactate vs 
Ringer’s Acetate

846.67 mL (109.33); 
836.67 mL (106.01)

Shimada  
et al (19)

Japan 20 Elective aortic 
aneurysm repair 
patients

Ringer’s Acetate vs 
Ringer’s Bicarbonate

4,061 mL (871); 
4,480 mL (857)

Hadimioglu  
et al (20)

Turkey 90 Kidney transplant 
recipients

Plasmalyte vs Ringer’s 
Lactate

2,756 mL (800); 
2,770 mL (820)

Galas et al (21) Brazil 40 Septic shock 
patients

Ringer’s Lactate vs 
Ringerfundin

Not reported

Zadák et al (22) Czech Re-
public

14 Healthy volunteers Plasmalyte vs 
Ringerfundin

2,000 mL; 2,000 mL

Shin et al (23) South Korea 104 Live liver donor 
patients

Plasmalyte vs Ringer’s 
Lactate

3,302 mL (575); 
3,407 mL (715)

Hasman et al (24) Turkey 90 Dehydrated emer-
gency depart-
ment patients

Plasmalyte vs Ringer’s 
Lactate

20 mL/kg/hr × 2 hr

Kiss et al (25) Hungary 102 Pregnant women 
undergoing ce-
sarean section

Ringer’s Lactate vs 
balanced Ringers

572 mL (442); 617 mL 
(260)

Vichitvejpaisal 
et al (26)

Thailand 90 Endoscopy 
outpatients

Ringer’s Lactate vs 
Ringer’s Acetate

1,140 mL (169); 
1,046 mL (167)

Scotti et al (27) Italy 20 Cardiac bypass 
patients

Ringer’s Lactate vs 
novel solution

10 ± 5 mL/kg

Weinberg  
et al (28)

Australia 60 Liver resection 
patients

Plasmalyte vs 
Hartman’s

2,000 mL [1,425–
3,000]; 3,000 mL 
[1,800–4,000]

Benoit  
et al (29)

Belgium 204 Adult ICU patients Plasmalyte vs 
Sterofundin

1,000 mL; 1,000 mL

Kumar  
et al (30)

India 80 Adult surgical 
patients

Ringer’s Lactate vs 
Sterofundin vs Plas-
malyte vs Kabilyte

Not reported

(Continued)
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mmol/L lower; 95% CI, 2.02 lower to 0.42 mmol/L 
higher, very low certainty) with an uncertain effect 
compared with Sterofundin (MD, 0.74 mmol/L higher; 
95% CI, 3.07 lower to 4.54 mmol/L higher, very low 
certainty) (Fig. 1).

Administration of Plasmalyte resulted in a higher 
postinfusion base excess (MD, 0.65 mmol/L higher; 
95% CI, 0.25–1.05 mmol/L higher, low certainty) com-
pared with all other balanced crystalloids. This find-
ing was consistent when compared only with Ringer’s 
Lactate (MD, 0.84 mmol/L higher; 95% CI, 0.52–1.16 
mmol/L higher, moderate certainty), whereas there 
was a similar effect on base excess compared with 
Sterofundin (MD, 0.09 mmol/L higher; 95% CI, 0.17 
lower to 0.35 mmol/L higher, low certainty) and an 

uncertain effect compared with Hartmann’s (MD, 0.63 
mmol/L higher; 95% CI, 1.24 lower to 2.49 mmol/L 
higher, very low certainty) (Fig. 2). The values for base 
excess from one RCT (24) comparing Plasmalyte with 
Ringer’s Lactate were calculated from reported values 
of bicarbonate and pH, which required imputation for 
sd; however, sensitivity analysis using both extremes of 
sd did not change the results.

