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ABSTRACT. The use of nebulized racemic epinephrine to two groups. The treatment group received nebulized racemic 
improve ventilatory function in the newborn postextubation epinephrine by face mask following extubation; the control group 
was studied. Forty-five infants intubated for more than 3 received only warm, humidified gas. All infants had been intu- 
days were randomized to receive racemic epinephrine by bated for a minimum of 3 days [mean 12.2 16.1 days (SD)]. 
nebulization immediately postextubation or to receive only The reasons for intubation were respiratory distress syndrome in 
warmed, humidified gas. Measurements of air flow, esoph- 38 babies, transient tachypnea in three, persistent fetal circulation 
ageal pressure, tidal volume, respiratory rate, and heart in three, and severe asphyxia in one. As gestational age has been 
rate were made before treatment and every 10 min for 1 h shown not to be a factor in predictions of laryngeal injury, no 
after treatment. Resistance was calculated from recorded attempt was made to separate preterm from term infants (5). 
data. Changes from baseline values were calculated for Any infant who had previously received racemic epinephrine or 
each time period. Analysis of variance of these variables any infant who had received steroids to decrease tracheal edema 
for treatment, sex, and time main effects and their inter- was excluded from the study. The study was initiated at the time 
actions, with appropriate adjustments for covariables, was ofextubation. All infants had been weaned to 2-3 cm Hz0 CPAP 
performed. Although some sex interactions were seen, and had maintained satisfactory blood gases for a minimum of 
there were no significant time effects or interactions. This 1 h prior to extubation. Infants were studied under radiant 
study provides no evidence that using nebulized racemic warmers and skin temperature was maintained by servo-control 
epinephrine in infants postextubation improves ventilatory at 36.5" C. Blood gases were obtained on all infants just prior to 
function. (Pediatr Res 21: 381-385, 1987) and immediately following the study period. 

Extubation technique. The need for tracheal suction prior to 
Abbreviations extubation was based on auscultation of breath sounds and was 

determined approximately 30 min prior to extubation. All infants 
Pes, esophageal pressure were given three to five manual positive pressure breaths using a 
V ,  tidal volume Mapleson valvelanesthesia bag setup with an in-line manometer. 
HR, heart rate Oxygen was given as required. Fi02 utilized was identical to that 
RR, respiratory rate which the patient was receiving on CPAP, and the peak inspira- 
V, flow rate tory pressure was adjusted with the Mapleson valve to approxi- 
RI,  total pulmonary resistance mate that which the patient had received when last on mechan- 
ANOVA, analysis of variance ical ventilation. The endotracheal tube was withdrawn on inspi- 
CPAP, continuous positive airway pressure ration, the infant's nasopharynx and oropharynx immediately 
SAS, statistical analysis system suctioned, and another three to five positive pressure breaths 

given with a bag and mask. 
Experimentalprotocol. Pes, $, V,, RR, and HR were measured 

immediately postextubation (to) but prior to any treatment. 
Nebulized racemic epinephrine has been routinely used in our Racemic epinephrine was then administered to infants in the 

nursery and elsewhere to Prevent postextubation respiratory treatment group and the warmed humidified gas to those in the 
distress due to stridor. Although no controlled studies have control group. The study variables were recorded immediately 
evaluated the effectiveness of this therapy, at least one serious following the treatment (t,) and at 10-min intervals for a total of 
complication, paroxysmal supraventriculartachycardia, has been 1 h (t2-t,). All infants also had continuous respiratory rate and 
reported (1 1. A recent nonrandomized report of 10 infants indi- heart rate monitoring (Hewlett-Packard, Cincinnati, OH). When- 
cated increases in inspiratory flow rates and tidal volume and ever possible, continuous Halter (Avionics, Irvine, CA) monitor- 
decreases in respiratory rate with no change in minute ventilation ing was done to screen for arrhythmias. 
following racemic epinephrine treatment (2). Despite the paucity Infants in each group were placed in the head box (described 
of data, major textbooks suggest this therapy to relieve laryngeal below) following extubation. During each measurement periqd 
edema (3, 4). The Present prospective study was therefore de- stable recordings of at least 20 s duration were obtained. Pes, V, 
signed to evaluate the efficacy of routine use of racemic epineph- and V, measurements were obtained by averaging five to 10 
rine aerosol postextubation in the neonate. representative values from each recording period. Respiratory 

rate was counted directly from the tracing and heart rate recorded 
MATERIALS AND METHODS from the infant's Hewlett-Packard monitor. Oxygen concentra- 

Forty-five infants were included in the study. After parental tion 0302) and box temperature (33-35" C) were maintained at 
informed consent was obtained, babies were randomized into desired values between measurement periods by a heated nebu- 

lizer (Puritan-Bennett All Purpose, Puritan-Bennett Corporation, 
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Dayton, OH 45404. The racemic epinephrine aerosol was administered to infants 
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in the treatment group via a mask and hand-held nebulizer 
(Puritan-Bennett Raindrop type) with the patient remaining in 
the head box. 

