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Abstract
High systolic blood pressure (SBP) is a predictor of survival for patients with heart failure (HF).
Whether SBP predicts survival in both ischemic and nonischemic HF has not been well examined.
We analyzed 2,178 patients with advanced HF (47.3% ischemic etiology, 75.5% men, 93.5% New
York Heart Association class III or IV, age 52 ± 13, left ventricular ejection fraction 24 ± 9%)
referred to a university center between 1983 and 2006. SBP and invasive hemodynamic variables
were recorded after optimization of medical therapy. Patients were divided into SBP quartiles
(≤90, 91 to 100, 101 to 112, ≥113 mm Hg) based on SBP frequency. Survival free from death or
urgent transplant in ischemic versus nonischemic HF was 53.2% versus 61.1% at 2 years. Higher
SBP quartile was associated with increased survival in the total cohort and in subgroups of both
nonischemic and ischemic HF. On multivariate analysis adjusting for age, left ventricular ejection
fraction, cholesterol, gender, diabetes mellitus, pulmonary capillary wedge pressure, cardiac index,
New York Heart Assocation class, β-blocker use, angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker use, statin use, and smoking history, relative risk (95% confidence
interval) of death or urgent transplant at 2 years for quartile 1 compared with quartile 4 was 1.9
(1.4 to 2.6) in the total cohort, 1.6 (1.1 to 2.5) in nonischemic HF, and 2.4 (1.5 to 3.7) in ischemic
HF. In conclusion, SBP predicts HF survival in both ischemic and nonischemic HF independent of
other risk factors and invasive hemodynamic variables.

The relation between elevated systolic blood pressure (SBP) and adverse cardiovascular
outcomes, including myocardial infarction and stroke, has been well documented in the
general population.1–5 Recent studies have shown that in populations with heart failure
(HF), high SBP is associated with improved, not adverse, outcomes.6–12 Numerous studies
found a similar association in both acute6–9 and chronic10,11 HF. The risk factors, natural
history, and outcomes of patients with ischemic versus nonischemic etiology of HF are
divergent. Thus, this study aimed to investigate whether SBP is an independent predictor of
survival in both ischemic and nonischemic chronic HF. In this study, we evaluate the
relation between SBP in patients with HF on optimal medical therapy and outcomes in
patients with HF of both ischemic and nonischemic etiology. Furthermore, we investigated
whether SBP predicts survival in chronic HF independent of invasive measurements of
intracardiac filling pressures.
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Methods
The initial study population consisted of 2,796 patients referred to a HF center at a
university hospital for HF management and/or transplant evaluation from 1983 to 2006; 618
patients were excluded from our study because there was no blood pressure data after
optimal HF therapy. The final study cohort consisted of 2,178 patients (1,148 ischemic HF,
1,030 nonischemic HF). Patients with both left ventricular (LV) systolic dysfunction and
preserved systolic function were included. Patients with LV ejection fraction (EF) >40%
were considered to have preserved systolic function, and those with LVEF ≤40% were
considered to have systolic dysfunction. All patients were followed in a comprehensive HF
management program as previously described.13 The Medical Institutional Review Board
approved the medical record review.

Detailed information on the patients’ baseline characteristics and medications were recorded
at their initial visits and each follow-up visit. LVEF was determined by echocardiography
obtained at the time of referral. Laboratory testing, echocardiography, and right-sided heart
catheterization occurred within 6 weeks of the initial referral date. Hemodynamic variables,
including systolic and diastolic blood pressure, used in analyses were those obtained after
optimal HF medical therapy had been instituted. Blood pressure values used in our study
were obtained via sphygmomanometry. Previous left-sided heart catheterization reports and
angiographic films were reviewed. If not done previously, left-sided heart catheterization
was performed. Significant coronary artery disease was defined as any single diameter
stenosis >70% of the involved artery on angiography. Patients were classified as having HF
secondary to nonischemic cardiomyopathy if they had no history of myocardial infarction
and cardiac catheterization was without significant coronary artery disease.

