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Abstract

Aims—The implications of geographical variation are unknown following adjustment for hospital 

length of stay (LOS) in heart failure (HF) trials that included patients whether or not they had 

systolic dysfunction. We investigated regional differences in an international acute HF trial.

Methods and results—The PROTECT trial investigated 2033 patients with acute HF and renal 

dysfunction hospitalized at 173 sites in 17 countries with randomization to rolofylline or placebo. 

We grouped enrolling countries into six regions. Baseline characteristics, in-hospital management, 

and outcomes were explored by region. The primary study outcome was 60-day mortality or 

cardiovascular/renal hospitalization. Secondary outcomes included 180-day mortality. Of 2033 
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patients, 33% were from Eastern Europe, 19% from Western Europe, 16% from Israel, 15% from 

North America, 14% from Russia, and 3% from Argentina. Marked differences in baseline 

characteristics, HF phenotype, in-hospital diuretic and vasodilator strategies, and LOS were 

observed by region. LOS was shortest in North America and Israel (median 5 days) and longest in 

Russia (median 15 days). Regional event rates varied significantly. Following multivariable 

adjustment, region was an independent predictor of the risk of mortality/hospitalization at 60 days, 

with the lowest risk in Russia (hazard ratio 0.39, 95% confidence interval 0.23–0.64 vs. Western 

Europe) due to lower rehospitalization; mortality differences were attenuated by 180 days.

Conclusions—In an international HF trial, there were differences in baseline characteristics, 

treatments, LOS, and rehospitalization amongst regions, but little difference in longer term 

mortality. Rehospitalization differences exist independent of LOS. This analysis may help inform 

future trial design and should be externally validated.

Keywords

Acute heart failure; Length of stay; Trial; Regional differences; Global variation; Outcomes

Introduction

Clinical trials are often conducted globally to reduce timelines and costs, and satisfy 

regulatory authorities.1 However, concerns exist regarding the impact of regional differences 

in patient characteristics, medical practice patterns, trial conduct, and outcomes.2,3 The 

generalizability of study results to patient populations without significant representation in 

clinical trials has also been questioned.4 Even though randomized clinical trials have 

rigorous entry criteria, geographic variation in patient characteristics and outcomes has been 

demonstrated in several heart failure (HF) trials.5–8 Many of these studies did not include 

adjustment for length of stay (LOS). LOS for acute HF hospitalization differs by global 

region and has been associated with patient outcomes.9,10 Furthermore, most of the 

worldwide trials have been performed in patients with decreased LVEF, but much less is 

known about the geographical variation in trials of acute HF that included patients whether 

or not they had systolic dysfunction. The PROTECT trial was a placebo-controlled, 

randomized study of the A1-adenosine receptor antagonist rolofylline in patients admitted 

with worsening HF that was conducted in 17 countries.11 We explored the international 

differences among patients participating in PROTECT, and whether these differences 

influenced clinical outcomes.

Methods

Patient population

The international PROTECT trial enrolled 2033 patients admitted to hospital with acute HF 

and mild or moderate renal impairment. The design and results of PROTECT have been 

published.11,12 Briefly, patients were randomly assigned to the i.v. administration of the A1-

receptor antagonist rolofylline or placebo. Death from any cause or rehospitalization for 

cardiovascular or renal causes through day 60 was a pre-specified secondary endpoint. Vital 

status was also assessed at 180 days. The investigation conforms with the principles outlined 
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in the Declaration of Helsinki. The PROTECT study was approved by the appropriate 

regulatory authorities and Ethics Committees prior to patient enrolment, and written 

informed consent was obtained from each patient before entry (ClinicalTrials.gov numbers, 

NCT00328692 and NCT00354458).

Data collection and definitions

Patients were enrolled from 2007 to 2009. For the purpose of this analysis, we grouped 

enrolling countries into six global regions: North America (Canada and the USA), Israel, 

Russia, Western Europe (Belgium, France, Germany, Italy, The Netherlands, Sweden, and 

the UK), Eastern Europe (Czech Republic, Hungary, Poland, Romania, and Ukraine), and 

Argentina. These classifications were determined based on previous studies of the 

association between world region and outcome.2 For natriuretic peptide levels, a point-of-

care device for measuring the level of NT-BNP was provided to study sites if needed, but 

measurements of >3000 pg/mL were not quantified in these circumstances. Worsening HF 

was defined as physician-determined assessment of worsening symptoms or signs of HF 

occurring >24 h after the start of study drug to day 7 or discharge, whichever occurred first, 

that required institution or an increase in dose of intravenous or mechanical therapy for HF. 