There were no important differences in postinfu-
sion pH when comparing Plasmalyte with all other 
balanced crystalloids (MD, 0.00; 95% CI, 0.01 lower in 
Plasmalyte to 0.01 higher, low certainty). This finding 
was consistent across comparisons with Hartmann’s 
solution (MD, 0.00; 95% CI, 0.03 lower in Plasmalyte 
to 0.02 higher, very low certainty), Ringerfundin (MD, 

Rajan et al (31) India 60 Major head and 
neck surgery 
patients

Ringer’s Lactate vs 
Sterofundin

5,116.7 mL (1,744); 
5,646.7 mL (1,295.0)

Uvizl et al (32) Czech 
Republic

112 Postop ICU 
patients

Plasmalyte vs 
Ringerfundin

1,000 mL; 1,000 mL

Omar and 
Mathivha (33)

South Africa 86 Adult ICU patients Bicarbonate-balanced 
fluida vs conventional 
balanced fluidb

Not reported

Rawat et al (34) India 49 Adult ICU patients Ringer’s Lactate vs 
Acetate

20 mL/kg/hr × 1 hr, 
10 mL/kg/hr × 1 hr

Weinberg  
et al (35)

Australia 50 Cardiac surgery 
patients

Plasmalyte vs 
Hartman’s

2,000 mL; 2,000 mL

Pfortmueller  
et al (36)

Switzerland 148 Cardiac surgery 
patients

Ringer’s Lactate vs 
Ringer’s Acetate

6,104 mL [4,769–7,855]; 
6,677 mL [5,325–
8,479]

Chaussard  
et al (37)

France 28 Burn patients in 
ICU

Plasmalyte vs Ringer’s 
Lactate

15,680 mL; 19,626 mL

Joseph et al (38) India 40 Pediatric surgery 
patients

Ringer’s Lactate vs 
Sterofundin

Not reported

King et al (39) United States 59 Adolescent 
spinal surgery 
patients

Ringer’s Lactate vs 
Normosol-R

48 mL/kg (87); 
35 mL/kg (23)

aNa 143 mmol/L, Cl 99 mmol/L, Hco3 49 mmol/L.
bNa 130 mmol/L, Cl 110 mmol/L, Hco3 <27 mmol/L.

TABLE 1. (Continued).
Characteristics of Included Studies

Reference Country
Total No.of  

Participants Population
Type of Balanced  

Crystalloid Compared

Cumulative Volume  
of Fluid, Mean (sd)  

or [Range]
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0.01 higher in Plasmalyte; 95% CI, 0.01 lower to 0.02 
higher, low certainty), Sterofundin (MD, 0.00; 95% CI, 
0.02 lower in Plasmalyte to 0.02 higher, low certainty), 
and Ringer’s Lactate (MD, 0.01 higher in Plasmalyte; 
95% CI, 0.01 lower to 0.02 higher, low certainty).

Administration of Plasmalyte resulted in a lower 
postinfusion serum lactate level when compared with 
all other balanced crystalloids (MD, 0.46 mmol/L lower 
in Plasmalyte; 95% CI, 0.05–0.87 mmol/L lower, low 
certainty). This finding was consistent when compared 
with Ringer’s Lactate (MD, 0.69 mmol/L lower; 95% 
CI, 0.05–1.32 mmol/L lower, low certainty). However, 
Plasmalyte resulted in a similar postinfusion lactate 
compared with Sterofundin (MD, 0.07 mmol/L higher 
in Plasmalyte, 0.38 lower to 0.51 mmol/L higher, low 
certainty) and had an uncertain effect compared with 
Hartmann’s solution (MD, 0.23 mmol/L lower; 95% CI, 
0.89 lower to 0.42 mmol/L higher, very low certainty).

