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The relation of a wide systemic arterial pulse pressure to
coronary atherosclerosis
has not been fully defined. One
hundred fifty-nine patients >40 years old with symptomatic mitral stenosis (MS) who received routine coronary angiography
were classified into 2 groups according to the presence of ~50% diameter narrowing
of 11
coronary artery (n = 48) or no significant disease (n =
111). Pulse pressure was determined
both by noninvasive sphygmomanometer
and invasive catheterization
methods. There were no significant differences in risk
factors of coronary artery disease (CAD) or the severity
of MS between the 2 groups. From multivariate
logistic
regression analysis, independent
predictors of develop-

ment of CAD in MS were age (standardized
coefficient j?
= 1.3437, p = 0.0025),
gender (p = 0.0107,
p =
0.0105),
mean blood pressure
(p = 1.1839,
p =
0.0105), and pulse pressure (/3 = 1.3157, p = 0.0008).
A wide pulse pressure (~60 mm Hg) correlated with the
presence of angiographically
significant
CAD with a
sensitivity and specificity of 88% and 77%. The negative
predictive value was 93%. Pulse pressure assessed by
sphygmomanometry
provided
important
clinical information. A wide pulse pressure in patients with MS was
associated with a high incidence of CAD.
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lthough several investigators have become actively involved in the study of risk factors in
A
patients with mitral stenosis (MS), emphasis is usu-

8 years [range 48 to 811) with coronary artery diameter stenosis ~50% measured by catheterization
study. Group 2 consisted of 111 patients (88 women
and 23 men, mean age 53 +- 5 years [range 42 to 781)
without significant CAD (<50%) as measured by
catheterization. Ten and 29 patients had normal sinus
rhythm in groups 1 and 2, respectively. The other 120
patients had atria1 fibrillation. The presenting symptoms were exertional dyspnea (45 in group 1, 98 in
group 2), angina1 pain (7 in group I,5 in group 2) and
atypical chest pain (5 in group 1, 7 in group 2).
Detailed clinical data are listed in Table 1.

ally placed on symptoms associated with coronary
artery disease (CAD).1,2 There was either no blood
pressure analysis or only the level itself of systolic,
diastolic, or mean blood pressure was taken into
consideration. The fact that the pulsatile component
of blood pressure can, per se, play a role in atherogenesis,’ independently
of mean arterial pressure,
has not been evaluated. This investigation tests the
role of pulse pressures in coronary atherogenesis in
patients with MS.

METHODS
Patients: Between July 1987 and July 1996, 283
patients with symptomatic MS underwent balloon mitral valvuloplasty at the National Taiwan University
Hospital. Coronary angiography was routinely performed in 196 patients aged >40. Among the 196
patients, 37 patients who had more than mild aortic
valvular stenosis or regurgitation by catheterization
were excluded from this study. In hypertensive subjects (n = 38), therapy was discontinued at least 5
half-lives before the study. The remaining 159 patients were divided into 2 groups on the basis of the
severity of coronary artery lesions. Group 1 consisted
of 48 patients (34 men and 14 women, mean age 62 2
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Assessment

of clinical

parameters

for coronary

ar-

tery disease: The following variables were analyzed to
identify factors related to pathogenesis of CAD: systolic blood pressure, diastolic blood pressure, mean
blood pressure, pulse pressure, fasting blood sugar,
cigarette smoking, serum cholesterol, and serum triglycerides. These variables were measured before
breakfast on the morning after admission for percutaneous balloon mitral valvuloplasty.
Measurement
of clinical arterial pressure: After obtaining informed consent, the patients were investigated. After 30 minutes’ rest in the supine position,
systolic and diastolic pressures were measured according to the American Heart Association Recommendation‘+ with a standard mercury sphygmomanometer by
the auscultatory method. Korotkoff phase I and V
were taken as systolic and diastolic pressures. Blood
pressure was measured 3 times, and the mean of all 3
measurements was used. Mean arterial pressure was
calculated as the diastolic pressure plus one third pulse
pressure. Pulse pressure was the differences between
systolic and diastolic pressures.
Echocardiographic
assessment
Study patients underwent 2-dimensional echocardiography with Doppler color flow mapping 1 to 2 days before balloon
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TABLE I
Without

