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Congestive heart failure (CHF) is a common cause of
acute respiratory compromise in the Emergency Department (ED). Frequently, dramatic clinical improvement
can be made by treating these patients with medical therapy alone. Some patients, however, present to the ED in
extreme respiratory distress and require emergent ventilatory assistance. Bilevel positive airway pressure (BiPAP)
is a non-invasive means of mechanical ventilation that can
be used to treat CHF, and to prevent the need for endotracheal intubation.
While BiPAP is a commonly used modality for noninvasive ventilation in the ED, there is little literature studying
     
[1,2]
Three randomized, prospective trials have addressed
that the rate of AMI in patients treated with BiPAP for
CHF, but these studies were limited by size and had con     [3-5] Should ED patients with severe
CHF requiring emergent ventilatory support be intubated,
or receive BiPAP? Our study was designed to retrospectively compare the rates of AMI and death in patients
receiving medical therapy, BiPAP, or intubation for the
treatment of CHF in the ED.

/*'/%# /&"  !"#
This study was a retrospective chart review at an adult,
     !"  
#$%&&&' " **  *+  " /046 "     
ED admission ICD-9 codes for CHF as a primary or secondary diagnosis in the ED from January 2001 to December 2003. Charts were then randomly selected for review
during a one-month data collection period. Patients were
excluded from our study if they were <18 years old, had a
diagnosis other than CHF or did not receive medical ther*    " ";    
did not have 3 compete sets of cardiac enzymes drawn,
unless those initially drawn were positive.
Data abstraction was performed by two unblinded physicians. Demographic data was collected on each of the patients. The ED chart, hospital chart, and discharge dictations were then reviewed to obtain information regarding
* +      /   
history of a myocardial infarction, coronary artery stent,
angina, positive stress test or angiogram, or coronary artery bypass surgery), hypertension, or diabetes mellitus.

54

The hospital discharge dictations were used to determine
* +  /=>@6
G   *  "     *     ; gen, aspirin, diuretics, and nitrates in either the prehospital setting or in the ED. Both the ED chart and EMS
log sheets, if available, were reviewed to obtain this information. The ED chart and hospital charts were then
reviewed to determine if the patients were treated with
BiPAP or intubation in the ED. Patients were included in
the BiPAP group if they received BiPAP in the ED and
continued therapy for at least 30 minutes. Patients who
were intubated at any time in the ED were included in the
intubation group, including those who started on BiPAP
but were then intubated.
The criteria used to determine an AMI in study subjects
was a typical rapid rise and fall of CK-MB biochemical
markers of myocardial necrosis.[6,7] CK-MB biomarkers
were drawn initially in the ED and at 8-hour intervals dur  RU  *    V"     G0   
these levels fall more gradually in the serum. An elevated
cardiac troponin drawn in the ED may indicate a subacute
infarction, unrelated to ED intervention for CHF. In, addition, modest elevations of cardiac troponins can be non*  %    *  "     
all patients with acute CHF at the time of the study. Patients who had a positive CK-MB level by the second set
drawn (even if a third set was not drawn) were considered
positive for AMI.
Statistical analysis was performed using chi square testing to determine the difference among rates of AMI and
death between the standard therapy, BiPAP, and intubated
*X +X 
were used in the analysis to determine differences in age,
sex, race, length of stay, or comorbid illnesses among the
three groups. All statistics were performed using Stata v.
8 (Stata Corp., College Station, TX).

#$%#
During the study period, 2737 patients were given a diagnosis of CHF; 838 charts were then randomly selected for
">%#U$     "
enrolled in the study. 93 were excluded due to incomplete
* "#U\ / R\^_&_6
Among study subjects 53% were female; 83% were white,

.

2009

9:2

 .    

1  6

Table 1. 5DWHVRIP\RFDUGLDOLQIDUFWLRQDQGGHDWKLQ
SDWLHQWVWUHDWHGZLWKVWDQGDUGWKHUDS\DORQH
%L3$3DQGVWDQGDUGWKHUDS\DQGLQWXEDWLRQ
DQGVWDQGDUGWKHUDS\UHVSHFWLYHO\ S 

Medical Therapy
Bi-level positive airway pressure
Intubation

MI

Death

6.2
15.8
32.4

2.4
8.2
20.6

MI: Myocardial infarction.

