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Congestion is associated with adverse outcomes in heart failure (HF) patients. We charac-
terized congestion in patients hospitalized for HF and examined the association between
congestion severity at admission and postdischarge outcomes. Using the OPTIMIZE-HF
registry linked to Medicare claims, we analyzed patients ≥65 years old hospitalized for
HF from 2003 to 2004. Congestion severity was measured using a 15-point scale that
scores dyspnea, orthopnea, fatigue, jugular venous pressure, rales, and edema. Patient
characteristics and outcomes were described by congestion strata. Proportional hazards
models were fit to examine associations between congestion and 1-year outcomes. Conges-
tion scores for the 24,724 patients ranged from 0 to 14, with a median of 5 (Q1, Q3: 3, 7).
At baseline, patients with the highest scores (≥7) had the highest rates of recent HF hospi-
talizations, EF ≤40%, and co-morbidities, including arrhythmias, diabetes mellitus, and
renal insufficiency. Adjusting for patient characteristics, a 3-point congestion score
increase was positively associated with mortality (hazard ratio [HR] 1.06, 95% confidence
interval [CI] 1.03, 1.09), all-cause rehospitalization (HR 1.02, 95% CI 1.00, 1.04), and HF
rehospitalization (HR 1.09, 95% CI 1.06, 1.12), but not emergency department visits (HR
0.99, 95% CI 0.97, 1.01). In conclusion, for patients hospitalized with HF, congestion was
associated with rehospitalization and mortality. © 2019 Elsevier Inc. All rights reserved.
(Am J Cardiol 2019;124:545−553)
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Congestion is the most common reason for hospital
admission for patients with heart failure (HF) and affects
all patients with HF regardless of ejection fraction,
including those with reduced ejection fraction (HFrEF;
EF <40%), mildly reduced ejection fraction (HFmrEF;
EF 40% to 49%), and preserved ejection fraction (HFpEF;
EF ≥50%).1−3 Despite treatment, many patients achieve
inadequate decongestion during hospitalization; those
with persistent congestion have worse outcomes than
those who achieve complete relief from congestion.4−6

Therefore, accurate assessment of and treatment for con-
gestion is important in all patients hospitalized with acute
decompensated heart failure (ADHF). In addition to
objective measures including hemodynamics, imaging,
and biomarkers, patient reported signs and symptoms are
essential in the assessment of congestion. Clinical conges-
tion scores have been developed from clinical trial data
for patients with HFrEF4,6; however, given the burden of
congestion in ADHF, there is a need to further explore
congestion outside of a clinical trial population and in
patients regardless of ejection fraction. Using data from
the Organized Program to Initiate Lifesaving Treatment
in Hospitalized Patients with Heart Failure (OPTIMIZE-
HF) Registry linked to Medicare claims data, we charac-
terized a real-world population of patients hospitalized
for ADHF experiencing congestion and described
their outcomes associated with the standard of care in the
treatment of HF.
Methods

OPTIMIZE-HF was a multicenter registry of patients
hospitalized with ADHF, with a primary or secondary diag-
nosis of systolic or diastolic HF, in the United States.7

Overall, over 48,000 patients from 259 hospitals were
enrolled in the registry between January 2003 and Decem-
ber 2004.8 Each participating center had institutional
review board approval for participation in the registry.

Medicare fee-for-service (FFS) standard analytic claims
files were obtained from the Centers for Medicare and Med-
icaid Services. Inpatient facility claims, outpatient facility
claims, noninstitutional/professional claims, and denomina-
tor files were used.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2019.05.030&domain=pdf
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The linkage of these data sources has been previously
described.9 Previous work has documented the comparabil-
ity of the Medicare/OPTIMIZE-HF linked population to
the larger Medicare FFS population.10

The study population included all OPTIMIZE-HF regis-
try patients hospitalized between January 1, 2003 and
December 31, 2004, who were aged 65 years and older and
who had linked Medicare claims data. For patients with
multiple registry hospitalizations linked to Medicare
claims, only the earliest was included in the analysis and
was referred to as the index hospitalization. Analyses
excluded patients who left against medical advice from
their index hospitalization (<0.5% of all patients) and
patients who enrolled in a Medicare managed care plan dur-
ing the 1-year study follow-up period (<2% of all patients)

Analyses of in-hospital outcomes included all patients.
Analyses of postdischarge clinical outcomes were restricted
to patients who were discharged alive from their index hos-
pitalization.