Clinical
(group

Parameters
2) Coronary

in Patients
With
Artery
Disease

Parameters
Age lyrl
Men/women
Atrial
fibrillation
Heart rate (beats/min)
Systolic
arterial
pressure
Diastolic

(mm hi
orteriol

(mm hi
Mean arterial

pressure
pressure

(mm f-b1
Pulse pressure
(mm Hg)
CAD risk factors
Hypertension
Diabetes
mellitus
Smoking
Total cholesterol
(mg/dl)
Total triglycerides

(group

1) and

Group
1
(n = 48)

Group
2
(n = 111)

62 + 8
34/14
38 (79%)
82 + 20
145 + 14

53 k 5*
23/88
82 (74%)
79221
119*
11*

74

k 11

702

13

97*

11

872

ll*

71

+ 11

48

k 12*

15
6
20
182
142

(31%)
(13%)
(42%)
? 42
+ 54

23
10
43
182
161

(20%)
(9%)
(39%)
2 34
+ 89

bd4
‘p <0.0001.
Values ore expressed

us number

(%) of patients

or meon 2 SD.

mitral valvuloplasty. A commercially available system (Hewlett-Packard Sonos 1000 or 1500, Andover,
Massachusetts) was used. Left ventricular end-diastolic dimension
(EDD), end-systolic dimension
(ESD), interventricular septum thickness (IVS), posterior wall thickness (PW), and left ventricular ejection fraction were measured as suggested by the
American Society of Echocardiography.
Echocardiographic left ventricular mass was determined using the
corrected formula proposed by Devereux?
Left ventricular mass (g) = 0.80
X

{ 1.04

X

[(EDD + IVS + PW)3 - EDD3]} + 0.6.

Systolic wall stress was calculated by the method of
Grossman et al:7

corded at 60 frames/s through a lens with a focal
length of 135 mm and with an x-ray field of 15 cm.
Multiple pairs of perpendicular views (90”) of the left
and right coronary arteries were obtained. For each
lesion, the view showing the most severe degree of
stenosis was used for analysis. Coronary angiograms
were visually analyzed by consensus of 2 experienced
cardiologists without knowledge of clinical information. Coronary lesions of the last 30 patients (8 patients in group 1, 22 in group 2) were evaluated both
by on-line digital coronary angiograms (DC1 System,
Philips, Inc., Best, The Netherlands)lO and by visual
analysis. Ascending aortic blood pressure was measured and mean arterial pressure was calculated as
diastolic pressure plus one third pulse pressure. Heart
rate was determined from a continuous electrocardiographic tracing. Stroke index was calculated by dividing cardiac output by heart rate and body surface
areas. Vascular resistance was calculated by dividing
mean arterial pressure minus mean right atrium pressure by cardiac output.
Statistical analysis: Values are reported as mean +
1 SD. A chi-square test was used to compare categoric
variables. The differences of 2 measurement methods
(sphygmomanometer
and catheterization) of pulse
pressures were compared with paired Student’s t test.
The other continuous variables between the 2 groups
were compared with Student’s t test for %-tailed unpaired observation. For identification of independent
predictors of CAD, a multivariate logistic regression
analysis was used. Results were expressed as standardized coefficient (p). Agreement between the 2
measurement methods (DC1 and visual analysis) for
rating the severity of coronary artery lesions in the last
30 patients was evaluated using K. 1I A K of 1 indicates
perfect agreement; a K of 0 indicates only chance
agreement between the 2 methods. In general, values
>0.75 indicate excellent agreement, values of 0.4 to
0.75 indicate good agreement, and values CO.4 indicate marginal agreement. A p value CO.05 was considered statistically significant.

