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ABSTRACT 

Hypertension affects approximately 30% of the population worldwide. It is a serious disease, expensive 

to treat, and can lead to long-term morbidity and mortality. Young hypertension, defined as hyperten-

sion occurring in patients aged 40 or younger, is now seen more frequently. A correct and holistic ap-

proach in the evaluation of patients with suspected young hypertension is essential, as the underlying 

cause is demonstrable in more than half of the cases. Among these causes include primary aldosteron-

ism, phaeochromocytoma, Cushing’s syndrome, renal parenchymal disease and renal artery stenosis. 

The detection of these causes is important as it provides an opportunity to convert an incurable disease 

into a potentially curable disease, hence avoiding the long-term sequelae and complications of hyper-

tension.  
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INTRODUCTION 

Hypertension is a major long-term health 

condition, and is the leading cause of prema-

ture death among adults throughout the 

world. It is now established that hypertension 

detected at young age is not uncommon. 

Young hypertension is defined as hyperten-

sion diagnosed in patients at the age of less 

than 40 years. The challenges faced by clini-

cians include how to distinguish young or sec-

ondary hypertension from essential hyperten-

sion. 

Review Article 

Correspondence author: Norlela SUKOR 

Endocrine Unit, Department of Medicine,  
Universiti Kebangsaan Malaysia Medical Centre,  

Jalan Yaacob Latif, 56000 Cheras, Kuala Lumpur, 
Malaysia. Tel: +60391456087, Fax: +60391456679. 

E mail: drlela2020@yahoo.com 

 Hypertension in the young can be 

been attributed to some underlying causes. 

This view stems from the study by Platt, who 

demonstrated secondary causes in 75% of 64 

hypertensive patients under the age of 40. 1 

In another study looking at 127 young hyper-

tensive patients, an identifiable cause was 

found in 57%. 2  The incidence of secondary 

hypertension is variably estimated between 

five and 10%. 3  The detection of a secondary 

cause is of important as it provides an oppor-

tunity to convert an incurable disease into a 

potentially curable disease. 

 

 A number of rare causes of secondary  
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hypertension have been identified. However, 

this review will focus only on the more com-

mon secondary causes and the diagnostic 

approach. 

General clinical approach 

Before instituting laborious evaluations in a 

young patient with hypertension, the clinician 

must be certain that the blood pressure read-

ings obtained are indicative of the patient’s 

blood pressure level. It is crucial to establish 

that the blood pressure measurement meth-

ods are valid and accurate as per established 

guidelines. 4 Lack of attention to proper 

measurement techniques (including using an 

appropriate arm-cuff size, allowing a full 5-

minute resting in a seated position, and keep-

System Diseases Important history Clinical findings 

Endocrine 

Primary aldosteronism 

Difficult to control blood pressure,  
hypertension with hypokalaemia, 

family history of intracerebral  
haemorrhage 

Muscle or body weakness 

  

Phaeochromocytoma 
Headaches, palpitation and/or  

sweating 

Significant postural drop or  

fluctuating blood pressure 

Cushing’s syndrome 

Easy bruising, unable to stand up 

from a squatting position, weight 
gain, fracture due to osteoporosis 

  

Cushingoid appearance, facial plethora, 

thin skin, reddish  
purple striae, proximal myopathy 

  

Acromegaly 
Increasing in ring and/or shoe size, 
enlargement of extremities or visual 
disturbance, headache 

 

Frontal bossing, thickening of the nose, 
macroglossia, prognathism 

  

Hyperthyroidism 

or 
Hypothyroidism 

Weight loss, palpitation, irritability 

 
Cold intolerance, tiredness and 
weight gain  

Goiter, exophthalmos 

   
Dry skin, ccoarse, brittle, straw like hair, 
goitre 

Hyperparathyroidism 

Polyuria, kidney stones, bone/joint 

pain, depression, epigastric pain 
  

Muscle weakness, depression 
  

Other mineralocorticoid hyperten-
sion (e.g., apparent mineralocorti-

coid excess, Liddle’s syndrome) 