Plasmalyte resulted in similar postinfusion serum 
potassium level when compared with all other balanced 
crystalloids; however, certainty of this finding was very 
low (MD, 0.04 mmol/L higher in Plasmalyte; 95% CI, 
0.07 lower to 0.15 mmol/L higher). This finding was 
consistent across comparisons with Ringer’s Lactate 
(MD, 0.08 mmol/L higher; 95% CI, 0.04 lower to 0.2 
mmol/L higher, very low certainty) and Sterofundin 
(MD, 0.02 mmol/L higher; 95% CI, 0.19 lower to 0.23 
mmol/L higher, low certainty). However, Plasmalyte 

resulted in a lower postinfusion potassium level when 
compared with Hartmann’s solution (MD, 0.20 mmol/L 
lower; 95% CI, 0.44 lower to 0.04 mmol/L higher, low 
certainty). Forest plots of MDs in pH, lactate, and po-
tassium are available in Supplemental Digital Content, 
Figures 2–3 (http://links.lww.com/CCX/A584). 
GRADE evidence summaries for Plasmalyte versus any 
other balanced crystalloid and individual fluid types are 
also available in Supplemental Digital Content, Tables 
4–8 (http://links.lww.com/CCX/A585).

Data addressing patient-important outcomes were 
sparsely reported and too heterogeneous to allow for 
pooling. In a single study of patients undergoing liver 
resection (n = 60), investigators found fewer cardiores-
piratory and surgical complications (e.g., pneumonia, 
myocardial infarction, and wound infections), less 
AKI and blood transfusions (20% vs 56%; RR, 2.8; 95% 
CI, 1.3–6.1) and shorter duration of hospital stay (me-
dian LOS, 5.9 vs 7.8 d) in those receiving Plasmalyte 
compared with Hartmann’s solution intraoperatively 
(28). Another RCT (n = 50) of cardiac surgery patients 
found similar ICU LOS (mean 41 hr [sd 29] vs mean 
72 hr [sd 135]) and hospital LOS (mean 238 hr [sd 69] 
vs mean 277 hr [sd 222]) and no difference in rates of 
complications (arrhythmia, AKI, and cardiopulmo-
nary complications) between those randomized to 
cardiac bypass prime solution containing Plasmalyte 
or Hartmann’s solution (35).

TABLE 2. 
Comparison of Electrolyte Composition of Commercially Available Fluid Types and 
Human Plasma (17, 19, 20, 22, 24, 28, 40–42)

Fluid

Electrolytes (mmol/L) Buffer (mmol/L)

pHNa Cl K Lactate Acetate Malate Gluconate Bicarbonate

Plasmalyte 140 98 5 — 27 — 23 — 5–7.4

Kabilyte 140 98 5 — 27 — 23 — 6.5–8

Normosol-R 140 98 5 — 27 — 23 — 6.6–7.4

Ringer’s Lactate 130 110–115 4 28 — — — — 6–7.5

Hartmann’s solution 129–131 109–111 5 29 — — — — 6.5

Ringerfundin (Ringer’s 
Acetate)

145 127 4 — 24 5 — — 5.1–5.9

Sterofundin 140 106 4 45 — — — — 4.5–7.5

Human plasma 134–146 98–108 3.4–5 — — — — 22–32 7.4

http://links.lww.com/CCX/A584
http://links.lww.com/CCX/A585
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Ringer’s Lactate

Eleven RCTs compared Ringer’s Lactate with an-
other balanced crystalloid other than Plasmalyte (in-
cluding Ringer’s Acetate/Ringerfundin, Sterofundin, 
Normosol-R, Kabilyte, Balanced Ringer’s, and a novel 
solution). Given most of these studies were small and 
with significant clinical heterogeneity between the 
studies, we summarize the results narratively as meta-
analyses would be too imprecise to allow for mean-
ingful conclusions.

