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Short Research Article

Evaluation of arterial pulse amplitude ratio and Valsalva ratio in

different age groups

Abstract: Valsalva maneuver is usually used to assess autonomic
function , this study interplay between arterial pressure responses and
heart rate responses during the maneuver depending on valsalva ratio for
heart rate and arterial pulse amplitude ratio in different age groups. 40
subjects were included in this study, groupl with age range(15-39)years
old, group2 with age range(40-55)years old. strips of leadIl were recorded
during performing Valsalva maneuver and measurement of blood
pressure during phasel and phasell by mercury sphygmomanometer.
results were :Valsalva ratio for groupl(1.5+= 0.3) and for
group2(1.39+£0.21), pulse amplitude ratio for group1(0.80% 0.19) and for
group?2 (0.77+ 0.19) and there were no significant differences between
two groups which could be explained that autonomic nervous system still
intact in those old group. The recommendation for this study is to
continue this study in patient with increased pulmonary capillary wedge
pressure to find the pulse amplitude ratio which suggest this disease so
VM could be a substitute for invasive technique in diagnosis and follow
up, also to perform other tests for autonomic nervous system in old
subjects who do not have any risk factors or cardiovascular disease so

may found that aging by itself not affect autonomic system.

Introduction: The Valsalva maneuver(VM) is performed by attempting
to forcibly exhale while keeping the mouth and nose closed. eliciting a

complex series of changes in pulse rate and BP involving both vagal and
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sympathetic responses. It is used as a diagnostic tool to evaluate the
condition of the heart and is sometimes done as a treatment to correct
abnormal heart rhythms or relieve chest pain'

There are four phases during the Valsalva maneuver™’: Phase one is the
onset of straining with increased intrathoracic pressure. The heart rate
does not change but blood pressure rises. phase Il may be divided into
early and late phases. In early phase II, reduced preload and stroke
volume lead to a fall in cardiac output despite the tachycardia caused by
decreased vagal activity. Total peripheral resistance increases due to
increased sympathetic discharge (nucleus tractus solitarius) and an
increase in plasma epinephrine concentration. The fall in blood pressure
is thus arrested, and is termed “late phase II”’; in normal patients there is
actually a rise in blood pressure just before release’ . Phase three is the
release of straining with decreased intrathoracic pressure and
normalization of pulmonary blood flow. Phase four marks the blood

pressure overshoot (in the normal heart) with reflex bradycardia.

Valsalva ratio: this is the ratio of heart rate during phase IV/heart rate
during phase II, and is essentially a measure of vagal function. The
normal response is an increase in heart rate during phase Il in response to
the fall in blood pressure, and the baroreflex response to the blood
pressure overshoot in phase IV is transient bradycardia. In dysautonomic
patients, there is typically a loss of both the blood pressure overshoot and
the reflex bradycardia *. arterial pulse amplitude ratio is the ratio of the
lowest aortic pulse pressure during active straining (phase II) to the
greatest aortic pulse pressure at onset of the strain. Precaution of Valsalva
maneuver should not be performed by patients who have severe coronary
artery disease, have experienced recent heart attack, or have a moderate

to severe reduction in blood volume. Risks of VM that the patient may
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feel dizzy or faint during the procedure, but serious consequences are
rare. There 1s a risk that the Valsalva maneuver can cause blood clots to
detach, bleeding, and abnormal rhythms originating in the ventricle. It
can also cause cardiac arrest. Consequently, the procedure is usually

performed in a setting where emergency equipment is accessible.
Materials and methods :

- Subjects 40 subjects were included in this study ,they were divided in
to two age groups: Gl: 25 subjects with age range (15-39)years
old.group2:15 subjects with age range(40-55)years old. all of them were
normal .full history and examination were taken to exclude any disease
like hypertension, diabetes mellitus,...etc. and exclude any risk factors

(e.g) smoking, hyperlipidemia.

-Mercury sphygmomanometer: Two devises were needed.
-Electrocardiography(ECG):to record strip of leadll during VM.

