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BACKGROUND
Whether treatment with balanced crystalloid fluid leads to better outcomes than 
0.9% saline in children treated for septic shock is debated.

METHODS
In this pragmatic clinical trial conducted at 47 emergency departments in five 
countries, patients (2 months to <18 years of age) with suspected septic shock and 
abnormal perfusion were randomly assigned to receive fluid resuscitation with 
either balanced fluid or 0.9% saline for up to 48 hours. The primary outcome was 
a major adverse kidney event (a composite of death, new renal-replacement thera-
py, or persistent kidney dysfunction) at 30 days after enrollment or hospital dis-
charge, whichever occurred first.

RESULTS
Of 9041 enrolled patients, 277 (6.1%) in the balanced-fluid group and 282 (6.2%) 
in the 0.9%-saline group withdrew from the trial, leaving 4235 and 4247 patients, 
respectively, for analysis. A primary-outcome event occurred in 137 patients (3.4%) 
in the balanced-fluid group and in 124 (3.0%) in the 0.9%-saline group (difference, 
0.4 percentage points; 95% confidence interval [CI], −0.5 to 1.3; risk ratio, 1.10; 
95% CI, 0.88 to 1.40; P = 0.85). The median number of hospital-free days during 
28 days after enrollment was 23 (interquartile range, 19 to 25) in both groups. 
Hyperchloremia occurred in 868 patients (31.4%) in the balanced-fluid group and 
in 1383 (49.0%) in the 0.9%-saline group; hypernatremia in 52 (1.8%) and 89 
(3.1%), respectively; and hyperlactatemia in 260 (19.8%) and 228 (16.7%). No dif-
ferences in other safety outcomes or adverse events were seen.

CONCLUSIONS
Among children treated for septic shock, no significant difference was seen in the 
incidence of death, new renal-replacement therapy, or persistent kidney dysfunc-
tion when fluid resuscitation was administered with balanced fluid as compared 
with 0.9% saline. (Funded by Eunice Kennedy Shriver National Institute of Child 
Health and Human Development and others; PRoMPT BOLUS ClinicalTrials.gov 
number, NCT04102371.)
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Crystalloid fluid is commonly used 
to resuscitate children with septic shock.1 
Options for crystalloids include 0.9% so-

dium chloride (saline) or balanced fluid, such as 
lactated Ringer’s solution or Plasma-Lyte. Despite 
its widespread use,2,3 0.9% saline contains a su-
praphysiologic concentration of chloride that is 
associated with hyperchloremia, metabolic aci-
dosis, and decreased renal blood flow.4,5 In con-
trast, balanced fluid has an electrolyte composi-
tion that more closely resembles that of human 
plasma6 and has been shown to be associated with 
lower frequencies of acute kidney injury, receipt of 
renal-replacement therapy, and death than 0.9% 
saline in some studies involving adults7-14 and in 
some involving children.15-17 However, other stud-
ies have shown that balanced fluid does not pro-
vide any benefit18-22 or is associated with harm.23 
Consequently, the Surviving Sepsis Campaign is-
sued a conditional recommendation for treatment 
with balanced fluids over 0.9% saline in children 
with septic shock.24

To determine whether resuscitation with bal-
anced fluid would result in a lower frequency of 
major adverse kidney events within 30 days than 
resuscitation with 0.9% saline in children treat-
ed for septic shock, we conducted the Pragmatic 
Pediatric Trial of Balanced versus Normal Saline 
Fluid in Sepsis (PRoMPT BOLUS). We hypothesized 
that resuscitation and maintenance hydration with 
balanced fluid would lead to a lower incidence 
of major adverse kidney events within 30 days than 
that with 0.9% saline.

