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ABSTRACT

Objective. Ipratropium bromide has demonstrated efficacy
when added to albuterol for the treatment of reactive airways
disease (RAD). Its prehospital use has not been explored.
Methods. A before-and-after design was used. Prehospital
and emergency department (ED) medical records were ex-
amined retrospectively six months before and six months af-
ter institution of a new protocol, which allowed the addition
of ipratropium bromide to all nebulized treatments with al-
buterol. Primary outcome measures included: changes in vital
signs (heart rate, respiratory rate, oxygen saturation), clini-
cal improvement as assessed by paramedics, and admission
rates. Results. A total of 371 patients were included (n = 192
albuterol alone, n = 179 ipratropium/albuterol). There was
no statistically significant difference between groups with re-
gard to the change in heart rate, respiratory rate, or oxygen
saturation. In addition, there was no difference in the propor-
tion of patients with clinical improvement or deterioration
as assessed by paramedics. There was no statistically signifi-
cant difference in the admission rate from the ED except in the
subgroup of patients using a metered-dose inhaler at the time
of illness. Of note, more than one-third (133/371) of the pa-
tients were ultimately determined to have a diagnosis other
than RAD, the majority of whom were diagnosed as having
cardiac disease. Conclusions. The addition of ipratropium
bromide to albuterol for the prehospital treatment of RAD
does not appear to result in clinical outcome improvements.
A substantial number of patients enrolled in the study were
diagnosed as having cardiac disease. Key words: albuterol;
ipratropium; reactive airways disease; cardiac disease.
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Acute exacerbations of reactive airways disease (RAD)
are commonly encountered in the prehospital envi-
ronment. Albuterol is commonly used to treat mild-
to-moderate RAD, with subcutaneous injection of
epinephrine and ventilatory support reserved for the
most severe attacks. Ipratropium bromide is a quater-
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nary ammonium compound that is poorly absorbed
from the lung or gastrointestinal tract, giving it a fa-
vorable therapeutic range with few side effects.! The
onset of action can be as soon as 10-15 minutes, with a
peak effect occurring at one to two hours and efficacy
for up to eight hours, depending on the administered
dose.? Ipratropium acts as a nonselective antagonist at
muscarinic receptors, decreasing mucus secretion and
producing large-airway bronchodilation.>#

A relative decline in the number and sensitivity of
adrenergic receptors has been documented with ad-
vancing age.’ This results in a theoretical advantage to
anticholinergic agents, such as ipratropium bromide,
in older patients. This likely explains the role of iprat-
ropium bromide in the treatment of chronic obstructive
pulmonary disease (COPD), whichis typically a disease
of older patients. Inaddition, ipratropium bromide may
offer potential efficacy via a different mechanism in pa-
tients who respond incompletely to adrenergic agonists
such as albuterol.

Many investigators have attempted to document
additional efficacy with the addition of nebulized
ipratropium bromide to albuterol. In pediatric pa-
tients, improvements in both pulmonary function tests
(PFTs) and hospital admissions rates suggest an ad-
vantage to this combination.®~® In adults, however,
the data have been somewhat inconsistent and dif-
ficult to interpret. While some studies reveal faster
response rates, improved PFTs, and lower admission
rates, other studies show no difference.’~!° Even when
specific subgroups of patients are studied, the results
have been inconsistent, possibly due to inconsisten-
cies in the times at which posttreatment variables were
measured.!"1>15-2! Two meta-analyses suggest poten-
tial benefit with the addition of ipratropium bromide
to albuterol in the emergency department (ED).>% No
previous studies have evaluated the prehospital admin-
istration of ipratropium. Here we take advantage of a
natural experiment to explore the efficacy of nebulized
ipratropium bromide when added to albuterol versus
albuterol alone in the treatment of suspected RAD in
adults. This study has relevance to emergency medi-
cal services (EMS) systems considering the addition of
ipratropium to their paramedic scope of practice. If the
addition of ipratropium is determined not to have ad-
ditional benefit over albuterol alone, EMS systems may
decide to simplify the prehospital RAD treatment reg-
imen and decrease unnecessary costs. In addition, we
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perform separate analyses of several subgroups to help
identify patients who might benefit from ipratropium
over albuterol alone and to determine whether certain
patients, such as those ultimately determined to have
a cardiac etiology for their dyspnea, might actually be
harmed by the administration of a chronotropic agent
that might increase myocardial oxygen demand.

METHODS
Study Design

We used a before-and-after design to explore the addi-
tional efficacy afforded by nebulized ipratropium bro-
mide when added to albuterol in the treatment of sus-
pected RAD. All data were collected retrospectively
using EMS and ED records from January 1, 2000, to
December 31, 2000. Waiver of informed consent was
granted from our Institutional Human Resources Pro-
tection Program.