Wall stress = (systolic blood pressure)
X(ESD)/4.(PW)

RESULTS

(1 + PW/ESD)

Left ventricular mass was indexed by body surface
area (g/m2). Mitral valve area was calculated by the
Doppler pressure half-time8 and planimetry methods.
In the planimetry method, the smallest orifice of the
mitral valve was located in the parasternal short-axis
view, and the valve area was planimetered at the
maximal opening in diastole from a freeze-frame image. Measurements in patients with atria1 fibrillation
were averaged for 5 consecutive beats. Video images
were recorded for off-line analysis.
Catheterization
procedure:
Before balloon valvuloplasty, diagnostic right and left heart catheterization
and angiography were performed from a femoral approach as described previously.9 Cardiac output was
determined by the thermodilution method in triplicate
or quadruplicate by injecting 10 ml of ice-cold saline
solution. Coronary angiograms were recorded in patients aged >40 years. Cine angiograms were re1036
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There was agreement between the 2 measurement
methods on the severity of CAD in 28 of 30 coronary
angiograms with the cutoff point of 50% coronary
diameter stenosis. The overall K was 0.93, indicating
excellent agreement beyond chance between the 2
measurement methods.
Comparisons
between patients with and without coronary artery disease: CLINICAL
DATA
(TABLE
I): The

clinical features of patients with MS are listed in Table
I. Patients were significantly older and more frequently men in group 1 than in group 2. Patients in
group 1 had higher systolic arterial pressure, mean
arterial pressure, and pulse pressure than those in
group 2 (all p <O.OOOl). However, diastolic arterial
pressure did not differ. There were no significant
differences between the 2 groups in rhythm, heart rate,
cigarette smoking, the frequency of hypertension, diabetes mellitus, hypercholesterolemia,
or hypertriglycemia.
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TABLE II
[group

Echocordiographic
1) and Without

tV enddiastolic
tV end-systolic
Interventricular

(group

Characteristics
2) Coronary

dimension
(mm)
dimension
[mm)
septum
thickness

(mm)
tV posterior
wall thickness
LV ejection
fraction
(%)
Mitral
valve area (cm’)
Planimetry
method

(mm)

Doppler
tl/i)
Wall stress (dynes/cm21
LV mass index
(g/m’)
‘p 10.0001.
Values ore expressed
LV = left ventricular;

TABLE III

in Patients
With
Artery
Disease

With
(group
Disease

49 2 5
34 ? 5
9.5 k 1.7

47
32
7.9

i- 7
k 7
+ 1.4*

9.7
65

+ 1.4
-+ 5

8.2
65

k 1.5*
2 5

0.86
k 0.18
0.93
+ 0.23
108 ? 39
115+29

0.85
0.95
107
90

2
i
2
2

0.21
0.25
36
16*

OS mean 2 SD.
t,,* = half-time.

ECHOCARDIOGRAPHIC
DATA
(TABLE
II): There was
significantly higher echocardiographic interventricular
septum thickness, left ventricular posterior wall thickness, and left ventricular mass index in group 1 patients (all p <O.OOOl). No significant differences between the 2 groups were noted in left ventricular
ejection fraction, end-systolic wall stress, and mitral
valve areas, irrespective of planimetry or pressure
half-time methods.
INVASIVE

HEMODYNAMICS

(TABLE

III):

Invasive

(catheterization) and noninvasive (sphygmomanometer) systolic blood pressures were 154 5 14 and 145 ?
14 mm Hg (p = 0.001) in group 1, and 124 2 16 and
119 ? 11 mm Hg (p = 0.008) in group 2, respectively.
Invasive
and noninvasive diastolic blood pressures in
the 2 groups were not significantly different. Pulse
pressure had changed from 7 1 2 11 mm Hg by the
sphygmomanometer
method to 8 1 -t 15 mm Hg by
the catheterization method in group 1 (p <O.OOOl),
and from 48 2 12 mm Hg by the sphygmomanometer
method to 5 1 + 16 mm Hg by the catheterization
method in group 2 (p = NS), respectively. There were
no significant differences between the 2 groups in
cardiac index, stroke index, and total peripheral resistance. Most of coronary lesions were in 1 or 2 vessels.
MULTIVARIATE
LOGISTIC
REGRESSION
ANALYSIS:
Although univariate analysis showed that older age,
male sex, higher systolic blood pressure, higher mean
blood pressure, higher pulse pressure assessed by
sphygmomanometry,
higher thickness of interventricular and left ventricular posterior wall, and higher left
ventricular mass index were found to be significantly
related to occurrence of CAD, we found that the best
predicted covariates were age (standardized coefficient /3 = 1.3437, p = 0.0025), gender (p = 0.0107,
p = 0.0105), mean blood pressure (p = 1.1839, p =
0.0105), and pulse pressure (p = 1.3157, p = 0.0008)
by logistic regression nested model comparison.
Comparison
pressure and