Me thods

Trial Design and Oversight

We conducted a multicenter, pragmatic, open-
label, interventional trial in which children with 
suspected septic shock treated in an emergency 
department between August 25, 2020, and Octo-
ber 31, 2025, were randomly assigned to receive 
either balanced crystalloid fluid or 0.9% saline 
for resuscitation and maintenance hydration. The 
trial was conducted at 47 sites from the Pediatric 
Emergency Care Applied Research Network 
(PECARN) in the United States, the Pediatric 
Emergency Research Canada (PERC) network in 
Canada, the Pediatric Research in Emergency De-
partments International Collaborative (PREDICT) 
in Australia and New Zealand, and in Costa Rica. 
A data and safety monitoring board oversaw the 

trial. Regulatory oversight of human subjects was 
conducted separately within each country (see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). The protocol 
showed feasibility in a pilot trial,25 and methodo-
logic details were published previously.26 The 
protocol and statistical analysis plan are available 
at NEJM.org. An international steering committee 
oversaw all trial activities, including data collec-
tion, and vouches for the accuracy and complete-
ness of the data and for the fidelity of the trial 
to the protocol.

Trial Patients

Children (2 months to <18 years of age) with 
suspected septic shock who were being treated 
with fluid resuscitation for abnormal perfusion 
in an emergency department were eligible for 
enrollment if the total volume of crystalloid fluid 
administered before enrollment was confirmed 
as 40 ml per kilogram of body weight or less. All 
the clinicians in the participating emergency de-
partments screened patients during routine care, 
but only those trained regarding trial procedures 
could enroll patients. Patients who met the eligi-
bility criteria could be enrolled at any time be-
fore leaving the emergency department through 
either discharge or admission to the hospital. 
Eligible patients could be enrolled more than 
once. Patients were excluded if the treating clini-
cian determined that administration of either fluid 
type would be unsafe (see the Supplementary Ap-
pendix for additional details).

Because of the narrow therapeutic window to 
begin fluid resuscitation, enrollment adhered to 
the Exception from Informed Consent Require-
ments for Emergency Research of the Code of 
Federal Regulations (21 CFR 50.24) in the Unit-
ed States27 and to ethically approved alternative 
processes to prospective informed consent in Aus-
tralia, Canada, Costa Rica, and New Zealand.28,29 
Additional details are provided in the Supplemen-
tary Appendix.

Randomization

Trial patients were assigned to receive either bal-
anced fluid or 0.9% saline. Randomization was 
performed with a permuted-block method, with 
stratification according to site (see the Supplemen-
tary Appendix). Treatment assignment was con-
cealed with the use of serially numbered, opaque 
envelopes for efficiency of enrollment concurrent 
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with clinical management. Fluid-type assignment 
was revealed after eligibility was confirmed and 
the patient was enrolled.

Intervention

We compared treatment with a predominantly 
balanced fluid and treatment with 0.9% saline, 
acknowledging that routine care often includes 
multiple fluid types (Fig. S1 in the Supplemen-
tary Appendix). Balanced fluids could be lactated 
Ringer’s solution, Plasma-Lyte, or Hartmann’s so-
lution, depending on availability or clinician pref-
erence (Table S1). The assigned trial fluid was 
preferentially used for all fluid administered as 
a bolus and as the base fluid for maintenance 
hydration until 11:59 p.m. on the day after trial 
enrollment (Table S2). The end of the interven-
tion phase was timed to ensure that all patients 
would receive trial fluid for 24 to 48 hours, 
which is the duration of most fluid resuscitations 
for septic shock and which provided a pragmatic 
end to the intervention phase.14

Each site established procedures to promote 
protocol adherence (see the Supplementary Ap-
pendix). Other than fluid type, all decisions re-
garding the timing and rate of fluid administra-
tion and the volume of fluid remained at the 
discretion of the treating clinicians. Alternative 
fluid types were allowed for clinical indications 
(e.g., hyponatremia). Maintenance fluids were in-
cluded because they constitute a substantial pro-
portion of total crystalloid fluid administra-
tion.25,30 Nonisotonic fluids (e.g., 0.45% saline) 
are not recommended as maintenance fluid in 
children and were discouraged.31,32 Hospital fluid 
supplies were used without changes to labeling.

Patients and clinicians were aware of treat-
ment assignment as a practical necessity and to 
reduce the risk that clinicians might attribute 
electrolyte changes to the trial fluid and stop 
adhering to the protocol. However, the senior 
biostatistician and all the investigators remained 
unaware of the aggregate outcomes until enroll-
ment was complete.

