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Abstract

Background—In clinical trials, hydralazine-isosorbide dinitrate (H-ISDN) for heart failure with
reduced ejection fraction reduced morbidity and mortality among black patients and patients with

intolerance to angiotensin-converting enzyme (ACE) inhibitors or angiotensin 11 receptor blockers
(ARBS). The effectiveness of H-ISDN in clinical practice is unknown.

Methods and Results—Using data from a clinical registry linked with Medicare claims, we
examined the use and outcomes of H-ISDN between 2005 and 2011 among older patients
hospitalized with heart failure and reduced ejection fraction. We adjusted for demographic and
clinical characteristics using Cox proportional hazards models and inverse probability weighting.
Among 4663 eligible patients, 22.7% of black patients and 18.2% of patients not on an ACE
inhibitor or ARB were newly prescribed H-ISDN therapy at discharge. By 3 years, the cumulative
incidence rates of mortality and readmission were similar between treated and untreated patients.
After multivariable adjustment, 3-year outcomes remained similar for mortality (black patients:
hazard ratio [HR], 0.92; 95% CI, 0.75-1.13; other patients: HR, 0.93; 95% CI, 0.79-1.09), all-
cause readmission (black patients: HR, 0.98; 95% CI, 0.84-1.13; other patients: HR, 1.02; 95%
Cl, 0.90-1.17), and cardiovascular readmission (black patients: HR, 0.99; 95% Cl, 0.82-1.19;
other patients: HR, 0.94; 95% CI, 0.81-1.09). A post hoc analysis of Medicare Part D data
revealed low postdischarge adherence to therapy.

Correspondenceto: Adrian F. Hernandez, MD, MHS, Duke Clinical Research Institute, PO Box 17969, Durham, NC 27715;
telephone: 919-668-7515; fax: 919-668-7068; adrian.hernandez@duke.edu.

Disclaimer

The content is solely the responsibility of the authors and does not necessarily represent the official views of the Agency for
Healthcare Research and Quality.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khazanie et al.

Page 2

Conclusions—Guideline-recommended initiation of H-ISDN therapy at hospital discharge was
uncommon and adherence was low. For both black patients and patients of other races, there were
no differences in outcomes between those treated and untreated at discharge.
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Methods

Clinical trials have established the efficacy of hydralazine-isosorbide dinitrate (H-ISDN)
therapy in patients with heart failure and reduced ejection fraction in terms of mortality,
morbidity, and quality of life.1=3 In particular, after the African-American Heart Failure
Trial (A-HeFT) found that H-ISDN reduced mortality among black patients with heart
failure and reduced ejection fraction,3 guidelines from both the American College of
Cardiology/American Heart Association (ACC/AHA) and the Heart Failure Society of
America (HFSA) included H-ISDN as a class | recommendation for these patients if they
were receiving optimal medical therapy.4~" H-ISDN therapy is also a class lla
recommendation for patients of all races who experience intolerance to angiotensin-
converting enzyme (ACE) inhibitors or angiotensin 11 receptor blockers (ARBS).

Adoption of H-ISDN therapy in clinical practice has been slow and variable.8-° Moreover,
the overall effectiveness of H-ISDN therapy in clinical practice may differ from that seen in
clinical trial populations, which are carefully selected and receive protocol-driven care and
follow-up.1:310.11 In clinical practice, patients tend to be older, have a higher burden of
comorbid illnesses, and have uncertain adherence to therapy, and the specific medication
regimens prescribed may differ from those studied in clinical trials. In addition, the clinical
effectiveness of H-ISDN therapy in populations other than black patients remains unclear.

We used data from the AHA’s Get With The Guidelines-Heart Failure (GWTG-HF) registry
linked with Medicare claims to examine incident use of H-ISDN therapy among patients
with heart failure and reduced ejection fraction and its associations with outcomes among
black patients and patients of other races.

Data Sources

Data for this analysis included clinical data from the GWTG-HF registry and Medicare
claims from the US Centers for Medicare & Medicaid Services. The registry is an ongoing
prospective Web-based registry and quality-improvement program to improve care for
patients hospitalized with heart failure. It succeeded the Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) registry.
Details of the registry have been described previously.12 Quintiles (Cambridge,
Massachusetts) is the data collection and coordination center for the registry, and the Duke
Clinical Research Institute (Durham, North Carolina) is the data analysis center and has an
agreement to analyze the aggregate deidentified data for research purposes.