between patients with
a wide pulse pressure:

a normal

pulse

PATIENTS’

FEA-

IV): There was a high percentage of older
patients and men in a group with a wide pulse pressure
compared with patients with a normal pulse pressure.

TURES

(TABLE

VAlVUlAR
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Invasive
Catheterization
1) and Without

(group

Hemodynomics
2) Coronary

in Patients
Artery

Parameters

Group
1
(n = 48)

Group
2
(n=
111)

Heart rate (beats/min)
Systolic
arterial
pressure

792
17
154 I? 14

732
17
124 k 16*

(mm 41
Diastolic
arterial
(mm 41
Mean arterial

pressure
pressure

735
(mm

100

Hgl
Pulse pressure
(mm Hg)
Cardiac
index (ml/min/m2)
Stroke
index [ml/m’)
Total peripheral
resistance
(dynes.
s. cm-‘)
Number
of coronary
arterial
narrowing
250%
1
2
3
4

l p <0.0001.
Values expressed

OS number

17

722

17

t- 16

90

? 15*

81 2 15
2,420
t 390
31.2
2 6.3
2,077
+ 445

51
2,220
30.5
2,121

? 16*
k 276
k 4.2
&426

20
19
7
2

p) of patients

(42%)
(40%)
(15%)
(4%)

0
0
0
0

or mecln ? SD.

Left ventricular mass index was significantly higher in
patients with a wide pulse pressure than in patients
with a normal pulse pressure. Patients with a wide
pulse pressure had an incidence of CAD of 59% (40
subjects) compared with 8% (8 subjects) of patients
with a normal pulse pressure (p <O.OOOl). There was
no apparent relation of pulse pressure to echocardiographic end-systolic wall stress, stroke index, and
peripheral resistance.
PULSE
SCLEROSIS

PRESSURE
(FIGURE

LEVELS
AND CORONARY
ATHEROI): The frequency
distribution
of

pulse pressures in groups with and without CAD is
shown in Figure 1. Forty-eight of 159 patients with
MS (30%) had angiographically significant CAD. Of
these 48 with CAD, 42 (87.5%) had a pulse pressure
260 mm Hg. A wide pulse pressure ~60 mm Hg
correlated with the presence of angiographically significant CAD with a sensitivity and specificity of 88%
and 77%. The positive accuracy of having significant
CAD in the presence of a wide pulse pressure was
62%. The negative predictive value was 93%.
DISCUSSION

The principal finding of this study is that a wide
pulse pressure is a simple clinical marker of CAD in
patients with MS. Patients with a wide pulse pressure
included a higher percentage of older patients, men,
left ventricular mass index, and CAD.
Methodology:
Interpretation of our current results
should take into account 2 methodologic considerations.

First,

because

data

analysis

in the

present

study

was based on the differences of pulse pressures in a
peripheral artery (brachial artery), it was important to
show that pulse pressures could be reliably measured.
The validity of the grouping and cutoff point of clinical

pulse

pressures

PRESSURE AND

was

confirmed

ATHEROSCLEROSIS

by

invasive
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TABLE IV

Clinical
Parameters,
Characteristics,
and Invasive
Grouped
by Pulse Pressure

Echocardiographic
Hemodynamics

3
8
‘i:
d

p Value

2
54 + 6
22/69
24
80 k 22
118%
11

are expressed

57 k 9
35/33
15
80%
19
139 + 16

74?12

68?