Data Collection

Data obtained during clinical care were extract-
ed from the medical record (see the Supplemen-
tary Appendix) and monitored for quality within 
the PECARN, PERC, and PREDICT networks. A 
central data coordinating center at Children’s 
Hospital of Philadelphia collated the data across 

networks for interim and final analyses. The site 
of infection and diagnosis of septic shock were 
ascertained by the lead investigator at each site 
with all available data. Acute kidney injury at pre-
sentation was determined with the use of thresh-
olds for serum creatinine level recommended 
by Kidney Disease: Improving Global Outcomes 
(KDIGO) guidelines.33,34

Outcomes

The primary outcome was a major adverse kidney 
event — defined as a composite of death from 
any cause, initiation of renal-replacement thera-
py, or persistent kidney dysfunction — within 
30 days after trial enrollment or hospital dis-
charge, whichever occurred first.35 Patients were 
considered to have had a primary-outcome event 
if they met one or more criteria for a major ad-
verse kidney event. Renal-replacement therapy 
included treatment with any renal-replacement 
method that was started during the hospitaliza-
tion. Persistent kidney dysfunction was defined 
as a final serum creatinine level at least 200% of 
that at baseline and a minimum increase of at 
least 0.3 mg per deciliter. The baseline serum 
creatinine level was recorded as the lowest value 
available between 12 months and 24 hours before 
enrollment. If such data were unavailable, the 
baseline level was imputed according to median 
creatinine values for age and sex (see the Supple-
mentary Appendix).36

Secondary effectiveness outcomes included 
the components of the primary outcome, length 
of hospital stay, number of hospital-free days 
during the 28 days after enrollment, and death 
from any cause before hospital discharge and 
within 90 days after randomization. Safety out-
comes included electrolyte abnormalities with-
in 4 days after enrollment, arterial or venous 
thrombosis, and cerebral edema diagnosed dur-
ing clinical care. Data regarding adverse events 
were collected for 7 days after enrollment (see 
the Supplementary Appendix).

Statistical Analysis

Details regarding sample-size determination 
were published previously.26 In brief, we calcu-
lated that the enrollment of 8800 patients would 
provide 95% power to detect an absolute reduc-
tion in the risk of a primary-outcome event from 
6.0% among children treated with 0.9% saline 
(on the basis of preliminary data36) to 4.3% among 



n engl j med﻿﻿  nejm.org﻿4

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

children treated with balanced fluid, with a type 
I error of 0.05. To account for withdrawal from 
the trial among patients enrolled through excep-
tion from informed consent or deferred consent, 
the final enrollment target was increased by ap-
proximately 4% to 9178.

The primary analysis included all the patients 
who had undergone randomization, except those 
whose parent or other legally authorized repre-
sentative made the decision to withdraw the pa-
tient from the trial or declined deferred consent 
without allowance for data use. Patients who 
were later determined not to have met eligibility 
criteria were retained in the primary analysis to 
avoid bias from differential assessment of eligi-
bility. Multiple imputation was used to account 
for missing outcome data, with the assumption 
that the data were missing at random (see the 
Supplementary Appendix).

The primary outcome and other binary out-
comes were compared with a Cochran–Mantel–
Haenszel test, with stratification according to 
trial site. Continuous outcomes were compared 
with the van Elteren test, with stratification ac-
cording to trial site. Death within 90 days was 
estimated with the Kaplan–Meier method, and a 
mixed-effects Cox proportional-hazards model 
was used to compare groups, with random inter-
cepts for trial site. The proportional-hazards as-
sumption was assessed through visual inspection 
of log–log survival plots and through testing of 
Schoenfeld residuals and was not violated.

Sensitivity analyses included patients with 
complete primary-outcome data and a per-proto-
col analysis of patients who received at least 
75% of their total crystalloid fluid volume as 
their assigned trial fluid during the intervention 
phase. We also conducted a tipping-point analysis 
to assess the robustness of the primary analysis 
of a major adverse kidney event at 30 days with 
respect to departures from the missing-at-random 
assumption. For safety outcomes with more than 
30% missing data, additional sensitivity analyses 
were performed (see the Supplementary Appendix).

