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Life-Threatening Asthma in Children*
Treatment With Sodium Bicarbonate Reduces PCO2

Corinne M. P. Buysse, MD; Johan C. de Jongste, MD, PhD; and
Matthijs de Hoog, MD, PhD

Objectives: To assess the effect of administration of sodium bicarbonate on carbon dioxide levels
in children with life-threatening asthma (LTA) and to evaluate the clinical effect of this treatment.
Study Design: Retrospective study.
Setting: A pediatric ICU (PICU) of a tertiary care university hospital.
Patients: Seventeen children with LTA who received sodium bicarbonate.
Measurements and results: In January 1999, a new protocol for the treatment of LTA was initiated
in our institution, incorporating the use of IV sodium bicarbonate in acidotic patients (pH < 7.15)
with refractory status asthmaticus. Since January 1999, sodium bicarbonate was administered to
17 patients; 5 patients received two or three doses of sodium bicarbonate. In three patients,
sodium bicarbonate was administered after intubation. Intubation and mechanical ventilation
were performed in five patients before admission to the PICU, and in one patient during
admission. There was a significant decrease of PCO2 after sodium bicarbonate infusion
(p � 0.007). An improvement of respiratory distress in all but one patient was seen as well.
Conclusions: Administration of sodium bicarbonate in 17 children with LTA was associated with
a significant decrease in PCO2 and an improvement of respiratory distress. The possible benefits
of sodium bicarbonate in LTA deserve further study in a controlled, prospective design.

(CHEST 2005; 127:866–870)
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A cute severe asthma in children requires aggres-
sive treatment with oxygen, bronchodilators, and

corticosteroids. Life-threatening asthma (LTA) is
defined as progressive respiratory failure due to
asthma, refractory to treatment with inhaled bron-
chodilators and systemic corticosteroids.

Most children admitted to the hospital because of
acute asthma do not require intensive care treat-
ment. In those who are admitted to the ICU,
approximately 10 to 33% need intubation and me-
chanical ventilation, with a risk of worsening bron-
chospasm and hyperinflation, barotrauma, and car-
diovascular depression.1,2 Mechanical ventilation
compromises active expiration with increased air
trapping and hypercapnia, and should therefore be

delayed as long as possible by using medical therapy.
LTA can be associated with metabolic acidosis,
which reduces the effectiveness of �-agonists.

In January 1999, a new protocol for the treatment
of LTA was initiated in the pediatric ICU (PICU) of
the Erasmus MC-Sophia Children’s Hospital. In this
protocol, the use of IV sodium bicarbonate was
added based on previous reports in the literature.3–8

It was postulated that children with LTA could
benefit from treating their acidosis, as this would
lead to a better effect of �-agonists. A potential risk
of sodium bicarbonate infusion is a Pco2 rise be-
cause of increased production, inadequate gas ex-
change, and hypoventilation. The aim of the present
study was to observe the effect of administration of
sodium bicarbonate on carbon dioxide levels in LTA
and to evaluate the clinical effect of this treatment.

Materials and Methods

Patient Selection

We retrospectively analyzed data from all children with LTA
admitted to the PICU of the Erasmus MC-Sophia Children’s
Hospital, a tertiary care university hospital, during the period
January 1999 until November 2003.
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Data Collection

We reviewed the medical records of all patients, and the
following data were collected: age, sex, duration of admission,
treatment of the LTA, clinical condition, blood gases, the inci-
dence of barotrauma, and outcome. Blood gas measurements
were obtained by means of indwelling arterial catheters or by
capillary punctures. The normal pH range in our laboratory is
7.35 to 7.45. For Pco2 and base excess, the ranges are 30 to 42
mm Hg and – 3 to � 3 mmol/L, respectively.