The OPTIMIZE-HF registry included several compo-
nents of congestion assessed at hospital admission
Table 1

Congestion Grading score for OPTIMIZE-HF data, shown in comparison with Co

Signs/symptoms 0 1

Dyspnea EVEREST

None

—
OPTIMIZE-HF

No dyspnea

EVEREST

Seldom

Orthopnea EVEREST

None

—
OPTIMIZE-HF

No orthopnea

EVEREST

Seldom

—

Fatigue EVEREST

None

—
OPTIMIZE-HF

No fatigue

EVEREST

Seldom

JVD (cm H2O) EVEREST

≤6 cm
—
OPTIMIZE-HF

JVP 6¼ Yes* or

≤6 cm

EVEREST

6-9 cm

—
OPTIMIZE-HF

6-9 cm or unkn

Rales EVEREST

None

—
OPTIMIZE-HF

Rales 6¼ Yes*

EVEREST

Bases

—
OPTIMIZE-HF

Location <1/3
Edema EVEREST

Absent/Trace

—
OPTIMIZE-HF

Edema 6¼ Yes* or Trace

EVEREST

Slight

—
OPTIMIZE-HF

1+ or unknown

Total score is the sum of points assigned to each sign/symptom.

* Patients with “Unknown” responses to the initial JVP, Rales, or Edema variabl

for that component from the EVEREST score.
yA small number of patients (»1092 or »4% of the analysis population) wer

unknown. These were imputed to a degree of 1+ and assigned 1 point for the edem
including both patient-reported outcomes and objective
physical exam findings: dyspnea at rest (yes/no), dyspnea
on exertion (yes/no), orthopnea (yes/no), fatigue (yes/no),
jugular venous pressures (JVP; yes/no and measurement in
cm), rales (yes/no and location), and lower extremity edema
(yes/no and severity). Patients with “Unknown” responses
to the initial JVP, Rales, or Edema variables were imputed
to a value of “No” for that variable and assigned 0 points
for that component. JVP, rales, and lower extremity edema
were also assessed at discharge. A congestion grading scale
was created using these signs and symptoms of congestion
(Table 1), similar to the grading scale for investigator-
assessed signs and symptoms of congestion from the
EVEREST trial in patients with HFrEF.4 The study popula-
tion was classified into 3 groups based on their total scores
on signs and symptoms of congestion. Based on prelimi-
nary scoring, the following cut-points: 0 to 3, 4 to 6, 7 to
15, were designated, which divided the study population
into 3 groups with approximately 25% each in the lowest
and highest scoring groups and the remaining »50% in the
middle group. The underlying congestion signs and
ngestion Grading scale developed for the EVEREST Trial

Points assigned

2 3

EVEREST

Frequent

—
OPTIMIZE-HF

Dyspnea on exertion

EVEREST

Continuous

—
OPTIMIZE-HF

Dyspnea at rest

EVEREST

Frequent

—
OPTIMIZE-HF

Orthopnea

EVEREST

Continuous

EVEREST

Frequent

—
OPTIMIZE-HF

Fatigue

EVEREST

Continuous

own cm

EVEREST

10-15 cm

—
OPTIMIZE-HF

10-15 cm

EVEREST

>15 cm
—
OPTIMIZE-HF

>15 cm

or unknown

EVEREST

To <50%
—
OPTIMIZE-HF

Location ≥1/3

EVEREST

To >50%

y

EVEREST

Moderate

—
OPTIMIZE-HF

2+

EVEREST

Marked

—
OPTIMIZE-HF

3+ or 4+

es will be imputed to a value of “No” for that variable and assigned 0 points

e recorded as having edema (Edema = Yes) but the degree of edema was

a component of the EVEREST scale.
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symptoms were well discriminated in these groupings with
a distinct progression toward more severe symptoms in the
higher congestion groups (Supplemental Table A).

