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Background Acute acidaemia is frequently observed during critical
illness. Sodium bicarbonate
infusion
for the
treatment of severe metabolic acidaemia is a possible treatment option but remains controversial, as no studies to
date have examined its eﬀect on clinical outcomes. Therefore, we aimed to evaluate whether sodium bicarbonate
infusion would improve these outcomes in critically ill patients.
Methods We did a multicentre, open-label, randomised controlled, phase 3 trial. Local investigators screened eligible
patients from 26 intensive care units (ICUs) in France. We included adult patients (aged ≥18 years) who were admitted
within 48 h to the ICU with severe acidaemia (pH ≤7⋅20, PaCO2 ≤45 mm Hg, and sodium bicarbonate concentration
≤20 mmol/L) and with a total Sequential Organ Failure Assessment score of 4 or more or an arterial lactate concentration
of 2 mmol/L or more. We randomly assigned patients (1:1), by stratified randomisation with minimisation via a restricted
web platform, to receive either no sodium bicarbonate (control group) or 4⋅2% of intravenous sodium bicarbonate
infusion (bicarbonate group) to maintain the arterial pH above 7⋅30. Our protocol recommended that the volume of each
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h was obtained from the patient or proxy as
ssible. If this consent was not obtained, the
ta were not used and they were withdrawn
al.

942 patients were assessed for eligibility

tion and masking

ly assigned eligible patients within 48 h of ICU
n a one-to-one ratio to receive either no sodium
infusion (control group) or sodium binfusion (bicarbonate group). We randomly
tients by stratified randomisation with miniing a computer-generated allocation sequence
rom each centre through a secured-dedicated
h stratification according to study site and
ecified factors: age with a cutoﬀ of 65 years,
absence of suspected sepsis,20,21 and presence
of Acute Kidney Injury Network (AKIN) score
cause sodium bicarbonate infusion influences
evels and because routine arterial blood gases
one in critically ill patients, masking of the
nd nurses was not feasible.

542 excluded
109 already received sodium bicarbonate
87 were in terminal decline
76 had treatment limitation
69 had chronic renal failure
47 had immediate RRT indication
41 had ketoacidosis
37 had digestive loss of sodium bicarbonate
21 were eligible but not enrolled
18 were included in another clinical study
13 had hyperkalaemia with heart signs
13 declined to participate
11 were under guardianship protection

400 were randomly assigned

201 assigned to control group

%

rvention group, 4⋅2% sodium bicarbonate
nously infused with the aim of achieving an
of 7⋅30 or more during the 28-day ICU
or ICU discharge because preliminary results
hat arterial pH in survivors approximated
1 although persistent severe acidaemia was
non-survivors.5 Our protocol recommended
lume of each sodium bicarbonate infusion
within the range of 125–250 mL in 30 min,
mum of 1000 mL within 24 h after inclusion,
easurement of arterial blood gas should be
after the end of each infusion (appendix p 17).
4⋅2% sodium bicarbonate was chosen
to the scarce literature available,10,11,22 the
ctice when sodium bicarbonate is used as
Jung and colleagues,5 and the objective of
H target of 7⋅30 or more.

7 withdrew consent

194 included in 28-day
follow-up and the
intention-to-treat analysis

22* violated inclusion or
non-inclusion criteria

47* received sodium
bicarbonate
41 salvage therapies
6 misinterpretations of
the protocol

132 included in the per-protocol
analysis

Figure 1: Trial profile

199 assigned to bicarbonate group

4 withdrew consent

195 included in 28-day
follow-up and the
intention-to-treat analysis

15 violated inclusion or
non-inclusion criteria

1 did not receive sodium
bicarbonate
(misinterpretations of the
protocol)

179 included in the per-protocol
analysis

a Holm-Bonferroni method was done to compute an
group (n=194)
group (n=195)
adjusted p value.Control
A mixed
regressionBicarbonate
model was
used to
Age
model repeated measures (appendix pp 18–21). Interactions
Median age (years) between variables 65
(55–75)
(55–75)
and
time were tested.66We
also did all the
≥65
100above
(52%) among prespecified
104 (53%) strata of the
analyses described
<65
94 (48%)
(47%)
randomisation. Tests
for all outcomes104
were
two-sided.
Sex
We did all analyses with SAS (version 9.2) or
Men
123 (63%)
115 (59%)
R (version 3.2.3).
An independent
data and safety
Women
71 (37%) who were masked
80 (41%) to the group
monitoring committee,
Body-mass index (kg/m²)allocation, supervised
27 (23–30)
the conduct 26
of(23–29)
the study and
Simplified Acute Physiology Score II*
60 (48–73)
59 (49–73)
reviewed safety data, with interim analyses done after
Pre-existing conditions†
the inclusion of 100 and 200 patients. This trial is
Alcohol abuse
46 (24%)
38 (19%)
registered with ClinicalTrials.gov,
number
NCT02476253.
Current smoker