Hypertension with hypokalaemia Muscle or body weakness 

Renal Renal parenchymal disease 

Reduced urine output, facial or lower 

limb swelling, hypertension,  
haematuria 

Facial or lower limb oedema, anaemia 

  Renal artery stenosis 

Difficult to control blood pressure, 

sudden deterioration in kidney func-
tion 

Renal bruit 
  

  Polycystic kidneys 
Haematuria or flank pain or recurrent 

urinary infections 

Ballotable kidneys 

  

Cardiovascular Coarctation of aorta Hypertension, chest pain 
Systolic murmur at left infra-clavicular 
area, blood pressure difference >20 

mmHg between arms and legs 

Others Systemic lupus erythematosus 

Small joint pain, mouth ulcers,  

rashes 
  

Malar rash, small joints polyarthropathy, 
oral ulcers, alopecia 

  Obstructive sleep apnoea Snoring or fall asleep during daytime Morbid obesity 

  Exogenous drug use 
Drug abuse or taking over-the-
counter medications  

Cushingoid appearance (if exogenous 
drug contain steroids) 

Table 1. Causes of secondary hypertension. 

minute resting in a seated position, and keep-

ing the upper arm at heart level) can lead to 

false diagnoses of hypertension. Once the 

diagnosis is confirmed, evaluation of second-

ary causes should be pursued. Ambulatory 

blood pressure monitoring may be useful in 

certain patients due to diurnal variation. 

 

 A detailed medical history and review 

of systems should be obtained, complement-

ed with a careful and complete physical ex-

aminations. These will provide information 

and guidance to the diagnostic approach. Ta-

ble 1 illustrates some of the causes of sec-

ondary hypertension and the relevant history 

and clinical findings. 
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Primary Aldosteronism 

Primary Aldosteronism (PA) is characterised 

by overproduction of aldosterone by the ad-

renal cortex which causes salt and water re-

tention, resulting in hypertension and potas-

sium wasting, eventually leading to hypoka-

laemia. PA was previously considered to be a 

rare cause of hypertension, accounting for 

less than 1% of cases and only considered in 

patients with demonstrated with hypokalae-

mia. However, recent evidence has showed 

that PA is the most common specifically treat-

able and potentially curable form of hyperten-

sion, accounting for approximately 5-10% of 

cases. 5-7 Importantly, hypokalaemia is only 

present in a minority of patients (9-37%) 8 

and normokalaemic hypertension constitutes 

the most common presentation of the dis-

ease. 

 

 Screening for PA involves measure-

ment of plasma aldosterone concentration/ 

plasma renin activity (PAC/PRA) ratio [or al-

dosterone/renin ratio (ARR)]. Plasma ARR is 

widely regarded as the most reliable screen-

ing test for PA. Although the ARR is predomi-

nantly renin-dependent, the reliability of al-

dosterone measurement is also critical for 

accurate determination of the ARR, and 

appropriate interpretation of results.  

 

 Many factors can affect the ARR result 

and compromise its sensitivity and specificity. 

The most common confounders are anti-

hypertensive medications 9 (Table 2). β-

blockers, α-methyldopa and clonidine are 

known to cause false positive ratios, while 

false negatives may be encountered with diu-

retics (including spironolactone and ami-

loride), dihydropyridine calcium channel an-

tagonists, angiotensin-converting enzyme in-

hibitors (ACE-Is) or angiotensin II receptor 

blockers (ARBs). 9-11 Diuretics should be with-

held for at least four weeks, and β-blocker, α-

methyldopa, clonidine, dihydropyridine calci-

um channel antagonists, ACE-Is and ARBs 

should be withheld for at least two weeks pri-

or to ARR testing. 12, 13 Other agents that have 

lesser effect on the ratio such as slow release 

verapamil (with or without hydralazine) or 

prazosin are used to control the blood pres-

sure during this period. 9, 13 Hypokalaemia 

must be corrected prior to the testing as po-

tassium influences aldosterone secretion and 

low potassium levels may be associated with 

false negative ratios. An ARR greater than 100 

(plasma aldosterone in pmol/L, direct renin in 

mU/L) or 30 (plasma aldosterone in ng/dl, 

Medications Renin Aldosterone Effects 

No effect 

Non-dihydropyridine calcium channel blocker (verapamil) 
Alpha blockers 

Hydralazine (with verapamil) 