The primary end point of the study was a composite of all-cause mortality or urgent
transplantation (status 1A). Status 1A transplants were included in the primary end point
because these patients were expected to live <1 week without a transplant and are dependent
on intravenous medication, ventricular assist device, or mechanical ventilation. Nonurgent
transplants (status IB and II) were coded as nonfatal end of follow-up at the time of
transplantation. All-cause mortality was analyzed as a secondary end-point. Patients lost to
follow-up were censored at the time they were last known to be alive and well.

Death was considered sudden if it was unexpected on the basis of the patient’s clinical status
and if it occurred out of the hospital <15 minutes after the onset of unexpected symptoms or
during sleep. Death during hospitalization for decompensated HF was considered death due
to HF.

Patients were grouped into SBP quartiles (≤90, 91 to 100, 101 to 112, ≥113), diastolic blood
pressure quartiles (≤50, 51 to 59, 60 to 67, ≥68), and mean arterial pressure quartiles (≤65,
66 to 72, 73 to 81, ≥82) based on frequency in our cohort. Results are included as mean ±
SD for continuous variables and as percentages of the total for categorical variables. The
independent samples t test and chi-square test were used for comparison of continuous and
categorical variables, respectively. Nonparametric tests were used as appropriate. Survival
curves were calculated by the Kaplan-Meier method and differences between the curves
were evaluated with the log-rank statistic. Univariate and multivariate Cox regression
analyses were employed to calculate the estimated hazard ratio with 95% confidence
interval (CI). SPSS for Windows version 15.0 (SPSS, Inc., Chicago, Illinois) was used for
all analyses.

Cheng et al. Page 2

Am J Cardiol. Author manuscript; available in PMC 2010 April 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
The cohort was 75% men and ranged in age from 18 to 87 years (mean age 52 ± 13). New
York Heart Association class III or IV was 35.2% and 57.7% of the total cohort,
respectively. The etiologies of HF were ischemic (47.3%), idiopathic (34.9%), valvular,
toxin-induced, hypertrophic, and peripartum. The mean LVEF was 24 ± 9%. The mean
length of follow-up for patients was 1,214 days and the median length of follow-up was 478
days.

The characteristics of the cohort for the SBP quartiles are listed in Table 1. There was an
equal distribution of ischemic and nonischemic cardiomyopathy in the 4 SBP quartiles.
Patients with higher SBP were more likely to have diabetes mellitus, higher cholesterol, and
a history of hypertension. Those with higher SBP had higher cardiac output, higher systemic
vascular resistance, lower mean pulmonary arterial pressures, and lower pulmonary capillary
wedge pressures. Higher SBP was also associated with higher LVEF and lower LV end-
diastolic diameter index. Higher SBP was associated with higher hemoglobin. Patients with
higher SBP were more likely to be on β blockers. Higher SBP was also associated with
higher body mass index.

Baseline characteristics for those with ischemic compared to nonischemic HF are listed in
Table 2. Patients with ischemic HF were more likely to be men, have diabetes, older, and
black. They were also more likely to have a history of hypertension and tobacco use.
Patients with ischemic HF were more likely to be on a statin, but slightly less likely to be on
an angiotension-converting enzyme inhibitor or angiotensin receptor blocker. Ischemic HF
was associated with lower serum hemoglobin levels. There was also an association between
ischemic HF and lower heart rate, lower cardiac output, and higher pulmonary capillary
wedge pressure.

During our follow-up period, there were 457 deaths and 298 urgent transplants at 1 year, and
583 deaths and 340 urgent heart transplants at 2 years. Causes of death included 19.7%
sudden death, 27.7% worsening HF, and 13.1% other causes at 1 year and 19.7% sudden
death, 27.4% worsening HF, and 16.0% other causes at 2 years. Two patients were lost to
follow-up over the study period.

Higher SBP quartiles were associated with significantly improved survival free from all-
cause mortality or urgent transplantation. In the total cohort, urgent transplant-free survival
at 1 year were 55%, 63%, 73%, and 79%, for quartiles 1 (SBP ≤90), 2 (SBP 91 to 100), 3
(SBP 101 to 112), and 4 (SBP ≥ 113), respectively (p <0.001). Survival without urgent
transplantation at 2 years was 49%, 57%, 66%, and 73%, respectively (p <0.001). Patients
with either ischemic or nonischemic HF in the lowest SBP quartile were found to have
significantly impaired survival free from urgent heart transplant compared with patients in
the highest quartile (Figure 1). Higher diastolic blood pressure and mean arterial pressure
were also associated with improved survival in the total cohort and in subgroups with
nonischemic HF and ischemic HF (data not shown).