61 (31%)

53 (27%)

Diabetes mellitus

43 (22%)

54 (28%)

Chronic hypertension

Role of the funding source

90 (46%)
88 (45%)
The funders of the
study had no role
in study design,
28 (14%)
(16%)
data collection, data
analysis, data 31interpretation,
or
Chronic heart failure
7 (4%)
(4%)
writing of the report.
SJ, HB, NM, and8BJ
had full access
Chronic kidney disease
15 (8%)
14 (7%)
to all the data. The corresponding author had final
Severe liver insuﬃciency
17 (9%)
11 (6%)
responsibility for the decision to submit for publication.
Ischaemic heart disease

Cirrhosis

Chronic respiratory insuﬃciency

Results

Chronic obstructive pulmonary disease

29 (15%)

23 (12%)

8 (4%)

9 (5%)

29 (15%)

18 (9%)

From May 5, 2015, to May 7, 2017, a total of 942 patients
36 (19%)
30 (15%)
with severe metabolic acidaemia were assessed for trial
McCabe class§
eligibility (figure 1). Of these patients, 542 were excluded
0
83 (53%)
94 (56%)
and 400 were randomly assigned to the study groups
1
62 (39%)
50 (30%)
(201 in the control group and 199 in the bicarbonate group).
2
13 (8%)
24 (14%)
After secondary exclusion of 11 patients who withdrew
Sepsis
115 (59%)
123 (63%)
consent, a total of 389 patients were included in the
AKIN status¶
intention-to-treat analysis (n=194 in the control group and
AKIN 0–1
104 (54%)
103 (53%)
n=195 in the bicarbonate group). The characteristics of the
AKIN 2–3
90 (46%)
92 (47%)
patients were well balanced between the two groups
Source of admission
(table 1; appendix pp 28, 29). At randomisation, sepsis was
Medical
112 (58%)
110 (56%)
present in 238 (61%)
of 389 patients85and
acute kidney
Surgical
82 (42%)
(44%)
injury
with
AKIN
scores
of
2
or
3
in
182
(47%)
patients.
Main condition associated with acidaemia at enrolment
Invasive
mechanical
ventilation
was
used
in
324
(83%)
of
Cardiac arrest
18 (9%)
18 (9%)
389 patients and vasopressors
in 310 (80%)
patients. Data
Septic shock
98 (51%)
107 (55%)
for the primary outcome
were available45for
all patients.
Haemorrhagic shock
40 (21%)
(23%)
Overall,
341
(88%)
of
389
patients
adhered
to the planned
Others
38 (20%)
25 (13%)
treatment in their randomisation group. Sodium bicarbSOFA score|| at enrolment
onate was infused in
47 (24%) of 194 patients
in the control
Cardiovascular
4 (4–4)
4 (4–4)
group,
starting
at
a
median
of
7
h
(IQR
Respiratory
2 (1–3)
2 (1–3) 3–27) after
randomisation,
and
in
194
(99%)
of
195
patients in the
Neurologic
1 (0–4)
0 (0–3)
bicarbonate group, 2starting
at a median2of
0·2 h (0⋅1–0⋅4)
Renal
(1–3)
(0–2)
after randomisation
(table 2; appendix1 (0–2)
p 17). The proHepatic
0 (0–2)
portion
of
patients
in
whom
the
targeted
pH of 7⋅30 was
Haematological
0 (0–1)
0 (0–2)
reached and maintained
from enrolment
Total
10 (7–13) for at least 3610h(7–13)
to day 2 was 50 (26%) of 194 patients
in1 continues
the control
(Table
on nextgroup
page)
and 117 (60%) of 195 patients in the bicarbonate group,
Immunocompromised‡

life-support interventions (such as renal-replacement
group (n=194)
therapy, mechanical ventilation, andControl
vasopressors);
the
(Continued
fromatprevious
page) and at 1 day, 2 days, and 7 days
SOFA
score
enrolment
Physiological
support†the total fluid intake between enrolment
after
enrolment;
Invasive
mechanical
ventilation
160 (82%)
and
day 2;
the adverse
events of electrolytes
that occurred
Vasopressor
(80%)
during
thesupport
ICU stay (plasma pH156>7⋅45,
kalaemia
>5
mmol/L
or <3⋅2 mmol/L; natraemia >145 mmol/L, and
Laboratory
results
ionised
calcaemia <0⋅9 mmol/L); the
of
Arterial pH
7·15occurrence
(7·11–7·18)
ICU-acquired
infections;
of(142–355)
stay in the ICU.
(mm Hg) and the length
229
PaO2-to-FIO2 ratio
PaCO2 (mm Hg)

