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All hypertensive target organ damage essentially develops as a direct and/or indirect
consequence of the vascular pathology that results from an exposure to increased
intravascular pressures. Such indirect consequences include ischemia and dysfunction of the
distal microvasculature without it being directly exposed to elevated pressures. In any event,
there are significant differences in the pathogenesis of such injury between target organs
which result in different degrees of macro and microvascular disease and are also reflected
in the specific clinical phenotypes. Such differences also probably account for the
differences in the quantitative relationships between BP increases and the increase in the
relative and/or absolute risk for a given target organ damage. Therefore, from the
pathogenesis perspective, the spectrum of hypertensive target organ pathology can be
broadly separated into (a) macrovascular pathology; (b) cardiac pathology; and (c)
microvascular pathology.

At the outset, it also needs to be acknowledged that the following discussion addresses the
consequences of hypertension in the context of generic elevation of vascular pressure
without trying to separate the pathogenic contribution of individual components of the
pressure wave (systolic, diastolic, mean, pulse). One of the important paradigm shifts in
hypertension has been the recognition of the importance of systolic rather than mean or
diastolic BP as a predictor of adverse outcomes, particularly in older individuals. Similarly,
the important issues of BP lability and the relative merits of the various BP measurement
approaches (clinic, home, ambulatory) are also not addressed but some relevant references
are cited.
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(a) Macrovascular Pathology

If the increase in target organ intravascular pressures is severe enough to exceed a critical
threshold, it can result in acute barotrauma to the vascular wall with severe disruptive
vascular and microvascular injury as is characteristically observed in malignant/accelerated
hypertension. Lesions of fibrinoid necrosis and/or thrombosis are frequently observed and
the vascular injury is usually wide spread and involves multiple organs (brain, eyes, heart,
kidney). However, in the vast majority of patients, BP increases are less severe and target
organ damage develops after years/decades of chronic hypertension. The pathogenesis of
hypertensive vascular disease in such individuals is more complex and varied. In addition to
the direct deleterious impact of elevated pressures on the vessel wall, activation of other
hypertension modulated pathogenic pathways contribute to the vascular pathology. These
not only include endothelial dysfunction and oxidative stress, but also the myriad changes in
vascular structure and function that occur with normal aging even in the absence of overt
hypertension. Indeed, the major vascular changes observed with aging, such as increases in
arterial stiffness, pulse wave velocity and pulse pressure due to the deterioration of the
vascular wall elastin network, are also observed in an exaggerated form with hypertension in
younger individuals. In fact, the similarities between aging and hypertension are so
considerable that hypertension can be considered as “accelerated cardiovascular aging”.
Similarly, the increasing atherosclerosis with aging is further enhanced by hypertension and
the associated endothelial dysfunction, and additionally contributes to target organ
dysfunction and adverse cardiovascular outcomes. Cerebrovascular disease with ischemic,
or more uncommonly hemorrhagic stroke, provides the most dramatic and consequential
illustration of hypertensive macrovascular pathology.

(b) Cardiac Pathology

The increased aortic pulsatile load associated with hypertensive large vessel disease leads to
increased left ventricular stress and hypertrophy (LVH) with increased myocardial oxygen
consumption and decreased contractile and coronary flow reserve. Over time, the left
ventricle becomes stiffer and diastolic filling becomes impaired with resulting diastolic
dysfunction. Moreover, because the heart is mostly perfused during the diastole unlike other
organs, the central arterial stiffening in elder hypertensive individuals with the attendant fall
in diastolic pressure, constitutes an additional risk factor for ischemic cardiac events. The
pathogenesis of systolic dysfunction on the other hand is probably more complex and likely
requires additional mechanisms such as through hypertension promoted atherosclerotic
coronary artery disease with its ischemic and fibrotic sequelae.

(c) Microvascular Pathology

This is the least frequent form of hypertensive target organ damage and differs very
substantially in its pathophyisology from that of macrovascular disease as has been clearly
demonstrated in experimental animal models using BP radiotelemetry. Unlike the larger
vessels which are directly exposed to the elevated BP, the microvasculature (capillaries) is
protected by the myogenic autoregulatory responses of the precapillary resistance vessels.
Through proportionate arteriolar vasoconstriction, the pressure in these capillary beds is
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maintained relatively constant and normal. Therefore, as long as the BP increases, episodic
or sustained, are within the autoregulatory range, the target organ capillaries are not exposed
to the hypertension. This is particularly relevant for hypertensive kidney damage. Most end
stage renal disease (ESRD) is due to a severe loss of glomerular capillaries and filtration
capacity rather than macrovascular disease. Because the autoregulatory mechanisms are
intact in the vast majority of patients with essential hypertension, the glomeruli and GFR are
largely spared and only a very slowly progressive form of vascular pathology termed benign
nephrosclerosis is seen. Downstream ischemic glomerular loss does occur but is relatively
modest and therefore, does not result in ESRD except in some genetically susceptible
individuals/groups (African-Americans) who exhibit a more accelerated course. Therefore,
although essential hypertension is second only to diabetes as a population risk factor for
ESRD because of its huge prevalence, the individual risk for developing hypertensive ESRD
is exceedingly low (~0.5%). By contrast, if renal disease is present and a significant loss of
functional renal mass has occurred irrespective of etiology, renal autoregulation is impaired
which results in an increased transmission of even modest systemic hypertension to
glomerular capillaries. This enhanced susceptibility to hypertensive glomerular injury is
manifested as a greatly reduced BP threshold at which progressive glomerular injury
develops. These differing patterns of quantitative relationships between BP and renal
damage and their relationship to renal autoregulatory capacity are illustrated in Fig. 1(a &
b). Consistent with these interpretations, it has been shown that antihypertensive agents such
as dihydropyridine calcium channel blockers that can adversely alter autoregulatory capacity
may also adversely impact the slope of the relationship between BP and microvascular renal
damage. Conversely, very modest differences if any, are observed between antihypertensive
classes for macrovascular disease or cardiovascular outcomes.
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Fig. 1.

Fig. 1a. The differing BP thresholds and slopes of the relationship between BP and renal
damage in patients with uncomplicated hypertension (benign and malignant nephrosclerosis)
and those with diabetic and non-diabetic CKD.

Fig. 1b. lllustration of the spectrum of pressure/flow relationships in the renal vascular bed
in hypertension. Pattern A represents the normal renal autoregulatory responses observed in
uncomplicated hypertension and shows the constancy of renal blood flow (RBF) despite BP
changes within the autoregulatory range. Pattern B indicates the ambient renal vasodilation
but preserved autoregulation after uninephrectomy. Pattern C illustrates the impaired RBF
autoregulatory responses observed in the 5/6 renal ablation model. Pattern D shows the
complete loss of renal autoregulation in 5/6 renal ablated rats treated with dihydropyridine
CCBs. Although RBF is depicted as the dependent variable, the same relationships are
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expected to obtain for glomerular pressures, given that the autoregulatory resistance changes
are confined to the preglomerular vasculature.
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