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Summary  
 
Malignant hypertension is a hypertensive emergency characterized by severe 
hypertension and ischemic retinal lesions. The complications of malignant 
hypertension differ from chronic uncontrolled hypertension and include hyper-
tensive encephalopathy, thrombotic microangiopathy and acute renal failure. 
Although the incidence of malignant hypertension has declined after the 
introduction of anti-hypertensive agents, it can still be relatively common in 
multi-ethnic populations. A history of hypertension and several underlying 
conditions such as renal parenchymal and renovascular disease increase the risk 
of malignant hypertension. However, the reason why only few patients progress 
to the malignant phase is incompletely understood. Pressure natriuresis and 
activation of the renin-angiotensin system precede the development of malignant 
hypertension. Activation of the renin-angiotensin system may result from 
ischemia of the renovascular bed and volume depletion. The treatment of 
malignant hypertension requires an immediate but controlled reduction of blood 
pressure to safe, but not normal blood pressure levels. Initially a ~25% reduction 
in mean arterial pressure is recommended within minutes to hours. This strategy 
is based on the observation that the curve of cerebral autoregulation may be 
shifted towards the right in these patients. In the controlled reduction of blood 
pressure, sodium nitroprusside (SNP) is superior due to its short half-life, but its 
use may be hampered by the risk of cyanide toxicity and increase in intracranial 
pressure. Alternatively, labetalol and nicardipine can be used in patients who are 
at increased risk for the complications of SNP such as patients with hypertensive 
encephalopathy and those with renal and liver insufficiency.  
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Towards a definition 
 
Malignant hypertension was first described in 1914 by Volhard who noted the 
association of severe hypertension and renal ischemia with retinopathy.1 In 1939 
this finding was supported by Keith, Wagener and Barker in an observational 
study of 219 hypertensive patients.2 They found, in an era where treatment of 
hypertension was not yet possible, that the survival of hypertensive patients with 
bilateral optic disc edema (grade IV retinopathy) was greatly impaired compared 
to those having no or minimal retinal lesions. More than 90% of patients with 
grade IV retinopathy had died of renal, cardiac and cerebral complications after 
1 year. Patients with cotton-wool patches and retinal hemorrhages (grade III) 
had an intermediate survival with 65% deceased after 1 year. Since, hyper-
tension with grade IV retinopathy has been considered malignant hypertension. 
The term accelerated or premalignant hypertension was used for patients with 
severe hypertension and grade III retinopathy. Later, after effective anti-
hypertensive therapy became available, the term accelerated hypertension was 
discarded because it was recognized that the clinical features and prognosis of 
hypertensive patients with grade III and IV retinopathy was similar and quite 
different from patients with no or unilateral retinopathy.3, 4 The evidence that the 
clinical characteristics and prognosis of patients with grade III and IV 
retinopathy are comparable is supported by the fact that both grades share a 
common etiological background. The poor renal outcome and death from 
cerebrovascular accidents in severely hypertensive patients with grade III and IV 
retinopathy suggests that these retinal changes are an indicator of imminent 
ischemic complications elsewhere. However, not all patients with a combination 
of cotton wool patches, flame shaped hemorrhages or papilledema have 
malignant hypertension; vice versa not all patients with hypertensive 
encephalopathy, a hypertensive emergency commonly associated with malignant 
hypertension, have retinal abnormalities.5  

Currently, there is no gold standard to differentiate a true hypertensive 
emergency from a hypertensive urgency. A decision model, incorporating 
selected clinical, hemodynamic and biochemical markers may be the best way in 
differentiating a true hypertensive emergency from a hypertensive urgency. 
However, to ensure adequate comparison of patients the definition of malignant 
hypertension, namely severe hypertension with bilateral presence of grade III 
and IV hypertensive retinopathy, as still endorsed in international hypertension 
guidelines and the WHO is used in this thesis. 
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Histopathological findings 
 
The pathological hallmark of malignant hypertension is fibrinoid necrosis and 
myointimal proliferation of small arteries and arterioles (up to a diameter of 0.2 
mm). The fibrinoid depositions are caused by continued seepage of fibrin and 
serum proteins through a necrotic vessel wall into surrounding viable tissue and 
are sometimes accompanied by thrombosis of the arterial lumen.6, 7 The 
myointimal proliferation consists of smooth muscle cell hyperplasia of the 
subintimal layer often accompanied by narrowing of the arterial lumen.7 
Fibrinoid necrosis is not invariably present in malignant hypertension,7 and can 
also be found in other conditions such as scleroderma, TTP-HUS and anti-
phospholipid antibody syndrome.8-10 Myointimal proliferation is, to a lesser 
degree, also observed in severely hypertensive patients without retinal 
abnormalities.6, 7 In an autopsy series of 20 patients who died from hypertensive 
encephalopathy or malignant hypertension, the pathological findings in the 
retina paralleled the histopathological findings in the kidney and brain with 
regard to the presence of fibrinoid necrosis and subintimal hyperplasia.11 This 
suggests that the vascular lesions observed in malignant hypertension affects 
organs to a similar extent. Another autopsy study has also described fibrinoid 
necrosis and myointimal proliferation in the vasculature of other organs such as 
the pancreas, adrenal glands, intestine and liver.12 

The complications of malignant hypertension differ from chronic (uncon-
trolled) hypertension in the sense that retinopathy, encephalopathy and acute 
renal failure are not observed in the latter. Therefore the histological findings of 
these target organs in malignant hypertension will be discussed in more detail.  
 
Retina 
Most histopathological evidence on the pathogenesis of the retinal arteriolar 
lesions and retinopathy of malignant hypertension comes from autopsy studies 
in monkeys with induced hypertension by clipping the renal arteries. The 
retinopathy observed in these animals includes cotton wool spots, flame shaped 
hemorrhages, optic nerve edema and choroidopathy (figure 1). Although 
information on hypertensive retinopathy from autopsy studies in humans is 
scarce, the retinal pathology of patients dying from malignant hypertension or 
hypertensive encephalopathy and animals with induced hypertension seems to 
be identical.11, 13, 14  
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Fig.1  
 

 
 
Retina of a patient showing flame-shaped hemorrhages, soft exudates and papilledema 
with macular hard exudates as a result of lipid depositions. 
 
 
Histologically, the precapillary retinal arteries and arterioles are unevenly 
affected with some arteries appearing normal and others showing extensive 
fibrinoid necrosis.13 Cotton wool spots are the earliest and most commonly 
observed retinal lesions, whereas optic nerve edema and choroidopathy appear 
late.14 Cotton wool spots consist of accumulations of cytoplasmic debris in the 
retinal nerve-fibre layer.15 These accumulations are caused by obstruction of 
axoplasmic transport in ganglion cell axons resulting from occluded retinal 
arterioles.15, 16 Retinal hemorrhages develop as a result of ischemia of small 
retinal vessels with subsequent loss of integrity of the vessel wall and 
extravasation of erythrocytes.13 These bleedings follow the direction of the 
retinal nerve fiber layer and therefore become visible as flame shaped 
hemorrhages.17 Hypertensive choroidopathy results from ischemia of the 
choroidal vascular bed.18 The optic disc edema observed in autopsies of 
monkeys with malignant hypertension appears to result from axonal hydropic 
swelling secondary to ischemic infarction and is, in contrast to previous beliefs, 



Chapter 1 

 14

not caused by increased intracranial pressure.19 Thus the retinal lesions observed 
in malignant hypertension (cotton wool spots, flame shaped hemorrhages and 
optic nerve edema) all result from ischemia and therefore appear to share a 
common etiological background.  
 
Brain 
Brain autopsies have shown that fibrinoid necrosis is present in more than half 
of the patients who died from complications related to hypertensive encephalo-
pathy and malignant hypertension.11 Focal hyalinization and fibrous thickening 
of the vessel wall were invariably present, sometimes accompanied by 
narrowing and occlusion of the vessel lumen. These abnormalities were not 
observed in hypertensive patients without retinal abnormalities.  

In all patients with malignant hypertension, multiple zones of micro-
infarctions were observed in all parts of the brain, especially in the brainstem 
and basal ganglia, and to a lesser extent in the cerebral cortex and spinal cord. 
These zones were associated with either fibrinoid necrosis, fibrin occlusion or 
focal irregularities of the vessel wall. Brain tissue showed pallor or necrosis of 
neurons. In more advanced stages these zones consisted of microglial cells and 
astrocytes in the presence of fibrous material while both axis cylinders and 
myelin had disappeared. Although increased cerebral spinal fluid pressure and 
cerebral edema are observed in patients who died from hypertensive encephalo-
pathy related to malignant hypertension, the degree of cerebral edema (in the 
absence of intracerebral hemorrhage) is usually limited.11, 20 
 
Kidney 
Light and electron microscopy of renal biopsy specimens of patients with 
malignant hypertension and renal insufficiency show marked intimal hyperplasia 
with hyalinization and medial hypertrophy with narrowing of the arterial lumen. 
Fibrinoid necrosis may be present in the afferent arterioles and distal interlobular 
arteries.6 Renal parenchymal lesions consist of ischemic glomerular changes as 
evidenced by collapsed glomerular tufts and collagen depositions in Bowman’s 
space and patchy necrosis of tubular cells with blood and fibrin depositions in 
the lumina of convoluted tubules.7, 21 Juxtaglomerular cells, responsible for renin 
production and secretion, show hypergranularity and have a hyperplastic 
appearance consistent with activation of the renin-angiotensin system in 
malignant hypertension.7, 22 
 
 



Malignant hypertension  

 15

Pathogenesis 
 
Malignant hypertension is considered a renin-mediated type of hypertension 
because of the, often marked, activation of the renin-angiotensin aldosterone  
system (RAAS).23-25 However, RAAS activation is not an exclusive feature of 
malignant hypertension as patients fulfilling the WHO criteria for malignant 
hypertension may have normal plasma renin activity (PRA).25-27 These variations 
in RAAS activation are incompletely understood. In experimental models it has 
been demonstrated that, apart from angiotensin II, other blood pressure 
stimulating factors, such as deoxycorticosterone, noradrenalin or decreased NO, 
may result in malignant hypertension.28-30 In humans, this is best demonstrated 
by patients with an aldosterone producing adenoma (Conn’s syndrome) or 
pheochromocytoma. In Conn’s syndrome, renin secretion is suppressed because 
of an increased autonomous production of aldosterone. Despite an intially 
suppressed renin secretion, these patients may develop malignant hypertension 
and profound activation of the renin-angiotensin system.31, 32 In patients with a 
pheochromocytoma, surgical removal of the tumor may result in normalization 
of blood pressure despite an initial presentation with malignant hypertension. 
These data suggest that a single blood pressure increasing stimulus, not directly 
related to the renin-angiotensin system, may lead to malignant hypertension and 
RAAS activation.33 Therefore, it is likely that the activation of the renin-
angiotensin system in malignant hypertension is a secondary event. Possible 
mechanisms responsible for the (paradoxical) activation of the renin-angiotensin 
system may include sodium depletion and renovascular ischemia. 

Experiments in animals and observations in humans have shown that 
malignant hypertension is preceded by sodium depletion and activation of the 
renin-angiotensin system. In uninephrectomized dogs, a modest blood pressure 
increase elicited by chronic intra-renal infusion of either norepinephrine or 
angiotensin II leads to sodium retention.34, 35 However, intra-renal infusion of 
increasing doses of norepinephrine leads to natriuresis and weight loss, followed 
by malignant hypertension, intravascular hemolysis and an activated RAAS.29 
The natriuresis which follows a blood pressure increase has also been 
demonstrated in rats with a unilateral clip on the renal artery and an untouched 
contralateral kidney. In these animals, sodium excretion and weight loss precede 
the development of an activated RAAS and malignant hypertension.36 
Administration of isotonic saline ameliorates the malignant course compared to 
rats receiving only water, likely by lowering angiotensin II.36, 37 Uninephrecto-
mized rats with a clip on the renal artery can exhibit profound activation of the 
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renin-angiotensin system without concomitant natriuresis.38, 39 However, the 
RAAS activation in these animals is not as great as in unilaterally clipped rats 
with an intact contralateral kidney. This is likely due to restoration of renal 
perfusion as a result of sodium retention, thereby aborting further stimulation of 
the renin-angiotensin system.  

In humans, the association between RAAS activation and volume 
depletion is best demonstrated by the hyponatremic-hypertensive syndrome. 
This syndrome is mainly observed in patients with severe or malignant 
hypertension and renal artery stenosis. Apart from severe hypertension these 
patients have an absolute sodium deficiency and an activated RAAS.40 The 
degree of RAAS activation in these patients is correlated with the severity of 
hyponatremia. This is thought to be the result of an angiotensin II mediated 
stimulation of anti-diuretic hormone (ADH).41, 42 Although hyponatremia is not a 
common feature in malignant hypertension, volume depletion and increased 
ADH levels are frequently observed in patients with malignant hypertension.43 
The mechanisms responsible for the blood pressure induced sodium excretion 
are incompletely understood as autoregulation of renal blood flow is well 
preserved by increasing renal afferent tone despite large differences in blood 
pressure or angiotensin II.44, 45 More recent studies however, have shown that 
renal medullary blood flow is less well autoregulated than renal cortical blood 
flow suggesting that differences in renal medullary flow may be responsible for 
the blood pressure induced changes in sodium excretion.45, 46  

Activation of the renin-angiotensin system, either by volume depletion or 
renovascular ischemia or both, may lead to a further blood pressure increase by 
promoting renovascular ischemia, thereby stimulating further renin release from 
juxtaglomerular cells, inducing a vicious circle as proposed by Wilson and 
others.47, 48 The association between vascular damage and an angiotensin II 
mediated blood pressure increase has been well established in animals and 
humans. Transgenic rats harbouring the human renin and angiotensinogen genes 
develop severe hypertension and profound endothelial damage characterized by 
the activation of proinflammatory and procoagulant pathways.49, 50 In humans, 
both histopathological and angiographic evidence suggests that the degree of 
vascular damage is associated with the degree of renin release.7, 22, 51 The 
thrombotic microangiopathy (TMA) of malignant hypertension, as evidence of 
profound vascular damage seems associated with the degree of RAAS activation 
and the presence of fibrinoid necrosis in kidney biopsies.26, 52 Treatment with 
either an ACE-inhibitor or direct vasodilator such as sodium nitroprusside (SNP) 
are successful in the treatment of malignant hypertension and lead to resolution 
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of the vascular damage associated with malignant hypertension.26, 53 This 
indicates that ongoing activation of the renin-angiotensin system can be aborted 
by both RAAS dependent and RAAS-independent anti-hypertensive treatment.27, 

54 Vasodilation and amelioration of vascular damage resulting in subsequent 
improvement of blood flow to ischemic areas in the kidney and termination of 
pressure natriuresis may all be responsible for cessation of the ongoing renin 
release from juxtaglomerular cells. The exact mechanisms however leading to 
both the initiation and cessation of the proposed vicious circle of malignant 
hypertension need further elucidation. 
 
Risk factors and causes 
 
Risk factors 
A history of poorly controlled or untreated hypertension is the most important 
risk factor of malignant hypertension. In the Malignant Hypertension Register 
from West Birmingham, only 29% of admitted patients had received one or 
more antihypertensive drugs prior to admission, whilst 45% were previously 
diagnosed with hypertension.55 Left ventricular hypertrophy was present on the 
electrocardiogram in 77% at admission suggesting that hypertension was present 
in more patients before they presented with malignant hypertension. Malignant 
hypertension is more frequently observed among patients from sub-Saharan 
African descent.55 This may be explained by differences in hypertension 
awareness and control in this population. A previous study in the US showed 
that blacks presenting with severe uncontrolled hypertension at the emergency 
department were less likely to have a primary care physician or health insurance 
than ethnicity matched hypertensive controls.56 However, data on ethnic 
differences regarding hypertension awareness and treatment in relation to severe 
uncontrolled or malignant hypertension are lacking. Previous studies have 
suggested an association with smoking and malignant hypertension, patients 
with malignant hypertension being more likely to smoke than hypertensive or 
normotensive controls irrespective of their age, sex or ethnic background.57, 58 
However, differences in socioeconomic background and adherence to anti-
hypertensive therapy may have confounded these associations. The association 
between dyslipidemia and malignant hypertension has been examined in one 
case control study.59 Methodological shortcomings however limit any 
conclusion drawn from these data. So, apart from a previous history of 
hypertension, definitive associations of cardiovascular risk factors with 
malignant hypertension are lacking. As malignant hypertension can be 
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considered an extreme phenotype of renin-mediated hypertension, two studies 
have examined the association between malignant hypertension and poly-
morphisms in the renin-angiotensin system. One study found a possible 
association between the ACE I/D polymorphism and the risk of malignant 
hypertension in white subjects compared to hypertensive controls.60 This finding 
however could not be reproduced in a later study, although the ACE DD 
genotype was more frequent in malignant hypertensive patients compared to 
normotensive controls.61 Both studies were hampered however by the lack of 
comprehensive information on the clinical characteristics and selection of 
patients. Therefore, definitive genetic associations with malignant hypertension 
risk remain to be determined. 
 
Secondary causes 
Basically any drug or condition that increases blood pressure can contribute to 
the development of malignant hypertension. Yet, there are some drugs and 
secondary causes that may accelerate blood pressure to such an extent that 
malignant hypertension follows. These underlying causes are summarized in 
table 1. Several retrospective studies have shown that primary renal and 
renovascular disease account for most of the secondary causes of malignant 
hypertension. However, the prevalence of these conditions varies between 11% 
to 67% for renal parenchymal disease and 2% to 33% for renovascular 
disease.55, 62-67 These differences may be explained by differences in definition, 
efforts to demonstrate an underlying cause, selection and referral bias, and the 
control of hypertension in the population at large. In populations with more 
vigorous blood pressure control patients with essential hypertension are more 
likely to be detected, treated and controlled thus preventing them from 
developing malignant hypertension. This may also explain the seemingly low 
prevalence of secondary causes in black patients with malignant hypertension.68  

The prevalence of endocrine causes of malignant hypertension such as 
pheochromocytoma, Conn’s and Cushing’s syndrome is invariably low, 
accounting for less then 5% of the total number of cases.55, 63-66 Although rare, 
oral contraceptives seem to be involved in the development of malignant hyper-
tension in some women. Cessation of oral contraceptives has led to a remarkable 
recovery of malignant hypertension with tapering of previously instituted 
antihypertensive medication.69-72 In some cases normal blood pressure values 
have been recorded just prior to the prescription of anti-contraceptives.69, 70, 72 
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Table 1 Conditions associated with malignant hypertension 
 
Renal parenchymal disease 
       Primary renal disease (glomerulonephritis,    
       glomerulopathy, tubulointerstitial) 
       Systemic disorders with renal involvement   
       (scleroderma, SLE, HUS-TTP syndrome, 
       vasculitis) 
       Inherited kidney diseases (FPKD, Alport’s  
       syndrome) 
Renovascular disease  
       Atherosclerotic 
       Fibromuscular dysplasia 
       Vasculitis (Takayasu, PAN) 
Endocrine disorders 
       Pheochromocytoma 
       Cushing’s syndrome 
       Renin secreting tumors 
       Mineralocorticoid hypertension 
Drugs and intoxications 
       Cocaine, amphetamines, cyclosporine,   
       erythropoietin, MAO-interactions, clonidine  
       withdrawal 
Autonomic hyper-reactivity 
       Guillain-Barre syndrome   
       Spinal cord injury 
       Baroreflex failure 
Eclampsia 

 
SLE: systemic lupus erythematosus, HUS: hemolytic uremic syndrome, TTP: throm-
botic thrombocytopenic purpura, FPKD: familial polycystic kidney disease),  PAN: 
polyarteritis nodosa, MAO: monoamine-oxidase. 
 
Clinical perspectives 
 
The clinical presentation of malignant hypertension varies from an 
asymptomatic presentation to a combination of hypertensive encephalopathy, 
renal insufficiency and TMA. The most recent and comprehensive data on the 
clinical features and complications of malignant hypertension are derived from 
two cohorts in the UK, the West Birmingham Malignant Hypertension Register 
and the malignant hypertension cohort of the Glasgow Blood Pressure Clinic.73, 
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74 Both cohorts are derived from multi-ethnic populations. The incidence of 
malignant hypertension in the West Birmingham cohort remained practically 
unchanged between 1970 and 1993 and was estimated at 2 per 100.000 
inhabitants per year.55 The most common presenting complaints included 
headache, believed to result from increased intracranial pressure, and visual 
disturbances. Other frequent presenting complaints include gastrointestinal 
symptoms (nausea, vomiting and abdominal pain) and pulmonary or peripheral 
edema as evidence of congestive heart failure.74 The complications of malignant 
hypertension differ from those of chronic uncontrolled hypertension and include 
hypertensive encephalopathy, TMA and acute renal failure. These specific 
complications will now be discussed in more detail.  
 
Hypertensive encephalopathy 
In the Glasgow Blood Pressure Clinic, 17% of malignant hypertensive patients 
presented with the neurological symptoms of a hypertensive encephalopathy.74 
These symptoms included altered consciousness (delirium, agitation, stupor), 
seizures, cortical blindness and coma; focal neurological signs were uncommon. 
Untreated, hypertensive encephalopathy leads to irreversible neurological 
damage and death.11 Hypertensive encephalopathy is believed to result from a 
breakthrough of cerebral autoregulation (CA).75, 76 Normally, cerebral blood 
flow is kept constant despite large variations in blood pressure (figure 2, solid 
line).75, 76 In severe uncontrolled hypertension blood flow cannot be maintained 
resulting in a rising intracranial pressure and, eventually, cerebral edema.77 The 
rate of change in blood pressure rather than the absolute height seems more 
important in the development of hypertensive encephalopathy: in situations of a 
rapid blood pressure increase, such as in patients with eclampsia or acute 
glomerulonephritis, hypertensive encephalopathy may develop at much lower 
blood pressure levels than in patients with pre-existent (uncontrolled) 
hypertension.78 These differences may be explained by the capacity of CA to 
adapt to the higher blood pressure values. In uncontrolled chronic hypertension, 
such an adaptation has been demonstrated by a rightward shift of the CA curve 
(figure 2, dotted line).76, 79 The etiology of cerebral edema in hypertensive 
encephalopathy is likely passive distension of cerebral arterioles. This is 
supported by imaging studies using SPECT, CT and MRI imaging which have 
shown co-localization of areas with cerebral edema and hyperperfusion.80 The 
posterior regions of the brain are predominantly affected and the cerebral edema 
in this region can best be made visible on MRI with FLAIR imaging showing 
edema as areas with increased signal intensity (figure 3).78, 80 In some patients 
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the brainstem may also be involved leading to compression of the cerebral 
aqueduct and an obstructive hydrocephalus.81-83 The reason why the posterior 
regions of the brain are predominantly affected in hypertensive encephalopathy 
may be the scarce innervation of this part of the brain by the sympathetic 
nervous system. Autopsy studies have shown that sympathetic innervation is less 
pronounced in the outflow tract of the vertebral arteries than that of the middle 
cerebral artery.84 In healthy volunteers, posterior cerebral artery flow is subject 
to a lower damping of blood pressure oscillations compared to flow in the 
middle cerebral artery.85 Although hypertensive encephalopathy may accompany 
malignant hypertension, the retinal findings which corroborate malignant 
hypertension do not need to be present.5 A possible explanation for this finding 
is that the retina, innervated by a branch from the middle cerebral artery, is more 
protected from the rising blood pressure due to the afore mentioned differences 
in sympathetic innervation. 
 
 
Fig. 2  

 
 
Schematic representation of cerebral autoregulation (CA). Normally, cerebral blood flow 
is held constant despite large variations in blood pressure (solid line). In case of an acute 
and severe blood pressure elevation, cerebral blood flow cannot be maintained resulting 
in a breakthrough of CA and cerebral hyperperfusion. In patients with (uncontrolled) 
chronic hypertension the CA curve is shifted towards the right (dotted line) as a result of 
adaptation to the higher blood pressure levels protecting the brain from autoregulation 
breakthrough. 
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Fig. 3  
 

 
 
MRI of a patient with hypertensive encephalopathy showing an axial fluid attenuated 
inversion recovery (FLAIR)-image at the level of the occipital and temporal lobes. Areas 
with increased signal intensity are visible in the cortical and subcortical occipital region.  
 
 
Hypertensive encephalopathy and the cerebral white matter lesions which may 
accompany hypertensive encephalopathy are fully reversible with timely and 
appropriate blood pressure treatment.78 Therefore, this syndrome has been 
described as reversible posterior leucoencephalopathy in the literature. Apart 
from hypertension, other causes have been implicated in this syndrome, 
including cytotoxic therapy (cyclosporine, tacrolimus, cisplatin), erythropoietin, 
bevacizumab (a monoclonal antibody that binds and inhibits VEGF),86-89 
thrombotic thrombocytopenic purpura (TTP),90 and carotid endarteriectomy 
hyperperfusion syndrome.91 Therefore, the causes of this syndrome are probably 
multifactorial including, apart from hypertension, endothelial activation or 
damage.    
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Thrombotic microangiopathy 
Malignant hypertension is frequently associated with a Coombs negative hemo-
lysis, which is characterized by low platelets, an increased lactic dehydrogenase 
(LDH) and schistocytes in a peripheral blood smear (figure 4).26, 52 In the 
Glasgow cohort, 27% of malignant hypertensive patients had evidence of intra-
vascular hemolysis defined by the presence of schistocytes.74 Previous studies 
have suggested that the presence of TMA is associated with more severe renal 
insufficiency at presentation, but that recovery of renal failure may occur with 
blood pressure control.21, 92-94 More recent studies have shown that both pro-
coagulant and proinflammatory pathways are important in the development of 
the vascular abnormalities that are observed in malignant hypertension. Rats 
double transgenic for the human renin and angiotensinogen genes develop 
severe hypertension and vascular lesions indistinguishable from that observed in 
humans with malignant hypertension.95 Marked expression of adhesion 
molecules (ICAM, VCAM) are present in the interstitium, intima and adventitia 
of small renal arteries in these animals.49 This is followed by monocyte and 
macrophage infiltration and increased expression of plasminogen activator 
inhibitor-1 (PAI-1) and fibronectin.49 Either blood pressure treatment or direct 
inhibition of nuclear factor (NF) κβ, a key regulator of adhesion molecules and 
proinflammatory cytokines, leads to attenuation of these vascular changes.50, 96  

In humans with malignant hypertension marked increases are observed in 
circulating levels of adhesion molecules, soluble P-selectin and von Willebrand 
factor (VWF) relative to normotensive or hypertensive controls.97 How the 
marked endothelial activation in malignant hypertension leads to fragmentation 
of red blood cells is not clear. Apart from malignant hypertension, there are only 
a few other conditions associated with TMA, notably thrombotic thrombo-
cytopenic purpura (TTP), hemolytic uremic syndrome (HUS), HELLP 
syndrome, antiphospholipid syndrome and severe sepsis. The TMA in patients 
with TTP is due to a congenital or acquired deficiency of ADAMTS13.98, 99 
ADAMTS13 is a metalloproteinase which cleaves VWF multimers released 
from the Weibel-Palade bodies of endothelial cells and platelet alpha 
granules.100, 101 Deficiency of ADAMTS13 leads to the accumulation of un-
usually large VWF multimers and can induce platelet aggregation, thrombosis, 
and thrombocytopenia under high fluid shear rates.101 Deficiency of 
ADAMTS13 has been reported in several other conditions such as sepsis with 
diffuse intravascular coagulation, multi-organ failure and malignancy.102, 103 
Whether deficiency of ADAMTS13 may be involved in the pathogenesis of the 
TMA of malignant hypertension is unclear. It is conceivable that high fluid shear 
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rates and endothelial activation as evidenced by high levels of VWF in 
malignant hypertension may affect ADAMTS13 activity and lead to an 
increased presence of large prothrombogenic VWF multimers.  
 
Fig. 4 

 
 
Peripheral blood smear showing fragmented red blood cells (arrows). Original 
magnification 1250x. 
 
Renal failure 
Renal dysfunction frequently accompanies malignant hypertension and patients 
may present with acute renal failure requiring immediate dialysis. The degree of 
renal insufficiency at presentation is an important determinant of future renal 
failure, patients with higher serum creatinine levels having a greater risk of renal 
failure.62, 104 However, in a subset of patients presenting with malignant hyper-
tension and renal dysfunction, recovery of renal function may occur after 
adequate blood pressure control.92, 104, 105 21, 94, 106 These patients more often 
present with oliguric renal failure, normal sized kidneys and evidence of TMA at 
presentation.21, 92-94 Renal biopsies of patients recovering from renal failure show 
that renal arterioles are primarily affected with secondary ischemic changes of 
glomeruli due to subintimal proliferation and fibrinoid necrosis of small renal 
arteries and arterioles.21, 93 Loss of tubular cells suggestive of acute tubular 
necrosis and evidence of tubular regeneration seem to be indicative of potential 
recovery of renal function.21 Recovery in patients on renal replacement therapy 
can be seen up to 2 years after the initial presentation with malignant 
hypertension.92  
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Prognosis 
 
In the 1940’s and 50’s malignant hypertension was relatively frequent and had a 
poor prognosis with a survival rate of only 20% at 1 year and 1% at 5 years.2 As 
a result of better treatment and control of hypertension, malignant hypertension 
is rare nowadays in developed countries,64 and its survival has considerably 
improved.73 However, in multi-ethnic communities of both developed and lower 
income countries malignant hypertension is still relatively common.55, 55, 107 In 
the West Birmingham study there was an excess of Asian and black immigrants 
presenting with malignant hypertension compared to the population served by 
that hospital. Moreover, black patients had a poorer outcome with regard to 
renal function and survival in comparison with other ethnic groups. Late 
presentation, inadequate anti-hypertensive therapy and poor compliance have 
been implicated to explain the excess mortality and renal dysfunction in this 
group.56, 108 The median survival times for the patients who presented before 
1970, during 1970-1979 and 1980-1989 were 39.2, 68.6 and 144.0+ months, 
respectively. The most common causes of death were renal failure (39.7%), 
stroke (23.8%), myocardial infarction (11.1%) and heart failure (10.3%). 
Although recent data on the complications and survival of malignant 
hypertension are lacking, it can be expected that as a result of improved 
treatment possibilities of malignant hypertension and its complications survival 
has further improved.     
 
Treatment 
 
General recommendations 
Malignant hypertension is considered a hypertensive emergency mandating an 
immediate and controlled reduction of blood pressure to safe, but not normal 
blood pressure levels.109 The recommended initial target is a ~25% reduction in 
mean arterial pressure within minutes to hours. This recommendation is based 
on the observation that the CA curve is shifted towards higher blood pressure 
levels in patients with malignant hypertension (i.e. shifted to the right), which 
makes them prone to cerebral hypoperfusion when blood pressure is lowered 
abruptly.110 Rapid blood pressure lowering treatment of more than 50% in 
patients with malignant hypertension has been shown to cause ischemic stroke 
and death.111-113  

Most studies examining the efficacy and safety of oral and parenteral 
blood pressure lowering agents have included both patients with severe and 
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malignant hypertension. Therefore it is difficult to establish the optimal therapy 
for malignant hypertension perse. Initiation of oral agents such as nifedipine and 
captopril is not preferred because of their unpredictable blood pressure lowering 
action in hypertensive crises.114, 115 The modes of action and possible side-effects 
of the various drugs that are commonly used for the parenteral treatment of 
hypertensive emergencies are summarized in table 2. All agents need close 
monitoring, preferably with an intra-arterial line in a medium or intensive care 
setting as the dose required for the desired blood pressure lowering effect cannot 
be predicted.   

Although there is agreement on the initial management of malignant 
hypertension, there is no consensus on how blood pressure should be treated 
after the initial episode. One recommendation is to maintain blood pressure at 
the initial target level for several days and then reduce to normotensive values.109 
However, evidence for this strategy is lacking as there have been no studies 
examining the optimal treatment after the initial blood pressure lowering phase. 
 
