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Prognostic Value of Pulse Pressure in Heart Failure

Low Pulse Pressure
as a Predictor of Death

In Patients with Mild to Advanced Heart Failure

The prognostic value of pulse pressure has been investigated in heart-failure patients. Low
pulse pressure in advanced heart failure and high pulse pressure in mild heart failure have
been separately linked to increased mortality rates. We prospectively investigated an as-
sociation between pulse pressure and 2-year cardiovascular death in an entire heart-failure
population.

We prospectively enrolled 225 heart-failure patients (New York Heart Association [NYHA]
functional class, |-IV; mean age, 56.5 + 12.3 yr; 188 men). The patients’ blood pressures
were measured in accordance with recommended guidelines. Pulse pressures were calcu-
lated as the difference between systolic and diastolic blood pressure values. The patients
were monitored for a mean period of 670 + 42 days for the occurrence of cardiovascular
death.

All patients were divided into quartiles according to their pulse pressures (<35, 35-45,
46-55, and >55 mmHg). Pulse pressure decreased as NYHA class worsened (P <0.001).
Patients in the <35-mmHg quartile had the lowest plasma sodium concentrations, left
ventricular ejection fractions, and systolic myocardial velocities upon echocardiography;
and the highest left ventricular dimensions, early diastolic/late diastolic filling velocity ratios,
and peak early/peak late diastolic myocardial velocity ratios. Pulse pressure independently
predicted death in the patients with advanced heart failure and in the entire population.
Upon receiver operating characteristic analysis, a 30-mmHg cutoff value for pulse pres-
sure predicted death with 83.7% sensitivity and 79.7% specificity.

Pulse pressure is easily calculated and enables the prediction of cardiovascular death
in patients with mild to advanced heart failure. Pulse pressure can be used reliably as a
prognostic marker in clinical practice. (Tex Heart Inst J 2010;37(3):284-90)

ulse pressure (PP) is the difference between systolic and diastolic blood pres-
sure (BP) values. Pulse pressure markedly rises after the 5th decade of life, due
to arterial stiffening with increasing age."* Several studies have shown a close
relationship between high PP and the occurrence of cardiovascular (CV) death.*?
Furthermore, high PP is a risk factor for the development of coronary heart disease,
myocardial infarction, and heart failure in normotensive and hypertensive persons.**°
Data regarding the prognostic value of PP in patients with heart failure are limit
ed and controversial. The importance of PP was investigated in 2 large studies. The
SAVE" (Survival and Ventricular Enlargement) trial revealed a worse prognosis in pa-
tients with high PP and symptomatic or asymptomatic left ventricular (LV) systolic
dysfunction. The SOLVD" (Studies of Left Ventricular Dysfunction) trial found that
high PP independently predicted total and CV death in mild heart failure. However,
in both studies, patients in New York Heart Association (NYHA) functional classes I
and II constituted most of the population, and few patients had advanced heart failure
(NYHA classes III and IV). In other studies involving patients with advanced heart
failure, low PP was associated with high CV mortality rates.”"* We believed that fur-
ther study was warranted in order to elucidate the prognostic value of PP in an entire
heart-failure population. Accordingly, we investigated the association between PP and
2-year CV death in patients in whom the severity of heart failure ranged from mild to
advanced.

Patients and Methods

We enrolled 225 NYHA class I-IV heartfailure patients (mean age, 56.5 £ 12.3 yr;
188 men) in this prospective study. Inclusion criteria were substantially depressed LV
systolic function (LV ejection fraction [EF], <0.40) upon echocardiographic examina-
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tion and impaired exercise capacity before or at the time
of enrollment. Patients with renal failure (creatinine, >2
mg/dL), chronic obstructive pulmonary disease, atrial
or ventricular arrhythmias, left bundle branch block, a
history of recent acute coronary syndrome, or congen-
ital or valvular heart disease were excluded. Qualify-
ing patients were in stable overall condition for 4 weeks
or longer before enrollment, and all were on optimal
medical regimens. Seventy-two patients (32%) had un-
dergone coronary artery bypass surgery before enroll-
ment. Our local ethics committee approved the study,
and written informed consent was obtained from all
participants.