Methods: subject put in supine position ,limb leads electrodes were
connected to the subject. Mercury Sphygmomanometer was used for
measuring blood pressure . after reaching the steady state ,the subject
should exhale forcefully after a normal inspiration into tube that was
connected to another sphygmomanometer .A tiny air leak was placed in
the tube to ensure that airway pressure was produced from the thoracic
cavity and not pharynx’. Valsalva maneuver was performed at a pressure
of 40 mmHg for 15 seconds’.measurment of blood pressure at the
beginning of straining-phasel, then repeat the VM after reaching the
steady state to measure the blood pressure during phasell which is occur
after 5 seconds of beginning of straining’. ECG recording performed

during the strain phase and after the maneuver. After that measurement of
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pulse pressure of phasel and phasell according to equation: pulse pressure
=systolic blood pressure-diastolic blood pressure. Then pulse amplitude
ratio=minimumBP/maximum BP. Valsalva ratio calculated from longest

R-R interval(during phaselV)/shortest R-R interval(during phasell).

Statistical analysis: All values expressed as mean+SD, comparison
between groupl and group2 were done by unpaired student t-test , p-

value <0.05 considered statistically significant®

Results:

In groupl:During the Valsalva maneuver, maximum (phase 1) pulse
pressure (mean £ SD = 51 + 11 mmHg)which is a result of systolic blood
pressure(150mmHg)-diastolic blood pressure(99mmHg) during phasel of
VM , and minimum (phase II) pulse pressure (41 £ 5 mmHg)from(
136mmHg-95mmHg). This resulted in pulse amplitude ratio

(minimum/maximum pulse pressure) (0.80+ 0.19).

R-R interval during phasell is 166 small square ( 93.445.03beat/min)
and during phaselV is 24.1+ 1.9 (HR=62.01+7) so The Valsalva ratio was
1.5£0.3 .

In group2: , maximum (phase 1) pulse pressure (mean = SD = 53 + 13
mmHg) from (160mmHg-107mmHg), and minimum (phase II) pulse
pressure (41 £ 3.99 mmHg) from(146mmHg-105mmHg). This resulted
in  pulse amplitude ratio (minimum/maximum aortic pulse pressure)

(0.77+ 0.19).

R-R interval during phasell is 17+9.2small square ( 88.1+10.1beat/min)
and during phaselV is 23.79+£2.01 (HR=63.03+8.03beat/min) so The

Valsalva ratio was 1.39+0.21.
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The systolic and diastolic blood pressure of group2 were higher than
values of systolic and diastolic blood pressure of groupl but There were
no significant differences between pulse amplitude ratio of groupl and
group2, and there were no significant differences between Valsalva ratio

of both groups.Figure-1.
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Figure-1: Comparison between VM ratio and pulse amplitude ratio of Gl and

G2.(VM:Valsalva ratio, G1:group1(15-39)years old,G2:group2(40-55)years old.P<0.05.

Discussion: Beside that Valsalva maneuver is usually used to assess
autonomic function”'’,as from changes of heart rate responses during
different phases of VM and the changes of systolic and diastolic blood
pressure which reflect the integrity of autonomic function, arterial

pressure response during the strain phase of the Valsalva maneuver might

11,12 h14,15,16

reflect either LV function'"'"?, or right-sided pressures"’, or bot

Some authors have suggested that the pulse amplitude ratio may improve

. 16,1
the assessment of cardiac status'®!’

and may furnish a noninvasive scale
of myocardial dysfunction. Some studies show that arterial pressure
decreases during the strain phase of the maneuver in healthy subjects but
not in patients with increased pulmonary capillary wedge pressure '*'>'%,

in these patients the increase in blood pressure in phasel followed by
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plateau during phasell. So it seems of physiological interest to clarify this
1ssue and measure values of different age group which are normal and
then to continue this study in the future with different disease states. This
study show that systolic and diastolic blood pressure of older group were
higher than the younger age and this is due to Increasing age is associated
with increased intimal thickness, vascular smooth muscle hypertrophy,
fragmentation of the internal elastic membrane and an increase in the
amount of collagen and collagen cross-linking in arterial walls'®, intimal
thickening occur even in population of low incidence of
atheroseclerosis'’.but there were no significant differences between pulse
pressure response to strain pattern of VM of the two groups which could
be explained that the autonomic nervous system still intact and not affect
yet by the vascular wall changes and this is also documented by the
finding of Valsalva ratio of heart rate responses to VM there were also no
significant difference between the two groups this is go with fact that
baroreceptor- heart rate responses are proportional with changing
pressures during VM *°.So aging process by itself may be not influence
the autonomic function unless the presence of other risk factors or

cardiovascular disease.
References:

1-.Jancin, Bruce.2004. "New Mortality Predictor Found for Heart
Failure." Family Practice News March 15: 48-49).