- Sodium nitroprusside (SNP) is effective in the treatment of malignant hyper-
tension,54 and is widely advocated as a first-line agent in the treatment of 
hypertensive emergencies.109 SNP is an arterial and venous dilator with a short 
half-life and therefore most suitable for an immediate and controlled reduction 
of blood pressure. Abrupt blood pressure drops are quickly reversed after SNP is 
stopped. In spite of its superior pharmacokinetics, SNP has some disadvantages 
which may hamper its use in the management of malignant hypertension and 
hypertensive encephalopathy.   

First, SNP has been shown to increase intracranial pressure in patients 
with an intracranial mass.116-118 However, a large decrease in mean arterial 
pressure induced by SNP decreases cerebral blood flow and reverses the initial 
increments in intracranial pressure.116-118 Therefore, it is conceivable that a 
similar fall in systemic blood pressure by SNP compensates for the initial 
disadvantageous effect on intracranial pressure in patients with malignant 
hypertension or hypertensive encephalopathy. Second, SNP has been shown to 
induce a significant reduction in regional coronary blood flow in patients with 
coronary artery disease and to increase ischemic injury compared to 
nitroglycerine in patients after myocardial infarction.119, 120 In patients with 
coronary artery disease, regional blood flow to ischemic areas decreases with 
SNP, but increases with nitroglycerin.119 This “coronary steal” may be explained 
by the redistribution of regional blood flow away from ischemic areas as a result 
of more potent dilatation of resistance vessels with SNP. 
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Table 2 Drugs commonly used for the treatment of a hypertensive emergency 
 
Drug  Dose Onset 

 
 Duration
 

Adverse 
effects 

Contra-
indications  

nitroprusside 
 

0.5 µgr/kg/min, 
increase with 0.5 
µgr/kg/ min 
every 2-3 min 
(max 10 
µgr/kg/min) 

 Immediate  1-2 min Cyanide 
intoxication  

Liver and 
renal 
insufficiency 

labetalol 
(Trandate®)  

0.5 mg/kg bolus 
every 10 min 
until goal BP 
(max 200 mg), 
maintenance 
dose 5-20 mg/hr 

5-10 min  3-6 hrs Bradycardia  COPD, 2nd 
degree AV 
block, sick 
sinus, CHF 

nicardipine 
 

2.5 mg/hr, 
increase with 
2.5 mg/hr every 
5 min (max 15 
mg/hr) 

5-10 min  2-4 hrs Reflex 
tachycardia, 
flushing  

 

enalaprilat 0.625-5 mg 
bolus, repeat 
every 6 hrs in 
responders, 
switch to other 
drug in non-
responders 

15 min  4-6 hrs Precipitous 
BP falls in 
volume 
depleted 
states 

Angioedema 
with ACE 
inhibitors 

urapidil 12.5-25 mg bolus 
every 10 min 
until goal BP, 
maintenance dose 
0.06 mg/kg/hr  

5-10 min  3-5 hrs 
 
 

Reflex 
tachycardia, 
drowsiness 

 

fenoldopam  0.1 µgr/kg/min, 
increase with 0.1 
µgr/kg/min every 
15 min (max 1.6  
µgr/kg/min) 

5-15 min  30-60      
 min 

Headache Constriction 
of cerebral 
arterioles? 
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Apart from the regional differences on coronary blood flow by SNP and 
nitroglycerin, the greater fall in coronary perfusion may also be caused by the 
greater reductions in mean arterial pressure induced by SNP as compared to 
nitroglycerin.119 In malignant hypertension, the reduction in pre- and afterload 
which accompanies the acute blood pressure fall by SNP may compensate for 
the redistribution of coronary blood flow by decreasing myocardial oxygen 
demand. Therefore, the significance of the coronary steal phenomenon in the 
treatment of malignant hypertension is uncertain.  

Third, after infusion SNP rapidly dissociates into nitric oxide, responsible 
for the direct vasodilating effect, and cyanide.121 Cyanide immediately reacts 
with methemoglobin to form the non-toxic cyano-methemoglobin or is 
enzymatically converted to thiocyanate in the liver. Thiocyanate is much less 
toxic than cyanide and is excreted in urine. The conversion to thiocyanate 
requires the presence of sufficient amounts of thiosulphate. A fasting state, 
surgery, hepatic failure and diuretic therapy adversely affect whole body thio-
sulphate concentrations.122 Thiocyanate toxicity only develops after continuous 
administration of SNP for more than 7-14 days in concentrations between 2-5 
µg/kg/min in patients with normal renal function. Cyanide toxicity has mainly 
been described in cases of deliberate hypotension during surgery.123-125 Case-
reports that described cyanide toxicity related to SNP for the treatment of 
hypertension were in all but one case after prolonged administration (> 24 hrs) 
or in amounts exceeding the recommended dose.126 Based on red blood cell 
cyanide concentrations, treatment with SNP is safe if the average dose does not 
exceed 2.5 µg/kg/min in 24 hrs. Doses between 5-10 µg/kg/min should not be 
given for more than 2 hrs and doses higher than 10 µg/kg/min should be 
avoided.127 Timely institution of oral antihypertensive agents will limit the need 
for prolonged use of SNP and the risk of cyanide or thiocyanate toxicity.  
 
- Labetalol is a combined alpha- and beta-adrenergic blocking agent with 
completely different pharmacodynamic and -kinetic properties than SNP. 
Labetalol has been shown effective in the treatment of hypertensive 
emergencies.128-130 However, therapeutic goals may not be obtained in all 
patients, especially blacks.130 The hypotensive effect of labetalol is rapid after an 
intravenous bolus injection, however its long half-life of 4 to 6 hrs limits the 
ability to promptly correct hypotension with cessation of the drug.128, 131, 132 In 
contrast to SNP, intracranial pressure does not seem to increase. Cerebral blood 
flow does not decrease with labetalol in patients having had neurosurgery and 
healthy volunteers.133, 134 In hypertensive subjects, labetalol has been shown to 
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maintain cardiac output without reflex tachycardia.135 This may be advantageous 
in patients with a hypertensive emergency accompanied by coronary ischemia or 
infarction.136-138 Unfortunately there are no comparative trials examining the 
effect on labetalol and SNP on cerebral blood flow or myocardial ischemia in 
the treatment of hypertensive emergencies.  
 
-Nicardipine, a calcium-channel blocker for intravenous use, has been shown to 
effectively lower blood pressure in patients with severe and malignant hyper-
tension.139, 140 In these patients, nicardipine and SNP are equally effective in 
lowering blood pressure with a similar increase in heart rate.141 Nicardipine, and 
other calcium antagonists, exert a profound vasodilatory action on cerebral 
blood vessels and increase cerebral blood flow.142, 143 However, in patients 
undergoing neurosurgery, nicardipine does not seem to increase intracranial 
pressure suggesting that systemic vasodilatation may counterbalance the effect 
of nicardipine on the cerebral vasculature.144, 145 In patients undergoing coronary 
artery bypass grafting, treatment with intravenous nicardipine may protect 
against coronary ischemia compared to SNP.146 Nicardipine has been shown to 
increase renal blood flow despite a systemic fall in blood pressure in patients 
with mild to moderate hypertension.147  
 
- Enalaprilat is an intravenous ACE inhibitor inhibiting the formation 
angiotensin II and thereby angiotensin II induced vasoconstriction. The blood 
pressure lowering response to enalapril in severe and malignant hypertension is 
variable and unpredictable. In one study, more than 30% failed to reach the 
desired goal blood pressure.148 No further blood pressure reductions were 
observed with dose increments exceeding 10 mg.149 The variable response to 
enalaprilat is explained by the correlation between blood pressure response and 
pretreatment angiotensin II levels and plasma renin activity.150 High levels of 
angiotensin II are associated with risk of severe hypotension following enala-
prilat administration, whereas low levels of angiotensin II are associated with 
therapy failure. Currently, enalaprilat and other ACE-inhibitors are recom-
mended only for the treatment of hypertensive crises associated with systemic 
sclerosis. 
 
- Urapidil is a combined alpha-1-adrenoreceptorantagonist with central 
sympatholytic properties. It has been shown effective and safe in the treatment 
of severe hypertension and in hypertensive patients with pulmonary edema.115, 

151-153 Although the response rate is high,151, 153 the time to reach goal blood 



Chapter 1 

 30

pressure with urapidil is longer compared to SNP.151 There is some evidence that 
urapidil may temporarily increase intracranial pressure directly after intravenous 
bolus injections.154 Treatment with urapidil may result in hypotensive episodes 
which cannot be immediately corrected by cessation of the drug due to its long 
half-life.155 As with nicardipine, treatment with urapidil improves renal blood 
flow.156 
 
- Fenoldopam, a short acting selective dopamine-1 agonist, has been shown 
effective in the treatment of hypertensive crises.157 Fenoldopam has equivalent 
efficacy compared to SNP and enhances natriuresis.158 A possible beneficial 
effect of fenoldopam on renal outcome compared to SNP or other parenteral 
anti-hypertensive agents has not been examined. In healthy volunteers, fenol-
dopam has been shown to decrease cerebral blood flow despite normalization of 
the initial blood pressure fall with phenylephrine likely by constriction of 
cerebral arterioles.159 Fenoldopam has not been approved for use in the 
Netherlands.  
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Abstract 
 
 
Objective To evaluate the additional value of funduscopy in the routine 
management of patients with hypertension. 
 
Design Systematic review. 
 
Participants Adults aged 19 or more with hypertensive retinopathy. 
 
Data sources Medline, Embase, and the Cochrane Library from 1990. 
 
Review methods Studies were included that assessed hypertensive retinopathy 
with blinding for blood pressure and cardiovascular risk factors. Studies on 
observer agreement had to be assessed by two or more observers and expressed 
as a κ statistic. Studies on the association between hypertensive retinopathy and 
hypertensive organ damage were carried out in patients with hypertension. The 
association between hypertensive retinopathy and cardiovascular risk was 
carried out in unselected normotensive and hypertensive people without diabetes 
mellitus. 
 
Results The assessment of microvascular changes in the retina is limited by 
large variation between observers. The positive and negative predictive values 
for the association between hypertensive retinopathy and blood pressure were 
low (47% to 72% and 32% to 67%, respectively). Associations between retinal 
microvascular changes and cardiovascular risk were inconsistent, except for 
retinopathy and stroke. The  increased risk of stroke, however, was also present 
in normotensive people with retinopathy. These studies did not adjust for other 
indicators of hypertensive organ damage. 
 
Conclusion Evidence is lacking that routine funduscopy is of additional value in 
the management of hypertensive patients. 
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Introduction  
 
Since 1939 the Keith, Wagener, and Barker classification has been used to assess 
retinal changes associated with hypertension. From the 1980s onwards, 
screening for hypertension and antihypertensive treatment have improved 
considerably and the severity and frequency of retinal changes associated with 
hypertension seem to have diminished.1 2 In the recent guidelines of the Joint 
National Committee and the European Society of Hypertension, funduscopy is 
still recommended as part of the routine examination of hypertensive patients, 
although its value is being questioned.3 4 We carried out a systematic search to 
determine the usefulness of routine funduscopy in hypertensive patients. Firstly, 
we reviewed the literature on the reliability of detecting the various retinal 
changes associated with hypertension. Then we reviewed articles published since 
1990 on the prevalence of retinal changes and their association with blood 
pressure, other indicators of hypertensive organ damage, and cardiovascular 

morbidity and mortality. We excluded studies in patients with hypertensive 
urgencies and emergencies as this is a separate group in whom funduscopy 
provides essential information for diagnosis and treatment.  
 
Keith, Wagener, and Barker classification of hypertensive retinopathy 
 
Grade I—slight or modest narrowing of the retinal arterioles, with an arteriovenous  
ratio ≥ 1:2 

Grade II—modest to severe narrowing of retinal arterioles (focal or generalised), with 

an arteriovenous ratio < 1:2 or arteriovenous nicking 

Grade III—bilateral soft exudates or flame-shaped haemorrhages 

Grade IV—bilateral optic nerve edema 
 

 
Methods  
 
We systematically searched Medline, Embase, and the Cochrane Library for 
articles on hypertension and retinopathy published since 1990 in adults aged 19 
or more. Two investigators (BJHvdB and CAAH) independently carried out the 
search using the terms retinopathy, retinal arteriolar narrowing, arteriovenous 
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nicking, AV nicking, arteriovenous ratio, or AV ratio, combined either with 
observer agreement, observer variability, or kappa, or with hypertension, blood 
pressure, microalbuminuria, left ventricular hypertrophy, intima-media thick-
ness, stroke, myocardial infarction, ischaemic heart disease, or cardiovascular 
mortality. We use the term hypertensive retinopathy to describe all retinal 

changes included in the Keith, Wagener, and Barker classification (box). We use 
the term retinal microvascular changes to refer to narrowing of the retinal 
arterioles and arteriovenous nicking (figs 1 and 2). The term retinopathy was 
originally used to denote soft exudates and flame-shaped haemorrhages only (fig 
3), but in the studies reviewed here retinopathy also encompasses micro-
aneurysms, blot haemorrhages, and hard exudates. We included studies on the 
reliability of detecting changes to the retina if retinal photographs were indepen-
dently assessed by two or more observers and if variability of detecting retinal 

changes associated with hypertension could be expressed as a κ statistic. For the 
association between retinal changes and hypertensive organ damage we included 
studies of hypertensive patients only. For the association between hypertensive 
retinopathy, cardiovascular risk, and blood pressure, we included population 
based or cohort studies with unselected normotensive and hypertensive people. 

In all studies, retinal changes had to be assessed without knowledge of blood 
pressure and cardiovascular risk factors, and diabetes mellitus had to be exclu-
ded, analysed separately, or adjusted for in multivariate analysis. Searches were 
carried out in the second half of October 2004. 
 
Statistical analysis      
We used κ statistics to express the proportion of agreement for the various 
retinal changes associated with hypertension, correcting for agreement expected 
by chance.5 We included both weighted and unweighted κ statistics, where 
weighted κ provides a scaled probability score so that the sum of the weight 
equals the number of observations. For the association between blood pressure 
and retinal changes we considered the various retinal changes as a diagnostic test 

for hypertension. We calculated sensitivity, specificity, and positive and negative 
predictive values. Pooled odds ratios were calculated for the association between 
hypertensive retinopathy and hypertensive organ damage. We used a random 
effects model to generate summary measures and confidence intervals. Hetero-
geneity was examined using the I2 statistic, which indicates the proportion of 
variability in the weighted mean differences attributable to heterogeneity.6 To 
assess the association between hypertensive retinopathy and cardiovascular risk, 
we took the relative risk after multivariate analysis.  
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Fig. 1 Focal arteriolar narrowing 
       

 
 
Fig. 2 Arteriovenous nicking   
            

 
 
Fig. 3 Cotton wool spots and haemorrhages 
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Results  

We identified 111 reports with possible data on the association between 
hypertensive retinopathy and blood pressure, hypertensive organ damage, and 
cardiovascular risk (fig 4). 

 

Fig. 4 Selection of studies included in review  

Potentially relevant papers identified (n=2869) 

 Duplicates (n=848) 
 Excluded reports on basis of title or abstract in most cases owing to lack   
 of data on hypertensive retinopathy (n=1910) 

Papers retrieved for more detailed analysis (n=111) 

 Excluded (n=93): 
 No comparison between hypertensive retinopathy and blood pressure,   
 hypertensive organ damage, or cardiovascular risk in people without   
 diabetes (n=61) 
 Description of hypertensive retinopathy in selected groups – for   
 example, patients requiring haemodialysis, patients with malignant   
 hypertension (n=18) 
 Did not fulfill inclusion criteria either because assessment of   
 hypertensive retinopathy and blood pressure was not blinded (n=3) or  
 because relevant data were missing (n=3) 
 Double publications (n=8) 

Included reports (n=18) 
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Variability in detecting retinal changes 
Six studies had data on interobserver agreement for hypertensive retinopathy 
using retinal photographs. We found no such data for direct funduscopy. One 
study was excluded because we could not calculate κ statistics.7 The most exten-
sive study on observer agreement for hypertensive retinopathy was the athero-
sclerosis risk in communities study in which three readers graded a random 
sample of 206 retinal photographs.8 Table 1 lists the κ statistics of this and other 
studies. In these studies, interobserver agreement was fair or moderate for focal 
arteriolar narrowing (κ 0.3 to 0.4) and arteriovenous nicking (κ 0.4 to 0.6). 
Agreement was excellent for haemorrhages and exudates. A computerised 
grading method was used to assess the arteriovenous ratio.9 With this method, 
agreement was good (κ 0.7 to 0.8).  

Table 1 Kappa statistics for hypertensive retinopathy in studies included in systematic 
review.  

Type of retinal change and study Unweighted κ Weighted κ 
Any retinopathy:   
  Sharp et al10  Afro-Caribbeans 0.72 

white Europeans 0.75 
Not reported 

Haemorrhages and exudates:   
   Atherosclerosis risk in communities study8 

   Cardiovascular health study11 

   Blue Mountains eye study12  
 

0.76 
0.88 
0.90 

0.76 
Not reported 
Not reported 

Arteriovenous nicking:   
    Atherosclerosis risk in communities study8 
    Cardiovascular health study11 

 

0.59 
0.43 

0.56 
Not reported 

Focal arteriolar narrowing:    
    Atherosclerosis risk in communities study8 

    Cardiovascular health study11 

 

0.39 
0.31 

0.29 
Not reported 

Arteriovenous ratio*:   
    Atherosclerosis risk in communities study8 

    Cardiovascular health study11 
    Blue Mountains eye study13  

 

0.73  
0.81  
Not reported  
 

0.79 
Not reported 
0.75 

*Computer assisted grading method. 
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Retinal changes and blood pressure  
Four large population based studies examined the association between 
hypertensive retinopathy and blood pressure.1 12 14-16 Hypertension was defined as 
the use of antihypertensive drugs, or history of hypertension or blood pressure ≥ 
140/90 mmHg in the cardiovascular health study and atherosclerosis risk in 

communities study or ≥ 160/95 mmHg in the Beaver Dam eye study and Blue 
Mountains eye study. In one study, age and sex standardised prevalence of 
hypertensive retinopathy was 12% in white Europeans and 18% in people of 

Afro-Caribbean origin.10 Table 2 lists the prevalence of retinal abnormalities for 
the other studies. The sensitivity for hypertensive retinopathy ranged from 3% to 
21%, indicating a low prevalence of retinal abnormalities in hypertensive 
patients. In contrast, specificity ranged from 88% to 98%, and therefore 
retinopathy was rarely observed in normotensive patients. The positive predict-
tive value, or the chance of hypertension given the presence of hypertensive 
retinopathy, ranged from 47% to 70% for haemorrhages and exudates, 53% to 

66% for arteriovenous nicking, and 49% to 72% for focal arteriolar  narrowing 
(table 3). The negative predictive value, or the chance of normotension in the 
absence of hypertensive retinopathy, ranged from 43% to 67% for haemorrhages 
and exudates, 44% to 66% for arteriovenous nicking, and 32% to 59% for focal 
arteriolar  narrowing. Diagnostic accuracy could not be assessed for the arterio-
venous ratio as normal and abnormal values were not defined.  
 
Retinal changes and other indicators of organ damage 
Four studies examined the association between hypertensive retinopathy and 
echocardiographically determined left ventricular hypertrophy.17-20 One study 
failed to give the number of patients with events; however, the age and sex 
adjusted odds ratio (95% confidence interval) for left ventricular hypertrophy 
was 1.92 (1.03 to 3.60) when retinopathy was present.21 Figure 2 gives details of 
the other studies. The pooled odds for left ventricular hypertrophy in the 
presence of hypertensive retinopathy was 2.22 (1.36 to 3.62), with little 
heterogeneity (I2 = 29.1%). Two studies examined the association between 
hypertensive retinopathy and microalbuminuria (odds ratios 1.51, 0.84 to 2.68 
and 4.98, 1.97 to 12.60).18 22 We were unable to pool data because of significant 
heterogeneity (I2 = 78.3%). Three population based studies reported on the 

association between hypertensive retinopathy and intima-media thickness.11 23 24 
In the cardiovascular health study and atherosclerosis risk in communities study 
only the presence of haemorrhages and exudates was associated with increased  
intima-media thickness. In the Rotterdam eye study a lower arteriovenous ratio 
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was associated with an increased intima-media thickness; other retinal abnor-
malities were not reported. We were unable to compare the studies because 

different techniques were used to assess the associations.  
 
Retinal changes and cardiovascular risk 
Hypertensive retinopathy as an independent predictor of cardiovascular risk was 
examined in six different populations, totalling 16 000 participants. We excluded 
two studies because blood pressure and patient history were known to the inves-
tigators before funduscopy.25 26 Table 4 lists the association between hyper-
tensive retinopathy and cardiovascular risk after adjustment in multivariate 
analysis. Risks of coronary heart disease, stroke, or death from cardiovascular 

disease differed with regard to retinal microvascular changes. Data on the 
association between retinopathy and stroke were more consistent: relative risk of 
stroke 3.4 (1.0 to 11.3) for men in the Shibata study and 2.6 (1.6 to 4.2) for men 
and women in the atherosclerosis risk in communities study. In the cardio-
vascular health study the odds ratio for stroke was 2.0 (1.1 to 3.6).  

In the atherosclerosis risk in communities study and the Beaver Dam eye 
study, associations between retinal abnormalities and stroke were stratified by 
hypertension status. The relative risk of stroke in the atherosclerosis risk in 
communities study was 2.6 (1.2 to 5.6) with retinopathy and hypertension 
compared with 2.0 (0.5 to 8.4) in normotensive people. In the Beaver Dam eye 
study, the odds ratio for death from cardiovascular disease in people aged 43-74 
with retinopathy and hypertension or diabetes, or both was 2.3 (1.2 to 4.2) 
compared with 1.5 (0.4 to 5.3) for those without hypertension and diabetes. The 

odds ratio for those aged 75-84 was 2.0 (1.0 to 4.0) if retinopathy and 
hypertension or diabetes, or both were present and 1.8 (0.4 to 8.4) if only 
retinopathy was present.  

Discussion  
 
In this systematic review we found limited additional value of funduscopy in the 
routine management of patients with hypertension, except in emergency cases. 
The evaluation of hypertensive retinopathy is subject to large variability between 
observers, especially microvascular changes. Only haemorrhages and exudates 
can be reliably assessed in retinal photographs. We found no data on observer 
agreement using direct funduscopy. Recently, a computerised grading method 
has been developed to increase reproducibility of retinal microvascular changes, 
but this method is not widely available.  
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The low sensitivity of retinal abnormalities associated with hypertension 
indicates that hypertensive retinopathy is not common in hypertensive people. 
Less than half the retinal changes associated with hypertension cannot be 
explained by high blood pressure (low positive predictive value). In both the 
Beaver Dam eye study and the Blue Mountains eye study little difference was 
found in the presence of haemorrhages and exudates between normotensive and 
hypertensive people aged over 65.1 30 Various other conditions have been asso-
ciated with hypertensive retinopathy, such as ethnicity,10 21 smoking,23 31 32 
intima-media thickness,11 23 31 carotid plaque score,31 33 carotid artery stiffness,33 
serum cholesterol concentration,23 27 32 diabetes,27 32 and body mass index.27 32 
The high specificity indicates that hypertensive retinopathy is rare in patients 
with normal blood pressure. Half the people without hypertensive retinopathy, 
however, still have hypertension (low negative predictive value). So funduscopy 

cannot reliably determine whether a patient is normotensive or hypertensive. The 
presence of hypertensive retinopathy doubles the risk of left ventricular 
hypertrophy. Data on the association between hypertensive retinopathy and 
microalbuminuria are inconsistent. Patients with haemorrhages and exudates 
have a higher intima-media thickness; for other retinal abnormalities this asso-
ciation is conflicting or absent.  

Evidence that hypertensive retinopathy is an independent predictor of 
cardiovascular risk is based on two large studies in which hypertensive patients 
with retinal haemorrhages or exudates had a twofold higher risk of stroke. 
Neither study, however, examined or adjusted for other indicators of 
hypertensive organ damage (left ventricular hypertrophy, microalbuminuria, and 

intima-media thickness). Furthermore, the association between retinopathy and 
stroke was also observed in normotensive people, suggesting that besides blood 
pressure, other factors are responsible for these retinal changes. A recent paper 
reported on the associations between hypertensive retinopathy, blood pressure, 
and mortality from cardiovascular disease.34 The authors found a strong 
association between hypertensive retinopathy and hypertension. Although this 
association was significant in most studies, the low predictive values we 
calculated indicate that funduscopy cannot reliably determine whether a patient 
has hypertension. Only for stroke is the association with retinopathy significant 
and consistent. This association is also observed in people without hypertension 
and is not corrected for other indicators of hypertensive organ damage. Hence 
the additional value of funduscopy in the management of patients with 
hypertension still needs to be determined.  
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What is already known on this topic 
                                                                                                                                           
Funduscopy is recommended in the routine management of hypertensive patients  
The usefulness of funduscopy is being questioned                                                  
 
What this study adds 
                                                                                                                                           
Funduscopy is of limited additional value in hypertensive patients, unless a 
hypertensive emergency is suspected 
 

The included studies have several limitations. Firstly, in all the studies 
hypertensive retinopathy was established on a photograph of one eye. As 
hypertension is a systemic disease, retinal changes would be expected in both 
eyes. Some retinal abnormalities may thus have been a sign of unilateral eye 
disease instead of hypertension. Secondly, most of the studies used a broad 
definition for hypertensive retinopathy, including microaneurysms, hard 
exudates, and blot haemorrhages. These are not included in the original 
classification and may have a different association with hypertension. Thirdly, 

hypertension may have been misclassified, as blood pressure was measured only 
once or twice. Fourthly, people with diabetes were included in the athero-
sclerosis risk in communities study and Beaver Dam eye study. Diabetic 
retinopathy is a known risk factor for cardiovascular disease and may have 
confounded the association between hypertensive retinopathy and cardiovascular 

risk. Multivariate analysis may not have totally accounted for this effect. Finally, 
only middle aged and older people were included in the studies, although the 
association between hypertensive retinopathy, blood pressure, and risk of 
cardiovascular disease gets stronger in those under 60.27 Future research should 
consider a younger population (< 60 years) and other indicators of hypertensive 
organ damage.  
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Abstract 
 
Background The incidence of malignant hypertension has declined after the 
introduction of antihypertensive agents. However, previous reports have sugges-
ted that malignant hypertension may be relatively common in multi-ethnic 
populations. The aim of this study was to compare ethnic disparities in the 
incidence, clinical characteristics and complications of malignant hypertension.  
 
Methods A retrospective cohort study on malignant hypertension in a multi-
ethnic population in Amsterdam, the Netherlands, between August 1993 and 
August 2005. 
 
Results A total of 122 patients with malignant hypertension were included, 
mean age 44 years (± 12), 66% were men and 47% were black. The incidence 
rate remained approximately 2.6 (± 0.9) per 100 000 per year and was higher 
among blacks. Black individuals had higher systolic blood pressure (234 ± 23 
versus 225 ± 22, P = 0.03) and more renal dysfunction compared with white 
individuals (39% with serum creatinine > 300 µmol/l versus 22%, P = 0.04). 
Hypertension was previously diagnosed in 58% of all patients, 37% received 
medication, and 23% stopped their drugs before admission. Health insurance 
was absent in 25% of black and 2% of white patients (P < 0.01). Secondary 
causes were identified in 40% of white and 10% of black subjects (P < 0.01). 
After a mean follow-up of 4.0 ± 3.2 years 10% had died and 19% needed renal 
replacement therapy. Renal failure was more frequent in black than in white 
individuals (hazard ratio 2.8; 95% confidence interval 1.1–7.2), but mainly 
because of higher serum creatinine levels at presentation. 
 
Conclusion The incidence of malignant hypertension and related renal 
complications is higher in black compared with white individuals. These 
differences may be explained by ethnic disparities in blood pressure control, 
drug adherence and insurance status. 
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Introduction  
 
Malignant hypertension is a hypertensive emergency characterized by the 
presence of severe hypertension and ischaemic retinal changes consistent with 
grades III or IV hypertensive retinopathy according to the classification of 
Keith, Wagener and Barker.1 Since the introduction of effective antihyper-
tensive agents five decades ago, studies have shown that the survival of 
malignant hypertension has considerably improved. However, despite better 
awareness, screening and treatment possibilities for hypertension, some studies 
have reported that the incidence of malignant hypertension has not declined. In 
the west Birmingham (UK) cohort, the number of patients admitted annually 
with malignant hypertension remained practically unchanged between 1970 and 
1993, with an estimated incidence of 1–2 cases per 100 000 per year, whereas 
other studies reported a decline during the same period.2-4 This difference may 
be explained by differences in the ethnic composition of the study population. 
The west Birmingham study consisted of a multi-ethnic population, whereas 
other studies dealt with a predominantly white population. In the west 
Birmingham study there was an excess of Asian and black immigrants 
presenting with malignant hypertension compared with the population served by 
that hospital. Moreover, black patients had a poorer outcome with regard to 
renal function and survival in comparison with other ethnic groups. Late presen-
tation, inadequate antihypertensive therapy, and poor compliance have been 
implicated to explain the excess mortality and renal dysfunction in this group. 
The aim of this study was to examine ethnic disparities in the incidence, clinical 
characteristics and complications of malignant hypertension. Therefore, we 
retrospectively analysed all patients admitted at two large teaching hospitals 
catering for a multi-ethnic community in Amsterdam in the past 12 years. 

 
Patients and methods  
 
A retrospective analysis was carried out using data from two large teaching 
hospitals with adjacent catchment areas, the Academic Medical Centre and the 
Onze Lieve Vrouwe Gasthuis in Amsterdam, the Netherlands. Both hospitals 
cater for a large multi-ethnic community of 380 000 people, with approximately 
65 000 black individuals, and use the same database in which the diagnosis at 
discharge is recorded according to the International Classification of Diseases 
(ICD) codes.  
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All charts of patients admitted between August 1993 and August 2005 with the 
diagnosis ‘essential malignant hypertension’ (ICD 401.0), ‘hypertensive ence-
phalopathy’ (ICD 437.2), ‘secondary malignant hypertension’ (ICD 405.09), 
‘hypertension with cardiac disease/ malignant’ (ICD 402.0), and ‘hypertension 
with kidney disease/malignant’ (ICD 403.0) were reviewed. To identify the 
presence of registration errors, computer data for all patients discharged with the 
diagnosis ‘essential hypertension’ (ICD 401.9) were also analysed, which 
showed the presence of one patient with malignant hypertension. In all cases, the 
diagnosis of malignant hypertension was verified using the following preset 
criteria: high blood pressure together with bilateral linear or flame-shaped 
haemorrhages, or ‘cotton-wool’ exudates with or without papilledema on 
funduscopic examination. Excluded from analysis were patients less than 18 
years of age, pregnant women, patients with papilledema and an intracranial 
mass (haemorrhage), patients already on dialysis before admission, and patients 
referred from elsewhere to prevent referral bias.  

For follow-up, data were collected from the outpatients department or 
from general practitioners. All living patients received an invitation to 
participate in a study on the genetic aspects of malignant hypertension. 
Information obtained from these interviews (for example with regard to smoking 
habits or the previous use of antihypertensive therapy) were used to add to or 
verify any information that was missing or incomplete. 
 
Ethnicity was defined as self-reported black or self-reported white. Black 
individuals were mainly from western Africa (Ghana and Nigeria) and creoles 
from Surinam or the Dutch Antilles. White individuals were predominantly 
inborn Dutch; seven patients (6%) were originally from the Asian subcontinent 
(India and Pakistan), and were, for this study, classified as white. Diabetes was 
defined as serum glucose greater than 9 mmol/l or receiving glucose-lowering 
therapy on admission. Previous hypertension was defined as the self-reporting of 
hypertension assessed by a healthcare professional or receiving antihypertensive 
drugs. Blood pressure control was defined as a blood pressure less than 140 
mmHg systolic and less than 90 mmHg diastolic. Macroalbuminuria was defined 
as urinary protein excretion greater than 300 mg/l or 2+ for dipstick proteinuria. 
Thrombotic microangiopathy (TMA) related to malignant hypertension was 
defined as thrombocytopenia (T < 150 x 109/l) with either an increased lactate 
dehydrogenase level or the presence of schistocytes, and the resolution of these 
parameters after blood pressure control. Left ventricular hypertrophy was 
assessed by electrocardiography using the Sokolow–Lyon criteria. Hypertensive 
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encephalopathy was defined as the presence of clouding of consciousness, 
convulsions or delirium at admission, with resolution after blood pressure 
control. Significant renal artery stenosis was defined if narrowing of the renal 
artery lumen exceeded 50% on computed tomography, magnetic resonance 
imaging or conventional angiography. Renal failure was defined as the need for  
(permanent) renal replacement therapy. 
 