Ringer’s Lactate Compared With Ringer’s 
Acetate

Five RCTs compared Ringer’s Lactate with Ringer’s 
Acetate/Ringerfundin (18, 21, 26, 34, 36). One small 
RCT involving cholecystectomy patients (n = 30) found 
that infusion with Ringer’s Lactate resulted in higher 
serum lactate than Ringer’s Acetate (p < 0.001), and no 
difference in pH, bicarbonate, or base excess between 
the groups (18). One single-center RCT in cardiac sur-
gery patients (n = 148) found no difference in rates 
of metabolic acidosis, hospital LOS, or AKI between 
these two fluids (36). Another RCT (n = 90) of elective 

endoscopy patients found no difference in SID com-
paring those that were randomized with either Ringer’s 
Lactate or Ringer’s Acetate (26). A small RCT (n = 40) 
of critically ill patients with septic shock found that 
Ringer’s Lactate resulted in lower postinfusion base ex-
cess (p < 0.0001) and higher postinfusion serum chlo-
ride (p < 0.002) and lactate (p < 0.002) concentrations 
compared with Ringerfundin; however, there were no 
differences in SIG or SID (21). One RCT involving adult 
ICU patients with metabolic acidosis (n = 49) found no 
difference in the rate of correction of metabolic acidosis 
between Ringer’s Lactate compared with Acetate (34).

Ringer’s Lactate Compared With Sterofundin

One RCT (n = 60) of head and neck surgery patients 
compared Ringer’s Lactate with Sterofundin and found 
higher intraoperative lactate levels (mean 3.5 mmol/L 
[sd 1.8] vs mean 1.7 mmol/L [sd 0.5]; p < 0.001) and 
lower pH (mean 7.42 [sd 0.1] vs mean 7.4 [sd 0.1]; 
p = 0.027) in those receiving Ringer’s Lactate (31). 
There were no important differences in serum potas-
sium, chloride, or bicarbonate concentration between 
the groups (31). One RCT involving pediatric surgery 
patients (n = 40) found no difference in postinfusion 

Figure 1. Forest plot of mean difference of chloride concentration postinfusion of Plasmalyte (PL) versus any comparator. HT = Hartmann’s, 
RL = Ringer’s Lactate, SF = Sterofundin.
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serum pH, lactate, base excess, chloride, or potas-
sium concentration between Ringer’s Lactate and 
Sterofundin (38).

Ringer’s Lactate Compared With Others

One RCT (n = 102) compared Ringer’s Lactate with 
Balanced Ringer’s in pregnant women undergoing ce-
sarean section (25) and found no difference in postinfu-
sion lactate or pH between the groups. Another RCT  
(n = 20) compared administration of Ringer’s Lactate 
with a novel balanced solution (created to have an 
SID equal to individual patient’s serum bicarbonate 
concentration) in those with acute respiratory failure 
requiring extracorporeal membrane oxygenation (27). 
Investigators in this study found lower base excess (MD, 
1.9 mEq/L lower; sd, 1.3), higher serum chloride (MD, 2 
mEq/L higher; sd, 7), and higher serum lactate (MD, 0.8 
mEq/L higher; sd, 0.82) in those randomized to Ringer’s 
Lactate compared with the novel solution group.

A single RCT compared infusion of Ringer’s Lactate 
with Normosol-R in adolescent spinal surgery patients 
(n = 59) and found higher postinfusion potassium 
concentration in those treated with Ringer’s Lactate  
(p = 0.007), and no difference in pH, base excess, or 
lactate between the groups (39).

Other Comparisons

One RCT (n = 20) compared Ringer’s Acetate with 
Ringer’s Bicarbonate in patients scheduled for elective 

aortic aneurysm repair (19). The 
Ringer’s Bicarbonate solution used 
in the study contained chelated 
calcium citrate and chelated mag-
nesium citrate. Investigators found 
no differences in the postinfusion 
pH or base excess between groups.

A single RCT (n = 86) com-
pared two different balanced solu-
tions in adult ICU patients (33); 
however, the solutions are not 
named. Their composition was 
reported as bicarbonate-balanced 
solution (Na 143 mmol/L, Cl 99 
mmol/L, and Hco3 49 mmol/L) 
and conventional balanced fluid 
(Na 130 mmol/L, Cl 110 mmol/L, 
Hco3 <27 mmol/L). The study re-

ported a decline in serum creatinine in the bicarbon-
ate-balanced fluid group, with no difference in receipt 
of RRT, ICU LOS, or mortality.