We recorded detailed histories of the 225 patients,
including demographic characteristics, CV risk factors,
and medication usage. The patients were divided into 2
groups according to their NYHA class (mild heart fail-
ure [class I-II] and advanced heart failure [class ITI—
IV]) and then into 4 NYHA classes in accordance with
their medical histories and the findings upon physical
examination.” Levels of serum lipids, glucose, high-sen-
sitivity C-reactive protein, blood urea nitrogen, creati-
nine, sodium, and potassium were measured by routine
laboratory methods. Blood pressures were measured
by sphygmomanometer in accordance with published
guidelines.” Pulse pressure was calculated as the differ-
ence between systolic and diastolic BP, and the patients
were divided accordingly into 4 quartiles (PP of <35,
35—45, 46-55, or >55 mmHg)."**¢

Echocardiographic Examination

All echocardiographic measurements were obtained
with the patients at rest. Standard echocardiograph-
ic examination, pulsed-wave Doppler, and tissue Dop-
pler imaging were performed on an ACUSON Sequoia™
ultrasound machine (Siemens Medical Solutions USA,
Inc.; Mountain View, Calif) with a 2.5- or 3.5-MHz
phased-array transducer. The mean of all recordings
from 3 consecutive cycles was used to drive the meas-
urements. M-Mode measurements of LV end-diastol-
icand end-systolic dimensions and volumes, ventricular
septal and posterior wall thicknesses, and left atrial end-
diastolic dimensions were made in accordance with the
recommendations of the American Society of Echocar-
diography.” Left ventricular EF was calculated by use of
the modified Simpson technique. Left ventricular dia-
stolic function was evaluated in the apical 4-chamber
view by means of pulsed-wave and tissue Doppler imag-
ing. The pulsed-wave Doppler imaging was performed
in order to measure transmitral flow values, including
the peak early diastolic filling velocity (E), the peak late
diastolic filling velocity (A), the early diastolic/late di-
astolic filling velocity (E/A) ratio, the E-wave deceler-
ation time, and the isovolumic relaxation time. The
tissue Doppler imaging was performed in order to mea-
sure systolic myocardial velocity (Sm), peak early dia-
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stolic myocardial velocity (Em), and peak late diastolic
myocardial velocity (Am). An Em/Am ratio was calcu-
lated at the end of expiration.

Follow-Up

The patients were monitored for 625 to 720 days (mean,
670 £ 42 d) for the occurrence of CV death (sudden
cardiac death or death due to decompensated heart fail-
ure, acute coronary syndromes, or arrhythmia).

Statistical Analysis

All analyses were performed with use of the SPSS 15.0
statistical software package (SPSS, Inc.; Chicago, IlI).
Continuous variables were presented as mean £ SD.
Analysis of continuous variables according to NYHA
class or PP quartile was performed by means of 1-way
analysis of variance or the Kruskal-Wallis test; post hoc
tests (Scheffé or Tamhane) were applied when indicat
ed. When dependent variables were binary, the Student
¢ test or Mann-Whitney test was used. Discrete vari-
ables were compared by x? analysis. Correlations be-
tween continuous variables were evaluated by means of
Pearson or Spearman rank correlation analysis. Mul-
tivariate logistic regression analysis was performed to
determine significant predictors of CV death and ad-
vanced heart failure. Variables that were significant in
univariate analysis at a P <0.1 level were entered into
our logistic regression analysis. A linear regression anal-
ysis was applied for LVEE. Receiver operator character-
istic (ROC) curve analysis was performed to identify
the optimal cutoff point of PP (at which sensitivity and
specificity would be maximal) for the prediction of CV
death. Areas under the curve (AUC) were calculated as
measures of the accuracy of the tests. We compared the
AUC with use of the Z test. A value of 2<0.05 was con-
sidered statistically significant. The data conformed to
each test by which they were analyzed.

Results

Table I shows the clinical, laboratory, and echocardio-
graphic characteristics of the study population ac-
cording to NYHA quartile. Systolic BP, diastolic BP,
mean BP, and PP decreased as NYHA class worsened
(each P <0.001). Severity of NHYA class was also as-
sociated with echocardiographic values of impaired
systolic and diastolic function. Among the study pop-
ulation, 142 patients were taking diuretics (63%);
128, B-blockers (57%); 198, angiotensin-converting en-
zyme (ACE) inhibitors or angiotensin receptor blockers
(88%); 72, digitalis (32%); and 92, spironolactone
(41%). Upon multivariate logistic regression analysis,
independent predictors of advanced heart failure were
determined to be LVEF (odds ratio [OR]=0.76; 95%
confidence interval [CI], 0.7-0.83; 2 <0.001) and sys-
tolic BP (OR=0.93; 95% ClI, 0.9-0.97; P <0.001).
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TABLE I. Clinical, Laboratory, and Echocardiographic Variables of the Study Population According to NYHA Quartile

