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Comparison of Commercially Available Balanced Salt
Solution and Ringer’s Lactate on Extent of Correction of
Metabolic Acidosis in Critically Ill Patients
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ABSTRACT

Introduction: Appropriate early fluid resuscitation is ubiquitous for critically ill patients with metabolic acidosis. Owing to harmful effects of
normal saline, commercially prepared balanced salt solutions are being used. However, there is no study comparing use of Ringer’s lactate (RL)
and commercially available balanced salt solutions in critically ill patients.

Materials and methods: A randomized controlled trial was conducted during July 2016 to December 2017. Fifty adult patients admitted to
intensive care unit with metabolic acidosis were randomized into group RL or group acetate solution (AC). Respective trial fluid was administered
at 20 mL/kg/hour for first hour and 10 mL/kg/hour for second hour. Arterial blood gas analysis samples were taken 15 minutes apart. The fluid
resuscitation was continued till pH got corrected to 7.3 or 2 hours, whichever was earlier. The primary aim was to compare time to correct
metabolic acidosis in both the groups. The secondary outcomes were the extent of correction of metabolic acidosis, total volume of fluid used,
and total cost per patient.

Results: Demographic parameters, APACHE Il score, and baseline investigations were comparable. The metabolic acidosis got corrected in 12
patients in group AC and 10 patients in group RL (p value = 0.66). The mean time for correction of metabolic acidosis was 57 + 3.85 minutes in
group RL and 56.25 + 4.22 minutes in group AC (p value =0.95). The extent of correction of metabolic acidosis and total volume of fluid used
was also comparable (p value = 0.05). However, the cost of fluid used was significantly higher in group AC (p value < 0.01).

Conclusion: During administration of balanced salt solutions, RL or AC, in critically ill patients with metabolic acidosis, AC did not confer any
advantage in time to or extent of correction of metabolic acidosis.

Clinical significance: There is no difference in acid—base status with use of different types of balanced salt solutions for resuscitation in critically
ill patients.
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INTRODUCTION

Metabolic acidosis in a critically ill patient is associated with
worse outcome in terms of prolonged stay in intensive care unit
(ICU)." Appropriate early fluid resuscitation is recommended, as it
increases cardiac output and organ perfusion, thereby improving
the metabolic well-being which in turn decreases the base deficit.?
Owing to various harmful effects of normal saline (NS) ranging from
hyperchloremic acidosis and endothelial glycocalyx damage to
increased incidence of acute kidney injury and renal replacement
therapy, balanced crystalloids containing physiologic levels of
chloride and additional buffers are increasingly being used for
critically ill patients.® The literature for comparison of NS with
balanced salt solutions in various clinical settings is abundant, but
there is paucity of data when it comes to comparison of different
balanced salt solutions. To the best of our knowledge, this is the
first study with the primary aim of comparing the effects of two
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MATERIALS AND METHODS

balanced salt solutions, widely available, Ringer’s lactate (RL) and
commercially prepared, acetate solution (AC) on time to correct
metabolic acidosis in critically ill patients admitted in ICU. The
secondary outcomes assessed were the extent of correction of
metabolic acidosis, total volume of fluid used, and the cost of two
fluids.

This was a single-center, randomized controlled trial (RCT)
conducted from July 2016 to December 2017 in ICU of teaching
tertiary-care center in North India. After obtaining institute’s ethics
committee approval (NK/2951/MD/1311), the trial was registered
in clinical trials registry of India, CTRI/2017/08/009261. Adult
patients admitted to the ICU with moderate or severe metabolic

©TheAuthor(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.



Fluid Resuscitation and Correction of Metabolic Acidosis

acidosis were randomized into two groups, group RL and group
AC. Moderate metabolic acidosis was defined as pH 7.20 to 7.29
and standard bicarbonate 10 to 19 mmol/L and severe metabolic
acidosis as pH < 7.20 with standard bicarbonate, 10 mmol/L.*
Patient who did not give consent or had contraindication to volume
resuscitation were excluded.

