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CASE REPORT:

78 year old Caucasian male with these previous blood pressure measurements:

Age 45 130/80

Age 65 145/85

Age 78 180/70
No history of symptoms of hypertension and no evidence of significant target organ damage. He
had been started on an antihypertensive drug regimen of hydrochlorothiazide 12.5 mg, atenolol
50 mg daily and clonidine 0.2 mg prn for home BP > 170. He has noted dizziness frequently
when arising from bed and occasionally after breakfast.

This number of the elderly, defined as over age 65, will increase greatly in the next few
years (Figure 1). As people are living longer, isolated systolic hypertension has become the most
common form of hypertension (Franklin et al, 2001) (Figure 2). The likelihood that systolic
hypertension will appear as people live longer was documented in the Framingham population
(Vasan et al, 2002). When both men and women who where still normotensive at age 65 were
followed for 20 years, 90% developed hypertension, in almost all isolated systolic (Figure 3).
The danger from increases in systolic pressure was clearly shown in the meta-analysis of
observational data from almost one million adults followed for over 10 years in 61 prospective
studies (Prospective Studies Collaboration, 2002). The proportional risk of mortality from both
ischemic heart disease (IHD) and stroke rose progressively with each increment of initial blood
pressure in people in each decade (Figure 4), with a steeper rise in the younger than the older
whose risk started at a higher level.

Lest some think that these data for those over 70 may not be clinically pertinent since
there will be few people who live that long, actuarial data show that the average life expectancy
for 70 year old men and women in reasonable health is 12 and 16 years respectively (Figure 5).
More and more are living longer and, with that, acquiring the risk of hypertension.

The relatively greater risk of systolic hypertension in the elderly was defined in the
Framingham Heart Study participants by Franklin et al (Franklin et al, 2001). The prediction of
coronary heart disease was better by diastolic BP in the younger but better by systolic BP in the
older, with a cross—over at 55 years (Figure 6). They further showed that 60% of the systolic
pressure so commonly found in the elderly arose de novo, not as a consequence of a burn-out of
previous isolated diastolic or combined systolic/ diastolic hypertension (Franklin et al, 2005).

CURRENT CONTROL

Even though hypertension remains the most common indication for visits to physicians
and the overall use of prescription drugs, the control of hypertensive patients in the U.S. remains
woefully inadequate even among the participants in the Framingham Heart Study (Lloyd-Jones,
2005). In particular, control rates are low in the elderly, even lower in the rapidly increasing
number of elderly women (Figure 7). Moreover, control rates are inadequate among patients
with other cardiovascular conditions. Only 35% of patients with a prior stroke have their
hypertension under control (Wong et al, 2007).



MEASUREMENTS OF BLOOD PRESSURE

Of all the procedures done routinely in physicians' offices, measurement of blood
pressure may be performed the sloppiest, even though important decisions are often based on
them. Even when done well, office readings are usually higher than those obtained by home or
ambulatory monitoring. As documented years ago by Tom Pickering, ambulatory monitoring
can reveal both "white coat" and "masked" hypertension (Figure 8).

The presence of white coat hypertension seems relatively benign unless it gives rise to
unnecessary treatment. On the other hand, masked hypertension is associated with as much an
increased risk for the incidence of cardiovascular events as is sustained hypertension (Fagard et
al, 2007) (Figures 9 and 10). Elderly patients with systolic hypertension are even more
susceptible to the white coat effect than are younger hypertensives (Fagard et al, 2004).

The need for more widespread use of both ambulatory and home readings scems obvious
but they are rarely used, even less in a setting such as Parkland.

Table 1. Blood-Pressure Patterns That Can Be Determined by Means of Ambulatory Blood-Pressure Monitoring
and Other Methods.
Ambulatory Blood- Clinic Blood-Pressure Home Blood-Pressure

Variable Pressure Monitoring Monitoring Monitoring
True, or mean, blood pressure Yes Questionable Yes
Diurnal blood-pressure rhythm Yes No No

Dipping status Yes No No

Morning surge Yes No Questionable
Blood-pressure variability Yes No Questionable
Duration of drug effects Yes No Yes

Source: Pickering T et al N Engl J Med 2006;354:2368.