In-hospital outcomes were ascertained using data from
the OPTIMIZE-HF registry and the Medicare claims for
the index hospitalization. Outcomes of interest associated
with the index hospitalization included length of stay, mor-
tality, and discharge disposition.

Postdischarge outcomes were ascertained using the
linked Medicare claims and denominator files. Outcomes of
interest within the 365-day postdischarge period included
rehospitalization (all-cause and for HF), emergency depart-
ment (ED) visits, and mortality. Hospitalization for HF was
based on subsequent inpatient claims with a primary diag-
nosis of HF (ICD-9-CM diagnosis code 428.x, 402.x1, 404.
x1, or 404.x3). ED visits were captured independent of
whether or not they resulted in a hospitalization. Addition-
ally, we ascertained Medicare payments associated with
healthcare utilization. All payment values were adjusted to
2015 US dollars using the United States Consumer Price
Index Medical Care component (Bureau of Labor Statistics,
United States Department of Labor).

The baseline characteristics and in-hospital outcomes of
the study population were described by congestion severity
group, using proportions for categorical variables and
means with standard deviations or medians with quartiles
for continuous variables. Differences between groups were
tested for using chi-square tests/Kruskal-Wallis tests for
categorical variables and Wilcoxon rank-sum tests for con-
tinuous variables.

Most variables in OPTIMIZE-HF had low rates of miss-
ingness. For variables with <5% missingness, we imputed
continuous variables to the overall median value, dichoto-
mous variables to “no”, and categorical variables to the
most frequent categorical value. For variables with >5%
missingness, we treated the missing value as a separate cat-
egory.

Survival analysis methods were used for time-to-event
outcomes including mortality, first rehospitalization, or first
ED visit after discharge from the index hospitalization. For
patients who did not experience a particular outcome, a
censoring date was defined as 365 days postdischarge. For
rehospitalization and ED visits, death was treated as a com-
peting risk and analyzed appropriately. For mortality,
cumulative incidence at 30, 90, 180, and 365 days follow-
ing discharge was calculated based on Kaplan-Meier esti-
mates and assessed differences by congestion severity
group using log-rank tests. For time to first rehospitalization
and first ED visit, the cumulative incidence function was
used to account for competing risk of death, to calculate
incidence at 30, 90, 180, and 365 days and tested for group
differences using Gray tests.11,12

For rehospitalizations and ED visits, which can occur
more than once, event count variables for incidence at 30,
90, 180, and 365 days were created. Observed incidence
was summarized by congestion severity group as mean
event counts at each time point and tested for differences
among groups using Kruskal-Wallis tests. To reduce the
influence of outliers with high numbers of hospitalizations
or ED visits, we Winsorized those counts to the 99th per-
centile for use in the regression models. Reported Medicare
payments associated with healthcare utilization during the
365-day postdischarge period were summarized as medians
with quartiles by congestion severity group.

Unadjusted and adjusted regression models were used to
examine the association between congestion severity and
each of the postdischarge outcomes at 365 days. Congestion
severity score was examined both as a continuous variable
and as a categorical variable, using the 3 groups previously
described. For time-to-event outcomes, Cox proportional
hazards regression models were used to estimate hazard
ratios for the association between congestion severity and
time to first event postdischarge from the index hospitaliza-
tion. Negative binomial models were used for event counts.
Differences in the estimated ratios between congestion
severity groups were tested using the lowest severity group
as the reference. In all models, the potential correlation of
patients within hospitals was accounted for using a random
intercept for hospital. Adjusted effects were estimated by
controlling for the patient baseline characteristics listed in
Table 2. The characteristics included were retained in all
models. No automatic variable selection methods were
employed.