The Medicare data included the 100% Medicare inpatient claims files with corresponding
denominator files for 2005 through 2011. We used Medicare Part D prescription drug data
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for 2006 (the year Part D was initiated) through 2011 in a post hoc analysis of medication
adherence. The inpatient files contain institutional claims for facility costs covered by
Medicare Part A and encrypted beneficiary identifiers, admission and discharge dates, dates
of service, diagnosis related groups (DRGS), International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes, reimbursement
amounts, hospital providers, and beneficiary demographic information. The denominator
files include encrypted beneficiary identifiers, dates of birth, sex, race/ethnicity, dates of
death, and information about program eligibility and enrollment. Medicare Part D data
include information from pharmacies about prescriptions covered by Part D insurance plans.
Using indirect beneficiary identifiers consisting of hospital identifiers, admission dates,
discharge dates, sex, and either birth date or month and year of birth, we linked the registry
data to the claims data.13 Because combinations of these identifiers are almost always
unique, we were able to identify registry hospital admissions in Medicare claims. For
patients with multiple hospital admissions in the registry, we used the first admission for the
analysis. After linking the data, we used Medicare beneficiary identifiers to obtain
subsequent events for beneficiaries with eligible admissions.

Study Cohort

Treatment

In the linked data set, we identified patients 65 years or older who were discharged alive
between January 1, 2005, and December 31, 2011, and were enrolled in fee-for-service
Medicare. We required that patients were discharged alive to home, did not leave against
medical advice, were not transferred to another short-term hospital or hospice, had a
principal cardiac or heart failure diagnosis, and were eligible for H-ISDN therapy according
to registry documentation of left ventricular ejection fraction of 40% or less or a qualitative
description of moderate or severe left ventricular systolic dysfunction. We required that
patients had not received H-ISDN therapy before the index hospitalization in order to avoid
prevalent user bias.14 The date of cohort entry was the date of discharge from the index
hospitalization. Race and ethnicity were recorded by admissions or medical staff during
registration on the basis of patient self-report. Race was recorded as part of a multiple-
choice data entry tool as American Indian or Alaska native, Asian, black, native Hawaiian or
Pacific Islander, or white. The tool included a separate data element for Hispanic ethnicity.
For patients who did not identify as black, we further restricted the definition of eligibility
for H-ISDN therapy to patients with a contraindication to ACE inhibitors or ARBS, because
patients who receive ACE inhibitor or ARB therapy concomitant with H-ISDN may
represent a population with worse hypertension necessitating use of H-ISDN.

The treatment of interest was H-ISDN therapy prescribed at discharge as recorded in the
registry. The treated group included all patients who received the prescription at discharge
from the index hospitalization; the untreated group included all other patients in the study
population. We stratified the cohort based on black race and other race as recorded in the
registry, comparing treated black patients with untreated black patients and comparing
treated patients of other races with untreated patients of other races.
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The outcomes of interest were all-cause mortality, all-cause readmission, and cardiovascular
readmission within 3 years. We determined all-cause mortality on the basis of death dates in
the Medicare denominator files, and we identified readmissions on the basis of Medicare
inpatient claims. We defined all-cause readmission as any new nonelective inpatient claim,
excluding the index hospitalization claim, transfers to or from another hospital, and
admissions for rehabilitation. We defined cardiovascular readmission using DRGs 104-112,
115-118, 121-145, 479, 514-518, 525-527, 535, 536, and 547-558 before October 1, 2007,
and DRGs 215-238, 242-254, 258-262, and 280316 on or after October 1, 2007.1°

The follow-up period for all events was 3 years after discharge from the index
hospitalization. We calculated days to events from the date of discharge. For patients who
did not experience an event, we defined a censoring date as the earliest of 3 years after
discharge, the end of the period for which data were available (ie, December 31, 2011), or
the date on which the patient’s inpatient claims data were no longer available because the
patient enrolled in a Medicare managed care plan. We treated death as a competing risk for
the readmission outcomes.

Subgroups of interest included black patients who received an ACE inhibitor or ARB at
discharge (because use of an ACE inhibitor or ARB was an exclusion criterion for patients
of other races) and patients with an estimated glomerular filtration rate (eGFR) less than 30
mL/min/1.73 m2. We identified both subgroups on the basis of registry data.

