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AbStrACt

background In patients with cardiovascular disease, a high pulse pressure is related to 
an increased risk of cardiovascular events but in patients with advanced heart failure, a 
low pulse pressure is predictive of adverse (cardiovascular) events.
Aim We studied the prognostic importance of pulse pressure in a group of post myocar-
dial infarction patients, with and without signs and symptoms of heart failure. Subjects 
had been randomised in the CAPRICORN clinical trial, and followed up for a mean of 1.3 
years.
methods Blood pressure was measured in 1,955 patients with a left ventricular ejection 
fraction ≤40%, between 3 and 21 days post myocardial infarction. Cox proportional 
survival models were reproduced for those with Killip Class I (n=1342) versus classes II/
III/IV heart failure (n=613).
results Overall mean (SD) age was 63 (12) years, mean (SD) left ventricular ejection 
fraction 33 (6)%, mean (SD) baseline blood pressure was 121 (17)/74 (10) mmHg and 
most (73%) were male. In patients with Killip Class 1, pulse pressure was not predictive 
for any outcome. However in patients with Killip Class II-IV, a low pulse pressure inde-
pendently predicted all cause mortality (HR 0.83 per 10mmHg; CI 0.71-0.98; p=0.025), 
cardiovascular mortality (HR 0.83 per 10mmHg; CI 0.70-0.98; p=0.025) and sudden death 
(HR 0.77 per 10mmHg; CI 0.60-1.00; p=0.047). A lower pulse pressure did not predict 
hospitalisation for worsening heart failure
Conclusion A low pulse pressure is an independent predictor of mortality in subjects 
with depressed left ventricular ejection fraction after a recent myocardial infarction and 
evidence of Killip Class II-IV heart failure.
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introDuCtion

In the general population and in patients with cardiovascular disease, an elevated pulse 
pressure is related to increased vascular stiffness and a poorer prognosis. We and others 
have recently demonstrated that in advanced chronic systolic heart failure1-4 and de-
compensated heart failure5 a low pulse pressure has been related to a poorer prognosis. 
In patients after an acute myocardial infarction, but without signs of heart failure an 
elevated pulse pressure has been found to be an independent predictor of survival.6 The 
predictive value of pulse pressure in subjects with left ventricular dysfunction second-
ary to a recent myocardial infarction and with clinical evidence of heart failure is not 
well defined. The Carvedilol Post Infarct Survival Control in LV Dysfunction (CAPRICORN) 
study tested the hypothesis that the addition of carvedilol to standard management of 
acute myocardial infarction in patients with left ventricular dysfunction with or without 
heart failure would improve outcome. We aimed to assess the prognostic importance of 
pulse pressure in this contemporary cohort of patients with a recent myocardial infarc-
tion and evidence of left ventricular dysfunction including a proportion of subjects with 
symptomatic heart failure.

methoDS

Patients

We assessed the prognostic significance of pulse pressure and mean arterial pressure, 
according to baseline manually determined blood pressure from the 1959 patients 
randomised in the CAPRICORN clinical trial.7 Pulse pressure was calculated as the arith-
metic difference between systolic and diastolic blood pressure. Initial blood pressure 
was measured for study screening and if other inclusion criteria were met then a repeat 
blood pressure measurement was taken at baseline, prior to initiation of blinded study 
medication. Complete blood pressure (BP) measurements were available in 1955 sub-
jects and four subjects had no Killip Class assessment. CAPRICORN was a multi centre, 
double blind placebo controlled trial that randomized patients between 3 and 21 days 
post myocardial infarction (MI) and with a left ventricular ejection fraction ≤40%, to 
carvedilol or placebo. Concurrent treatment with angiotensin converting enzyme (ACE) 
inhibitor > 48 hours, with the dose being stable for > 24 hours was mandated unless 
there was a proven intolerance. Major exclusion criteria included continued requirement 
for intravenous inotropic therapy, systolic blood pressure <90 mmHg or uncontrolled 
heart failure. Ongoing myocardial ischaemia, significant valve disease and bradycardia 
(heart rate <60 beats per minute) were also exclusion criteria. The primary end points 
were all cause mortality and a composite of all cause mortality and cardiovascular-cause 