Statistics 
To calculate incidence, the number of patients admitted annually with malignant 
hypertension was divided by the population of the catchment area of both 
hospitals. Baseline variables were described using mean and standard deviation 
(SD) or median and range, or interquartile range (IQR) for variables with a 
skewed distribution. Differences between groups were calculated using an 
independent samples t-test for parametric and Mann–Whitney U test for non-
parametric distributions when appropriate. Categorical variables were calculated 
using chi-squared statistics with Yates’ correction or Fisher’s exact test for cells 
with expected values less than 5 (all two-sided). To analyse indicators of renal 
failure, Cox proportional hazard analysis was used, with secondary causes of 
malignant hypertension expressed as a dummy variable and creatinine in a 
logarithmic transformation. First, single variables were used to test an asso-
ciation with renal failure. The two strongest single variables that showed a 
significant partial correlation with renal failure were tested and used for the 
model with age, sex and ethnicity. Data on secondary malignant hypertension 
were pooled because of the low frequency of some secondary causes. For 
statistical analysis, the SPSS software package for windows was used, version 
12.0 (SPSS Inc., Chicago, Illinois, USA). P < 0.05 was considered to indicate a 
statistically significant difference. 

Results  
 
A total of 140 consecutive patients admitted between August 1993 and August 
2005 fulfilled the WHO criteria for malignant hypertension. Eleven patients 
were excluded because they were referred from elsewhere, three were excluded 
because they were on renal replacement therapy before presenting with 
malignant hypertension, four patients were excluded because of an intracranial 
mass as an alternative explanation for the presence of optic nerve edema, leaving 
122 patients for analysis, with a mean age of 44 ± 12 years, 81 (66%) were men 
and 57 (47%) were black. The average annual incidence rate of malignant 
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hypertension was 2.6 (± 0.9) per 100 000 per year, with no apparent decline in 
the past 12 years. During this period the annual distribution of blacks and whites 
remained essentially unchanged (Fig. 1). Compared with the demographic 
characteristics of the population, with 65 000 black and 315 000 white 
inhabitants, the incidence of malignant hypertension was 7.3 (± 4.6) per 100 000 
for black and 1.7 (± 0.7) per 100 000 for white individuals. 
 
 
Fig. 1 
 

 
Absolute number of admissions for malignant hypertension in the past 12 years. Data are 
stratified for ethnicity. 
 
 
Baseline characteristics according to ethnicity are listed in Table 1. Black 
individuals had higher systolic blood pressure and a tendency towards higher 
diastolic blood pressure at presentation. The severity of retinopathy was similar 
in both groups. Smoking was more common among white than among black 
individuals. Hypertension was previously recognized in 58% of all patients, and 
37% had received antihypertensive therapy at any time before admission. 
However, 23% of all patients (62% of those who had received antihypertensive 
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treatment) admitted having stopped their antihypertensive drugs before ad-
mission. Renal function at presentation was more severely compromised in 
black compared with white individuals, 39% with serum creatinine greater than 
300 µmol/l compared with 22%, (P = 0.04), respectively, and there was a 
tendency towards more proteinuria. TMA was more frequent in black 
individuals and left ventricular hypertrophy more common, although the latter 
did not reach statistical significance. 
 
 
Table 1 Clinical characteristics of all included patients according to their ethnic 
background defined as black versus white   
 

 
Values are numbers unless specified otherwise. IQR, Interquartile range. *Data are 
missing for one in the group defined as white. †Data are missing for 3 in the group 
defined as white and for 1 in the group defined as black. ‡Data are missing for 2 in the 
group defined as white and 3 in the group defined as black.   

Patient characteristics Black White P value 
Patients 57 (47%) 65 (53%)  
Age, yrs (mean ± SD) 42 ± 10 45 ± 14 0.23 
Male 41 (72%) 40 (62%) 0.31 
Retinopathy, grade IV  28 (49%) 32 (49%) 0.86 
Systolic blood pressure, mmHg 
(mean ± SD)  

234 ± 23 225 ± 22 0.03 

Diastolic blood pressure, mmHg  
(mean ± SD) 

148 ± 16 143 ± 16 0.11 

Current Smoker* 16 (28%) 31 (48%) 0.04 
Diabetes mellitus  4 (7%) 6 (9%) 0.75 
Previous hypertension 32 (56%) 39 (60%) 0.80 
Antihypertensive drugs ≥ 1  22 (39%) 23 (35%) 0.86 
Stopped taking anti-hypertensives  18 (32%) 10 (15%) 0.06 
No medical insurance  14 (25%) 1 (2%) < 0.01 
Left ventricular hypertrophy  51 (90%) 50 (77%) 0.11 
Serum creatinine, µmol/l (median, 
[IQR]) 

184 [129-504] 122 [84-266] < 0.01 

Macroalbuminuria†  38 (68%) 34 (55%) 0.21 
Thrombotic microangiopathy‡ 25 (46%) 9 (14%) < 0.01 
Cerebral complications    
      cerebral infarction 2 3  
      posterior leucoencephalopathy 1 4  
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Imaging studies of the renal arteries were performed in 96 (79%), renal biopsies 
in 22 (18%), and one or more laboratory tests were performed for 
pheochromocytoma, Cushing’s disease and Conn’s syndrome in 60 patients 
(49%). Renal biopsy specimens showed glomerulosclerosis in 10 patients, 
fibrinoid necrosis in five, glomerulopathy in four (IgA nephropathy in two 
patients, HIV-related nephropathy and membranous glomerulopathy in one 
patient), and glomerulonephritis in three patients (systemic lupus erythematosus-
related glomerulonephritis in one, and interstitial glomerulonephritis in two 
patients). Analysis for secondary causes of hypertension was as often carried out 
in black and white individuals (data not shown). In 26% of all patients a 
secondary cause of malignant hypertension was established. Table 2 lists the 
patients with secondary malignant hypertension stratified for ethnicity. The 
prevalence of secondary causes of malignant hypertension was higher in white 
than in black individuals, mainly because of more primary renal and 
renovascular disease. Endocrine disease as a cause of malignant hypertension 
was present in only one patient, presenting with a malignant adrenal cortical 
carcinoma.  
 
 
Table 2  Probable secondary causes of malignant hypertension according to ethnic 
background (black versus white) 
 

Probable cause Black White P value 
No cause identified 51 (90%) 39 (60%) < 0.01 
Renal parenchymal disease 2 (4%) 12 (19%) 0.02 
Renal artery stenosis 1 (2%) 7 (11%) 0.07 
Other* 3 (5%) 7 (11%) 0.33 

 
Values are numbers and percentages. *Other includes licorice abuse (4), corticoid excess 
(3), cocaine (2), oral contraceptives (1). 
 
 
The clinical presentation of black and white subjects was similar, although 
headache was more frequent in black individuals at presentation (Table 3). 
Either headache or visual disturbances were present in 90 patients (74%). Other 
common symptoms at presentation included gastrointestinal complaints in 48 
patients (39%), mainly nausea and vomiting, sometimes abdominal pain and 
weight loss. Dyspnoea or peripheral edema as evidence of congestive heart 
failure was present in 25 patients (20%), and somnolence, delirium or convul-
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sions consistent with hypertensive encephalopathy was seen in 11 patients (9%). 
Less frequent complaints were dizziness (11 patients, 9%) and chest pain (eight 
patients, 7%). Six patients (5%) had no symptoms at presentation. Complete 
follow-up was available for 109 patients (89%), 13 either moved or did not show 
up at follow-up visits. Those who were lost to follow-up did not differ with 
regard to age (42 ± 8 years), sex (85% male, P = 0.21), ethnicity (54% black) or 
renal function [serum creatinine 215 µmol/l (IQR 116–541, P = 0.24)]. 

After a mean follow-up time of 4.0 ± 3.2 years, 97 patients (90%) were 
alive and 12 patients had died (10%). Four died of cardiovascular complications: 
two of intracerebral bleeding, one of acute myocardial infarction and one after 
cardiac surgery. Dialysis was needed in 21 out of 109 patients (19%). Blood 
pressure at the latest visit was higher in black patients, and they were less likely 
to have their blood pressure controlled than white patients. The characteristics of 
those with complete follow-up are listed in Table 4. The two strongest predictors 
of renal failure were baseline serum creatinine and secondary causes of 
malignant hypertension. Cox proportional hazard analysis showed that black 
individuals had a greater risk of renal failure than white subjects, with an 
unadjusted hazard ratio of 2.8 [95% confidence interval (CI) 1.1–7.2]. Figure 2 
shows the proportion with renal failure stratified for ethnicity. The adjusted 
hazard ratio after correction for age, sex and secondary causes of malignant 
hypertension was 4.3 (95% CI 1.4–13). When correction for baseline creatinine 
values was carried out, however, the correlation between ethnicity and renal 
failure was not significant (Table 5). 
 
Table 3 Clinical presentation of patients admitted with malignant hypertension. 
 

Clinical presentation Black White P value 
Headache 40 (70%) 33 (51%) 0.05 
Visual disturbance 32 (56%) 36 (55%) 1.0      
Gastro-intestinal complaints 25 (44%) 23 (35%) 0.44 
Congestive heart failure 12 (21%) 13 (20%) 1.0 
Hypertensive encephalopathy 3 (5%) 8 (12 %) 0.30 

 
Values are numbers and percentages. 
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Table 4 Patient characteristics on follow-up.  
 

Patient characteristics at follow-up Black White P value 
Lost to follow-up 7 (12%) 6 (9%) 0.82 
Follow-up time, years (mean ± SD) 4.5 ± 3.0 3.6 ± 3.4 0.16 
Systolic blood pressure, mmHg 
(mean ± SD) 

145 ± 20  134 ± 20 < 0.01 

Diastolic blood pressure, mmHg 
(mean ± SD) 

91 ± 13 83 ± 14 < 0.01 

Antihypertensive drugs (mean ± SD) 3.3 ± 1.1 2.9 ± 1.3 0.06 
Controlled 16 (32%) 33 (56%) 0.02 
Dialysis 15 (30%) 6 (10%) 0.02 
Died 5 (10%) 7 (12%) 1.0 

 
Values are numbers and percentages unless stated otherwise. 
 
 
 
 
Table 5 Cox proportional hazard analysis to predict indicators for renal failure.  
 

A. Variable HR 95% CI P value 
Age (per year) 0.96 0.91-1.00 0.07 
Male 1.15 0.45-2.96 0.77 
Black 4.30 1.39-13.3 0.01 
Secondary causes 3.18 1.03-9.82 0.04 
B. Variable    
Age (per year) 0.98 0.93-1.03 0.40 
Male 0.85 0.29-2.35 0.76 
Black 3.10 0.81-11.9 0.10 
Secondary causes 3.78 1.01-14.1 0.05 
Log (creatinine) 48.3 12.5-187 < 0.01 

  
CI, confidence interval; HR, hazard ratio. Analysis performed on 118 cases with 21 
events. A. Model with age, gender, ethnicity and secondary causes. B. Model with indi-
cators of model A plus serum creatinine at admission in a logarithmic transformation.  
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Fig. 2 

 
Proportion with renal failure stratified for ethnicity. Analysis performed on 118 cases 
with complete or partial follow-up and 21 events. 

 
 
Discussion  
 
The present study shows that the incidence of malignant hypertension is similar 
to a previous report from the west Birmingham study 10 years ago.3 We did not 
observe specific time trends in either the number of patients or in the ethnic 
distribution over the past 12 years. The relatively high prevalence of malignant 
hypertension in black individuals may be related to a higher prevalence of 
uncontrolled hypertension in black and non-black immigrants. We recently 
conducted a cross-sectional survey in the source population of this cohort 
showing that black and South Asian subjects had a higher prevalence of 
hypertension and were less likely to have their blood pressure controlled.5 No 
more than 10% of hypertensive black men had their blood pressure controlled 
compared with 45% of white hypertensive women, which may help to under-
stand the predominance of malignant hypertension in male patients of African 
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descent. Despite differences in blood pressure control, there were no differences 
in the awareness or prescription of antihypertensive drugs in this survey. 
Hypertension awareness was 50% for black compared with 55% for white 
individuals; 33% of black and 24% of white individuals received antihyper-
tensive treatment. In the present study, we found similar percentages for 
hypertension awareness and treatment. However, almost two-thirds of those on 
antihypertensive treatment admitted that they had stopped taking their medi-
cation before admission. The low adherence to antihypertensive treatment, 
especially among black patients, may be associated with the high number of 
patients without health insurance in this group. Previous studies have reported 
on the excess of malignant hypertension and related complications among urban 
black individuals, both in sub-Saharan Africa and in the United States.6-8 Apart 
from urban stress and dietary changes, socio-economic differences, including 
disparities in health insurance status and the use of antihypertensive drugs, have 
been implicated to explain the excess of malignant hypertension among urban 
black individuals.7,9 Our results suggest that the same socio-economic factors are 
involved in the predominance of malignant hypertension among black 
immigrants in this multi-ethnic cohort.  
 
The clinical presentation was similar between black and white subjects and the 
prevalence of clinical symptoms was identical to previous data from the 
Glasgow Blood Pressure Clinic.10 However, black individuals had higher 
systolic blood pressure levels and more hypertensive organ damage than white 
individuals with malignant hypertension. We previously reported on the predo-
minance of TMA in black patients as evidence of more severe vascular damage 
and its association with renal dysfunction.11 There was no difference in the 
severity of retinopathy between black and white patients, which is in agreement 
with previous reports indicating that the clinical characteristics and survival of 
patients with grades III and IV hypertensive retinopathy are not different.12 

 
We found a relatively low prevalence of secondary malignant hypertension, 
especially in black individuals, compared with previous reports.2-4,13 One may 
suggest that the low prevalence of secondary malignant hypertension in the 
present study was caused by the limited efforts to demonstrate an underlying 
cause. Renal biopsies were not routinely taken; therefore some primary renal 
diseases may have been missed. However, renal ultrasounds were performed in 
most patients with elevated serum creatinine levels at presentation, and macro-
albuminuria disappeared during periods of adequate blood pressure control in all 
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patients without secondary malignant hypertension. The low prevalence of 
renovascular disease seems an adequate reflection of the true prevalence, as 
imaging studies of the renal arteries were performed in most patients. We 
observed only one patient with clinical features of Cushing’s syndrome, despite 
various endocrine tests in half of the study population, which is in agreement 
with previous studies showing that endocrine disease is rare in malignant 
hypertension. The high prevalence of renal and renovascular disease reported by 
others can also be explained by referral bias, as some studies included their 
patients from renal disease and dialysis units.4, 13 In two other reports unex-
plained chronic renal failure accounted for the majority of secondary malignant 
hypertension.3, 14 However, as renal biopsies were not routinely taken, probably 
part of the unexplained renal failures must be attributed to hypertension instead 
of primary renal disease. In the present study, we have excluded patients 
referred from elsewhere to prevent referral bias, and have attributed unexplained 
renal failures to hypertension unless proved otherwise.  

Finally, similar efforts were undertaken to demonstrate an underlying 
cause in black and white subjects. Therefore the low prevalence of secondary 
malignant hypertension in black individuals may best be explained by a higher 
prevalence of black individuals with uncontrolled hypertension in the population 
at large. In a population with more vigorous blood pressure control, patients 
with essential hypertension are more likely to be detected, treated and 
controlled, thus preventing them from developing malignant hypertension. The 
poor control of hypertension among black individuals, as recently shown in our 
cross-sectional survey, may facilitate the development of the malignant phase in 
some, and therefore result in a relative predominance of primary malignant 
hypertension in this group.  
 
Our study shows that the survival of patients with malignant hypertension has 
improved in comparison with two previous publications from the UK.15, 16 The 
proportion of patients surviving after 5 years was 0.78 for those admitted 
between 1980 and 1989 in the west Birmingham cohort compared with 0.90 in 
our study. This difference is probably due to the high percentage of patients who 
died of renal failure at that time. In contrast, the percentage of patients on 
chronic renal replacement therapy in our study is much higher than in the west 
Birmingham cohort despite comparable follow-up. The most important indi-
cators of future renal failure in our cohort were serum creatinine values at 
presentation and secondary causes of malignant hypertension. Although data on 
secondary malignant hypertension were pooled because of the low frequency of 
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some secondary causes, renal parenchymal disease was the only significant 
indicator of future renal failure, odds ratio 4.5 (95% CI 1.2–18). The higher 
prevalence of renal failure among black individuals was mainly because of 
higher serum creatinine values at presentation. 

This study has both strengths and limitations. The strengths include the 
description of a relatively large cohort of patients with malignant hypertension 
and the possibility to compare these data with the prevalence, awareness and 
control of hypertension in the population of origin. Limitations include a 
reliance on the coding system and possible registration errors. We cannot rule 
out that some patients were not included; however, we estimate these numbers to 
be small as a review of all cases with the discharge code ‘hypertension’ revealed 
only one patient with malignant hypertension. Although it is routine practice to 
screen patients presenting with severe hypertension for retinal lesions by an 
ophthalmologist at both hospitals, it cannot be ruled out that some cases with a 
less severe presentation, who were therefore not admitted, may have been 
missed. 
 
Conclusion 
We have shown that the incidence of malignant hypertension in this multi-ethnic 
population has not declined compared with the west Birmingham study 12 years 
ago. Ethnic differences in blood pressure control may explain a higher 
prevalence of malignant hypertension, more renal dysfunction, and a lower 
prevalence of secondary causes. Probably, part of the ethnic disparities in the 
incidence and complications of malignant hypertension may be clarified by 
mundane factors such as differences in compliance and insurance status. 
Although the mortality rate has declined, the high prevalence of renal failure, 
particularly among black individuals, remains a cause for concern. More 
vigorous blood pressure control in the population at large will not only prevent 
excess mortality from stroke and myocardial infarction, but will also lower the 
incidence of malignant hypertension and related renal complications. 
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Abstract 
 
Background Renal dysfunction is an important cause of morbidity and 
mortality in patients with malignant hypertension. Thrombotic microangiopathy 
(TMA) related to malignant hypertension may cause renal insufficiency by 
obstruction of interlobular arteries. We hypothesized that the presence of TMA 
is an important indicator of renal dysfunction and recovery in malignant 
hypertension.  
 
Methods We retrospectively analyzed 97 patients admitted between April 1994 
and April 2004 with malignant hypertension. TMA was defined as a low platelet 
count (< 150 x109/L) with either an elevated lactic dehydrogenase (> 220 U/L) 
or presence of schistocytes.  
 
Results TMA was present in 26 of 97 patients (27%). Serum creatinine levels at 
admission were significantly higher in those with than in those without TMA: 
median serum creatinine 690 µmol/L (interquartile range [IQR] 394 to 1105) 
and 120 µmol/L (IQR 82 to 211), respectively (P < 0.01). Macroalbuminuria 
was present in 88% with versus 41% without TMA (P < 0.01). Patients with 
TMA were more often black (73%; P < 0.01) and had higher systolic blood 
pressure (mean 242 mmHg versus 225 mmHg; P < 0.01). Dialysis was needed in 
15 patients with TMA (58%) versus 2 patients (3%) without TMA. In 6 patients 
with TMA, dialysis could be stopped. Cox regression analysis showed that TMA 
and systolic blood pressure were the most important indicators of renal 
improvement during follow-up, with a hazard ratio of 0.24 (95% confidence 
interval [CI], 0.08 to 0.75; P < 0.01) and 1.02 per mmHg increase in systolic 
blood pressure (95% CI, 1.01 to 1.05; P < 0.01).  
 
Conclusion TMA is an important indicator of renal insufficiency and recovery 
in patients with malignant hypertension. 
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Introduction  
 
Thrombotic microangiopathy (TMA) is a well-known complication of malignant 
hypertension. However, little is known about its epidemiology and relationship 
with renal dysfunction. Although the prognosis of malignant hypertension has 
improved considerably over the past decades, renal dysfunction remains an 
important cause of morbidity and mortality.1–4 Yet some patients have a remar-
kable recovery of kidney function after adequate control of blood pressure is 
achieved.5–8 It has been suggested that in patients with malignant hypertension 
and kidney dysfunction, the presence of TMA may be an indicator of renal 
recovery.5,7 In most renal biopsy specimens from patients with renal failure 
related to malignant hypertension, an obliterative vasculopathy is observed with 
fibrinoid necrosis and sometimes frank thrombosis of interlobular arteries.9,10 
These fibrinoid depositions are caused by continued seepage of fibrin en serum 
proteins through a necrotic vessel wall into surrounding viable tissue.11 The 
presence of TMA, as evidence of profound endothelial damage, may point 
toward such an obliterative vasculopathy with subsequent renal dysfunction. 
Resolution of TMA by blood pressure treatment may, in turn, result in reper-
fusion and improvement of kidney function. 

We hypothesized that the presence of TMA may be an important predictor 
of renal dysfunction and recovery in malignant hypertension. Therefore, we 
performed a retrospective analysis of patients admitted with malignant 
hypertension to assess whether the presence of TMA was related to renal dys-
function at admission and with improvement of renal dysfunction during follow-
up. 
 
Patients and methods 
 
We retrospectively analyzed charts of consecutive patients admitted with 
malignant hypertension at 2 large teaching hospitals (the Academic Medical 
Centre and Onze Lieve Vrouwe Gasthuis), catering for a large multiethnic 
community in Amsterdam, the Netherlands, between April 1994 and April 2004. 
Both hospitals use the same database in which the diagnosis at discharge is 
recorded according to the International Classification of Diseases (ICD) codes. 
The following ICD codes were reviewed: essential malignant hypertension (ICD 
401.0), hypertensive encephalopathy (ICD 437.2), secondary malignant hyper-
tension (ICD 405.09), hypertension with cardiac disease/malignant (ICD 402.0), 
and hypertension with kidney disease/malignant (ICD 403.0). To identify the 
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presence of registration errors, computer data of all patients discharged with the 
diagnosis essential hypertension (ICD 401.9) were also analyzed. 

In all patients, the diagnosis malignant hypertension was verified 
according to the World Health Organization (WHO) criteria of 1978: high blood 
pressure together with bilateral linear or flame-shaped hemorrhages or “cotton-
wool” exudates with or without papilledema during funduscopic examination 
(grade III and IV hypertensive retinopathy, respectively, according to the Keith–
Wagener and Barker classification). We defined TMA related to malignant 
hypertension as: (1) the presence of a low platelet count (< 150x109/L) together 
with either an elevated lactic dehydrogenase (LDH) level (> 220 U/L) or 
presence of schistocytes, or both; and (2) normalization of platelets and LDH or 
schistocytes after adequate blood pressure control was achieved.  
 
Excluded from analysis were patients < 18 years of age, pregnant women, 
patients with papilledema and an intracranial mass (hemorrhage), patients 
already on dialysis before admission, and patients in whom TMA could not be 
assessed or who had an alternative explanation for a low platelet count. 
Macroalbuminuria was defined as urinary protein excretion > 300 mg/L or 2+ 
for dipstick proteinuria. Left ventricular hypertrophy was defined according to 
the Sokolow–Lyon criteria. Significant renal artery stenosis was defined if 
narrowing of the renal artery lumen exceeded 50% during computed 
tomography, MRI, or conventional angiography. Schistocytes were considered 
present if “several” red cell fragments could be detected on a peripheral blood 
film. End points were: (1) serum creatinine levels and urinary protein excretion 
at admission; and (2) improvement of renal function on follow-up, defined as a 
50% reduction in serum creatinine compared with baseline. 
 
Statistics 
Baseline variables were described using mean and SD, median and range, or 
interquartile range for variables with a skewed distribution. Differences between 
groups were calculated using Yates correction or a t-test for parametric and 
Mann–Whitney U test for nonparametric distributions where appropriate. Linear 
regression analysis was used to assess the contribution of platelet count on 
serum creatinine, with serum creatinine expressed on a logarithmic scale. R2 was 
used to give an estimate of the variations in serum creatinine explained by 
platelet count at admission. The confidence interval (CI) of this estimate was 
calculated using the Fisher z transformation. Univariate ANOVA was performed 
to test the association between serum creatinine and TMA, adjusted for race, 
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blood pressure at admission, and established secondary causes of malignant 
hypertension. To analyze indicators of improvement of renal function during 
follow-up, Cox regression was used. First, single variables were used to test an 
association with improvement of renal function. Single variables that showed a 
significant association or could have a possible pathophysiological relationship 
with improvement of renal function were retained and used for the model. Then, 
a backward elimination method was used in which the variable with the smallest 
partial correlation with the dependent variable was removed first. For all tested 
variables in this model, the hazard ratio (HR) with its 95% CI was calculated. 
Variables that had a significant association with renal improvement were tested 
for interaction. For statistical analysis, the SPSS software package for Windows 
version 12.0 was used. P < 0.05 was considered to indicate a statistically signi-
ficant difference. 
 
Results 
 
A total of 110 patients fulfilled the WHO criteria for malignant hypertension. 
Thirteen patients were excluded because: (1) they had an alternative explanation 
for the presence of papilledema attributable to an intracranial mass, 4 (2) the 
platelet count at admission was unknown, 5 or (3) they had an alternative 
explanation for the thrombocytopenia, 4 (figure 1). For the remaining 97 
patients, imaging studies of the renal arteries were conducted in 79 (81%), ≥ 1 
endocrine tests for pheochromocytoma, Cushing’s disease or Conn’s syndrome 
in 44 (45%), and renal biopsies in 18 (19%) patients. In 19 of 26 patients with 
thrombocytopenia, schistocytes were present; in 3, schistocytes were absent, and 
in 4, this test was not performed. The number of patients with primary and 
secondary malignant hypertension is listed in Table 1. The clinical charac-
teristics according to the presence or absence of TMA are summarized in Table 
2. The main outcome measures, serum creatinine level and urinary protein 
excretion at admission, were significantly higher in the group with TMA (figure 
2). After correction for blood pressure, ethnicity, and secondary causes, 
differences in serum creatinine levels between patients with and without TMA 
remained statistically significant (P < 0.01). Linear regression analysis of serum 
creatinine and platelet count is shown in figure 3. 
 



Chapter 4 

 90

Fig. 1 

 
 
Patient selection. HRP indicates hypertensive retinopathy 
 
 
Table 1 Secondary causes of malignant hypertension according to the presence or 
absence of TMA  
 

Causes of malignant hypertension TMA present TMA absent P value 
No cause identified (essential 
malignant hypertension) 

 17    (65 %)  48    (68 %) 0.84 

Renal parenchymal disease   6     (23 %)   8     (11 %) 0.19 
Renal artery stenosis   2      (8 %)   6     (8 %) 1.00 
Other (endocrine, drug-induced)   1      (4 %)   9     (13 %) 0.28 
Total 26  (100 %) 71   (100 %)  

 
Values are numbers and percentages. 

4 alternative explanation 
   for thrombocytopenia 

5  platelet count at 
    admission unknown 

4  with intracranial mass 
    and papilledema 

  97 analyzed for the presence  
       or absence of TMA 

110 with severe hypertension  
       and grade III/IV HRP 

106 with definite malignant  
       hypertension 
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Table 2 Clinical  characteristics of all included patients with malignant hypertension and 
comparison of groups with and without TMA. 
 

Patient characteristics TMA present TMA absent P value* 
Patients 26 (27 %) 71  (73 %)  
Age, yrs (mean ± SD) 41 ± 8 44 ± 13 0.13 
Male 12 (63 %) 34 (60 %) 1.00 
Black 19 (73 %) 25 (35 %) < 0.01 
Retinopathy, grade IV 11 (42 %) 37 (52 %) 0.53 
Systolic BP, mmHg (mean ± SD)  242 ± 25 225 ± 24 < 0.01 
Diastolic BP, mmHg (mean ± SD) 150 ± 18 145 ± 17 0.25 
Hemoglobin,  mmol/l  
(median, [IQR]) 

6.5 [5.4-8.0] 8.8 [7.9-9.6] < 0.01 

Platelets, x109/l (median, [IQR]) 90 [63-115] 225 [186-252] < 0.01 
LDH, U/l (median, [IQR])† 786 [471-1135] 279 [222-385] < 0.01 
Serum creatinine, µmol/l  
(median, [IQR]) 

690 [394-1105] 120 [82-211] < 0.01 

Serum potassium, mmol/l  
(median, [IQR]) 

3.5 [2.8-4.1] 3.4 [3.1-3.9] 0.89 

Current Smoker‡ 12 (46 %) 27 (38 %) 0.54 
Diabetes mellitus 0 5 (7 %) 0.17 
Previous hypertension 12 (46 %) 39 (55 %) 0.49 
Left ventricular hypertrophy 23 (88 %) 56 (79 %) 0.24 
Macroalbuminuria§  23 (88 %) 29 (41 %) < 0.01 
Cerebral complications 

- cerebral infarction 
- posterior 

leucoencephalopathy 

 
1 
1 

 
4 
4 

 

 
Values are numbers and percentages unless stated otherwise. IQR indicates interquartile 
range. 
 
*P values are calculated for differences between those with and those without TMA. 
†Data available for 70 patients (25 missing in those without TMA en 2 in those with 
TMA).  
‡Data are missing for 2 in the group without TMA. 
§Data are missing for 1 in each group.  
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Fig. 2      Fig. 3   
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  Serum creatinine levels at admission on a   Log-linear   regression  analysis  of  serum 
  logarithmic   scale  in  patients   with  and   creatinine  and  platelet count at admission       
  without  TMA;   P < 0.01  for   difference   for all patients. R2 = 0.37 (95% CI, 0.11 to    
  between groups.    0.51).   
          
    
Dialysis was needed in 15 of 26 (58%) patients with TMA during admission and 
in 2 patients (3%) without TMA. In 6 patients with TMA, dialysis could be 
stopped: 4 within 2 months, and in 2 others, after 8 months and 2 years, 
respectively. Follow-up was complete for 87 of 97 patients (90%). Ten patients 
either moved or did not show up at the outpatient department. The total number 
of patients who died or were lost to follow-up were equally distributed in both 
groups. Nine patients died: 3 from cardiovascular complications, 2 from cerebral 
hemorrhage, and 1 from myocardial infarction. Characteristics for those at 
follow-up are listed in Table 3. Improvement of renal function, defined as a 
reduction of serum creatinine > 50% compared with baseline, was noted in 17 
patients during follow-up. Cox regression analysis showed that TMA and 
systolic blood pressure at admission were the most powerful indicators of renal 
improvement with an HR of 0.24 (95% CI, 0.08 to 0.75) and 1.02 per mmHg 
increase in systolic blood pressure (95% CI, 1.01 to 1.05; Table 4). The inter-
action between systolic blood pressure and TMA was not significant (P = 0.28). 
Improvement of kidney function over time in patients with and without TMA is 
shown in figure 4. 
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Table 3 Patient characteristics on follow-up.  
 

Patient characteristics at follow-up TMA present TMA absent P value 
Lost to follow-up 3 (11 %) 7  (10 %)  
Follow-up time, months (mean ± SD) 52 ± 33 40 ± 33 0.09 
Systolic BP, mmHg (median, [IQR]) 140 [128-152] 140 [122-150] 0.87 
Diastolic BP, mmHg (median, [IQR]) 90 [80-100] 89 [79-99] 0.58 
Anti-hypertensive drugs 3.0 ± 1.2 3.0 ± 1.2 0.92 
Increase in serum creatinine > 1/3 of 
baseline* 

3 (21 %) 14 (23 %) 0.90 

Died 2 (8%) 7  (10 %)  
 
TMA, thrombotic microangiopathy; SD, standard deviation; IQR, interquartile range; 
BP, blood pressure. 
 