Quartiles by NYHA Functional Class

Variable I (h=25) Il (h=84) 1 (n=77) IV (n=39) P Value
Age, yr 52.4+9.3 55.9+12.4 59.1+11.4 54.9+14.25 0.078
Female/male sex, n 2/23 14/70 12/65 9/30 0.117
Ischemic cause of HF 21 (84) 77 (92) 55 (71) 25 (64) 0.071
Smoking 12 (48) 33 (39) 19 (25) 15 (39) 0.181
Hypertension 9 (36) 42 (50) 30 (39) 22 (56) 0.417
Diabetes mellitus 10 (40) 29 (34.5) 30 (39) 13 (14) 0.833
Systolic BP, mmHg 127 £ 15°° 123 +23¢°¢ 107 £ 15° 98+ 12 <0.001
Diastolic BP, mmHg 83 £ 9% 78 + 11¢¢ 70+9 66+8 <0.001
Mean BP, mmHg 98 + 10 93 + 15¢¢ 82+ 10¢ 77+9 <0.001
Pulse pressure, mmHg 45 £ 10%° 46 £+ 15e¢ 37+ 11¢ 31+9 <0.001
Resting heart rate, beats/min 81 + 720 82 + 14¢9 89+17 92+ 15 0.001
Blood urea nitrogen, mg/dL 18.5+5.7 21.8+6.9 28.3+11.2 42.9+22.6 0.001
Creatinine, mg/dL 1.1 £0.16°° 113+0.43 1.2+0.3 1.4+£0.43 0.01
Plasma sodium, mmol/L 137 £3.1° 137 +4.5° 136 +4.2° 131+£5.2 <0.001
LV ejection fraction 0.35+0.05%° 0.35+0.05°¢ 0.28+0.05° 0.25+0.05 <0.001
LV mass index, g/m? 118 + 312° 136 + 42¢°4 159 + 39¢ 191 + 64 <0.001
Left atrial end-diastolic 44 £ 6°° 44.4 +6.3%¢ 50.5+6.6 52.4+5.9 <0.001
dimension, mm
LV E/A ratio 0.96 £0.78%° 1.6 +1.25¢ 2.03+1.34 248+1.12 <0.001
LV Sm, cm/s 11.2 £3.12° 9.8+3.4 87+27 8.6+2.6 0.001
LV Em/Am ratio 0.95+0.49°° 1.2+£0.7 1.63+0.92 1.562+0.92 0.004

A = peak late diastolic filling velocity; Am = peak late diastolic myocardial velocity; BP = blood pressure; E = peak early diastolic
filling velocity; Em = peak early diastolic myocardial velocity; HF = heart failure; LV = left ventricular; NYHA = New York Heart
Association; Sm = systolic myocardial velocity

P <0.05 between patients in NYHA classes:
aland Il

®land IV

|l and Il

41land IV

ellland IV

Data are expressed as mean + SD or as number and percentage. P <0.05 was considered statistically significant.

The median PP in the study population was 40
mmHg (range, 20-110 mmHg). Table II shows the
clinical characteristics and laboratory variables of the
patients according to PP quartile; Table III shows the
echocardiographic variables.

Significant positive correlations were found between
LVEF and BP (systolic, diastolic, and mean), PP, rest-
ing heart rate, body mass index, plasma sodium con-
centration, LV deceleration time, and LV Sm (each
P<0.001). Multivariate linear regression analysis showed
that the most important predictors of LVEF were systol-
ic BP (B=0.268, 2<0.001), body mass index (f=0.156,
P=0.008), left atrial end-diastolic dimension (f=—0.411,
P<0.001), and LV Sm (=0.161, P=0.004).