Prespecified subgroup analyses were conduct-
ed for age, sex, coexisting cancer, acute kidney 
injury at presentation, total fluid volume during 
the intervention phase, and country of enrollment 
(see the Supplementary Appendix). Additional 
post hoc analyses evaluated the measured as com-
pared with the imputed creatinine level at base-

line and the initial severity of acidosis and hyper-
lactatemia. Subgroup analyses were performed 
with multiple imputed data.

Interim analyses for efficacy were performed 
after enrollment of 15%, 40%, and 70% of the 
participants with the use of a group sequential 
design with symmetric two-sided O’Brien–Flem-
ing boundaries to control the overall type I error 
rate at 0.05. A two-sided P value of less than 
0.044 at the final analysis indicated statistical 
significance for the primary outcome. Because 
of multiplicity, statistical significance is not re-
ported for secondary effectiveness outcomes, and 
unadjusted P values are reported for safety out-
comes. All analyses were performed with SAS, 
version 9.4 (SAS Institute), or R, version 4.4.1  
(R Foundation for Statistical Computing).

R esult s

Trial Patients

A total of 9041 patients were enrolled; 4512 were 
randomly assigned to receive balanced fluid and 
4529 to receive 0.9% saline (Figs. S2, S3, and S4 
and Table S3). Of these patients, 277 (6.1%) in 
the balanced-fluid group and 282 (6.2%) in the 
0.9%-saline group were not included in the analy-
sis because a parent or other legally authorized 
representative made the decision to withdraw the 
patient from the trial or declined consent without 
allowance for data use. Therefore, the analysis 
included 4235 patients assigned to receive balanced 
fluid and 4247 assigned to receive 0.9% saline.

Baseline Characteristics

The characteristics of the patients were similar 
in the two treatment groups (Table 1 and Tables 
S4 and S5). The median age was 6.8 years (inter-
quartile range, 2.8 to 12.8), and 50.8% were boys. 
The site of infection was most often respiratory 
(in 46.6% of the patients) (Table S6), and only 
5.8% of the patients were determined not to have 
sepsis (Table S7). At presentation, 1172 patients 
(13.8%) had stage 1 acute kidney injury, 415 (4.9%) 
had stage 2, and 432 (5.1%) had stage 3 (Table 1 
and Table S8).

Treatments for sepsis through the interven-
tion phase are shown in Table S9. Overall, 1207 
patients (14.2%) received vasoactive medications, 
and 822 (9.7%) underwent invasive mechanical 
ventilation. Treatment with bicarbonate occurred 
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Balanced Fluid 

(N = 4235)
0.9% Saline 
(N = 4247)

Median age (IQR) — yr† 6.8 (2.8–12.8) 6.8 (2.8–12.8)

Male sex — no./total no. (%) 2166/4232 (51.2) 2136/4242 (50.4)

Coexisting conditions — no./total no. (%)

Hematogenous or solid-tumor cancer 603/4224 (14.3) 613/4236 (14.5)

Bone marrow or solid-organ transplant 165/4224 (3.9) 158/4236 (3.7)

Cardiomyopathy or heart failure 43/4224 (1.0) 47/4236 (1.1)

Pulmonary hypertension 28/4224 (0.7) 30/4236 (0.7)

Kidney disease 193/4224 (4.6) 175/4236 (4.1)

Neurologic dysfunction causing severe developmental delay 1182/4224 (28.0) 1182/4236 (27.9)

Sickle cell disease 61/4224 (1.4) 59/4236 (1.4)

Chronic ventilator dependence 247/4224 (5.8) 219/4236 (5.2)

Indwelling central catheter 745/4224 (17.6) 742/4236 (17.5)

Median time from emergency department arrival to first antibiotic 
administration (IQR) — min‡

94 (50–183) 90 (48–183)

Median time from emergency department arrival to trial enrollment 
(IQR) — min§

103 (50–191) 101 (49–188)

Median volume of crystalloid fluid received before enrollment (IQR) 
— ml/kg

0.9% Saline 18 (0–20) 17 (0–20)

Balanced fluid 0 (0–0) 0 (0–0)

Median initial blood lactate level (IQR) — mmol/liter¶ 1.9 (1.3–3.0) 1.9 (1.3–3.0)

