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PART 10
Disorders of the Cardiovascular System

Hemodynamic measurements are also
used to differentiate between cardiac
tamponade, constrictive pericarditis, and
restrictive cardiomyopathy (Table 272-3).
In cardiac tamponade, right atrial pressure
50
is increased with a decreased or absent
“y” descent, indicative of impaired right
atrial emptying in diastole, and there is
RA
RV
PA
PCWP
diastolic equalization of pressures in all
cardiac chambers. In constrictive pericarditis, right atrial pressure is elevated with a
prominent “y” descent, indicating rapid filling of the right ventricle during early dias25
tole. A diastolic dip and plateau or “square
root sign,” in the ventricular waveforms
due to an abrupt halt in ventricular filling
during diastole; right ventricular and pulmonary artery pressures are elevated; and
discordant pressure changes in the right
and left ventricles with inspiration (right
ventricular systolic pressure increases while
0
left ventricular systolic pressure decreases)
mmHg
are observed. The latter hemodynamic pheFigure 272-1 Normal hemodynamic waveforms recorded during right heart catheterizanomenon is the most specific for constriction. Atrial pressure tracings have a characteristic “a” wave that reflects atrial contraction and a
tion. Restrictive cardiomyopathy may be
“v” wave that reflects pressure changes in the atrium during ventricular systole. Ventricular presdistinguished from constrictive pericarditis
sure tracings have a low-pressure diastolic filling period and a sharp rise in pressure that occurs
by a marked increase in right ventricular
during ventricular systole. d, diastole; PA, pulmonary artery; PCWP, pulmonary capillary wedge
and pulmonary artery systolic pressures
pressure; RA, right atrium; RV, right ventricle; s, systole.
(usually >60 mmHg), a separation of the left
and right ventricular diastolic pressures by
and magnitude of the pressure waveforms provide important diag- >5 mmHg (at baseline or with acute volume loading), and concordant
nostic information; an example of normal pressure tracings is shown changes in left and right ventricular diastolic filling pressures with
in Fig. 272-1. In the absence of valvular heart disease, the atria and inspiration (both increase).
ventricles are “one chamber” during diastole when the tricuspid and
mitral valves are open while in systole, when the pulmonary and aortic Cardiac Output Cardiac output is measured by the Fick method or the
valves are open, the ventricles and their respective outflow tracts are thermodilution technique. Typically, the Fick method and thermodiconsidered “one chamber.” These concepts form the basis by which lution technique are both performed during cardiac catheterization,
hemodynamic measurements are used to assess valvular stenosis. although the Fick method is considered more reliable in the presence
When aortic stenosis is present, there is a systolic pressure gradient of tricuspid regurgitation and in low-output states. The Fick method
between the left ventricle and the aorta; when mitral
ECG
stenosis is present, there is a diastolic pressure gradient
ECG
between the pulmonary capillary wedge (left atrial) pressure and the left ventricle (Fig. 272-2). Hemodynamic
measurements also discriminate between aortic stenosis
and hypertrophic obstructive cardiomyopathy where
the asymmetrically hypertrophied septum creates a
50
200
dynamic intraventricular pressure gradient during ventricular systole. The magnitude of this obstruction is
LV
measured using an end-hole catheter positioned at the
Aortic
left ventricular apex that is pulled back while recording
gradient
pressure; once the catheter has passed the septal obstrucPCW
tion and is positioned in the apex of the left ventricle, a
gradient can be measured between the left ventricular
25
100
apex and the aorta. Hypertrophic obstructive cardiomyAo
opathy is confirmed by the Brockenbrough-Braunwald
sign: following a premature ventricular contraction,
there is an increase in the left ventricular–aorta pressure
Mitral
gradient with a simultaneous decrease in the aortic pulse
gradient
LV
pressure. These findings are absent in aortic stenosis.
Regurgitant valvular lesions increase volume (and
0
0
pressure) in the “receiving” cardiac chamber. In severe
mmHg
mitral and tricuspid regurgitation, the increase in blood mmHg
flow to the atria takes place during ventricular systole, Figure 272-2 Severe aortic and mitral stenosis. Simultaneous recording of left
leading to an increase in the v wave (two times greater ventricular (LV) and aortic (Ao) pressure tracings demonstrates a 62-mmHg mean
than the mean pressure). Severe aortic regurgitation systolic gradient (shaded area) that corresponds to an aortic valve area of 0.6 cm2
leads to a decrease in aortic diastolic pressure with a (left). Simultaneous recording of LV and pulmonary capillary wedge (PCW) pressure
concomitant rise in left ventricular end-diastolic pres- tracings reveals a 14-mmHg mean diastolic gradient (shaded area) that is consistent
sure, resulting in equalization of pressures between the with critical mitral stenosis (mitral valve area = 0.5 cm2). d, diastole; e, end diastole; s,
systole.
two chambers at end-diastole.
ECG
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