52 Chapter 4

hospital admission. Over a mean follow up of 1.3 years there were 151 deaths in the pla-
cebo group and 116 in the treatment arm; 243 deaths were classified as cardiovascular, 
120 as sudden deaths and there were 256 hospitalisations for worsening heart failure. 
Most (n = 1342) patients had Killip class 1 heart failure i.e. left ventricular systolic dys-
function (LVSD) but without clinical signs of heart failure. Killip Class II (n = 556) included 
individuals with rales or crackles in the lungs, a 3rd heart sound or an elevated jugular 
venous pressure. Killip Class III describes those with frank pulmonary oedema (crackles 
≥ 50% of lung field) and accounted for 51 patients. Only 6 patients were in Killip Class IV 
defined as cardiogenic shock or hypotension (systolic blood pressure <90 mmHg) and 
evidence of peripheral hypoperfusion.

Statistical analysis

Baseline characteristics were compared across quartiles of pulse pressure and mean 
arterial pressure (test for trend), using analysis of variance for continuous variables 
and logistic regression for categorical variables. Cox proportional hazard analyses were 
performed for all cause mortality, cardiovascular mortality, sudden death and hospitali-
sation for heart failure. In addition models were reproduced for those in Killip Class I at 
baseline versus Killip Class II-IV. Pulse pressure and mean arterial pressure were adjusted 
for other baseline risk factors and study treatment (carvedilol). No stepwise selection was 
used. Values were expressed as mean (SD) for continuous variables and percentages for 
dichotomous variables. A p-value of < 0.05 was considered as statistically significant and 
all tests were 2-sided. SAS (SAS Institute, Cary, NC) was used for all statistical analyses.

reSultS

baseline characteristics

Mean (SD) age was 63 (12) years, mean (SD) left ventricular ejection fraction was 33 (6) %, 
mean (SD) blood pressure was 121 (17)/74 (10) mmHg and 73% were male. Intravenous 
diuretics and nitrates were required in one third and three quarters respectively during 
the index MI, virtually all (98%) were on angiotensin converting enzyme (ACE) inhibitors 
and the site of the index myocardial infarction was anterior in 57%. As previously stated, 
patients were randomised between 3 and 21 days post myocardial infarction, if other 
key inclusion criteria were met.8 Table 1 shows baseline characteristics for all patients in 
the CAPRICORN study and then when dichotomised by Killip Class. Killip Class II-IV were 
more often female, diabetic and receiving diuretics and digoxin.

Table 2 shows baseline patient characteristics by quartiles of pulse pressure. Increas-
ing pulse pressure was significantly associated with advancing age, decreasing resting 
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table 1. Baseline characteristics for all in Capricorn Study, then by Killip Class

factor All patients
n = 1959

Killip Class i
n = 1342

Killip ii-iv
n = 613

p-value

Pulse Pressure (mmHg) 47.6 (12.5) 47.0 (12.3) 49.0 (12.8) 0.0008

Mean Arterial Pressure (mmHg) 89.4 (11.3) 89.2 (11.3) 89.9 (11.2) 0.25

Systolic Blood Pressure (mmHg) 121.2 (16.7) 120.5 (16.7) 122.5 (16.7) 0.015

Diastolic Blood Pressure (mmHg) 73.6 (10.1) 73.6 (10.1) 73.5 (10.3) 0.92

Age (years) 63.2 (11.5) 62.2 (11.6) 65.2 (10.9) <0.0001

Ejection Fraction (%)
Heart Rate (beats/minute)
Creatinine (mmol/l)

32.8 (6.4)
77.3 (11.3)
109.7 (29.5)

33.1 (6.1)
76.6 (11.0)
108.1 (27.2)

32.1 (6.9)
78.8 (11.8)
113.1 (33.8)

