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ORIGINAL ARTICLE

Effects of balanced solution on short-term outcomes
in traumatic brain injury patients: a secondary analysis

of the BaSICS randomized trial

ABSTRACT
Objective: To describe the effects of

balanced solution use on the short-term
outcomes of patients with traumatic
brain injury enrolled in BaSICS trial.
Methods: Patients were randomized
to receive either 0.9% saline or balanced
solution during their intensive care unit
stay. The primary endpoint was 90-day
mortality, and the secondary outcomes
were days alive and free of intensive
care unit stay at 28 days. The primary
endpoint was assessed using Bayesian
logistic regression. The secondary
endpoint was assessed using a Bayesian
zero-inflated beta binomial regression.
Results: We included 483 patients
(236 in the 0.9% saline arm and 247
in the balanced solution arm). A total
of 338 patients (70%) with a Glasgow

coma scale score < 12 were enrolled.

The overall probability that balanced
solutions were associated with higher
90-day mortality was 0.98 (OR 1.48;
95%Cirl 1.04 - 2.09); this mortality
increment was particularly noticeable
in patients with a Glasgow coma scale
score below 6 at enrollment (probability
of harm of 0.99). Balanced solutions
were associated with -1.64 days
alive and free of intensive care unit at
28 days (95%CirI -3.32 - 0.00) with a
probability of harm of 0.97.

Conclusion: There was a high
probability that balanced solutions were
associated with high 90-day mortality
and fewer days alive and free of intensive
care units at 28 days.

Keywords: Balanced solutions; Saline
solution; Brain injuries, traumatic; Hospital
mortality; Mortality; Critical care

ClinicalTrials.gov: NCT02875873

INTRODUCTION

Balanced solutions have been suggested to be beneficial for critically ill
patients, although their precise role is presently unclear.”’ Among the four largest
trials conducted assessing balanced solutions in a mixed population of critically

ill patients,®?

'only one met the predefined criteria for “statistical significance”

(p < 0.05) for a composite endpoint for mortality, need for kidney replacement
therapy (KRT) or doubling of creatinine, with the remaining trials yielding

neutral results.®

Traumatic brain injury (TBI) is a special population with some particularities
in fluid management. It has been suggested that balanced solutions could exert
harmful effects in this population, which could be related to the osmolarity
of the fluid infused.®” In the BaSICS (Balanced Solution in Intensive Care
Study), patients were randomized to receive either 0.9% saline or Plasma-Lyte
148 (an isotonic solution with lower chloride content) for maintenance, dilution,
and fluid challenges during intensive care unit (ICU) stay.“’ Although BaSICS
reported neutral results, it suggested a possible harm of balanced solutions in the
prespecified subgroup of patients with TBI despite the use of an isotonic fluid

in the intervention arm.®

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).
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We aimed to further evaluate the subgroup of patients
with TBI in the BaSICS trial, describing the effect of
balanced solutions in this population on mortality (our
primary endpoint), days alive and free of ICU, and organ
dysfunctions. We hypothesized that balanced solutions
would be harmful in this subgroup, with an interaction
between neurological status at study enrollment, as assessed
by the neurological component of the Sequential Organ
Failure Assessment (SOFA) score,@ and the intervention.

METHODS

Study design and patients

A secondary analysis of the BaSICS trial based on a
prespecified subgroup. All patients with complete primary
endpoint information and with a registered diagnosis of
TBI at baseline in the case report form were included in
the analysis.

Procedures

Details on the inclusion and exclusion criteria in the
BaSICS trial can be found in the main publication®
and protocol.® In brief, patients requiring at least one
fluid challenge with risk factors for acute kidney injury
and without a discharge plan in the next 24 hours were
considered for inclusion in the trial. The study assessed
both the effects of fluid type and two different infusion
rates for fluid bolus; this secondary analysis considers only
the fluid type analysis.

Measurements

Due to its pragmatic design, information on TBI was
collected as a yes/no question, without further data on
the trauma mechanism or presentation. We collected
information on the primary outcome (90-day survival), as
well as fluid use and organ dysfunctions (as measured by
SOFA score) on specific days.” The neurological component
of the SOFA score was estimated based on a physical exam
for nonsedated patients or the last known Glasgow coma
scale (GCS) value for patients who were sedated (values of
neurological SOFA of 0 to 4 are equivalents to GCS of 15,
13-14,10-12,6-9, and < 6, respectively).”’