Assuming time taken for correction of metabolic acidosis
as 60 minutes with administration of RL (initial 1 hour of fluid
resuscitation) and a 20% decrease in this time (48 minutes) for
AC, sample size was calculated as 11 in each group (total 22) with
power of study at 80% and one-sided p value as 0.05 to detect this
difference. Since only about half patients will have correction of
metabolic acidosis with fluid resuscitation alone, at least 22 patients
were required in each group. To attribute for any loss of data, a
total of 50 patients were enrolled and randomization was done by
using a computer-generated random number chart for sequence
generation, and sequentially numbered opaque-sealed envelopes
were used for concealment of randomization. Once randomized
further blinding of the intensivist collecting data were not possible
due to obvious difference in packaging of two fluids. The statistical
analysis was done by a person blinded to the group allocation.

After placing a 20-G arterial canula in peripheral artery under
all aseptic precautions, a baseline arterial blood gas (ABG) analysis
was obtained: S, (0.5 mL) for blood gas analysis, electrolytes, and
lactate levels. After confirming metabolic acidosis in baseline ABG
(Sy), fluid resuscitation with respective trial fluid was started at the
rate of 20 mL/kg for the first hour and 10 mL/hour for the second
hour. Subsequent ABG samples were drawn 15 minutes apart
labeled S,, S,, Ss, S4 Ss, Se S Sg at 5, 30, 45, 60, 75, 90, 105, and 120
minutes, respectively, after initiation of resuscitation. Each patient
continued to receive the same trial fluid till completion of the study.

The fluid resuscitation was continued till pH of 7.3 was achieved
(considered as correction of metabolic acidosis) or for maximum of
2 hours, whichever was earlier. The extent of correction of metabolic
acidosis was measured for patients in whom metabolic acidosis got
corrected, interms of change in pH, standard bicarbonate, base excess,
and lactate levels from beginning of fluid administration till time point
at which metabolic acidosis got corrected. The total volume of fluid
administered and the overall cost per patient were also recorded.

The statistical analysis was carried out using software R with
package R commander. For all quantitative variables, mean and
median were calculated. Standard deviation was calculated for
measures of dispersion. Kolmogorov-Smirnov tests of normality
were used to determine the distribution of data. Unpaired Student t
test was used for comparing normally distributed measurable data.
Mann-Whitney U test was used to compare skewed distributed
data. These measurable data included age; height; weight; body
mass index (BMI); baseline investigations such as hemogram,
biochemistry (sodium, potassium, urea, creatinine, chloride and
lactate); time to correction of acidosis; volume of IV fluid; cost of
IV fluid; and APACHE score at 24 hours. Chi-square or Fisher exact
test were used for categorical data. Repeated measure ANOVA test
was used for time-related data to see the trend over time as well as
compare the 2 groups at different points of time. These included
correction of pH, standard bicarbonate, base excess, and lactate.

REesuLTs

Fifty patients admitted to ICU during August 2016 to December
2017 meeting the inclusion criteria were recruited, 24 in group RL
and 25 patients in group AC, and analyzed (Flowchart 1).
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Demographic profile and baseline investigations of both the
groups were comparable (Table 1). Median acute physiology and
chronic health evaluation (APACHE) Il score was 16 (14-20) in both
the groups. The baseline acid-base status of patients in the two
groups was comparable at the time of recruitment (S) (Table 2).
The metabolic acidosis was corrected after fluid resuscitation in 12
(48%) of the 25 patients in group AC, whereas the metabolic acidosis
was corrected in 10 (41.6%) of the 24 patients in group RL, and this
difference was not statistically different (p value 0.66).

The primary outcome, that is, the mean time for correction of
metabolic acidosis, was 57 + 3.85 minutes in group RL and 56.25 +
4.22 minutes in group AC, and the difference was not statistically
significant (p value 0.95). The extent of correction of metabolic
acidosis in patients who the metabolic acidosis got corrected was:
Mean change in pH was 0.08 + 0.05 in group RL and 0.11 + 0.09 in
group AC (p value 0.51), mean change in standard bicarbonate was
2.19 + 2.07 mEq/L in group RL, and 2.46 + 2.26 mEq/L in group AC
(p value 0.77), mean change in base excess was 2.73 + 2.21 mEq/L
in group RL and 3.28 + 3.25 mEq/L in group AC (p value 0.64,) and
mean fall in lactate was 1.31 + 3.56 mmol/L in group RLand 0.03 +
1.79 mmol/L in group AC (p value = 0.32) (Figs 1 and 2).