Statistical
analysis
Serum bicarbonate
(mmol/L)

Bicarbonate group (n=195)

164 (84%)
154 (79%)
7·15 (7·09–7·18)
264 (144–403)

37 (32–42)

38 (33–42)

13 (10–15)

13 (10–15)

This
trial was planned with an interim 5·3
analysis
after the
Serum lactate (mmol/L)
(3·4–9·0)
6·3 (3·6–9·7)
observation of the primary outcome of 200 patients
Serum lactate ≥2 mmol/L at enrolment
152 (78%)
168
(86%)
(appendix). On the basis of a previous study,5 we calculated
Serum creatinine (mg/dL)
1·76 (1·21–2·48)
1·67 (1·11–2·33)
that a total of 376 patients would be needed for an
Blood urea nitrogen (mg/dL)
31 (20–48)
28 (20–45)
80% statistical power to show an absolute between-group
diﬀerence
of
15%
in
the
primary
outcome
at
a
two-sided
Data are median (IQR), mean (SD), or n (%). FIO =fractional concentration of oxygen in inspired air. AKIN=Acute Kidney
Injury
Network.
SOFA=Sequential
Assessment.
*Theand
Simplified
α level
of 0⋅03
(0⋅02 forOrgan
the Failure
interim
analysis
0⋅03Acute
forPhysiology Score II is based on
17
variables;
ranges from
0 to 163, withthat
higherthe
scoresadministration
indicating more severe
the
finalscore
analysis),
assuming
ofdisease. †Patients could have more
than one pre-existing condition or physiological support, respectively. ‡Defined as >1 mg/kg per day prednisone for
sodium
bicarbonate
would
be
associated
with
a
decrease
30 days or more, HIV infection, biotherapy, or ongoing chemotherapy. §The McCabe score can range from 0 to 3, with
fromscores
45%indicating
to 30%more
in the
Assuming
less
higher
severeprimary
underlyingendpoint.
conditions. McCabe
scores were
available for 158 patients in the
stages:
stage 1 is serum
control
for 168 in the bicarbonate
group.(loss
¶AKIN to
than group
8% and
non-analysable
patients
follow-up
or creatinine increase ≥0·3 mg/dL
(≥26·5
μmol/L),
increase to 1·5–2·0-times
from baseline,
urine output <0·5
mL/kg per h for 6 h; stage 2 is serum
consent
withdrawal),
we planned
to orrandomly
assign
creatinine increase >2·0–3·0-times from baseline or urine output <0·5 mL/kg per h for 12 h; stage 3 is serum creatinine
400
patients.
increase >3·0-times from baseline or serum creatinine ≥4·0 mg/dL (≥354 μmol/L) with an acute increase of at least
analyses
data from the
intention0·5All
mg/dL
(44 μmol/L),were
the needdone
for renalon
replacement-therapy,
or urine
output <0·3 mL/kg per h for 12 h. AKIN zero
means
no kidney
injury. To convert
values for
creatinine toall
μmol/L,
multiply bywho
88·4. To convert values for blood urea
to-treat
population,
which
included
patients
subscores analysis,
ranging fromwe
0 to 4 for each of six components
nitrogen
to mmol/L,
multiply by 0·357. In
||SOFA
underwent
randomisation.
theincludes
per-protocol
(cardiovascular, respiratory, neurological, renal, hepatic, and haematological). Aggregated scores range from 0 to 24,
excluded patients with protocol violations (appendix).
with higher scores indicating more severe organ failure. The SOFA scores at days 1 and 2 after enrolment are shown in
Weappendix
made(p 24).
no imputation for missing values. Baseline
the
characteristics in each study group were analysed as
Table
1: Baselineand
characteristics
of the for
intention-to-treat
population and
frequencies
percentages
categorical variables
as means and SDs or medians and IQRs for continuous
variables,
used an unadjusted
test for
128
(66%) asofappropriate.
195 in theWebicarbonate
group χ²
(absolute
the primary
outcome
analysis
its two
components
diﬀerence
estimate
–5⋅5%,
95% and
CI –15⋅2
to 4⋅2;
p=0⋅24;
(ie, death
from any
cause byeﬀect
28 days
presencegroup
of at
table
2) without
significant
ofand
the the
treatment
least one organ failure at 7 days). We did a multiple logistic
(crude OR 0⋅775, 95% CI 0⋅505–1⋅190; p=0⋅24; appendix
regression for the primary outcome. The survival time
pp 33, 34). The Kaplan-Meier method estimate of the
was described by means of Kaplan-Meier method and
probability of survival at day 28 between the control group
compared with a log-rank test. A Cox proportional-hazards
and bicarbonate group was not significant (46% [95% CI
model was used to calculate hazard ratios (HRs) for death.
40–54] vs 55% [49–63]; p=0⋅09; figure 2A). After multiFor this analysis, data from all patients were censored at
variate
analysis,
sodium
bicarbonate
was
the time
of death or
at day 28.
Logistic andtreatment
Cox regression
significantly
associated
deaths
than no
sodium
models were
adjustedwith
on fewer
relevant
baseline
covariates.
bicarbonate
treatment
at as
day
28 (crude
HRand
0⋅783,
95% CI
Covariates were
defined
binary
variables
continuous
0⋅0589–1⋅040;
p=0⋅091;
and
adjusted
HR
0⋅727,
95%
variables dichotomised according to their median tested CI
in
0⋅540–0⋅979;
appendixinppa35,
36).
the model, p=0⋅0356;
and were selected
backward
selection
In the a-priori
defined
of patients
enrolled
with
procedure
if p<0⋅15
in stratum
the univariate
analysis
and then
acute
kidneyas
injury
with AKIN
2 or 3,
primary
presented
adjusted
odds scores
ratios of
(ORs)
orthe
HRs
with
outcome
7428–34).
(82%) of
patients
control
95% CIsoccurred
(appendixinpp
An90
adjusted
χ² in
testthe
was
done
group
and 64day
(70%)
of 92 patients
in the
bicarbonate
to compare
28 mortality
proportion
in each
group.
group
(absolute
diﬀerence inestimate
–12⋅3%, stratum,
95% CI
For multiple
comparisons
each prespecified
2