Endpoints

The primary endpoint was 90-day mortality. The key
secondary endpoint was days alive and free of ICU stay
at 28 days. Exploratory endpoints included the need for
KRT at 90 days and organ dysfunctions (neurological,
cardiovascular, and renal organ dysfunctions - all measured
using SOFA score) at Day 3 after enrollment.

Statistical analysis

The primary endpoint was assessed using a Bayesian
hierarchical logistic regression model with intervention as a
predictor and enrolling site as a random effect. Alternatively,
the model was adjusted for baseline neurological SOFA
score (as factor, from 0 to 4), the intervention and their
interaction as predictors, with enrolling site also considered
a random effect. The full model’s syntax is provided in
appendix 1S (Supplementary material). A neutral normal
prior centered at an odds ratio (OR) of 1 (log[OR] = 0)
and with standard deviation of 0.355 was applied for all
fixed predictors in the analysis; this prior has 0.95 of its
probability mass for OR between 0.5 and 2 (neutral,
moderate strength prior)."” Results are expressed in terms
of OR or, for the alternative model, as conditional effects OR
for the intervention at neurological SOFA score. We provide
the posterior distribution for the OR (in log scale), the 95%
credible interval (95%Cirl), and the probability of direction
(that is, the probability that OR > 1.0). Equivalence testing
was made by arbitrarily defining an equivalence margin equal
to an OR between 1.1 and 1/1.1.19

Days alive and free of ICU stay were modeled following
a zero inflated beta binomial model. We performed both an
unadjusted and an adjusted analysis. The adjusted analysis
was adjusted for baseline neurological SOFA, intervention,
and their interaction as predictors. Patients who died
up to 28 days received a value of zero. We obtained the
difference in days alive and free of ICU through sampling
the expected probability distribution of days alive and free
of ICU from the model and summarizing it as median,
95%Crl, the probability the intervention is associated
with fewer days alive and free of ICU, and probability that
the difference is within a margin of one day (equivalence
margin). The code syntax for the secondary endpoint is also
shown in appendix 1S (Supplementary material).

Need for KRT was assessed although a Bayesian logistic
model adjusted for intervention, total SOFA score and
their interaction with neutral priors, with results presented
as median OR, 95%CirI, probability of direction, and
probability of equivalence. Other exploratory endpoints
were modeled using a cumulative ordinal Bayesian model
for neurological, cardiovascular, and renal components of
the SOFA score. Models were adjusted for the respective
baseline SOFA component value, intervention, and their
interaction. The endpoint was coded so it considered the
five levels of each SOFA component plus attributing early
discharges up to Day 3 and early mortality for patients who
died on up to Day 3. The results are presented as OR and
95%CirI for a worse value in the scale under a cumulative
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logit model. We applied the same margin of equivalence
as for the primary endpoint.

All analyses were performed using R software version
4.2.0"Y using brms,"? and tidybayes"? with ggplot2 for
visualization.!?

RESULTS

Of the 10,520 patients, 10,490 had full information
on the reason for admission; of those, 483 had a diagnosis
of TBI at admission and were included (236 in the 0.9%
saline arm and 247 in the balanced solution arm). Patient
features and unadjusted outcomes are shown in table 1. Most
patients were male, with a median age of 44 years. A total
of 338 patients (70%) were enrolled with a GCS score < 12
(as defined by a neurologic SOFA score > 2). The overall
mortality at 90 days was 26% (21% in the 0.9% saline

group and 31% in the balanced solution group). Patients
received an average of 2,430mL of study fluid (interquartile
range - IQR 1,250 - 4,500mL) during the first three days
after enrollment (2,381mL [IQR 1,191 - 4,000] in the
0.9% saline group and 2,487mL [IQR 1,404 - 4,976] in
the balanced solution group). Fluid use during the first three
days is shown in figure 1A, and serum chloride levels for
patients who had their chloride measured are shown in figure
1B. A Kaplan—Meier plot for survival stratified according to
randomization arm is shown in figure 2A, and patient status
over time up to 90 days is shown in figure 2B.

