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Can we predict the presence of coronary lesions from
blood pressure measurement? A new clinical method

Mohammad El Tahlawi, Mohammad Abdelbaset, Mohammad Gouda and Ikhlas Hussein

The roles of arterial function and structure in cardiovascular physiology have expanded with the development of a variety of

parameters that evaluate arterial stiffness. Markers of arterial stiffness have been correlated with cardiovascular outcomes. We

aimed to find a simple, clinical, noninvasive method to predict atherosclerosis that leads to the development of coronary artery

disease (CAD). We aimed to find a simple, clinical, noninvasive method to predict atherosclerosis that leads to the development

of CAD. We included 100 cases that underwent coronary angiography in our center owing to different indications. The blood

pressure in all cases was measured by two different observers. The oscillatory systolic blood pressure (OSBP) was defined as the

point at which the mercury began to oscillate to a minimum level of 1 mmHg. The auscultatory systolic blood pressure (AUSBP)

was defined as the first Korotkoff sound. The difference between OSBP and AUSBP was calculated and called the oscillatory

gap (OG). The correlation between the OG and the presence of coronary lesion in coronary angiography was statistically

calculated. The study populations had a mean age of 57.3±9 years. The mean± s.d. OG was 14.44±10.44. There was a

highly significantly positive correlation between the OG and the presence of coronary artery lesions (r=0.399 and P-value
o0.000). There was also a significantly positive correlation between the presence of hypertension and the OG (r=0.376 and

P-value o0.000). The difference between OSBP and AUSBP could be used as a simple method to detect atherosclerotic arterial

changes. This method could indicate the degree of arterial stiffness. There was a significantly positive correlation between this

new indicator of arterial stiffness and the presence of CAD. Any patient with a wide gap between OSBP and AUSBP should be

treated early with antihypertensive drugs and statins before the development of CAD.
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INTRODUCTION

The roles of arterial function and structure in cardiovascular
physiology have expanded with the development of a variety of
parameters that evaluate arterial stiffness. Measurements of arterial
stiffness have clarified the results of clinical trials, demonstrating
differing impacts on clinical outcomes, despite similar reductions in
blood pressure (BP).1

There are significant associations between aortic atherosclerosis and
major cardiovascular events. In particular, thoracic aortic athero-
sclerosis is closely related to the degree of coronary artery disease
(CAD).2

With advancing polyvascular atherosclerosis, the accumulation of
atherosclerosis risk factors, previous atherothrombotic events and
more severe CAD are observed.3

There are several terms that characterize vascular wall properties:
distensibility, elasticity, compliance and stiffness. The large number of
parameters that can be utilized in studying large artery dynamics are
the result of the pulsatile character of blood flow and the complex
structure of the arterial wall.4

One of these parameters, arterial stiffness, can be measured using
devices such as the Colins system (Colin Corporation, Hayashi,
Komaki-city, Japan) and the SphygmoCor system (AtCor Medical,
West Ryde, NSW, Australia).5

We attempted to find a simple clinical parameter that could predict
atherosclerosis and, therefore, CAD. We hypothesized that the arterial
column started to oscillate before Kortokoff’s sound was heard.
This gap increased with the advancing of arterial atherosclerosis.
Hence, this gap could predict cardiovascular atherosclerotic diseases,
regardless of the presence of hypertension.

METHODS

Study design
This was a cross-sectional study enrolling 100 patients who underwent coronary

angiography at Zagazig University Hospital owing to different indications. We

included all age groups and both sexes.

Ethical approval
The study was approved by the Ethical Committee of the Faculty of Medicine,

Zagazig University. Written informed consent was obtained from all of the patients.
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BP measurement
BP pressure was measured in all the cases. Brachial BP was measured by two
trained different observers according to a highly standardized protocol, using a
mercury sphygmomanometer with an appropriately sized cuff. One sphygmo-
manometer was placed on the right arm, and after at least 5min of rest in the
sitting position, three BP measurements were obtained, allowing for a 1min
interval between measurements. In cases of consistent systolic BP differences
between arms, the arm with the higher BP value was used. The mercury was
reduced by 2mmHg s− 1 . Oscillatory systolic blood pressure (OSBP) was
defined as the point at which the mercury started to oscillate before the
auscultation of any sounds. The first oscillation was considered if the mercury
oscillated to a level of at least 1mmHg. This point was before the first
Kortokoff sound (Figure 1). Auscultatory systolic blood pressure (AUSBP) was
defined as the first Korotkoff sound. The difference between OSBP and AUSBP
was calculated and called the ‘oscillatory gap’ (OG). All of the patients
underwent coronary angiography owing to the presence of objective evidence
of ischemia. The results of coronary angiography were recorded for all of the
patients and were tabulated. The patients were classified according to the
presence or absence of significant coronary lesions, defined as the presence of
narrowing of the coronary vessel diameter ⩾ 50% of the normal vessel
diameter. The correlation between the difference between OSBP and AUSBP
(OG) and the presence of coronary lesions in coronary angiography was
statistically calculated.

