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Physical Examination of the Cardiovascular System

Arterial Pulse The carotid artery pulse occurs just after the ascending
aortic pulse. The aortic pulse is best appreciated in the epigastrium, just
above the level of the umbilicus. Peripheral arterial pulses that should be
assessed routinely include the subclavian, brachial, radial, ulnar, femoral, popliteal, dorsalis pedis, and posterior tibial. In patients in whom
the diagnosis of either temporal arteritis or polymyalgia rheumatica is
suspected, the temporal arteries also should be examined. Although one
of the two pedal pulses may not be palpable in up to 10% of normal subjects, the pair should be symmetric. The integrity of the arcuate system of
the hand is assessed by Allen’s test, which is performed routinely before
instrumentation of the radial artery. The pulses should be examined for
their symmetry, volume, timing, contour, amplitude, and duration. If
necessary, simultaneous auscultation of the heart can help identify a delay
in the arrival of an arterial pulse. Simultaneous palpation of the radial and
femoral pulses may reveal a femoral delay in a patient with hypertension
and suspected aortic coarctation. The carotid upstrokes should never be
examined simultaneously or before listening for a bruit. Light pressure

should always be used to avoid precipitation of carotid hypersensitivity 1445
syndrome and syncope in a susceptible elderly individual. The arterial
pulse usually becomes more rapid and spiking as a function of its distance from the heart, a phenomenon that reflects the muscular status
of the more peripheral arteries and the summation of the incident and
reflected waves. In general, the character and contour of the arterial pulse
depend on the stroke volume, ejection velocity, vascular compliance, and
systemic vascular resistance. The pulse examination can be misleading in
patients with reduced cardiac output and in those with stiffened arteries
from aging, chronic hypertension, or peripheral arterial disease.
The character of the pulse is best appreciated at the carotid level
(Fig. 267-2). A weak and delayed pulse (pulsus parvus et tardus) defines
severe aortic stenosis (AS). Some patients with AS may also have a
slow, notched, or interrupted upstroke (anacrotic pulse) with a thrill
or shudder. With chronic severe AR, by contrast, the carotid upstroke
has a sharp rise and rapid fall-off (Corrigan’s or water-hammer pulse).
Some patients with advanced AR may have a bifid or bisferiens pulse,
in which two systolic peaks can be appreciated. A bifid pulse is also
described in patients with hypertrophic obstructive cardiomyopathy
(HOCM), with inscription of percussion and tidal waves. A bifid pulse
is easily appreciated in patients on intraaortic balloon counterpulsation
(IABP), in whom the second pulse is diastolic in timing.
Pulsus paradoxus refers to a fall in systolic pressure >10 mmHg with
inspiration that is seen in patients with pericardial tamponade but also
is described in those with massive pulmonary embolism, hemorrhagic
shock, severe obstructive lung disease, and tension pneumothorax.

CHAPTER 267

the arm at the level of the heart, using an appropriately sized cuff, after
5–10 min of relaxation. When it is measured in the supine position, the
arm should be raised to bring it to the level of the mid-right atrium.
The length and width of the blood pressure cuff bladder should be 80%
and 40% of the arm’s circumference, respectively. A common source
of error in practice is to use an inappropriately small cuff, resulting in
marked overestimation of true blood pressure, or an inappropriately
large cuff, resulting in underestimation of true blood pressure. The
cuff should be inflated to 30 mmHg above the expected systolic pressure and the pressure released at a rate of 2–3 mmHg/s. Systolic and
diastolic pressures are defined by the first and fifth Korotkoff sounds,
respectively. Very low (even 0 mmHg) diastolic blood pressures may
be recorded in patients with chronic, severe AR or a large arteriovenous fistula because of enhanced diastolic “run-off.” In these instances,
both the phase IV and phase V Korotkoff sounds should be recorded.
Blood pressure is best assessed at the brachial artery level, though it
can be measured at the radial, popliteal, or pedal pulse level. In general, systolic pressure increases and diastolic pressure decreases when
measured in more distal arteries. Blood pressure should be measured
in both arms, and the difference should be less than 10 mmHg. A blood
pressure differential that exceeds this threshold may be associated with
atherosclerotic or inflammatory subclavian artery disease, supravalvular aortic stenosis, aortic coarctation, or aortic dissection. Systolic leg
pressures are usually as much as 20 mmHg higher than systolic arm
pressures. Greater leg–arm pressure differences are seen in patients
with chronic severe AR as well as patients with extensive and calcified
lower extremity peripheral arterial disease. The ankle-brachial index
(lower pressure in the dorsalis pedis or posterior tibial artery divided
by the higher of the two brachial artery pressures) is a powerful predictor of long-term cardiovascular mortality.
The blood pressure measured in an office or hospital setting may not
accurately reflect the pressure in other venues. “White coat hypertension” is defined by at least three separate clinic-based measurements
>140/90 mmHg and at least two non-clinic-based measurements
<140/90 mmHg in the absence of any evidence of target organ damage. Individuals with white coat hypertension may not benefit from
drug therapy, although they may be more likely to develop sustained
hypertension over time. Masked hypertension should be suspected
when normal or even low blood pressures are recorded in patients with
advanced atherosclerotic disease, especially when evidence of target
organ damage is present or bruits are audible.
Orthostatic hypotension is defined by a fall in systolic pressure
>20 mmHg or in diastolic pressure >10 mmHg in response to assumption of the upright posture from a supine position within 3 min.
There may also be a lack of a compensatory tachycardia, an abnormal
response that suggests autonomic insufficiency, as may be seen in
patients with diabetes or Parkinson’s disease. Orthostatic hypotension
is a common cause of postural lightheadedness/syncope and should be
assessed routinely in patients for whom this diagnosis might pertain. It
can be exacerbated by advanced age, dehydration, certain medications,
food, deconditioning, and ambient temperature.
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Figure 267-2 Schematic diagrams of the configurational changes
in carotid pulse and their differential diagnoses. Heart sounds are
also illustrated. A. Normal. S4, fourth heart sound; S1, first heart sound;
A2 aortic component of second heart sound; P2 pulmonic component
of second heart sound. B. Aortic stenosis. Anacrotic pulse with slow
upstroke to a reduced peak. C. Bisferiens pulse with two peaks in
systole. This pulse is rarely appreciated in patients with severe aortic
regurgitation. D. Bisferiens pulse in hypertrophic obstructive cardiomyopathy. There is a rapid upstroke to the first peak (percussion
wave) and a slower rise to the second peak (tidal wave). E. Dicrotic
pulse with peaks in systole and diastole. This waveform may be seen
in patients with sepsis or during intraaortic balloon counterpulsation with inflation just after the dicrotic notch. (From K Chatterjee, W
Parmley [eds]: Cardiology: An Illustrated Text/Reference. Philadelphia,
Gower Medical Publishers, 1991.)
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