The results for the primary endpoint are shown in figure
1S (Supplementary material), figure 3, and table 2. Figure
1S (Supplementary material) shows the posterior odds
distribution for the unadjusted 90-day mortality analysis.
Figure 3A shows the expected posterior predictions for the

Table 1 - Baseline features and outcomes of included patients according to treatment group

0.9% saline solution Balanced solution

n = 236 n = 247
Characteristic
Age 43 (28 - 61] 45 [30 - 63]
Male sex 183 (78) 203 (82)
APACHE Il 1510 - 20] 15 [11-20]
SOFA 7.0 [4.0-9.0] 7.0 [5.0-10.0]
Neurological SOFA

0 (GCS 15) 40 (17) 33(13)

1(GCS 13- 14) 40 (17) 32 (13)

2(GCS 10 -12) 27 (1) 30(12)

3(GCS6-9) 47 (20) 84 (34)

4 (GCS < 6) 82 (35) 68 (28)
Cardiovascular SOFA

0 (no hypotension) 87 (37) 94 (38)

1 (MAP < 70mmHg) 34 (14) 28 (11)

2 (dopamine < 5mcg/kg/min) or dobutamine) 0(0) 2(0.8)

3 (norepinephrine < 0.1mcg/kg/min) 30(13) 39 (16)

4 (norepinephrine > 0.1mcg/kg/min) 85 (36) 84 (34)
Hypotension or vasopressor use at enrollment 133 (56) 148 (60)
Mechanical ventilation at enrollment 158 (67) 173 (70)

QOutcomes

ICU mortality 33 (14) 52 (21)
Hospital mortality 42 (18) 73 (30)
90-day mortality 49 (21) 76 (31)
Need for KRT 18 (7.6) 22 (8.9)
ICU length-of-stay (dias) 9[4-18] 10 [6-18]
Days alive and free of ICU at 28 days 16 [4 - 23] 13 [0-21]
Hospital length-of-stay (days) 191[9-37] 18 [10-32]

APACHE Il - Acute Physiology and Chronic Health Evaluation II; SOFA - Sequential Organ Failure Assessment Score; GCS - Glasgow coma scale; MAP - mean arterial pressure; ICU - intensive care unit; KRT - kidney replacement

therapy. The results are expressed as the median [interquartile range] or n (%).
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adjusted 90-day mortality for both the 0.9% saline and
balanced solutions groups according to the neurological SOFA
score at enrollment, and figure 3B shows the distribution of
the OR for each neurological SOFA score at enrollment.
Numerical summaries of effect sizes are shown in table 2.
The overall probability that balanced solutions were associated
with higher 90-day mortality in the unadjusted analysis was
0.982. Under the adjusted analysis, this mortality increment
was particularly noticeable in patients with a neurological
SOFA score of 4 (corresponding to a GCS score < 6).

The results for KRT were inconclusive (Table 2);
the probability of harm was close to 0.73, and credible
intervals were wide. On unadjusted analysis, balanced
solutions were associated with -1.64 days alive and free
of ICU (95%CirI -3.32 - 0.00); overall probability of
harm 0.97. Consistent with the primary endpoint, the
probability of harm was higher for higher neurological
SOFA scores at enrollment, peaking over 0.99 for
neurological SOFA scores of 4 (Table 2, Figure 28 -
Supplementary material).

Figure 1 - (A) Fluid use during the first three days in the trial; (B) Chloride values for patients who had chloride measured at baseline and the following 3 days, stratified by group.
Error bars represent 95% confidence intervals obtained through nonparametric bootstrapping.

Figure 2 - (A) Survival curves for included patients, stratified according to intervention arm. (B) Patient status over time up to 90 days (only the first intensive care unit admission

is considered); each vertical line represents 10-day intervals.
ICU - intensive care unit.