Covariates from the registry data included demographic characteristics (ie, age and sex);
medical history (ie, anemia, atrial fibrillation or flutter, cerebrovascular disease or transient
ischemic attack, chronic obstructive pulmonary disease, depression, diabetes mellitus, heart
failure with ischemic etiology, hyperlipidemia, hypertension, implantable cardioverter-
defibrillator, pacemaker, peripheral vascular disease, renal insufficiency, valvular heart
disease, prior history of heart failure, smoking in the previous year, and number of prior
admissions to the hospital in the previous year); vital signs at admission (ie, heart rate,
respiratory rate, and systolic blood pressure); results of admission laboratory tests (ie, left
ventricular ejection fraction, serum creatinine, sodium, and blood urea nitrogen); and
discharge medications (ie, ACE inhibitor, aldosterone antagonist, anticoagulant, antiplatelet
agent, ARB, B-blocker, digoxin, and diuretic). From the Medicare claims, we used
Hierarchical Condition Category (HCC) codes for the index admission to identify chronic
liver disease (codes 25, 26, and 27), dementia (codes 49-50), disability (ie, 68 [paraplegia],
69 [spinal cord disorders or injuries], 100 [hemiplegia or hemiparesis], 101 [paralysis], 102
[speech, language, cognitive, and perceptual deficits], and 177 and 178 [amputation and
complications]); protein-calorie malnutrition (code 21); and major psychiatric disorders
(codes 54, 55, and 56).16 These variables have independent prognostic value for modeling
all-cause readmission and mortality after a hospitalization for heart failure.16:17
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Statistical Analysis

We describe the baseline characteristics of the study population by treatment group, using
proportions for categorical variables and means with SDs for continuous variables. We
tested for differences between groups using y? tests for categorical variables and Wilcoxon
rank-sum tests for continuous variables. We also compared treatment groups using
standardized differences, calculated as the difference in means or proportions divided by a
pooled estimate of the SD.18:19 Compared with traditional significance tests, standardized
differences are not as sensitive to sample size and are useful in identifying meaningful
differences. A standardized difference greater than 0.1 is considered meaningful.18

To describe observed outcomes for each treatment group, we compared the unadjusted
cumulative incidence of each outcome at 3 years after discharge between treatment groups.
For mortality, we calculated incidence at 3 years based on Kaplan-Meier estimates and used
log-rank tests to test for differences. For the readmission outcomes, we calculated
cumulative incidence estimates to account for the competing risk of mortality, and we used
Gray tests to test for differences between groups.2°

We estimated the association between treatment and outcomes using Cox proportional
hazards models. We used robust standard errors in all models to account for clustering of
patients by hospital. We imputed missing values for variables with low rates of missingness
(ie, less than 5%) by using the dominant value for categorical variables and the median
value for continuous variables, and we treated missing data as a separate category for other
variables. To address confounding by observed covariates, we used an inverse probability-
weighted estimator. We calculated the inverse probability weights using the propensity score
—the probability of a patient receiving the treatment he or she actually received conditional
on observed covariates?l—by fitting a logistic regression model with H-ISDN therapy as the
dependent variable and the baseline characteristics (ie, age, sex, medical history, claims-
based history at admission, vital signs at admission, laboratory test results at admission, and
left ventricular ejection fraction) as the independent variables. To assess the adequacy of the
treatment selection model, we again compared the baseline characteristics between the
groups after weighting. We used weighted ¥ tests to test for differences in categorical
variables and weighted analysis of variance to test for differences in continuous variables.
We calculated standardized differences between the groups to assess covariate balance.

In a post hoc analysis of adherence to H-ISDN therapy, we matched the mortality file to the
patient identification in the registry file and the identification in the Medicare Part D file for
all patients in the analysis between 2006 and 2011. We described prescriptions filled for
hydralazine-nitrate combinations (ie, fixed-dose combination of hydralazine and isosorbide
dinitrate, hydralazine and isosorbide mononitrate, or hydralazine and isosorbide dinitrate), as
well as mineralocorticoid antagonists (MRAS) as a positive control within 90 days after
hospital discharge.