0.0019
<0.0001
0.0009

Male 1440 (73.5) 1009 (75.2) 428 (69.8) 0.013

Current Smokers 645 (32.9) 473 (35.2) 170 (27.8) 0.001

History of heart failure 936 (47.8) 569 (42.4) 367 (59.9) <0.0001

History of hypertension 1055 (53.9) 719 (53.6) 334 (54.5) 0.71

Previous myocardial infarction 589 (30.1) 375 (27.9) 213 (34.7) 0.0023

History of diabetes 437 (22.3) 263 (19.6) 172 (28.1) <0.0001

ACE* inhibitor at randomisation 1908 (97.4) 1314 (97.9) 591 (96.4) 0.051

Aspirin at randomisation 1685 (86.0) 1163 (86.7) 520 (84.8) 0.28

Calcium antagonist at randomisation 71 (3.6) 46 (3.4) 25 (4.1) 0.48

Digoxin at randomisation 166 (8.4) 82 (6.1) 82 (13.4) <0.0001

Diuretic at randomisation 762 (38.9) 425 (31.7) 336 (54.8) <0.0001

Randomised to study treatment (Carvedilol) 984 (50.2) 670 (49.9) 312 (50.9) 0.69

Notes to table I
Unless otherwise stated, continuous data are expressed as mean (SD), whereas categorical data are ex-
pressed as percentages.
* angiotensin converting enzyme

figure 1. Kaplan –Meier survival curve of all cause mortality according to Killip Class at baseline
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heart rates, female gender, diabetes mellitus, a past history of heart failure and a greater 
percentage of subjects with Killip Class II-IV at baseline. All cause mortality was 13.6 % 
for the whole study group. In Killip Class I there were 146 deaths (10.9%), of which 130 
were cardiovascular cause and 71 classified as sudden deaths. There were 119 deaths 
(19.4%) in those with Killip Class II-IV; 112 cardiovascular cause and 48 classified as sud-
den death. Figure 1 illustrates a Kaplan-Meier survival curve when split by baseline Killip 
Class.

table 2. Patient Characteristics by Quartiles of Pulse Pressure

factor First Quartile 
(n=390)

Second Quartile 
(n=599)

Third Quartile 
(n=493)

Fourth Quartile 
(n=474)

p-value

Range of pulse pressure 
(mmHg)

18 to 39 40 to 46 47 to 55 56 to 125 -

Age (years) 58.3 (11.1) 62.0 (11.6) 64.7 (10.8) 67.0 (10.6) <0.0001

SBP* (mmHg) 104.3 (9.2) 114.0 (9.4) 124.9 (10.9) 140.2 (13.3) <0.0001

DBP† (mmHg) 72.3 (9.0) 72.3 (9.3) 74.2 (10.6) 75.6 (11.1) <0.0001

HR‡ 78.7 (11.5) 76.9 (11.3) 77.0 (10.6) 76.9 (11.8) 0.033

MAP§ (mmHg) 83.0 (8.8) 86.2 (9.3) 91.1 (10.7) 97.1 (11.2) <0.0001

EF║ 31.8 (6.9) 32.9 (6.4) 33.1 (6.1) 33.2 (6.1) 0.001

Killip Class I (vs II/III/IV)
Creatinine (mmol/l)

292 (75)

104.6 (28.8)

407 (68)

108.1 (27.3)

334 (68)

111.1 (27.6)

307 (65)

113.5 (31.9)

0.003

<0.0001

Male 305 (78) 463 (77) 359 (73) 310 (65) <0.0001

Current smoker 168 (43) 227 (38) 142 (29) 108 (23) <0.0001

History of heart failure 165 (42) 269 (45) 243 (49) 258 (54) 0.0001

History of hypertension 149 (38) 264 (44) 288 (58) 352 (74) <0.0001

Previous MI¶ 105 (27) 175 (29) 152 (31) 157 (33) 0.039

History of diabetes 76 (19) 106 (18) 120 (24) 134 (28) <0.0001

ACE# inhibitor 375 (96) 581 (97) 487 (99) 463 (98) 0.064

Aspirin 327 (84) 520 (87) 432 (88) 404 (85) 0.59

Calcium antagonist 12 (3) 13 (2) 20 (4) 25 (5) 0.021

Digitalis 32 (8) 47 (8) 36 (7) 49 (10) 0.29

Diuretic 143 (37) 202 (34) 197 (40) 220 (46) 0.0002

Notes to table 2
Unless otherwise stated, continuous data are expressed as mean (SD), whereas categorical data are ex-
pressed as percentages.
* systolic blood pressure
†diastolic blood pressure
‡ heart rate (beats per minute)
§ mean arterial pressure
║ejection fraction (percent)
¶ myocardial infarction
# angiotensin converting enzyme
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multivariable Analyses