25

7,26

27

Result

95% CI 0⋅246–0⋅995; p=0⋅0483; and adjusted OR 0⋅387,
95% CI 0⋅163–0⋅918; p=0⋅0312; and mortality by
day 28 crude HR 0⋅648, 95% CI 0⋅435–0⋅966; p=0⋅0332;
and adjusted HR 0⋅592, 95% CI 0⋅392–0⋅895, p=0⋅0132;
appendix pp 37–40).
Control group (n=194)

In the per-protocol analysis, the primary outcome
occurred in 88 (67%) of 132 patients in the control group
and 117 (65%) of 179 in the bicarbonate group (p=0·81).
100 (52%) of 194 patients in the control group and
68 (35%) of 195 in the bicarbonate group underwent

Bicarbonate group (n=195)

Absolute diﬀerence estimate (95% CI) p value

Primary outcome
Overall population (n=389)
Composite outcome

138 (71%)

128 (66%)

–5·5 (–15·2 to 4·2)

0·24

Day 28 mortality

104 (54%)

87 (45%)

–9·0 (–19·4 to 1·4)

0·07

At least one organ failure at day 7

134 (69%)

121 (62%)

–2·8 (–15·4 to 9·8)

0·15

Patients with AKIN scores of 2–3* (n=182)
Composite outcome

74/90 (82%)

64/92 (70%)

–12·3 (–26·0 to –0·1)

0·0462

Day 28 mortality

57/90 (63%)

At least one organ failure at day 7

74/90 (82%)

42/92 (46%)

–17·7 (–33·0 to –2·3)

0·0166

61/92 (66%)

–15·9 (–28·4 to –3·4)

0·0142

Secondary outcomes
Renal replacement therapy
Overall population (n=389)
Use of renal replacement therapy during ICU stay

100 (52%)

68 (35%)

–16·7 (–26·4 to –7·0)

0·0009

Time from enrolment to initiation of renal replacement therapy (h)

7 (3–18)

19 (7–82)

8·8 (3·9 to 15·6)

<0·0001

Renal replacement therapy-free days during ICU stay

8 (0–28)

AKIN score 2-3 AKI

28

19 (1–28)
28 (25–28)

7

0 (0·0 to 1·0)