On multivariate analysis adjusting for age, LVEF, cholesterol, gender, diabetes, pulmonary
capillary wedge pressure, cardiac index, New York Heart Association class, β-blocker use,
angiotension-converting enzyme inhibitor or angiotensin receptor blocker use, statin use,
and tobacco use, relative risk (95% CI) of death or urgent transplant at 2 years for quartile 1
compared with quartile 4 was 1.9 (95% CI 1.4 to 2.6) in the total cohort, 1.6 (95% CI 1.1 to
2.5) in nonischemic HF, and 2.4 (95% CI 1.5 to 3.7) in ischemic HF. The hazard ratios for
the endpoints—death from any cause or urgent transplantation, death from any cause (all
cause mortality), death from HF, sudden death, and need for urgent transplantation—were
similar to the endpoint of death or urgent transplant (Table 3).

Cheng et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2010 April 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Subgroup analyses for impaired systolic function (LVEF ≤40), medications, history of
hypertension, and black descent showed improved survival free from death or urgent
transplant for patients in the higher SBP quartiles at both 1 and 2 years. The hazard ratios for
quartile 1 compared with quartile 4 is shown in Figure 2 for these subgroups. When the
cohort was divided into SBP deciles, there was no J-shaped or U-shaped relation between
SBP and survival but rather improved survival even in the highest SBP deciles (Figure 3).

Discussion
In patients with established, chronic HF, higher SBP is associated with improved survival.
10,11 A study utilizing the Digitalis Investigation Group database, studying 5,174 patients
with stable HF New York Heart Association class II or III and LVEF ≤45%, found that
patients with the lowest SBP (<100 mm Hg) had significantly higher all-cause mortality than
the reference group of patients with SBP of 130 to 139 mm Hg.10 A retrospective study
examining 2,289 patients from the Carvedilol Prospective Randomized Cumulative Survival
(COPERNICUS) trial by Rouleau JL et al14, looking at the influence of pretreatment SBP
on the efficacy and safety of carvedilol in patients with HF, found that the lower the
pretreatment SBP of patients in the cohort, the higher the risk of a major clinical event. They
showed that for each 10-mm Hg decrease in the pretreatment SBP, there was an 18%
increase in the risk of death, 11% increase in the combined risk of death or hospitalization
for HF, and 9% increase in the combined risk of death or hospitalization for any reason.14

Furthermore, multiple studies have found that higher admission SBP is an independent
predictor of decreased mortality in acute decompensated HF.6–9 The Acute Decompensated
Heart Failure National Registry (ADHERE) of patients developed a risk-stratification model
for acute decompensated HF, using the first 33,046 hospitalizations as the derivation cohort
and 32,229 subsequent hospitalizations as the validation cohort. They found that 1 of the
better predictors for mortality was low admission SBP (<115 mm Hg).8 More recently, a
cohort study examined the association between SBP at admission, clinical characteristics,
and outcomes in 48,612 patients hospitalized with HF using data from the Organized
Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure
(OPTIMIZE-HF) registry. Admission SBP was a significant predictor of the odds of in-
hospital mortality, with an increase of 21% for each 10-mm Hg decrease in SBP <160 mm
Hg and no change for SBP >160 mm Hg. SBP was also a significant predictor for
postdischarge mortality.9

Our study is unique in that we have shown that low SBP is a risk factor for mortality in both
ischemic and nonischemic chronic HF independent of invasive hemodynamic variables
including pulmonary capillary wedge pressure and cardiac index. Further, this is the first
study to our knowledge to assess whether this relation between higher SBP and improved
survival is consistent in both patients with ischemic and nonischemic HF. After adjustment
for multiple risk factors including age, LVEF, cholesterol, gender, diabetes mellitus,
pulmonary capillary wedge pressure, cardiac index, New York Heart Association class, β-
blocker use, angiotension-converting enzyme inhibitor or angiotensin receptor blocker use,
statin use, and tobacco use, higher SBP was independently associated with improved
outcomes in both ischemic and nonischemic HF. For patients with ischemic and
nonischemic HF, the highest mortality was observed in the lowest SBP quartile and the best
survival in the highest quartile of SBP.