Treatment Protocol

In January 1999, a new protocol for the treatment of LTA in
our PICU was initiated (Fig 1). In this protocol, IV magnesium
sulfate and IV sodium bicarbonate were added, and theophylline
was no longer recommended. Patients were managed with
oxygen, frequent or continuous inhalation of nebulized salbuta-
mol (2.5 to 5 mg), frequent inhalation of ipratropium bromide

(0.25 to 0.5 mg), and parenteral corticosteroids (prednisolone, 1
mg/kg q12h for 5 to 7 days). If respiratory distress persisted,
magnesium sulfate was administered at 25 mg/kg IV over 10
min.9 IV salbutamol was started in patients unresponsive to
treatment with continuous nebulization and IV magnesium sul-
fate.10 The starting dose of IV salbutamol was 0.1 �g/kg/min. The
infusion rate was increased by 0.1 �g/kg/min per 10 min if
necessary. IV sodium bicarbonate (1 mmol/kg over 30 min) was
administered if pH was � 7.15 and the patient remained in
respiratory distress. Intubation and mechanical ventilation were
initiated in case of progressive fatigue with a rapid decrease in
level of consciousness and hypoxia despite the use of high-flow
oxygen, IV salbutamol, and sodium bicarbonate.

Statistical Methods

Pco2 and pH before and after administration of sodium
bicarbonate were compared with a paired-samples t test.

Results

During the study period, 73 patients with LTA were
admitted to the PICU. Four patients were admitted
twice because of a recurrent episode of LTA. Indica-
tions for admission to the PICU were severe dyspnea,
worsening or failure to improve on nebulized broncho-
dilators, and need for administration of IV salbutamol
or mechanical ventilation. There were 43 boys and 30
girls (median age, 6.2 years; range, 0.6 to 16.4 years).
The median duration of admission in the PICU was 3
days (range, 1 to 12 days). All patients survived. Me-
chanical ventilation was required in six patients; intu-
bation was performed in five patients at the referring
regional hospital or by the paramedics at the scene
prior to admission to our PICU. Barotrauma did not
occur during mechanical ventilation. Table 1 summa-
rizes these data.

Sodium bicarbonate was administrated to 17 pa-
tients, and 5 patients received two or three doses. The

Figure 1. Simplified flowchart for the treatment of LTA.

Table 1—Demographics and Treatment*

Variables Data

Total patients 73
Boys 43
Girls 30

Median age (range), yr 6.2 (0.6–16.4)
Median PICU admission (range), d 3 (1–12)
Nebulized salbutamol and ipratropium bromide 73
Corticosteroids IV 73
Magnesium sulphate IV 47
Salbutamol IV 55
Median maximum salbutamol dose IV (range),

�g/kg/min
0.9 (0.1–8)

Sodium bicarbonate 17
Mechanical ventilation 6
Intubation prior to PICU admission 5
Nonsurvivors 0

*Data are presented as No. unless otherwise indicated.
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median dose of sodium bicarbonate was 0.9 mmol/kg
(range, 0.5 to 4 mmol/kg). In three patients, sodium
bicarbonate was administered after intubation because
of persistent acidosis. In one patient, the respiratory
distress worsened despite sodium bicarbonate, and
intubation was needed subsequently. In two patients,
sodium bicarbonate was already administrated in the
referring regional hospital before transfer to our hospi-
tal after consultation by the physician of the regional
hospital with a senior staff member of our PICU.
Before administration of sodium bicarbonate, the aci-
dosis was mixed respiratory and metabolic in 13 pa-
tients, the acidosis was predominantly respiratory in 1
patient, and was metabolic in 2 patients. In one patient,
the initial blood gas values before administration of
sodium bicarbonate in the referring hospital could not
be traced. Paired blood gas values before and after
administration of sodium bicarbonate were obtained 22
times in 16 patients. Table 2 summarizes these data.

