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Safety of Terbutaline for Treatment of Acute
Severe Pediatric Asthma
Sule Doymaz, MD and James Schneider, MD
Objectives: The use of continuous intravenous terbutaline treatment in
severe asthma attacks has been hampered by the lack of well-powered clin-
ical trials where effects of such treatment are described in detail. Here, we
aimed to provide a descriptive report on the largest cohort of severe pediat-
ric asthma patients treated with terbutaline.
Methods: The study was conducted in a pediatric intensive care unit in
a large metropolitan tertiary care university hospital on 124 patients re-
ceiving terbutaline infusion. To stratify the effect of, and determine any
age-related differences of, terbutaline, the patients were divided into
3 age groups (0–6 years, 7–12 years, and 13–18 years). Clinical response
and the potential harmful effects of terbutaline infusion were determined.
Results: There were significant reductions in systolic (varying between
86% and 93% of the baseline) and diastolic blood pressures (varying be-
tween 74% and 86% of the baseline level). However, the values returned
to baseline level shortly after discontinuation of infusion. Terbutaline in-
creased heart rates in all groups shortly after initiation (9%–13% above
baseline), which returned to below baseline levels 1 hour after discontinu-
ation. Serum potassium levels were also reduced in all patients compared
to their baseline values after initiation of terbutaline infusion. However,
none of the subjects required potassium replacement.
Conclusions: The results indicate that overall, terbutaline infusion was
well tolerated without irreversible adverse effects of the treatment. Al-
though hemodynamic and metabolic disturbances occurred, these were
clinically easily managed and posed little risk in emergency department
or pediatric intensive care unit.
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A sthma is an inflammatory disease of the airways causing
reversible airflow obstruction, and exacerbations can be life

threatening if not treated promptly. It is one of the most common
chronic conditions of childhood, affecting 7.1 million children
younger than 18 years in the United States, with more than half
having an acute episode annually.1 This extremely prevalent
chronic condition now affects 300 million people worldwide with
an ever-increasing prevalence in the developing world as a result
of increased atopic sensitization and allergic reactions, and is
projected to afflict 100 million more people by the year 2025 as
a result of widening urbanization.2

Initial treatment of asthma exacerbations consists of oxygen
if hypoxemia presents, inhaled beta 2-agonists, inhaled ipra-
tropium bromide, and systemic steroids.3–5 In more severe cases,
if the symptoms do not improve with initial interventions or if
the clinical picture worsens, intravenous (IV) beta 2-agonists can
be added to the treatment.4,6,7 Early administration of IV beta
2-agonists has been shown to decrease the incidence of acute re-
spiratory failure in children with severe asthma exacerbations.8
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Beta adrenergic drugs are the most potent bronchodilators.
Terbutaline directly activates the beta adrenoceptors located in air-
way smooth muscle. It stimulates intracellular adenyl cyclase, cat-
alyzing the conversion of adenosine triphosphate to cyclic 3′ 5′-
adenosine monophosphate resulting in airway smooth muscle re-
laxation.9 However, concerns exist regarding the cardiac and he-
modynamic safety of using continuous terbutaline.

Despite recent data demonstrating its efficacy in ameliorat-
ing the clinical symptoms of severe asthma, terbutaline is often
used later in the treatment of an acute asthma exacerbation. De-
tailed studies documenting the effects and dosage of terbutaline
and management of the patients are relatively scarce. Further-
more, studies addressing the potential adverse effects of terbuta-
line in asthma are limited.10

Previously, we demonstrated that early administration of ter-
butaline significantly reduced the incidence of acute respiratory
failure in pediatric patients with severe asthma.8 These results
have brought a renewed interest to terbutaline treatment.11 In the
present study, we sought to investigate and describe the adverse
effects of terbutaline treatment in pediatric patients, with the hy-
pothesis that continuous terbutaline is a safe therapy in the treat-
ment of acute severe asthma.

METHODS

Study Design
This is a retrospective review of 124 pediatric patients who

received IV terbutaline during treatment for acute severe asthma
between January 2007 and January 2012 in a pediatric intensive
care unit (PICU) of a tertiary children's hospital. Eighty subjects
were boys and 44were girls (Table 1). The ages of the patients var-
ied between 8 months and 18 years; and the race distributions
were black, 6; white, 31; Hispanic, 15; and Asian, 12. All subjects
received 3 doses of inhaled beta 2-agonist, IV steroids, and IV
magnesium before the initiation of terbutaline with only minimal
or no clinical improvement based on the discretion of the primary
caring physicians. The study subjects were all pediatric patients
admitted with the diagnosis of acute severe asthmawho did not re-
spond to initial therapy with albuterol and atrovent nebulizers with
3 doses given plus IV steroids and magnesium infusion. We in-
cluded all pediatric patients with acute severe asthma. Exclusion
criteria were pneumonia, acute respiratory distress syndrome,
and cardiac and renal conditions with respiratory distress.

