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4. Rationale:

According to the Healthcare Cost and Utilization Project sponsored by the Agency for
Healthcare Research and Quality, heart failure is the third most common diagnosis for inpatient
stays, after osteoarthritis and septicemia (excluding maternal/neonatal stays). In 2014, there were
over 900,000 hospital stays for this reason. Due to reductions in staffing over the weekends,
outcomes may differ for patients admitted with acute decompensated heart failure (ADHF) on
the weekends vs. the weekdays. However, previous studies have been conflicting. A study of
9657 patients in Italy between 2002 and 2009 admitted for acute heart failure, determined by
ICD-9 codes, found a higher mortality in patients admitted over the weekend.* Similarly, a study
of 81,810 heart failure admissions (2005-2008) from the GWTG-HF study found increased in-
hospital mortality for patients admitted over the weekend for heart failure.? Conversely, a study
of 1620 patients in Japan found that while patients admitted on the weekend with worsening
heart failure were significantly older with more comorbidities, there was no difference in
mortality compared to those admitted on weekdays.? Similarly, a report from the OPTIMIZE-HF
registry of 48,612 patients between 2003 and 2004 hospitalized for heart failure found no
difference in mortality among patients admitted on weekends compared to weekdays, but did
find an extended length of stay for weekend admissions.*

It is particularly noteworthy that two large registries of heart failure patients in the United States,
GWTG-HF and OPTIMIZE-HF, report conflicting results on whether in-hospital mortality is
significantly greater for weekend compared to weekday admissions. The reason for these
conflicting results is uncertain given that the two registries included similar patients admitted at
diverse types of medical institutions. The GWTG-HF cohort reported a statistically significant
increase in mortality among patients admitted over weekends compared to those admitted on
weekdays (3% vs 3.3%, p=.008). This small difference and the low event rate of in-hospital
mortality indicates large sample sizes are required for this analysis, and GWTG may have been
underpowered. It is also possible the disparity in in-hospital mortality between weekend vs.
weekday admissions was largely driven by a small subgroup of patients more susceptible to
death when admitted during weekend conditions. Notably, these two large registries both utilized
admission and discharge diagnoses for determination of heart failure cases, with no additional
adjudication process. In the ARIC Community Surveillance, we can examine inpatient, 28-day,
and 1-year mortality in patients classified by physician review as either “definite” or “probable”
ADHF, in both academic and community hospitals from urban, rural, and suburban areas with
more minority representation. We will also be able to uniquely compare patients with preserved
and reduced ejection fraction (HFpEF and HFrEF), and potential differences in weekend vs.
weekday outcomes among demographic subgroups. Hospital record abstractions for patients
admitted over 10 years (2005-2014) will allow an analysis of trends over time and provide a
more contemporary sample.



5.

1.

Main Hypothesis/Study Questions:

Do outcomes, development of complications, length of stay, and mortality (inpatient and
post-hospitalization) differ for patients admitted with acute decompensated heart failure
(ADHF) over the weekend (and holidays) compared to a weekday?

Do outcomes, including length of stay, mortality, and development of complications,
differ for patients admitted with ADHF during normal business hours compared to after
hours?

Does post-hospitalization mortality differ for ADHF patients discharged on weekends
(and holidays) vs. weekdays? Typically, more resources are in place for patients
discharged on the weekdays, whereas patients discharged over the weekend must rely on
someone to set things up the following Monday.

Do associations differ by HFpEF vs. HFrEF, by demographics (age, race, gender), and by
season (winter, spring, summer, fall)?

Have mortality and ADHF hospitalization rates, according to weekend vs weekday
admission, changed over time, from 2005 to 2014?

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Population: ARIC community surveillance, specifically patients admitted with definite or
probable acute decompensated heart failure from 2005-2014.

Exclusion criteria: patients with no recorded date of admission

Outcomes Variables: in-hospital mortality, 28-day mortality, 1-year mortality, length of stay,

treatments received in inpatient setting, medications during hospitalization and at discharge,
development of complications (acute kidney injury, ventricular arrhythmias), need for inotropes,
further cardiac testing (transthoracic echo, cardiac catheterization, stress testing).

Variable of Interest Variable Code

Gender SEX

Race/Ethnic group RACE1

Age AGE

HFpEF or HFrEF LVEF CUR or SHF

Definite or probable designation of HF HFDIAG

First admission or readmission for ADHF HFAAT7B, HF HX

Vitals signs on admission HFAAL17A, HFAAL17B, HFAAL8A,
HFAA18B, HFAAL9A, HFAAL9A1,
HFAA20A, HFAA20AL, HFAA21A




Transthoracic echo performed, date, and HFAA29, HFAA29A, HFAA29B

resulting EF

Right heart catheterization performed, date HFAA31, HFAA31A

Coronary angiography performed, date, and HFAA32, HFAA32A, HFAA32B1

EF

Stress test performed, date HFAA36, HFAA36A

Chest X-ray performed HFAA27

ECG performed HFAA25

IV diuretics HFAAT73B

IV inotropes HFAAT73A

Medications during hospitalization or at HFAA59-HFAAT2

discharge

Creatinine (worst) HFAA44A

BUN (worst) HFAA45A

Ventricular arrhythmias HFAA26F

Mortality HFAAOC, HFAAOD, DDAYS_HF2, DOD
F28 HF2, F365 HF2

Length of stay Date of admission: CHIAGA
Date of discharge or death: HFAAOQ3
Time of Admission: CHIA6B

Analytical Plan

All analyses will be carried out using SAS Survey Analysis procedures. Analyses will be
weighted by the inverse of the sampling probability and will account for the stratified sampling
design. Dates of admission will be converted to days of the week using SAS formats. SAS
formats will also be used to identify dates national holidays were observed, as these are subject
to change from year to year. Weekends will be considered Saturday and Sunday. Federal
holidays are those designated by the United States Government Office of Personnel Management
and include New Year’s Day, Martin Luther King Day, President’s Day, Memorial Day,
Independence Day, Labor Day, Columbus Day, Veterans Day, Thanksgiving Day, and Christmas
Day. Normal business hours will be considered admission times from 8 am — 5 pm. After-hours
admissions will be from 5:01 pm — 7:59 am.

Management and mortality outcomes of weekend vs. weekday admission, and after-hours vs.
business hours admission will be analyzed using logistic regression and Cox regression.
Subgroup analyses will be carried out, in HFpEF and HFrEF, race-gender groups, older (>75
years) vs. younger patients, and season of admission.

As a sensitivity analysis, associations will also be examined in the subset of hospitalizations with
a “definite” classification of ADHF.

We will perform a meta analysis to determine presence of an association between weekend vs.
weekday admission and in-hospital mortality when combining results from ARIC, GWTG,
OPTIMIZE, and other appropriate registries and cohorts.



Limitations

-Transfer of patients to or from another hospital may be a source of confounding, influencing
both classification of “weekend/weekday” admission, and inpatient services and mortality
outcomes. For this reason, we will omit patients who are transferred.

-The in-hospital event rate is expected to be low, and the ARIC study may be underpowered to
detect differences in this outcome for weekend vs. weekday admission. To overcome this
limitation, a random effects meta-analysis with other appropriate ADHF registries and cohorts
will be considered.
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