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Abstract beta-2-adrenergic agonist has become the mainstay
of bronchodilator therapy in the treatment of asthma
and status asthmaticus [1-4]. It has been observed that
lactic acid levels increase with the continuous albuterol

Asthma is a chronic inflammatory condition of the airways
characterized by airflow obstruction, caused by bronchocon-
striction, airway edema, acute inflammation and increased

secretions, most commonly treated with albuterol. Albuterol use in pediatric patients [5,6]. In this case report, we
functions by activating beta-2-adrenergic receptors on airway discuss three pediatric patients in status asthmaticus,
smooth muscles stimulating adenyl cyclase and increasing admitted to FHT and placed on continuous albuterol

production of C-AMP causing relaxation of the smooth mus-
cle and bronchodilation. It has been our observation that lactic
acid levels tend to increase with the use of continuous albuterol

treatments, who in-spite of improvement of airflow ex-
change, bronchospasms and general condition and in

treatments in pediatric patients. This phenomenon is important the absence of clinical hypoxemia or hypovolemic shock
to recognize as a possible complication of albuterol treatment went on to develop metabolic acidosis with rising lactic
in patients with status asthmaticus. Not recognizing this asso- acid levels. Subsequent weaning from continuous al-

ciation may lead to an escalation of therapy, by misinterpreting

- X . ) X buterol resulted in quick resolution of acidosis [2,7,8].
the condition as worsening respiratory distress, hypoxemia or

volume depletion. Progression of therapy may ultimately lead Case 1

to prolonged hospitalizations, mechanical ventilation and fur-

ther increase in morbidity and mortality. In this case report, we A 17-year-old asthmatic female was admitted to the
discuss three pediatric patients in status asthmaticus, admit- PICU, with the symptoms of wheezing, tachypnoea and

ted to Florida Hospital Tampa-PICU and placed on continuous shortness of breath. Her initial saturations were 89% on
albuterol treatments, who in-spite of improvement of airflow

exchange, bronchospasm and general condition and in the R_A' which improved to 95-99% V_V'.th oxygen and con-
absence of clinical hypoxemia or hypovolemic shock, went on tinuous albuterol treatments. Initial ABG showed pH
to develop metabolic acidosis with rising lactic acid levels. We of 7.33, pCO, 43.4 mmHg, pO, 110 mmHg, bicarbonate
graphed their lactic acid levels throughout their hospital course 23.1 mEq/L and base excess (BE) of -3 at |:io2 of 0.32.

as a function of continuous albuterol treatments. We observed Anion gap was recorded at 11 mEqg/L. Patient was treat-
i weaning Fhe patnent.s i con-tlnupus albutergl treatrpepts ed with IV steroids, continuous albuterol treatments,
resulted in quick resolution of acidosis and continued clinical .

IVFs and other standard supportive care.

improvement of the patients, resulting in a timely discharge.
Keywords 5-hours of continuous albuterol showed pH of 7.29,
pCO, 32, pO, 165, HCO, 15.5 and BE of -10.1 (FiO, of 0.32).
The lactic acid level, then, was 8.2 mmol/L (Normal: 0.5-2.2
mmol/L). This was observed in-spite of improved general
condition, good hydration and oxygenation with improve-

Asthma is a chronic inflammatory condition of the =~ ment of air exchange in both lungs. Continuous albuterol
airways. The number of children suffering an asthma  treatments were then weaned to Q2-4 hour treatments.
exacerbation in 2010 was 4.3 million [1]. Albuterol, a A follow-up ABG showed pH 7.32, pCO, 33, HCO, 17.1 and

Albuterol, Lactic acidosis, Children, Asthma
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BE of -8.1 (FiO, of 0.21).About 16-hours later ABG normal-
ized and lactic acid levels trended down to 1.9 (Figure 1).
The following day, patient’s condition declined, requiring
her to be placed back on continuous albuterol nebulizer
treatments for 8-hours. At that time, lactic acid levels rose
to a final value of 3.3, and then declined to 2.5 after wean-
ing her off continuous albuterol treatments. Patient con-
tinued to improve and was discharged home after 4 days.