The mean volume of total IV fluid used for resuscitation was
1513.75 £ 511.13 mL in group RL and 1472.52 + 521.13 mL in group
AC (p value = 0.78). However, the mean total cost of IV fluid (in
Indian rupee) was 172.9 + 53.6 in group RLand 336 + 111.4 in group
AC (p value < 0.01).

Discussion

The study showed that no particular balanced salt solution (RL or
AC) conferred advantage over the other in terms of correction of
metabolic acidosis and extent to which the correction happened.
The number of patients in who the metabolic acidosis got corrected
with initial fluid resuscitation for 2 hours remained the same in both
the groups. However, the use of commercially prepared balanced
crystalloid, AC, did increase the overall cost of treatment when
compared to widely available cheaper balanced solution, RL.

The commercially prepared balanced salt solutions come
with different buffers and are promoted with data from clinical
studies emphasizing their superiority over NS.°~° Interestingly, the
number of studies comparing the commercially prepared costlier
solutions with RL is limited. The choice of fluid to be administered
in resuscitation of critically ill patients in an ICU is a matter of utmost
significance. The availability and cost of fluid being recommended
for administration are equally significant when aiming to achieve
the 1-hour bundle goal per Surviving Sepsis Guidelines.'® Hence,
the comparison of RL and AC is logical because RL is cheaper and
widely available balanced salt solution.

Among the three studies comparing balanced salt solutions,
Hadimioglu and colleagues conducted arandomized controlled trial
and compared administration of AC, NS, and RL in renal transplant
recipients." They concluded that the acid—base parameters were
similar to both balanced fluids, RL and AC. However, lactate levels
were significantly higher in patients receiving RL intraoperatively
whichisin contrast to our study, where no difference in lactate levels
was found. The reason could be the different patient population
and difference in volume of fluid administered in the two studies.

Weinberg et al. studied the effect of peri-operatively
administering two balanced salt solutions, Hartmann solution (HS)
and plasmalyte (PL), in patients undergoing major hepatic resection
and concluded that patients in both the groups had equivalent
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Flowchart 1: CONSORT study flowchart

Enrollment

Assessed for eligibility (n = 52)

A

A

Excluded (n = 2)

» Not meeting inclusion criteria (n = 0)
* Declined to participate (n = 2)

* Other reasons (n = 0)

Randomized (n = 50)

!

Allocated to AC group (n = 26)
Received allocated intervention (n = 26)
Did not receive allocated intervention (n = 0)

Analyzed (n = 25)
Excluded from analysis (n = 0)

Table 1: Demographic parameters and baseline investigations

Parameter Group RL Group AC

Age (years) 429+ 189 48.6 +18.0
Gender: male/female 15/9 15/10

(numbers)

Weight (kg) 62.9+9.2 61.2+8.0

Height (meter) 1.6 +0.1 1.6 +0.1
Hemoglobin (g/dL) 9.80+ 1.8 9.9+ 2.1

Platelet count (per dL) 136,000 + 89,109.1 116,840 + 64397.6
Leukocyte (per dL) 16395.8 +9488.5 19828.0 + 15084.2
Sodium (mEg/L) 142.5+6.9 13822 + 6.4
Potassium (mEq/L) 3.9+0.7 4.2+ 091

Blood urea (mg/dL) 63.9 +23.7 69.3 +38.6

Serum creatinine (mg/dL) 1.8+ 1.9 1.8+1.1

*All values expressed in mean + standard deviation

mean standard base excess (p value 0.17).'> However, there was
significant difference in serum chloride and serum lactate levels
with patients in HS group being hyperchloremic (p value 0.03) and
hyperlactatemic (p value 0.01).