In the main analyses, patients were scored based on con-
gestion-related data collected at admission. JVP, rales, and
edema were also collected at hospital discharge, although
the discharge variables tend to have higher missingness
than admission variables in the OPTIMIZE dataset. As a
sensitivity analysis, patients discharged alive were scored
using discharge congestion data. This sensitivity analysis
was restricted to patients with nonmissing responses to all
of the discharge congestion variables included in the con-
gestion scale. Baseline characteristics of this subset of the
study cohort were summarized. For these patients, scores
derived using discharge data and admission data were com-
pared. Agreement between the admission- and discharge-
based scoring groups were calculated using the Stuart-Max-
well test, which is a generalized McNemar’s test for paired
categorical data with >2 categories.13,14 Agreement was
also assessed by calculating the correlation coefficient
between continuous forms of the admission- and discharge-
based congestion severity measures. Differences reflected
the ability of sites to alleviate or otherwise affect conges-
tion. Models were rerun as previously described (postdi-
scharge outcomes only) using the discharge-based scores in
place of the admission-based scores.

Additional analyses were performed to evaluate differ-
ences in the associations between congestion severity and
outcomes within specified subgroups. Subgroups were
formed by ejection fraction (preserved vs reduced EF, as
defined in Table 2), gender (male vs female), and age (65 to
74 vs ≥75 years). Differences were described in the
observed outcomes by subgroup. Unadjusted and adjusted
subgroup-specific estimates of the association between con-
gestion severity and outcomes by including an interaction
term for the interaction between the congestion severity
group variables and the subgroup indicators were estimated.
The interactions were modeled for each subgrouping indi-
vidually; multi-way interactions were not considered.

All analyses were performed using SAS version 9.4
(SAS institute Inc, Cary, North Carolina). 95% CIs were
reported and a = 0.05 was used to establish statistical



Table 2

Baseline characteristics of the study population, by congestion severity group

Degree of congestion

Variable

Low (Score: 0-3)

n = 6496

Moderate (Score: 4-6)

n = 11,624

High (Score: 7-15)

n = 6,604 p Value

Age (years), mean (SD) 79.8 (8.0) 79.7 (7.8) 79.0 (7.7) <0.001
Men 2,746 (42%) 5,025 (43%) 3,131 (47%) <0.001
Race <0.001

White 5,449 (84%) 9,683 (83%) 5,403 (82%)

Black 618 (10%) 1,183 (10%) 779 (12%)

Other/unknown 429 (7%) 758 (7%) 422 (6%)

Prior HF hospitalizations in the past 6 months <0.001
No 3,555 (54.7%) 6,148 (52.9%) 3,297 (49.9%)

Yes 1,066 (16.4%) 2,066 (17.8%) 1,428 (21.6%)

Missing 1,875 (28.9%) 3,410 (29.3%) 1,879 (28.5%)

EF ≤40%, or moderate/severe dysfunction 2,560 (39%) 4,706 (41%) 2,965 (45%) <0.001

Acute renal failure 176 (3%) 314 (3%) 224 (3%) 0.02

Anemia 1,088 (17%) 2,210 (19%) 1,368 (21%) <0.001
Atrial arrhythmia 2,119 (33%) 4,184 (36%) 2,539 (38%) <0.001
Chronic obstructive pulmonary disease 1,723 (27%) 3,361 (29%) 1,947 (30%) <0.001
Stroke/Transient Ischemic Attack 1,127 (17%) 2,029 (18%) 1,130 (17%) 0.84

Depression 657 (10%) 1,187 (10%) 724 (11%) 0.20

Diabetes mellitus 2,317 (36%) 4,453 (38%) 2,890 (44%) <0.001
Dialysis (chronic) 167 (3%) 309 (3%) 121 (2%) 0.001

Hyperlipidemia 1,916 (30%) 3,794 (33%) 2,356 (36%) <0.001
Hypertension 4,515 (70%) 8,173 (70%) 4,783 (72%) <0.001
Implantable cardioverter defibrillator 272 (4%) 472 (4%) 337 (5%) 0.003

Pacemaker 1,197 (18%) 1,999 (17%) 1,144 (17%) 0.10

Peripheral vascular disease 852 (13%) 1,703 (15%) 1,135 (17%) <0.001
Chronic renal insufficiency 1,125 (17%) 2,144 (18%) 1,463 (22%) <0.001
Smoker in the past year 580 (9%) 1,066 (9%) 613 (9%) 0.77