Quality of life was evaluated at the day 14 visit using the EQ5D questionnaire. The EQ5D 

consists of a 5-item patient assessment of mobility, self-care, usual activities, pain/

discomfort, and anxiety/depression.13 A utility score was calculated from the EQ5D 

responses using weights estimated in a UK population using the time trade-off method,14 

with a score of 1.0 representing perfect health and 0 representing death (negative utilities are 

also possible, representing states perceived to be worse than death). An independent Clinical 

Events Committee adjudicated the primary reason for rehospitalization and cause of death 

through day 60.

Statistical methods

Baseline characteristics of the study population were summarized by region as frequencies 

and percentages for categorical variables and by the medians and 25th and 75th percentiles 

for continuous variables. The primary outcome for the present analysis was time to death or 

cardiovascular/renal hospitalization from randomization to 60 days by global region. As 

additional endpoints, index hospital LOS and events rates for worsening HF to 7 days, time 

to death or hospitalization to 60 days, and death through 180 days were investigated. 

Kaplan–Meier estimates of the event rates were calculated over the relevant follow-up 

period. For the mortality and hospitalization endpoints, hazard ratios (HRs) and 

corresponding confidence intervals (CIs) for each region were calculated using Cox 

regression analysis with and without adjustment for baseline covariates. Western Europe was 

chosen as the reference group for presenting HRs. Adjustment covariates were identified in a 

previous analysis and included clinically relevant demographic (age), clinical [NYHA class, 

past hospitalization for HF, body mass index (BMI), systolic blood pressure (SBP), 

respiratory rate, heart rate, ischaemic heart disease (IHD), oedema, and rales], and 

laboratory values [blood urea nitrogen (BUN), sodium, albumin, creatinine, glucose, alanine 

aminotransferase (ALT), and white blood cell count]. The cause-specific hazard was 

modelled to determine the association between region and the non-fatal components of the 

composite endpoints. Since PROTECT outcomes were evaluated from the time of 
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randomization in the hospital, we did not feel that it was appropriate to adjust for LOS for 

the 60- and 180-day endpoints because the LOS is not known at the time of randomization. 

Given that differences in LOS may influence event rates, we performed an additional 

analysis of death or rehospitalization from discharge to 30 days post-discharge and for 

mortality at 150 days post-discharge that also included adjustment for LOS. A P-value <0.05 

was used to indicate statistical significance for all comparisons, with no adjustment for 

multiple comparison. All statistical analyses were performed at Duke Clinical Research 

Institute (Durham, NC, USA) using SAS version 9.22 (SAS Institute, Cary, NC, USA).

Results

Of 2033 patients enrolled in PROTECT, 33% were from Eastern Europe, 19% Western 

Europe, 16% Israel, 15% North America, 14% Russia, and 3% Argentina. The specific 

contributions by country are included in the Supplementary material online, Table S1. 

Baseline characteristics are presented in Table 1.

Patients from North America tended to be younger, were more often men, and had a lower 

EF. North Americans had lower blood pressure and greater elevation in jugular venous 

pressure (JVP). Implantable cardioverter/defibrillator (ICD) and CRT as well as prior 

coronary artery bypass grafting (CABG) surgery were higher in North America. In North 

America, a higher percentage of patients had an NT-proBNP value ≥3000 pg/mL. In 

comparison, patients from Israel tended to be older, with more prior PCI, higher EF and 

blood pressure, and lower weight and device implantation.

Compared with Eastern Europeans, those from Western Europe tended to have more prior 

CABG and device therapy. Western Europeans also tended to have lower blood pressure and 

higher creatinine. Western European patients demonstrated differences from North 

Americans, including older age, less device use, and lower NYHA class symptoms 1 month 

previously.

Russian patients were more likely to have IHD, but little prior revascularization. Most 

patients from Russia had NYHA class IV symptoms with severe dyspnoea on exertion at 

baseline. They had the highest EF and tended to have the most oedema. The patients from 

Argentina included more women with non-IHD compared with other regions.