286 Prognostic Value of Pulse Pressure in Heart Failure

Twelve patients were lost to follow-up during the
study period. In the remaining 213 patients, 56 cardiac-
related deaths (26.3%) occurred: 42 in patients with a
PP of less than 35 mmHg, 9 in those with a PP of 35
to 45 mmHg, 3 in those with a PP of 46 to 55 mmHg,
and 2 in those with a PP greater than 55 mmHg. Upon
univariate analysis, predictors of death in the entire pop-
ulation were high heart rate, NYHA class, LV and left
atrial dimensions, blood urea nitrogen and creatinine,
lower body mass index, PP, BP (systolic, diastolic, and
mean), and LVEF (each 2 <0.01). Older age, ischemic
heart failure, digoxin use, and lack of B-blocker or ACE-
inhibitor therapy were also related to CV death (each
P <0.01). Multivariate logistic regression analysis re-
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TABLE Il. Clinical and Laboratory Variables of Study Population According to Pulse-Pressure Quartile

Pulse Pressure, mmHg

Variable <35 (n=84) 35-45 (n=84) 46-55 (n=32) >55 (n=25) P Value
Age, yr 54.5+13.9° 55.7 £ 11.1° 59.9+11.4 61.2+8.7 0.029
Female/male sex, n 11/73 15/69 8/24 3/22 0.542
Body mass index, kg/m? 25.3+£3.5°¢ 26.3+4.1° 27.6+4.8 29.2+3.2 <0.001
NYHA class (I-1V) 3+0.8%0° 24+0.9 2.3+0.7 21+0.7 <0.001
Ischemic cause of HF 61(73) 71 (85) 26 (81) 20 (80) 0.092
Smoking 31(37) 31 (37) 8 (25) 9 (36) 0.541
Hypertension 25 (30)° 31 (37)° 23(72) 24 (96) <0.001
Diabetes mellitus 26 (31) 31(37) 14 (44) 11 (45) 0.13
Systolic BP, mmHg 96 £ 9.5%P° 115 £ 10%¢ 126 £ 12° 153+£19 <0.001
Diastolic BP, mmHg 69 + 92bc 74 +10¢° 76 + 12 86+ 13 <0.001
Mean BP, mmHg 78 £ 92b° 88+ 10° 93 + 12 108 £ 14 <0.001
Resting heart rate, beats/min 89 + 15° 83+ 12 90+ 24 84 +12 0.028
Blood urea nitrogen, mg/dL 42.5 +5.5%¢ 38.4+£6.4° 33.2+£4.2 22.9+6.6 0.002
Creatinine, mg/dL 1.2+£04 1.16 £ 0.31 1.1+0.28 1.2+ 0.56 0.183
Plasma sodium, mmol/L 127 £5.5 133 £ 5.12P¢ 136+ 4 138+3.5 <0.001
Total cholesterol, mmol/L 175+ 29 166 + 42 160 +44 182 £ 47 0.936
HDL cholesterol, mmol/L 35+7 36+8 35+ 10 39+ 21 0.119
LDL cholesterol, mmol/L 57 £ 35 68+ 38 85+76 96+48 0.324
Triglycerides, mg/dL 124 + 67 1562 + 105 155+ 91 178 £ 113 0.166

BP = blood pressure; HDL = high-density lipoprotein; HF = heart failure; LDL = low-density lipoprotein; NYHA = New York

Heart Association

P <0.05 between patients in pulse-pressure quartiles:

<35 and 35-45
®<35 and 46-55
°<35 and >55
935-45 and 46-55
°35-45 and >55
f46-55 and >55

Data are expressed as mean + SD or as number and percentage. P <0.05 was considered statistically significant.

vealed independent predictors in the entire population
to be PP, LVEF, plasma sodium level, and heart rate,
adjusted for univariate predictors (Table IV). Every
1-mmHg decrease in PP increased the risk of death by
24.2%. Furthermore, PP, LVEF, and plasma sodium
level independently predicted death in the 178 patients
with ischemic heart failure (Table IV).

In the patients with advanced heart failure, 48 cardiac-
related deaths occurred, and the only independent pre-
dictor of death in this group was PP (OR=0.85; 95%
CI, 0.79-0.916; <0.001). However, in the group with
mild heart failure, 8 patients died of CV causes, and no
independent predictor of death was found.

Upon ROC curve analysis, PP had the best discrimi-
natory power among variables that were investigated for
the occurrence of death in the entire population. The
AUC value in predicting death was 0.892 for PP, 0.809
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for LVEF, 0.777 for plasma sodium level, and 0.647 for
resting heart rate (Table V). Figure 1 shows the cor-
responding ROC curves. Statistically significant AUC
differences were found between the variables, except be-
tween LVEF and plasma sodium level. The ROC curve
analysis for PP had the highest AUC value, and heart rate
had the lowest. Therefore, the most significant AUC dif-
ference was found between PP and heart rate (2<0.001).
A 30-mmHg cutoff value for PP predicted death with a
sensitivity of 83.7% and a specificity of 79.7%.