There are several potential mechanisms explaining the association between higher SBP and
improved outcomes in chronic HF. It has been suggested that higher blood pressures in
patients with HF may be due to intact neurohormonal pathways with activation of the
adrenergic nervous system, the renin-angiotensin-aldosterone system, and increased
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production of antidiuretic hormone to increase systemic vascular resistance.12 With this
model, patients in the lower quartiles of SBP may be unable to mount an appropriate
physiological response if they have more advanced disease. Patients with higher SBP in this
cohort were more likely to be treated with standard, life-prolonging HF medications such as
β blockers and angiotension-converting enzyme inhibitors or angiotensin receptor blockers;
it is possible this more comprehensive treatment contributed to the improved survival in
those with higher blood pressure. The decreased treatment with β blockers in those with low
SBP may represent low patient tolerability of β blockers or a physician unwillingness to add
a medication with potential blood-pressure lowering properties. However, a subanalysis of
the COPERNICUS trial found that carvedilol was well-tolerated and associated with
decreased mortality at all levels of SBP, including those with low pretreatment SBP, ranging
from 85 to 95 mm Hg.14

We acknowledge limitations to our study. The cohort is a select population of patients with
advanced systolic HF referred to a single university center. Our study is retrospective in
nature. Beta-blocker use was different in the SBP quartiles. This study spans a period of
time during which HF therapies were changing; for example, the use of β blockers became
standardized only during the latter years of the study time period. Although we performed
multivariate adjusted analyses, there may be unmeasured confounding factors not accounted
for in the current analysis. The subgroup of patients with preserved LV systolic function is
small, and further studies to confirm the relation between SBP and outcomes in this
population is warranted.
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Figure 1.
(A) Kaplan-Meier survival estimates for SBP quartiles in patients with ischemic HF during a
1-year follow-up period. (B) Kaplan-Meier survival estimates for SBP quartiles in patients
with nonischemic HF over a 1-year follow-up period.
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Figure 2.
Two-year hazard ratios and 95% CI for death or urgent transplant for subgroups based on
EF, HF medications, and history of hypertension. ACE-I/ARB = angiotensin-converting
enzyme inhibitor or angiotensin II receptor blocker; BB =β blocker; HTN = hypertension.
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Figure 3.
Survival free from death or urgent transplant at 1 year for patients with ischemic HF and
nonischemic HF based on SBP deciles.
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Table 3

Hazard ratios (95% CI) for survival at 1 and 2 years in the SBP quartiles

Outcomes SBP (mm Hg)

≤90
(n = 539)

91–100
(n = 551)

101–112
(n = 553)

≥113
(n = 518)

Total cohort

1 year

 Death or urgent transplant 2.59 (2.08–3.23) 1.95 (1.55–2.45) 1.60 (1.27–2.02) 1.00

 All-cause mortality 2.41 (1.83–3.17) 1.59 (1.19–2.13) 1.49 (1.11–1.99) 1.00

 Sudden death 1.49 (0.92–2.41) 1.52 (0.95–2.43) 1.37 (0.85–2.19) 1.00

 HF death 3.99 (2.55–6.23) 2.31 (1.44–3.71) 1.78 (1.09–2.91) 1.00

 Urgent transplant 2.95 (2.03–4.30) 2.66 (1.83–3.87) 1.83 (1.23–2.73) 1.00

 Multivariate analysis (death or urgent transplant)* 2.02 (1.42–2.88) 1.39 (0.97–1.99) 1.37 (0.96–1.96) 1.00

2 years

 Death or urgent transplant 2.48 (2.03–3.02) 1.94 (1.58–2.37) 1.60 (1.30–1.97) 1.00

 All-cause mortality 2.38 (1.87–3.03) 1.69 (1.31–2.17) 1.54 (1.20–1.99) 1.00

 Sudden death 1.83 (1.17–2.86) 1.75 (1.13–2.71) 1.62 (1.05–2.51) 1.00

 HF death 3.67 (2.47–5.45) 2.27 (1.50–3.45) 1.76 (1.15–2.71) 1.00

 Urgent transplant 2.68 (1.91–3.78) 2.45 (1.74–3.44) 1.72 (1.20–2.45) 1.00

 Multivariate analysis (death or urgent transplant)* 1.87 (1.36–2.56) 1.37 (1.01–1.88) 1.33 (0.97–1.81) 1.00