Differences in medication use by region are presented in Table 2. Two weeks prior to 

admission, North American patients were the most likely to be prescribed a beta-blocker, but 

had the lowest use of ACE inhibitor/ARB and modest mineralocorticoid receptor antagonist 

(MRA) use. Russian patients had the lowest beta-blocker use, but high MRA and digoxin 

use. Patients from North America were the most likely to receive in-hospital inotropes and 

had the highest total diuretic dose. Figure 1 presents medication changes from 2 weeks prior 

to admission to discharge/day 7 based on region for ACE inhibitors/ARBs, beta-blockers, 

and MRAs. Despite high baseline use of ACE inhibitors/ARBs, Russian patients had robust 

initiation of these therapies during hospitalization. In terms of beta-blocker use, Russia had 

the lowest baseline use, but a substantial proportion of the patients were initiated on the 

therapy during admission. For MRAs, Russia, Eastern Europe, and Argentina had the largest 
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percentage of patients initiated on the therapy during hospitalization. Approximately 50% of 

patients in Israel, Western Europe, and North America did not receive MRAs at 

discharge/day 7. Table S2 in the Supplementary material online includes the percentage of 

patients receiving these therapies based on eligibility by clinical characteristics including 

LVEF. Increasing inpatient i.v. diuretic dose was independently associated with reduced 

ACE inhibitor/ARB use (odds ratio 0.95, 95% CI 0.93–0.97 for each 100 mg increase in i.v. 

diuretic).

Table 3 presents the quality of life, LOS, and event rates. Table S3 in the Supplementary 

material online presents cause-specific readmission and death information through 60 and 

180 days, respectively. Approximately 50–60% of readmissions within 60 days were for HF 

across world regions, except for Russia where only 33% of readmissions were for HF, and 

other cardiovascular causes constituted half of the remaining hospitalizations. HF was the 

most common cause of death through 180 days across the different regions, followed by 

sudden cardiac death. Specifically, death was due to HF in 36% of patients in Israel, 38% in 

Russia, 46% in Western Europe, 52% in North America, and 71% in Argentina. Sudden 

cardiac death was the cause in 0% of patients in Argentina, 10% in North America, 11% in 

Western Europe, 14% in Israel, 17% in Eastern Europe, and 32% in Russia.

On unadjusted analysis, enrolment in Russia and Argentina was associated with reduced 

death or cardiovascular/renal rehospitalization at 60 days (Table 4). For the endpoint of 

death or all-cause rehospitalization at 60 days, enrolment in Russia, Argentina, and Eastern 

Europe was associated with reduced risk (e.g. 13.8% event rate in Russia; HR 0.32, 95% CI 

0.22–0.45 vs. Western Europe), whereas enrolment in Israel and in North America was 

associated with the highest event rates (43.7% and 43.5%, respectively). For the endpoint of 

death at 180 days, only enrolment in Russia was associated with reduced risk. Figure 2 

presents the unadjusted time to event for the 60- and 180-day endpoints by region.

Following multivariable adjustment, region remained associated with risk of death or 

cardiovascular/renal rehospitalization at 60 days (P = 0.001), with enrolment in Russia being 

associated with a reduced risk compared with Western Europe, with no other region 

differing significantly from Western Europe (Table 4). In multivariable analysis of death or 

all-cause rehospitalization at 60 days, enrolment in Russia and Eastern Europe was 

associated with reduced risk, entirely due to reduced rehospitalization. Region was also 

associated with 180-day mortality (P = 0.007), although only Israel had a significantly lower 

risk compared with Western Europe. The risk of death or rehospitalization from discharge to 

30 days post-discharge by region, including adjustment for LOS, was lowest in Russia and 

Eastern Europe (Table 5). Region was not independently associated with mortality following 

adjustment, including LOS, when events up until day 150 post-discharge were included.

Discussion

The PROTECT trial is a unique data set in which to investigate the impact of the enrolling 

region on clinical characteristics, management, and outcomes of patients with acute HF and 

elevated natriuretic peptide levels irrespective of LVEF. We demonstrated marked 
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differences in the comorbidity burden, symptom complex, vital signs, laboratory test results, 

LOS, and outcome by region.

Regional heart failure phenotypes

In PROTECT, there appeared to be different phenotypes of patients enrolled from the 

various global regions. While these phenotypes oversimplify global heterogeneity, the 

generalizations are illustrative of regional variation. North American patients were younger 

with an increased burden of comorbidities, lower blood pressure, and high usage of device 

therapies and surgical revascularization. Interestingly, despite higher device use and CABG 

rates, North American enrolment was not associated with reduced long-term mortality on 

adjusted analysis. In comparison, European patients were older with less surgical 

revascularization. The younger age of patients from North America was relatively 

unexpected as North Americans were older than Eastern European patients in other trials.7 

The lower rate of Caucasian patients and of patients with previous myocardial infarction in 

North America, compared with the other areas, may have influenced these results. Western 

Europeans exhibited a haemodynamic and laboratory profile similar to that of North 

American patients, while Eastern European patients had less severe metabolic derangements. 