The subjects then received a bolus of IV terbutaline at a dose
of 4 to 6 μg/kg followed by an infusion that started at 0.4 μg/kg
per minute and titrated to a maximum of 3 μg/kg per minute.
The other drugs used were ipratropium bromide nebulization,
methylprednisolone, and magnesium sulfate. Ipratropium bro-
mide nebulization was given at 250 mg per dose diluted with
3-mL isotonic sodium chloride solution given as nebulization
every 6 hours for 48 hours. Methylprednisolone was given at
2 mg/kg per dose as initial bolus followed by IV 0.5-mg/kg per
dose every 6 hours. Magnesium sulfate was given as needed at
50-mg/kg per dose IV boluses over 30 minutes to a maximum dose
of 2 g. Owing to the known peak effect of terbutaline ranging from
60 to 180 minutes, clinical data were collected including change in
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TABLE 1. Demographics of All Subjects Included in the Study

Age
Group

No.
Subjects

Sex Race

F M Black White Hispanic Asian

0–6 yr 59 22 37 31 17 6 5
7–12 yr 47 19 28 26 8 8 5
13–18 yr 18 3 15 9 6 1 2
Total 124 44 80 66 31 15 12
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heart rate (HR), systolic blood pressure (SBP) and diastolic blood
pressure (DBP) at baseline, 1 and 4 hours during infusion, and also
1 hour after discontinuation of the terbutaline treatment. Data on
the requirement of vasoactive support after start of the infusion,
potassium levels before and after the infusion, occurrence of sei-
zure activity, and electrocardiogram data were also collected.

Inhaled beta-2 therapy was discontinued after initiation of
terbutaline infusion. Frequent physical examinations, improve-
ment, or changes in vital signs were used to titrate the terbutaline
infusion dose during treatment at the discretion of the physician
primarily caring for the patient in the PICU. None of the patients
received additional IV bronchodilator during terbutaline treat-
ment. Intravenous steroids were continued. Hourly inhaled beta
2-agonist was started on all subjects after discontinuation of the
IV terbutaline infusion. All patients with hypotension or wide
pulse pressure received 3 fluid boluses with 20-mL/kg isotonic so-
dium chloride solution. Vasoactive support was started if the
blood pressure did not improve after fluid boluses.

To delineate the possible different responses to such ther-
apy among pediatric age groups, the subjects were divided into
3 groups for the analysis: specifically, 0- to 6-year-old group,
7- to 12-year-old group, and 13- to 18-year-old group.

Statistical Analysis
For each physiological parameter (SBP, DBP, and HR), a

mixed linear modelwas constructed. Fixed effects were age group,
TABLE 2. Systolic Blood Pressure of Patients Receiving IV Terbutalin

Systolic Blood Pressu

Baseline 1 h
0–6 yr 111.43±1.52 (100%) 101.70±1.57 (91%)
P 0.0001
7–12 yr 112.96±1.67 (100%) 104.42±1.77 (93%)
P 0.0007
13–18 yr 123.57±2.72 (100%) 111.41±2.82 (90%)
P 0.0001

TABLE 3. Diastolic Blood Pressure of Patients Receiving IV Terbutali

Diastolic Blood Pressu

Baseline 1 h
0–6 yr 64.4±1.47 (100%) 47.71±1.36 (74%)
P 0.0001
7–12 yr 64.21±1.64 (100%) 48.77±1.52 (75%)
P 0.0001
13–18 yr 65.45±2.64 (100%) 45.19±2.50 (76%)
P 0.0001
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time since start of treatment, and their interaction; total infusion
time, load dose, and maximum infusion dose were introduced as
linear covariates. An unstructured intrapatient covariance matrix
was modeled. Satterthwaite corrections to denominator degrees
of freedom were applied. Post hoc tests were used to compare
posttreatment means with baseline mean within each age group;
bootstrap-derived corrections to P values to adjust for multiple
testing were applied. Model residuals were examined for outliers
and skew. Model-generated adjusted means and standard errors
are reported. SAS Statistical Analysis System 9.3 software (SAS
Institute Inc, Cary, NC) was used for all statistical analysis.
P < 0.05 was considered statistically significant.