We report 95% Cls and used a = 0.05 to establish the statistical significance of tests. All
tests were 2-sided. We used SAS version 9.2 (SAS Institute Inc) for all analyses. The
institutional review board of the Duke University Health System approved the study.
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The Figure shows the derivation of the study cohort. The cohort consisted of 12,300 patients
with heart failure and reduced ejection fraction from 243 hospitals, including 1392 black
patients and 10,908 patients of other races. After further restriction of patients of other races
to those with contraindications to ACE inhibitors or ARBs or those who were eligible for an
ACE inhibitor or ARB but did not receive a prescription at discharge, the cohort included
3271 patients of other races.

Table 1 shows the baseline characteristics of the study population. Compared with the
untreated groups, patients in the treated groups were of similar age and more frequently had
diabetes mellitus, heart failure with ischemic etiology, and renal insufficiency. The treated
groups also had higher mean systolic blood pressure, greater use of 3-blockers, and lower
use of diuretics at discharge. Black patients in the treated group were more likely to have
received an ICD and to have a prior history of hospital admission, but they had lower use of
ACE inhibitors or ARBs, compared with black patients in the untreated group. Patients of
other races in the treated group less frequently had atrial fibrillation or flutter, compared
with patients of other races in the untreated group.

Supplemental Table 1 shows the baseline characteristics of the study population after
application of weights for the inverse probability of treatment. There were no significant
differences between groups, except that treated black patients had lower use of ACE
inhibitors or ARBs and higher use of aldosterone antagonists than untreated black patients,
and treated patients of other races had higher use of f-blockers than those in the untreated
group. Both treated groups had lower diuretic use than their respective untreated groups.

As shown in Table 2, rates of all-cause mortality, all-cause readmission, and cardiovascular
readmission at 3 years were similar between the treatment groups for both black patients and
patients of other races. Table 3 shows the estimated associations between H-ISDN therapy
and the study outcomes. In the unadjusted analysis, there were no associations between
treatment and the study outcomes. After inverse probability weighting, there were no
significant differences in the hazards of all-cause mortality, all-cause readmission, or
cardiovascular readmission.

In subgroup analyses, there were no significant associations between treatment and study
outcomes among black patients by ACE inhibitor or ARB use at discharge or by having
eGFR less than 30. Among patients of other races, H-ISDN therapy was associated with
higher rates of all-cause and cardiovascular readmission in patients with eGFR less than 30.

In the analysis of adherence to H-ISDN therapy, 4935 eligible patients (44%) were enrolled
in Medicare Part D during the first 90 days after the index hospitalization (Supplemental
Table 2). Of these, 269 (3%) filled an outpatient prescription for hydralazine nitrates within
90 days after discharge. Of 353 patients who were prescribed a hydralazine nitrate at
discharge, 161 (46%) filled an outpatient prescription within 90 days. Among 161 black
patients, 69 (43%) filled a prescription within 90 days. Among patients of other races who
were intolerant of ACE inhibitors of ARBs, the fill rate was 48% (92/191). For the positive
control, of the 4935 patients who were eligible for H-ISDN therapy and were enrolled in
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Medicare Part D, 1162 (24%) were discharged with a mineralocorticoid receptor antagonist.
Of these, 876 (75%) filled an outpatient prescription within 90 days after discharge
(including 73% of black patients and 76% of patients of other races).

On further analysis of the formulation of H-ISDN used in the Medicare Part D subgroup,
87.3% of patients received individual hydralazine and individual nitrate agents, whereas
12.7% received the fixed-dose combination, as was used in A-HeFT. We were unable to
separately evaluate the clinical effectiveness of the fixed-dose combination, because only a
small number of patients were receiving it.

Discussion

Using a large registry of patients hospitalized with heart failure in the United States, we
found that initiation of H-ISDN therapy at discharge was low among both black patients and
patients of other races. Moreover, initiation of H-ISDN therapy at discharge was not
associated with lower rates of mortality, all-cause readmission, or cardiovascular
readmission within 3 years. We also observed poor adherence to H-ISDN therapy, with
more than half of patients who were discharged on the therapy not filling an outpatient
prescription for the therapy within the first 90 days after discharge. These findings illustrate
the important difference between clinical efficacy and effectiveness; the need to implement
guideline-directed medical therapies in a manner that replicates as closely as possible the
treatments observed in clinical trial settings; and the need to ensure that clinical trial
evidence is broadly generalizable.