Rev Bras Ter Intensiva. 2022;34(4):410-417


http://rbti.org.br/imagebank/pdf/RBTI-0261-22-Supl1.pdf
http://rbti.org.br/imagebank/pdf/RBTI-0261-22-Supl1.pdf

414 Zampieri FG, Damiani LP, Biondi RS, Freitas FG, Veiga VC, Figueiredo RC, et al.

Figure 3 - (A) Expected posterior predicted mortality according to baseline neurological Sequential Organ Failure Assessment component and intervention. (B) The respective odds
ratios obtained from the probabilities shown in panel (A), with a region of equivalence highlighted.
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Table 2 - Summary of the effect sizes for primary and secondary endpoints-

Absolute difference Odds ratio Probability Probability
Median (95%Crl) Median (95%Crl) of harm* of equivalencet

90-day mortality - unadjusted model

All patients 0.07 (0.01-0.14) 1.48 (1.04 - 2.09) 0.98 0.05
90-day mortality - adjusted model

Neurological SOFA 0 (GCS 15) 0.04 (-0.02-0.12) 1.32 (0.88 - 1.99) 0.92 0.14

Neurological SOFA 1 (GCS 13 - 14) 0.03 (-0.05-0.12) 1.28 (0.67; 2.37) 0.77 0.16

Neurological SOFA 2 (GCS 10 - 12) 0.06 (-0.05-0.19) 1.40 (0.77; 2.64) 0.86 0.15

Neurological SOFA 3 (GCS 6 - 9) 0.05 (-0.04 - 0.14) 1.33 (0.78 - 2.28) 0.85 0.16

Neurological SOFA 4 (GCS < 6) 0.12 (0.02 - 0.24) 1.82 (1.09-3.12) 0.99 0.02
Need for KRT at 90 days

All patients 0.01 (-0.02 - 0.05) 1.20 (0.70 - 2.09) 0.73 0.21
Days alive and free of ICU - unadjusted model

-1.64 (-3.32 - 0.00) 0.97 0.23

Days alive and free of ICU - adjusted model

Neurological SOFA 0 (GCS 15) -0.82 (-4.24 - 2.45) 0.69 0.40

Neurological SOFA 1 (GCS 13 - 14) 0.68 (-3.58 - 4.74) 0.37 0.33

Neurological SOFA 2 (GCS 10 - 12) -1.20 (-5.54 - 3.70) 0.70 0.30

Neurological SOFA 3 (GCS 6 - 9) -1.80 (-4.67 - 1.17) 0.89 0.27

Neurological SOFA 4 (GCS < 6) -3.19 (-5.75--0.412) 0.99 0.06

95%Crl - 95% credible interval; SOFA - Sequential Organ Failure Assessment Score; GCS - Glasgow coma scale; ICU - intensive care unit. * Probability that OR > 1.0 for mortality (primary endpoint) or that intervention is
associated with fewer days alive and free of intensive care unit (secondary endpoint); T Probability that odds ratio is between 1/1.1 to 1.1 for mortality (primary endpoint) or that intervention effect on days alive and free of

intensive care unit (secondary endpoint) is within a one-day margin.

Other exploratory endpoints are shown in table 1S
and figures 3S and 4S (Supplementary material). The
probability of transitioning to a higher neurological
component SOFA score or death was high for balanced
solutions when the baseline neurological SOFA was 4.
There was no clear signal of higher odds of transitioning
to a higher SOFA component value or death for either
cardiovascular or renal SOFA components.

DISCUSSION

In this secondary post hoc analysis of the BaSICS trial,
we found an above 0.95 probability that being enrolled to
receive balanced solutions was associated with increased 90-
day mortality in patients with TBI. The probability of harm
was particularly high in patients with higher neurological
SOFA scores at enrollment, peaking at 0.99 in patients
with neurological SOFA scores of 4 (GCS below 6 points).
Balanced solutions may also decrease the number of days
alive and free of ICU stay in this population, with a very
high probability of reducing the number of days alive and
free of ICU stay by at least one day for patients with high
baseline neurological SOFA scores. We also found that
balanced solutions may be associated with progression to
ordinal status of neurological SOFA or death in patients

with higher baseline neurological SOFA, while the results
were inconclusive for cardiovascular and renal SOFA. The
results for the need for KRT were also inconclusive, and we
were unable to confirm the important effects of balanced
solution at this endpoint in TBI patients.