88 +

(mm &I
Pulse pressure
(mm Hg)
Echocardiography
LV ejection
fraction
(%)
Wall stress (dynes/cm*)
LV mass index (g/m’)
Catheterization
Cardiac
index [ml/
min/m’)
Stroke
index (ml/m*)
Total peripheral
resistance
(dynes .
s . cm-5)
Coronary
artery
disease
Values

Pulse Pressure
260
mm Hg
(n = 68)

parameters

Age (YrJ
Men/women
Atrial fibrillation
Heart rate (beats/min)
Systolic
arterial
pressure
(mm Hg)
Diastolic
arterial
pressure
(mm Hg)
Mean
arterial
pressure

44

11

12

92+13

ir 8

71

0.008
<0.0001
NS
NS
>O.OOOl

65 + 6
110236
86 2 23
2,295

” 295
30

2,090

rt 4
t 429

8 (8%)

66 + 4
105rt37
98 k 25
2,260
31
2,130

40

w) of patients

or mean

0

0.004

20-30
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30-40

NS

?6
k 437

NS
NS

with

> 90

distribution
of pulse pressures in the
(+) and without (-) coronary
artery disease (CAD).

coronary artery lesions allows a reliable
-30% or 250%.

<0.0001

i- SD.
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SO-90

NS
NS
0.003

c 331

(59%)

40-50
50-M)
60-70
70-80
Pulse pressure (mm Hg)

FIGURE 1. The frequency

<0.0001

nique as was the observation of Safar et a1.i2 It is not
practical to invasively monitor pressure in the proximal aorta in a clinical setting. It is desirable to know
the differences of pulse pressures between central and
peripheral arteries. There were curious differences
between central and peripheral pressures that are
likely to be attributable to wave reflection. Karamanoglu et all3 demonstrated that ascending aortic pulse
pressure is less than that in the brachial artery, contrary to our results. This may be explained in part by
different measurement methods. Karamanoglu used
high-fidelity Millar catheters to measure both central
and peripheral blood pressure. In our study, 1 measurement (peripheral brachial artery) was by means of
noninvasive sphygmomanometer, while the other (the
aorta) was by use of an invasive catheterization technique that seems to be influenced by emotion. Sympathetic activation would result in an increased pulse
pressure.14 Atria1 fibrillation was present in 120 of the
159 patients. This would be expected to affect the
accuracy of blood pressure measurements. We averaged 3 measurements for systolic and diastolic pressures, which would minimize the variation.4 The case
number of atria1 fibrillation in the 2 groups with normal and wide pulse pressures did not show a significant difference. Thus, atria1 fibrillation is unlikely to
have affected the results. The other main criticism is
to estimate coronary diameter stenosis visually, which
is a potential variable associated with operator dependence.15 The overall K of 0.93 for the grading of
THE
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LV = left ventricular.

1038

CAD (+) ( n =48)

30

NS

?8

CAD(-)(n=lll)

z
i

groups

number

q

/

Pulse Pressure
~60 mm Hg
[n = 91)
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r
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grading of

Pulse pressure and coronary artery disease: In multivariate models, although the contribution of other
factors was profound, pulse pressure was an independent predictor of the development of CAD. The mechanisms underlying the association between pulse pressures and CAD are unclear.
Pulse pressure and left ventricular mass: Our results
confirmed the observation of Dame et ali6 that pulse
pressure was independently associated with left ventricular hypertrophy. The medial hyperplasia of small
resistance arteries was closely correlated with the
magnitude of pulse pressure. Increased peripheral resistance associated with medial hyperplasia of small
resistance arteries may be responsible for left ventricular hypertrophy in patients with a wide pulse pressure. The present study, however, demonstrated that
ventricular end-systolic wall stress and peripheral resistance were similar in patients with normal and wide
pulse pressures, suggesting that other factors are responsible for ventricular hypertrophy. London et al17
showed that the degree of ventricular hypertrophy is
influenced not only by peripheral resistance, but also
by the reduction of arterial compliance and the timing
and intensity of wave reflections.
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