Using Cox proportional hazard analyses, the prognostic value of pulse pressure for 
all cause mortality, cardiovascular cause mortality, sudden death and hospitalisation 
for heart failure, was adjusted for other baseline risk factors including mean arterial 
pressure, heart rate and study treatment (carvedilol). Table 3 shows Cox proportional 
hazard analyses for all cause mortality for those subjects in Killip Class I at baseline 
versus those in Killip Class II-IV. Pulse pressure was not a prognostic indicator in Killip 
Class I, but for those in Killip Class II-IV, then a low pulse pressure predicted all cause 
mortality (HR 0.83 per 10 mmHg; CI 0.71-0.98; p=0.025). Similar models were reproduced 
for cardiovascular mortality, sudden death and hospital admission for heart failure, for 
subjects with Killip Class II-IV at baseline. A low pulse pressure independently predicted 
cardiovascular mortality (HR 0.83 per 10mmHg; CI 0.70-0.98; p=0.025) and sudden death 
(HR 0.77 per 10mmHg; CI 0.60-1.00; p=0.047). A lower pulse pressure did not predict 
hospitalisation for worsening heart failure. In those with Killip Class II-IV heart failure, 

table 3. Cox proportional hazard analysis for all cause mortality for those subjects in Killip Class I and Killip 
Class II-IV at baseline.

Killip Class Killip 1 Killip II- IV

Factor hazard ratio (95% Ci) p- value hazard ratio (95% Ci) p-value

Pulse Pressure (10 mmHg) 0.99 (0.85-1.16) 0.899 0.83 (0.71-0.98) 0.025

Mean arterial Pressure (10 mmHg) 0.99 (0.83-1.17) 0.894 1.24 (1.03-1.50) 0.024

Age (years) 1.02 (1.01-1.04) 0.006 1.03 (1.01-1.05) 0.007

Heart rate 1.01 (0.99-1.02) 0.376 1.01 (1.00-1.03) 0.06

Ejection fraction 0.98 (0.95-1.00) 0.082 0.97 (0.94-0.99) 0.010

Male gender 0.88 (0.60-1.29) 0.515 0.50 (0.34-0.74) <0.001

Current smoker 1.05 (0.70-1.59) 0.810 1.18 (0.71-1.95) 0.529

History of diabetes 1.30 (0.89-1.92) 0.176 1.23 (0.83-1.83) 0.305

History of hypertension 0.80 (0.55-1.16) 0.236 1.22 (0.79-1.87) 0.366

Previous MI 2.47 (1.75-3.48) <0.0001 1.85 (1.26-2.73) 0.001

History of heart failure 1.15 (0.80-1.66) 0.444 0.95 (0.62-1.46) 0.819

ACE inhibitor use 0.51 (0.20-1.26) 0.145 0.93 (0.37-2.36) 0.877

Aspirin use 0.71 (0.45-1.11) 0.128 1.19 (0.70-2.02) 0.524

Calcium anatagonist use 1.04 (0.48-2.26) 0.924 0.92 (0.33-2.56) 0.868

Digitalis use 1.07 (0.60-1.91) 0.808 1.70 (1.06-2.72) 0.027

Diuretic use 1.53 (1.06-2.21) 0.022 1.06 (0.68-1.65) 0.787

Treatement (carvedilol) 0.84 (0.61-1.17) 0.304 0.68 (0.47-0.99) 0.045

Notes to table 3
Unless otherwise stated, continuous data are expressed as mean (SD), whereas categorical data are ex-
pressed as percentages.
* Myocardial infarction
† Angiotensin converting enzyme
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treatment with carvedilol was associated with a lower mortality (HR 0.68 per 10mmHg; 
CI 0.47-0.99; p=0.046), principally due to a reduction in cardiovascular mortality (HR 0.66 
per 10mmHg; CI 0.44-0.97; p=0.035).