Epinephrine dosage. A 0.2-mg/kg target dose of racemic epi- 
nephrine was chosen for patients receiving treatment. The choice 
of this dosage was somewhat empirical as few data are available 
regarding proper dosage, and no attempts to correct the dose for 
weight or V, have been made in any previous recommendations. 
We believed 0.2 mg/kg would certainly be high enough to 
demonstrate effects of the drug, without resulting in undue side 
effects. Calculations were made as follows. 

1. 2.25% racemic epinephrine diluted 1:4 yields 4.5 mg ra- 
cemic epinephrine/ml. 

2. V, was estimated at 7.0 ml/kg. 
3. Output of our nebulizer is 0.2 ml/min when driven by a gas 

source with a flow rate of 5 liter/min. (Puritan-Bennett Model 
1058 Raindrop, particle size 3-5 p.) 

4. Nebulizer therefore has an 0.9 mg/min racemic epinephrine 
output when the 1 :4 racemic epinephrine dilution is nebulized 5 
liter/min. 

5. Aerosol deposition in the upper respiratory tract was esti- 
mated at 50% (6). 

RR/min x 7.0 ml/kg X wt (kg) 
6. = inhaled fraction of total 

5000 mllmin 
flow 

7. (0.9 mg/min racemic epinephrine) x (inhaled fraction of 
total flow) = mg of racemic epinephrine inhaledlmin. 

8. Mg/min inhaled x 50% deposition = mg of racemic epi- 
nephrine deposited per min. 

9. Duration (min) of administration of 1:4 racemic epineph- 
rine aerosol required to provide the target dose of 0.2 mg/kg was 
thus estimated by: 

(0.2 mg/kg) x wt (kg) 
mg/min racemic epinephrine deposited 

Esophageal pressure. Approximately 1 h prior to extubation 
feedings were discontinued and gastric contents were evacuated 
by syringe aspiration of the nasogastric tube. This tube was then 
removed and replaced by a neonatal gastric tube with esophageal 
balloon (National Catheter Corporation, Argyle, NY). 

The catheter was inserted through the mouth into the esoph- 
agus. Reference marks on the catheter denote 5, 10, and 15 cm 
distances to the proximal end of the balloon. The measurements 
of Loew and Thibeault (7) were adapted to initially position the 
balloon in the esophagus at the level of the carina. The balloon 
was then inflated with 0.1 ml of air, momentarily opened to 

atmosphere to allow the balloon to reach a minimal inflation 
volume, then closed. The catheter was then advanced in 1-cm 
increments until regular negative deflections were obtained. The 
stomach was ausculated while 1.0 ml of air was injected into the 
gastric channel to confirm catheter tip position in the stomach. 
The catheter was secured by tape to the patient's face. 

The balloon channel was connected to a double 3-way stop- 
cock with syringe, then connected in parallel to a water column 
and pressure transducer (Gould-Statham, no. 14363). The pres- 
sure transducer was connected to a three channel amplifier/ 
recorder (Gould 2400s). The water column was used to calibrate 
the pressure channel and "zeroed" by opening to atmosphere. 
Toial change in Pes per breath was measured. 

V and V,. Because attempts to obtain resting 9 with a mask 
and attached pneumotachograph often are not possible due to 
infants struggling and failing to lie quietly, and because recent 
studies have shown that gats obtained by face mask may not 
accurately reflect at rest V due to trigeminal nerve stimulation 
(8), we constructed a head box for this and similar studies, which 
allows the infant to lie untouched during measurement (Fig. 1). 
The box measures 20 x 25 cm at the top, 20 x 18 cm at the 
base, and is 20 cm high. It is constructed of 0.25-inch thick clear 
acrylic. It has a rimmed circular head opening 13 cm in diameter, 
to which is fitted the collar section of an orthopedic surgeon's 
glove (Perry, Massillon, OH). The infant is placed prone and the 
head is introduced through the opening while the collar is man- 
ually stretched down. Both the head and body are elevated with 
a 2-inch thick pad to avoid pressure by the rim of the opening 
on the infant's neck. The collar is then gathered into a gentle yet 
slightly taut posture around the infant's neck and secured by 
curved forceps. 