Our findings should be interpreted in the context of a
secondary exploratory analysis of a large trial, considering
that our sample is limited, and the results suffer from
imprecision. However, our results are aligned with trends
observed in the SMART trial, where point estimates favored
0.9% saline over balanced solutions in TBI patients,” and
in other neurological conditions, such as subarachnoid
hemorrhage." Our results are also aligned with the main
subgroup report of the BaSICS trial. Due to the use of
neutral priors and different model specifications, the result
in this analysis is more conservative than the raw report in
the TBI subgroup in the main trial. We further extended
the trial original subgroup analysis by applying a different
methodology (Bayesian model) considering important
factors known to be related to outcome in TBI patients,
including age"® and a proxy of GCS; our results suggest not
only an impact at 90-day mortality but also an immediate
association between balanced solution use and mortality,
which can be seen in both the survival curves (Figure 2) and
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in the days alive and free of ICU analyses. We also provide
evidence that possible harm of balanced solutions is more
pronounced in more severe patients (suggesting a gradient
of effect, which enhances the association probability), that
is, those randomized with a lower GCS value; this may
be related to increased harm in patients with more severe
TBI (who carry an increased risk of complications and
higher intracranial pressure), or consequence of the higher
number of events in this group (which increases precision
of estimates). It should be highlighted, however, that for all
subgroups of neurological SOFA, the expected probability
distribution of mortality was somewhat higher in the
balanced solution group. It is important to highlight that
despite a chloride gradient between groups with lower values
in balanced solutions, we found higher mortality in TBI
patients and neutral, inconclusive results for KRT, which
may be an important endpoint for trials assessing fluid type
in critically ill patients.

Concerns over the safety of balanced solutions in TBI
patients were pressing enough so that the PLUS trial,®
another large, individually randomized controlled trial
assessing the possible effects of balanced solutions, was
chosen to exclude TBI patients from inception. Reasons for
the possible harm of balanced solutions in TBI patients are
uncertain. Plasma-Lyte 148 °, an isotonic solution, was used
in BaSICS, which may partially avoid issues of low tonicity
solutions in increasing intracranial pressure."” The effects
of the buffer anion of balanced solutions in traumatic brain
injury, however, are presently unclear. Plasma-Lyte 148° uses
acetate as the primary buffer, which has largely unknown
effects on brain circulation at isotonic levels."” Acetate
may exert important cardiovascular functions, including
vasodilation;"¥ in the main BaSICS trial, balanced solution
was associated with more cardiovascular SOFA values above
2 on the third day after enrollment, which may be related
to buffer effects in the circulation.® Finally, differences
in sodium concentration, another major determinant of
plasmatic oncotic pressure, are different between Plasma-Lyte
148 and 0.9% saline, which may explain part of the results.
In the lack of true mechanistic data, this remains speculative.

Clinical trials should be performed to assess possible
benefit and not to exclude harm, except in doubtful
scenarios of an intervention that may present with
significant heterogeneity of treatment effect. For example,
if the results of any of the large trials on balanced solutions
clearly suggested an overall benefit of relevant patient-
centered outcomes (mortality, length of stay, among others)
but had dubious findings in TBI, it would be reasonable
to confirm or refute this finding in a dedicated trial.
However, the benefit of balanced solutions, if any, appears

Rev Bras Ter Intensiva. 2022;34(4):410-417

to be small,V related to fluid use before enrollment,"® and
unclear for long-term outcomes.”’ Regarding TBI patients,
when faced with a strong signal for harm for this type of
fluid in this population, clinicians may choose to avoid
balanced solutions. An individual patient metanalysis of
the large trials of balanced solutions may clarify the trends
observed in this analysis.*”

This manuscript has several limitations. It is a post hoc
analysis of a randomized controlled trial; therefore, although
the subgroup was prespecified in the main analysis, it should
be seen as exploratory. We had no data on the mechanisms
of trauma or type of brain injury each patient had; it is
conceivable that effects could vary according to the type
of neurological injury (for example, extradural hematoma
versus diffuse brain swelling). There is also no information
on how patients were managed, including sedation use
and intracranial pressure monitoring; therefore, we are
unable to provide a mechanistic hypothesis for our findings.
Additionally, we lack information on sodium levels, which are
also a major determinant of oncotic pressure. Finally, mortality
is not the sole outcome of importance for TBI patients, and
we lacked data on long-term neurological outcomes.*"

CONCLUSION

There is a high probability that balanced solutions
may be associated with increased mortality in critically
ill patients with traumatic brain injury. This association
is more pronounced in patients with high neurological
impairment at enrollment. Given the unclear benefits of
balanced solutions in critically ill patients, it is reasonable
to avoid balanced solutions in this specific subgroup.
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