DISCUSSION

This systematic review and meta-analysis found that 
administration of Plasmalyte results in lower postinfu-
sion serum concentrations of chloride and lactate, and 
higher base excess compared with other balanced crys-
talloids. The certainty of these results is low as studies 
included heterogeneous populations leading to issues 
with inconsistency for some outcomes and ROB among 
the included studies. We found no important differ-
ences in postinfusion pH or potassium concentration 
with Plasmalyte, again with low or very low certainty. 
The changes in base excess that do not correlate with 
differences in pH may reflect changes within compen-
satory respiratory mechanisms of the body. Studies 
rarely evaluated the impact of using various balanced 
crystalloids on patient-important outcomes such as 
mortality, hospital LOS, and receipt or duration of life 
support, and we were, therefore, unable to pool data 
evaluating these outcomes. The results suggest that 
Plasmalyte may be most beneficial in terms of impact 
on electrolyte levels postinfusion; however, we are un-
certain whether this translates into improved patient 
outcomes. Furthermore, RCTs examining clinical out-
comes would be needed using large volumes of fluid, 
perhaps focused on hospitalized or critically ill patients.

Figure 2. Forest plot of mean difference of base excess postinfusion of Plasmalyte (PL) 
versus any comparator. HT = Hartmann’s, RL = Ringer’s Lactate, SF = Sterofundin.
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There are other considerations for clinicians and 
hospital administrators when deciding between the 
fluids. The cost of Plasmalyte varies between region 
and country although is generally higher than other 
balanced solutions, for example, the acquisition cost of 
Plasmalyte compared with Hartmann’s solution can be 
2–2.5 times higher (43). A cost minimization analysis 
comparing 24-hour fluid resuscitation with Plasmalyte 
or NS found that use of Plasmalyte resulted in higher 
initial fluid acquisition costs; however, there was a net 
cost benefit with Plasmalyte due to decreased usage of 
magnesium supplementation (44). Cost-effectiveness 
analysis should be a part of any future studies compar-
ing balanced crystalloids. There is also ongoing debate 
regarding the metabolic effects and safety of added 
anion buffers such as acetate, lactate, and gluconate, 
which are found in various balanced crystalloids (45).

Strengths of this study include enhanced general-
izability with the inclusion of diverse populations of 
patients. We also performed a comprehensive search, 
duplicate screening and data abstraction, ROB eval-
uation for each included study, and have contextual-
ized study results with overall certainty using GRADE 
methodology. This analysis has several limitations. 
First, the low to very low certainty of data for most 
comparisons and outcomes limits the strength of con-
clusions. The majority of included studies were judged 
to have a high ROB due to lack of blinding, incomplete 
data reporting, and lack of intention to treat analysis. 
The sparsity of data precluded the ability to perform 
pooled analysis for all comparisons, and heteroge-
neous populations and volumes of fluid between the 
studies contributed to important inconsistency. We 
were unable to find data addressing long-term patient-
important outcomes. The certainty of outcomes may 
be enhanced as further RCT evidence becomes avail-
able, such as the Balanced Solutions and Plasma 
Electrolytes trial comparing Normosol to Ringer’s 
Lactate (ClinicalTrials.gov Identifier: NCT03537898).

CONCLUSIONS

Plasmalyte may result in less metabolic abnormalities 
compared with other balanced crystalloid solutions. There 
were insufficient data to examine the impact of different 
balanced crystalloids on patient-important outcomes such 
as mortality and length of hospitalization. If RCTs demon-
strate balanced crystalloids are beneficial compared with 

NS, then future studies examining the comparative effec-
tiveness among these balanced fluids will be crucial.
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