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Abstract
Introduction—Risk-stratification in acute heart failure syndromes (AHFS) is problematic. A recent
set of recommendations describes emergency department (ED) patients with AHFS who do not fulfill
high-risk criteria and may be good candidates for observation unit (OU) management. The goal of
this analysis was to report on the outcomes experienced by ED patients with AHFS who do not have
any of these high-risk criteria.

Methods—We performed a secondary analysis of the HEARD-IT multinational study. HEARD-
IT was a multi-center study designed to test the impact of acoustic cardiography on ED decision
making in patients with possible AHFS. For the purposes of the current analysis we identified a subset
of HEARD-IT patients who did not fulfill any high-risk criteria based on published data. The
proportion of these patients who experienced an adverse outcome was determined.

Results—The 201 subjects who fulfilled the inclusion criteria had a mean age of 64 years (SD 13),
61% were male, 34% were Caucasian and 55% were black. There were a total of 25 (12.4%) cardiac
events, including 1 death due to AHFS. The majority of the cardiac events were 30-day readmissions
related to AHFS (16/25, 64.0%).

Conclusion—AHFS patients at low-risk for subsequent morbidity and mortality based on recent
consensus guidelines may be good candidates for early discharge after a brief period of observation
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in the OU or ED. Additional prospective research is needed to determine the impact of
implementation of these criteria in ED patients with AHFS.
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Introduction
Risk-stratification in acute heart failure syndromes (AHFS) is challenging. Over the past few
decades many attempts have been made to develop prediction rules to identify subsequent risk
in patients with AHFS.[1–10] Their applicability to the ED patient with AHFS has proven
limited: 1) retrospective methodology has missed collection of variables that could be available
to an emergency physician[1–9]; 2) frequently the only outcome considered was mortality[1–
3,6,8]; 3) generally only inpatients were enrolled[1–9]; and 4) often only in-hospital events
were considered [1–3,6,9]. Further, since approximately 80% of AHFS patients are admitted
to the hospital, models that identify high-risk and the need for admission are arguably less
useful than those recognizing low-risk and identifying a cohort eligible for safe, early
discharge.[11,12] Lack of high-risk does not necessarily equal low-risk. Finding patient
characteristics that identify patients at low-risk of adverse events is important if we are going
to change the paradigm from nearly universal hospital admission to that of safe, early discharge.

Largely as a result of our inability to identify AHFS patients at low-risk of subsequent adverse
events, the majority of ED patients with AHFS are admitted.[12] Heterogeneous etiologies and
multiple comorbidities such as renal dysfunction and hyponatremia confound development of
useful risk models adding to the difficulty discerning which variables are most important
amongst those available. In the absence of useful decision aids for patients likely to be at low
or moderate risk, a reasonable approach to avoiding the need for full hospital admission may
be management in an observation unit (OU). Previous research suggests that OU management
is a safe, resource conservative option for ED patients with AHFS who lack high-risk features.
[13–15] A recent set of recommendations describes ED patients with AHFS who may be good
candidates for OU management.[16] External validation of these criteria has not been
previously performed.

The aim for this study was to report outcomes experienced by ED patients with AHFS without
high-risk features to determine if their observed adverse event rate was low.

Methods
Setting and Patient Population

We performed a secondary analysis of the HEart failure and Audicor technology for Rapid
Diagnosis and Initial Treatment (HEARD-IT) multinational study. The primary goal of
HEARD-IT was to test the impact of acoustic cardiography on ED decision making in patients
with possible AHFS. This trial enrolled patients at 7 United States, 1 Swiss and 1 Taiwanese
site, from March through October 2006. To be eligible for HEARD-IT patients had to be at
least 40 years of age with dyspnea as a chief complaint. Only patients with dialysis-dependent
renal failure, or whose dyspnea was clearly not related to acute heart failure (e.g. penetrating
chest injury), were excluded. HEARD-IT was approved by the institutional review board of
all participating centers. The detailed methodology has been reported elsewhere.[17]