The clinical trial, A-HeFT, showed significant efficacy of the fixed-dose combination of H-
ISDN compared with usual care among black patients with heart failure and reduced
ejection fraction,3 but adoption of the therapy was slow and varied across centers. Whereas a
fixed combination of H-ISDN was used in A-HeFT, patients in clinical practice commonly
receive individual generic formulations at different doses.2? The cost of a nongeneric fixed-
dose combination of H-ISDN and interactions with other drugs such as erectile dysfunction
medications may limit its use in practice. Some studies have suggested that generic
formulations of H-ISDN are not bioequivalent to the fixed-dose combination.23 Thus, a
potential explanation for our findings is that the specific agent and dosing found to be
efficacious in A-HeFT is not being used in clinical practice.

Trial settings are often highly controlled and difficult to replicate in clinical practice, leading
to questions of whether therapies such as H-ISDN can be truly effective in real-world
settings. Most participants in A-HeFT were subject to titration to high doses of the therapy
that are difficult to replicate in clinical practice. Although younger patients may be able to
tolerate high doses, many older patients cannot because of side effects, potentially limiting
the effectiveness of the regimen in real-world settings. Approximately 30% of participants in
A-HeFT reported dizziness and other side effects of H-ISDN.

In the absence of the rigor of careful clinical trial management, adherence and persistence to
such a regimen might be problematic. The rate of H-ISDN use is relatively low in clinical
practice, and physicians may select patients for H-ISDN for whom other therapies have
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failed. A recent analysis of Medicare Part D enrollees with heart failure found that only 2%
of patients with an indication or potential indication for H-ISDN actually filled their
prescriptions.24 Our analysis of Medicare Part D participants found that only 3% of patients
in our analysis and only 46% of patients who were discharged on H-ISDN actually filled a
prescription within 90 days of discharge. This adherence rate is lower than what has been
previously reported for ACE inhibitors or ARBs, p-blockers, and MRAs for patients with
heart failure.8 For the positive control in the present study, MRA fill rates after discharge for
patients who were discharged on the drug were 75%, consistent with previous studies. Thus,
the lack of clinical differences seen in our analysis may largely be a result of low rates of
persistence with H-ISDN therapy after discharge. In addition, the large majority of patients
in this study were not receiving the fixed-dose combination that was studied in A-HeFT.
One of the contributing possibilities for the lack of clinical effectiveness we observed may
be the different formulations of H-ISDN along with poor adherence.

Another potential explanation for our findings is that H-ISDN therapy has limited
effectiveness among older patients who begin H-ISDN therapy de novo during a heart
failure hospitalization. Patients in our study were on average 20 to 25 years older and had
more comorbid conditions than A-HeFT participants, but they had similar ejection fraction.
It is unclear how well trial results extrapolate to patients who are not black, especially with
changes in clinical care since the early trials of H-ISDN. Recent data from the A-HeFT
genetic substudy suggest a strong correlation between guanine nucleotide-binding proteins,
beta-3 subunit genotype, and responsiveness to H-ISDN therapy.2® Previous reports
identified other genotypes correlated with outcomes. A prospective trial is now testing
whether these candidate genotypes obviate considerations of race in the effectiveness of H-
ISDN therapy.

Observational studies from heart failure registries have repeatedly demonstrated a low use of
H-ISDN in practice—4.5% among black patients and 2.6% among white patients in
OPTIMIZE-HF,26 and 7.3% among black patients in the Improving Evidence-Based Care
for Heart Failure in Outpatient Cardiology Practices (IMPROVE-HF) registry.8 In a recent
study of patients in the GWTG-HF registry examining current use, temporal trends, and
clinical characteristics of H-ISDN in clinical practice, only 5115 of the 43,498 eligible
patients overall (12.6%) and 2500 of 11,185 eligible black patients (22.4%) received H-
ISDN therapy at discharge.? In all of these studies, patients who received the therapy often
had more advanced disease and more comorbid conditions like renal insufficiency. Chronic
renal failure was one of the most important predictors of H-ISDN use among patients in this
cohort (adjusted odds ratio, 2.56; 95% CI, 2.33-2.82). H-ISDN use before admission was a
critical factor in whether patients were discharged on the therapy, with 80.8% of patients
receiving H-ISDN therapy at discharge if they were on it before admission, compared with
9.6% of patients without H-ISDN therapy before admission.