2-Hamilton W. F., Woodbury R. A., Haper H. T.(1944) Arterial
cerebrospinal and venous pressures in man during cough and strain. Am.

J. Physiol. 141:42—45.



UNDER

PEER REVI EW

3- Korner P. 1., Tonkin A. M., Uther J. B.(1976) Reflex and mechanical
circulatory effects of graded Valsalva maneuvers in normal man. J. Appl.

Physiol. 40:434—440.

4- Bradley C. Hiner, 2005. ClinicValsalva ManeuverMD.Clinical
Medicine & Research May 1, vol. 3 no. 2 55).

5- Weilenmann D, Rickli F, Follath F,Kiowski W, and Peter
H.2002.Noninvasive evaluation of pulmonary capillary wedge pressure
by blood pressure response to Valsalva maneuver.Chest the

cardiopulmonary and critical care J;122:140-145.

6-Hébert J. L., Lecarpentier Y., Zamani K., Coirault C., Daccache G.,
Chemla D.(1995) Relation between aortic dicrotic notch pressure and

mean aortic pressure in adults. Am. J. Cardiol. 76:301-306.

7-Hebert CER, Coirault C, Zamani K,Fontaine et al. 1998.Pulse pressure
response to the strain of VM in human with preserved systolic

function.J.App.Physi0l.85(3):817-823

8-Daniel WW.1983.Biostatistics. Afoundation for analysis in the healthy

sciences.

9- Ewing D. J., Campbell 1. W., Burt A. A., Clarke B. F.(1973) Vascular
reflexes in diabetic autonomic neuropathy. Lancet 2:1354—1356.

10-Ewing D. J., Martyn C. N., Young R. J., Clarke B. F.(1985) The value
of cardiovascular autonomic function tests: 10 years experience in

diabetes. Diabetes Care 8:491—498.

11- Braunwald E., Colucci W. S., Grossman W.Clinical aspects of heart

failure: high output heart failure; pulmonary edema.Heart Disease. A



UNDER

PEER REVI EW

Textbook of Cardiovascular MedicineBraunwald

E.1997SaundersPhiladelphia, PA, chapt. 15, p. 445—470.

12- Hamilton W. F., Woodbury R. A., Haper H. T.(1944) Arterial
cerebrospinal and venous pressures in man during cough and strain. Am.

J. Physiol. 141:42—45.

13-Judson W. E., Hatcher J. D., Wilkins R. W.(1955) Blood pressure
responses to the Valsalva maneuver in cardiac patients with and without

congestive failure. Circulation 70:889-899.

14- Bernardi L., Saviolo R., Spodick D. H.(1989) Do hemodynamic
response to the Valsalva maneuver reflect myocardial dysfunction? Chest

95:986—-989.

15- Gorlin R., Knowles J. H., Storey C. F.(1957) The Valsalva maneuver
as a test of cardiac function: pathologic physiology and clinical

significance. Am. J. Med. 22:197-212.

16- Schmidt D. E., Shah P. K.(1993) Accurate detection of elevated left
ventricular filling pressure by a simplified bedside application of the
Valsalva maneuver. Am. J. Cardiol. 71:462—465.

17- Zema M. J., Masters A. P., Margouleft D.(1984) Dyspnea: the heart
or the lung? Differentiation at bedside by use of the simple Valsalva
maneuver. Chest 85:59-66.

18-Joyner M.J.2000.Effect of exercise on arterial compliance.
Circulation ;102:1214-1215.

19-Virmani R, Avolio AP, and Mergner WIJ.1991. Effect of aging on

aortic morphology in population with high and low prevalence of



UNDER PEER REVI EW

hypertension and atherosclerosis. Comparison between accidental and

Chinese communities. American J of pathology;139(5):1119-29.

20-Chapleau MW and Abboud FM.1987.Contrasting effects of static and
pulsatile pressure on carotid baroreceptor activity in dogs .Circ

Res.61:648-658.