0·015

0 (0 to 0)

0·47

Renal replacement therapy-free days during ICU stay in survivors

28 (25–28)

Dependence on dialysis at ICU discharge

11/32 (34%)

7/32 (22%)

–12·5 (–34·3 to 9·3)

0·26

66/90 (73%)

47/92 (51%)

–22·2 (–36·0 to –8·5)

0·0020

Patients with AKIN scores of 2–3* (n=182)
Use of renal replacement therapy during ICU stay
Time from enrolment to initiation of renal replacement therapy (h)

7 (3–17)

20 (8–82)

10·5 (4·0 to 18·5)

<0·0001

Renal replacement therapy-free days during ICU stay

1 (0–22)

10 (1–28)

1·0 (0·0 to 5·0)

0·0040

Renal replacement therapy-free days during ICU stay in survivors

24 (22–28)

28 (19–28)

1·0 (0·0 to 3·0)

0·45

Dependence on dialysis at ICU discharge

10/21 (48%)

5/25 (20%)

3500 (1500–5250)

3350 (1800–5250)

–27·6 (–54·1 to –1·1)

0·0465

Other secondary outcomes
Overall population (n=389)
Cumulative fluid intake from enrolment to 24 h (mL)

34·0 (–450 to 500)

0·835

Cumulative sodium bicarbonate volume intake from enrolment to 24 h (mL)

0 (0–0)

500 (250–750)

500 (375 to 500)

<0·0001

Cumulative sodium bicarbonate intake from enrolment to 24 h (mmol)

0 (0–0)

250 (1255–375)

250 (187 to 250)

<0·0001

Control group (n=194)

Bicarbonate group (n=195)

Absolute diﬀerence estimate (95% CI) p value

Primary outcome

Result

Overall population (n=389)
Composite outcome
Day 28 mortality
At least one organ failure at day 7

138 (71%)

128 (66%)

–5·5 (–15·2 to 4·2)

0·24

104 (54%)

87 (45%)

–9·0 (–19·4 to 1·4)

0·07

134 (69%)

121 (62%)

–2·8 (–15·4 to 9·8)

0·15
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Composite outcome

74/90 (82%)

64/92 (70%)

–12·3 (–26·0 to –0·1)

0·0462

Day 28 mortality

57/90 (63%)

42/92 (46%)

–17·7 (–33·0 to –2·3)

0·0166

At least one organ failure at day 7

74/90 (82%)

61/92 (66%)

–15·9 (–28·4 to –3·4)

0·0142

100 (52%)

68 (35%)

–16·7 (–26·4 to –7·0)

0·0009

Time from enrolment to initiation of renal replacement therapy (h)

7 (3–18)

19 (7–82)

8·8 (3·9 to 15·6)

<0·0001

Renal replacement therapy-free days during ICU stay

8 (0–28)

19 (1–28)

0 (0·0 to 1·0)

0·015

Renal replacement therapy-free days during ICU stay in survivors

28 (25–28)

28 (25–28)

0 (0 to 0)

0·47

Dependence on dialysis at ICU discharge

11/32 (34%)

Secondary outcomes
Renal replacement therapy
Overall population (n=389)
Use of renal replacement therapy during ICU stay

7/32 (22%)

–12·5 (–34·3 to 9·3)

47/92 (51%)

0·26

Patients with AKIN scores of 2–3* (n=182)
Use of renal replacement therapy during ICU stay
Time from enrolment to initiation of renal replacement therapy (h)
Renal replacement therapy-free days during ICU stay

66/90 (73%)
7 (3–17)

–22·2 (–36·0 to –8·5)

0·0020

20 (8–82)

10·5 (4·0 to 18·5)

<0·0001

1 (0–22)

10 (1–28)

1·0 (0·0 to 5·0)

0·0040

Renal replacement therapy-free days during ICU stay in survivors

24 (22–28)

28 (19–28)

1·0 (0·0 to 3·0)

0·45

Dependence on dialysis at ICU discharge

10/21 (48%)

5/25 (20%)

3500 (1500–5250)

3350 (1800–5250)

–27·6 (–54·1 to –1·1)

0·0465

Other secondary outcomes
Overall population (n=389)
Cumulative fluid intake from enrolment to 24 h (mL)

RRT

ICU

RRT

Cumulative sodium bicarbonate volume intake from enrolment to 24 h (mL)

0 (0–0)

Cumulative sodium bicarbonate intake from enrolment to 24 h (mmol)

0 (0–0)