Ischemic HF (n = 259) (n = 253) (n = 262) (n = 247)

1 year

 Death or urgent transplant 2.41 (1.77–3.30) 1.82 (1.31–2.51) 1.86 (1.35–2.56) 1.00

 All-cause mortality 2.94 (1.97–4.40) 1.97 (1.29–3.01) 2.30 (1.52–3.48) 1.00

 Sudden death 1.76 (0.88–3.54) 1.66 (0.83–3.34) 1.86 (0.94–3.68) 1.00

 HF death 5.34 (2.70–10.56) 3.10 (1.51–6.35) 2.90 (1.41–5.96) 1.00

 Urgent transplant 1.72 (1.04–2.85) 1.61 (0.97–2.66) 1.27 (0.75–2.16) 1.00

 Multivariate analysis (death or urgent transplant)* 2.73 (1.64–4.55) 1.30 (0.73–2.31) 1.85 (1.09–3.14) 1.00

2 years

 Death or urgent transplant 2.26 (1.71–2.98) 1.89 (1.42–2.50) 1.82 (1.37–2.41) 1.00

 All-cause mortality 2.63 (1.86–3.71) 2.03 (1.42–2.90) 2.12 (1.49–3.02) 1.00

 Sudden death 1.94 (1.01–3.69) 1.98 (1.05–3.74) 2.03 (1.08–3.80) 1.00

 HF death 4.25 (2.40–7.53) 2.64 (1.44–4.83) 2.50 (1.36–4.58) 1.00

 Urgent transplant 1.70 (1.07–2.71) 1.66 (1.05–2.64) 1.34 (0.83–2.16) 1.00

 Multivariate analysis (death or urgent transplant)* 2.37 (1.52–3.69) 1.37 (0.85–2.20) 1.69 (1.07–2.67) 1.00

Nonischemic HF (n = 280) (n = 298) (n = 291) (n = 271)

1 year

 Death or urgent transplant 2.76 (2.02–3.78) 2.09 (1.52–2.87) 1.36 (0.97–1.92) 1.00

 All-cause mortality 1.99 (1.36–2.90) 1.31 (0.88–1.96) 0.91 (0.59–1.40) 1.00

 Sudden death 1.27 (0.65–2.49) 1.41 (0.75–2.66) 1.00 (0.51–1.96) 1.00

 HF death 3.05 (1.67–5.57) 1.79 (0.94–3.39) 1.06 (0.52–2.14) 1.00

 Urgent transplant 5.39 (2.95–9.85) 4.70 (2.57–8.58) 2.90 (1.54–5.44) 1.00
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Outcomes SBP (mm Hg)

≤90
(n = 539)

91–100
(n = 551)

101–112
(n = 553)

≥113
(n = 518)

 Multivariate analysis (death or urgent transplant)* 1.66 (1.02–2.69) 1.49 (0.93–2.37) 1.00 (0.61–1.65) 1.00

2 years

 Death or urgent transplant 2.68 (2.02–3.56) 2.00 (1.50–2.67) 1.40 (1.03–1.89) 1.00

 All-cause mortality 2.12 (1.50–2.99) 1.41 (0.98–2.01) 1.08 (0.74–1.57) 1.00

 Sudden death 1.74 (0.94–3.22) 1.56 (0.85–2.87) 1.30 (0.70–2.41) 1.00

 HF death 3.13 (1.80–5.44) 1.98 (1.11–3.53) 1.18 (0.63–2.22) 1.00

 Urgent transplant 4.36 (2.57–7.38) 3.77 (2.23–6.38) 2.34 (1.35–4.07) 1.00

 Multivariate analysis (death or urgent transplant)* 1.62 (1.05–2.50) 1.39 (0.91–2.11) 1.04 (0.68–1.61) 1.00

*
Multivariate analysis (adjusted for age, LVEF, total cholesterol, gender, diabetes, pulmonary capillary wedge pressure, cardiac index, New York

Heart Association class, β-blocker use, angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker use, statin use, smoking history).
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