Discussion

Our study showed that low PP independently predict
ed CV death in patients with mild to advanced heart
failure. Furthermore, low PP was closely associated with
worsening echocardiographic and clinical values.
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TABLE Ill. Echocardiographic Variables of Study Population According to Pulse-Pressure Quartile

Pulse Pressure, mmHg

Variable <35 (n=84) 35-45 (n=84) 46-55 (n=32) >55 (n=25) P Value
Septal wall thickness, mm 9.1+1.5° 9.4+1.2 9.9+1.9 10.4+2.1 0.001
LV posterior-wall thickness, mm 8.9+ 1.1° 9.1+1 95+1.5 9.7+14 0.018
LVEDD, mm 67.9+8.9° 64.3+7.9 63.9+8.5 63.7+5.7 0.01
LVESD, mm 57.9 £ 10%°¢ 52.9+9 52.4+9.6 50.1+£7.2 <0.001
LV ejection fraction 0.28+£0.06%"° 0.32£0.06° 0.33+0.05 0.36+0.05 <0.001
LV mass index, g/m? 147 £ 63 130+ 44 137 £ 54 165+ 50 0.158
Left atrial EDD, mm 50 £ 6.4° 461173 46.9+7.3 475+7 0.005
LV deceleration time, ms 156 + 66°° 181+ 64 187 £ 46 205+ 59 0.002
I_.\/ isovolumic relaxation 94 £ 27 104 + 28 99 £ 31 105+ 21 0.078
time, ms
LV E/A ratio 2.2 +£1.36%P° 1.68+1.28 1.64+1.19 112+0.72 0.001
LV Sm, cm/s 85 + 23°° 94 £ 29 106 £43 106 £ 35 0.002
LV Em/Am ratio 1.48+0.91°¢ 1.32+£0.79¢ 1.07 £0.55 0.97 £0.62 0.016

A = peak late diastolic filling velocity; Am = peak late diastolic myocardial velocity; E = peak early diastolic filling velocity; EDD = end-di-
astolic dimension; Em = peak early diastolic myocardial velocity; LV = left ventricular; LVEDD = left ventricular end-diastolic dimension;
LVESD = left ventricular end-systolic dimension; Sm = systolic myocardial velocity

P <0.05 between patients in pulse-pressure quartiles:
<35 and 35-45

°<35 and 46-55

°<35 and >55

935-45and > 55

Data are expressed as mean + SD. P <0.05 was considered statistically significant.

TABLE IV. Multivariate Logistic Regression Analysis for the Prediction of Cardiovascular Death

All Patients Patients with Ischemic HF (n=178)
Variable OR 95% ClI P Value OR 95% ClI P Value
Pulse pressure 0.805 0.738-0.878 <0.001 0.812 0.737-0.894 <0.001
LV ejection fraction 0.859 0.775-0.951 0.003 0.864 0.776-0.961 0.007
Plasma sodium 0.833 0.727-0.955 0.009 0.867 0.766-0.983 0.026
Heart rate 1.05 1.008-1.094 0.02 — — NS

Cl = confidence interval; HF = heart failure; LV = left ventricular; NS = not significant; OR = odds ratio

P <0.05 was considered statistically significant.

Pulse pressure has been previously correlated with ar-
terial compliance and with hemodynamic factors such
as stroke volume and peak aortic blood flow. Left ven-
tricular systolic dysfunction reduces stroke volume and
therefore also PP and systolic BP. Several studies have
shown a positive correlation between low PP and di-
minished cardiac index (<2.2 L/min/m?).*****' Fagard
and colleagues® reported a positive and independent
association between low PP and low LVEF, and our
results confirm these observations. We also found a
positive correlation between LVEF and BP (systolic, di-

288 Prognostic Value of Pulse Pressure in Heart Failure

astolic, and mean), and between LVEF and PP. A recent
study reported a correlation between PP and LVEF, but
only in patients with nonischemic heart failure.” In our
study, lower systolic BP positively correlated with lower
LVEEF in all patients, and patients with a PP below 35
mmHg had the lowest LVEFs and the highest heart
rates. Our findings are consistent with those of the re-
cent study.”®

Well-recognized factors that affect the mortality rate
in heart failure are older age, diabetes mellitus, renal
failure, severe NYHA class, low LVEF, maximal oxy-
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TABLE V. Receiver Operating Characteristic Analysis of Variables in Predicting Cardiovascular Death