Cumulative fluid intake from 24 h to 48 h (mL)

34·0 (–450 to 500)

0·835

500 (250–750)

500 (375 to 500)

<0·0001

250 (1255–375)

250 (187 to 250)

<0·0001

0 (0 to 250)

0·53

1050 (0–2000)

1000 (0–2250)

Cumulative sodium bicarbonate volume intake from 24 h to 48 h (mL)

0 (0–0)

0 (0–0)

0 (0 to 0)

0·57

Cumulative sodium bicarbonate intake from 24 h to 48 h (mmol)

0 (0–0)

0 (0–0)

0 (0 to 0)

0·57

Duration of invasive mechanical ventilation (days)

3 (2–8)

3 (2–10)

0·0 (0·0 to 1·0)

0·17

0 (0 to 0)

0·48

Invasive mechanical ventilation-free days
In survivors
Duration of vasopressor therapy (days)
Vasopressor-free days
In survivors

RRT
Cr
BUN

0 (0–24)

4 (0–24)

24 (17–26)

23 (14–26)

K

–1·0 (–2·0 to 0·0)

0·13

2 (1–3)

2 (1–4)

0 (0 to 0)

0·36

9 (0–26)

19 (0–26)

0·0 (0·0 to 1·0)

0·10

26 (24–27)

26 (23–27)

0·0 (–1·0 to 0·0)

0·34

Renal replacement therapy-free days during ICU stay

8 (0–28)

19 (1–28)

0 (0·0 to 1·0)

0·015

Renal replacement therapy-free days during ICU stay in survivors

28 (25–28)

28 (25–28)

0 (0 to 0)

0·47

Dependence on dialysis at ICU discharge

11/32 (34%)

Patients with AKIN scores of 2–3* (n=182)
Use of renal replacement therapy during ICU stay
Time from enrolment to initiation of renal replacement therapy (h)

7/32 (22%)

Result
66/90 (73%)

47/92 (51%)

–12·5 (–34·3 to 9·3)

0·26

–22·2 (–36·0 to –8·5)

0·0020

7 (3–17)

20 (8–82)

10·5 (4·0 to 18·5)

<0·0001

1 (0–22)

10 (1–28)

1·0 (0·0 to 5·0)

0·0040

Renal replacement therapy-free days during ICU stay in survivors

24 (22–28)

28 (19–28)

1·0 (0·0 to 3·0)

0·45

Dependence on dialysis at ICU discharge

10/21 (48%)

5/25 (20%)

–27·6 (–54·1 to –1·1)

0·0465

3500 (1500–5250)

3350 (1800–5250)

34·0 (–450 to 500)

0·835

Renal replacement therapy-free days during ICU stay

Other secondary outcomes
Overall population (n=389)
Cumulative fluid intake from enrolment to 24 h (mL)
Cumulative sodium bicarbonate volume intake from enrolment to 24 h (mL)

0 (0–0)

500 (250–750)

500 (375 to 500)

<0·0001

Cumulative sodium bicarbonate intake from enrolment to 24 h (mmol)

0 (0–0)

250 (1255–375)

250 (187 to 250)

<0·0001

0 (0 to 250)

0·53

Cumulative fluid intake from 24 h to 48 h (mL)

1050 (0–2000)

1000 (0–2250)

Cumulative sodium bicarbonate volume intake from 24 h to 48 h (mL)

0 (0–0)

0 (0–0)

0 (0 to 0)

0·57

Cumulative sodium bicarbonate intake from 24 h to 48 h (mmol)

0 (0–0)

0 (0–0)

0 (0 to 0)

0·57

Duration of invasive mechanical ventilation (days)

3 (2–8)

3 (2–10)

0·0 (0·0 to 1·0)

0·17

Invasive mechanical ventilation-free days

0 (0–24)

4 (0–24)

0 (0 to 0)

0·48

24 (17–26)

23 (14–26)

In survivors

–1·0 (–2·0 to 0·0)

0·13

Duration of vasopressor therapy (days)

2 (1–3)

2 (1–4)

0 (0 to 0)

0·36

Vasopressor-free days

9 (0–26)

19 (0–26)

0·0 (0·0 to 1·0)

0·10

26 (24–27)

26 (23–27)

0·0 (–1·0 to 0·0)

0·34

43 (22%)

48 (25%)

2·4 (–6·1 to 10·8)

0·58

Pneumonia

23 (12%)

29 (15%)

3·0 (–3·8 to 9·8)

0·39

Urinary

10 (5%)

3 (2%)