Systolic blood pressure always rises upon awakening and ambulating. In many, this rise is as
much as 45 mmHg, an effect now referred to as the "morning surge". The need to recognize and
dampen the typical morning surge of pressure has been related to the effect of the surge to
destabilize atherosclerotic plaques (Marfella et al, 2007). In addition, ambulatory monitoring
provides data that can not be obtained even by the best of office and home readings: the
nighttime dipping status. The course of blood pressure during sleep turns out to be the best
prognosticator for future cardiovascular events (Dolan et al, 2005) (Figure 11). In the future,
ambulatory and home monitoring will be more widely utilized. For now, more accurate clinic
readings can help.

Orthostatic Hypotension

A number of factors may complicate the management of hypertension in the elderly
(Table 2). Of these, orthostatic (postural) hypotension is common and often not recognized
(Figure 12). All hypertensives over age 60 should have supine and standing BP measurement,
needed even more if diabetes or postural symptoms are present. Hypotension may be seen after
a large breakfast from splanchnic pooling of blood. A decrease in cardiovagal baroreflex
sensitivity, the most common mechanism, is closely associated with arterial stiffness (Mattace-
Raso et al, 2007).



Treatment should start with non-drug therapies (Table 3) but, if those are not enough to
relieve symptoms, a number of medications may help (Gupta and Lipsitz, 2007).

Table 2
Factors Complicating Treatment of Hypertension in the Elderly
FACTORS POTENTIAL COMPLICATIONS
Diminished baroreceptor activity Orthostatic hypotension
Impaired cerebral autoregulation Cerebral ischemia with small falls in systolic pressure
Decreased intravascular volume Orthostatic hypotension
Volume depletion, hyponatremia
Sensitivity to hypokalemia Arrhythmia, muscular weakness
Decreased renal and hepatic function Drug accumulation
Polypharmacy Drug interaction
CNS changes Depression, confusion
Table 3

Nondrug Treatment for Orthostatic Hypotension

Withdraw offending medication

Rise slowly from supine to sitting to standing position
Avoid prolonged standing in hot weather

Isometric exercise before rising

Raise head of bed 10 to 20 degrees

Small meals and coffee in the morning

Elastic waist high stocking

Increase salt and water intake

Exercise, eg, swimming, recumbent biking

MECHANISMS OF SYSTOLIC HYPERTENSION

The belief of increasing stiffness of the large arteries with age goes back a very long time
and palpation of the radial artery was long used to evaluate cardiovascular risk. But only over
the past decade has it been possible to measure arterial stiffness and the other dynamic properties
of the arterial tree. Much credit goes to Michael O' Rourke, Gary Mitchell, Michel Safar, and
Stanley Franklin and their co-workers.

I can do no better than to quote Stanley Franklin form his syllabus provided for the
American Society of Hypertension Review Course:

"An age- associated rise in systolic blood pressure (SBP), occurring as a consequence of
increased arterial stiffness, was once considered an inconsequential part of the aging process;
more recently, we recognized that it represents a major global pubic health problem, not only
because it is extremely common, but also because isolated systolic hypertension [ISH, SBP >
140 and diastolic blood pressure (DBP) < 90 mm Hg] is an independent risk factor a variety of
cardiovascular (CV) diseases.

"The central pressure waveform is produced by two major components: a forward
traveling or incident wave, generated by ventricular ejection and a backward wave, reflecting off



of distal arteries at the branching origins of arterioles (Figure 13). The smooth forward going
wave is influenced by intermittent ventricular ejection and by mechanical properties of the aorta
and large elastic arteries which serve to buffer the pressure changes. In contrast, the reflected
wave is influenced by the elastic properties of the entire arterial system, including both elastic
and muscular arteries.