Median baseline serum creatinine level (IQR) — mg/dl‖ 0.30 (0.25–0.50) 0.30 (0.25–0.47)

Acute kidney injury stage at enrollment — no. (%)**

Stage 1 560 (13.2) 612 (14.4)

Stage 2 201 (4.7) 214 (5.0)

Stage 3 204 (4.8) 228 (5.4)

*	� IQR denotes interquartile range.
†	� Patients who were found to be 18 years of age after enrollment (17 patients in the balanced-fluid group and 9 in the 

0.9%-saline group) were retained in the primary analysis to avoid bias from differential assessment of eligibility. Data 
were missing for 3 patients in the balanced-fluid group and for 5 patients in the 0.9%-saline group.

‡	� Included is a subpopulation of 8157 patients (4065 in the balanced-fluid group and 4092 in the 0.9%-saline group) 
who did not receive the first antibiotic dose before arrival at the trial-site emergency department.

§	� A total of 31 patients (16 in the balanced-fluid group and 15 in the 0.9%-saline group) with invalid time intervals be-
cause of erroneous time stamps were excluded.

¶	� The initial blood lactate level was the value measured closest to trial enrollment, between 6 hours before through  
2 hours after randomization, and was not measured in 1634 patients in the balanced-fluid group and in 1652 patients 
in the 0.9%-saline group.

‖	� The serum creatinine level was measured as the lowest creatinine level available between 12 months and 24 hours 
before trial enrollment in 5044 patients (59.5%; 2515 in the balanced-fluid group and 2529 in the 0.9%-saline group) 
and was imputed with the use of established median values for age and sex in 3431 patients (40.5%; 1717 in the 
balanced-fluid group and 1714 in the 0.9%-saline group). Data were missing for 3 patients in the balanced-fluid group 
and for 4 patients in the 0.9%-saline group because data regarding age, sex, or both were also missing.

**	� The stage of acute kidney injury was defined according to the Kidney Disease: Improving Global Outcomes creatinine 
criteria.
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in 5.2% of the patients, including in 194 (4.6%) 
in the balanced-fluid group and 249 (5.9%) in the 
0.9%-saline group.

Fluid Administration

The total volume of crystalloid fluids adminis-
tered, the volume administered as a bolus, and the 
volume administered for maintenance hydration 
were similar in the treatment groups before ran-
domization and during the intervention phase 
(Fig. 1). The median total crystalloid volume, in-
cluding both the volume administered before 
randomization and that administered during the 
intervention phase, was 85 ml per kilogram 
(interquartile range, 55 to 119) in the balanced-
fluid group and 88 ml per kilogram (interquar-
tile range, 57 to 123) in the 0.9%-saline group 
(difference in medians, −2 ml per kilogram; 
95% confidence interval [CI], −4 to 0) (Table S10 
and Fig. S5).

Overall, 80% of the patients in the balanced-
fluid group and 88% of those in the 0.9%-saline 
group received at least 75% of the total crystal-
loid fluid as their randomized fluid type. The 
median volume of 0.9% saline administered was 
20 ml per kilogram (interquartile range, 6 to 32) 
in the balanced-fluid group, as compared with 
79 ml per kilogram (interquartile range, 49 to 
113) in the 0.9%-saline group, whereas the me-
dian volume of balanced fluid was 58 ml per 
kilogram (interquartile range, 31 to 92) and 0 ml 
per kilogram (interquartile range, 0 to 0), re-
spectively.

Primary Outcome

A primary-outcome event occurred in 137 of 
4073 patients (3.4%) in the balanced-fluid group 
and in 124 of 4068 patients (3.0%) in the 0.9%- 
saline group (absolute difference, 0.4 percentage 
points [95% CI, −0.5 to 1.3]; risk ratio, 1.10 [95% 
CI, 0.88 to 1.40]; P = 0.85) (Table 2 and Fig. S6). 
The results were similar in a prespecified sensi-
tivity analysis of patients without missing com-
ponents of the primary outcome and in the per-
protocol analysis (Table S11). The results of a 
post hoc analysis did not show effect modifica-
tion when 0.9% saline was administered before 
randomization (Table S12). Results of the tipping-
point analysis showed that the findings with re-
spect to the primary outcome remained robust 
to all but extreme departures from the missing-
at-random assumption (Fig. S7).