Admission heart rate (bpm), mean (SD) 83.9 (21.0) 85.2 (21.2) 84.9 (20.9) <0.001
Admission systolic blood pressure (mmHg), mean (SD) 141.8 (32.1) 142.9 (31.6) 141.2 (31.3) 0.004

Admission serum creatinine (mg/dl), mean (SD) 1.6 (1.3) 1.7 (1.2) 1.7 (1.1) <0.001
Admission sodium (mEq/L), mean (SD) 137.6 (4.8) 137.8 (4.8) 137.7 (4.9) 0.001

Admission hemoglobin (g/dl), mean (SD) 12.1 (1.9) 12.0 (2.0) 11.9 (2.0) <0.001

High risk procedure during index hospitalization 77 (1%) 116 (1%) 61 (1%) 0.30

ACE inhibitor and/or ARB at discharge 3,737 (58%) 6,853 (59%) 3,909 (59%) 0.10

Beta-blocker at discharge 3,905 (60%) 6,944 (60%) 4,003 (61%) 0.51

Aldosterone antagonist at discharge 525 (8%) 1,172 (10%) 898 (14%) <0.001
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significance. The Duke University Health System institu-
tional review board approved this study.
Results

There were 29,230 hospitalizations in the OPTIMIZE-
HF registry linked to Medicare claims where the patient did
not leave against medical advice, 25,844 of which were
index hospitalizations (Supplemental Figure 1). There were
24,724 patients with Medicare FFS eligibility during the
index hospitalization and through 365 days postdischarge
or until death, and these patients were included in the pri-
mary study cohort. Analyses of postdischarge outcomes
were restricted to the 23,676 patients who were discharged
alive from the index hospitalization. Sensitivity analyses
related to congestion data collected at discharge from the
index hospitalization were restricted to the 13,012 patients
with complete data for those variables.

Based on designated cut-points for congestion scoring,
of the 24,724 patients in the study population, 6,496 (26%)
were in the low congestion group, 11,624 (47%) were in
the moderate congestion group, and 6,604 (27%) were in
the high congestion group at hospital admission (Supple-
mental Table A). Total congestion severity scores at admis-
sion ranged from 0 to 14 (of 15 possible points), with a
median of 5 (Q1, Q3: 3, 7) and mean of 5.07 (SD: 2.37).
Dyspnea on exertion was the most common congestion-
related symptom for all groups while a majority of the
patients in the high congestion group also had dyspnea at
rest (Table 2).

www.ajconline.org


Table 3

Observed postdischarge outcomes by congestion severity group, among those discharged alive at index hospitalization

Degree of congestion

Variable

Low (Score: 0-3)

n = 6215

Moderate (Score: 4-6)

n = 11,150

High (Score: 7-15)

n = 6,311 p Value

Mortality (days)

30 431 (7%) 793 (7%) 500 (8%) 0.08

90 904 (15%) 1729 (16%) 1067 (17%) 0.001

180 1352 (22%) 2604 (23%) 1562 (25%) <0.001
360 2035 (33%) 3831 (34%) 2257 (36%) 0.001

All-cause rehospitalization (days)

30 1547 (25%) 2938 (26%) 1667 (26%) 0.08

90 2602 (42%) 4846 (44%) 2727 (43%) 0.10

180 3356 (54%) 6229 (56%) 3544 (56%) 0.02

360 4148 (67%) 7635 (69%) 4346 (69%) 0.01

Heart failure rehospitalization (days)

30 468 (8%) 972 (9%) 596 (9%) <0.001
90 899 (15%) 1837 (17%) 1102 (18%) <0.001
180 1253 (20%) 2553 (23%) 1521 (24%) <0.001
360 1665 (27%) 3362 (30%) 2022 (32%) <0.001

Emergency department visits (days)

30 1533 (25%) 2889 (26%) 1606 (25%) 0.21

90 2707 (44%) 4916 (44%) 2708 (43%) 0.32

180 3573 (58%) 6393 (57%) 3555 (56%) 0.38

360 4367 (70%) 7896 (71%) 4390 (70%) 0.21

Event counts (365 days)