Case 2

A 10-year-old known asthmatic male was admitted

from the ED with 1-day history of shortness of breath,
wheezing, and cough. He required continuous oxygen
supplementation, allowing his oxygen saturation to in-
crease from low 80s to low 90s. Patient’s condition war-
ranted immediate intubation. Initial ABG showed respi-
ratory acidosis with pH 7.26, pCO, 53.8, pO, 321.0, BE
-3.2 and HCO, 24.0 with FiO, of 1.0. He continued to be
on ventilator support, sedated with versed drip, treated
with IV methylprednisolone 1 mg/kg Q6H, continuous
albuterol treatments at 0.3 mg/kg/hr, and IVFs.

Lactic acid levels VS. Albuterol exposure
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Figure 1: Lactic acid levels vs. hours from admission-Case 1.
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Figure 2: Lactic acid levels vs. hours from admission-Case 2.

ABG obtained after 7-hours of continuous albuterol
treatments showed paradoxical metabolic acidosis in-
spite of clinical improvement with pH 7.23, pCO, 41, pO,

79.8, HCO, 17.3 and BE -9.5 (FiO, of 0.30). Lactic acid level,
then, was elevated at 4.5. Patient’s oxygen saturation at
that time continued to be in high 90s. In addition, patient
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had no signs to suggest significant changes in his perfusion
since initial intubation. Thus, it is less likely that his elevated
lacticacid level is due to wash out from improved perfusion.
Albuterol treatments were then spaced out to Q2H. Serial
lactic acid level measurement decreased to 0.8 (Figure 2).
Patient continued to improve and was discharged home
on day 5.

Case 3

13-year-old known asthmatic male was admitted from
ED after he presented with dyspnoea, cough, shortness of
breath and wheezing, in-spite of several albuterol treat-
ments and oral steroids at home. Upon presentation, pa-
tient was tachypneic at 28 br/min., with diminished breath
sounds on right and some audible wheezing bilaterally.
His condition required him to be placed on continuous al-
buterol treatment and subsequent admission to PICU. In
the PICU, patient continued to be on continuous albuterol
nebulizations, IV methylprednisolone, and oxygen via high
flow NC. Initial ABG done 2-hours after admission, showed
pH of 7.42, pCO, 33.6, pO, 73.1 and HCO, 21.9 with a base
excess -2.1 at FiO, of 0.90.

Re-evaluation, later in the day, showed patient to
be breathing much easier while still being on continu-
ous albuterol treatments and high flow nasal cannula
with adequate oxygenation and perfusion. VBG done
after 12-hours of continuous albuterol treatments re-
vealed compensated metabolic acidosis with pH 7.34,
pCO, 29.5, pO, 63 and a low HCO, 16 with FiO, of 0.70.
Lactic acid level, at that time was elevated at 4.9 (Fig-
ure 3). 36-hours after admission, patient’s respiratory
status improved with better air exchange and he was
weaned to Q2-4 hour treatments. Repeat lactic acid was
2.2. Blood gas normalized with pH 7.43, pCO, 38.3 and
HCO, 25. A follow-up lactic acid level before discharge
was 2.0.

Discussion

Early in status asthmaticus, respiratory alkalosis from
hyperventilation frequently occurs. When the attack
persists, CO, is retained leading to respiratory acidosis.
It has been our observation that some patients who
receive frequent or continuous albuterol nebulizations
will develop a paradoxical metabolic acidosis in the ab-
sence of hypovolemia, sepsis or hypoxia [2,9,10]. Figure
1, Figure 2 and Figure 3 show lactic acid levels in relation
to continuous albuterol treatments over the course of
admission. All our patients were clinically well hydrated
while maintaining saturations over 95% throughout.

There are two types of lactic acidosis: Type A and Type
B [11,12]. Type A lactic acidosis results from impaired oxy-
gen delivery or consumption, whereas type B lactic acido-
sis results from altered cellular metabolism of lactic acid
in absence of hypoxia or hypoperfusion. B2 agonists have
been hypothesized to cause type B lactic acidosis [6,12,13].
Type A and Type B lactic acidosis can be differentiated
from each other using the ratio of lactate to pyruvate lev-
els [8,11].