Subjects

We included all adult (age 18 years or more) prehospi-
tal patients transported to the University of California,
San Diego (UCSD) ED who were treated with nebu-
lized albuterol or albuterol/ipratropium bromide for
suspected RAD. The UCSD ED is an urban, university-
affiliated facility receiving approximately 40,000 annual
visits.

Treatment Protocol

The San Diego County paramedic treatment proto-
col for adult patients with acute dyspnea includes the
following: 1) three-lead electrocardiogram (ECG) and
pulse oximetry, 2) placement of an intravenous catheter
as needed, 3) administration of oxygen indicated, 4) ad-
ministration of nebulized bronchodilator therapy (max-
imum of two doses) if RAD is suspected, 5) sublingual
administration of nitroglycerin for suspected angina,
6) subcutaneous administration of epinephrine as indi-
cated (<55 years of age and no cardiac history) if RAD is
suspected, and 7) endotracheal intubation as indicated.
Prior to July 1, 2000, nebulized bronchodilator therapy
consisted of albuterol alone (2.5 mg/treatment); after
July 1,2000, nebulized bronchodilator therapy included
both albuterol (2.5 mg/treatment) and ipratropium bro-
mide (0.5 mg/treatment). Nebulizer treatments are ad-
ministered using pressurized oxygen.

Data Collection

A single reviewer abstracted all data from EMS and
ED records. Patients in the “albuterol only” group
(January 1, 2000-June 31, 2000) and in the “al-
buterol/ipratropium” group (July 1, 2000-December
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31, 2000) were identified using the QANet, a county
database of all prehospital encounters. The QANet was
also used to abstract the following data for all patients:
age, gender, prenebulizer vital signs, postnebulizer vi-
tal signs, treatments administered, and any record of
clinical response to therapy. The ED record was used to
abstract the following data: medical history of asthma
or COPD, use of a metered-dose inhaler (MDI) prior to
transport, ED diagnosis, and ultimate disposition.

The primary outcome measure was the need for hos-
pital admission, comparing patients receiving albuterol
alone with those receiving albuterol and ipratropium
bromide. A power calculation revealed 80% power
(alpha = 0.05) to detect a 15% absolute difference in
the rates of admission. This is roughly equivalent to
values reported in a previous meta-analysis document-
ing a relative risk of 0.75 for admission with the use of
ipratropium with albuterol.”> With an “albuterol only”
admission rate of approximately 50%, this would result
in an absolute admission rate difference of about 13%,
which is consistent with our power calculation.

In addition, comparisons were made between the
groups with regard to demographics, past medical his-
tory, heart rate, blood pressure, respiratory rate, oxygen
saturation (5a0;), and paramedic assessment of clini-
cal status before and after treatment (when recorded).
The two groups were also compared with regard to the
percentage of patients with an improvement in SaO,
greater than 2%. This threshold value was selected be-
cause it represents the measurement precision of the
Sa0, and was felt to be clinically relevant. Finally, pa-
tients were stratified by past medical history and ED
diagnosis to explore differences in vital signs or the rate
of admission.

Statistical Analysis

Data were analyzed with Microsoft Excel 9.0 (Microsoft
Corp., Redmond, WA) and SPSS 11.0 for Windows
(SPSS Inc., Chicago, IL). Changes in vital signs were
evaluated with repeated measures analysis of variance
(ANOVA) with two between-subjects factors (drug
therapy, age) and one within-subjects factor (time) af-
ter assessing normality of distribution. For patient sub-
groups, a univariate ANOVA was used for vital signs.
The number of patients with an SaO; increase of greater
than 2% and the number of patients identified by
paramedics as improving were evaluated using logistic
regression. Mean values & standard deviation were cal-
culated for continuous variables. Statistical significance
was assumed for p < 0.05.

RESULTS

A total of 192 patients were included in the “albuterol
only” cohort and 179 patients were treated in the “al-
buterol/ipratropium” cohort. Baseline characteristics
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TABLE 1. Demographics and Past Medical History (PMH)
for the “Albuterol Alone” and “Albuterol + Ipratroprium”

TABLE 3. Change in Vital Signs and Overall Clinical Status
for the “Albuterol Alone” and “Albuterol + Ipratroprium”