DiSCuSSion

The main findings of these post-hoc analyses of the CAPRICORN clinical trial are that a 
low pulse pressure is an independent predictor of mortality (principally cardiovascular) 
in subjects with left ventricular systolic dysfunction after a myocardial infarction, but 
only in those with clinical signs of heart failure. This was independent of mean arterial 
pressure, heart rate and ejection fraction in the multivariate model. In the Windkessel 
model of the vascular tree, pulse pressure is related to stroke volume/compliance.9 As 
stroke volume equals cardiac output/heart rate; heart rate is thus critical to the deri-
vation of pulse pressure. Higher heart rates are associated with increased mortality in 
heart failure and post infarct patients,10 but in this analysis the effect of pulse pressure 
on mortality appears to be independent to that of heart rate. Low ejection fraction is a 
predictor of mortality in post myocardial infarction subjects and systolic heart failure11-12 
and lower ejection fraction is associated with reduced stroke volume, which in turn af-
fects pulse pressure. However in our analyses the effect of low pulse pressure was also 
independent of ejection fraction in the multivariate model. We did not have other echo-
cardiographic data such as end diastolic or systolic volumes which may affect outcome. 
Renal function is a powerful predictor of outcome in such patients13 but when renal 
function, was entered into the cox proportional model, low pulse pressure remained 
predictive of mortality.

CAPRICORN is a well characterised and contemporary patient group with nearly univer-
sal ACE inhibitor usage and of course half the study population taking the beta blocker 
carvedilol, currently recommended in chronic heart failure guidelines.14 This is impor-
tant as both these types of drugs may act as confounders due to their possible effect 
on haemodynamics and thus pulse pressure. The novel findings of these analyses are 
that by characterising subjects by Killip Class determines whether or not (a low) pulse 
pressure predicts mortality. This information is readily available, as obtained everyday 
by the bedside in clinical practice. Our findings seem to be in contrast with the post hoc 
analyses of the Survival And Ventricular Enlargement (SAVE) investigators who noted 
an increased pulse pressure to independently predict cardiovascular events in 2231 
patients between 3-16 days post myocardial infarction with a left ventricular ejection 
fraction ≤ 40%.6 However, in that study, no distinction was made between symptomatic 
and asymptomatic left ventricular dysfunction. Although in both SAVE and CAPRICORN 
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the mean ejection fraction was similar at approximately 32% and with comparable rates 
of previous myocardial infarction, in the CAPRICORN study nearly a third of subjects 
had clinical evidence of heart failure at randomisation. Our findings also differ from the 
SOLVD investigators; in the Studies Of Left Ventricular Dysfunction (SOLVD), subjects 
with either asymptomatic left ventricular systolic dysfunction or mild symptomatic 
heart failure (New York Heart Association Class II) both a higher pulse pressure and a 
lower mean arterial pressure were independent predictor of survival, over a mean follow 
up of 5 years.15 In contrast, with more advanced but clinically stable, systolic chronic 
heart failure (NYHA Class III and IV) and decompensated acute heart failure, a lower 
pulse pressure predicts mortality.1-5 It is intriguing that across similar levels of ejection 
fraction and other clinical variables, the ability of the haemodynamic entity of “pulse 
pressure” (and the “direction” in which it predicts outcome) depends on whether or not 
one has symptomatic heart failure. This has been defined by NYHA Class for those with 
chronic systolic heart failure or by Killip Class for those with more “acute heart failure” 
following a recent myocardial infarction. In stable but advanced systolic heart failure, 
Yildiran et al. noted in a multivariate analysis, low pulse pressure was the only predictor 
of death. In addition, low pulse pressure was related to echocardiographic indices of 
poor systolic function.5