North American and Western European patients also received higher doses of loop diuretics, 

compared with the other areas. Those from Russia had IHD with low rates of 

revascularization, with prominent dyspnoea and oedema, but preserved renal function and 

higher EF. The severity of reported dyspnoea and NYHA symptom class in Russia could be 

related to regional differences in the symptom complex of patients, the patient experience, or 

documentation. Patients from Israel were the oldest and tended to have metabolic disease out 

of proportion to their weight. Argentina included more women, and the non-ischaemic 

aetiology is also relevant.

Clinical trial implications

These phenotypes have implications for the design and interpretation of HF trials. For 

instance, the global variation in the prevalence of COPD, whether related to factors such as 

smoking, genetic susceptibility, or case ascertainment, may affect beta-blocker use and 

outcomes.15,16 COPD may influence symptoms such as dyspnoea. Differential dosage of 

diuretics may also influence dyspnoea, renal function, and other medication use with 

implications on trial endpoints. Other comorbidities such as obesity and renal disease may 

impact study drug pharmacokinetics and background therapies. Additional aspects of the HF 

phenotype, including lower blood pressure and IHD, may affect drug tolerance or 

response.17 We demonstrated marked regional differences in the percentage of deaths due to 

sudden fatal cardiac events, ranging from 10% in North America to 32% in Russia. These 

findings suggest that the observed regional variations in medication use and device therapy 

may translate into marked differences in overall and cause-specific events. In particular, 

longer hospitalization may lead to improved initiation (and potentially also up-titration) of 

guideline-directed medical therapy. The background therapy and comorbidity profile of the 

target population for a therapeutic agent should be considered when determining the 

potential enrolling regions for a trial.
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Length of stay

The LOS varied across these regions, which might influence both rehospitalization and 

mortality rates. There was a three-fold difference in median LOS between North American 

and Russia. The impact of regional differences in LOS has recently been highlighted in 

patients with CAD18 and HF,10 where shorter LOS has been independently associated with 

increased 30-day readmission rates. The regional differences in LOS also demonstrate the 

complexity of analysing trial endpoints (e.g. rehospitalization) from randomization rather 

than discharge, since a trial participant cannot be rehospitalized if he/she remains 

hospitalized for the index event.

Medication differences and clinical implications

The observed differences in medication use by region inform clinical practice and trial 

design. Previous HF trials6,7 and registries19,20 have demonstrated regional variation in 

cardiovascular medication use even after accounting for indication. In PROTECT, North 

American patients had high beta-blocker usage, but low usage of ACE inhibitors and MRAs. 

These findings are particularly interesting in light of a recent meta-analysis demonstrating 

that beta-blocker use was associated with a lower magnitude of survival benefit in patients 

enrolled in the USA compared with other world regions.21 Western Europe demonstrated 

similar baseline medication use compared with North America, while Eastern Europe and 

Russia tended to have higher use of MRAs. Importantly, the evidence for these medications 

is restricted to those with reduced EF. While multiple factors, including blood pressure and 

renal disease, probably contributed to the underuse of these therapies in certain regions, 

these observations indicate that further opportunities remain to improve the medical care for 

HF patients. Regional differences in public policy and medication acquisition (e.g. public vs. 

private payment) may also play a role in these observations. Thus, information from national 

and regional registries may help to identify public health issues within different populations 

which can then be targeted with performance improvement initiatives in order to improve 

patient outcomes. For instance, preventing ventricular arrhythmias and improving LV 

synchrony with device therapy may represent key targets in developing countries.