–3·7 (–7·3 to –0·1)

In survivors
ICU-acquired infections
Overall

Catheter
Unexplained bloodstream infection
Length of ICU stay (days)

0·0461

6 (3%)

8 (4%)

1·0 (–2·8 to 4·7)

0·61

14 (7%)

13 (7%)

–0·6 (–5·7 to 4·5)

0·81

1·0 (–2·7 to 0·0)

0·10

4 (1–13)

5 (2–16)

ICU-free days

0 (0–18)

0 (0–18)

0·0 (–1·1 to 0·0)

0·77

In survivors

20 (8–24)

16 (1–24)

–1·0 (–4·0 to 0·0)

0·12
(Table 2 continues on next page)

36h

36

pH>7.3

26%
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Result
Control group (n=194)

Bicarbonate group (n=195)

Absolute diﬀerence estimate (95% CI) p value

(Continued from previous page)
Patients with AKIN scores of 2–3* (n=182)
Cumulative fluid intake from enrolment to 24 h (mL)

3150 (1450–5250)

3400 (1500–5500)

Cumulative sodium bicarbonate volume intake from enrolment to 24 h (mL)

0 (0–250)

500 (300–1000)

500 (375 to 500)

<0·0001

Cumulative sodium bicarbonate intake from enrolment to 24 h (mmol)

0 (0–125)

250 (150–500)

250 (187–250)

<0·0001

Cumulative fluid intake from 24 h to 48 h (mL)

150 (–560 to 880)

0·67

600 (0–2000)

1000 (0–2200)

0 (0 to 500)

0·29

Cumulative sodium bicarbonate volume intake from 24 h to 48 h (mL)

0 (0–0)

0 (0–0)

0 (0 to 0)

0·99

Cumulative sodium bicarbonate intake from 24 h to 48 h (mmol)

0 (0–0)

0 (0–0)

0 (0–0)

0·99

Duration of invasive mechanical ventilation (days)

3 (2–8)

4 (2–10)

1·0 (0·0 to 2·0)

0·20

0 (0 to 0)

0·13

Invasive mechanical ventilation-free days
In survivors
Duration of vasopressor therapy (days)
Vasopressor-free days

0 (0–18)

2 (0–21)

22 (18–28)

20 (12–25)

2 (1–3)

2 (1–4)

–2 (–5·0 to 1·0)

0·18

0·0 (0·0 to 1·0)

0·46

1 (0–24)

18 (0–26)

1·0 (0 to 4)

0·022

25 (24–27)

25 (22–27)

–0·5 (–2 to 1)

0·73

Overall

18/90 (20%)

19/92 (21%)

Pneumonia

In survivors
ICU-acquired infections

··

··

0·9 (–10·9 to 12·6)

0·88

0·9 (–9·4 to 11·3)

0·86

13/90 (14%)

14/92 (15%)

Urinary

4/90 (4%)

1/92 (1%)

–3·4 (–8·1 to 1·4)

0·21

Catheter

3/90 (3%)

3/92 (3%)

0·0 (–5·3 to 5·2)

1·00

Unexplained bloodstream infection

9/90 (10%)

3/92 (3%)

–6·7 (–13·9 to 0·5)

0·07

4 (1–11)

7 (1–18)

1·0 (0·0 to 4·0)

0·06

0 (0 to 0)

0·40

Length of ICU stay (days)
ICU-free days
In survivors

0 (0–13)

0 (0–14)

17 (12–22)

13 (0–19)

–3·0 (–8·0 to 0·0)

0·10

Data are n (%), n/N (%), or median (IQR). AKIN=Acute Kidney Injury Network. ICU=intensive care unit. *AKIN7,26 stages: stage 1 is serum creatinine increase ≥0·3 mg/dL (≥26·5 μmol/L), increase to 1·5–2·0-times from
baseline, or urine output <0·5 mL/kg per h for 6 h; stage 2 is serum creatinine increase >2·0–3·0-times from baseline or urine output <0·5 mL/kg per h for 12 h; stage 3 is serum creatinine increase >3·0-times from
baseline or serum creatinine ≥4·0 mg/dL (≥354 μmol/L) with an acute increase of at least 0·5 mg/dL (44 μmol/L), the need for renal replacement-therapy, or urine output <0·3 mL/kg per h for 12 h. AKIN zero means
no kidney injury. To convert values for creatinine to μmol/L, multiply by 88·4. To convert values for blood urea nitrogen to mmol/L, multiply by 0·357.