Statistical analysis
Continuous variables are summarized as mean± s.d.s. Bivariate correlations
were assessed between variables; then, the independent t-test was performed
between variables based on the presence or absence of CAD. All of the
calculations were performed using the SPSS software program, version 17.6

RESULTS

This study recruited 100 patients who underwent coronary angio-
graphy owing to different indications, with a mean age± s.d. of
57.3± 9 years. The cohort included 54 patients (54%) with hyperten-
sion, 30 (30%) with diabetes mellitus (DM) and 49 (49%) with
current smoking status. They had an average OG of 14.45 ± 10.4
mmHg (Table 1). Sixty-six patients had significant coronary lesions
(66%) and 34 (34%) did not have significant coronary lesion in

coronary angiography. There was a highly significant difference
between the two groups with and without significant coronary lesions
regarding the presence of hypertension (P= 0.007), but there was no
significant difference between both groups regarding the presence of
diabetes or current smoking status (Table 2).
There was a highly significant difference between both groups with

and without significant coronary lesions regarding the magnitude of
OG (P= 0.000). There was a highly significant correlation between the
magnitude of the OG and the incidence of significant coronary lesion
(Po0.000, r= 0.399) (Table 3). There was also a significant correla-
tion between the OG and the presence of systolic hypertension
(Po0.000, r= 0.376) (Table 3). There was no significant relationship
between the OG and the presence of DM or with the presence of a
current history of smoking. There was a highly significant correlation
between the OG and the age of the patients (P= 0.001, r= 0.319)
(Table 3).

DISCUSSION

In this study, we used a simple clinical method to predict the incidence
of CAD. The difference between the oscillatory and auscultatory
systolic pressures, called the ‘oscillatory gap’, could be a new clinical
marker for the cascade of arterial atherosclerosis, which can be
reflected in the coronary arteries. This possibility is strengthened by
the presence of a highly positive correlation with hypertension.
This difference could be explained by the increased stiffness of the

arterial system due to advanced atherosclerosis.
Increased elasticity (or stiffness, inverse of compliance) of the

central elastic arteries is the primary cause of increased systolic and
pulse pressure with advancing age and in patients with cardiovascular
disease, including hypertension, and it is due to degeneration and
hyperplasia of the arterial wall. As elasticity increases, the transmission
velocity of both forward and backward (or reflected) traveling waves
increases, causing the reflected wave to arrive earlier in the central
aorta and augmenting pressure in late systole.7

Therefore, abnormal aortic function in hypertension has generally
been attributed to the accelerated breakdown of elastin in the aorta,
leading to dilatation of the lumen and stiffening of the wall as elastin is
replaced with stiffer collagen.8

Thus, the stiffer the arterial system is, the greater the OG is. This
finding could be explained by the fact that; when a material is not
stressed in tension or compression beyond its elastic limit, its
individual particles perform elastic oscillations.9

In addition, sound propagation is controlled by the rule that the
speed of sound within a material is a function of the properties of the
material and is independent of the amplitude of the sound wave.
Hence, sound does travel at different speeds in different materials.10

Therefore, the propagation of the auscultatory first Kortokoff sound is
more rapid in elastic arteries than in rigid and stiff ones. This is
because there is positive relationship between the speed of sound in a
solid and its density and elastic constants.10

Matter in a medium is periodically displaced by sound waves and
thus oscillates. The energy carried by a sound wave converts back and
forth between the potential energy of additional compression (in case
of longitudinal waves) or lateral displacement strain (in case of
transverse waves) of the matter and the kinetic energy of the
oscillations of the medium.
The speed of sound depends on the medium through which the

waves pass and is a fundamental property of the material. In general,
the speed of sound is proportional to the square root of the ratio of
the elastic modulus (stiffness) of the medium to its density.11

Figure 1 Illustration indicating the measurement of blood pressure with
measurement of the oscillatory gap. A full color version of this figure is
available at Hypertension Research online.
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The velocity of transmission and the propagation of vibrations in
material media depend on the elasticity of such media and its inertia.12