All cause rehospitalization, mean (SD) 1.7 (1.9) 1.7 (2.0) 1.7 (2.0) 0.04

Heart failure rehospitalization, mean (SD) 0.4 (0.9) 0.5 (1.0) 0.5 (1.0) <0.001
Emergency department visits, mean (SD) 2.0 (2.5) 2.0 (2.7) 1.9 (2.3) 0.18

Medicare payments including index hospitalization

2015 US dollars, median (Q1, Q3) 28004.7 (13992.3, 55116.3) 27007.5 (13634.3, 55314.9) 27336.8 (14006.5, 55626.5) 0.65
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Patients in the high congestion group had the longest
median length of stay (5 days vs 4 days for moderate and
low congestion groups); mean length of stay was 0.6 days
longer in the high group compared with the low group
(Supplemental Table B). The rate of in-hospital mortality,
however did not differ significantly between groups. Postdi-
scharge mortality was consistently higher amongst those
with more severe congestion scores; these differences were
significant at the 90-day, 180-day, and 1-year time points
(Table 3; Figure 1). Across all time points, HF rehospitali-
zation was the lowest for the low congestion group and
highest for the high congestion group. However, there were
no significant group differences for ED visits. Median
Medicare payments during the 1 year period, including
those related to the index hospitalization, did not differ sig-
nificantly by congestion group.

In examining the adjusted associations between conges-
tion severity score and postdischarge time-to event out-
comes, a 3-point increase in congestion severity score was
associated with increased 1-year postdischarge time-to-
event outcomes including mortality (hazard ratio [HR]
1.06, 95% confidence interval [CI] 1.03, 1.09), all cause
rehospitalization (HR 1.02, 95% CI 1.00, 1.04), and HF
rehospitalization (HR 1.09, 95% CI 1.06, 1.12), but not
ED visits (HR 0.99, 95% CI 0.97, 1.01) (Table 4). For the
count of each outcome, after adjustment, a 3-point
increase in congestion severity was associated with
increased rate of HF hospitalization (rate ratio 1.06, 95%
CI 1.03, 1.10) but decreased rate of ED visits (rate ratio
0.97, 95% CI 0.95, 0.99). To explore these findings, we
performed a sensitivity analysis of the count outcomes
within the subset of patients who survived the entire year
of follow-up. After adjustment, among patients who sur-
vived 1 year, an increase in congestion score was associ-
ated with an increased rate of HF hospitalization (rate
ratio 1.07, 95% CI 1.02, 1.11), and a slightly decreased
rate of ED visits (rate ratio 0.98, 95% CI 0.95, 1.00), but
was not associated with the rate of all-cause hospitaliza-
tion (rate ratio 1.01, 95% CI 0.99, 1.04). The findings from
the analysis of the associations between congestion sever-
ity at the group level and postdischarge outcomes were
similar (Supplemental Table C).

There was no evidence of significant interaction in the
congestion-outcome associations for any of the subgroups
(Supplemental Table D).

Comparing congestion scores at admission and dis-
charge, scores tended to decrease throughout admission.
Admission congestion score and discharge congestion score



Figure 1. (A) Cumulative incidence of mortality by congestion severity group, (B) Cumulative incidence of all-cause rehospitalization by congestion severity

group, (C) Cumulative incidence of cardiovascular rehospitalization by congestion severity group, and (D) Cumulative incidence of ED visits by congestion

severity group.
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were highly correlated (Pearson’s r = 0.79; p < 0.0001;
Supplemental Table E). Overall, the mean difference
between the admission and discharge based scores was a
1.62 point decrease (SD: 1.49).
Table 4

Association between admission congestion severity score as a continuous variable

Unadjuste

Outcomes

Ratio measure

(95% CI)

Time-to-event (hazard ratio)

Mortality 1.07 (1.04, 1.10)

All cause rehospitalization 1.05 (1.03, 1.07)

Heart failure rehospitalization 1.14 (1.10, 1.17)

Emergency department visit 1.01 (0.99, 1.03)

Count* (rate ratio)

All cause rehospitalization (count) 1.03 (1.01, 1.05)

Heart failure rehospitalization (count) 1.11 (1.07, 1.15)

Emergency department visit (count) 0.99 (0.97, 1.01)

Per 3 point increment on the congestion severity scale.