Although previous trials led to H-ISDN being a guideline-recommended therapy for patients
with heart failure and reduced ejection fraction, particularly black patients, our analysis of
clinical effectiveness analysis in the GWTG-HF registry suggests the need for either more
rigorous use of the therapy at the doses studied in randomized clinical trials, with high
adherence and persistence, or its true pharmaco-equivalent therapy given as the generic
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alternatives be applied in actual clinical practice. Moreover, it is important to understand the
best methods for implementing trial evidence into clinical practice. We observed a modest
association between H-ISDN use and both all-cause and cardiovascular readmission for
groups other than black patients, though the results were limited by small sample size and
wide Cls. Overall, our findings highlight the importance of careful implementation and
adherence in clinical practice, as well as the need for conducting future clinical trials that are
more generalizable to real-world settings in order to truly test whether H-ISDN therapy is
beneficial in racial subgroups and among older patients.

Our study has limitations. Because this was an observational study, we could not eliminate
the possibility of unmeasured confounding and selection bias. Some clinical variables that
may be associated with H-ISDN use and clinical outcomes were not available, including
New York Heart Association functional class, symptom severity, renal function stability,
and dosing of medications. We could not account for socioeconomic status, level of
education, or the patient’s understanding of their health status. We did not have data on
specific H-ISDN formulation, dosing, and postdischarge adherence, as well as persistence
other than for patients enrolled in Medicare Part D, and some generic prescriptions filled but
not billed for may have been missed. The observed prescription rate of H-ISDN may
underestimate the true prescription rate because Part D participants can fill prescriptions at
discount $4 formularies without creating a prescription drug event. However, in 2007, the
vast majority of $4 prescriptions were adjudicated through Part D, and previous analyses
noted minimal nonadjudicated use of discount drugs.2” Since the population included older
patients enrolled in fee-for-service Medicare, the findings may not be generalizable to all
patients with heart failure and reduced ejection fraction. Lastly, the GWTG-HF registry is a
voluntary quality-improvement program that may not represent all hospitals.

Conclusions

In this observational study, initiation of H-ISDN therapy at hospital discharge was not
independently associated with mortality, all-cause readmission, or cardiovascular
readmission among eligible older patients with heart failure and reduced ejection fraction.
Adherence to therapy after hospital discharge was low. Additional research is needed to
evaluate the clinical effectiveness of H-ISDN in the larger population of patients with heart
failure and to ensure that the efficacy observed in rigorous clinical trials is better translated
into clinical practice.
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Clinical Perspective

Hydralazine-isosorbide dinitrates are an established group of medications that have been
shown in clinical trials to reduce mortality and morbidity and to improve quality of life
among patients with heart failure and reduced ejection fraction. They are recommended
as class | therapies for black patients and class Ila therapies for patients of all races who
experience intolerance to angiotensin-converting enzyme inhibitors or angiotensin 11
receptor blockers. We sought out to test if the effectiveness of this medication
combination in clinical trials translated to real-world effectiveness. We observed that
initiation of therapy was not associated with lower rates of mortality or readmission.
However, rates of initiation of hydralazine-isosorbide dinitrates were low among patients
of all races. We also observed very poor adherence to therapy after discharge. Thus, the
lack of clinical differences seen may largely be a result of low rates of persistence of
therapy after discharge. Our study highlights the importance of careful implementation
and adherence to medical therapy in clinical practice.
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Patients 65 years or older discharged alive,
enrolled in fee-for-service Medicare

N = 65,037 from 292 hospitals

—] Exclusions:
* Not discharged home (n = 5782)

* No fee-for-service eligibility at index discharge (n = 2221)
* No documented admission vital sign (n = 4348)
* No documented admission laboratory test result (n = 7639)
» Heart failure with preserved ejection fraction (n = 28,471)
* Race missing or unable to determine (n = 701)
» Contraindication to H-ISDN (n = 758)
* Both hydralazine and nitrates before admission (n = 461)
* No documentation of H-ISDN at discharge (n = 1771)

« H-ISDN during hospitalization but no prescription at

discharge (n = 138)
+ Dialysis history or in-hospital procedure (n = 447)

Y/

Final study population
N = 12,300 from 243 hospitals

Figure.
Derivation of the Study Population
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