Secondary Outcomes

Results for the secondary effectiveness and safety 
outcomes are shown in Table  2. The median 
number of hospital-free days during 28 days was 
23 (interquartile range, 19 to 25) in both treat-
ment groups. The incidence of death before hos-
pital discharge was. 1.1% in both treatment groups, 
and the incidence of death within 90 days was 
2.3% in the balanced-fluid group and 2.1% in 
the 0.9%-saline group (Table 2 and Fig. S8).

Among patients with follow-up laboratory 
values measured within 4 days after enrollment, 
hyperchloremia and hypernatremia occurred less 
often, and hyperlactatemia more often, with bal-
anced fluid than with 0.9% saline (Table 2, Table 
S13, and Fig. S9). The lower incidence of hyper-
chloremia with balanced fluid remained signifi-
cant across sensitivity analyses (Table S14 and 
Fig. S10). Differences in follow-up blood chloride, 
bicarbonate, and creatinine levels appeared to be 
more pronounced between the groups as crystal-
loid volume increased (Figs. S11, S12, and S13). 
The incidence of thrombosis and cerebral edema 
did not differ between the groups (Table 2), nor did 
the incidence of other adverse events (Table S15).

Subgroup Analyses

The percentage of patients who had a primary-
outcome event did not appear to differ between 
the balanced-fluid group and the 0.9%-saline 
group in analyses with stratification according 
to prespecified subgroups (Fig. 2) or in post hoc 
analyses with stratification according to measured 
or imputed creatinine levels at baseline (Fig. S14) 
or according to initial bicarbonate or lactate levels 
(Fig. S15). A post hoc analysis comparing the 
incidence of a primary-outcome event across in-
creasing total volumes of crystalloid fluid also 
did not show apparent differences between the 
treatment groups (Fig. S16).

Discussion

In this trial involving children treated for sus-
pected septic shock in an emergency department, 
the use of balanced fluid for up to 48 hours did 
not result in a lower incidence of a major adverse 
kidney event within 30 days. There was no ap-
parent difference between the groups in the num-
ber of hospital-free days or the incidence of death. 
Adequate difference in treatment between the two 
groups was evident in the distribution of fluid 
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type, as well as in the lower incidence of hyper-
chloremia and hypernatremia in the balanced-
fluid group than in the 0.9%-saline group. In 
addition, hyperlactatemia was more frequent with 
balanced fluids, but the incidence of thrombosis, 
cerebral edema, or other adverse events did not 
differ between the two groups.

Our data do not show a benefit with the rou-
tine use of balanced fluid over 0.9% saline in 
children with suspected septic shock. As seen in 
previous trials, treatment with balanced fluid 
resulted in a lower incidence of hyperchloremia 
and hypernatremia than treatment with 0.9% 
saline,6,16 but these biochemical effects did not 
translate to improved patient-centered outcomes. 
Notably, our findings differ from those of the 
trial by Sankar et al.,16 which showed a 38% rela-
tive reduction in the incidence of new or progres-
sive acute kidney injury with balanced fluid 
among 708 children with septic shock. However, 
in that trial, the outcome was monitored for only 
7 days and included any increase in serum cre-
atinine levels of at least 0.3 mg per deciliter, 
whereas a major adverse kidney event within 30 
days in our trial required at least a 200% increase 
in creatinine levels above the baseline value. De-
spite these differences, neither the trial by Sankar 
et al.16 nor our trial showed differences in the 
incidence of death or the number of hospital-
free days.

A meta-analysis of six clinical trials involving 
adult patients estimated an 89.5% probability 
that balanced fluids reduce mortality as compared 
with 0.9% saline.37 However, a recent cluster-ran-
domized trial involving 43,626 patients did not 

find a beneficial effect of hospital-wide use of 
lactated Ringer’s solution.19 Two previous trials 
involving adults showed small, but significant, 
reductions in major adverse kidney events within 
30 days with balanced fluids as compared with 

Figure 1. Type and Volume of Fluid Administration.