The airtight box cover can be quickly removed for access to 
the patient. Fi02 and air temperature are monitored continu- 
ously using sensors mounted in the wall of the box. The flow of 
warm, humidified gas can be reconnected to the box between 
each measuring period, or run continuously during measure- 
ment. A transmural adapter to connect the esophageal balloon 
catheter to a transducer is mounted in the box wall. A heated 
pneumotachograph (Dynasciences, Blue Bell, PA; Statham no. 
15 15 1) is connected to the airtight box and measures gas flow as 
the infant's spontaneous breathing displaces gas back and forth 
through the pneumotachograph. V, was obtained by electronic 
integration of the flow signal (Gould, no. 13-46 15-70). All infants 
studied with the head box device settled into a quiet state within 
1-2 min after being positioned in the box. 

To validate the accuracy of the volume measurements made 

Biophysical 
Amplifier/ 

T Recorder 

Fig. 1. Infant lying in head box. T, transducer; P, heated pneumotachograph; E, esophageal balloon catheter; C, gathered cuff at  neck; L, 
removable lid; ECG, electrocardiograph. 
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Volume Injected (ml) 

,Fig. 2. Validation of pneumotachograph volume measurements 
made with head box. Each point represents the average of 10 injections. 

with the head box the Gould-Statham flow transducer was cali- 
brated with standardized flowmeters. The volume integrater 
channel was calibrated with a 35-ml syringe for a full scale 
reading of 0 to 35 ml. Subsequently, the head box was then 
sealed with a rubber diaphragm and a 35-ml syringe was attached. 
The syringe was repeatedly injected into the box 10 times at each 
marked volume from 1 to 35 ml (Fig. 2). 

Following recalibration flow independence of the volume 
measurements was also validated. A 1 5-0ml syringe was injected 
into the head box 16 times at varying V from 0.7 to 3.5 liter/ 
min. Average volume returned was 15.1 ml with a range of 14.8 
to 15.6 ml. 

Resistance. Using the recorded tracings of q, V,, and Pes, RL 
was calculated as described by Cook et al. (9), for to, t3, and ts. 

Statistical analysis. Analyses were performed using the SAS 
and an IBM 3083 computer. Spearman and Pearson correlation 
coefficients were used to examine relationships between vari- 
ables. ANOVA was performed, involving covariance adjustment 
for covariables as necessary, and testing $me, sex, treatment, and 
their interactions. When appropriate Duncan's multiple range 
test was used to help identify subgroups. 

RESULTS 

The two groups were initially examined for differences among 
the covariables presented in Table 1, using a simple ANOVA 
model with study group, sex, and group by sex interaction. There 
was a significant group effect for extubation weight ( p  = 0.02). 
Infants in the treatment group had, by chance, significantly 
smaller extubation weights than those in the control group (1.43 
versus 1.8 1 kg). Since gestational age, birth weight, and extuba- 
tion weight are highly correlated, it is not surprising that group 
effects for gestational age and birth weight bordered on signifi- 
cance ( p  = 0.052 and 0.054, respectively). Therefore, it was 
necessary in subsequent analyses to make adjustment for these 
covariables. As some blood gases were obtained by capillary stick 
and others by arterial sampling, POn values were not analyzed. 

The correlation matrix of all study variables and covariables 
was examined to determine statistically significant (p  = 0.05) 
relationships between pairs of variables. There were no significant 
correlations between any study variable and any covariable. 

In the analysis of the study variables, ANOVA models were 
used that included the initial value of the variable (to), treatment 
status, time, and sex main effects, and all possible interactions 
of treatment, time, and sex. Surprisingly, sex effects and sex by 
treatment interactions were common, so analyses were repeated 

sex specifically. There were no significant treatment by time 
interaction effects nor were there time effects with the single 
exception of a slight time effect for AHR in girls ( p  = 0.02). 

The absence of time effects for virtually all variables allowed 
us to simplify the analysis and presentation of results by deter- 
mining the mean value of each variable over all posttreatment 
times (t, through fg) and to calculate the response for each 
variable as the difference between the pretreatment level at to 
and the mean of the posttreatment levels. Table 2 presents 
descriptive statistics for pretreatment values of variables and 
their corresponding mean response. 