* Event counts were Winsorized to the 99th percentile for use in modeling (al

visits: 11).
Of the 13,012 patients with complete congestion data at
the time of hospital discharge, the majority (59%) were in
the low congestion group, and 39% were in the moderate
congestion group; 7% of patients were still in the high
and 1-year postdischarge outcomes

d Adjusted

p Value

Ratio measure

(95% CI) p Value

<0.0001 1.06 (1.03, 1.09) <0.0001
<0.0001 1.02 (1.00, 1.04) 0.04

<0.0001 1.09 (1.06, 1.12) <0.0001
0.30 0.99 (0.97, 1.01) 0.28

<0.001 1.01 (0.99, 1.03) 0.44

<0.0001 1.06 (1.03, 1.10) <0.001
0.30 0.97 (0.95, 0.99) <0.001

l cause hospitalizations: 9, HF hospitalizations: 4, emergency department

www.ajconline.org


Table 5

Association between discharge congestion severity score as a continuous variable and 1-year postdischarge outcomes

Unadjusted Adjusted

Outcomes

Ratio measure

(95% CI) p Value

Ratio measure

(95% CI) p Value

Time-to-event (hazard ratio)

Mortality 1.11 (1.05, 1.16) <0.0001 1.09 (1.03, 1.15) <0.01
All cause rehospitalization 1.08 (1.04, 1.12) <0.0001 1.05 (1.01, 1.08) 0.01

Heart failure rehospitalization 1.17 (1.11, 1.24) <0.0001 1.12 (1.06, 1.18) <0.0001
Emergency department visit 1.01 (0.97, 1.04) 0.68 0.99 (0.95, 1.02) 0.45

Count* (rate ratio)

All cause rehospitalization (count) 1.02 (0.98, 1.05) 0.33 0.99 (0.96, 1.02) 0.49

Heart failure rehospitalization (count) 1.10 (1.04, 1.16) 0.001 1.04 (0.99, 1.10) 0.12

Emergency department visit (count) 0.98 (0.94, 1.01) 0.13 0.95 (0.92, 0.98) 0.002

Per 3 point increment on the congestion severity scale.

* Event counts were Winsorized to the 99th percentile.
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congestion group at the time of discharge (Supplemental
Table F).

A 3-point increment in discharge congestion score was
associated with increased adjusted hazards of mortality
(HR 1.09, 95% CI 1.03, 1.15), all cause rehospitalization
(HR 1.05, 95% CI 1.01, 1.08), and HF rehospitalization
(HR 1.12, 95% CI 1.06, 1.18), but not ED visits (HR 0.99,
95% CI 0.95, 1.02) (Table 5). When accounting for multi-
ple potential events, increasing discharge congestion scores
were associated with decreased frequency of ED visits
(adjusted rate ratio 0.95, 95% CI 0.92, 0.98), but were
not associated with increased or decreased frequency of
all-cause or HF rehospitalization.
Discussion

In this analysis from the OPTIMIZE-HF registry, we
were able to categorize the severity of congestion for
patients with HF at the time of hospital admission and dis-
charge in a real-world clinical practice setting. We found
the following: (1) most patients have some degree of con-
gestion on hospital admission, (2) congestion improves dur-
ing hospitalization, but many patients still have signs and
symptoms of congestion at discharge, (3) worse congestion
at hospital admission is associated with worse outcomes
after discharge, and (4) worse congestion at hospital dis-
charge is also associated with worse outcomes.

Among over 24,000 Medicare patients in the OPTI-
MIZE-HF registry, which included patients with HF regard-
less of ejection fraction, those with worse congestion at
admission had higher rates of reduced ejection fraction and
most co-morbid conditions compared with those with less
congestion. These results are consistent with prior studies
of patients with ADHF showing high rates of congestion on
admission and a high burden of co-morbidities.15,16 Further,
our study showed that patients with more severe congestion
at admission require significantly longer stays to achieve
clinical stability during their index hospitalization. How-
ever, despite differences on admission, observed in-hospital
mortality was similar between groups.