Also, Shin et al. compared the effects of administering RL
and plasmalyte in donors of liver transplant, undergoing right
hepatectomy, and found higher lactate level, total peak bilirubin,
and prothrombin times in patients receiving RL."> Thus, the authors
concluded that using balanced salt solutions without lactate as
buffer is advantageous in donors of liver transplantation. The
reason for the difference between this study and our study can
be explained by the fact that despite critical illness, their liver
function was well preserved in our patients, and lactate from RL
was effectively metabolized.
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Allocation

Follow-up v
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention patient expired Discontinued intervention (n = 0)
during study period) (n = 1)
\ Analysis \ 4

}

Allocated to RL group (n = 24)
Received allocated intervention (n = 24)
Did not receive allocated intervention (n = 0)

Analyzed (n = 24)
Excluded from analysis (n = 0)

Table 2: Parameters of arterial blood gas analysis (acid-base status) at
the time of recruitment (S,)

Parameter Group RL Group AC p value
pH 7.18 +£0.07 7.19+0.08 0.63
pO, (mm Hg) 119.6 +90.2 1526 +£118 0.28
pCO,(mm Hg) 409+11.8 363 +104 0.15
Standard bicarbonate 149 +29 141+33 091
(mEqg/L)

Base deficit (mEq/L) —-123+3.8 -129+4.2 0.68
Chloride (mEq/L) 116.8 +10.5 1169+76 097
Lactate (mMol/L) 4.0+3.7 35+39 05

*p value < 0.05 significant

Apart from these studies comparing different balanced salt
solutions in different clinical settings, there are studies in which
authors have used different crystalloids for patients with metabolic
acidosis. Chua et al. published a retrospective analysis of almost
exclusive resuscitation with AC and NS in patients with diabetic
ketoacidosis and concluded faster correction, higher serum
bicarbonate level and base excess with the use of AC (p value <
0.05)." The total volume of AC used was also significantly lower (p
value < 0.001). Mahler et al., also compared AC with NS in diabetic
ketoacidosis and confirmed lower bicarbonate levels (p value <
0.05) and higher chloride levels with the use of NS (p value < 0.01).”®
In trauma patients with metabolic acidosis, Young et al. compared
resuscitation for first 24 hours with AC and NS.° Patients receiving
AC had larger change in serum bicarbonate, level base excess, and
lower hyperkalemia at 24 hours postinjury. The major drawback
of all these studies conducted in patients with metabolic acidosis
is that they have compared NS with AC. Despite availability of a
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Figs 1A to D: Extent of correction of metabolic acidosis in both groups in terms of: (A) pH; (B); Lactate level; (C) Bicarbonate (HCO;"); (D) Base excess
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Fig. 2: Kaplan-Meier graph showing the number of patients with

correction of metabolic acidosis with time in the two groups
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cheaper solution, RL, there is no study comparing RL and AC in
patients with metabolic acidosis.

In an animal model of hemorrhagic shock, Noritomi et al.
studied AC, RL, and NS.'® Comparable pH, serum bicarbonate, base
excess, and chloride levels were found when study parameters
in two groups AC and RL were analyzed. However, when NS was
compared to balanced fluids, there was significant difference in
serum bicarbonate (p value 0.04), base excess (p value 0.04), and
chloride levels (p value 0.02).

Our study has certain limitations. First, our ICU is a medical
ICU, and diagnosis at admission for majority of patients is sepsis.
The extrapolation of results may not be feasible in ICU’s admitting
a different patient profile (surgical, trauma, and burn). Second, the
study period was limited to 2 hours, considering the initial phase of
fluid resuscitation in sepsis patients. We did not study the long-term
outcomes such as incidence of AKI, need for RRT, mean duration
of ICU stay, mean days of mechanical ventilation, and mortality.

CoNcCLUSION

During administration of 2 balanced salt solutions, RL and
commercially prepared AC, to critically ill patients with metabolic
acidosis during initial phase of fluid resuscitation, AC did not confer
any advantage in time to or extent of correction of metabolic
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acidosis and the total volume of fluid used. However, use of AC
increased the total cost as compared to RL.

CLINICAL SIGNIFICANCE

There is no difference in acid-base balance with use of different
types of balanced salt solutions for resuscitation in critically ill
patients.
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