A paired t test was used to test the null hypothesis that the 
mean response (posttreatment minus pretreatment) was not sig- 
nificantly different from zero. Only three of the 20 response 
means presented in Table 2 are significantly different from zero 
and they show no pattern consistent with an overall treatment 
effect. The patterns of the mean responses given in Table 2 are 
consistent with the results obtained when the responses for each 
of the time periods (t, through fg) were considered separately. 
Thus, both the ANOVA results and the paired tJest indicate that 
there were no significant treatment effects in V, Pes, or Vt/kg. 
Small and sometimes inconsistent treatment effects occurred for 
RR and heart HR, the latter more pronounced in females. 

RL measurements showed a significant increase in RL for the 
control group at fg (Table 3). Sex-specific evaluation showed this 
effect to occur only in males. Correction of values for extubation 
weight did not alter this result. No other covariables were found 
to influence RL. 

As Holter monitoring was only done in 16 of the infants due 
to technical difficulties, we cannot state whether arrhythmias 
may be more common after the aerosol treatment. Of the 16 
monitored infants, two in the treatment group (one, bradycardia; 
one, atrioventricular dissociation) and four in the control group 
(two, bradycardia; two, tachycardia) had various abnormalities 
noted on the Holter reports. All abnormalities were of brief 
duration. None of the infants experienced apnea. 

One infant was a study failure; this child had been intubated 
for 43 days and developed respiratory distress and stridor im- 
mediately postextubation. The study was discontinued on this 
infant-he had been in the control group-and racemic epi- 
nephrine was given empirically by his physician and continued 
every 4 h for 3 days, when his distress was considerably abated. 

Nebulized racemic epinephrine has been used in the treatment 
of croup in children and has been shown to be efficacious in 

Table 1. Descriptive statistics for covariables in treatment and 
control grouus (mean + SD) 

Treatment Control 

Males 
Females 
GA* (wk) 
Age int (days) 
Age ext (days) 
BW (kg) 
Ext wtt (kg) 
Apgar 1 
Apgar 5 
Reint (n) 
Length int (days) 
PHB 
PCOZB 

* GA, gestational age; int, intubation; ext, extubation; BW, birth wt; 
reint, reintubations; B, before study; A, after study. 

t p < 0.05. 
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Table 2. Means and SD for initial values fsubscri~t 0) and mean resDonses * (A) of study variables bv sex and treatment nrouD 

Males Females 

Treatment Control Treatment Control 
(n = 10) (n = 14) (n = 12) (n = 8) 

Variable Mean SD Mean SD Mean SD Mean SD 

60 ,  

AV 
Peso (cm HzO) 
A Pes 
VtIkgo (mu 
A Vt/kg 
HRo (beatslmin) 
A HR 
RRo (resplmin) 
A RR 

* Mean responses are calculated as the average response at each of the six times of measurement. A positive value indicates an increase and a 
negative value a decrease relative to the initial (t) value. 

For testing Ho: response mean = 0, t 0.0 1 < p 5 0.05; $ p 5 0.0 1. 

Table 3. R, fcm H7011iterlmin) 

Males Females 
-- 

Treatment Control Treatment Control 
( n =  10) ( n =  14) (n  = 12) (n = 8) 

Time Mean SD Mean SD Mean SD Mean SD 

0 41.8 36.8 38.9 24.8 46.2* 31.9 35.5 28.0 
30 63.6 52.1 49.5 30.6 64.2t 34.1 46.2 22.5 
60 47.3 31.3 65.4*§ 38.0 45.2 22.4 49.6 33.1 

* n =  11. 
t n = 10, variation in n indicates inability to calculate accurate RL 

from some tracings. 
$n  = 13. 
4 0.0 I < p < 0.05. 

several studies (10- 12). Apparently, extrapolation from these 
studies has led to recommendations for its use in the newborn, 
although no studies of which we are aware have ever proven its 
efficacy in this age group. 

Laryngeal damage from intubation does occur in the newborn 
(13) and has been shown to be related to length of intubation 
and number of reintubations ( 5 ,  14). Thus, only infants intubated 
for more than 3 days were included in the present study. As 
gestational age has been shown not to be a factor in prediction 
of laryngeal injury, the significant difference in extubation weight 
between the treatment and control groups and the nearly signif- 
icant differences in gestational age and birth weight are not likely 
to be of importance. 