Within the first month after discharge, those with more
severe congestion at admission were more likely to be read-
mitted for HF. After 6 months, those with more severe
congestion were also more likely to have died or have been
hospitalized for any reason. At 1 year, worsening conges-
tion was independently associated with increased mortality,
all-cause rehospitalization, and HF hospitalizations. The
impact of congestion on patients with HF has been well
documented in prior studies.4,6,17−19 While prior studies
have shown that congestion itself is a marker for adverse
outcomes, we extend the prior results to show that the
severity of congestion—the relative number of signs and
symptoms of congestion—is associated with the severity of
risk.

As expected, congestion symptomatology was amelio-
rated during the index hospitalization for most patients who
survived to discharge, resulting in significant shifts toward
the lower congestion groups. However, similar to prior
studies from clinical trial populations, many patients in this
clinical registry remained congested at the time of dis-
charge from a hospitalization for ADHF.4−6 Prior studies
from clinical trial data found that persistent congestion at
the end of a hospitalization results in worse postdischarge
outcomes.4,6,20,21 Examining postdischarge outcomes using
real-world clinical data, worse severity of congestion at dis-
charge was associated with increased risk of death or rehos-
pitalization but decreased frequency of ED visits.

The results related to postdischarge ED visits were unex-
pected. Worsening congestion at admission and discharge
was not associated with increased risk of an ED visit, but
was associated with decreased frequency of ED visits.
Assuming that patients who died had less opportunity to
accrue ED visits throughout the follow-up period, we per-
formed a sensitivity analysis within the subset of patients
who survived the entire follow-up period. Within this sub-
set, the adjusted rate ratio for ED visits was much closer to
the null, although still marginally statistically significant;
thus, higher mortality in those with worse congestion may
partially explain why there were fewer ED visits in those
with worse congestion severity in our main analysis. While
HFrEF, HFmrEF, and HFpEF are distinct clinical entities,
with different pathophysiology and markedly different
medical therapies, ejection fraction did not modify the asso-
ciation between congestion and outcomes.22,23 This further
highlights the burden of congestion in patients with HF
regardless of ejection fraction. These results are consistent
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with prior studies that showed that across all EF categories,
patients hospitalized with ADHF had similar measures of
congestion, response to decongestion, and outcomes.24. All
of these groups contribute to the morbidity and mortality of
HF in the United States.22,23

These results should be interpreted in the context of sev-
eral limitations. First, our population was limited to Medi-
care FFS beneficiaries, and while the OPTIMIZE-HF
patients were similar to the broader Medicare population
with HF,10 the results may not be generalizable to other
populations, including younger patients or those with com-
mercial insurance coverage. Furthermore, the hospitals par-
ticipating in OPTIMIZE-HF were not randomly selected,
and participation in the registry was voluntary. While the
registry included academic and community-hospitals of all
sizes and all regions of the country, participating hospitals
had a larger volume of HF discharges and were more likely
to offer advanced cardiovascular services compared with
nonparticipating hospitals.10 Second, we were limited to
the variables available in the OPTIMIZE-HF registry.
These variables provided information on overall congestion
severity but did not allow the level of differentiation
between pulmonary congestion and other forms of hemody-
namic congestion that direct clinical interaction may afford.
Moreover, we only included signs and symptoms of con-
gestion, and did not include other objective findings such as
imaging or biomarker data, although these markers are
commonly used to assess congestion in clinical practice.
Third, the study period occurred from 2003 to 2004. While
the data may be dated, the study population and treatment
patterns are still highly relevant to current standard of care,
and outcomes of patients are similar to contemporary
cohorts.25 We chose to use the OPTIMIZE-HF registry as
the dataset includes pertinent patient characteristics and
symptoms we sought to explore, and was able to be linked
to insurance claims for analysis of clinical and financial
outcomes. Fourth, as with all retrospective analyses, unob-
served or unmeasured confounders may have influenced the
results. In conclusion, for patients hospitalized with ADHF,
congestion severity at admission and at discharge was asso-
ciated with significantly higher likelihood of rehospitaliza-
tion or mortality in the year following discharge. Further
studies are needed to determine if better treatment of con-
gestion can improve outcomes in patients with HF.
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