*Calculated for those not in need of permanent kidney replacement therapy. 
 
 
 
Table 4 Cox regression analysis using a backward elimination method to predict 
indicators for improvement of renal dysfunction 
 

Indicator Rank* P HR 95 % CI 
Age, yrs 3 0.58 0.98 0.93-1.04 
Male 2 0.72 0.83 0.29-2.35 
Black 5 0.14 2.36 0.75-7.45 
Systolic blood pressure, mmHg … 0.01 1.02 1.01-1.05 
Diastolic blood pressure, mmHg 4 0.57 0.99 0.94-1.03 
Log creatinine  1 0.77 0.76 0.12-4.8 
Macroalbuminuria 6 0.11 0.28 0.06-1.35 
TMA  … 0.01 0.24 0.08-0.75 

HR, 95% CI, and P value were determined just before elimination. *Indicates the rank of 
elimination in stepwise backward Cox regression.  
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Fig. 4 
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Improvement of renal function over time in patients with and without TMA. 
Improvement is defined as a > 50% reduction in serum creatinine compared with 
baseline. 

 
 
Discussion 
 
We found a marked difference between serum creatinine levels and proteinuria 
in patients with and without TMA in the sense that renal dysfunction was more 
severe in patients with TMA. Also after adjusting for ethnicity, blood pressure, 
and secondary causes of malignant hypertension, the association between kidney 
dysfunction and TMA remained significant. There was a negative log-linear 
relationship between serum creatinine and platelet count, indicating that a 
decline in platelet count, as evidence of TMA, was related to a decline in renal 
function. Furthermore, platelet count could explain 37% of the variations in 
serum creatinine at admission. The predominance of black patients with TMA in 
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our study is consistent with previous reports in which a high prevalence of TMA 
in blacks with malignant hypertension was found.4,7,11 There was no difference in 
severity of retinopathy or left ventricular hypertrophy between the groups with 
and without TMA, which supports the theory from previous studies in which 
clinical characteristics and survival are not different for patients with grades III 
or IV hypertensive retinopathy.12,13 Although recovery from renal failure has 
been reported previously in patients with malignant hypertension,14–17 few have 
noted a possible association with TMA.5,6,18 However, in several case reports 
and case series, a possible link between TMA and recovery from renal failure 
has been suggested.5–7 In the largest series on renal failure related to malignant 
hypertension, 12 patients who recovered from dialysis were compared with 42 
patients who did not.7 The presence of TMA was found as a possible predictor 
of renal recovery, although this finding was not significant, possibly because of 
small group size. In our study, patients with TMA had a 4x higher chance of 
renal improvement than patients without TMA. Furthermore, dialysis could be 
stopped in 6 of 15 (40%) patients with TMA who needed kidney replacement 
therapy during admission.  
 
The reason TMA develops in malignant hypertension has not been fully 
clarified. Most evidence regarding TMA pathogenesis comes from animal 
studies: rats double transgenic for the human renin and angiotensinogen genes 
develop severe hypertension and profound endothelial damage similar to TMA 
seen in humans with malignant hypertension.19 Furthermore, animal studies have 
shown that high levels of angiotensin II have a direct cytotoxic effect on the 
vessel wall.20,21 Finally, rats with a unilateral renal artery stenosis develop 
malignant hypertension when refrained from water and saline, suggesting that 
pressure natriuresis further enhances renin-angiotensin aldosterone system 
(RAAS) activation through induction of kidney ischemia.22 
 
The evidence for the importance of RAAS activation in development of 
malignant hypertension and TMA seems in contrast with the high prevalence of 
TMA in black hypertensive patients because they tend to have lower plasma 
renin and angiotensin levels.23 In our population, all blacks were immigrants 
from western Africa and Dutch Surinam and, in most cases, had never visited a 
doctor. Delay in presentation could explain a more severe presentation of 
malignant hypertension with coexisting TMA and renal dysfunction. However, 
another explanation is also possible: recent reports have suggested a more active 
role of the intrarenal renin-angiotensin system in blacks.24,25 In accordance with 
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this finding is a reduced renal plasma flow attributable to renal vasoconstriction 
in these patients, which is reversible after administration of an angiotensin-
converting enzyme (ACE) inhibitor.24 This vasoconstriction could make blacks 
more prone to development of renal ischemia, with subsequent activation of the 
RAAS, and to development of TMA, through high levels of angiotensin II. Pre-
existent renal arteriolar or glomerular disease, caused by hypertension or other-
wise, may contribute to development of TMA by enhancing renal ischemia. In 
turn, TMA may cause further renal damage by narrowing and thrombosis of 
renal arteries. In kidney biopsy specimens, this may be reflected by the presence 
of fibrinoid necrosis and thrombosis of interlobular arteries with subsequent 
ischemic glomerular and tubular changes.26 However, because kidney biopsies 
were not routinely taken in this and previous reports, further histological 
evidence for this association is needed. To differentiate TMA related to 
malignant hypertension from other causes of microangiopathic hemolysis, 
particularly thrombotic thrombocytopenic purpura and hemolytic uremic 
syndrome, can be difficult. Therefore, we included normalization of platelet 
count and LDH or disappearance of schistocytes after blood pressure control in 
our definition, making alternative explanations for the thrombocytopenia 
unlikely. In 3 patients, the presence of a low platelet count together with an 
elevated LDH was not accompanied by the presence of schistocytes. However, 
in our experience, the prevalence of schistocytes in a peripheral blood smear is 
low in malignant hypertension, probably making it a less sensitive criterion for 
establishing TMA. Using an increased LDH level as an exclusive marker may 
overestimate the prevalence of TMA because it can also be elevated in several 
other conditions. 
 
Selection bias in this retrospective study may have been introduced by the way 
patients were referred. Because both hospitals contain a dialysis unit, patients 
with malignant hypertension and renal insufficiency would be more likely to be 
included. However, in all patients, renal insufficiency was established only after 
presentation to the emergency department; no patients were referred from 
elsewhere for dialysis treatment. Second, although patients with possible 
malignant hypertension are routinely examined by an ophthalmologist in both 
hospitals, some patients without symptoms and severe elevation of blood 
pressure could have been missed. Third, patients with renal  parenchymal or 
renovascular disease were not excluded because TMA may also be related to 
renal dysfunction in patients with pre-existent renal parenchymal disease. When 
patients without evidence of renal parenchymal or renovascular disease were 
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analyzed separately, no difference in outcome was observed. Because kidney 
biopsies were not taken routinely, some patients with renal parenchymal disease 
could have been missed. However, macroalbuminuria disappeared in all patients 
said to have essential malignant hypertension after adequate blood pressure 
control was achieved during follow-up, suggesting hypertensive kidney disease 
instead of renal parenchymal disease. Furthermore, ultrasonography of kidneys 
and imaging studies of renal arteries performed in these patients showed no 
evidence of postrenal obstruction, cystic disease, or renal artery stenosis. 
 
Perspectives 
We have shown that TMA is an important predictor of renal insufficiency and 
recovery in malignant hypertension. Analysis of platelets, LDH, and 
schistocytes in patients with malignant hypertension may serve as an important 
marker for those who are at risk of renal failure. The predominance of black 
patients with TMA may suggest that a more active intrarenal renin-angiotensin 
system is primarily involved in the onset of TMA, as is shown recently. 
Furthermore, TMA as evidence of profound endothelial damage may further 
limit renal blood flow by narrowing and obstruction of renal arterioles. It would 
be of interest to examine whether early ACE inhibition, besides standard therapy 
with sodium nitroprusside or labetalol, in patients with malignant hypertension 
and TMA could result in a more rapid reduction of microangiopathy and relative 
preservation of renal function. 
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Abstract 
 
Background Malignant hypertension can be considered an extreme phenotype 
of renin-mediated hypertension. Therefore, we compared the allelic frequencies 
of the angiotensinogen (AGT) M235T, angiotensin-converting enzyme inser-
tion/deletion (ACE I/D) and angiotensin II-type I receptor (AT1R) A1166C 
polymorphisms in malignant hypertensive patients with hypertensive and 
normotensive controls. 
 
Methods A total of 101 consecutive patients between 1995 and 2005 admitted at 
a large university hospital fulfilled the criteria for malignant hypertension. 
Seventy-five patients (74%) were compared with 150 hypertensive and 150 
normotensive controls, randomly selected from a population study and indivi-
dually matched on age, sex and ethnicity. 
 
Results The odds of malignant hypertension in white subjects with the TT 
genotype of the AGT M235T polymorphism was 14.3 (5.5–37) compared to 
hypertensive controls, and 9.4 (3.8–23.2) compared to normotensive controls. 
Adjustment for age, sex, smoking and antihypertensive therapy did not affect 
this association. The association of AGT M235T with malignant hypertension 
was not significant in blacks. In patients with malignant hypertension, the TT 
genotype was associated with more severe renal dysfunction and thrombotic 
microangiopathy. No differences were found in allele frequencies of the ACE 
I/D or the AT1R A1166C polymorphisms between study groups. 
 
Conclusions The TT genotype of AGT M235T is associated with malignant 
hypertension in whites, carriers having an odds of approximately 10 to 1 com-
pared to hypertensive and normotensive controls. These observations may 
provide a better understanding of the pathophysiology of malignant hypertension 
and offer possibilities for identifying patients at risk. Larger association or 
linkage studies are needed for a more detailed risk assessment. 
 



The M235T polymorphism and malignant hypertension 

105 

Introduction  
 
Malignant hypertension can be considered an extreme phenotype of renin-
mediated hypertension as evidenced by a marked activation of the renin–
angiotensin system (RAS) in both humans and animals.1-3 Rats that are double 
transgenic for the human renin and angiotensinogen (AGT) genes develop 
severe hypertension and profound endothelial damage similar to that observed in 
humans with malignant hypertension.4 Treatment with a human renin inhibitor, 
ACE-inhibitor or angiotensin-receptor blocker reverses these vascular abnor-
malities.5, 6 As a result of better blood pressure control in the population at large, 
malignant hypertension is rare nowadays. In multiethnic populations, however, 
malignant hypertension is still relatively frequent, with an estimated annual 
incidence of 1–3 per 100 000 inhabitants, mainly because of a predominance of 
black patients with this disease.7, 8 Although differences in hypertension control 
and adherence to antihypertensive drugs have been implicated to clarify the 
increased prevalence of malignant hypertension,8, 9 this may not fully explain 
why some (uncontrolled) hypertensive patients progress to the malignant phase 
while others do not. 

Two previous studies have found a possible association between the ACE 
I/D polymorphism and the risk of malignant hypertension in white subjects;10, 11 
however, both studies lacked comprehensive information on the clinical cha-
racteristics and selection of patients. 
 
The aim of the present study was to compare the allelic frequencies of three 
polymorphisms in the RAS – the M235T polymorphism in the AGT gene, the 
angiotensin-converting enzyme insertion/deletion (ACE I/D) polymorphism and 
the A1166C polymorphism in the angiotensin-1 receptor (AT1R) – of conse-
cutive patients with malignant hypertension and to compare them with hyper-
tensive and normotensive controls from the source population matched for age, 
sex and ethnicity. 
 
Patients and methods 
 
The records were reviewed of all patients admitted between August 1995 and 
August 2005 with malignant hypertension at a large university hospital (the 
Academic Medical Centre) catering for a large multiethnic population in 
Amsterdam, The Netherlands. This hospital uses a database recording the 
diagnoses at discharge based on ICD (International Classification of Diseases) 
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codes. The following ICD codes were used: ‘essential malignant hypertension’ 
(ICD 401.0), ‘hypertensive encephalopathy’ (ICD 437.2), ‘secondary malignant 
hypertension’ (ICD 405.09), ‘hypertension with cardiac disease/malignant’ (ICD 
402.0), ‘hypertension with kidney disease/malignant’ (ICD 403.0) and ‘essential 
hypertension’ (ICD 401.9). After chart retrieval the diagnosis ‘malignant hyper-
tension’ was verified using the WHO criteria for malignant hypertension: high 
blood pressure together with bilateral linear or flame-shaped haemorrhages or 
‘cotton-wool’ exudates with or without papilledema on funduscopic exami-
nation. Excluded were patients < 18 years of age, pregnant women, patients with 
papilledema and an intracranial mass (haemorrhage), patients already on dialysis 
prior to presentation at the emergency department and patients referred from 
elsewhere to prevent referral bias. A total of 101 patients fulfilled the criteria for 
malignant hypertension, mean age 44.2 ± 12.7 years, 63% male and 46% black. 
Five patients died, 13 patients moved outside the area. All living patients 
received an invitation to participate. Eight patients declined participation, 
leaving 75 patients (74%) for analysis. Their mean age was 47.4 ± 15.6 years, 
73% were male and 31% were black. Systolic blood pressure was 229 ± 24 
mmHg, diastolic blood pressure 144 ± 18 mmHg and serum creatinine 183 
µmol/l [interquartile range (IQR) 101–454]. The characteristics of patients who 
did not consent or could not participate were no different than those who were 
included in the present study, P > 0.10 for all variables. 
 
Participating patients received a standard questionnaire to add or verify any 
information that was missing or incomplete and a blood sample was taken for 
the extraction of genomic DNA. Patients were classified as having primary or 
secondary malignant hypertension according to the results of imaging studies of 
the renal arteries, hormone tests or renal biopsies. Imaging studies of the renal 
arteries were performed in 63 (84%) of the 75 patients with significant renal 
artery stenosis, defined as narrowing of the renal artery lumen more than 50% 
on computed tomography, magnetic resonance imaging or conventional angio-
graphy. Renal biopsies were performed in 16 patients (21%) and one or more 
laboratory tests for phaeochromocytoma, Cushing’s disease and Conn’s syn-
drome in 36 patients (48%). Informed consent was obtained from all study 
participants. The study was approved by the Medical Ethics Committee of the 
Academic Medical Centre (project number 03/053). 
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Controls                  
Hypertensive and normotensive controls were randomly selected in a ratio of 1 : 
2 to cases and individually matched for age, sex and ethnicity with cases of the 
present study. Matching for ethnicity was carried out for persons of West 
African descent, white Europeans and Asians from the Indian subcontinent. 
Controls were selected randomly from a large multiethnic population study (the 
SUNSET study) on cardiovascular risk conducted in the catchment area of the 
Academic Medical Centre. The details of the SUNSET study have been 
described elsewhere.12 The SUNSET study was approved by the Medical Ethics 
Committee of the Academic Medical Centre (project number 00/161). 

Measurement of phenotypes         
Ethnic background was defined according to self-reported ethnicity. Blacks were 
mainly of West African descent, whites were predominantly inborn Dutch. Only 
four of the 75 patients (5%) with malignant hypertension came originally from 
the Indian subcontinent and were, for this study, classified as white. 
Cardiovascular risk factors and self-defined ethnicity were assessed through a 
questionnaire. Physical examination included height, weight and blood pressure. 
Blood pressure was measured in a quiet room while seated after 5 min rest, with 
an automated oscillometric device (Omron M4, Omron Matsusaka Co. Ltd, 
Japan). Using appropriate cuff sizes, two readings were taken on the right arm, 
the mean of the two readings was used in the analyses. Hypertension was 
defined as a systolic blood pressure > 140 mmHg, or diastolic blood pressure > 
90 mmHg, or being on antihypertensive therapy. Awareness of hypertension was 
defined as self-reporting of any prior diagnosis of hypertension by a health-care 
professional. Treatment of hypertension was defined as receiving prescribed 
antihypertensive medication for the management of high blood pressure at the 
time of the interview. Previous hypertension was defined as self-reporting of 
hypertension assessed by a health-care professional or receiving antihyperten-
sive drugs. 

Measurement of genotypes                
Genomic DNA was extracted from whole blood and prepared on an AutopureLS 
(Gentra Systems, Minneapolis, USA) following standard procedures. Geno-
typing was not possible for 10 patients with ACE I/D, 16 with AT1R A1166C 
and 8 with the AGT M235T polymorphism. 
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Analysis of the AT1R A1166C and ACE I/D polymorphisms       
The angiotensin II type I receptor A1166C was determined using polymerase 
chain reaction (PCR) primers 5'-TTCCCCCAAAAGCCAAATCCCAC-3' and 
5'-CAGGCTAGGGAGATTGCATTTCTGTCAG-3'. The PCR reaction consis-
ted of 50 ng DNA, 2 pmol of each primer and 1× Amplitaq gold PCR master 
mix (Applied Biosystems Inc., Foster City, California, USA). The following 
PCR protocol was used on a ABI9700 PCR machine: initial denaturation for 10 
min at 95°C and 37 cycles using a touchdown approach – the annealing 
temperature during the 1 min annealing step decreased from 72°C to 64°C over 
the first 12 cycles and remained 64°C for the remaining cycles – and extension 
for 60 s at 72°C. The PCR product was subjected to restriction digestion with 5 
U of enzyme HpyF3I (MBI Fermentas, Burlington, Canada) at 37°C for 3 h and 
subsequent gel electrophoresis. For the A allele, HpyF3I cleaved the 428 bp 
PCR fragment into a 64-bp and a 364-bp fragment, whereas three fragments 
were generated for the 1166C allele: 64, 143 and 221 bp. 
 
The angiotensin-I-converting enzyme insertion/deletion polymorphism was 
determined using the following primers: 5'-CTGGAGACCACTCCCATCCTTT 
CT-3' and 5'-GATGTGGCCATCACATTCGTCACGAT-3'. Amplification with 
this primer pair results in 490 bp and 190 bp amplification products corre-
sponding to the I and D alleles, respectively. The PCR reactions consisted of 50 
ng DNA, 2 pmol of each primer, and 1× Amplitaq gold PCR master mix 
(Applied Biosystems Inc.). The following PCR protocol was used on a ABI9700 
PCR machine: initial denaturation for 10 min at 95°C followed by 35 cycles of 1 
min at 94°C, 1 min at 58°C and 1 min at 72°C. PCR products were detected on a 
2% agarose-gel containing ethidium bromide. 
 
Mistyping of ID heterozygotes as D homozygotes may occur due to the 
preferential amplification of the D allele and inefficiency in the amplification of 
the I allele. To increase the specificity of DD genotyping, PCR amplifications 
were also performed with an insertion-specific primer pair (5'-TGGGACCACA 
GCGCCCGCCACTAC-3' and 5'-TCGCCAGCCCTCCCATGCCCATAA-3') in 
all samples that were found to be DD after amplification with the flanking 
primers. Briefly, insertion-specific amplification was performed using 50 ng 
DNA, 2 pmol of each primer, and 1× Amplitaq gold PCR master mix (Applied 
Biosystems Inc.). The following PCR protocol was used on a ABI9700 PCR 
machine: initial denaturation at 95°C for 10 min followed by 35 cycles of 1 min 
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at 94°C, 1 min at 66°C and 1 min at 72°C. PCR products were detected on a 2% 
agarose-gel containing ethidium bromide. Under these conditions, only the I 
allele produced a 335 bp amplicon. The 335 bp fragment was identified on 2% 
agarose-gel containing ethidium bromide. The reaction yields no products in 
samples of DD genotype. 

Analysis of the AGT M235T polymorphism           
For the AGT M235T polymorphism, the Assay-by-Design service (www. 
appliedbiosystems.com) was used to set up Taqman genotyping assays. The 
Taqman reaction consisted of 5 ng of genomic DNA in a 2 µl volume and the 
following reagents: FAM and VIC probes (400 nmol/l), primers (1.8 µmol/l), 2× 
Taqman PCR master mix (ABgene). PCR cycling reactions were performed in 
384-well PCR plates in an ABI 9700 PCR system (Applied Biosystems Inc.) and 
consisted of initial denaturation for 15 min at 95°C, and 40 cycles with 
denaturation of 15 s at 95°C and annealing and extension for 60 s at 60°C. 
Results were analysed by the ABI Taqman 7900HT using the sequence detection 
system 2.22 software (Applied Biosystems Inc.). 
 
Statistical analysis 
Continuous data were expressed as mean and SD or median and interquartile 
range for variables with a skewed distribution. Categorical data were expressed 
as number and percentages. Differences between groups were assessed by an 
independent samples t-test or Mann–Whitney U test for variables with a skewed 
distribution, chi-square statistics were used for categorical variables. Genotype 
frequencies of the different groups were compared by chi-squared analysis. 
Hardy–Weinberg equilibrium was tested to quantify differences between 
observed and expected genotypes by ethnic group (black and white). 
Multinominal logistic regression analysis was used to explore the risk of 
malignant hypertension compared to hypertensive and normotensive controls by 
ethnicity corrected for age, sex and smoking (model 1). In addition to these 
variables, previous hypertension and antihypertensive therapy were added to 
further explore the risk of malignant hypertension compared to hypertensive 
controls (model 2). Genotypes were expressed as dummy variables in this 
model, either with a recessive or dominant mode of inheritance. Odds ratios are 
given with their 95% confidence interval. For statistical analysis the SPSS 
software package for windows was used, version 14.0 (SPSS Inc., Chicago, 
Illinois, USA). A P value < 0.05 was considered statistically significant. 
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Results 

General characteristics                  
A total of 75 patients with malignant hypertension were compared with 150 
hypertensive and 150 normotensive controls, matched for age, sex and ethnicity. 
Their baseline characteristics are listed in Table 1. Age, sex, ethnicity and 
smoking were not different between the three blood pressure groups. Previous 
hypertension was as frequently diagnosed in patients with malignant hyper-
tension as in hypertensive controls (P = 0.28). Twenty-four per cent of 
hypertensive and 31% of malignant hypertensive patients (72% and 64% of 
those previously diagnosed with hypertension, respectively) received anti-
hypertensive medication (P = 0.22 for difference between groups).  

Table 1 Characteristics of malignant hypertensive patients and hypertensive and 
normotensive controls. 
 

 
Values are numbers and percentages unless stated otherwise. IQR, interquartile range; 
SD, standard deviation. 
* Current smoker is defined as smoking prior to presentation in patients with malignant 
hypertension.   
† Few normotensive persons were previously diagnosed with hypertension, but had nor-
mal readings during physical examination without antihypertensive therapy. 
 

Patient characteristics Normotensive  Hypertensive Malignant 
Hypertensive 

Patients 150 150 75 
Age, yrs (mean ± SD) 43.5 ± 7.7 44.2 ± 6.1 43.1 ± 11.4 
Male 90 (60%) 90 (60%) 44 (59%) 
Black 74 (49%) 74 (49%) 37 (49%) 
Systolic blood pressure, 
mmHg (mean ± SD) 116 ± 12 144 ± 16 228 ± 21 

Diastolic blood pressure, 
mmHg (mean ± SD) 75 ± 7 93 ± 9 144 ± 16 

Current Smoker* 80 (53%) 67 (45%) 32 (43%) 
Serum creatinine, µmol/l 
(median, [IQR]) 75 [66-87] 76 [68-89] 162 [103-399] 

Previous Hypertension† 13 (9%) 50 (40%) 36 (49%) 
Antihypertensives - 36 (24%) 23 (31%) 
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In patients with malignant hypertension, 37 patients (49%) had grade IV 
retinopathy, 60 (80%) had evidence of left ventricular hypertrophy and 25 (33%) 
had evidence of thrombotic microangiopathy (defined as the presence of 
thrombocytopenia < 150 × 109 with either an elevated lactic dehydrogenase level 
or presence of fragmented red blood cells in a peripheral blood smear). Serum 
creatinine values were significantly higher in patients with malignant 
hypertension compared to hypertensive or normotensive controls (P < 0.01). A 
secondary cause could be established in 18 patients (24%) with malignant 
hypertension. They had either primary renal disease (8), renal artery stenosis (5) 
or other causes (5). The latter included oral contraceptive use (2), liquorice 
abuse (2) and exogenous corticoid excess (1). No underlying cause could be 
established in 56 (75%) despite extensive work-up. 

Association between genotypes and malignant hypertension  
Genotypes of the tested polymorphisms in the different blood pressure groups 
were all in Hardy–Weinberg equilibrium (P > 0.20). Genotypes and allelic 
frequencies of the ACE I/D and AT1R A1166C polymorphisms are listed in 
Table 2 according to blood pressure category. The frequency distributions of the 
ACE I/D and the AT1R A1166C polymorphism showed no significant 
difference between patients with malignant hypertension and hypertensive and 
normotensive controls. As a result of differences in allelic frequencies of the 
M235T polymorphism in the AGT gene between white Europeans and blacks 
from West African descent [13], analysis was performed after stratification for 
ethnicity. There was a large difference in the allelic frequency distribution of the 
AGT M235T polymorphism in white subjects with malignant hypertension 
compared to hypertensive and normotensive controls. In white subjects, the TT 
genotype was present in 68.4% with malignant hypertension compared to 13.2% 
of hypertensive (χ2 = 37.3, P < 0.001) and 18.7% of normotensive controls (χ2 = 
28.2, P < 0.001). The MT genotype was not associated with an increased risk of 
malignant hypertension, being present in 23.7% of malignant hypertensive 
patients and in 43.4% of hypertensive and 45.3% of normotensive controls. In 
black subjects the TT genotype was detected in 88.2% with malignant hyper-
tension compared to 82.2% in hypertensive (χ2 = 0.91, P = 0.64) and 84.3% in 
normotensive controls (χ2 = 0.64, P = 0.73). The genotype frequencies of the 
AGT M235T polymorphism stratified for ethnicity are shown in figure 1.  
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Table 2 Genotypes and allelic frequencies [number (%)] of the ACE I/D polymorphism 
and the A1166C polymorphism in the AT1R in patients with malignant hypertension 
compared to hypertensive and normotensive controls.  
 

 
P is for difference between blood pressure groups with malignant hypertension as the 
reference group. 
 
 
Fig. 1. 

White subjects                            Black subjects 

AGT Met [M] 235 Thr [T]
 

Genotype frequencies of the M235T polymorphism of the AGT gene stratified by 
ethnicity and blood pressure group. Data are for n = 72 malignant hypertensive patients 
(34 black and 38 white), n = 148 hypertensive controls (73 black and 76 white) and n = 
145 normotensive controls (70 black and 75 white). 

ACE I→D II ID DD P 
  normotensives 31 (21.2) 71 (48.6) 44 (30.1) 0.53 
  hypertensives 31 (20.8) 79 (53.0) 39 (26.2) 0.79 
  malignant hypertensive 17 (24.3) 37 (52.9) 16 (22.9) - 
A1166→C AA AC CC  
  normotensive 97 (69.8) 35 (25.2) 7 (5.0) 0.40 
  hypertensive 102 (69.4) 42 (28.6) 3 (2.0) 0.76 
  malignant hypertensive 54 (74.0) 18 (24.7) 1 (1.4) - 
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There was no difference in genotypic distribution of AGT M235T by sex, with 
identical allelic frequencies in females and males in both black and white 
subjects. The odds ratios of malignant hypertension stratified for ethnicity are 
listed in Table 3. For whites with the TT genotype the risk of malignant hyper-
tension was 14.3 (5.5–37.1) compared to hypertensive controls, and 9.4 (3.8–
23.2) compared to normotensive controls. The association of AGT M235T with 
malignant hypertension was not significant in blacks. After adjustment for age, 
sex and smoking the TT genotype remained associated with malignant hyper-
tension in whites, odds ratio 14.9 (5.6–39.7) compared to hypertensive and an 
odds ratio of 10.6 (4.2–27) for normotensive controls. 
 
 
Table 3 Odds ratios and 95% confidence intervals for malignant hypertension in 
subjects having the TT genotype versus the MT or MM genotype.  

 
Comparison of malignant hypertensive patients with hypertensive and normotensive 
controls. 
* Model 1 = Adjusted for age, sex and smoking. 
† Model 2 = Additional adjustment for previous hypertension and anti-hypertensive 
therapy.  
 
 
Additional adjustment for previous hypertension and antihypertensive therapy 
did not change the odds of malignant hypertension compared to hypertensive 
controls. As the AGT M235T polymorphism may also be associated with renal 
insufficiency in patients with hypertension [14], we also corrected for serum 
creatinine in addition to age, sex and ethnicity, knowing that renal insufficiency 
often coincides with malignant hypertension. After additional correction for 
serum creatinine, there was a small decrease in the odds of malignant hyper-
tension with an odds ratio of 9.1 (2.7–30.2) in white Europeans compared to 
hypertensive controls. 

 Crude odds Model 1* Model 2† 
Hypertensive    
whites 14.3 (5.5-37.1) 14.9 (5.6-39.7) 15.2 (5.3-43.6) 
blacks 1.6 (0.5-5.4) 1.6 (0.5-5.4) 2.4 (0.7-8.9) 
Normotensive    
whites 9.4 (3.8-23.2) 10.6 (4.2-27) - 
blacks 1.4 (0.4-4.8) 1.4 (0.4-5.1) - 
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Within the group of malignant hypertensive patients, there was no difference in 
age, sex, ethnicity and blood pressure between patients with the TT genotype 
compared to those with the MT or MM genotype, although carriers of the TT 
genotype were more likely to be of white European origin (54% versus 25%, P = 
0.08). In contrast, patients with the TT genotype had more renal dysfunction and 
thrombotic microangiopathy than patients with the MT or MM genotype. 
Median serum creatinine was 205 µmol/l (IQR 111–451) for the TT genotype 
compared to 95 µmol/l (IQR 70–225) for MT and MM genotypes (P < 0.01). 
Thrombotic microangiopathy was present in 39% of patients with the TT 
genotype compared to 6% of patients with MT or MM genotypes (P = 0.03). 
The frequency of secondary causes was similar between TT genotypes (25%) 
and MT or MM genotypes (21%). 
 
Discussion 
 
In this multiethnic population with malignant hypertension, we observed a 
marked difference in the genotype frequency distribution of the AGT M235T 
polymorphism in white patients with malignant hypertension compared to 
matched hypertensive and normotensive controls. The odds of malignant hyper-
tension was approximately 10 to 1 in carriers of the TT genotype compared to 
hypertensive or normotensive MT and MM carriers. Within the group of 
malignant hypertensive patients, the TT genotype was associated with a more 
severe phenotype, as evidenced by increased renal dysfunction and a higher 
frequency of thrombotic microangiopathy compared to MT and MM carriers, 
despite similar age, sex, ethnicity and blood pressure. The frequency distribu-
tions of the ACE I/D and the AT1R A1166C polymorphisms were not different 
between blood pressure categories or ethnic groups. 
 
Compared to other reported frequencies of the AGT M235T polymorphism, the 
frequency of the 235T allele in our sample was somewhat lower for white 
hypertensive subjects (34.9%) than that reported by others.15 This may be related 
to the predominance of patients with mild hypertension in the hypertensive 
control group of our study. In contrast, the 235T allele frequency for 
normotensive controls in our sample (41.3%) is similar to previous studies, 
which reported allele frequencies between 31 and 49% for white normotensive 
subjects.15 In black subjects, the frequency of the 235T allele was 91.4% among 
hypertensive and 90.4% among normotensive controls, which is similar with 
those reported in populations of West Africa (93%) and somewhat higher than in 
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African-Americans (82%).16 This difference may point towards limited 
admixture of our group with populations of Western European origin. The high 
frequency of the 235T allele in normotensive and hypertensive West Africans 
makes it difficult to establish an association with malignant hypertension. So, we 
cannot exclude that an association of the AGT M235T polymorphism with 
malignant hypertension is present in blacks; however, due to the high frequency 
of the 235T allele our study had insufficient power to detect this difference. It is 
conceivable that the predominance of 235T homozygosity in blacks contributes 
to a higher susceptibility of malignant hypertension, explaining the higher 
incidence of malignant hypertension in this population.9 We previously 
estimated, based on the demographic characteristics of this population, that 
malignant hypertension is 3–4 times more common in blacks than in whites, in 
part as a result of differences in the control of hypertension and adherence to 
antihypertensive treatment.8 Apart from these socio-economic differences, 
however, the predominance of homozygosity for AGT 235T in this group may 
be an additional risk factor for malignant hypertension. 
 