"In young normotensive adults, the aorta is still very distensible: peripheral amplification
of the arterial pulse wave will result in considerably higher brachial artery peak SBP as
compared to SBP values in the ascending aorta. In young subjects the reflected pressure waves
return to the ascending aorta in diastole and serve to elevate mean DBP, thus boosting coronary
artery perfusion (Figure 14). The summation of the incident pressure wave with the reflected
wave in young adults produces a normal phenomenon of pressure amplification of pulse pressure
and SBP. Mean arterial pressure (MAP) and DBP are relatively constant throughout the central
and peripheral arteries, but SBP increases moving distally away from the aortic valve. Asa
consequence, brachial artery pressure in healthy young persons is some 15-25 mmHg higher than
that recorded in the ascending aorta. Therefore, central and not peripheral SBP, regardless of age,
determines cardiac afterload and hence cardiovascular risk (Figure 15). The changing pattern of
age-related brachial artery BP components that predict CV risk results from altered peripheral
resistance, aortic stiffness, and early wave reflection, all acting in concert to raise SBP, decrease
DBP, and to partially abolish pressure amplification; this leads to an age-related shift form
sphygmomanometric-determined diastolic hypertension (IDH) to mixed systolic/diastolic
hypertension (SDH), defined as a SBP > 140 and a DBP > 90 mm Hg, and ultimately to elevated
systolic and decreased diastolic values—wide pulse pressure ISH.

"More direct measurement of arterial stiffness and wave reflection may be of value in the
improved assessment of cardiovascular risk and outcome compared to peripheral SBP and pulse
pressure (Figure 16). Local stiffness in various blood vessels can be addressed by echo-tracking,
ultrasound and by MRA. Generalized systemic stiffness can be measured by diastolic decay,
modified Windkessel or stroke volume/pulse pressure measurements. A popular method of
assessing arterial stiffness uses applanation tonometry to measure both wave reflection analysis
and aortic pulse wave velocity (PWYV). Analysis of the entire arterial waveform may improve
risk stratification in patients with CV disease, or those at high risk of developing it by assessing
augmentation index (Alx), central pulse pressure, amplification ratios, and carotid to femoral
PWYV (aortic PWV). Aortic pulse waves can either be assessed invasively using solid-state or
fluid filled catheters, or non-invasively by pulse wave analysis. This technique relies on the use
of generalized transfer functions to synthesize aortic waveforms from directly measured radial
artery peripheral waveforms. The transfer function used to derive the central aortic pressures is
founded on the observation that pressure wave transmission in the upper limb is remarkably
consistent under different conditions. This includes the effects of aging, disease, drug therapy,
and variation in heart rate, thereby allowing a generalized transfer function to be used to convert
the radial to aortic pressure wave.

"Previous studies have shown that PWV is a superior predictor of increased CV mortality
than brachial BP components in patients with end stage renal disease (ESRD), essential
hypertension, and the elderly. The Alx, central pulse pressure and amplification ratios have
predicted all cause mortality in ESRD and in patients with known coronary heart disease. Two
recent studies have utilized central pulse wave analysis to measure arterial stiffness and predict
CV events—the Strong Heart Study and the CAFE substudy of the ASCOT trial."



CONSEQUENCES OF ARTERIAL STIFFNESS

The literature related to arterial stiffness has rapidly expanded. Some of the most useful
references are Laurent, 2006; Redfield, 2005; O'Rourke and Hashimoto, 2007; Agabiti-Rosei,
2007; Vasan, 2008, and Mitchell, 2008.

Table 4 lists clinical conditions associated with increased aortic stiffness and/or wave
reflections. To these, endothelial dysfunction, as measured by flow-mediated vasodilation, has
also been shown to accompany increased aortic stiffness in patients with isolated systolic
hypertension (Wallace et al, 2007)

Table 4: Clinical conditions associated with increased arterial stiffness and/or wave reflections

Ageing CV risk factors CV diseases
Other physiological conditions Obesity Coronary heart disease
Low birth weight Smoking Congestive heart failure
Menopausal status Hypertension Fatal stroke
Lack of physical activity Hypercholesterolaemia Primarily non-CV discases
Genetic background Impaired glucose tolerance ESRD
Parental history of hypertension Metabolic syndrome Moderate chronic kidney disease
Parental history of diabetes Type 1 diabetes Rheumatoid arthritis
Parental history of myocardial infarction Type 2 diabetes Systemic vasculitis
Genetic polymorphisms Hyperhomocyteinaemia Systemic lupus erythematosus
High CRP level

Source: Laurent et al. Eur Heart J 2006; 27:2588.
STUDIES OF CLINCIAL USEFULNESS OF MEASURING ARTERIAL STIFFNESS