Pulse pressure is determined by both cardiac components (stroke volume, heart rate, rate 
of left ventricular ejection) as well as properties of the arterial circulation, such as aortic 
distensibility and peripheral vascular tone.9 For any given ventricular ejection fraction 
and heart rate, these properties of the arterial wall and wave reflection represent the 
major determinants of pulse pressure. What determinant of pulse pressure at any given 
point in time is the most crucial with regards to prognosis, is likely to depend on the 
clinical scenario. The observed paradox or “reverse epidemiology” whereby a low pulse 
pressure predicts outcome in more advanced heart failure, may be in part related to the 
relationship between the failing heart and the arterial system (i.e. ventricular-vascular 
interactions).

In our analyses of CAPRICORN we noted that in addition to a lower pulse pressure, a 
higher mean arterial pressure predicted mortality (HR 1.24 per 10 mmHg; CI 1.03-1.50; 
p=0.0246), and this was only for those with symptomatic heart failure. If pulse pressure 
falls but at the same time mean arterial pressure rises, then this has to be due to an 
increase in diastolic pressure. Coronary perfusion occurs in diastole, and perhaps any 
increase in diastolic pressure is a protective mechanism to maintain coronary perfusion. 
As one develops more symptomatic heart failure with alterations in peripheral vascular 
tone, there may be a net lowering in pulse pressure, and controlling for a certain level of 
mean arterial pressures, these changes must involve an increase in diastolic blood pres-
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sure. The lower pulse pressure seen in subjects with clinical evidence of heart failure may 
simply be a “marker” of lack of contractile reserve. However pulse pressure derivation is 
systematically related by time domain parameters such as heart rate, ejection fraction 
and duration, as well as factors related to the arterial circulation that subsequently 
influence wave reflections to the heart. As such, unraveling the nature of this “marker” 
requires controlling for many confounders.

This present study adds to the existing literature that in patients with advanced sys-
tolic heart failure, and in acute myocardial infarction patients with clinical signs of heart 
failure, a low pulse pressure is a strong and independent predictor of outcome.

Study limitations

The present study is limited by the post hoc nature of its analyses. Such sub-group 
analyses can generate controversial data because multiplication of statistical analyses 
can produce uncertain results. As such non-prespecified subgroup analyses are merely 
hypothesis-generating, and the validity of this data analysis would need to be tested in 
a prospective validation set. Patients in clinical trials may be different from those in the 
population at large and this may represent selection bias. Blood pressure measurement 
was taken with a standard sphygmomanometer, from a cuff measurement from the bra-
chial artery. This was either obtained manually or with standard automated recorders. We 
do not have details regarding any specific training of study personnel in blood pressure 
measurement. It is likely that blood pressure measurements were non-standardized for 
patient position (supine versus sitting), side (dominant versus non dominant arm) and 
cuff size and to note that blood pressure was not a primary end point in the Capricorn 
study. It is not known whether the blood pressures were obtained at the same relative 
time in the course of the individuals peri-infarct period and it is likely this is not the 
case as inclusion criteria in the trial stipulated a time course between 3 and 21 days 
only. The “mix” of patients that this study represents would be expected to potentially 
dilute any findings of importance. Despite these limitations, we found pulse pressure 
to predict outcome. Severely compromised patients post infarct may exhibit pulsus 
alternans which could confound measures of pulse pressure. However all patients were 
to be deemed clinically stable by the investigator in order to be eligible for study enrol-
ment, so this should represent a very small number, if any, of the study patients. The vast 
majority of patients with clinical heart failure were in Killip class II (91%). Although blood 
pressure measurement may not have been standardized, this reflects “real life” clinical 
scenario as one would encounter in the out patient clinic or hospital setting.
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ConCluSion

From a single blood pressure measurement prior to treatment with carvedilol, a low 
pulse pressure is an independent predictor of mortality in subjects with evidence of 
Killip Class II-IV heart failure, after a recent myocardial infarction and depressed left 
ventricular ejection fraction. These data are in keeping with recent published data of a 
lower pulse pressure as an adverse predictor in more symptomatic heart failure.
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