RESULTS
All subjects showed decreases in SBP and DBP at 1 and

4 hours after initiation of terbutaline infusion compared to their
baseline. After 1 hour of discontinuation of the terbutaline infu-
sion, except in the patients in the 0- to 6-year age group, in all sub-
jects, SBP returned to baseline (Table 2). The mean SBP varied
between 86% and 93% of the baseline, and the most pronounced
reduction was noticed in the 0- to 6-year age group after 4 hours.
Diastolic blood pressures also significantly decreased at 1 and
4 hours after starting terbutaline infusion and returned to baseline
after its discontinuation (Table 3). The mean DBPs were between
74% and 86% of the baseline in various groups, and the most
prominent reduction was observed after 1 hour in the 0- to
6-year age group. The least affected group with regard to DBP
was the 13- to 18-year age group in all time points. Significant in-
creases in mean HRs were observed during the first hour of infu-
sion, but at the fourth hour of treatment, the mean HR was not
significantly elevated from baseline. After discontinuation of the
terbutaline treatment, the HR for all age groups showed marked
decreases to rates lower than the baseline (Table 4). The potassium
levels for all age groups were reduced from the baseline level
24 hours after terbutaline infusion (P = 0.001; Fig. 1). In the
0- to 6-year age group, the mean serum potassium concentrations
reduced from 3.90 to 3.28 mg/dL (84% of the baseline; 16%
e

re (mm Hg ± SE)

4 h 1 h After Discontinuation
95.23±0.94 (86%) 103.39±0.69 (93%)

0.0001 0.0001
104.11±1.76 (93%) 112.22±0.78 (100%)

0.0001 0.969
108.52±1.69 (88%) 115.02±1.24 (93%)

0.0001 0.969

ne

re (mm Hg ± SE)

4 h 1 h After Discontinuation
49.9±0.78 (77%) 60.8±0.77 (94%)

0.0001 0.069
53.77±0.88 (84%) 65.87±0.86 (102%)

0.0001 0.723
56.56±1.43 (%86) 71.07±1.38 (108%

0.0004 0.142
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TABLE 4. Heart Rates of Patients Receiving IV Terbutaline

Heart Rate (BPM ± SE)

Baseline 1 h 4 h 1 h After Discontinuation
0–6 yr 149.68±2.76 (100%) 164.03±2.54 (109%) 156.18±2.05 (104%) 123.85±1.42 (83%)
P 0.0001 0.03 0.0001
7–12 yr 135.93±3.05 (100%) 154.51±2.80 (113%) 141.24±2.27 (104%) 108.18±1.59 (80%)
P 0.0001 0.171 0.0001
13–18 yr 130.10±4.95 (100%) 146.23±4.55 (112%) 133.71±3.68 (102%) 93.27±2.55 (72%)
P 0.0002 0.821 0.0001
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reduction), whereas in the 7- to 12-year age group, it was reduced
to 3.31 mg/dL from 4.04 mg/dL (82% of the baseline; 18% reduc-
tion). Similarly, in the 13- to 18-year age group, the mean serum
potassium levels was 84 % of the baseline (from 3.80 to 3.20
mg/dL; 16% reduction). However, in none of the patients, reduc-
tion in potassium concentrations reached to a clinically critical
level requiring potassium replacement and therefore considered
as clinically stable throughout the treatment.

Ten (8%) of the study subjects required vasoactive medi-
cation to support their blood pressure during the terbutaline in-
fusion treatment (Table 5) for an average of 13.8 hours (range,
4–32 hours). Owing to the severity of the airway obstruction,
9 of these patients received some type of positive pressure ven-
tilation (6, invasive; and 3, noninvasive). The duration of terbu-
taline infusion treatment was longer in patients who required
mechanical ventilator support.

Sinus tachycardia was the only significant electrocardiogram
finding. No other arrhythmia occurred in this study group. All
patients developed sinus tachycardia compared to baseline after
initiation of the drip. No patient developed a seizure while on
the terbutaline infusion.
DISCUSSION
In the present descriptive study, a large cohort of pediatric

patients was investigated for the possible adverse effects related
to terbutaline infusion in acute severe pediatric asthma. Our data
showed that there were significant reductions in SBP and DBP
right after the initiation of the terbutaline administration. The re-
ductions were evident throughout much of the duration of treat-
ment; however, they returned to normal after completion of the
treatment. The reductions in blood pressures were observed in
all age groups and only infrequently required support by the
addition of a second vasoactive medication. These results are in
FIGURE 1. Potassium levels of patients receiving IV terbutaline.
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agreement with those reported earlier.12 Almost all of those who
developed hypotension requiring the addition of a vasopressor
for support were those who also required mechanical ventilation.
This group of patients, therefore, were likely those with the most
severe airway obstruction and lung hyperinflation. These are the
group of patients whose intrathoracic pressure is already elevated,
limiting venous return to the heart, and therefore negatively
effecting cardiac output and blood pressure. With the institution
of any systemic vasodilator, such as terbutaline, a significant de-
crease in blood pressure requiring vasoactive support is expected.