As noted, two papers have been published which indicate additional clinical usefulness of the

measurement of central pressure:

e The Strong Heart Study (Roman et al, 2007) measured central pressure by radial applanation
tonometry with the SphygmoCor device in 3520 people. Central pressures were more
strongly related to vascular hypertrophy, extent of atherosclerosis and prediction of
cardiovascular events than were brachial systolic pressures. The authors conclude that
"These findings support prospective examination of the use of central blood pressure as a
treatment target in future trials"

e The Conduit Artery Function Evaluation (CAFE) Study (Williams et al, 2006) involved 2073
hypertensive patients enrolled in the much larger Anglo-Scandinavian Cardiac Outcomes
Trial (ASCOT) (Dahlof et al, 2005). In the larger ASCOT trial, hypertensive patients were
randomly chosen to take either the CCB amlodipine, followed by the ACEI perindopril, or
the beta-blocker atenolol, followed by a thiazide diuretic. Those chosen for the CAFE trial
were equally divided between the 2 regimens and had central pressure measured at least
twice during the 3 years of the trial.

Baseline brachial blood pressure of the CAFE participants was 160/93 mm Hg. At the
end of the trial, the fall in brachial BP was almost the same for both regimens: -26/-18 for
atenolol-thiazide versus-27.8/-15.7 for the amlodipine-perindopril (Figure17). However, the
central aortic systolic pressure was significantly lower by 4.3 mmHg with amlodipine-
perindopril.



The CAFE investigators provide 2 possible reasons for the higher central systolic
pressure with atenolol: 1) a shift of arterial reflection sites proximately via a relative peripheral
vasoconstriction which would result in earlier wave reflection, thereby increasing central aortic
systolic augmentation, or 2) the lower heart rate induced by the beta-blocker, prolonging
gjection time and increasing the likelihood that pressure wave reflections will augment the
outgoing pressure wave during systole.

As described in a Clinical Prospective on the CAFE study (Circulation 2006;113:1225):
"In a secondary analysis using Cox proportional-hazards modeling, central aortic pulse pressure
was identified as a significant determinant of a post hoc-defined composite of cardiovascular and
renal outcomes. This study demonstrates that brachial blood pressure measurements do not
always reflect the impact of different blood pressure-lowering treatments on central aortic
pressures. This study suggests a mechanism by which different drug treatments in hypertension
trials could differentially affect central aortic pressures and thus clinical outcomes beyond
brachial blood pressure."

The CAFE results were published shortly after the meta-analysis by Lindholm et al, in
2005 which showed that beta-blocker based antihypertensive therapy was no better than therapy
with other antihypertensives in reducing the incidence of myocardial infarction and was
associated with a 16% increased incidence of stroke (Figure 18 ).

CAFE provided the explanation for the lesser efficacy of beta-blockers described by
Lindholm et al. As a consequence, the British Hypertension Society (and many "unofficial"
groups) have strongly recommended not using beta-blockers as primary therapy of hypertension
except in those patients in whom a beta-blocker is indicated, e.g. post-MI, CHF, tachyarthymias.

The implications of CAFE and the STRONG data are obvious: Central pressures should
be obtained in large clinical comparative trials, in epidemiologic studies of cardiovascular risk,
and in the approval process for new antihypertensive agents. At a present price over $15,000 the
Syphgmo Cor device used in CAFE or other available devices to measure central pressure will
not likely be used in clinical practice but that possibility may come about in the near future.

Stroke

In various observational and therapeutic trial data in the elderly, stroke is often as
common or more common than myocardial infarction although heart diseases, mainly heart
failure, remain the leading causes of death in the elderly (Kjeldsen et al, 2001) (Figure 19).