Cohorts Cohorts
Albuterol Albuterol + Albuterol  Albuterol/
Alone Ipratropium Alone Ipratropium
Parameter (n=192) (n=179) p-value Parameter (n=192) (n=179) p-value
Gender—male 107 (56%) 101 (56%) 0.893 Heart rate (beats/min)
Age—mean 53.0 yr 53.4 yr 0.849 Pre 112 113
PMH Post 109 107
Asthma 88 (46%) 83 (46%) 0.918 Change -3 —6 0.474
COPD 59 (31%) 52 (29%) 0.630 Blood pressure (mm Hg)
MDI use at home 98 (51%) 89 (50%) 0.799 Pre 149 147
None/unknown 53 (28%) 41 (23%) 0.298 Post 142 137
DxRAD in ED 124 (52%) 114 (48%) 0.857 Change -7 -10 0.523
- - - - Respiratory rate (breaths/min)
COPD = chronic obstructive pulmonary disease; MDI = metered-dose inhaler; Pre 29 32
Dx RAD in ED = diagnosis of reactive airways disease in the emergency Post 29 28
department. Change 0 4 0.055
Sa0; (%)
Pre 88 89
were similar between the two groups (Table 1). In ad- Post 9% 97
dition, there was no statistically significant difference Change +8 +8 0.581
Sa0; increase >2% (%) 65 (34%) 76 (43%) 0.108

between the cohorts with regard to other prehospital
treatments administered (Table 2).

There was no statistically significant difference be-
tween the two groups with regard to pre- and postneb-
ulizer values for heart rate, blood pressure, respiratory
rate, or Sa0;. In addition, there was no statistically sig-
nificant difference between the groups with regard to
the change in these values. Furthermore, there was no
statistically significant difference between the groups
with regard to paramedic clinical assessments follow-
ing nebulizer treatments. These data are displayed in
Table 3. With regard to the primary outcome measure,
there was no statistically significant difference in the
rate of admission between the “albuterol only” cohort
and the “albuterol/ipratropium” cohort (Table 4).

Patients were then stratified based on past medical
history and ED admission diagnosis, with no statisti-
cally significant difference observed with regard to any
of the outcome measures (Table 5). The one exception
was a 4-mm Hg decrease in systolic blood pressure for
the “albuterol only” cohort versus a 7-mm Hg decrease
in the “albuterol/ipratropium” cohort, which likely has
little clinical significance. Of note, approximately one-
third of all patients were ultimately diagnosed as hav-
ing a cardiac etiology for their dspnea, including both

TABLE 2. Prehospital Treatments for the “Albuterol Alone”
and “Albuterol + Ipratroprium” Cohorts

Albuterol Albuterol +
Alone Ipratropium
Intervention (n=192) (n=179) p-value
Intubation 1 (1%) 3 2%) 0.282
BVM ventilation 0(0%) 3 (2%) 0.159
SQ epinephrine
Prior to 1st neb 3(2%) 4 (2%) 0.635
After 1st neb 10 (5%) 6 3%) 0.379

Improved clinical status (%) 65 (34%) 59 (33%) 0.944

5a0, = oxygen saturation.

acute coronary syndrome and congestive heart failure
(CHF).

DISCUSSION

Here we compare patients with suspected RAD receiv-
ing prehospital nebulized albuterol before and after
ipratropium bromide was added to the regimen. No
statistically significant difference was observed in the
rate of admission or with regard to any of the physio-
logic parameters included in this analysis. In addition,
we were unable to identify a subgroup of patients ben-
efiting from the addition of ipratropium despite strat-
ification of patients by ED diagnosis or past medical
history. Of note, about a third of patients suspected of
having acute RAD in the field were ultimately diag-
nosed as having a cardiac etiology for their dyspnea.
Previous hospital-based studies suggest several in-
dications for the use of inhaled ipratropium bro-
mide in the treatment of RAD. Patients with COPD
appear to benefit from the daily administration of

TABLE 4. Emergency Department Dispositions for the
“Albuterol Alone” and “Albuterol 4 Ipratroprium” Cohorts

Albuterol Albuterol +

Alone Ipratropium
Disposition (n=192) (n=179) p-value
Admitted 102 (53%) 100 (56%) 0.596
Discharged 83 (43%) 74 (41%) 0.713
Left AMA 7 (4%) 5 (3%) 0.643
Expired 0(0%) 0 (0%) 0.972

BVM = bag-valve-mask; SQ = subcutaneous; neb = nebulization.

AMA = against medical advice.
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TABLE 5. Changes in Vital Signs and Emergency Department (ED) Disposition for the “Albuterol Alone” and “Albuterol +
Ipratroprium” Cohorts, with Patients Stratified by ED Diagnosis and Metered-Dose Inhaler (MDI) Use

Hx Asthma Hx. COPD MDI Uses DxRAD in ED
Alb Alb/Ip Alb Alb/Ip Alb Alb/Ip Alb Alb+Ip
Parameter (n=288) (n=83) p (n=59) (n=>52) p (n=98) (n=289) p n=124) (n=114)
Heart rate (beats/min) 0 +11 0.195 0 —6 0.880 +2 +10 0.532 +2 +4 0.463
SBP (mm Hg) —4 -7 0.046 -10 —15 0.936 -5 -16 0.574 -3 -10 0.635
RR (breaths/min) 0 +3 0.305 -1 +1 0.562 0 +1 0.847 0 +2 0.693
15207 > 2% (%) +6 +5 0.557 +8 +6 0.887 +6 +5 0.115 +6 +6 0.430
Admission (%) 39 49 0.156 66 60 0.480 41% 52% 0.136 46% 49% 0.626