Patients not meeting high-risk criteria have been suggested to be eligible for an OU stay
according to previous recommendations.[16] High-risk criteria are: 1) systolic blood pressure
< 100 mmHg; 2) electrocardiogram (ECG) changes consistent with ischemia not known to be
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old; 3) cardiac Troponin T (>0.1 ng/ml) or cardiac Troponin I (>0.3 ng/ml); 4) renal
insufficiency (blood urea nitrogen [BUN] > 40 mg/dl or creatinine > 3 mg/dl), 5) significant
hyponatremia (<135 mEq/L).[16]

Data Collection
HEARD-IT prospectively enrolled ED patients, both eventual admissions and discharges, who
fulfilled inclusion and exclusion criteria. ED data were collected prospectively by study
personnel, including demographics, medical history, physical examination, and ECG findings
as documented by the treating emergency physician. Medications administered in the ED and
prior to arrival were also recorded. Laboratory tests, chest radiography findings as documented
by a board-certified radiologist, and echocardiography reports documented by a board certified
cardiologist were obtained from the medical record. At the end of the ED stay, the treating
physician recorded whether or not a patient had suspicion of AHFS as a component of the
differential diagnosis on a standardized Case Report Form. Those patients who the treating
physician suspected of having AHFS were eligible for inclusion in this secondary analysis. All
patients were followed by chart review throughout their index stay to document in-hospital
events. Thirty and ninety-day follow-up was obtained by telephone interview by study
personnel and medical records were reviewed for all patients at the time of follow-up. Study
personnel specifically inquired about whether each subject had an ED visit, a hospital
admission or death at both 30-days and 90-days after their date of enrollment. The causes for
the ED visit, hospitalization or death were then categorized as: 1) due to heart failure; 2) due
to a cardiac cause but not heart failure (e.g. acute coronary syndrome, arrhythmia) or 3) other.

Primary Outcome
The primary outcome of interest was a combined outcome of 30-day death or readmission due
to cardiac causes.

Statistical Analysis
Patients without high-risk features were described using mean and standard deviation for
continuous variables and frequencies and percents for categorical variables. The proportion of
patients experiencing an adverse outcome was computed, 95% confidence intervals were
obtained using the score method with continuity correction. Univariable logistic regression
was used to compare the odds of events among those with and without various signs and
symptoms. Analyses were conducted using SPSS v16 (SPSS Inc., Chicago, IL) and Microsoft
Excel (Microsoft Corporation, Redmond, WA).

Results
There were 995 subjects included in the original dataset. To identify a non-high-risk cohort,
AHFS patients with any of the aforementioned high-risk features were excluded, resulting in
201 subjects, all of whom were successfully followed up.(Figure 1) The non-high-risk cohort
had a mean age of 64 years (SD 13), 61% were male, 34% were Caucasian and 55% were
black. There were 93 patients (46.3%) in this cohort that were managed in an OU or discharged
directly from the ED. (Table 1)

Characteristics of those with and without adverse events
There were 518 cases with AHFS in their differential diagnosis. Of these, 317 were considered
high-risk based on the OU criteria. The event rate in these high-risk AHFS patients was 14.8%,
of which 5.7% (18/317) were death, and the remainder was due to cardiac or AHFS
readmissions. In the non-high-risk cohort of 201 patients, there were a total of 25 (12.4%)
cardiac events, including 1 (0.5%) death due to AHFS. The majority of the cardiac events were
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30-day readmissions related to AHFS (16/25, 64.0%). Of the 106 patients who were managed
in an OU or discharged directly home there were 6 events (7%). The 6 events were comprised
of 2 admissions for AHFS and 4 cardiac (non-AHFS) admissions. There were no deaths among
patients discharged or admitted to an OU.

Patients with a prior MI or pacemaker and those with cardiomyopathy due to alcohol or cocaine
use had a greater odds of experiencing an adverse event than those without these findings.
(Table 2) Elevated BNP and serum sodium level also increased the odds of an event, while an
elevated temperature was associated with decreased odds of an event. Vital signs and a number
of parameters described in the inpatient population as being important predictors of outcomes
(e.g. hemoglobin) were not helpful in identifying patients at lower-risk of subsequent adverse
outcomes.(Table 2).