A previous study in white patients with malignant hypertension found no 
significant association of AGT M235T compared to hypertensive controls, 
although the TT genotype was 10% higher in malignant hypertensive patients;10 
however, selection of patients and controls may have influenced this association. 
Another study in a large cohort of white patients with severe (but not malignant) 
hypertension also failed to demonstrate an association of the M235T 
polymorphism compared to normotensive controls.17 A likely explanation for 
this finding is that, in general, the RAS is not activated in subjects with mild to 
severe essential hypertension.18 This is in contrast with malignant hypertensive 
patients who, in most cases, have an extremely activated RAS.1, 19 Our results 
are in agreement with a study conducted in patients with pre-eclampsia.20 Pre-
eclampsia and malignant hypertension share similar clinical and 
pathophysiological features, including the presence of an activated RAS. 
Homozygosity for 235T was significantly associated with the risk of pre-
eclampsia in white patients compared to controls who were previously pregnant, 
but had no history of pre-eclampsia. As the hepatic transcription of AGT is 
regulated by oestrogen, we performed a separate analysis with stratification by 
sex; however, the allelic frequency distribution of AGT M235T between males 
and females was similar in all blood pressure categories. 
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Functionally, the TT genotype of AGT M235T is associated with an average rise 
of 11% in plasma AGT compared to MT or MM genotypes in white subjects.21 
Such an association between genotype and phenotype has not been demon-
strated in blacks; however, the studies conducted in black populations may have 
been too small to detect differences in plasma AGT.22, 23 The cleavage of AGT 
by renin is the rate-limiting step in activation of the renin–angiotensin system.24, 

25 Small increases in either renin or AGT levels may increase angiotensin II 
production and alter blood pressure.26 Possibly, increases in basal plasma AGT, 
as observed in white patients with the TT genotype, facilitate the onset of the 
renin-mediated blood pressure acceleration observed in malignant hypertension. 
The question is whether AGT M235T itself is associated with increased levels of 
plasma AGT. Several studies suggest that the promoter region that regulates 
transcriptional activity is in tight disequilibrium with AGT M235T and that 
therefore AGT M235T may serve as a genetic marker for the active variant.27, 28  

The lack of association between the ACE I/D polymorphism and 
malignant hypertension in our study is in contrast to a previous report which 
showed an association between the ACE DD polymorphism and the risk of 
malignant hypertension compared to hypertensive controls.10 This finding could 
not be reproduced in a later study, although a significant increase in the 
frequency of the ACE DD genotype was found in malignant hypertensive 
patients compared to normotensive controls.11 Therefore, the association of the 
ACE I/D polymorphism and malignant hypertension remains undetermined. 
 
We had the possibility of analysing the genotypes of consecutive patients 
admitted with malignant hypertension and to compare them to allelic frequen-
cies within a large cohort matched for age, sex and ethnicity in the source 
population served by our hospital. To prevent selection of surviving patients we 
limited ourselves to the inclusion of patients admitted in the past 10 years. As a 
result, our study is limited by a fairly small sample size and therefore 
insufficient to detect small differences in allelic frequencies or to compare the 
interaction of separate polymorphisms on the risk of malignant hypertension. 
Finally, we cannot exclude the possibility that variations in patterns of linkage 
disequilibrium with other polymorphisms in the AGT gene, between white 
European compared to blacks of West African descent, might interfere with our 
observations. 
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Conclusion 
In a multiethnic cohort of consecutive patients with malignant hypertension, 
homozygosity for the 235T polymorphism in the AGT gene is associated with 
an increased risk of malignant hypertension with an odds of approximately 10 to 
1 compared to hypertensive and normotensive controls, but only in white 
subjects. The high frequency of the 235T allele observed in populations of West 
African descent may help explain the higher frequency of malignant hyper-
tension in this group. In patients with malignant hypertension, the TT genotype 
of the AGT M235T polymorphism was associated with a more severe 
phenotype, as evidenced by increased frequency of renal dysfunction and 
thrombotic microangiopathy, compared to MT or MM carriers, despite similar 
age, sex, ethnicity and blood pressure. These observations may provide a better 
understanding of the pathophysiology of malignant hypertension; however, 
larger association or linkage studies are needed for a more detailed risk 
assessment. 
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Abstract 
 
Background Malignant hypertension is a renin-dependent form of hypertension. 
However, the variations in renin-angiotensin system (RAS) activation in 
malignant hypertension are incompletely understood. A proposed mechanism for 
ongoing RAS activation is the presence of thrombotic microangiopathy resulting 
in renovascular ischemia.  
 
Methods We prospectively examined the association between plasma renin 
activity (PRA), thrombotic microangiopathy and renal dysfunction in 30 
consecutive patients with malignant hypertension (n = 18) and severe hyper-
tension (n = 12). PRA and aldosterone were measured in supine position and 
before initiating therapy.  
 
Results PRA was 8.8 ng AI/ml/h (interquartile range [IQR] 4.8 - 20) in 
malignant hypertensive patients and 2.8 ng AI/ml/h (IQR 0.6 - 6.3) in patients 
with severe hypertension (P < 0.01). Aldosterone was 1.30 ± 1.02 nmol/l in 
patients with malignant hypertension compared to 0.44 ± 0.37 nmol/l in those 
with severe hypertension (P < 0.01). In malignant hypertension, PRA highly 
correlated with lactic dehydrogenase (LDH) (r = 0.76, P < 0.001), meaning that 
58% of the variations in PRA could be explained by LDH. PRA positively 
correlated with serum creatinine values at presentation (r = 0.50, P = 0.007), but 
adjustment for LDH abolished the effect of PRA on creatinine (P = 0.24). 
 
Conclusion PRA and aldosterone were markedly elevated in patients with 
malignant hypertension, but not in severely hypertensive patients despite small 
differences in blood pressure. The strong logarithmic correlation between PRA, 
microangiopathic markers and renal dysfunction suggests a renin mediated 
acceleration of vascular damage and renal dysfunction in patients with 
malignant hypertension.  
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Introduction  
 
Malignant hypertension is a hypertensive emergency characterized by a severe 
elevation of blood pressure and ischemic retinal lesions including the bilateral 
presence of cotton wool spots, flame shaped hemorrhages and papilledema. In 
the acute phase the renin-angiotensin system is activated in most patients with 
malignant hypertension.1, 2 However, the extent of renin-angiotensin system 
activation varies greatly. Some patients with malignant hypertension present 
with normal renin activity, whilst others have profound activation of the renin-
angiotensin system.2-6 These variations in renin-angiotensin activation are 
incompletely understood. 
 
A possible pathophysiological mechanism for the development of malignant 
hypertension originates from the idea that microvascular damage and pressure 
natriuresis, induced by a critical elevation of blood pressure, result in ischemia 
of the renovascular bed and a paradoxical activation of the renin-angiotensin 
system.7 Stimulation of the renin-angiotensin system, in turn, may further 
promote blood pressure increase by high levels of circulating angiotensin II and 
lead to more vascular damage, thereby inducing a vicious circle (figure 1).8, 9 
The detrimental effects of high levels of renin and angiotensin have been 
demonstrated in transgenic rats harboring the human renin and angiotensin 
genes. They develop severe elevation of blood pressure and profound 
endothelial damage with evidence of a thrombotic microangiopathy early in 
life.10 Treatment with anti-hypertensive drugs not blocking the renin-angiotensin 
system does not ameliorate renal and vascular damage, despite normalization of 
blood pressure in these animals.11 However, administration of a non-blood 
pressure lowering dose of ACE-inhibition regresses these vascular abnormalities 
suggesting that high levels of renin and angiotensin may have a direct 
vasculotoxic effect.12 In humans, the presence of thrombotic microangiopathy 
seems associated with ischemic glomerular changes and fibrinoid necrosis of 
renal arterioles.3 We previously showed that thrombotic microangiopathy, 
evidenced by a decreased platelet count and either an increased lactic 
dehydrogenase (LDH) or presence of schistocytes, is common and strongly 
associated with renal dysfunction in a retrospective cohort of patients with 
malignant hypertension.13 In the present study we hypothesized, based on the 
above, that the degree of renin-angiotensin activation is associated with the 
severity of thrombotic microangiopathy in patients with malignant hypertension. 
Therefore we prospectively examined the association between plasma renin 
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activity (PRA), microangiopathic markers (LDH and platelets) and renal 
function in consecutive patients presenting at the emergency department with a 
suspected hypertensive emergency. 
 
 
Fig. 1 Simplified presentation of the vicious circle as previously proposed by Kincaid-
Smith.7 

 

 

 
 
Patients and methods 
 
PRA and aldosterone were measured in 30 consecutive patients with a suspected 
hypertensive emergency presenting at the emergency department of a large 
teaching hospital serving a multi-ethnic community in Amsterdam, the 
Netherlands. After presentation blood pressure was measured using an aneroid 
sphygmomanometer in the recumbent position. All retinal examinations were 
carried out in mydriasis by an ophthalmologist. Blood samples for PRA and 
aldosterone were taken after at least 30 minutes rest with the patient supine and 
prior to the initiation of therapy. Malignant hypertension was defined according 
to the WHO criteria with bilateral linear or flame shaped hemorrhages or 
‘cotton-wool’ exudates with or without papilledema on funduscopic exami-
nation. Left ventricular hypertrophy was assessed by electrocardiography using 
the Sokolow-Lyon criteria. Macroalbuminuria was defined as urinary protein 
excretion > 300 mgr/l or 2+ for dipstick proteinuria. Kidney replacement therapy 
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was defined as the need for hemodialysis or peritoneal dialysis. Additional tests 
for secondary hypertension were performed on indication. Renovascular 
imaging by CT, MR or conventional angiography were performed in 22/30 
patients (73%), one or more hormonal tests for Conn, Cushing or pheochromo-
cytoma in 11 patients (37%) and kidney biopsies in 4 patients. PRA samples 
were immediately frozen at -20°C after collection. PRA was measured by an 
enzyme kinetic assay as described previously.14 With this method the incubation 
product of renin, angiotensin I, is generated from angiotensinogen and measured 
by  radioimmunoassay (RIA). 125I labelled angiotensin I was acquired from 
Amersham Pharmacia Biosciences UK. The detection limit is 0.3 ng AI/ml/h, 
the inter-assay coefficient of variation (CV) 6.0 to 11.0% and the intra-assay CV 
4.0 to 6.0% (at 10.6 to 1.4 ng AI/ml/h). Normal values on a normal salt diet are 
< 0.3-3.2 ng A1/ml/h in the recumbent position and < 0.3-4.9 ng AI/ml/h while 
standing. Plasma aldosterone was measured by commercial RIA (coat-a-count, 
Diagnostic Products Corporation, Los Angeles, CA). The detection limit is 0.03 
nmol/l, the interassay CV 4.7 to 12.0% and the intra-assay CV 3.6 to 8.4% (at 
1.53 to 0.13 nmol/l). Normal values for aldosterone are 0.03-0.35 nmol/l. Serum 
creatinine and urea nitrogen were measured by means of enzymatic methods, 
serum potassium was determined using ion selective electrodes. LDH was 
assessed by spectrophotometry (normal < 220 U/l). All measurements were 
performed using standard clinical chemical methods and reagents on a Hitachi 
747 analyser (Roche Diagnostics, Almere, the Netherlands). 
 
Statistical analysis 
Baseline variables were described using mean and standard deviation (SD) or 
median and range, or interquartile range (IQR) for variables with a skewed 
distribution. Differences between groups were calculated using an independent 
samples t-test for parametric and Mann-Whitney U test for non-parametric 
distributions where appropriate. Categorical variables were calculated using χ2 
statistics with Yates’ correction or Fisher’s exact test for cells with expected 
values < 5 (all 2-sided). Variables with a skewed distribution (PRA, LDH and 
creatinine) were log transformed before statistical analysis. Linear regression 
analysis was used to assess correlations between variables. R2 was used to give 
an estimate of the variations in PRA explained by LDH. The Fisher’s z-
transformation was used to give a confidence interval (CI) of this estimate. 
Values below the detection limit of the renin assay were included in the analysis 
as having a value of 50% of the lower limit of detection. To assess the 
contribution of PRA on future kidney replacement therapy, Cox-regression 
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analysis was used with PRA and with PRA and LDH in the model. For statistical 
analysis the SPSS software package for windows was used, version 12.0 
(Chicago, Illinois, USA). P < 0.05 was considered to indicate a statistically 
significant difference. 
 
Results 
 
Eighteen patients had malignant hypertension. Twelve patients had severe 
hypertension (BP > 180/110 mmHg) without retinal abnormalities (10 patients) 
or unilateral retinal defects (2 patients). Thirteen patients were from sub-Saharan 
African descent, 2 from the Asian subcontinent, the remaining patients were 
inborn Dutch. Systolic blood pressure was 232 ± 20 mmHg in patients with 
malignant hypertension and 219 ± 30 mmHg in those with severe hypertension 
(P = 0.20). Patients with malignant hypertension had higher diastolic blood 
pressure 148 ± 15 mmHg than those with severe hypertension 133 ± 16 mmHg 
(P = 0.02). Left ventricular hypertrophy was present in 19 patients, 4 (33%) with 
severe hypertension and 15 (83%) with malignant hypertension (P < 0.01). 
Hypertension was previously diagnosed in 12 patients and treated in 7. Five 
patients admitted having stopped their antihypertensive medication several 
months to years before presentation, leaving two patients on possible anti-
hypertensive treatment at the time of admission (one in each group). A 
secondary cause could be established in 5 patients (2 with severe and 3 with 
malignant hypertension): unilateral renal artery stenosis, high dose corticosteroid 
treatment, cortisol producing adrenal carcinoma and 2 with IgA nephropathy. In 
the remaining patients no secondary cause could be identified. Five patients, all 
with malignant hypertension, were in need of kidney replacement therapy 
(hemodialysis or peritoneal dialysis) within 6 months after presentation. Platelet 
count was lower and LDH higher in patients with malignant hypertension 
compared to those with severe hypertension. The correlation between 
microangiopathic markers, platelet count and (log) LDH, was r = 0.77, P < 
0.001. Clinical and laboratory characteristics are fully described in table 1.  
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Table 1 Clinical characteristics of patients with malignant hypertension and severe 
hypertension 
 

 
Values are numbers and percentages unless stated otherwise. BP=blood pressure; 
SD=standard deviation; IQR=interquartile range; KRT=Kidney replacement therapy 
* Data missing for 2 patients (one in each group). 
 
 
 

 Patient characteristics 
Malignant 
hypertension 
(n = 18) 

Severe 
hypertension 
(n = 12) 

  P 

Age, yrs (mean ± SD) 41 ± 10 45 ± 17 0.49 
Male  14 (78%) 6 (50%) 0.14 
Black 7 (39%) 6 (50%) 0.82 
Systolic BP, mmHg (mean ± 
SD) 232 ± 20 219 ± 30 0.20 

Diastolic BP, mmHg (mean ± 
SD) 148 ± 15 133 ± 16 0.02 

Current Smoker  6 (33%) 2 (17%) 0.42 
Diabetes mellitus 1 (6%) 2 (17%) 0.55 
Previous hypertension 6 (33%) 6 (50%) 0.46 
On active treatment 1 (6%) 1 (8%) 1.00 
Left ventricular hypertrophy 15 (83%) 4 (33%) < 0.01 
Serum creatinine, mg/dl 
(median, [IQR]) 2.30 [1.19 – 7.13] 1.08 [0.82 – 1.60] < 0.01 

BUN, mg/dl (mean ± SD) 46.5 (16.2 – 69.5) 17.4 (14.0 – 22.7) 0.02 
Macroalbuminuria 12 (67%) 5 (42%) 0.33 
Need for KRT < 6 mnths 5 (28%) 0         
Lactic dehydrogenase, U/l 
(median, [IQR]) 457 [45 – 790] 227 [186 – 377] 0.02 

Platelet count x109/l (median, 
[IQR]) 181 [83 – 243] 251 [207 – 331] 0.03 

Fragmented red blood cells 6 (33%) 1 (8%) 0.19 
Serum potassium, mmol/l 
(mean ± SD) 3.5 ± 0.7 3.8 ± 0.6 0.35 

PRA, ng AI/ml/h* (median, 
[IQR]) 8.8 [4.8 – 20] 2.8 [0.6 – 6.3] < 0.01 

Serum aldosterone, nmol/l 
(mean ± SD) 1.30 ± 1.02 0.44 ± 0.37 < 0.01 



Chapter 6 

 130 

Patients with malignant hypertension had higher PRA and aldosterone values at 
presentation than patients with severe hypertension (figure 2). Five patients 
(45%) with severe hypertension had normal PRA (< 4.9 ng AI/ml/h), in 2 
patients with severe hypertension PRA was below the lower limit of detection (< 
0.3 ng AI/ml/h). One patient received high dose corticosteroids and one patient 
with diabetic nephropathy was on medication at the time of admission. 
Aldosterone levels in these patients were 0.06 nmol/l and 0.26 nmol/l. Four of 
17 patients (24%) with malignant hypertension had normal PRA, in none PRA 
was below the detection limit. PRA could not be measured in two patients 
because samples were incorrectly collected. Two patients were on possible anti-
hypertensive treatment at presentation: one patient with malignant hypertension 
was prescribed an ACE-inhibitor at the time of admission and had a PRA of 2.0 
ng/ml/h and an aldosterone of 0.3 nmol/l. One patient with severe hypertension 
was prescribed a combination of a loop-diuretic, ACE-inhibitor, calcium-
antagonist and beta-blocker. In this patient, PRA was suppressed (< 0.3 ng 
AI/ml/h) and his serum aldosterone concentration 0.26 nmol/l. 
 
Fig. 2  
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Correlation between PRA and intravascular hemolysis 
There was a strong correlation between PRA and markers for intravascular 
hemolysis. PRA and LDH correlated best when both were analyzed after 
logarithmic transformation, r = 0.52, P = 0.007 (figure 3a). There was a nega-
tive correlation between PRA and platelet count (r = -0.45, P = 0.02) meaning 
that higher PRA values were associated with lower platelets. Patients with 
malignant hypertension had the strongest correlation between PRA and LDH (r 
= 0.76, P < 0.001), meaning that PRA could explain 58% (95% CI 19% - 83%) 
of the variations in LDH. The correlation between LDH and PRA was not 
significant in patients with severe hypertension (r = 0.34, P = 0.35).  
 
Correlation between PRA and renal function 
A higher PRA was associated with more severe renal dysfunction, r = 0.50, P = 
0.007 (figure 3b), but only in patients with malignant hypertension (r = 0.50, P = 
0.04). There was no correlation between PRA and renal function in patients with 
severe hypertension (r = 0.07, P = 0.84). Higher LDH and lower platelets were 
associated with increased serum creatinine values at presentation. The 
correlation between LDH and serum creatinine was r = 0.60, P = 0.001 after 
logarithmic transformation for both variables. There was a negative correlation 
between platelet count and (log) serum creatinine  (r = -0.65, P < 0.001). 
Adjustment for LDH on serum creatinine corrected the effect of PRA on serum 
creatinine (B = 0.14, P = 0.24). The interaction between LDH and PRA was not 
significant (P = 0.68) suggesting that LDH and PRA are independently asso-
ciated with renal function. Cox-regression analysis showed that PRA values at 
admission could serve as an indicator for future renal replacement therapy, 
although this finding did not reach statistical significance (B = 1.43, P = 0.13). 
Adjustment for LDH levels at presentation also abolished the effect of PRA on 
future renal failure (B = -0.07, P = 0.95).  
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Fig. 3a    
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Fig. 3b   
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Scatter plots showing the correlation between: (a) plasma renin activity (PRA) and lactic 
dehydrogenase (LDH) after logarithmic transformation, r = 0.52 (P = 0.007) and (b) 
PRA and creatinine after logarithmic transformation, r = 0.50 (P = 0.007). Unfilled 
squares represent patients with severe hypertension and filled circles patients with 
malignant hypertension. The closed line represents the regression line with the 95% 
confidence interval (dotted line) for all patients (patients with malignant hypertension 
and severe hypertension).  
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Correlation between PRA, aldosterone and potassium 
Aldosterone was 1.30 ± 1.02 nmol/l in patients with malignant hypertension 
compared to 0.44 ± 0.37 nmol/l in patients with severe hypertension (P < 0.01). 
Aldosterone correlated strongly with PRA (r = 0.65, P < 0.001), however this 
association was linear for patients with severe hypertension and loglinear for 
patients with malignant hypertension: r = 0.54 (P = 0.03) for linear association 
between PRA and aldosterone and r = 0.66 (P = 0.004) after logarithmic trans-
formation of PRA. Higher aldosterone levels were associated with lower 
potassium concentrations, although this did not reach statistical significance (r = 
0.32, P = 0.10), likely because of more severe renal insufficiency in those with 
higher aldosterone levels.  
  
Discussion 
 
The main finding of our study is that PRA and aldosterone, strongly elevated in 
most patients with malignant hypertension, highly correlate with markers for 
intravascular hemolysis and renal dysfunction. Despite relatively small diffe-
rences in systolic and diastolic blood pressure between patients with severe and 
malignant hypertension, large differences were found with regard to renal 
function, thrombotic microangiopathy and activation of the renin-angiotensin-
aldosterone system. This could support the notion that not the absolute blood 
pressure level, but rather the rate of change in blood pressure is more important 
for the development of malignant hypertension.15 In that sense the ischemic 
retinal changes that corroborate malignant hypertension may be considered a 
reliable indicator for ischemic vascular lesions elsewhere, particularly in the 
renovascular bed. 
 
The paradoxical activation of the renin-angiotensin system in malignant 
hypertension has long been established both from human data,1 and from 
experimental studies in animals.16 However, previous reports have shown that 
not all patients with malignant hypertension have an activated renin-angiotensin 
system,17, 18 which is consistent with our finding of a normal (but not 
suppressed) PRA in some patients with malignant hypertension. One of the 
possible mechanisms responsible for renin-angiotensin system activation may be 
the induction of renovascular ischemia by damage of small renal arterioles as a 
result of severe hypertension.9 Activation of the renin-angiotensin system in turn 
may result in further vascular damage as has been demonstrated in rats 
transgenic for the human renin and angiotensinogen genes.10, 11 Previous studies 
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in stroke prone hypertensive rats (SHRSP) have demonstrated that aldosterone 
may have an important role in the development of malignant vascular injury.19 
Adrenalectomy or administration of a selective aldosterone antagonist markedly 
reduces renal vascular damage and thrombotic microangiopathy in SHRSP 
without significantly altering blood pressure.20, 21 These findings may explain 
why some patients with primary aldosteronism due to an aldosterone secreting 
adrenal adenoma may present with malignant hypertension and the hallmarks of 
malignant vascular injury despite being initially protected from the vicious circle 
of renin release as a result of their underlying disease.22-24 However, some of 
these patients may present with an elevated PRA in the acute phase.25, 26 This 
may be explained by stimulation of renin release as a result of ischemic reno-
vascular injury.26 
 
The association between renin hypersecretion, ischemia and vascular damage in 
malignant hypertension is supported by the combination of a hyperplastic 
appearance of the juxtaglomerular apparatus and ischemic glomerular changes 
with myointimal hyperplasia and fibrinoid necrosis in renal biopsies of these 
patients.27 In an angiographic study of patients with essential and malignant 
hypertension the association between vascular damage and renin secretion has 
also been demonstrated.28 Patients with severe angiographic abnormalities of the 
arcuate and distal interlobular renal arteries had substantially higher plasma 
renin secretion and PRA than patients with less severe or normal angiographic 
findings. More severe small artery changes (and increased levels of PRA) 
coincided with a proportionate decrease in renal blood flow and loss of renal 
function. We previously showed that the degree of thrombocytopenia and LDH 
as markers for thrombotic microangiopathy correlate with the severity of renal 
insufficiency at presentation and on follow-up in patients with malignant 
hypertension.13 In the present prospective study both LDH and platelet count 
strongly correlated with serum creatinine and PRA at presentation. LDH levels 
correlated better with serum creatinine values at presentation and future renal 
replacement therapy than PRA. Adjusting for LDH as the most sensitive marker 
of thrombotic microangiopathy abolished the association between PRA and 
renal function, supporting the concept that LDH reflects the degree of renin 
release resulting from renovascular damage. The loglinear correlation between 
PRA and LDH may point towards the proposed vicious circle by which 
stimulation of renin leads to more severe vascular damage, increased renin 
secretion and so on.  
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As expected, PRA significantly correlated with aldosterone both in patients with 
severe and malignant hypertension. In patients with malignant hypertension, the 
association between PRA and aldosterone was best described when PRA was 
log transformed. A likely explanation for this phenomenon is that decreasing 
levels of potassium as observed in patients with higher aldosterone values 
inhibits further aldosterone secretion. In other words, the inhibition of 
aldosterone caused by decreasing levels of potassium may further limit the rise 
of serum aldosterone despite increases in PRA.   
 
There are some limitations that need comment. First, LDH is not an exclusive 
marker for thrombotic microangiopathy, but can also be elevated in several other 
conditions. However, the close negative correlation between platelet count and 
LDH suggests that the increases in LDH are, indeed, evidence of intravascular 
hemolysis. Liver disease and myocardial infarction, as a possible cause of an 
elevated LDH, were excluded by standard laboratory tests and electro-
cardiogram at the emergency department. Second, in at least 4 patients PRA 
could have been influenced by concomitant pathology besides malignant 
hypertension (primary renal disease, renal artery stenosis, corticoid excess). We 
believe however that the presence of secondary causes may dilute rather than 
enhance the observed associations. Third, PRA and aldosterone values were not 
assessed on follow-up in most patients as cessation of (some) of the anti-
hypertensive drugs, required for reliable measurement of PRA and aldosterone, 
would not be ethical in these patients. Finally, although we did not find any 
added value of PRA on future renal dysfunction after correction for LDH, we 
cannot exclude that such an association may be present in a larger sample of 
patients with a hypertensive emergency. 
 
Conclusion 
PRA and aldosterone are markedly elevated in patients with malignant 
hypertension compared to severely hypertensive patients, despite relatively 
small differences in blood pressure. The variations in PRA observed in patients 
with malignant hypertension can, in part, be explained by the severity of 
thrombotic microangiopathy and vice versa. In the present study 58% of the 
variations of PRA could be explained by LDH as the most sensitive marker for 
intravascular hemolysis. The positive correlation between PRA and serum 
creatinine in patients with malignant hypertension disappeared after adjustment 
for LDH, suggesting that the degree of renin release and thrombotic micro-
angiopathy are interdependent in their effect on renal function.  
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Abstract 
 
Background The thrombotic microangiopathy (TMA) observed in malignant 
hypertension is similar to that of thrombotic thrombocytopenic purpura (TTP). 
TTP is associated with a deficiency of the von Willebrand factor (VWF) 
cleaving protease ADAMTS13, that cleaves large prothrombogenic multimers. 
We hypothesized that ADAMTS13 is deficient in malignant hypertension and 
that the severity of TMA is associated with decreased ADAMTS13 activity. We 
assessed active VWF, VWF and free hemoglobin (Hb) to explore predictors of 
ADAMTS13 activity.  
 
Methods We included 20 patients with malignant and 20 patients with severe 
hypertension, 20 matched normotensive individuals served as controls.  
 
Results Patients with malignant hypertension had lower ADAMTS13 activity 
(80% [interquartile range, IQR 53%-130%]) compared to controls (99% [IQR 
82%-129%], P < 0.01), but not compared to patients with severe hypertension (P 
= 0.14). ADAMTS13 activity significantly and negatively correlated with 
logLDH (r = -0.65, P < 0.001) explaining 42% of its variations. ADAMTS13 
activity was also associated with platelet count (r = 0.34, P = 0.04) and the 
presence of schistocytes (r = -0.37, P = 0.02). Apart from the association with 
TMA parameters, ADAMTS13 was negatively associated with creatinine (r = -
0.42, p = 0.008). Increasing levels of VWF were associated with a decrease in 
ADAMTS13 activity (r = -0.34, P = 0.03). There was no significant association 
between ADAMTS13 activity and other parameters, including blood pressure. 
 
Conclusion ADAMTS13 is deficient in malignant hypertension and associated 
with TMA severity, likely because of the release of VWF after endothelium 
stimulation. A severe deficiency such as in TTP was not demonstrated. More 
studies are needed to identify the role of ADAMTS13 in the TMA and ischemic 
complications that corroborate malignant hypertension.  
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Introduction  
 
Malignant hypertension is a condition characterized by severe hypertension and 
acute ischemic complications and frequently complicated by a thrombotic 
microangiopathy (TMA). TMA is characterized by thrombosis of small vessels, 
intravascular hemolysis with fragmentation of red blood cells (schistocytes), 
elevated lactic dehydrogenase (LDH) levels, and consumption of platelets. TMA 
was observed in 27% of patients with malignant hypertension presenting at the 
emergency room of our hospital and was associated with renal impairment at 
presentation, but an increased recovery of renal function during follow-up.1 The 
pathogenesis of TMA in malignant hypertension is incompletely understood. 
Several mechanisms may lead to the TMA associated with malignant 
hypertension. Malignant hypertension bears resemblance with thrombotic 
thrombocytopenic purpura (TTP). TTP is associated with a congenital or 
acquired deficiency of ADAMTS13, a zinc-containing metalloprotease that 
cleaves large von Willebrand factor (VWF) multimers, thereby decreasing their 
prothrombogenic properties.2, 3 Deficiency of ADAMTS13 (activity) leads to the 
appearance of unusually large prothrombogenic multimers (UL-VWF ) in the 
circulation resulting in thrombocytopenia, intravascular hemolysis and ischemic 
microvascular complications because of thrombus formation.4 First, a secondary 
deficiency of ADAMTS13 activity has been demonstrated in situations where 
high levels of circulating VWF are present as a result of endothelial stimulation 
or damage.5, 6 This may suggest that in a state of marked endothelial activation 
or damage, such as malignant hypertension, a deficiency of ADAMTS13 
activity may develop as a result of binding of ADAMTS13 to the A2 domain of 
the VWF molecule. Second, apart from the association with VWF, high fluid 
shear rates may result in conformational changes of the VWF molecule and 
promote binding of ADAMTS13, thereby reducing its activity.7 Recently, an 
antibody fragment has been developed which allows quantification of this 
conformational change. This conformational change of the VWF molecule is 
known as “active VWF”.8 Finally, the degree of extra-cellular free hemoglobin 
(Hb), which may accompany the destruction of red blood cells, has been shown 
to inhibit ADAMTS13 in vitro and may also be responsible for a secondary 
deficiency of ADAMTS13 in vivo.9 

We hypothesized that ADAMTS13 is deficient in malignant hypertension 
and associated with TMA severity. In addition, we explored possible mecha-
nisms influencing ADAMTS13 activity by measuring VWF, active VWF, free 
Hb and multimer size. 
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Patients and methods 
 
Study population  
We used a prospective case-control design to compare patients with malignant 
hypertension, defined according to the WHO criteria as severe hypertension (BP 
> 120 mmHg diastolic) with bilateral linear or flame shaped hemorrhages or 
‘cotton-wool’ exudates with or without papilledema on funduscopic 
examination, to patients having severe hypertension (BP > 120 mmHg diastolic) 
without these retinal lesions. Normotensive controls were included to 
differentiate between the ischemic complications corroborating malignant 
hypertension and the influence of blood pressure. To assess TMA severity, we 
assessed LDH levels, platelet count and schistocytes at presentation. The 
primary outcome measure was the difference in ADAMTS13 activity between 
blood pressure groups. The second outcome measure was the association 
between ADAMTS13 activity and TMA severity. To explore the mechanisms 
leading to a deficiency of ADAMTS 13, we assessed VWF, active VWF, free 
Hb and VWF multimer size and assessed the influence of these parameters on 
ADAMTS13 activity.   
 