Hx = history; COPD = chronic obstructive pulmonary disease; Dx RAD = diagnosis of reactive airways disease; Alb = albusterol; Alb/Ip = albuterol with
ipratropium; SBP = systolic blood pressure; RR = respiratory rate; 1Sa0, = increase in oxygen saturation.

ipratropium bromide, possibly due to its effect on de-
creasing respiratory secretions and the relative increase
in cholinergic versus adrenergic receptors with advanc-
ing age.>>2? It is less clear, however, whether patients
with acute exacerbations of COPD receive additional
benefit from nebulized ipratropium bromide over al-
buterol alone.!!'1315-19.24 T addition, ipratropium ap-
pears to benefit young persons who have asthma, with
previous studies documenting improvements in vital
signs, PFTs, and ultimate disposition with ipratropium
added to nebulized albuterol therapy.®~82>~%” The rou-
tine use of ipratropium in the adult patient with an
acute exacerbation of RAD is less clear, with multiple
studies demonstrating conflicting results.”~1%28-30 The
variability in outcomes may be related to the use of sur-
rogate endpoints measured at variable times following
the administration of nebulized medication.?%-%!

Itis also notable that about a third of patients enrolled
with suspected RAD were ultimately diagnosed as hav-
ing a cardiac etiology for their symptoms. The ability of
CHEF to produce “cardiac asthma” is well established;
however, the administration of chronotropic medica-
tions and failure to administer aspirin and nitroglycerin
to a patient with possible ischemia are concerning. For-
tunately, the heart rate did not increase across all sub-
jects with either regimen. In addition, bronchodilators
may be beneficial in “wheezing” patients, regardless of
the etiology of symptoms.

LIMITATIONS

These data must be viewed in light of the study limita-
tions. This was a retrospective chart review, and pa-
tients were not randomized to receive nebulized al-
buterol alone or in combination with ipratropium. We
were unable to detect differences in the two cohorts;
however, there may have been some selection bias as a
result of the design. We also included all patients sus-
pected of having acute exacerbations of RAD, resulting
in a so mewhat heterogeneous population and poten-
tially obscuring a treatment effect of ipratropium. Sub-
group analysis did not identify a population that would
have benefited from the addition of ipratropium, and

prehospital personnel would not have access to ED di-
agnoses, making such an identification clinically irrel-
evant. In addition, the retrospective design resulted in
missing variables. This was most notable with regard
to paramedic assessments of improvement following
nebulizer treatment. This was, however, the most sub-
jective variable and highly subject to bias. Furthermore,
we did not examine treatments in the ED, making it dif-
ficult to ascribe any differences in outcome to the pre-
hospital use of ipratropium alone. We also were unable
to measure pre- and posttreatment PFTs, which may be
more sensitive in identifying a treatment effect of ipra-
tropium. With regard to our EMS system, most trans-
port times are relatively short, and a positive effect of
ipratropium might be observed with longer transport
times.

Our relatively small sample size represents another
limitation. A power calculation was performed for the
main outcome measures, but our ability to detect dif-
ferences among subgroups was limited. Larger studies
may ultimately reveal a population that benefits from
prehospital use of ipratropium. We did not include pe-
diatric patients in this analysis. Existing evidence sup-
ports the routine use of ipratropium in children with
suspected RAD.®~® We decided to limit this analysis
to adults to focus on a patient group in whom the use
of ipratropium is more controversial and for whom the
misuse—as with cardiac-related dyspnea—might carry
more significant consequences.

Finally, we considered hospital admission as an end-
point but did not attempt to determine the exact deci-
sion making involved in the disposition. For example,
it is theoretically possible that one or more cardiac pa-
tients were admitted as a result of anginal symptoms in-
duced by ipratropium or the physician perception that
the preceding ipratropium administration warranted
inpatient observation. This would have artificially in-
flated the admission rate for the ipratropium group. We
did not, however, observe a significant increase in heart
rate following ipratropium administration, and there
was no difference between cohorts even when consid-
ering the subgroup of patients ultimately diagnosed as
having RAD.
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CONCLUSIONS

We performed a before-and-after study comparing two
cohorts of prehospital patients with suspected RAD and
receiving nebulized albuterol, with and without iprat-
ropium bromide. There was no difference between the
groups with regard to changes in vital signs, clinical
improvements, and ED disposition. This suggests no
additional benefit to ipratropium when added to nebu-
lized albuterol in the prehospital environment. About a
third of patients were ultimately diagnosed as having a
cardiac etiology for their dyspnea, suggesting that the
prospective identification of patients with acute RAD
by paramedics is difficult.
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