AKI

Table 2: Primary and secondary outcomes of the intention-to-treat population

renal-replacement therapy during their ICU stay (absolute

Length of ICU stay did not diﬀer significantly between the

VFD

27

VFD

19
0
14
0
0

27

-

Result
B

Cumulative probability of survival (%)

A
100

Bicarbonate group
Control group

80
60
40
20
0

p=0·0283

p=0·09
0

7

Number at risk
Control group 194
Bicarbonate group 195

14
Days since inclusion

28

103
117

89
108

115
131

0

7

14

28

Days since inclusion
90
92

44
58

40
52

33
50

A:
28
Control group
Bicarbonate group
Absolute diﬀerence
p value
Adjusted
estimate
(95%
CI)
p
(46% [95% CI 40–54] vs 55% [49–63]; p=0⋅09) value
(n/N)
(n/N)
BAKIN AKI
28
score
0–1(63% [95%
0·83
0·83
–1·5 (–16·0
to 13·0)
45/103
(44%)
47/104 (45%) CI
52–72]
vs 46% [35–55];
p=0⋅0283)

C

2–3

0·0167

0·0334

–8·7 (–24·0 to 6·5)

0·23

0·23

–10·1 (–24·5 to 4·3)

0·14

0·28

57/90 (63%)

42/92 (46%)

–17·7 (–33·0 to –2·3)

<65

42/94 (45%)

32/89 (36%)

≥65

62/100 (62%)

55/106 (52%)

p value for
heterogeneity

0·0226

Age (years)

crude
HR 39/79
0⋅783,
95% CI 0⋅0589–1⋅040; p=0⋅091;
No
0·34
–7·7 (–24·9 to 9·5)
30/72 (42%)
(49%)
Yes
0·12
–10·2
(–23·7 to 3·3)
57/123 (46%)
65/115 (57%)
adjusted
HR
0⋅727,
95%
CI
0⋅540–0⋅979;
p=0⋅0356;
All patients
0·08
–9·0 (–19·4 to 1·4)
104/194 (54%) 87/195 (45%)

0·0031

Sepsis status

0·34
0·24

0·21

Cumulative probability

60
40

Result

20
0

p=0·0283

p=0·09

0

7

Number at risk
Control group 194
Bicarbonate group 195

14
Days since inclusion

28

103
117

89
108

115
131

0

7

14

28

Days since inclusion
90
92

44
58

40
52

33
50

C
Control group

Bicarbonate group

(n/N)

(n/N)

Absolute diﬀerence
estimate (95% CI)

p value

Adjusted
p value

p value for
heterogeneity

0·83

0·83

0·0226

0·0167

0·0334

AKIN score
0–1

47/104 (45%)

45/103 (44%)

–1·5 (–16·0 to 13·0)

2–3

57/90 (63%)

42/92 (46%)

–17·7 (–33·0 to –2·3)

<65

42/94 (45%)

32/89 (36%)

–8·7 (–24·0 to 6·5)

0·23

0·23

≥65

62/100 (62%)

55/106 (52%)

–10·1 (–24·5 to 4·3)

0·14

0·28

No

39/79 (49%)

30/72 (42%)

–7·7 (–24·9 to 9·5)

0·34

0·34

Yes

65/115 (57%)

57/123 (46%)

–10·2 (–23·7 to 3·3)

0·12

0·24

104/194 (54%)

87/195 (45%)

–9·0 (–19·4 to 1·4)

0·08

Age (years)
0·0031

Sepsis status

All patients

–30

–20

–10

Favours sodium
bicarbonate treatment

0

0·21

10
Favours no sodium
bicarbonate treatment

Figure 2: Time to death in the overall population (A) and patients with prespecified acute kidney injury (B), and the 28-day mortality risk diﬀerence in the
overall population and in the three prespecified strata (C)
AKIN=Acute Kidney Injury Network. *A χ² test was done to compare day 28 mortality proportion in each group. For multiple comparisons in each prespecified
stratum, a Holm-Bonferroni method was done to compute an adjusted p value.

Favours sodium
bicarbonate treatment

Favours no sodium
bicarbonate treatment

Figure 2: Time to death in the overall population (A) and patients with prespecified acute kidney injury (B), and th
overall population and in the three prespecified strata (C)
AKIN=Acute Kidney Injury Network. *A χ² test was done to compare day 28 mortality proportion in each group. For
stratum, a Holm-Bonferroni method was done to compute an adjusted p value.
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Figure 3: Cumulative use of renal-replacement therapy from enrolment to
day 28 in in the overall population
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