7% black, and 7% Hispanic.
$${* /#UR|6"   * 
(aspirin, oxygen, nitrates and furosemide) without ventila  >     ^* /R_R|6
received BiPAP in addition to medical therapy. Thirty four
* /U}|6"   !
patients had initially received BiPAP but deteriorated in
the ED and required intubation. Patients receiving medi*    G0}R|/~$|0UR|^
8.5%), compared with 15.8% (95%CI 10.5%-22.5%) of
*  /*&&&_6 {RU|/~$|0_#U|^

50.5%) of patients who were intubated (p<.0001). The difference in the rate of AMI for patients treated with BiPAP
           /*&&R$6 !
rate in patients treated with medical therapy alone was
RU| /~$| 0 _{|^U&|6% *  " \R| /~$|
0U$|^_{#|6*/*&&&_6 R&}|
(95% CI 8.7%-37.9%) of the intubated patients (p<.0001)
(Table 1). The difference in the death rate for patients
 "  "   
/*&&{R6'* /{#$|6"  ceived BiPAP and later required intubation in the ED died
*  '"      ferent outcomes with medical therapy, BiPAP and intubation with respect to age, gender, race, history of diabetes,
coronary artery disease, or prior history of CHF. There was
        * "tory of hypertension. In patients receiving medical therapy
80% had a history of hypertension, versus 85% in those re  ~U|""  /*&U}6=>@ *"      
Patients receiving medical therapy had an average LOS of
${   /  $^UU  6% *  " }}   
BiPAP patients (range 1-38 days) and intubated patients
#~  / _^RR  6/*&R6/'R6

Table 2. 7DEOHVKRZLQJEDVHOLQHGHPRJUDSKLFVDQGFKDUDFWHULVWLFVRISDWLHQWV

No. of Patients
Age (yr.)
Gender
Male
Female
Race
Caucasian
Black
Hispanic
Other
Risk Factors
HTN
CAD
DM
CHF
LOS (days)

Medical Therapy

BiPAP

Intubation

554
74.7±13.5

171
74.9±10.6

34
74.4±11.2

258 (46.6%)
296 (53.4%)

77 (45.0%)
94 (55.0%)

20 (58.8%)
14 (41.2%)

465 (84.7%)
36 (6.6%)
35 (6.3%)
13 (2.4%)

133 (79.6%)
15 (9.0%)
11 (6.6%)
8 (4.8%)

25 (75.8%)
4 (12.1%)
4 (12.1%)
0 (0.0%)

443 (80.0)
393 (70.9%)
253 (45.7%)
158 (28.5%)
5.34±4.62

144 (84.2%)
119 (69.6%)
79 (46.2%)
42 (24.6%)
6.56±5.59

32 (94.1%)
24 (70.6)
20 (58.8%)
11 (32.4%)
7.88±6.03

p
NS
NS

NS

NS
NS
NS
NS
NS
0.02

*p is significant (p<0.05).
BiPAP: Bi-level positive airway pressure; HTN: Hypertension; CAD: Coronary artery disease; DM: Diabetes mellitus;
CHF: Congestion heart failure; LOS: Length of stay.
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In acute, severe CHF, patients generally fall into two categories: those who are treated with medical therapy alone,
and those who require additional mechanical ventilatory
support. The majority of patients who present to the ED
with CHF will respond quickly to a medical therapy. It is
not uncommon though, for a patient to present in extremis such that ventilatory support is needed as a life-saving
measure. In these cases, there are currently two choices,
either noninvasive ventilation or endotracheal intubation.
Endotracheal intubation can provide life-saving respiratory support for severe cases of CHF or for patients unable
to tolerate noninvasive ventilation (NIVV), but it is not
without risk. Studies have shown frequent complications
including esophageal intubation, pneumothorax, pulmonary aspiration,[8,9] and other complications as a result of
repeated intubation attempts such as hypoxemia, airway
trauma, bradycardia, and cardiac arrest.[10]
NIVV has become an increasingly popular method of
   %      ! '   * 
NIVV was CPAP, which delivers a constant positive airway pressure during a patient initiated inspiration. CPAP
was initially studied most extensively in the treatment of
patients with COPD; only a few trials exist which examine its use in patients with CHF. Bersten et al. showed
that patients with severe cardiogenic pulmonary edema
who were treated with CPAP had a decreased need for
intubation than patients treated with oxygen alone.[11] Lin
and Chiang published two papers which described an improvement in cardiovascular and pulmonary function, a
      %      
in mortality in patients treated with CPAP for CHF.[12,13]