Some postulations have suggested that adrenergic
stimulation-exogenous or endogenous, may be associ-
ated with increased formation of lactic acid in the body.
The suggested mechanism is an increase in metabolic
effects including fatty acids and plasma glucose concen-
trations, glycogenolysis, gluconeogenesis and lipolysis
due to stimulation of B-adrenergic receptors [14]. This
increase leads to stimulation of glycolysis, which ulti-
mately increases pyruvate. Alongside, a concurrent in-
hibition of the enzyme pyruvate dehydrogenase, due to
hypoxia related to asthma exacerbation and increase in
free fatty acids as a result of lipolysis, prevents pyruvate
from entering the Kreb’s cycle and thus pushing it to-
wards the anaerobic cycle-increasing lactic acid levels
[2,4,9,15,16].
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Figure 3: Lactic acid levels vs. hours from admission-Case 3.

Patel et al. Int J Aller Medications 2017, 3:023 e Page 3 0of5 e


https://doi.org/10.23937/2572-3308.1510023

DOI: 10.23937/2572-3308.1510023

ISSN: 2572-3308

Figure 1 represents Case 1. First data point is at
24-hours after admission, when patient had been on
5-hours of continuous albuterol treatments. Here, lactic
acid level was 8.2 mmol/L. Weaning to Q2-4 hour treat-
ments for 5-hours regressed the levels to 3.9 and 2.6 at
30-and 36-hours of admission respectively. 42-hours post
admission, the levels normalized to 1.9. Placing the pa-
tient back on albuterol for other 8-hours raised the lactic
acid levels to 2.8 and 3.3, at 4- and 8-hours of treatment
respectively. Subsequent weaning to Q2-4 hr lowered the
levels to 2.5.

Figure 2 represents Case 2, where the patient in sta-
tus asthmaticus required intubation. Lactic acid level
after 2-hours of continuous albuterol nebulizations was
3.1. Due to his acute condition, patient was placed on
7-hour continuous albuterol. Lactic acid level then peak-
ed to 4.5, represented by the data-point at 15-hours.
Weaning down to Q2 hours, allowed his lactic acid levels
to drop to 0.8, 27-hours after admission.

Finally, Figure 3 represents Case 3, where patient
was placed on 12-hours of continuous albuterol, raising
the levels to 4.9, data-point represented at 15-hours.
36-hours after admission, the patient was weaned to
Q2-4 hr treatments due to clinical improvement. Con-
sequent lactic acid level measurement was 2.2, about
75-hours after admission. His final lactic acid level be-
fore discharge was 2.0. This again represented a drop in
lactic acid levels as a result of decrease in frequency of
albuterol treatments.

In all cases above, the only change was spacing out
the continuous albuterol treatments to a less frequent
therapy. Continuous albuterol nebulizations in all the
three cases raised the lactic acid levels, whereas wean-
ing the patients led to a gradual decline in the levels.
No other treatment changes were made. These find-
ings and cases add to the evidence of possible causal
relationship between the administration of continuous
albuterol and a rise in lactic acid levels. The next step
in establishing a more concrete relationship between
lactic acidosis and continuous albuterol treatments is
to confirm that albuterol exposure causes Type B Lac-
tic acidosis. For this, we need pyruvate levels. We were
unable to draw the levels, in this case report, due to the
lack of this laboratory feature at our hospital.

Recognizing this relationship between continuous al-
buterol nebulization and development of lactic acidosis,
with paradoxical metabolic acidosis despite clinical im-
provement of bronchospasms, is extremely important.
If unaware of such a phenomena one can easily confuse
metabolic acidosis due to lactic acid accumulation sec-
ondary to continuous albuterol treatments, for clinical
deterioration and thus inadvertently increasing thera-
py. Disregarding or misunderstanding this relationship
can, therefore, lead to escalation of therapy and other
invasive interventions with an intention to better the
patient. This is likely to affect the morbidity and mortali-
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ty of patients, hence discouraging prolonged or escalat-
ed treatments in patients with status asthmaticus. We
would hope that sharing this information with our col-
leagues would help them recognize this condition when
an ABG read does not correlate with other clinical signs.
We suggest de-escalation of therapy in such patients.
Weaning the patient off continuous albuterol therapy to
intermittent treatments may help resolve the metabolic
derangement. It goes without saying that it is important
to ensure that the patient is maintaining proper oxygen
saturations and is hemodynamically stable before pre-
suming type B lactic acidosis, because withdrawing nec-
essary treatment prematurely can harm the patients.
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