Limitations
While our data show a low adverse event rate among those patients eligible for observation,
the exact event time relative to ED presentation was not known. An event that occurs 3 days
after ED or hospital discharge is likely more related to acute management decisions than that
which occurs 29 days after discharge. Further, while patients hospitalized were included in the
non-high-risk cohort, the impact of the possible protective (or damaging) effect of
hospitalization is difficult to extrapolate. Had these patients been managed in an OU or
discharged directly from the ED their adverse events may have been different. These criteria
are meant to be used for guidance along with clinician gestalt, and not in place of it. Before
they can be implemented unilaterally in clinical practice they need to be tested in a prospective
fashion.

While AHFS was considered by the treating ED physician to be a possibility in all subjects,
the actual role of AHFS in the acute presentation is unknown. Patients may have had more than
one etiology for dyspnea. While this is reflective of clinical practice and makes our findings
generalizable to subjects where “heart failure is considered as an etiology at the end of the ED
stay” it may not have been the sole cause of dyspnea. Finally, while HEARD-IT attempted to
enroll the undifferentiated dyspneic patient who may have AHFS, only those patients who were
able to give consent could be enrolled.

This could have introduced selection bias, resulting in much higher-risk patients being
excluded from participation. Finally, multiple univariable comparisons were made to
determine whether any of the clinical characteristics were associated with adverse events. This
analysis was meant to be exploratory. The large number of comparisons increases the
likelihood that there would be a finding of significance based on chance alone.

Discussion
Our results from this prospective, ED-based study suggest that patients who do not fulfill the
previous high-risk criteria are at low-risk for subsequent mortality. Our adverse event rate is
similar to, or lower than that observed in other heart failure studies, including those that studied
patients in the OU.[15,18] The difference in the overall event rate between the high-risk and
non-high-risk cohorts was not significantly different. However, there was only one (0.5%)
death in the non-high-risk cohort compared to 18 (5.7%) in the high-risk group.

The majority of recent prognostic studies in patients with AHFS continue to try to identify
variables that place patients at high-risk of subsequent events. How does a marker of high-risk
impact ED decision making when the default decision is admission in the vast majority of
patients? We are in need of prospective studies that identify risk-profiles associated with a low-
risk of subsequent morbidity and mortality. The potential impact of this line of research should
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not be underestimated. Identifying an additional 10% of patients who could be safely
discharged home after a period of observation in the ED or OU would result in significant cost
savings. This is the focus of two ongoing studies supported by the National Heart, Lung and
Blood Institute.[19] The two studies aim to answer the following two questions: 1) Does this
ED patient with AHFS need to be admitted, and if so to what level of care? 2) In this ED patient
who is admitted to the hospital, what is the earliest time point they can be safely discharged
home?

Readily available data such as medical comorbidities, and either elevated BNP or serum sodium
levels may help identify patients who are at increased risk for recidivism in this non-high-risk
cohort. While this may not impact the decision to admit or discharge, it may impact discharge
planning to prevent an unscheduled visit. Unlike previous studies, our data were not based on
retrospectively identified patients whose hospital discharge diagnosis may not have been
reflective of their acute ED presentation. Only patients whom the treating ED physician
considered to have AHFS were included in this study. However, in order to be enrolled in
HEARD-IT patients were required to give informed consent, thus limiting the proportion of
patients presenting in-extremis that could be enrolled. This may have partially explained the
unexpected small difference we observed in overall event rates between the high-risk and non-
high-risk groups. Moreover, given the limitations of confounding related to hospitalization, a
prospective study of disposition decision making guided by these OU recommendations is
needed before we can definitively determine whether they provide a useful addition to clinical
gestalt.