Shown are box plots of the total volume of crystalloid 
fluid (Panel A), the volume of bolus crystalloid fluid 
(Panel B), and the volume of maintenance crystalloid 
fluid (Panel C) administered to patients from presen-
tation at the emergency department until 11:59 p.m. 
on the calendar day after the day of randomization, 
with stratification according to assigned treatment 
group (balanced fluid or 0.9% saline). Maintenance 
fluids were defined as the base fluid administered re-
gardless of additives (e.g., dextrose or potassium). In 
the box plots, the horizontal line within the box indi-
cates the median; the bottom and the top of the boxes 
indicate the 25th and 75th percentiles, respectively; 
and the whiskers indicate the lowest and highest val-
ues within 1.5 times the interquartile range (outliers 
beyond these thresholds are not shown).
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saline, but neither trial showed differences in 
hospital-free days between treatment groups.13,14

Strengths of our trial included a large sample 
size, which was needed to detect small differences 
in patient outcomes. In addition, we enrolled 
patients before they had undergone large-volume 
fluid resuscitation because previous trials have 
suggested that this population would be most 
likely to benefit from balanced fluid.14,21

Our trial also had several limitations. First, 
whether our results are generalizable to low-

resource contexts or hospital-acquired sepsis is 
not certain. Second, we defined septic shock using 
immediately accessible clinical signs of abnormal 
perfusion to capture patient data near the onset 
of fluid therapy rather than waiting for abnor-
mal laboratory results, which are often not avail-
able at presentation. Although this approach aligns 
with clinical practice and the trial population 
was representative of children treated for septic 
shock in an emergency department (Table S16), 
the low incidence of a primary-outcome event di-

Figure 2. Subgroup Analyses of the Primary Outcome.

Shown are the subgroup analyses of the percentage of patients in the balanced-fluid group and in the 0.9%-saline group who met the 
criteria for a major adverse kidney event (defined as a composite of death from any cause, new renal-replacement therapy, or persistent 
kidney dysfunction) within 30 days after enrollment or hospital discharge, whichever occurred first. Cancer was considered to be present 
if the patient was being treated or monitored for a blood or solid-tissue cancer before trial enrollment or started treatment during the 
trial-related hospitalization; previous cancer diagnoses that were considered to be cured or resolved were not included. Total crystalloid 
fluid volume refers to the total volume of crystalloid fluid administered either as a bolus or as maintenance hydration during the com-
bined prerandomization and intervention phases. Acute kidney injury (AKI) stage was defined according to the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) creatinine criteria (see the Supplementary Appendix).
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minished statistical power to detect planned dif-
ferences between groups. Moreover, although we 
did not observe heterogeneity of treatment effect 
in subgroup analyses, point estimates favored 
balanced fluid among patients who received the 
highest fluid volumes and presented with more 
extreme acidosis and hyperlactatemia; thus, we 
cannot exclude a benefit of balanced fluid in chil-
dren with the most severe illness. Third, although 
previous trials have shown that most crystalloid 
fluid is administered within the initial 48 hours 
of sepsis treatment,6,14,16,21 unmeasured fluid ad-
ministration after the intervention phase may have 
altered the outcomes. Fourth, our analysis could 
not distinguish patients who had been enrolled 
more than once. Fifth, a higher percentage of 
patients than expected withdrew before ascer-
tainment of the primary outcome. However, 
withdrawal was unlikely to be related to the in-
tervention, and the results were robust to all but 
unplausible conditions among patients with miss-
ing data. Sixth, a major adverse kidney event 
within 30 days was defined by a composite of 
outcomes that may not be of equivalent accept-
ability to patients; however, the incidence of the 
subcomponents or other secondary effectiveness 
outcomes did not differ between the treatment 
groups.

In this pragmatic, randomized clinical trial 
involving approximately 9000 children with sus-
pected septic shock treated with fluid resuscita-
tion for abnormal perfusion in an emergency 
department, the incidence of death, new renal-
replacement therapy, or persistent kidney dys-
function (the composite primary outcome) was not 
significantly different between treatment with 
balanced fluid and treatment with 0.9% saline.
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