Area Under Curve

Variable (95% Cl) P Value Cutoff Sensitivity (%) Specificity (%)
Pulse pressure 0.892 (0.838-0.946) <0.001 30 mmHg 83.7 79.7
LV ejection fraction 0.809 (0.733-0.884) <0.001 0.30 76.7 69.5
Plasma sodium 0.777 (0.699-0.856) <0.001 135 mmol/L 62.1 66.9
Heart rate 0.647 (0.545-0.749) 0.004 85 beats/min 58.1 61.9

Cl = confidence interval; LV = left ventricular

P <0.05 was considered statistically significant.
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Fig. 1 The receiver operator characteristic curve for pulse pres-
sure, left ventricular ejection fraction (LVEF), plasma sodium
level, and heart rate in the prediction of cardiovascular death.

gen consumption, low levels of plasma sodium, and
high levels of natriuretic peptide.” Our results revealed
that PP, LVEF, plasma sodium level, and heart rate are
independent predictors of CV death—and that PP is
the most important.

Available data on the relationship between PP and the
prognostication of heart failure are limited and contro-
versial. To our knowledge, there are no reports of PP’s
use in clinical practice for the prediction of heart failure.
In 2 large studies,"" high PP predicted adverse CV out
comes in patients with mild heart failure: the SAVE in-
vestigators showed that high PP is a predictor of worse
outcome in patients who have asymptomatic LV systol-
ic dysfunction," and the SOLVD investigators reported
that high PP was an independent predictor of total and
CV death in patients with mild heart failure.” Howev-
er, relatively few patients in either study had advanced
heart failure. Other investigators reported that low PP
independently predicted higher CV mortality rates in
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patients with advanced and decompensated heart fail-
ure, but not in patients with mild heart failure."*"® After
observing significantly short survival durations in pa-
tients with advanced heart failure who had a PP of 35
mmHg or less, Voors and co-authors" proposed that
low PP indicated decreased cardiac function, and that
adverse outcome in these patients was linked to wors-
ening of that function. In another study," although PP
independently predicted hospitalization rates of patients
with ischemic and nonischemic heart failure, it indepen-
dently predicted death only in the nonischemic group.
The different results regarding the prognostic value of
PP may be due to different characteristics of the study
populations. Higher PP has been associated with high-
er mortality rates in patients who were in NYHA class
I-1I, and lower PP has been associated with higher mor-
tality rates in patients who were in NYHA class III-IV.
In mild heart failure, a high PP is probably the result of
vascular stiffening or decreased aortic elasticity, which
indicates atherosclerosis and therfore a poorer progno-
sis, whereas in advanced heart failure, low PP chiefly
indicates decreased cardiac function and an associat-
ed adverse prognosis. Previous studies of the prognos-
tic value of PP in heart failure were performed only in
specific patient groups—those with only mild or only
advanced heart failure. Therefore, the prognostic value
of PP is less clear when all NYHA classes are consid-
ered. In our study, we included subjects from all NYHA
classes, but we observed low PP only in patients who
were experiencing advanced heart failure. We found an
independent association between low PP and CV mor-
tality rates, not just in patients with advanced heart fail-
ure, but in the entire study population. In addition, we
discovered that low PP independently predicts death in
ischemic heart failure—a novel finding. Other investi-
gators who used PP quartiles or tertiles and regression
analysis reported that patients in the low PP quartile
(<35 mmHg) experienced higher CV mortality rates.”
141¢ However, no ROC curve analysis was performed in
those trials, and no optimal PP cutoff point was identi-
fied for the prediction of CV death. In our analysis of
predictors of CV death, the ROC curve analysis for PP
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had the highest AUC value and was more statistically
significant than LVEF, heart rate, and plasma sodium
level. The cutoff PP value of 30 mmHg was highly pre-
dictive of CV death.

Our study has some limitations. The sample size of
the study is relatively small. The number of patients
with mild heart failure was too small to determine sta-
tistical significance for CV death; therefore, our results
cannot be used to predict death in that group. Finally,
we did not consider N-terminal pro-B-type natriuret-
ic peptide and maximal oxygen consumption, which
might have some influence on prognosis.”*

Conclusion

Pulse pressure is easily calculated, and it enables the pre-
diction of CV death in patients who have mild to ad-
vanced heart failure. We believe that PP can be used
reliably as a prognostic marker in daily clinical prac-
tice. However, our results need to be confirmed in larg-
er study populations.
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