Heart failure is characterized as a chronic underlying disease process interspersed with acute
episodes of clinical worsening, often manifested as signs and symptoms of congestion. This
cyclical nature is typical of other chronic diseases such as diabetes or chronic obstructive
pulmonary disease where temporary clinical worsening is the rule rather than the exception. It
is expected that a subset of AHFS patients who are discharged from the ED, OU or hospital
will be readmitted within 30-days. Consistent with recently published data, the vast majority
of the observed events in this analysis were due to readmission related to AHFS or cardiac
causes.[20] Patient decision making has a significant impact on readmission. Non-adherence
to medication and diet, previous AHFS admissions, and poor social support have been related
to AHFS readmissions.[21,22]Interventions aimed at education, dietary and medication
assessment, discharge planning and close outpatient follow-up reduce AHFS readmissions.
[23] Thus, it is not surprising that we found an association between subjects with poor health
behavior, such as alcohol and cocaine use, and an increased risk for readmission.

The timing of events relative to ED and OU discharge and their relationship to the index stay
is perhaps the most compelling issue that needs to be rigorously studied in future efforts. Those
events that occur soon thereafter discharge (i.e. 5 days) likely have an association with acute
therapeutic and disposition decisions. Events occurring 25–30 days, or later, after OU or ED
discharge are less likely related to the prior acute presentation. We would suggest that these
readmissions are not unexpected, and two brief periods of OU management may be more cost-
effective at reducing total hospital days in the hospital when compared to one prolonged
inpatient admission.[13,15]

There are several possible limitations to consider when interpreting our results. While our data
show a low adverse event rate among those patients eligible for observation, the exact event
time relative to ED presentation was not known. An event that occurs 3 days after ED or hospital
discharge is likely more related to acute management decisions than that which occurs 29 days
after discharge. Further, while patients hospitalized were included in the non-high-risk cohort,
the impact of the possible protective (or damaging) effect of hospitalization is difficult to
extrapolate. Had these patients been managed in an OU or discharged directly from the ED
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their adverse events may have been different. These criteria are meant to be used for guidance
along with clinician gestalt, and not in place of it. Before they can be implemented unilaterally
in clinical practice they need to be tested in a prospective fashion.

While AHFS was considered by the treating ED physician to be a possibility in all subjects,
the actual role of AHFS in the acute presentation is unknown. Patients may have had more than
one etiology for dyspnea. While this is reflective of clinical practice and makes our findings
generalizable to subjects where “heart failure is considered as an etiology at the end of the ED
stay” it may not have been the sole cause of dyspnea. Finally, while HEARD-IT attempted to
enroll the undifferentiated dyspneic patient who may have AHFS, only those patients who were
able to give consent could be enrolled. This could have introduced selection bias, resulting in
much higher-risk patients being excluded from participation. Finally, multiple univariable
comparisons were made to determine whether any of the clinical characteristics were
associated with adverse events. This analysis is exploratory in nature and should be tempered
by the large number of comparisons, which increases the chance of a type I error.

Conclusion
Those patients without high-risk features during their ED evaluation are at low-risk for
subsequent morbidity and mortality and may be good candidates for early discharge after a
brief period of observation in the OU or ED. Whether subsequent re-admissions could have
been prevented by taking different action at the time of the presentation is unknown; future
studies should attempt to relate adverse events to the visit so that decision making can occur
relative to modifiable outcomes.
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Figure 1.
Identification of non-high-risk cohort for purposes of analysis.
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Table 1

Breakdown of 30-day events based on patient disposition from the ED. Variables are listed as number and
percentages. Events are deaths and 30-day readmissions related to cardiac causes.

No event (N=176) Event (N=25) Total (N=201)

Discharge home 55 (31.3) 3 (12.0) 58 (28.9)

Observation 32 (18.2) 3 (12.0) 35 (17.4) 36 (17.9)

Admit (floor) 33 (18.8) 3 (12.0)

Admit (monitored) 51 (29.0) 15 (60.0) 66 (32.8)

Admit (ICU) 5 (2.8) 1 (4.0) 6 (3.0)
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