We observed a significant mean decrease of Pco2
after sodium bicarbonate infusion (p � 0.007) [Fig 2]
together with a significant mean increase of pH
(p � 0.005) [Fig 3]. Sodium bicarbonate was adminis-
tered 5 to 30 min after the blood gas analysis, and the
second blood gas measurement was obtained 5 to 60
min after the administration of sodium bicarbonate. In
the period between the two blood gas analyses, the

other therapies remained unchanged. Improvement of
respiratory distress and level of consciousness were
reported after the administration of sodium bicarbon-
ate in all but one patient.

Discussion

The most common acid-base disturbance in patients
with LTA is initial respiratory alkalosis, followed by
metabolic acidosis, either alone or as part of a mixed
acidosis. In 1976, Roncoroni et al11 described a large
group of patients with LTA who had lactic acidosis.
Patients with LTA and metabolic acidosis are at in-
creased risk for the development of respiratory fail-
ure.12,13 The causes of metabolic acidosis in asthma are
increased lactic acid production by respiratory muscles
due to prolonged and increased work of breathing,
tissue hypoxia secondary to reduced cardiac output and
ventilation-perfusion mismatch, decreased lactate
clearance due to hypoperfusion of the liver, and exces-
sive renal bicarbonate loss due to compensation for a
preceding period of hypocapnia and respiratory alka-
losis.12–14 Acidosis produces myocardial depression,
reduces the effectiveness of �-agonists, and may stim-
ulate ineffective rapid, shallow ventilation. Therefore, it
has been postulated in previous reports3–8 that correc-

Table 2—Blood Gas Analysis*

Patient
No.

Before Sodium Bicarbonate After Sodium Bicarbonate

Time, h† Dose, mmol/kg MVpH Pco2 BE, mmol/L pH Pco2 BE, mmol/L

1 7.08 98 � 5 7.16 87 � 1 1.5 0.57 No
2 6.80 193 � 10 4 Yes
3 7.23 44 � 9 7.34 34 � 6 2 0.6 No
4 7.06 98 � 6 7.13 86 � 4 0.25 1 No
5 7.01 115 � 8 7.13 89 � 3 0.5 1.5 No
6 7.24 47 � 7 7.32 43 � 4 1 1 No

7.20 62 � 5 7.37 39 � 2 1 1 No
7 7.17 66 � 6 7.28 53 � 2.7 1 1 Yes
8 7.06 97 � 8 7.21 60 � 5 1.3 0.9 No

7.21 60 � 5 7.34 50 0 1.7 0.9 No
9 7.24 50 � 7 7.34 42 � 3 2 1.4 Yes
10 7.00 107 � 5 7.13 81 � 4.6 0.7 0.9 No
11 6.90 133 � 11 7.06 101 � 6 0.7 1.5 No
12‡ 7.22 72 0 7.26 67 1 1.75 0.5 No
13 7.29 33 � 9.5 7.34 47 � 1 1.5 0.5 No
14 7.05 96 � 4 7.36 44 � 1 2 0.5 No
15 7.22 51 � 7 7.23 53 � 6 1.5 0.5 No

7.23 53 � 6 7.25 54 � 4 1.5 0.5 No
7.25 54 � 4 7.35 46 � 1 1.5 0.5 No

16 7.24 40 � 10 7.32 32 � 8 0.75 0.5 No
17 7.11 80 � 6 7.09 105 � 3 0.75 1 Yes

7.09 105 � 3 7.15 88 � 2 0.5 1 Yes
7.11 93 � 4 7.08 109 � 2 0.5 1 Yes

*BE � base excess; MV � mechanical ventilation.
†Interval between blood gas before and after administration of sodium bicarbonate.
‡In patient 12, the blood gas values before and after the second dose of sodium bicarbonate could not be found in the chart.
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tion of acidemia by sodium bicarbonate can relieve
bronchospasm and restore the response to broncho-
dilators in patients with LTA. In most reports3,4,6–8 on
the use of sodium bicarbonate in treatment of LTA,
sodium bicarbonate is administered before intubation
and mechanical ventilation. In these patients, sodium
bicarbonate infusion did produce clinical improvement
without a rise of Pco2.