We included 20 patients with malignant hypertension and 20 patients with 
severe hypertension, presenting at a large teaching hospital serving a multi-
ethnic community in Amsterdam, the Netherlands. Twenty age, sex and 
ethnicity matched normotensive persons served as controls. Excluded were 
patients < 18 years of age, pregnant women and patients on dialysis before 
admission. Blood pressure was measured using an aneroid sphygmomanometer 
in the recumbent position. Retinal examinations were carried out in mydriasis by 
an ophthalmologist. Schistocytes were considered present if “several” red cell 
fragments could be detected on a peripheral blood film. Macroalbuminuria was 
defined as urinary protein excretion > 300 mg/L or 2+ for dipstick proteinuria. 
Left ventricular hypertrophy was defined according to the Sokolow–Lyon 
criteria. Additional screening for secondary hypertension consisted of imaging 
studies of the renal arteries in 25 patients (66%), one or more endocrine tests in 
16 (42%) and renal biopsy in 7 (18%) patients. 
All blood samples were taken just before initiating anti-hypertensive treatment 
and immediately analyzed or frozen as plasma at -80 degrees Celsius. The study 
was approved of by the local medical ethics committee. Informed consent was 
obtained from all participants. 
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Laboratory procedures 
ADAMTS13 activity was determined using the rapid fluorescence resonance 
energy transfer (FRET) assay.10 The normal range was 54-150% in 60 healthy 
individuals (SD 26.5%), the intra-assay variation was 1-6% (3-6% in the lower 
range), and the inter-assay variation was 2-5% (3-6% in the lower range). VWF 
antigen was determined by ELISA (Dako, Denmark). Active VWF was 
determined by immunosorbent assay using an antibody fragment (AU/VWFa-
11) that specifically recognizes the GpIb-alpha binding configuration as 
previously described.8 This antibody fragment allows for the detection of active 
VWF in plasma of patients characterized by spontaneous VWF–platelet 
interactions and discriminates active from resting VWF. The ratio of the slope 
for different plasma samples over the slope for normal pooled plasma was 
calculated and represents the relative amount of active VWF. In previous 
experiments the intra-assay variation was 7.1%, the inter-assay variation was 
13.7%. Free hemoglobin was assessed in plasma by absorption spectrophoto-
metry using a cyanide free HgB reagent (Cell Dyn 4000, Abbott Diagnostics, 
Abbott Park, IL). Reference values are 5.0 – 28.0 µmol/L. Compared to a 
standardized serial dilution, linearity was R2=0.996 in the normal range (0-1.0 
mmol/L) and R2 = 0.984 in the lower range (0-30.0 µmol/L). The coefficient of 
variation was 10.9% at a range of 17.0 µmol/L (SD 1.8 µmol/L). False-positive 
results can be obtained with lipemic or hemolytic plasma and were considered if 
free haemoglobin concentration ≥ 40 µmol/L. The multimeric pattern of VWF 
was analyzed using 2.5% agarose gel electrophoresis, followed by immuno-
blotting according to previous described methods.11 
 
Statistical analysis 
A sample size of 20 patients in each group was calculated to allow detection of a 
difference in ADAMTS13 activity of at least 1 SD (26.5%) between blood 
pressure groups with a 80% power and α-level of 0.05.  
Baseline variables were described using mean and standard deviation (SD) or 
median and range, or interquartile range (IQR) for variables with a skewed 
distribution. Baseline differences were calculated to compare patients with 
severe and malignant hypertension using an independent samples t-test for 
parametric and Mann-Whitney U test for non-parametric distributions where 
appropriate. Categorical variables were calculated using χ2 with Yates’ 
correction. We assessed differences in ADAMTS13 activity between blood 
pressure groups using 1-way ANOVA followed by Tukey’s test for multiple 
comparisons to assess differences between blood pressure groups. Linear 
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regression analysis was used to assess the association between ADAMTS13 
activity and LDH, platelet count and schistocytes expressing TMA severity and 
renal insufficiency. To assess predictors of ADAMTS13 the univariate 
correlations with ADAMTS13 were tested. The bivariate interaction between 
predictors of ADAMTS13 was also determined. Finally, cross-correlations were 
assessed to explore the associations between ADAMTS13 activity, VWF, active 
VWF and free Hb. P < 0.05 was considered to indicate a statistically significant 
difference. For statistical analysis the SPSS software package for Windows was 
used, version 14.0 (Chicago, Illinois, USA). 
 
Results 
 
The clinical characteristics of patients with malignant hypertension, severe 
hypertension and normotensive controls are shown in table 1. Two patients with 
severe hypertension had TMA as evidenced by a low platelet count, elevated 
LDH and fragmented red blood cells in a peripheral blood smear. A secondary 
cause for the hypertension was established in 5 patients (25%) having malignant 
hypertension and in 3 patients (15%) with severe hypertension. Secondary 
causes of hypertension included IgA nephropathy (1), renal artery stenosis due 
to polyarteritis nodosa (1 patient), bilateral hydronephrosis (1), a cortisol 
producing adrenal carcinoma (1) and corticoid therapy (1) in the malignant 
hypertensive group and IgA nephropathy (2) and SLE nephritis (1) in the group 
with severe hypertension.  
 
The individual data for ADAMTS13 activity by blood pressure group are de-
picted in figure 1. Patients with malignant hypertension had lower ADAMTS13 
activity (80% [interquartile range, IQR 53%-130%]) compared to controls (99% 
[IQR 82%-129%], P < 0.01), but not compared to patients with severe 
hypertension (P = 0.14). The association between ADAMTS13 activity and 
logLDH is depicted in figure 2. ADAMTS13 activity significantly and nega-
tively correlated with logLDH (r = -0.65, P < 0.001), explaining 42% of its 
variations. ADAMTS13 activity was also associated with platelet count (r = 
0.34, P = 0.04) and the presence of schistocytes (r = -0.37, P = 0.02). Apart from 
the association with these TMA parameters, ADAMTS13 was negatively 
associated with creatinine (r = -0.42, P = 0.008). 
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Table 1 Patient characteristics by blood pressure category   
 

 
Values are numbers and percentages unless stated otherwise. † Data missing for 2 in the 
group with severe hypertension. ‡ Data missing for 1 patient in the group with malignant 
hypertension. ¶ Data missing for 2 patients in the severe hypertension group.  
 

 

Normotensive 
controls 
(n = 20) 

Severe 
hypertension 
(n = 20) 

Malignant 
hypertension 
(n = 20) 

P (MHT 
vs SHT) 
 

Age, yrs  43 ± 9 46 ± 15 42 ± 11 0.34 
Male 11 (55%) 11 (55%) 15 (75%) 0.32 
Black 10 (50%) 12 (60%) 10 (50%) 0.75 
Systolic BP, mmHg 
(mean ± SD) 

125 ± 11 226 ± 20 229 ± 23 0.74 

Diastolic BP, mmHg 
(mean ± SD) 

80 ± 9 133 ± 14 150 ± 14 < 0.01 

Current Smoker 2 (10%) 5 (25%) 5 (25%) 1.00 
Diabetes 0 2 (10%) 1 (5%) 1.00 
Previous hypertension  14 (70%) 7 (35%) 0.06 
On active treatment  4 (20%) 0  0.11 
Serum creatinine, µmol/l 
(median [range]) 

 92 [72-142] 149 [74-1545] < 0.01 

Macroalbuminuria†  5 (28%) 17 (85%) < 0.01 
Left ventricular 
hypertrophy 

 8 (40%) 17 (85%) < 0.01 

Hemoglobin, mmol/l 
(median [range]) 

 9.3 [7.3-10.9] 8.6 [4.0-10.3] 0.17 

Platelets, x109/l  (median 
[range])‡ 

 234 [102-363] 246 [45-345] 0.76 

Lactic dehydrogenase, 
U/l (median [range])¶ 

 226 [126-471] 325 [161-1467] 0.01 

Schistocytes  2 (10%) 6 (30%) 0.24 
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The only variable that had a significant association with ADAMTS13 activity 
was VWF, increasing VWF levels were associated with a decrease in 
ADAMTS13 activity (r = -0.34, P = 0.03). Associations between ADAMTS13 
and active VWF (r = -0.22, P = 0.17), free Hb (r = 0.12, P = 0.44), diastolic 
blood pressure (r = -0.26, P = 0.11) and systolic blood pressure (r = -0.19, P = 
0.24) were not significant. The cross-correlations between ADAMTS13, VWF, 
active VWF and free Hb are depicted in table 2. The multimeric pattern of VWF 
was analyzed in 8 patients with the lowest ADAMTS13 activity and in a patient 
with the highest active VWF. However, no difference in multimer size could be 
demonstrated in these patients. Seven free Hb samples showed abnormal high 
values (≥ 40 µmol/L), 3 of which were macroscopically lipemic. The results 
were not different after excluding these samples. 
 
Fig. 1  
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Plasma levels of ADAMTS13 activity in the three blood pressure groups. The solid line 
represents median values 
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Fig. 2 
 

 
Correlation between ADAMTS13 activity and log (LDH). The solid line represents the 
regression line with the 95% confidence interval (R2 = 0.42, P < 0.001). 
 
Table 2 Cross-correlations between ADAMTS13 activity, VWF, active VWF and free 
hemoglobin in patients with malignant and severe hypertension.  
 

 
Values represent regression coefficients with P-values between brackets. VWF = von 
Willebrand factor.

 ADAMTS13  VWF  active VWF 
free 
hemoglobin  

ADAMTS13   1.00  -0.34  
(P = 0.03) 

-0.22  
(P = 0.17) 

0.12  
(P = 0.44) 

VWF  1.00  0.63  
(P < 0.001) 

-0.02 
(P = 0.91) 

active VWF   1.00 -0.10 
(P = 0.51) 

free hemoglobin     
 1.00 
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Discussion 
 
We showed that ADAMTS13 is deficient in patients with malignant hyper-
tension compared to normotensive controls and associated with TMA severity: a 
more pronounced TMA was associated with lower ADAMTS13 activity. 
Differences in ADAMTS13 activity between patients with malignant and severe 
hypertension were not significantly different, likely because some of the patients 
with severe hypertension also had TMA. A severe deficiency of ADAMTS13, 
such as that observed in TTP, could not be demonstrated. Therefore, 
measurement of ADAMTS13 activity may help to discriminate between TTP 
and malignant hypertension.  
 
To explore the mechanisms leading to a decrease in ADAMTS13 activity, we 
assessed several parameters which may decrease ADAMTS13 or inhibit its 
activity. Of these parameters only VWF showed a significant association with 
ADAMTS13. Increased levels of VWF were associated with a decreased activity 
of ADAMTS13. This supports the idea that an acute increase of VWF, as a 
result of endothelial stimulation or damage, may provoke an acute decrease in 
ADAMTS13 activity. Previous studies have demonstrated that either admini-
stration of DDAVP or endotoxin to healthy volunteers leads to an increase in 
VWF levels and concomitant decreases of ADAMTS13 activity.5, 12 Although a 
severe ADAMTS13 deficiency was not demonstrated in our study, recent 
experiments suggest that the balance between ADAMTS13 and VWF is more 
important than the separate concentrations of these parameters. Mice that lack 
ADAMTS13 also require stimulation with epinephrine or collagen and 
appropriate flow conditions to develop TMA.13 In humans, patients with a 
clinical diagnosis of TTP-HUS syndrome often have additional disorders at the 
time of diagnosis and infections may provoke TTP relapses.14, 15 Vice versa, in 
patients with severe sepsis a deficiency of ADAMTS13 is associated with the 
presence of UL-VWF multimers.6 Therefore the interaction between VWF and 
ADAMTS13 seems a two-way association: expression of large amounts of VWF 
reduces ADAMTS13 activity, vice versa, a lower ADAMTS13 activity may lead 
to the expression of large prothrombogenic VWF multimers which stimulate 
platelet binding, thrombus formation and the development of tissue ischemia and 
necrosis. We could not demonstrate the presence of UL-VWF multimers in 
patients with the lowest ADAMTS13 activity in our study. However, a relative 
predominance of larger VWF multimers can not be excluded as our technique 
was inappropriate to detect more subtle increases in VWF multimer size. 
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The association between ADAMTS13 activity and renal insufficiency, as 
observed in our study and in a previous study of patients with severe sepsis,6 
may support the hypothesis that even small deficiencies of ADAMTS13 may be 
relevant in conditions of marked endothelial activation.  
 
In addition to the association between ADAMTS13 and VWF, we also exa-
mined the possibility that high fluid shear rates may be responsible for the 
relative expression of a more active VWF. High fluid shear rates promote 
binding of platelets at the A1 domain of the von Willebrand subunit, changing 
the VWF molecule to the “active” GpIb-alpha binding configuration.7, 16 This 
conformational change stimulates cleavage by ADAMTS13 as a result of 
exposure of the adjacent A2 domain resulting in a decrease in multimer size.17, 18 
In our study, a more active VWF was positively associated with VWF, showing 
that with increasing VWF the amount of circulating VWF was also more active. 
However, we found no association between active VWF and ADAMTS13 
activity. In addition, a decrease in multimer size could not be demonstrated in 8 
patients with the lowest ADAMTS13 activity or highest active VWF level. 
These findings suggest that conformational changes in the VWF factor molecule 
are not a principal determinant of ADAMTS13 activity in malignant hyper-
tension. Finally, since a previous study suggested that free hemoglobin, which is 
released during hemolysis, may in itself affect ADAMTS13 activity,19 we also 
examined the association between free Hb and ADAMTS13 activity. However, 
no association between free Hb and ADAMTS13 activity could be demonstrated 
suggesting that the decrease in ADAMTS13 activity cannot be explained by an 
inhibitory effect of free Hb.  
 
There are some limitations to our study. First, the association between 
ADAMTS13 and TMA severity, and between ADAMTS13 and renal 
dysfunction does not prove causality. It is conceivable that the high arterial 
pressures associated with severe and malignant hypertension directly result in 
endothelial damage and TMA. The degree of VWF release as a result of the high 
arterial pressures and subsequent reductions in ADAMTS13 activity may 
therefore be just a marker for the degree of endothelial damage rather than being 
causally related to the TMA and renal insufficiency of malignant hypertension. 
Although their was a lack of association between ADAMTS13 and either 
systolic or diastolic blood pressure, the acceleration rather than the absolute 
blood pressure level may be a more important determinant of endothelial 
damage. A previous study showed that both endothelial microparticles and 
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VWF, as evidence of endothelial damage, are increased in patients with severe 
hypertension.20 Although the association between VWF and endothelial 
microparticles did not reach significance in that study, it is possible that some of 
the VWF released in the circulation is bound to these microparticles and 
contributes to a lower ADAMTS13 concentration. Therefore ADAMTS13 may 
either be a cause or a consequence, or both, of the TMA associated with 
malignant hypertension.   

Second, underlying diseases and ABO blood group may have influenced 
the measurements performed in this study. Inflammatory conditions such as 
polyarteritis nodosa and lupus erythematosus are associated with endothelial 
activation and may stimulate VWF release and lower ADAMTS13 activity. In 
contrast, blood group O is generally associated with lower VWF levels and 
somewhat higher ADAMTS13 activity.21 The frequency of the inflammatory 
conditions underlying malignant and severe hypertension were equally 
distributed between groups and accounted for only a small proportion of the 
total study population. When these secondary causes were removed no 
significant changes occurred in the association between ADAMTS13 activity 
and blood pressure groups or in the association between ADAMTS13 and VWF. 
Blood groups were not assessed in this study and may therefore have accounted 
for some of the differences in ADAMTS13 activity between blood pressure 
groups. However, we estimate that the effect of blood group on ADAMTS13 
activity is small and consider it unlikely that blood group would have altered the 
association between VWF and ADAMTS13 activity.  
 
Perspectives 
We have shown that in patients with malignant hypertension ADAMTS13 is 
deficient and associated with the severity of TMA, likely because of the release 
of large amounts of VWF as a result of endothelium stimulation. A severe 
deficiency of ADAMTS13 such as that observed in TTP could not be 
demonstrated, suggesting that measurement of ADAMTS13 may be a useful tool 
to discriminate between these conditions. The close correlation between 
ADAMTS13 activity and renal insufficiency in patients with malignant 
hypertension may suggest that treatment directed at increasing ADAMTS13 
activity may beneficially affect renal function. To further delineate the 
mechanisms leading to the TMA of malignant hypertension and to examine 
whether ADAMTS13 activity is involved in the ischemic complications 
associated with malignant hypertension, further studies are needed that examine 
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whether administration of ADAMTS13 or agents that stimulate its function 
leads to amelioration of the ischemic renal lesions observed in this condition.  
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Abstract 

Background In patients with a malignant hypertension, immediate parenteral 
treatment with blood pressure–lowering agents such as intravenous sodium 
nitroprusside (SNP) is indicated. In this study, we evaluated static and dynamic 
cerebral autoregulation (CA) during acute blood pressure lowering with SNP in 
these patients.  

Methods In 8 patients with mean arterial pressure (MAP) > 140 mmHg and 
grade III or IV hypertensive retinopathy at hospital admission, middle cerebral 
artery blood velocity (MCA V) and blood pressure were monitored. Dynamic 

CA was expressed as the 0.1-Hz MCA Vmean to MAP phase lead and static CA as 
the MCA Vmean to MAP relationship during SNP treatment. Eight normotensive 
subjects served as a reference group.  

Results In the patients, the MCA Vmean to MAP phase lead was lower (30 ± 8° 

versus 58 ± 5°, mean ± SEM; P < 0.05), whereas the transfer gain tended to be 
higher. During SNP treatment, target MAP was reached within 90 minutes in all 
patients. The MCA Vmean decrease was 22 ± 4%, along with a 27 ± 3% reduction 
in MAP (from 166 ± 4 to 121 ± 6 mmHg; P < 0.05) in a linear fashion (averaged 
slope, 0.82 ± 0.15% cm · s–1 · % mmHg–1; r = 0.70 ± 0.07).  

Conclusion In patients with malignant hypertension, dynamic CA is impaired. 
An MCA Vmean plateau was not detected during the whole SNP treatment, 
indicating loss of static CA as well. This study showed that during the whole 
rapid reduction in blood pressure with SNP, MCA Vmean decreases almost one on 

one with MAP. 
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Introduction  

In patients with malignant hypertension, immediate treatment with blood 
pressure (BP) reducing agents such as intravenous sodium nitroprusside (SNP) 
or labetalol is indicated to limit cerebral, myocardial, and renal damage.1 In these 
patients with a mean arterial pressure (MAP) > 140 mmHg, the presence of grade 
III to IV retinopathy and occasionally hypertensive encephalopathy, reflecting 
cerebral hyperperfusion and edema, is considered to indicate compromised 
cerebral autoregulatory capacity.2,3 From this assumption, it has become 
generally accepted that the initial reduction in BP should not exceed ~25% of the 
presenting level within the first hours of treatment to prevent cerebral 

hypoperfusion.1,3–6  

Cerebral autoregulation (CA) is defined as the intrinsic capacity of cerebral 
vasculature to maintain constant cerebral blood flow (CBF).7–9 In normotensive 
subjects, when MAP decreases below ~60 mmHg, considered the lower limit of 
CA, CBF decreases proportionally with BP. Most patients suffering from 
malignant hypertension have a history of chronic hypertension,10 and in those 
patients, the lower limit of CA has been shifted in proportion toward higher 
pressures.11,12 For obvious reasons, the upper limit of CA has not been 
determined in normotensive or hypertensive humans. It was located between 120 
and 150 mmHg 13 in normotensive baboons and between 155 and 170 mmHg in 
chronic hypertensive baboons.14  

A moderate reduction in BP with SNP in normotensive subjects does not 
influence CBF,15 but to the best of our knowledge, no human studies specifically 
tested the assumption that CA is impaired in patients with malignant 
hypertension. Therefore, we determined CA in this group of patients before and 
during a decline in BP elicited by SNP. 

Patients and methods 

Subjects 
Eight consecutive patients fulfilling the World Health Organization criteria for 
malignant hypertension, namely severely elevated blood pressure plus grade III 
(bilateral retinal hemorrhages or cotton wool exudates; n = 5) or IV (III plus 
papilledema; n = 3) hypertensive retinopathy according to the Keith, Wagener, 
and Barker classification, were included in the study (Table 1).  
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Table 1 Characteristics of reference subjects and patients 

 
Values are mean (range). *P < 0.01 vs reference subjects. 

Before hospital admission, 3 of these 8 patients were known to have had 
moderate hypertension treated with 1 or 2 antihypertensive drugs. Two of these 
3 patients withdrew medication without consulting their general practitioners. 
One had untreated hypertension, 1 was normotensive, and the other 3 had 
undocumented BP.  

At hospital admission, 3 of 8 patients presented with symptoms of hypertensive 
encephalopathy (eg, convulsions before hospital admission). Six patients had left 
ventricular hypertrophy, 6 had moderately elevated plasma creatinine levels 
(between 100 and 200 µmol · L–1), and 1 had considerably elevated (1050 µmol · 
L–1) plasma creatinine level. A cause of hypertension was identified in 3 
patients: high-dose corticosteroid treatment, a cortisol-producing adrenal carci-
noma, and deterioration of renal function with volume overload related to IgA 
nephropathy. In 5 patients, extended testing, including renal artery imaging, did 
not identify a definite cause of the hypertension.  

To decrease BP, intravenous SNP infusion was started at 0.3 µg · kg–1 · min–1. 
After 5 minutes, it was increased to 0.5 µg · kg–1 · min–1 and, from then on, by 
0.5 µg · kg–1 · min–1 every 5 minutes until MAP had stabilized at ~25% below the 

Patient characteristics Reference subjects (n = 8) Patients (n = 8) 
Age (yrs) 46 (25–64) 44 (24–54) 
Sex (M/F) 5/3 6/2 
Height, cm  177 (160–186) 175 (165–188) 
Weight, kg  76 (62–92) 76 (63–96) 
BP, mmHg         
      Systolic 124 (101–146) 225 (180–260)* 
      Mean 82 (73–94) 166 (147–187)* 
      Diastolic  67 (55–85) 137 (130–150)* 
HR, bpm  62 (54–69) 89 (55–106)* 
MCA V, cm · s–1        
      Maximum 96 (82–112) 97 (65–126) 
      Mean 63 (54–74) 64 (37–85) 
      Minimum 42 (35–50) 43 (30–56) 
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presenting value. Eight normotensive healthy subjects matched for age, weight, 
and height (Table 1) were included to estimate normal CA parameters.  

In the first 6 months of follow-up, the patient with corticosteroids-related 

malignant hypertension was well controlled (BP, 110/80 mmHg) with 2 
antihypertensive drugs and tapering of corticosteroid dosage. Four patients were 
well controlled (BP < 140/90 mmHg) with 3 or 4 antihypertensive drugs. In 2 
others, BP was moderately elevated (BP, 150/90 mmHg and 160/100 mmHg) 
despite the use of 3 and 5 drugs, respectively.  

All subjects, or a direct relative in case of encephalopathy, received verbal and 
written explanation of the objectives and techniques of measurements and risks 
and benefits associated with the study. They provided written informed consent 
in accordance with the Helsinki Declaration. This study was approved by the 

Medical Ethics Committee of the Academic Medical Center, University of 
Amsterdam (the Netherlands; MEC 02/194).  

Measurements 
Patients and reference subjects were instrumented with ECG electrodes while in 
the supine position. In the patients, intra-arterial pressure (IAP) was monitored 
through a catheter (1.1-mm ID, 20 gauge) placed in the radial artery of the 
nondominant arm. For comparison between patients and reference subjects, 
finger BP (FinAP) was measured by photoelectric plethysmography (Portapres; 

Netherlands Organization for Applied Scientific Research, Biomedical 

Instrumentation, TNO-BMI) in both groups. Changes in FinAP accurately track 
changes in IAP during normotension,16–18 and this study confirms this 
observation in extreme hypertension. The cuff was applied to the middle finger 
of the dominant hand placed at heart level. Stroke volume (SV) was determined 
by a 3-element model of arterial input impedance (Modelflow).19 Modelflow 
computes a flow wave from the FinAP wave that is integrated to obtain the SV 
of the heart.  

When calibrated against a "gold standard" method to determine cardiac output 
(CO) such as thermodilution or the Fick method, this methodology provides 
accurate estimates of changes in SV in patients with septic shock20 and cardio-
vascular disease19,21 and during orthostatic stress.22 The middle cerebral artery 

blood velocity (MCA V) was measured in the proximal segment of the right 
MCA (Multidop X4). Once the optimal signal-to-noise ratio was obtained, the 
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probe was secured with a headband (Mark 600, Spencer Technologies). SNP 
was administered with a perfusor (B. Braun Medical Inc).  
 
Data analysis 
The signals of IAP, FinAP, spectral envelope of MCA V, and a marker signal 
were A/D converted at 100 Hz and stored on a hard disk for offline analysis. In 
the patients, all signals were monitored from 20 minutes before SNP infusion to 
1 hour after the last increment of SNP dose. Measurements were obtained in the 
reference subjects in the supine position for 30 minutes. Mean MCA V (MCA 
Vmean), mean IAP, and mean FinAP were integral over 1 heartbeat. Heart rate 
(HR) was the inverse of the interbeat pressure interval; cardiac output (CO) was 
the product of SV and HR; and systemic vascular resistance (SVR) was mean 
IAP divided by CO. Because Modelflow was not calibrated, SV, CO, and SVR 
were expressed as percentage of the presenting value. To assess the effect of 
SNP on cerebrovascular conductance, a cerebrovascular conductance index was 
calculated as MCA Vmean divided by mean IAP.18 Changes in systemic and 
cerebral hemodynamics elicited by SNP were expressed as averages of 3-minute 
episodes of mean IAP, HR, SV, CO, SVR, MCA Vmean, and cerebrovascular 
conductance index determined at 3 moments: before SNP treatment, midway 
through treatment, and when target BP was reached. For maintaining CBF, both 
fast- and slow-acting regulatory mechanisms are required to span the prevailing 
demands on CBF in everyday life.23  

Static CA (sCA) reflects overall efficiency of the autoregulation system and is 
assessed by monitoring the CBF during different levels of BP. Because changes 
in CBF are tracked by changes in MCA Vmean,24 sCA is considered intact when 
MCA Vmean barely changes during a decrease in IAP. To assess sCA for 
individual subjects in this study, the continuous signals of MCA Vmean

 and IAP 
were first averaged to 30-second episodes and then linearly related to each other.  

Dynamic CA (dCA) refers to the ability to restore CBF in the face of a sudden 
change in perfusion pressure and reflects the latency of the system.25 It is 
quantified by the counterregulatory capacity to maintain constant MCA V during 
an induced or spontaneous abrupt changes in BP. In healthy subjects, MCA 
Vmean leads MAP with ~2.5 seconds in the time domain,25 and ~60° in the 
frequency domain around the 0.1-Hz spontaneous BP variability.26 In this study, 
dCA was determined in the frequency domain from 3-minute episodes of beat-
to-beat data of mean FinAP and MCA Vmean before SNP treatment and after 
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target BP was reached. These data were compared with dCA in reference 
subjects determined in the supine resting state. To quantify the variability of 
pressure and velocity, power spectra were computed for mean FinAP and MCA 
Vmean with discrete Fourier transform after spline interpolation and resampling at 
4 Hz of the beat-to-beat data sets. Results were expressed as the integrated area 
in the low-frequency range (0.07 to 0.15 Hz). To examine the strength between 
low-frequency mean FinAP and MCA Vmean, coherence was used to signify that 
the 2 cardiovascular signals covary significantly at a given frequency. The 
squared coherence function reflects the fraction of output power (MCA Vmean) 
that can be linearly related to the input power (mean FinAP) at each frequency. 
Like a correlation coefficient, it varies between 0 and 1. From the mean FinAP 
to MCA Vmean cross spectrum, the transfer function gain (cm · s–1 · mmHg–1) and 
the MCA Vmean to mean FinAP phase lead (degrees) were obtained in the low-
frequency area.27 The transfer function gain was normalized for mean FinAP and 
MCA Vmean to account for the intersubject variability and expressed as percent 
change in cm · s–1 per percent change in mmHg.28 Phase was defined as positive 
when MCA Vmean leads mean FinAP.  
 
Statistical Analysis 
Data are expressed as mean and range in tables and as mean ± SEM in figures. 
Changes in systemic and cerebral hemodynamics during SNP treatment were 
examined by Friedman ANOVA on ranks. sCA was analyzed by nonparametric 
regression technique (Spearman rank order). Differences in dCA between 
reference subjects and hypertensive patients (unpaired) and before and after 
treatment (paired) were examined with the Wilcoxon rank-sum test and the 
Wilcoxon signed-rank test, respectively. A value of P < 0.05 was considered to 
indicate a statically significant difference. 
 
Characteristics of Patients and Reference Subjects 
Patients did not differ from normotensive reference subjects in age, height, and 
weight. BP and HR at admission were higher in the patient group (P < 0.01), 
although MCA V was comparable (Table 1).  
 
CA Before Treatment 
Low-frequency variability of mean FinAP and MCA Vmean were comparable 
for patients and reference subjects with a smaller phase lead (P < 0.05) and a 
tendency toward a higher transfer gain in the patients (Table 2).  
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CA During Treatment 
Target mean IAP was reached within 90 minutes in all patients (figure 1). With 
increasing dose of SNP, SVR declined (– 43 ± 5%), whereas HR (16 ± 4 bpm), 
SV (9 ± 4%), and thus CO (31 ± 8%) increased (figure 2). Systolic IAP 
decreased from 225 ± 8 to 182 ± 6 mmHg; mean IAP, from 166 ± 4 to 122 ± 6 
mmHg, and diastolic IAP, from 137 ± 6 to 102 ± 6 mmHg. The cerebrovascular 
conductance index did not increase significantly (9.5 ± 5.3%).  

MCA Vmean decreased 22 ± 4%, along with a 27 ± 3% reduction in MAP in a 
linear fashion (averaged slope, 0.82 ± 0.15; averaged r = 0.70 ± 0.07; figures 3 
and 4). With mean IAP stabilized, variability of mean FinAP and MCA Vmean 
and the MCA Vmean to mean FinAP phase lead and transfer gain were not signi-
ficantly different from values before SNP treatment or from reference subjects 
(Table 2).  

 
Table 2 dCA in reference subjects and patients 
 

 Patients 
(n = 8) 

 

Reference subjects  
(n = 8) 

Before SNP During SNP 
MAP power,  
mmHg2 · Hz–1 4.5 (1.5–10.4) 5.8 (1.4–15.8) 11.3 (2.6–22.8) 

Vmean power,  
(cm · s–1)2 · Hz–1 3.6 (1.1–9.8) 1.8 (1.1–4.9) 4.7 (0.9–9.1) 

Coherence 0.75 (0.54–0.84) 0.64 (0.49–0.76) 0.73 (0.48–0.91) 

Phase,° 58 (41–82) 30 (6–67)* 42 (4–91) 

Gain, % · %–1 1.02 (0.48–1.37) 1.32 (0.93–1.87) 1.29 (1.00–1.70) 

 
MAP power indicates low-frequency mean MAP variability; Vmean power, MCA Vmean 
variability. Data are presented as mean (range). *P < 0.05 vs reference subjects. 
 
 



Cerebral autoregulation in malignant hypertension 

 167

Fig. 1  
 

 
 
BP response to SNP. Averaged decrease in mean IAP during SNP treatment of 8 
subjects with malignant hypertension. Values are mean ± SEM. 
 
 
Fig. 2  

 
Systemic and cerebral hemodynamic responses to SNP. Averaged changes in HR, SV, 
CO, and SVR of 8 subjects with malignant hypertension during decrease in mean IAP 
induced by SNP. Values are mean ± SEM. All parameters differ significantly from 
starting values. 



Chapter 8 

 168 

Fig. 3  
 

 
 
Representative example of sCA. Representative example of decrease in MCA Vmean 
during decrease in mean IAP induced by SNP in patient with malignant hypertension. 
Circles represent average of 30 seconds. Regression coefficient of this patient is as 
follows: MCA Vmean = 0.81xIAP+19.7; r = 0.87. 
 
 
Fig. 4  
 

 
 
sCA. Averaged decrease in MCA Vmean during decrease in mean IAP as induced by SNP 
in 8 patients with malignant hypertension. Values are mean ± SEM. 