Patients for all groups had decreased potassium levels after
initiation of the terbutaline drip. Although these reductions were
statistically significant, they did not reach to a level of clinical
significance requiring replacement.

Cardiac toxicity is considered a potential adverse effect of
vigorous asthma treatment including IV beta-agonist medica-
tions.13 The results of our study are in agreement with the previ-
ous reports, where after initiation of terbutaline infusion, our
patients demonstrated hypotension and tachycardia. Kambalapalli
and Upathyayula12 studied the potential adverse effects of terbuta-
line in 77 children with severe asthma and reported significant
increases in HRs and reductions in diastolic blood pressures with
no cardiac arrhythmias. Similarly, no documented arrhythmias
occurred in our cohort.

Furthermore, regarding other known noncardiac adverse
effects, none of our subjects developed seizures after terbutaline
regimen.

The paucity of clinical trials investigating the addition of in-
travenous beta-agonists to inhaled beta-agonists has hindered
reaching a reliable conclusion on the use of IV terbutaline in se-
vere asthma treatment.10,14 In recent meta-analyses, Travers et al10

drew attention to this information gap and rightfully suggested the
need for high-powered clinical trials to further investigate this
common clinical scenario and treatment modality.

In one randomized prospective and controlled study, Bogie
et al15 evaluated 49 pediatric patients in 2 groups receiving either
IV terbutaline or IV saline in addition to nebulized albuterol. In
the group receiving terbutaline, overall clinical indicators showed
a trend toward improvement, compared to the group receiving
saline, but did not reach statistical significance. Furthermore,
one patient had arrhythmia and 3 patients had elevated troponin
levels during terbutaline infusion.15 In our previous study, the ad-
ministration of terbutaline infusion starting early during the pre-
PICU period was associated with requiring significantly less ven-
tilatory support.8 This study brought a renewed interest in the use
of terbutaline in the treatment of severe asthma11; however, the po-
tential for adverse events related to its use is of utmost importance.
Browne et al16 previously reported the safety of the use of IV
salbutamol in acute severe asthma. Similarly, Chiang et al17 con-
cluded that there was no association of cardiac toxicity with the
use of terbutaline infusions in a prospective study conducted
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TABLE 5. Data on Patients Receiving Vasoactive Medications During Terbutaline Treatment

No. Age (yr) Sex
Respiratory
Support

Duration of
Terbutaline (hr)

Max drip dose
(μg/kg/min) Medication

Max dose
(μg/kg/min)

Duration of
Vasoactive (hr)

1 6 F NI 70 0.8 Epinephrine 0.02 12
2 15 M NI 78 0.8 Epinephrine 0.01 8
3 15 M NI 80 0.8 Epinephrine 0.05 6
4 9 M MV 124 0.8 Epinephrine 0.05 14
5 1 M None 8 0.5 Dopamine 5.00 12
6 11 F MV 240 1.2 Dopamine 5.00 10
7 4 F MV 64 3.0 Norepinephrine 0.05 4
8 14 M MV 336 1.4 Dopamine 5.00 18
9 1 F MV 126 0.8 Dopamine 7.50 22
10 3 F MV 122 1.4 Norepinephrine 0.03 32

NI indicates noninvasive mechanical ventilation; MV, mechanical ventilation.
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on 29 severely asthmatic patients. Our present study provides
further support to this notion and adds new data to the field where
detailed investigations are needed. One limitation of our study
would be that our findings are gathered from a retrospective in-
vestigation at a single center. Thus, multisite involvement with
prospective approach might also be needed in future studies.

CONCLUSIONS
Terbutaline infusion is a safe treatment option for children

with severe asthma requiring escalation of bronchodilator therapy.
Although it is associated with the development of decreased blood
pressure and increased HR as well as decreased levels of serum
potassium, hemodynamic support or electrolyte replacement is
infrequently required.
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