Stiff structures tend to transmit vibrations at higher frequencies than
compliant (un-stiff) structures. Stiff machines, with low internal or
external damping, will transmit these vibrations throughout the
structure.13 Hence, the vibration of blood in more rigid vessels causes
the walls of these vessels to oscillate more than elastic vessels, which
dampen these oscillations. These oscillations are reflected in the
mercury earlier than the sound that is auscultated. This difference
creates the OG.
Therefore, the rigidity of the artery is an important factor in

creating this OG, regardless of its size because the cross-sectional area
of the artery was not associated with increased arterial stiffness.10

This study found a highly significant correlation between the OG
and the presence of systolic hypertension. This finding was consistent
with several studies that demonstrated stiffness of the central arteries
in hypertensive subjects.14,15 However, we believe that the OG might
be a better marker than hypertension itself in predicting athero-
sclerosis, because this study showed that the OG could predict
coronary lesions even in normotensive patients. This finding indicated
that the OG might constitute an early stage before the development of
hypertension.
Although the populations in this study had several risk factors for

atherosclerosis, including hypertension (54%), DM (30%) and a

current history of smoking (49%), there was a highly significant
correlation only between OG and hypertension.
Several hypotheses have been proposed to explain the increased

central aortic stiffness of patients with hypertension. In animal models
of hypertension, increased deposition of collagen and elastin has been
observed in the aortic wall,16 suggesting that changes in wall stiffness
might provide the basis for abnormal vessel properties.
Increased aortic tone or myocyte hypertrophy in the setting of

hyperactivity of the sympathetic nervous system or in response to
elevated myogenic tone might be contributing factors.17

Alternatively, abnormal endothelial function might be involved in
the functional imbalance between aortic flow and diameter. It is well
accepted that the endothelium is capable of modulating smooth
muscle mass and tone and therefore the diameters of the large and
small blood vessels; this modulation could be lost because of
atherosclerosis.17

We found a significant correlation between this OG and age. Some
studies have found that with normal aging, the stiffness of the central
arteries increases.18 Therefore, the OG could be considered as a sign of
arteriosclerosis that occurs with aging. However, the stiffness of
peripheral arteries remains unchanged or decreases with age.19

This divergent change in peripheral vessel properties might
moderate the abnormalities in total arterial compliance and pulse-
wave transmission that would otherwise result from deterioration in
aortic properties.17

We can understand the highly significant correlation between the
OG and the presence of CAD, because the structural and functional
properties of the large arteries are important determinants of
cardiovascular hemodynamics.20,21 These properties have important
roles in the transformation of the pulsatile left ventricular stroke
volume into continuous blood flow at the level of most of the
peripheral vessels. This elastic system also allows for the maintenance
of sufficient diastolic BP, which is essential for adequate coronary
perfusion.4

Arterial stiffness has been identified as an independent risk factor
for the development of CAD, both in the general population and in
people with established CAD.22

It has already been recognized that arterial stiffness, the main
mechanism underlying pulse pressure widening, is an independent risk
factor for cardiovascular disease.23

CONCLUSION

The study demonstrated a new and simple clinical test, ‘the oscillatory
gap’, that indicates atherosclerosis, which can be used to predict the
presence of CAD. Patients with wide OG should be treated early with
drugs that improve arterial stiffness, such as antihypertensive drugs
and statins.

Table 1 Patient characteristics

Parameter Value Percentage (%)

Age 57.3±9 years (range 34–79)

Hypertension 54 54%

Diabetes 30 30%

Smoking 49 49%

Oscillatory gap 14.45±10.4mmHg

Table 2 Patient characteristics and OG in both groups of patients

with and without coronary lesions

Parameter Number Mean± s.d. P-value

OG
With coronary lesion 66 17.42±11.34mmHg 0.000

Without coronary lesion 34 8.68±4.66mmHg

Age
With coronary lesion 66 58.29±9.07 years NS

Without coronary lesion 34 55.38±8.92 years

Hypertension
With coronary lesion 66

34 Without coronary lesion0.007

Diabetes
With coronary lesion 66 NS

Without coronary lesion 34

Smoking
With coronary lesion 66 NS

Without coronary lesion 34

Abbreviations: NS, non significant; OG, Oscillatory gap.

Table 3 Correlations between OG and age, CAD and HTN

OG

CAD r=0.399

Po0.000

HTN r=0.376

Po0.000

Age r=0.319

Po0.001

Abbreviations: CAD, Coronary artery disease; HTN, Hypertension; OG, Oscillatory gap.
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