Cerebral autoregulation in malignant hypertension 

 169

Discussion 
The main findings of this study are that both dCA and sCA are impaired in 
patients with malignant hypertension before and during treatment with SNP. The 
data of this study show that during a rapid reduction in BP with SNP, MCA 
Vmean decreases almost one on one with MAP.  
 
Study Limitations 
The technique to monitor changes in arterial CBF may raise discussion for 
several reasons. First, MCA Vmean is calculated from the frequency distribution 
of the Doppler shifts, and it is assumed to represent flow velocity in the center of 
the vessel. Changes in MCA Vmean, however, reflect changes in flow,24 only 
when the diameter of the MCA remains constant during SNP treatment. Direct 
observations made during craniotomy have revealed that SNP did not affect the 
vessel diameter of the M1 segment of the MCA;29 therefore, we consider that 
changes in MCA Vmean in this study are proportional to those in flow.  

Second, it is uncertain at which level of MAP the upper and lower limits 
of sCA are located in patients (admitted to hospital) with malignant 
hypertension. In normotensive humans, the lower limit of sCA is located ~60 
mmHg.12,30,31 For obvious reasons, the upper limit of sCA cannot be studied in 
(normotensive) humans, but in normotensive baboons, it ranges between 120 
and 150 mmHg.13 In humans with untreated severe chronic hypertension, the 
lower limit of sCA is shifted rightward to ~115 mmHg.11,12 Data on the upper 
limit of sCA are limited in that it was determined in only 3 hypertensive 
baboons and was found to be shifted rightward (between 155 and 169 mmHg).14 
We assume, with MAP ~165 mmHg at admission in this study, that the pressure 
level was located around the upper limit of sCA with dCA impaired before 
treatment with SNP. The finding that, during treatment with IAP in the 
autoregulatory range, MCA Vmean decreased almost one on one with MAP 
conforms with impaired CA.  

Third, in the reference subjects, we did not determine MCA V during a 
substantial decrease in BP induced by SNP infusion; thus, sCA was not 
evaluated. We consider that, in healthy subjects, a decline in MAP induced by 
SNP of ~20% barely affects MCA Vmean,32 and CBF,15 whereas a reduction in 
mean IAP in the patients was associated with a significant decline in MCA 
Vmean. In addition, in healthy subjects, data on dCA reflect the integrity of 
sCA,33 and we assume sCA to be preserved in the reference subjects.  
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sCA and dCA 
Autoregulation implies that blood flow is maintained at a normal level of ~60 
mL/ 100 g brain tissue per minute despite changes in perfusion pressure.7 
Impaired sCA, with loss of the more-or-less zero-slope MAP–MCA Vmean 
relationship, has been reported in ischemic stroke,34 in severe head injury,35 and 
after cardiac arrest.36 Our findings suggest that sCA also is impaired in patients 
with malignant hypertension.  

dCA is quantified by the counterregulatory capacity to maintain MCA V 
during abrupt changes in BP induced by thigh cuff deflation,25 or as evaluated by 
the transfer gain and phase lead of MCA Vmean to MAP during imposed,37 or 
spontaneous BP oscillations.38,39 During both hypotension8 and hypertension,26 
this phase lead remains unaltered compared with the normal situation. In the 
present study, the MCA Vmean to MAP phase lead in patients with malignant 
hypertension before SNP treatment was significantly smaller than in the 
reference subjects and comparable to the phase lead found in patients with 
carotid artery obstruction.37 The tendency toward a larger transfer gain further 
supports a deteriorated dampening of BP oscillations in patients with malignant 
hypertension.  
 
SNP and Cerebral Hemodynamics 
Kety et al. observed that, in chronically hypertensive patients, global resting 
CBF and cerebral oxygen consumption are not different from those in normo-
tensive subjects but that cerebrovascular resistance is elevated.40 SNP reduces 
SVR, but when infused directly in the carotid artery, it does not modify 
cerebrovascular resistance in healthy subjects.41 These findings, together with 
recent evidence that in normotensive subjects a reduction in MAP by SNP does 
not affect MCA Vmean,32 suggest that when BP is reduced pharmacologically, 
MCA V is secured by CA-mediated cerebral vasodilatation rather than a direct 
SNP-induced pharmacological effect on the cerebral vasculature. The present 
data demonstrate systemic vasodilatation during SNP treatment with a 
considerable increase in CO but no change in the cerebrovascular conductance 
index. One may speculate that the linear relation between MAP and MCA 
Vmean during treatment with SNP reflects a preferential blood flow to the (low-
resistance) systemic vascular bed versus the (high-resistance) cerebrovascular 
bed.  
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Conclusion 
In patients with malignant hypertension, dCA is impaired. Decreases in cerebral 
artery blood velocity and BP in a linear fashion during SNP treatment also 
indicate impairment of sCA. This study confirms the contention that CA is 
compromised in patients with malignant hypertension. 
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Abstract 
 
Background In patients with malignant hypertension both dynamic (dCA) and 
static cerebral autoregulation (sCA) are impaired. Therefore, a pharmacological 
induced decline of BP reduces cerebral blood flow (CBF) with the danger of 
cerebral hypoperfusion. We compared the reduction in CBF velocity during BP 
lowering with sodium nitroprusside (SNP) to that of labetalol in patients with 
malignant hypertension. 
 
Methods In fifteen patients fulfilling WHO criteria for malignant hypertension 
beat-to-beat mean arterial pressure (MAP), systemic vascular resistance (SVR; 
Modelflow), mean middle cerebral artery blood velocity (MCA Vmean) and 
cerebrovascular resistance (CVR; MAP to MCA Vmean ratio) were monitored 
during treatment with SNP (n = 8) or labetalol (n = 7).     

Results The reduction in MAP with SNP (28 ± 3%; mean and SEM) and 
labetalol (28 ± 4%) was identical. Treatment with SNP resulted in a larger 
decline in systemic vascular resistance (-53 ± 4) compared to labetalol (-13 ± 
10%; P < 0.005), but not in cerebrovascular resistance (SNP 10 ± 5%, labetalol -
17 ± 5%). This resulted in a larger reduction in MCA Vmean for a given decrease 
in MAP during treatment with SNP (-22 ± 4%) than with labetalol (-13 ± 3%; P 
< 0.001).   
 
Conclusion In malignant hypertension, SNP reduced systemic rather than 
cerebral vascular resistance resulting in a considerable reduction in MCA Vmean 
per unit pressure compared to labetalol. Labetalol may be a safer alternative than 
nitroprusside in the treatment of patients with malignant hypertension and an 
impaired CA. 
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Introduction 

Malignant hypertension is a life threatening condition requiring an immediate 
blood pressure (BP) reduction to limit or prevent target organ damage.1, 2 In 
patients with malignant hypertension, cerebral autoregulation (CA) is impaired 
meaning that cerebral blood flow decreases more or less linearly with BP.3 The 
initial reduction in BP should therefore not exceed ~25% of the presenting level 
to prevent symptomatic hypoperfusion of the brain.1, 2 
 
Of the therapeutic agents available, sodium nitroprusside (SNP) and labetalol are 
commonly used for the initial treatment of malignant hypertension.2, 4 SNP, an 
arteriolar and venous vasodilator, is widely advocated as a first-line agent in the 
treatment of hypertensive emergencies.1, 2 SNP has a short half-life making it 
most suitable for an immediate and controlled reduction of blood pressure. In 
spite of its superior pharmacokinetics, SNP has some disadvantages which may 
hamper its use in the management of malignant hypertension and hypertensive 
encephalopathy such as a possible increase in intracranial pressure and risk of 
cyanide toxicity.5, 6 Labetalol, a combined alpha- and beta-adrenergic blocking 
agent, has a slower onset of action with a maximal hypotensive effect 5 to 15 
min. after an intravenous bolus injection, however its long half-life of 4 to 6 hrs 
limits the ability to promptly correct hypotension with cessation of the drug.7-9 In 
contrast to SNP however, intracranial pressure does not seem to increase and the 
toxicity of labetalol is limited.10, 11 Both agents reduce BP effectively in patients 
with malignant hypertension,12, 13 but their specific effects on the cerebral and 
systemic circulation have not been investigated.  

We considered that in patients with malignant hypertension and failing CA 
mechanisms, an immediate reduction of blood pressure is to be achieved with 
the smallest reduction of cerebral perfusion possible. In this study we therefore 
set out to determine the cerebral and hemodynamic effects of an immediate 
~25% reduction in blood pressure with SNP and labetalol in patients with 
malignant hypertension. 
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Subjects and Methods       

Subjects  
We included 15 patients fulfilling the WHO criteria for malignant hypertension, 
severely elevated blood pressure together with grade III (bilateral retinal 
hemorrhages or cotton wool exudates) or IV (grade III plus papilledema) 
hypertensive retinopathy according to the Keith, Wagener and Barker 
classification. All subjects were admitted at a medium care facility for 
continuous BP monitoring. After admission an intravenous line was placed for 
administration of SNP (n = 8) or labetalol (n = 7) with the aim to reduce mean 
arterial pressure (MAP) by ~25% below the MAP just prior to the initiation of 
therapy. Both SNP and labetalol were administered using standardized 
protocols. SNP infusion was started at 0.3 µg·kg-1·min-1, increased to 0.5 µg·kg-

1·min-1 after 5 min and from then on, by 0.5 µg·kg-1·min-1 every 5 min (to a 
maximum dose of 5.0 µg·kg-1·min-1) until the desired blood pressure reduction 
was achieved. Data on these eight subjects have been previously reported.3 
Labetalol was administered as boluses of 0.5 mg·kg-1 every 8 minutes (to a 
maximal total dose of 200 mg) until the desired 25% reduction in MAP was 
achieved followed by a continuous infusion of 20 mg/hr. Written informed 
consent was provided in accordance with the Helsinki declaration. The study 
protocol was approved by the Medical Ethical Committee of the Academic 
Medical Center, University of Amsterdam, the Netherlands. 

Measurements                                                                        
Patients were instrumented with electrocardiogram electrodes in the supine 
position. A 1.1 mm ID, 20 gauge catheter was placed in the radial artery for 
continuous BP monitoring. Heart rate (HR) was the inverse of the interbeat 
interval. Stroke volume (SV) was determined by a three-element model of 
arterial input impedance (Modelflow).14 Modelflow computes a flow wave from 
the BP wave that is integrated to obtain the SV of the heart.14-17 SV was 
expressed as percentage change of the presenting value, CO was HR times SV 
and systemic vascular resistance (SVR) was the ratio of mean BP and CO. The 
middle cerebral artery blood velocity (MCA V) was measured in the proximal 
segment of the right middle cerebral artery (Multidop X4, Sipplingen, 
Germany). Once the optimal signal-to-noise ratio was obtained, the probe was 
secured with a headband (Mark 600, Spencer Technologies, Seattle, USA). To 
assess the effect of SNP and labetalol on cerebrovascular resistance, a 
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cerebrovascular resistance index (CVR) was calculated as the ratio of MAP and 
MCA Vmean.18    

Data and statistical analysis                                                   
Data were expressed as mean ± SEM. Changes in cerebral blood flow were 
tracked by MCA Vmean 19 and integrity of CA was reflected by constancy of 
MCA Vmean despite changes in MAP. For assessment of CA the signals of MCA 
V and BP were first averaged to 30 seconds episodes and then linearly related to 
each other. To compare CA between groups MAP and MCA Vmean were 
expressed as percentage change of pretreatment values. Dynamic CA was 
determined by calculating power spectra of pressure and velocity in the 
frequency domain from a 3-minute episode of beat-to-beat data of MAP and 
MCA Vmean prior to blood pressure lowering treatment with discrete Fourier 
transform, after spline interpolation and resampling at 4 Hz. Results were 
expressed as the integrated area in the low frequency range (0.07 to 0.15 Hz). To 
examine the strength between low frequency MAP and MCA Vmean, coherence 
was used to signify that the 2 cardiovascular signals covary significantly. The 
squared coherence function reflects the fraction of output power (MCA Vmean) 
that can be linearly related to the input power (MAP). From the MAP to MCA 
Vmean cross spectrum, the MCA Vmean to MAP phase lead (degrees) were 
obtained.   
 
Changes in systemic and cerebral hemodynamics during treatment were 
examined by Friedman ANOVA on ranks. Differences in CA between labetalol 
and SNP treatment (unpaired) and before and after treatment (paired) were 
examined with Wilcoxon rank sum test and Wilcoxon signed rank test, 
respectively. The slopes of the MAP-MCA Vmean relationship during treatment 
with SNP or labetalol were identified by regression analysis and Student’s t-test. 
P < 0.05 was considered to indicate a statically significant difference. 

Results 
 
The characteristics of patients with malignant hypertension are listed in table 1. 
The phase difference between MCA Vmean and MAP in the lower frequency 
range was equally affected for SNP (30 ± 8º) and labetalol (26 ± 9º) with compa-
rable coherences of 0.64 ± 0.04 and 0.59 ± 0.05. Target blood pressure was 
reached within 60 min in all patients. Changes in systemic and cerebral hemo-
dynamics before and after treatment with SNP and labetalol are listed in table 2. 
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The reduction in MAP with SNP (28 ± 3%) and labetalol (28 ± 4%) was 
identical, whereas the decline in systemic vascular resistance with SNP was 
larger (-13 ± 10% vs. -53 ± 4%; P < 0.005). SV did not change with SNP or 
labetalol (figure 1). The change in HR (increase with SNP and reduction with 
labetalol) determined the changes in CO. A decrease in CVR with labetalol (-17 
± 5%) but not with SNP (10 ± 5%; figure 2) resulted in a less significant 
percentage decline in MCA Vmean with labetalol compared to SNP for a given 
decrease in MAP (-13 ± 3% vs. -22 ± 4%; P < 0.001; figure 3).  

 
 
Table 1 Baseline characteristics of patients with malignant hypertension 

 
Mean ± SD. MCA = middle cerebral artery. 
 
Table 2 Hemodynamic variables at hospital admission and after treatment 

 
Mean arterial blood pressure (MAP), heart rate (HR) and percentage change in stroke 
volume (SV), cardiac output (CO), systemic vascular resistance (SVR), mean middle 
cerebral artery blood velocity and cerebral vascular resistance (CVR) before and after 
treatment with sodium nitroprusside (SNP) or labetalol. Mean ± SD * P < 0.05 vs. 
before treatment, † P < 0.05 vs. after treatment with SNP.   

Patient characteristics Nitroprusside Labetalol 
Patients, no.  8 7 
Age (yrs) 44 ± 5  40 ± 5  
Sex (M/F) 6:2 5:2 
Height, cm  175 ± 5 172 ± 5  
Weight, kg  76 ± 5 73 ± 5 
Systolic BP, mmHg 225 ± 5  227 ± 5  
Diastolic BP, mmHg 137 ± 3  133 ± 4  
Mean MCA V, cm · s–1     64 ± 6  58 ± 8  

  Nitroprusside Labetalol 
  Before After Before After 

MAP (mmHg) 155 ± 6 112 ± 6*  166 ± 7 118 ± 5* 
HR (min-1) 87 ± 7 102 ± 6*  99 ± 8 76 ± 6*† 
SV (%) 100 109 ± 4  100 109 ± 9 
CO (%) 100 131 ± 8*  100 86 ± 9*† 

SVR (%) 100 57 ± 5*  100 87 ± 10*† 
MCA Vmean (cm·s-1) 64 ± 6 50 ± 5*  58 ± 8 49 ± 5* 

CVR (%) 100 110 ± 5  100 83 ± 5*† 



SNP versus labetalol in malignant hypertension 

 183

Fig. 1 Systemic circulatory responses 
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Mean arterial blood pressure (MAP), heart rate (HR) and percentage change in stroke 
volume (SV) and cardiac output (CO) before (PRE) and after (POST) treatment with 
sodium nitroprusside (black bars; n = 8) and labetalol (gray bars; n = 7). Mean ± SEM * 
P < 0.05. 
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Fig. 2 Systemic versus. cerebral vascular resistance responses 
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Percentage change in systemic vascular resistance (SVR) and cerebral vascular 
resistance (CVR) before (PRE) and after (POST) treatment with sodium nitroprusside 
(black bars; n = 8) and labetalol (gray bars; n = 7). Mean ± SEM, * P < 0.05. 
 
 
Fig. 3   Mean arterial pressure - middle cerebral artery blood velocity relationship 
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Reduction in mean middle cerebral artery blood velocity (MCA Vmean) during a decrease 
in mean blood pressure (mean BP) by sodium nitroprusside (closed circles; n = 8) vs. 
labetalol (open circles; n = 7)  Slope: 0.209 vs. 0.295 (P < 0.001) 
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Discussion 
 
In patients with malignant hypertension the therapeutic challenge is to reduce 
blood pressure without jeopardizing the cerebral circulation against the 
background of an impaired CA. The present study shows that the decline in 
cerebral blood flow velocity was smaller for a given decrease in MAP during 
treatment with labetalol compared to treatment with SNP. Treatment with 
labetalol reduced arterial pressure through a proportional decrease in systemic 
and cerebral vascular resistance, whereas SNP induced a greater decline in 
systemic rather than cerebral vascular resistance. Taken together, these findings 
indicate that against the background of impaired CA labetalol preserves cerebral 
blood flow better for a given decrease in arterial pressure than SNP.  
 
When either SNP or labetalol is administered to normotensive subjects, cerebral 
blood flow remains unaltered conforming maintained integrity of CA.10, 20 There 
is a multitude of data which suggests that sympathetic vasoconstriction in 
conjunction with CA protects the brain from regional overperfusion during 
hypertension.21, 22 As soon as mean BP consistently exceeds ~140 mmHg, CA 
becomes impaired and cerebral blood flow will passively follow changes in 
BP.3, 23       
 
SNP is often recommended as the first choice treatment because of its rapid 
onset of action and ease of BP titration.1, 2 However, due its rapid action BP may 
incidentally be reduced too far below the target level. With labetalol the onset of 
blood pressure decline is considerably slower. This means that, together with the 
findings in this study, the risk of symptomatic reductions in cerebral blood flow 
should be smaller with labetalol compared to SNP.    
 
The larger reduction in cerebral blood flow with SNP compared to labetalol may 
be due to a deviation of blood flow to the systemic circulation as evidenced by 
the larger decline in systemic compared to cerebral vascular resistance. This 
deviation of blood flow with SNP has also been described for the coronary 
circulation in patients with coronary artery disease. Here, SNP treatment results 
in a deviation of blood flow away from the ischemic myocardium to coronary 
resistance vessels.24, 25 This coronary steal phenomenon associated with SNP in 
patients with coronary artery disease shows similarities with the “cerebral steal” 
phenomenon observed in the patients with malignant hypertension of the current 
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study where blood flow is deviated away from the cerebral circulation to the 
systemic circulation.  
 
This study has some limitations that need comment. First, critical for the 
interpretation of the data are to what extent MCA Vmean reflects volume flow. 
The MCA Vmean is calculated from the frequency distribution of the Doppler 
shifts and is assumed to represent flow velocity in the center of the vessel. 
Changes in MCA Vmean however reflect changes in flow only when the diameter 
of the MCA remains constant during SNP or labetalol treatment.19 Direct 
observations made during craniotomy have revealed that SNP did not affect the 
vessel diameter of the MCA.26 Also, constancy of MCA diameter has been 
demonstrated for a range of pressures.27 Therefore we consider that in this study 
changes in MCA Vmean are proportional to those in flow. 

Second, the order of the open label administration of the two drugs was 
not randomized. The incidence of malignant hypertension in the Netherlands is 
low and for practical reasons a sequential drug protocol was used because the 
pharmacokinetic properties of SNP and labetalol are entirely different. In spite 
of this study design patient groups were fully comparable for anthropomorphic 
data, cardiovascular variables, cerebral autoregulatory capacity and magnitude 
of blood pressure reduction, leaving the main findings of this study 
unchallenged. 
 
In summary, both SNP and labetalol reduce blood pressure adequately in 
patients with malignant hypertension. However, the hemodynamic changes 
elicited by these agents are completely different. The use of labetalol results in a 
proportional reduction in systemic and cerebral vascular resistances whereas 
SNP reduces systemic rather than cerebral vascular resistance with a preferential 
blood flow to the low resistance systemic vascular bed and a considerable 
reduction in MCA Vmean per unit pressure. Therefore labetalol may be a safer 
alternative than nitroprusside in the treatment of patients with malignant 
hypertension and an impaired CA. 
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Summary 
 
The motivation for this thesis originated from the observation that malignant 
hypertension was relatively frequent in the catchment area of the hospital where 
the studies described in this thesis were conducted. Part I reviews the value of 
funduscopy in the management of patients with hypertension and contains 
studies on the epidemiology and genetics of malignant hypertension. Part II 
contains several mechanistic studies on the pathophysiology of malignant 
hypertension.  
 
Part I. 
In patients with a hypertensive crisis a retinal examination provides useful 
information to discriminate between hypertensive urgencies (situations which 
do not require immediate blood pressure reduction) and emergencies (situations 
requiring prompt blood pressure reduction). However, in the routine care of 
patients with hypertension the value of a retinal examination is disputed. In 
chapter 2 we performed a systematic search to answer the question whether a 
retinal examination is useful in the routine care of the hypertensive patient. We 
reviewed literature regarding the reliability of detecting the various retinal 
changes associated with hypertension and assessed the association of these 
retinal changes with blood pressure, other indicators of hypertensive organ 
damage, and cardiovascular morbidity and mortality. We found that of the 
various retinal abnormalities only hemorrhages and exudates could be reliably 
assessed. However, the positive and negative predictive values for the 
association between these retinal abnormalities and hypertension were low. The 
presence of hemorrhages and exudates increased the risk of stroke, but this 
association was also present in normotensive persons. We concluded that 
current evidence is lacking that funduscopy is of additional value in the routine 
management of hypertensive patients.  
 
Cohort studies have shown that patients from sub Saharan African descent are at 
increased risk for developing malignant hypertension. Differences in socio-
economic factors such as health insurance and compliance have been implicated 
to explain the excess of malignant hypertension observed in this group. Chapter 
3 contains a retrospective analysis on ethnic disparities in the incidence, 
presentation and complication of malignant hypertension in relation to 
hypertension awareness, treatment and compliance in a multi-ethnic population. 
The incidence of malignant hypertension was 4 times higher in blacks compared 
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to white individuals and they had more renal dysfunction at presentation and 
during follow-up. Hypertension awareness was not different between ethnic 
groups, but only few black patients received anti-hypertensive treatment at the 
time of admission and they were more often uninsured compared to white 
patients. We concluded that ethnic disparities in the incidence and complications 
of malignant hypertension exist and may, at least in part, be explained by 
differences in anti-hypertensive treatment and insurance status.  
 
Previous studies demonstrated that recovery from renal failure may occur in 
patients admitted with malignant hypertension and renal insufficiency. In kidney 
biopsies of these patients, fibrinoid necrosis and thrombosis of small and 
medium sized renal arteries may be observed. In chapter 4 we tested the 
hypothesis that recovery from renal failure may be associated with the presence 
of a thrombotic microangiopathy (TMA). We found that patients with TMA as 
evidenced by a low platelet count and either an elevated LDH or presence of 
schistocytes (fragmented red blood cells) had a markedly increased serum 
creatinine at presentation compared to patients without TMA, but were more 
likely to have recovery of renal function during follow-up. Assessment of these 
parameters at presentation may provide useful information regarding the 
prognosis of renal function.  
 
Malignant hypertension can be considered an extreme phenotype of renin-
mediated hypertension. In chapter 5 we assessed the frequencies of three 
polymorphisms of the renin-angiotensin system in consecutively admitted 
patients with malignant hypertension and compared them with age, sex and 
ethnicity matched hypertensive and normotensive controls from the source 
population. The TT genotype of the M235T polymorphism in the angio-
tensinogen (AGT) gene was associated with an increased risk of malignant 
hypertension in white subjects with an odds of approximately 10 to 1 compared 
to hypertensive and normotensive controls. The high frequency of the TT 
genotype observed in populations of West-African descent may help explain the 
higher frequency of malignant hypertension in this group. Within the group with 
malignant hypertension, the TT genotype of the AGT M235T polymorphism 
was also associated with an increased frequency of renal dysfunction and TMA 
compared to MT or MM carriers despite similar age, sex, ethnicity and blood 
pressure.  
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Part II. 
In Chapter 6 we tested the hypothesis whether the variations in activation of the 
renin-angiotensin aldosterone system (RAAS) could be explained by the degree 
of microvascular damage, as evidenced by the presence of TMA, in patients 
with malignant hypertension. We prospectively examined the association 
between RAAS activation, as evidenced by plasma renin activity (PRA) and 
aldosterone, with TMA parameters, including LDH, in consecutive patients 
presenting at the emergency department with a suspected hypertensive 
emergency. As expected PRA was markedly higher in patients with malignant 
hypertension compared to severely hypertensive patients. However, 24% of 
malignant hypertensive patients presented with normal PRA, suggesting that 
RAAS activation is not an obligatory feature of malignant hypertension. The 
degree of TMA, according to LDH levels, could explain most of the variations 
in PRA, suggesting that the degree of RAAS activation and the severity of 
microvascular damage strongly influence each other.  
 
The TMA associated with malignant hypertension is virtually indistinguishable 
from that in thrombotic thrombocytopenic purpura (TTP). TTP is associated 
with an acquired or congenital deficiency of the von Willebrand factor cleaving 
protease (ADAMTS13) that cleaves large prothrombogenic multimers. To 
explore the pathogenesis of the TMA associated with malignant hypertension, 
we assessed ADAMTS13 activity in patients with malignant hypertension, 
severe hypertension and normotensive controls (chapter 7). Patients with 
malignant hypertension had a lower ADAMTS13 activity compared to 
normotensive controls and the severity of TMA negatively correlated with 
ADAMTS13 activity. A severe deficiency of ADAMTS13, such as that obser-
ved in TTP, could not be demonstrated. The association between ADAMTS13 
activity and VWF as observed in this study suggests that deficiency of 
ADAMTS13 may be secondary to the release of large amounts of VWF upon 
endothelial stimulation.  
 
Cerebral autoregulation (CA) keeps cerebral blood flow constant despite 
variations in blood pressure. CA is assumed to be impaired in malignant 
hypertension and hypertensive encephalopathy. In chapter 8 we tested static and 
dynamic CA in 8 patients with malignant hypertension during an acute blood 
pressure reduction with SNP using a transcranial Doppler technique. Middle 
cerebral artery blood flow velocity decreased almost one on one with mean 
arterial pressure. A plateau phase, indicating restoration of static CA, could not 
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be detected during treatment with SNP. Dynamic CA was disturbed before and 
during treatment with SNP. In line with previous assumptions, we concluded 
that both static and dynamic CA are, indeed, impaired in patients with malignant 
hypertension. 
 
In chapter 9 we compared the effects of treatment with SNP and labetalol on 
cerebral blood flow and systemic hemodynamics in an open label trial in fifteen 
patients with malignant hypertension. The reduction in mean arterial pressure 
with SNP was identical to that of labetalol. Treatment with SNP resulted in a 
larger decrease in cerebral blood flow compared to labetalol, likely as a result of 
a more pronounced reduction in systemic rather than cerebral vascular 
resistance. The preservation of cerebral blood flow with labetalol may suggest 
that blood pressure can be lowered more safely with labetalol than with SNP 
against the background of an impaired CA.  
 
Discussion 
 
In this thesis a number of questions concerning the epidemiology and 
pathophysiology of malignant hypertension have been addressed. However, 
several issues regarding the pathogenesis, diagnosis and treatment of malignant 
hypertension are debated, these will be further discussed.  
 
Pathogenesis  
The pathogenesis of malignant hypertension has been a subject of research and 
debate for some time beginning with the vicious circle theory from Wilson and 
Byrom,1 and the discussion on the role of blood pressure and the renin-
angiotensin system in the pathogenesis of this condition.2, 3 Activation of the 
renin-angiotensin system is invariably associated with the development of 
malignant hypertension (chapter 1). The rate limiting step in the generation of 
angiotensin II, the vasoactive effector molecule, is the formation of angiotensin I 
from AGT by renin. Therefore, factors leading to either increased generation of 
AGT or renin may increase the risk of malignant hypertension. In chapter 5 we 
showed that the TT genotype of the M235T polymorphism in the AGT gene was 
associated with an increased risk of malignant hypertension and the 
development of TMA. Previous studies have shown that this polymorphism is 
associated with higher levels of AGT, thereby facilitating the generation of 
angiotensin II. It is conceivable that other functional polymorphisms in the 
renin-angiotensin system may also predispose to malignant hypertension. 
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Linkage studies in families of probands with malignant hypertension may 
provide more insight into the pathogenesis of this condition and may help to 
identify patients at risk of malignant hypertension. 
 
Although RAAS activation is associated with malignant hypertension, clinical 
observations and data from animal experiments suggest that RAAS activation is 
a secondary event (chapter 1). For the generation of angiotensin II, renin has to 
be released first. The renin release from juxtaglomerular cells in the kidney may 
be stimulated by ischemia as a result of vascular injury resulting from severe 
uncontrolled hypertension. In chapter 6 we showed that the TMA associated 
with malignant hypertension, as evidenced by increasing LDH levels, correlates 
well with PRA in a log-log association, suggesting that the degree of vascular 
damage and activation of the RAAS may positively enhance each other. The 
association of the AGT polymorphism with TMA (chapter 5) suggests that a 
facilitated activation of the renin-angiotensin system may predispose to this 
vicious circle of RAAS activation and vascular injury. To determine the 
mechanisms involved in the development of the vascular injury of malignant 
hypertension we assessed several prohemostatic factors possibly implicated in 
the development of TMA (chapter 7). A decrease in ADAMTS13 activity was 
associated with a more severe TMA, likely as a result of increased release of 
VWF upon endothelial stimulation. This indicates that factors negatively 
influencing ADAMTS 13 activity may be important in aggravating the TMA of 
hypertensive crises. However, the role of ADAMTS13 activity in the vascular 
injury of malignant hypertension has to be explored further in experimental 
models of malignant hypertension with TMA. 
 
Diagnosis 
The WHO definition of malignant hypertension implies that patients with 
“severe hypertension” and grade III or IV retinopathy according to Keith, 
Wagener and Barker (KWB) classification should be admitted and receive 
parenteral anti-hypertensive therapy to lower blood pressure to “safe”, but not 
normal levels.4 The term “severe” was chosen to indicate that the acceleration of 
blood pressure is more important than the absolute blood pressure values in the 
development of malignant hypertension.4 However, “severe hypertension” may 
denote any blood pressure above 180 mmHg systolic or 110 mmHg diastolic 
according to current guidelines.5 In previously normotensive persons, a 
hypertensive emergency may develop at blood pressure levels as low as 110 
mmHg diastolic.6 In contrast, some patients may present with blood pressures 
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above 220 mmHg systolic and 130 mmHg diastolic without signs of a 
hypertensive emergency.7 To improve diagnostic performance experts have 
advocated to include a blood pressure threshold of “usually above 120 mmHg 
diastolic”. However, the large overlap of blood pressure values limits the use of 
blood pressure as a criterion to discriminate between hypertensive urgencies and 
emergencies. Therefore, identification of patients according to the WHO criteria 
for malignant hypertension largely depends on the discriminative value of the 
retinal abnormalities associated with this condition. In chapter 2 we showed that 
the retinopathy of malignant hypertension (hemorrhages and exudates) can be 
reliably assessed with an excellent agreement between observers. Although 
agreement on the detection of papilledema is moderate,8 papilledema is seldom 
observed without hemorhages or exudates and will therefore yield a low number 
of false-negative and -positive results.9 Therefore a retinal examination may, in 
theory, be useful to discriminate hypertensive urgencies from emergencies. The 
question is therefore whether the retinal abnormalities observed in patients with 
severe hypertension can sufficiently discriminate between patients who should 
be admitted for parenteral therapy and patients who can receive oral medication. 
 