These studies contributed to the popularity of using NIVV
for the treatment of CHF.
The invention of BiPAP added another dimension to the
use of NIVV. BiPAP allowed for positive airway pressure during both inspiration and expiration and was a true
form of mechanical ventilation. Again, the initial studies
using BiPAP were mainly in patients receiving therapy for
COPD. In a randomized, prospective study published in
1997, Mehta et al. compared the use of CPAP to BiPAP in
patients with acute CHF. After enrolling only 27 patients,
 "       
of AMI in the patients treated with BiPAP (71% v. 31%).
[3]
The results of this study prompted Levitt to prematurely
end his randomized, prospective trial comparing the use of
";   V" 
"       G0
between the two groups.U Both studies were limited by a
small sample size, but raised an important question as to
the safety of the use of BiPAP in patients with CHF.
@     G   =+  %  
been little literature on the subject of the use of BiPAP in
CHF. Sharon et al. published the results of a study comparing BiPAP versus intravenous isosorbide dinitrate in
the treatment of acute, severe CHF.[5] They also terminat    U&   *  
to an increase in adverse outcomes in the BiPAP group,
including increased rate of AMI, need for intubation, and
 0  @ +   __ /$$|6 *    "
BiPAP had AMIs, versus 2 (10%) patients treated with in    /*&&&}6' "
again limited by a small sample size, but the results of

Table 3. 7DEOHVKRZLQJ0,DQGGHDWKUDWHVLQVWXGLHVLQYROYLQJ%L3$3
Study Group

Study Design and Comparison

Mehta et al.

N = 27; Randomized trial;
BiPAP vs CPAP
N = 40; Randomized trial;
BiPAP vs high-dose ISDN
N = 38; Randomized, convenience sample;
BiPAP vs high flow oxygen mask
N = 759; Retrospective chart
review of CHF patients receiving BiPAP

Sharon et al.
Levitt
Rotter et al.

BİPAP

MI

Death

14

10 (71%)
(95% CI 46-94%)
11 (55%)
(95% CI 31.5-76.9)
4 (19%)
(95% CI 2.2-35.8%)
25 (15.8%)
(95% CI 10.5-22.5%)

1 (7.1%)

20
21
158

2 (10.0%)
3 (14.3%)
13 (8.2%)

BiPAP: Bi-level positive airway pressure; MI: Myocardial infarction; CPAP: Continuous positive airway pressure; ISDN: Intravenous isosorbide-dinitrate.
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this and the previous study by Mehta have led many to
speculate that until more research is done, patients with
acute CHF should not be treated with BiPAP (Table 3)._U
'  V " %     *   
examining AMI and death rates in patients presenting in
CHF treated with BiPAP. Compared to intubation, pa  "      cant difference in the rate of AMI. Although our study is
limited by the small number of patients in the intubated
group, the data thus far shows a decreased rate of AMI in
the BiPAP group compared to patients that were intubated
/_$\R|{R{$|*&&R{60   %"        * ed with BiPAP compared to intubation (8.23% v. 20.59%
*&&&_6
Although our data cannot be directly compared with data
from previous studies with different designs, the results
of this study also show a large discrepancy in the previously reported data on AMI rates in patients receiving
* G+ "  
G0#_|% @ + "  G0
of 55 %.[3,5] These high rates of AMI would lead many to
conclude that BiPAP may not be safe to use in patients
with CHF. Our study showed a dramatically lower rate of
AMI in patients treated with BiPAP for CHF (15.82%).
This more closely approximates the results of the study by
Levitt et al.U Of note, the Mehta and Sharon studies had
higher baseline rates of mortality and AMI in their control
groups. This makes meaningful analysis and comparisons
"      > 
"     
in CHF. Due to the paucity of literature on this subject,
       
'  "      
increase in both the rate of AMI and death in both BiPAP and intubation groups compared to medical therapy
alone. A possible explanation for this difference is that patients who received ventilatory support for their CHF had
a greater severity of illness than the patients treated with
medical therapy alone, and were more likely to rule in for
AMI or die. Future prospective studies may determine if
differences in outcomes are related to severity of illness
or other factors.
This study was limited by its design, in that it was a retrospective chart review. Patients were located by ICD-9
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codes for a primary or secondary diagnosis of CHF. By
using this method of locating patients retrospectively, patients were not studied consecutively. Another limitation
of this study is that due to its retrospective nature, there
was no standardization of therapy. While we did require
that patients receive aspirin, oxygen, nitrates, and diuret %  *        "    ized. Medical intervention and the decision for treatment
within each group (standard medical therapy, BiPAP, or
intubation) were study limitations as all decisions were
based upon clinical presentation and clinician judgment. Disease severity was not measured. However, it is
highly likely that patients that received BiPAP presented
with more severe CHF than patients that received medical therapy alone. Likewise, patients that were intubated
most likely had more severe CHF than those patients that
received BiPAP. Therefore, it is possible that differences
in outcomes could be due to differences in initial acuity
levels between the treatment groups. Finally, this study
may be limited by the small number of subjects in the intubated group.
In patients receiving BiPAP therapy for CHF, both AMI
  "    "  *tients who were intubated. A large ED based prospective
   
 *   
is needed.
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