Nonetheless, strokes may lead to more disability. CCBs, in particular amlodipine have
been found to reduce the risk of stroke more than seen with ACEIs (Verdecchia et al, 2005)
(Figure 20). However, drugs which lower the circulating levels of angiotensin, e.g. ACEIs and
beta-blockers have been found to protect against strokes less well than drugs which increase the
level of circulating angiotensin, e.g. diuretics, CCBs, and ARBs (Boutitie et al, 2007) (Figure 21).
The rationale for this hypothesis is as follows:

"In their hypothesis, proposing angiotensin II as a cerebroprotective agent, Brown and
Brown (1986) suggested that the vasoconstrictive effect of angiotensin II in the proximal
cerebral arteries could be the mechanism preventing the Charcot-Bouchard aneurysms from
rupturing. This AT receptor-mediated vasoconstrictive effect could, however, only explain the
prevention of hemorrhagic strokes, but would have no effect on ischemic strokes. To explain the
reduction in ischemic stroke, which is a far more prevalent complication of hypertensive
cardiovascular disease, it may be hypothesized, on the basis of experimental data with acute
stroke, that the activation of the non-opposed AT, receptor by drugs that increase angiotensin II



would facilitate the recruitment of collateral vessels or increase neuronal resistance to anoxia.
(Dai et al, 1999) and (Li et al, 2005) provided some experimental evidence for a non-
haemodynamic neuroprotective effect mediated by the AT, receptor. The investigators showed
that the intracerebral administration of low doses of irbesartan (which did not interfere with the
systemic effect of angiotensin II) before the induction of experimental brain ischemia in the rat
improved the neurological outcome, whereas the coadministration of an AT, receptor blocker
prevented such improvement (Figure 22). In addition, two independent teams using AT, gene-
deleted mice showed that the neurological outcome, after a comparable ischemic insult, was
more severe in these animals than in wild-type animals, and was associated with a greater
reduction in the cerebral blood flow around the necrotic core (Iwai et al, 2004)."

Conginitive Decline: There is limited evidence that arterial stiffness is also associated with
cognitive decline (Waldstein et al, 2008) (Figure 23). However, lowering of blood pressure has
not been shown to protect against dementia in patients without prior cerebrovascular disease
(McGuinness B et al, 2008).

TREATMENT OF HYPERTENSION IN THE ELDERLY
NONDRUG THERAPIES

It may be more difficult to change life-long habits but the elderly may respond as well or
better to some non drug therapies.

Sodium Reduction: The elderly may respond even more to moderate reduction in dietary sodium
intake than younger hypertensives because they have lower levels of renin-angiotensin to counter
the antihypertensive and volume contracting effect of reduced sodium intake (Weinberger and
Fineberg, 1991; Melander et al, 2007) (Figure 24). In 12 elderly patients with systolic
hypertension, 4 weeks of a lower sodium intake improved compliance of the carotid artery
(Gates et al, 2004). Another possible way that excess sodium may cause vascular damage is by
stiffening the vascular endothelium (Oberleithner et al, 2007).

There is now suggestive evidence that a lower sodium intake may reduce long term risk
of cardiovascular disease (Cook et al, 2007) (Figure 25).

Increased Dietary Fruit and Vegetables: Fewer strokes were seen in people who regularly eat
3-5 servings a day; even more benefit was seen with more than 5 servings a day (He HJ et al,
2006) (Figure 26).

Smoking Cessation: Those who smoke have greater arterial stiffness and quitting gradually
diminishes stiffness (Jatoi et al, 2007).

Moderate Alcohol Consumption: Consumption of one to three usual portions of beer, wine or
whiskey was associated with fewer MIs but not to cardiovascular mortality in 11,711
hypertensive men (Beulens et al, 2007). Among the 12,480 elderly women in the Nurses' Health
Study, those who consumed one drink per day had a slower rate of cognitive decline than did
nondrinkers (Stampfer et al, 2005).



Increased Physical Activity:

Among 51 elderly hypertensives, after 6 months of increased exercise, diastolic BP fell
about 2 mmHg more than seen in regular exercisers but neither systolic BP or arterial stiffness
improved (Stewart et al, 2005).

ANTIHYPERTENSIVE DRUG THERAPY
The general guidelines are shown in table 5

Table 5:

Guidelines in Treating Hypertension in the Elderly

1. Check for postural and postprandial hypotension before starting

Choose drugs that will help other concomitant conditions

a. For uncomplicated patients, a thiazide diuretic + K' sparer

b. Ifasecond agent is needed, a CCB

c. P-blockers are not appropriate unless an indication is present,
e.g., coronary disease

Start with small doses, titrating gradually

Use longer acting, once daily formulations

Avoid drug interactions, particularly from over-the-counter

medications, e.g. NSAIDs

6. Look for subtle drug-induced adverse effects, e.g. weakness, dizziness,
depression, confusion

7. Monitor home blood pressures to avoid over and under treatment

8. Aim for the goal of SBP = 140-145, DBP = 80-85

bl

A number of additional points are worth noting.