We were unable to identify any trend toward cardiac abnor- 
malities resulting from the racemic epinephrine other than a 
change in heart rate, which was more pronounced in females. 
Females in the treatment group had a significant increase in HR 
while the control group showed a significant decrease. In males, 
both groups showed negative responses but the treatment group 
had a smaller negative response than the control group. The 
tendency for an increase in HR is consistent with at least some 
systemic absorption of catecholamine. Measurement of serum 
catecholamine levels would be useful in future studies. If Holter 
monitoring had been possible on all infants a clearer idea of 
possible cardiac effects might have been obtained. The demon- 
strated increase in HR in females and reports of cardiac arrhyth- 
mias and apnea during its use (2, 13) make cardiorespiratory 
monitoring mandatory during administration of racemic epi- 
nephrine. 

We believe the head box we developed is superior to the more 
commonly used mask technique for measuring air flow. Infants 

quieted almost immediately and were undisturbed throughout 
the entire study period. Leaks around the neck seal were imme- 
diately detected, as any leak entirely prevented measurements 
from being transmitted and recorded. Measurements obtained 
in this manner may be more indicative of true resting values 
than measurements obtained by face mask, due to the lack of 
trigeminal stimulation afforded by the head box. Although it is 
unlikely, the neck seal may affect venous return. Studies are 
underway to evaluate these aspects of the head box. 

The investigators were not blinded as to study group since no 
"soft" measurements, such as degree of stridor, were being made. 
Any bias among investigators and our nursery staff was unques- 
tionably towards effectiveness of racemic epinephrine treatments; 
therefore, it is unlikely to have influenced the study results. 

The significant sex by group interactions were unexpected and 
may not be biologically important as no definite trends were 
demonstrated. Most important was the lack of demonstrated 
treatment effect, when compared to to, for AV, Apes, or AV,/kg. 
Although RL increased in control group males at t6, values are 
still within normal limits reported for RL in preterm infants (1 5). 
Thus, no physiological significance of this finding is likely. All 
other values of RL are also within normal range. Although the 
respiratory system resistance as measured in this study is not 
specifically upper airway resistance, changes in upper airway 
resistance would be reflected in these values and constitute a 
major part of such changes. In the infants studied sudden changes 
in lower airway resistance would be unlikely. 

In our experience infants with laryngeal edema severe enough 
to cause respiratory distress become symptomatic immediately 
following extubation. With the exception of the one study failure, 
none of our infants demonstrated this finding, nor did distress 
develop within 24 hr in any baby. In the study failure infant, the 
fact that improvement occurred over 3 days suggests that time, 
as much as aerosolized epinephrine treatment, may have been 
important in improving this infant's clinical status. It is possible 
that none of the 45 infants had any laryngeal edema; if so, this 
would also argue favorably for abandoning the routine use of 
this drug postextubation. The degree of laryngeal edema in our 
patients would have been difficult, if not impossible, to quantify 
prior to the study. As the average length of intubation was about 
17 days in both treatment and control groups with some infants 
much exceeding this, total lack of edema seems unlikely. It is 
more likely that edema, if present, was mild and thus expected 
changes did not occur in the treatment group. This would 
indicate that, even after prolonged intubation, most infants do 
not require prophylactic therapy with catecholamines, or with 
other agents, such as steroids, administered to reduce or resolve 
laryngeal edema. Such agents may possibly be effective in cases 
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of respiratory distress due to documented laryngeal edema, but 4. Nugent J, Hanks H, Goldsmith J P  1981 Pulmonary Care. In: Goldsmith JP, 

no studies are available to demonstrate the effectiveness of these Karotkin EH (eds) Assisted Ventilation of the Neonate. WB Saunders CO, 

agents in such cases. Philadelphia, pp 67-80 
5. Fan LL, Flynn JW, Pathak DR 1983 Risk factors predicting laryngeal injury 

A maturational difference in response to racemic epinephrine in intubated neonates. Crit Care Mcd 11:431-433 
must be considered, as those in the treatment group were some- 
what smaller and less mature than those in the control group. If 
anything, however, the less mature infant may even be more 
responsive to catecholamines. Catecholamines are present in the 
fetus very early, and HR may respond to epinephrine as early as 
8 wk of gestation (16). A relative deficiency of monoamine 
oxidase in preterm infants, leading to increased urinary cate- 
cholamines, has been reported (1 7). One might postulate that 
the more immature child might thus be even more sensitive to 
the effects of catecholamines. 

In conclusion, we have demonstrated in a prospective, ran- 
domized study of 44 infants that racemic epinephrine aerosol is 
not indicated as a routine in the infant postextubation. The drug 
may be of value in cases of obvious stridor, although one must 
remember that stridor may also be due to tracheal stenosis or 
other abnormalities which will not respond to medication. 
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