In-hospital medication changes

Russia demonstrated the largest increases in the use of evidence-based HF therapies for 

reduced EF from admission to discharge, despite having high baseline use of MRAs and 

ACE inhibitors. The hospitalized setting may be an ideal time to initiate these therapies, 

since patients can be closely observed for adverse effects. In addition, the high usage of 

digoxin in Russia is notable given data suggesting that digoxin may improve outcomes in 

high-risk HF subgroups.22 These data suggest a different strategy of acute HF management 

in Russian patients characterized by longer hospitalization with more vasodilator use and 

less total diuretic use. Previous studies have suggested similar differences in treatment 

characteristics by world region.23 This lack of connection between vasodilator use to target 

acute (and potential rapidly reversible pathophysiology) and increased LOS demonstrates 

how multiple factors including both clinical and cultural characteristics determine admission 

duration. In an analysis of the association between inpatient HF medications (adjusting for 

regional differences), increasing diuretic dose was independently associated with reduced 
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ACE inhibitor/ARB use. Thus, inpatient management strategies may have an association 

with discharge medication use.

Outcomes

The 60-day event rates varied across the regions. For the outcome of death or cardiovascular/

renal hospitalization at 60 days, patients enrolled in Russia had a 61% reduction in risk 

compared with Western Europe, whereas no significant difference was found between the 

other geographical areas, at multivariable analysis. Similarly, a previous analysis of the 

EVEREST trial demonstrated that in Eastern Europe there was a lower risk of cardiovascular 

mortality or HF hospitalization relative to North America due to fewer rehospitalizations.7 

These observations may have been due to less severe HF, on average, in these populations 

despite adjustment for major covariates. Alternatively, the various regional approaches to 

acute HF management characterized by differential use of diuretics and vasodilators over 

several days to weeks along with heterogeneity in the use of chronic HF medications may 

impact outcomes. In fact, after adjusting for LOS, the relative risk for short-term death or 

cardiovascular/renal hospitalization in Russia was reduced from 61% to 74% lower risk 

compared with Western Europe (at 60 days post-randomization and 30 days post-discharge, 

respectively). Thus, LOS may have an association with outcomes, but regional differences 

provide independent information related to outcomes.

For 180-day mortality, only patients enrolled in Israel had a lower risk, and adjustment for 

LOS attenuated this association. A prior propensity-matched analysis of the EPHESUS trial 

(Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study) 

investigating transatlantic variation in HF outcomes in post-myocardial infarction patients 

with EF ≤40% also demonstrated similar mortality risk between regions.8 Thus, following 

risk adjustment, rehospitalization rather than mortality appears to be the driving factor for 

geographical differences in composite outcomes. This is consistent with recent data showing 

a poor correlation between rehospitalizations and mortality.24–26

Limitations

The limitations of this analysis include its retrospective design and relatively small regional 

sample sizes. Since the selection of sites for trial enrolment reflects organizational feasibility 

rather than clinical epidemiology, not all world regions are represented in PROTECT. These 

observed differences in clinical characteristics, management strategies, and outcomes do not 

necessarily translate into real-world epidemiology. There is a lack of consensus about the 

grouping of different countries into world regions for analysis. For instance, the regional 

differences analysis from the EVER-EST trial (n = 4133) grouped patients into four regions 

and had different overall regional contributions: 13.6% Western Europe, 16.9% South 

America, 30.3% North America, and 39.2% Eastern Europe.7 Since patients enrolled in a 

clinical trial meet specific inclusion/exclusion criteria, they represent only a subgroup of 

acute HF patients and may demonstrate differences from registry cohorts. These 

considerations may limit generalizability and highlight the need for validation in other data 

sets.
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Conclusion

Differences in baseline characteristics, treatment, LOS, and outcomes were observed across 

six global regions in PROTECT. Regional differences in rehospitalization exist 

independently of the duration of index hospitalization. Regional approaches to HF 

management characterized by different strategies of diuretic and vasodilator use and LOS 

may affect outcomes. Mortality at 180 days is, in contrast, much less dependent on 

geographical areas. These findings have implications for the design and interpretation of 

future trials, particularly related to patient selection criteria and choice of clinical sites and 

trial endpoints.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Medication changes from 2 weeks prior to admission to discharge/day 7 based on region for 

(A) ACE inhibitors/ARBs, (B) beta-blockers, and (C) mineralocorticoid receptor antagonists 

(MRAs). Continued, continued use at discharge/day 7 in patients taking prior to admission; 

Started, use at discharge/day 7 in those not taking prior to admission; Discontinued, stopped 

by discharge/day 7 in those taking prior to admission; Never received, not taking at 

discharge/day day 7 in patients who were also not taking prior to admission.
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Figure 2. 
Unadjusted time to event for (A) death or cardiovascular/renal rehospitalization and (B) 

death or all-cause hospitalization up to 60 days and (C) all-cause mortality up to 180 days by 

region.
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