In general, there are two immediate risks mandating an immediate but controlled 
blood pressure reduction in patients with a hypertensive crises: cerebral hypo- or 
hyperperfusion resulting from an impaired CA and acute renal failure. In chapter 
8 we demonstrated that patients with severe hypertension and grade III or IV 
retinopathy have an impaired CA indicating that, in theory, cerebral ischemia 
may develop even at small reductions in blood pressure. To prevent cerebral 
hypo- or hyperperfusion parenteral anti-hypertensive therapy should be pre-
ferred as oral agents have either an unpredictable or slow onset of action. 
Although the retinopathy of malignant hypertension is associated with an 
impaired CA, the question remains whether funduscopy can sufficiently 
discriminate patients with impaired and patients with intact CA. Patients with 
hypertensive encephalopathy for example are expected to have an impaired CA, 
but may not always have retinal abnormalities.10 Vice versa, not all patients with 
retinal hemorrhages and exudates have an impaired CA. In our sample, severe 
impairment of CA, defined as a phase lead < 30%,11 was noted in 10 of 15 
(67%) patients with malignant hypertension, but was completely normal (phase 
lead > 50%) in 4 of 15 patients. There are no data on CA in patients with severe 
hypertension without retinal abnormalities. Therefore, the negative predictive 
value of grade III and IV retinopathy and disturbances in CA remains to be 
determined. Assessment of the clinical signs of hypertensive encephalopathy 
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remains paramount in patients with (suspected) hypertensive crises, irrespective 
of the retinal findings. Future studies may be directed at examining CA in 
severely hypertensive patients without retinal abnormalities to better assess the 
value of a retinal examination in patients with malignant hypertension.  
 
The survival of malignant hypertension has considerably improved. In our 
cohort the survival was 90% after 4 years and death was in most cases from non-
cardiovascular causes (chapter 3). However, almost 20% needed kidney 
replacement therapy indicating that renal failure is an important complication of 
malignant hypertension. In chapter 4 we showed that TMA is frequently 
observed in malignant hypertension and associated with impaired renal function 
at presentation. However, recovery from renal failure occurred more often in 
these patients during follow-up, even if temporary kidney replacement therapy 
was needed. Prompt blood pressure lowering treatment in these patients may 
preserve renal function. However, a large blood pressure reduction may further 
compromise blood flow to an ischemic kidney. Therefore, an immediate but 
controlled reduction of blood pressure by parenteral anti-hypertensive agents 
seems indicated in these patients. As with CA, the predictive value of the retinal 
lesions associated with malignant hypertension in the assessment of TMA is 
undetermined. In chapter 6 and 7 we showed that patients with grade III or IV 
retinopathy had a more severe TMA, more pronounced activation of the renin-
angiotensin system and greater renal impairment compared to patients without 
retinal abnormalities. Still, some of the patients without retinopathy had TMA 
(chapter 7). If one considers the retinopathy of malignant hypertension as a 
diagnostic test for TMA, as defined in chapter 5, the sensitivity is 71%. 
Therefore, 29% of those with TMA do not have grade III or IV retinopathy 
(false-negative rate). Although these numbers are derived from a small sample 
of 40 consecutive patients, this figure indicates that a retinal examination cannot 
sufficiently discriminate patients with and without TMA.  

To improve identification of patients with a true hypertensive 
emergency, one may consider to extent the current working definition with the 
clinical criteria for hypertensive encephalopathy and the laboratory criteria for 
TMA (table 1).  
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Table 1 Proposed working definition of malignant hypertension. 
 
Severe hypertension (Diastolic BP usually above 120 mmHg) and 1 or more of the 
following:     
 
1. Clinical symptoms consistent with cerebral complications: unexplained lowering of     
    consciousness or delirium, lethargy, confusion, generalized or focal seizures or visual  
    impairment. 
 
2. Retinal abnormalities consistent with grade III or IV retinopathy according to the   
    Keith, Wagener and Barker classification. 
 
3. Low platelet count with either an elevated LDH or presence of schistocytes. 

 
Treatment 
The treatment of malignant hypertension is based on the idea that lowering 
blood pressure by ~25% in minutes to hours results in a safe area where cerebral 
blood flow can be held constant despite variations in blood pressure, the so 
called plateau phase of CA.4 However, in the measurements of chapter 8 and 9 a 
plateau phase could not be detected during treatment with either SNP or 
labetalol. This means that the consensus of a ~25% reduction in mean arterial 
pressure is based on an incorrect assumption. Nevertheless, a blood pressure 
reduction not exceeding ~25% in the first minutes to hours (depending on the 
clinical severity) appears to be well tolerated and seems an appropriate 
recommendation: a rapid blood pressure reduction of more than 50% has been 
shown to cause ischemic stroke and even death;12-14 theoretically, smaller blood 
pressure reductions may lead to aggravation of cerebral hyperperfusion and 
cerebral edema. The question is for what time period the ~25% reduction in 
blood pressure should be maintained. This may depend on the time frame CA 
regains its functional capacity. Preliminary data obtained in patients admitted 
with malignant hypertension suggest that the initial impairment of CA is 
improved within 1 week after admission (unpublished observations). Therefore, 
the current recommendation to maintain blood pressure at the initial target level 
for “several days” and then reduce to normotensive values seems appropriate.15  
 
Finally, there are no trials comparing parenteral anti-hypertensive agents in 
malignant hypertension on cardiovascular endpoints and, as a result of the low 
incidence of malignant hypertension, it is not expected that these trials will 
appear in the near future. We therefore compared the effects of SNP and 
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labetalol on cerebral blood flow and systemic hemodynamics. Although both 
labetalol and SNP were equally effective in lowering blood pressure, the greater 
decline in middle cerebral artery blood flow and systemic vascular resistance 
following treatment with SNP suggests that blood flow may be directed away 
from the cerebral vasculature. This “cerebral steal phenomenon”, which has also 
been described for the coronary circulation (chapter 1), may increase the risk of 
cerebral hypoperfusion. The 10% difference in middle cerebral artery flow 
between SNP and labetalol may not be clinically significant for patients with an 
otherwise intact cerebral vasculature, but may be sufficient to cause hypo-
perfusion in situations where the cerebral vasculature is compromised such as in 
patients with atherosclerosis and elderly patients. The addition of the 
disadvantageous effect of SNP on cerebral blood flow to the other hazards of 
this drug may render labetalol a better alternative for the treatment of malignant 
hypertension.  
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Samenvatting 
 
De motivatie voor dit proefschrift komt voort uit de observatie dat maligne 
hypertensie relatief vaak werd gezien in de regio van het ziekenhuis waar de 
studies die in dit proefschrift zijn beschreven later werden uitgevoerd. Deel I van 
dit proefschrift gaat over de waarde van het routinematig onderzoeken van het 
netvlies (retina) bij patiënten met hypertensie en bevat studies over de epidemio-
logie en genetica van maligne hypertensie. In deel II worden een aantal mecha-
nistische studies over de pathofysiologie van maligne hypertensie beschreven.  
 
Deel I. 
Het onderzoek van de retina geeft belangrijke informatie om te discrimineren 
tussen een hypertensief spoedgeval (situatie waarbij de bloeddruk meteen moet 
worden verlaagd) en een hypertensieve urgentie (situatie waarbij de bloeddruk 
niet onmiddellijk hoeft te worden verlaagd). De waarde van een routinematig 
onderzoek van de retina bij patiënten met hypertensie wordt echter betwist. In 
hoofdstuk 2 van dit proefschrift voerden wij een systematisch literatuuronder-
zoek uit met als doel de vraag te beantwoorden of onderzoek van de retina 
nuttig is bij de routine behandeling van hypertensie. Wij keken hierbij naar de 
betrouwbaarheid van het vaststellen van de verschillende retina-afwijkingen die 
met hypertensie zijn geassocieerd, en stelden de associatie van de verschillende 
retina-afwijkingen met hypertensie, hypertensieve orgaanschade en cardio-
vasculaire morbiditeit en mortaliteit vast. De conclusie was dat van de verschil-
lende retina-afwijkingen alleen retinabloedinkjes en exsudaten betrouwbaar 
konden worden vastgesteld. De positief en negatief voorspellende waarde van 
deze retina-afwijkingen voor het vaststellen van hypertensie was echter laag. De 
aanwezigheid van retinabloedinkjes en exsudaten verhoogden het risico op een 
cerebrovasculair accident, maar deze associatie was ook aanwezig bij personen 
met een normale bloeddruk. Wij concludeerden dat er onvoldoende bewijs is dat 
het routinematig onderzoeken van de retina van toegevoegde waarde is bij de 
behandeling van patiënten met hypertensie. 
 
Cohort-studies laten zien dat patiënten die oorspronkelijk afkomstig zijn uit 
West-Afrika een verhoogd risico hebben op het krijgen van maligne hyper-
tensie. Verschillen in sociaal-economische factoren zoals verzekeringsstatus en 
compliantie zijn als oorzaak aangevoerd om het verhoogde voorkomen van 
maligne hypertensie in deze groep te verklaren. Hoofdstuk 3 bevat een analyse 
van de etnische verschillen in het voorkomen, de presentatie en de complicaties 
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van maligne hypertensie in relatie tot de behandeling van hypertensie in een 
multi-etnische populatie. De incidentie van maligne hypertensie bleek 4 keer 
hoger bij patiënten van Afrikaanse afkomst dan bij van oorsprong Nederlandse 
inwoners. Bij hen kwam ook meer nierinsufficiëntie voor, zowel bij presentatie 
als bij vervolgcontroles. De kennis van het hebben van hypertensie was niet 
verschillend tussen de twee groepen, maar slechts weinig patiënten van 
Afrikaanse afkomst kregen bloeddrukverlagende behandeling voor opname en 
waren vaker onverzekerd. Wij concludeerden dat etnische verschillen in de 
incidentie en complicaties van maligne hypertensie bestaan en, deels, verklaard 
kunnen worden door verschillen in behandeling en verzekeringsstatus.  
 
Eerdere studies hebben laten zien dat herstel van nierfunctie kan optreden bij 
patiënten die zich presenteren met maligne hypertensie en nierinsufficiëntie. In 
nierbiopten van deze patiënten wordt vaker fibrinoïde necrose en trombose 
gezien van de middelgrote en kleine arteriën. In hoofdstuk 4 onderzochten wij of 
herstel van nierfunctie geassocieerd zou kunnen zijn met de aanwezigheid van 
een trombotische microangiopathie (TMA). Wij vonden dat patiënten met een 
TMA, zich uitend in een laag bloedplaatjesgetal met een verhoogd lactaat-
dehydrogenase (LDH) of aanwezigheid van fragmentocyten (kapotte rode bloed 
cellen) in het perifere bloed, een sterk verhoogde serum kreatinine concentratie 
hadden vergeleken met patiënten zonder TMA, maar dat herstel van nierfunctie 
tijdens vervolgafspraken vaker optrad. Het vaststellen van deze TMA para-
meters bij opname kan bruikbare informatie geven ten aanzien van de prognose 
van de nierfunctie.  
 
Maligne hypertensie kan als een extreem fenotype van renine-gemedieerde 
hypertensie worden beschouwd. In hoofdstuk 5 onderzochten wij de frequenties 
van 3 polymorfismen in het renine-angiotensine systeem bij patiënten met 
maligne hypertensie en vergeleken die met leeftijd, geslacht en etniciteit 
gematchte controles uit het verzorgingsgebied. In dit multi-etnische cohort bleek 
dat het TT genotype van het M235T polymorfisme in het angiotensinogeen 
(AGT) gen geassocieerd was met een sterk verhoogd risico op maligne 
hypertensie bij de oorspronkelijk Nederlandse populatie met een odds ratio van 
ongeveer 10 op 1 vergeleken met hypertensieve en normotensieve controles. Bij 
de van oorsprong West-Afrikaanse populatie werd een veel hogere frequentie 
van het TT genotype gevonden, ook bij de hypertensieve en normotensieve 
controles. Dit zou een verklaring kunnen zijn waarom maligne hypertensie vaker 
bij deze groep wordt gezien. Binnen de groep patiënten met maligne hypertensie 
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werd ook een associatie gevonden tussen het TT genotype van het AGT 
polymorfisme en een verhoogde frequentie van nierinsufficiëntie en TMA 
vergeleken met patiënten die het MT of MM gen droegen zonder dat er 
verschillen waren in leeftijd, geslacht, etniciteit en bloeddruk.  
 
Deel II. 
In hoofdstuk 6 onderzochten wij of de variaties in activatie van het renine-
angiotensine aldosteron systeem (RAAS) bij maligne hypertensie, verklaard 
zouden kunnen worden door de mate van microvasculaire schade zich uitend in 
een TMA. In dit onderzoek vergeleken wij de plasma renine activiteit (PRA) en 
de  aldosteron concentratie als uitingen van RAAS activatie met het LDH als 
uiting voor de ernst van de TMA, bij opeenvolgende patiënten die zich 
presenteerden met een hypertensieve crise. De PRA bij patiënten met maligne 
hypertensie was duidelijk hoger vergeleken met patiënten die een ernstige 
hypertensie hadden zonder retinale afwijkingen. Desondanks had 24% van de 
patiënten met maligne hypertensie een normale PRA, wat suggereert dat RAAS 
activatie niet een noodzakelijk verschijnsel is bij maligne hypertensie. De mate 
van TMA, zich uitend in hogere LDH waarden, kon het grootste deel van de 
variaties in PRA verklaren, wat suggereert dat de mate van RAAS activatie en 
de ernst van de microvasculaire schade elkaar sterk beïnvloeden.  
 
De TMA die wordt gezien bij maligne hypertensie is bijna niet te onderscheiden 
van de TMA bij trombotische trombocytopenische purpura (TTP). TTP is 
geassocieerd met een verworven of aangeboren tekort van het von Willebrand 
factor cleaving protease (ADAMTS13), dat grote protrombogene multimeren 
splitst. Om de oorzaak van de TMA bij maligne hypertensie te achterhalen, 
onderzochten wij de ADAMTS13 activiteit bij patiënten met maligne hyper-
tensie, ernstige hypertensie en normotensieve controles. Patiënten met maligne 
hypertensie bleken een lagere ADAMTS13 activiteit te hebben vergeleken met 
normotensieve controles. Een ernstiger TMA was geassocieerd met een lagere 
ADAMTS13 activiteit. Een ernstig tekort van ADAMTS13, zoals die wordt 
gezien bij TTP, kon niet worden vastgesteld. De associatie tussen de 
ADAMTS13 activiteit en de hoogte van het VWF die wij in deze studie vonden, 
suggereert dat de verminderde ADAMTS13 activiteit mogelijk het gevolg is van 
het vrijkomen van grote hoeveelheden VWF door endotheelstimulatie.   
 
De cerebrale autoregulatie (CA) zorgt ervoor dat de bloedstroom in de hersenen 
constant wordt gehouden ondanks grote variaties in bloeddruk. Verondersteld 
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wordt dat de CA bij maligne hypertensie en hypertensieve encephalopathie is 
aangedaan. In hoofdstuk 8 onderzochten we het effect van nitroprusside (SNP) 
op de bloedstroom in de middelste hersenslagader met behulp van transcraniëel 
Doppler onderzoek tijdens de acute behandeling van patiënten met maligne 
hypertensie. We onderzochten zowel de korte- (dynamische) als langetermijn 
(statische) regulatie van de cerebrale bloedstroom. Wij vonden dat de bloed-
stroom in de middelste hersenslagader bijna 1 op 1 daalde met de gemiddelde 
bloeddruk tijdens de behandeling met nitroprusside. Een plateau fase, duidend 
op herstel van de statische CA, werd tijdens deze meting niet gevonden. De 
dynamische CA was zowel voor als tijdens de behandeling met SNP aangedaan. 
In overeenstemming met eerdere veronderstellingen, vonden wij dat zowel de 
statische als dynamische CA is aangedaan bij patiënten met maligne hypertensie.  
 
In hoofdstuk 9 vergeleken we het effect van SNP en labetalol op de bloedstroom 
in de middelste hersenslagader en systemische hemodynamiek in een open label 
onderzoek bij 15 patiënten met maligne hypertensie. De gemiddelde bloeddruk-
daling tijdens de behandeling met SNP was gelijk aan die van labetalol. 
Behandeling met SNP resulteerde echter in een grotere vermindering van de 
cerebrale bloedstroom dan de behandeling met labetalol, waarschijnlijk door een 
meer uitgesproken daling van de systemische weerstand vergeleken met de 
cerebrale vaatweerstand. Het relatieve behoud van de cerebrale bloedstroom met 
labetalol suggereert dat de bloeddruk veiliger kan worden verlaagd met labetalol 
dan met SNP in situaties waarbij de CA gestoord is.  
 
Discussie 
 
In dit proefschrift wordt een aantal vragen behandeld over de epidemiologie en 
pathofysiologie van maligne hypertensie. Niet alle vragen over de pathogenese, 
diagnose en behandeling van maligne hypertensie kunnen worden beantwoord. 
Op een aantal discussiepunten zal nog verder worden ingegaan. 
 
Pathogenese  
De pathogenese van maligne hypertensie is sinds geruime tijd onderwerp van 
discussie, die begon met de vicieuze cirkel theorie van Wilson en Byrom,1 en het 
debat over de rol van bloeddruk en het renin-angiotensine systeem in het 
ontstaan van deze aandoening.2, 3 Activatie van het renine-angiotensine systeem 
is sterk geassocieerd met de ontwikkeling van maligne hypertensie (hoofdstuk 
1). De snelheidsbeperkende stap in de productie van angiotensine II, het 
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vasoactieve molecuul van het RAAS, is de generatie van angiotensine I uit AGT 
door renine. Factoren die leiden tot een verhoogde productie van AGT of renine 
kunnen daardoor het risico op maligne hypertensie vergroten. In hoofdstuk 5 
lieten we zien dat het TT genotype van het M235T polymorfisme in het AGT 
gen sterk geassocieerd is met het risico op maligne hypertensie en het 
ontwikkelen van TMA. Eerdere studies hebben laten zien dat dit polymorfisme 
is geassocieerd met hogere AGT waarden, waardoor de aanmaak van angio-
tensine II makkelijker verloopt. Het is denkbaar dat ook andere polymorfismen 
in het renine-angiotensine systeem het risico op het krijgen van maligne 
hypertensie vergroten. Linkage studies in families van patiënten met maligne 
hypertensie zouden meer inzicht kunnen geven in het ontstaan van deze 
aandoening en het identificeren van personen met een verhoogd risico op 
maligne hypertensie.   
 
Hoewel activatie van het RAAS vaak bij maligne hypertensie wordt gezien, 
suggereren klinische observaties en dierexperimenten dat RAAS activatie niet 
primair verantwoordelijk is voor het ontstaan van maligne hypertensie 
(hoofdstuk 1). Voor de generatie van angiotensine II is eerst secretie van renine 
nodig. De renine afgifte uit juxtaglomerulaire cellen in de nier zou gestimuleerd 
kunnen worden door ischemie als gevolg van vaatschade bij de ernstige 
verhogingen van de bloeddruk. In hoofdstuk 6 lieten we zien dat de TMA, die 
bij maligne hypertensie wordt gezien, goed correleert met de PRA in een log-log 
associatie, wat suggereert dat de mate van vasculaire schade en RAAS activatie 
elkaar kunnen versterken. De associatie van het AGT polymorfisme met TMA 
(hoofdstuk 5) suggereert dat de gefaciliteerde activatie van het renine-angio-
tensine systeem zou kunnen predisponeren tot de vicieuze cirkel van RAAS 
activatie en vaatschade. Om de mechanismen die betrokken zijn bij deze 
vaatschade te ontrafelen bepaalden we enkele prohemostatische factoren die 
betrokken zouden kunnen zijn bij het ontstaan van TMA (hoofdstuk 7). Een 
vermindering van de ADAMTS13 activiteit bleek geassocieerd te zijn met een 
ernstiger manifestatie van TMA, waarschijnlijk door het vrijkomen van grote 
hoeveelheden VWF door stimulatie van het endotheel. Dit betekent dat factoren 
die de ADAMTS13 activiteit negatief beïnvloeden belangrijk kunnen zijn in het 
verergeren van de TMA van hypertensieve crisen. De rol van ADAMTS13 bij 
de vaatschade van maligne hypertensie zou verder kunnen worden uitgediept in 
experimentele modellen van maligne hypertensie met TMA.  
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Diagnose 
De huidige WHO definitie van maligne hypertensie houdt in dat patiënten met 
“ernstige hypertensie” en graad III of IV retinopathie volgens de Keith, Wagener 
en Barker classificatie opgenomen moeten worden voor intraveneuze behande-
ling om de bloeddruk naar veilige, maar nog niet normale, waarden te verlagen.4 
De term “ernstig” is destijds gekozen om aan te geven dat de snelheid van het 
stijgen van de bloeddruk belangrijker is bij het ontstaan van maligne hypertensie 
dan de absolute hoogte.4 “Ernstige hypertensie” kan volgens de huidige richt-
lijnen iedere bloeddruk boven de 180 mmHg systolisch en 110 mmHg 
diastolisch betekenen.5 In voorheen normotensieve patiënten kan een hyper-
tensief spoedgeval optreden bij diastolische bloeddrukwaarden tot 110 mmHg.6 
Daarentegen kunnen sommige patiënten zich met een bloeddruk presenteren 
boven de 220 mmHg systolisch en 130 mmHg diastolisch zonder aanwijzingen 
voor een hypertensief spoedgeval.7 Om de diagnostische accuratesse te vergro-
ten is een drempel gepropageerd van “meestal boven de 120 mmHg diastolisch”. 
De grote overlap in bloeddrukwaarden waarbij een hypertensief spoedgeval kan 
optreden beperkt echter het gebruik van bloeddruk als criterium om een 
onderscheid te maken tussen hypertensieve spoedgevallen en hypertensieve 
urgenties. Daardoor hangt de identificatie van patiënten met maligne hypertensie 
volgens de WHO definitie vooral af van de onderscheidende waarde van de 
retinale afwijkingen die geassocieerd zijn met deze aandoening. In hoofdstuk 2 
lieten we zien dat de bloedingen en exsudaten van maligne hypertensie 
betrouwbaar kunnen worden vastgesteld met een uitstekende overeenkomst 
tussen verschillende onderzoekers. Hoewel het vaststellen van papiloedeem een 
matige overeenkomst heeft tussen verschillende onderzoekers,8 wordt papil-
oedeem zelden gezien zonder bloedingen en exsudaten met als gevolg dat het 
aantal foutnegatieve en foutpositieve uitslagen beperkt blijft.9 Omdat de retinale 
afwijkingen bij maligne hypertensie betrouwbaar kunnen worden vastgesteld 
zouden ze daarom, in theorie, bruikbaar kunnen zijn om een hypertensieve 
urgentie van een hypertensief spoedgeval te onderscheiden. De vraag is echter of 
de retinale afwijkingen een onderscheid kunnen maken tussen patiënten die 
moeten worden opgenomen voor intraveneuze behandeling en patiënten waarbij 
kan worden volstaan met orale medicatie.  
 
In het algemeen zijn er twee onmiddellijke risico’s die een snelle maar gecontro-
leerde verlaging van de bloeddruk noodzakelijk maken: cerebrale hypo- of 
hyperperfusie veroorzaakt door een falende CA en acute nierinsufficiëntie. In 
hoofdstuk 8 lieten we zien dat patiënten met een ernstige hypertensie en graad 
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III of IV retinopathie een gestoorde CA hebben, er op duidend dat in theorie 
zelfs bij een geringe verlaging van de bloeddruk cerebrale ischemie zou kunnen 
ontstaan. Om cerebrale hypo- of hyperperfusie te voorkomen is intraveneuze 
behandeling te prefereren omdat orale bloeddrukverlagende medicatie een 
onvoorspelbare of te langzame werking heeft. Hoewel de retinopathie van 
maligne hypertensie geassocieerd is met een gestoorde CA, is het de vraag of 
onderzoek van de retina voldoende kan discrimineren tussen een falende en een 
intacte CA. Bij patiënten met een hypertensieve encephalopathie kan worden 
verwacht dat de CA gestoord is, echter bij deze patiënten zijn niet altijd retinale 
afwijkingen aanwezig.10 Andersom hebben niet alle patiënten met bloedingen en 
exsudaten een falende CA. Bij de groep patiënten uit hoofdstuk 8 en 9 bleek een 
ernstig gestoorde CA, gedefinieerd als een fasevoorloop < 30%,11 in 10 van de 
15 (67%) patiënten met maligne hypertensie aanwezig, maar was de CA 
normaal (fasevoorloop > 50%) bij 4 van de 15 patiënten. Gegevens over de CA 
bij patiënten met ernstige hypertensie, maar zonder retinale afwijkingen 
ontbreken. Daarom moet de negatief voorspellende waarde van deze retina-
afwijkingen nog worden vastgesteld. Het zorgvuldig vaststellen van de klinische 
verschijnselen die passen bij een hypertensieve encephalopathie blijft dus 
onmisbaar bij patiënten met een (verdenking op) een hypertensieve crise, 
onafhankelijk van de retinale bevindingen. In toekomstige studies zouden 
gegevens over de integriteit van de CA in ernstig hypertensieve patiënten zonder 
retinale afwijkingen verder onderzocht moeten worden om de onderscheidende 
waarde van de retina-afwijkingen bij maligne hypertensie vast te stellen.  
 
De overleving van maligne hypertensie is sterk verbeterd. In de groep patiënten 
uit hoofdstuk 3 was de overleving meer dan 90% na 4 jaar en werd het over-
lijden in de meeste gevallen veroorzaakt door niet-cardiovasculaire oorzaken. 
Daarentegen had bijna 20% nierfunctievervangende therapie nodig, erop 
duidend dat nierinsufficiëntie een belangrijke complicatie van maligne 
hypertensie is. In hoofdstuk 4 lieten we zien dat een TMA vaak bij maligne 
hypertensie wordt gezien en sterk geassocieerd is met een slechtere nierfunctie 
bij presentatie, maar dat herstel van nierfunctie tijdens bloeddrukbehandeling 
kan optreden, ook als bij opname tijdelijk nierfunctievervangende therapie nodig 
was. Een snelle verlaging van de bloeddruk zou de kans op het herstel van 
nierfunctie kunnen vergroten, echter een te grote bloeddrukdaling zou de door-
bloeding van een al beschadigde nier verder kunnen compromitteren. Een 
onmiddellijke en gecontroleerde verlaging van de bloeddruk met intraveneuze 
therapie lijkt dus bij patiënten met een TMA aangewezen. Net als bij de CA, is 
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de voorspellende waarde van de retinale afwijkingen die met maligne hyper-
tensie zijn geassocieerd voor het vaststellen van TMA niet bekend. In hoofdstuk 
6 en 7 lieten we zien dat bij achtereenvolgende patiënten die werden opgenomen 
met een hypertensieve crise, patiënten met een graad III of IV retinopathie een 
ernstigere TMA en nierfunctiestoornissen hadden dan patiënten zonder retinale 
afwijkingen. Niettemin, hadden enkele patiënten zonder retinopathie aanwij-
zingen voor een TMA (hoofdstuk 7). Als men de retinopathie van maligne 
hypertensie als een diagnostische test voor TMA beschouwt volgens de definitie 
die wij hanteerden in hoofdstuk 5, is de sensitiviteit 71% voor het vaststellen 
van een TMA. Ofwel 29% van de patiënten met een TMA had geen graad III of 
IV retinopathie (aantal foutnegatieven). Hoewel deze gegevens zijn afgeleid uit 
een relatief klein cohort van 40 patiënten, laat het zien dat het retina-onderzoek 
onvoldoende kan discrimineren tussen de aan- of afwezigheid van TMA.  

Om de identificatie van patiënten met een hypertensief spoedgeval te 
verbeteren, zou men kunnen overwegen om de huidige definitie te vervangen 
door een definitie waarin de klinische criteria voor hypertensieve ence-
phalopathie en laboratorium criteria voor TMA zijn opgenomen (zie tabel 1).  
 
Tabel 1 Voorgestelde definitie van maligne hypertensie. 
 
Ernstige hypertensie (Diastolische bloeddruk meestal boven de 120 mmHg) en 1 of meer 
van de volgende: 
 
1. klinische symptomen passend bij cerebrale complicaties: onverklaarde verlaging van 
het bewustzijn, delirium, verwardheid, gegeneraliseerde of focale epilepsie of 
visusdaling. 
 
2. retinale afwijkingen passend bij graad III of IV retinopathie volgens de Keith, 
Wagener en Barker classificatie. 
 
3. verlaagd aantal bloedplaatjes met ofwel een verhoogd LDH ofwel aanwezigheid van 
fragmentocyten in een perifere bloeduitstrijk.  
 
 
Behandeling 
De behandeling van maligne hypertensie is gebaseerd op het idee dat een 
bloeddrukverlaging van ~25% in minuten tot uren resulteert in een veilig gebied 
waarin de cerebrale bloedstroom constant kan worden gehouden, de zoge-
noemde plateau fase van de CA.4 In hoofdstuk 8 lieten we zien dat zowel de 
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statische als dynamische CA gestoord waren bij patiënten met maligne 
hypertensie zonder dat er aanwijzingen waren voor een plateau fase. Dit 
betekent dat de consensus van een ~25% reductie van de gemiddelde arteriële 
bloeddruk gebaseerd is op een incorrecte veronderstelling. Eerdere gevals-
beschrijvingen hebben laten zien dat snelle bloeddrukverlagingen van meer dan 
50% aanleiding kunnen geven tot een ischemisch CVA en overlijden.12-14 In 
theorie zouden kleinere bloeddrukdalingen kunnen leiden tot een verergering 
van de cerebrale hyperperfusie en cerebraal oedeem. Een initiële bloeddruk-
verlaging van niet meer dan ~25% in de eerste minuten tot uren (afhankelijk van 
de ernst) wordt daarentegen goed getolereerd en lijkt daarom een terechte 
aanbeveling. De vraag is voor welke periode een dergelijke reductie van de 
bloeddruk moet worden gehandhaafd. Dit zou kunnen afhangen van de tijd die 
nodig is voor de CA om te herstellen. Voorlopige data suggereren dat de initiële 
afwijkingen in de CA een week na opname weer grotendeels zijn hersteld 
(ongepubliceerde observaties). Daarom lijkt het huidige advies om de bloeddruk 
gedurende “enkele dagen” op het initiële niveau van 25% onder de bloeddruk bij 
presentatie te handhaven een terechte aanbeveling.15  
 
Tenslotte zijn er geen studies die het effect van verschillende intraveneuze 
bloeddrukverlagende geneesmiddelen op cardiovasculaire eindpunten bij 
maligne hypertensie hebben onderzocht. Door de lage incidentie van maligne 
hypertensie is het niet te verwachten dat deze studies in de nabije toekomst 
zullen verschijnen. We beperkten ons daarom tot vergelijking van het effect van 
SNP en labetalol op de cerebrale bloedstroom en de systemische hemodynamiek 
(hoofdstuk 9). Hoewel labetalol en SNP even effectief waren in het verlagen van 
de bloeddruk, resulteerde behandeling met SNP in een grotere daling van de 
bloedstroom in de middelste hersenslagader en systemische weerstand, wat 
suggereert dat bloed van de hersencirculatie wordt weggeleid. Een dergelijke 
deviatie van de bloedstroom tijdens behandeling met SNP is ook beschreven 
voor de kransvaten van het hart (hoofdstuk 1) en zou het risico op cerebrale 
hypoperfusie kunnen vergroten. Het gevonden verschil van 10% tussen SNP en 
labetalol met betrekking tot de stroomsnelheid in de middelste hersenslagader 
hoeft geen klinisch belangrijk verschil te zijn, maar zou voldoende kunnen zijn 
om cerebrale hypoperfusie te veroorzaken in situaties waarbij de cerebrale 
circulatie gecompromitteerd is, zoals bij ouderen en bij patiënten met athero-
sclerose. Het nadelige effect van SNP op de cerebrale bloedstroom boven de 
reeds bekende nadelen van dit middel maken dat labetalol misschien een beter 
alternatief is voor de behandeling van maligne hypertensie.  
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