Despite these reports, the use of sodium bicarbonate
in the treatment of LTA has not been generally ac-
cepted. This could partly be due to the risk of a Pco2
rise after sodium bicarbonate infusion because of inad-
equate gas exchange and hypoventilation. In review

articles,15–17 sodium bicarbonate is not even mentioned
in the treatment of LTA in both adults and children.

In our study, we retrospectively studied all children
with LTA requiring intensive care treatment during the
last 5 years. There was no mortality. Since January
1999, only one patient with LTA required mechanical
ventilation after admission to our PICU. Sodium bicar-
bonate was administered to 17 patients. Sixteen pa-
tients were acidotic, which indicates the severity of the
respiratory distress. In 14 patients, sodium bicarbonate
was administered in a last attempt to avoid mechanical
ventilation. Only one patient did not improve, and she
required intubation subsequently. In three patients,

Figure 2. Pco2 before and after sodium bicarbonate (NaBic).

Figure 3. pH before and after sodium bicarbonate.
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sodium bicarbonate was administered after intubation
and mechanical ventilation because of persistent acido-
sis. Eight patients received sodium bicarbonate despite
a pH � 7.15 because of severe respiratory distress and
ineffectiveness of �-agonists. Not only was there a
significant decrease of Pco2 after sodium bicarbonate
infusion but also a prompt improvement of the clinical
condition, especially the level of consciousness, in all
but one patient.

Since treatment of asthma is directed at inflam-
mation, bronchoconstriction, and mucus plugging,
clinical improvement in our patients likely resulted
from a combination of treatment, including IV sal-
butamol and IV magnesium sulfate. There are sev-
eral factors that suggest an adjunctive role for so-
dium bicarbonate in treatment of patients in this
study. Other therapies remained unchanged during
the time period between the blood gas analysis
before and after the administration of sodium bicar-
bonate. Since the dose of IV salbutamol remained
unchanged during this time period and IV magne-
sium sulfate was administered before this time pe-
riod, it is unlikely that this may have had a sudden
significant impact on the degree of hypercapnia and
respiratory distress. Available data on magnesium
sulfate show a slow increase of lung function in
contrast to the sudden improvement seen in our
patients exposed to sodium bicarbonate.18

We considered it useful to evaluate our recent
experiences, especially regarding possible adverse
effects of sodium bicarbonate in LTA, and we feel
that our data, although collected in retrospect, are
convincing evidence that Pco2 decreases after so-
dium bicarbonate administration to children with
LTA. Other limitations of this study should also be
acknowledged. We did not use lung function tests or
a scoring system to assess the severity of asthma
before and after the administration of sodium bicar-
bonate. Lung function is, of course, unreliable in
acute severe asthma and not feasible in intubated
asthmatics. Moreover, we had information from
blood gas analysis which indirectly reflects lung
function. The time period between the administra-
tion of sodium bicarbonate and the second blood gas
differed between patients. However, this time period
was sufficiently long to show possible carbon dioxide
retention. Therefore, our clinical observations do
support a possible benefit of sodium bicarbonate in
the treatment of LTA in children. A prospective
study to evaluate the use of sodium bicarbonate is
now in progress in our unit, using objective scoring
systems for the evaluation of the severity of asthma
and level of consciousness, and standardized time
intervals between the blood gases and the adminis-
tration of sodium bicarbonate.

Conclusions

Administration of sodium bicarbonate was associated
with a significant decrease in Pco2 in 17 children with
LTA. Improvement of respiratory distress was ob-
served as well. On the basis of this observation, we
believe that sodium bicarbonate might be useful as an
adjunctive treatment in patients with LTA and acidosis
in whom mechanical ventilation is considered. The fear
for an increase in Pco2 is unsubstantiated. Further
prospective randomized trials with sodium bicarbonate
in this setting are warranted.
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