Diuretics: A significant fall in serum potassium, great than 0.2 L. mEq/ L, should be avoided in
order to prevent a concomitant rise in blood sugar (Zilich et al, 2006) (Figure 27). Another
reason to use thiazide diuretics in the elderly is the decrease in urinary calcium excretion which
reduces age-related osteoporosis and the risk for hip fracture (Schoofs et al, 2003).

Aldosterone Blockers: The most appropriate way to prevent diuretic-induced falls in potassium
is to combine them with an aldosterone blocker. Spironolactone in small doses, 25 mg per day,
has been repeatedly found to have a significant antihypertensive effect in patients with resistant
hypertension (Chapman et al, 2007) (Figure 28). Aldosterone levels may breakthrough during
long term use of ACElIs (Sato and Saruta, 2003) and even modest increases of aldosterone may
increase hypertensive target organ damages (Pratt, 2008).

Caution about hyperkalemia is needed when aldosterone blockers are used, particularly in
patients with renal insufficiency or taking ACEIs or ARBs (Juurlink et al, 2004).

In general, elderly patients respond better to diuretics and CCBs than to renin suppressing
drugs, likely because their renin levels are low (Morgan et al, 2001) (Figure 29).

ACEIs and ARBs: Both classes lower BP similarly but there are, as yet, no comparative studies
on their protection against target organ damage (Matchar et al, 2008). In the near future, results
of a large comparative trial between the ACEI ramipril and the ARB telmisartan, the On-Target
Trial, may provide such data.

The duration of action of even presumably long-acting ARBs may not be long enough to
keep the BP down for the entire 24 hours (Fabia et al, 2007). In the absence of early moming BP



measurements, the better course might be to give the drugs at bedtime, particularly in view of the
greater impact of nocturnal and early morning BPs on cardiovascular risk (Hermida et al, 2007).

Although ACEIs and ARBs are frequently combined for greater reduction in proteinuria,
no additional benefit of the ARB irbesartan when added to the ACEI ramipril was seen in the
largest trial on this issue (Bakris et al, 2007) (Figure 30). There are little data of an additive
effect on BP.

Direct Renin Inhibitors: Aliskerin has been marketed. It clearly lowers BP and may have an
additive effect to an ARB given in the maximally recommended dose, valsartan 320 mg per day
(Oparil et al, 2007) Figure (31).

Nitrates: As NO providers, nitrates have a rapid and significant antihypertensive effect mediated
by a decrease in the pulse wave reflection (Stokes et al, 2003) (Figure 32). Stokes has advocated
the use of isosorbide for treatment of systolic hypertension but has been unable to perform a
proper outcome trial since the available nitrate preparations are generic (Stokes et al, 2005).

Statins: Statins use has been associated with a 21% reduction in the incidence of stroke (Heart
Protection, 2004) perhaps because they have a significant antihypertensive effect (Strazzullo et al,
2007) (Figure 33).

TREATMENT OF HYPERTENSIVES OVER AGE 80

Few data have been published on the value of antihypertensive therapy of those over age
80. Preliminary data from the largest such trial, the Hypertension in the Very Elderly Trial
(HYVET) were equivocal (Figure 34) but according to a Heart Wire press release on August 7,
2007 the trial has been prematurely stopped "following significant reductions in both stroke and
mortality in patients in the treatment arm." Treatment was with the diuretic indapamide and the
ACEI perindopril.

THE GOAL OF TEATMENT OF HYPERTENSION IN THE ELDERLY
Uncertainty persists. Currently available data suggest that systolic pressure can be
lowered to as low a level as possible as long as the (usually already low) diastolic pressure is not

lowered to below 70 mmHg in hypertensives with known coronary artery disease (Messerli et al,
2006) (Figure 35) or to below 55 mmHg in those without CAD (Fagard et al, 2007).
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