  

Minimal 
Nil 

Minimal 

  

Minimal 
Nil 

Minimal 

  

No effect 
No effect 

No effect 

False negative effect 

Diuretics (including spironolactone and amiloride) 
ACE inhibitors 

Angiotensin receptor blockers 
  
Minoxidil 

Dihydropyridine calcium channel blocker (Amlodipine) 

  

Increased markedly 
Increased 

Increased 
  
Increased 

Minimal increased 

  

Increased 
Decreased 

Decreased 
  
Minimal 

Minimal decreased 

  

False negative 
False negative 

False negative  
(probably similar to ACEI) 
False negative 

False negative 

False positive effect 

Β-blockers 
α-methyldopa 

Clonidine 

  

Decreased 
Decreased 

Decreased 

  

Minimal decreased 
Minimal decreased 

Minimal decreased 
  

  

False positive 
False positive 

False positive 

Table 2: Reported effects of drugs on the aldosterone/renin ratio. 
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direct renin in ng/ml/h) is considered highly 

suggestive of PA. However, different centres 

use different cut-off values. Some centres use 

the ARR alone (14) while others use a combi-

nation of the ARR with absolute PAC levels. 8, 

15, 16 

 

 As ARR is only a screening test, all 

positive results should be followed by a con-

firmatory test to definitively confirm or ex-

clude the diagnosis of PA. The Endocrine Soci-

ety Guideline recommends any of the four 

confirmatory tests commonly used; fludrocor-

tisone suppression, saline infusion, oral salt 

loading and captopril challenge tests. Current-

ly, there is insufficient evidence to recom-

mend one over the other. The procedure and 

interpretation is as shown in Table 3.  

 

 It should be emphasised that all of 

the confirmatory tests have risks and should 

be used with care in patients with compro-

mised left ventricular cardiac function. Con-

firmatory tests requiring oral or intravenous 

sodium loading should be avoided, or at least 

administered with great caution in patients 

with uncontrolled hypertension or congestive 

heart failure.  

 

 All patients with confirmed PA, should  

Type of tests Methods Confirmation of primary aldosteronism 

Fludrocortisone suppression test Fludrocortisone acetate (0.1 mg every 6 h), Slow Na 

(30 mmol thrice daily) and sufficient dietary salt to 

maintain a urinary excretion rate of at least 3 mmol 

sodium/kg/day, with sufficient potassium supplemen-

tation (given every 6 h) to maintain normokalaemia 

Upright PA > 6 ng/dl ( 166 pmol/l) at 1000 

on day 4, provided upright PRA < 1.0 ng/ml/

h, lower cortisol level at 1000 than 0700, 

and normal plasma potassium 

IV saline suppression test IV infusion of 2L of 0.9% sodium chloride over 4 h 

(500 ml/h) 

Post-infusion PA > 5 or > 10 ng/dl  (139 or 

277 pmol/l) 

Oral sodium load Oral sodium chloride supplementation 

(300 mmol of sodium per day for 3 days) and potassi-

um supplementation (if required) to maintain normo-

kalaemia 

Urinary aldosterone on the third day > 12 or 

> 14 ug (33 or 39 nmol)/24 h, and urinary 

sodium > 200 mmol in 24 h 

Captopril suppression test Measurement of ARR 2 h after oral 25-50 mg capto-

pril 

Post-captopril ARR > 12 (ng/dl) /(ng/ml/h) 

or 40 (pmol/L)/(mU/L) AND PA > 12 ng/dL 

(330 pmol/L) 

undergo adrenal computed tomography (CT) 

scanning as the initial study in subtype test-

ing, and to exclude large masses that may 

represent adrenocortical carcinoma (Figure 

1). However, adrenal CT lacks reliability as it 

fails to detect many (at least half in some se-

ries 12, 17 aldosterone producing adenomas 

(APAs), and yet may demonstrate non-

functioning nodules in the contralateral gland 

and apparently unilateral lesions in patients 

with bilateral adrenal hyperplasia (BAH). In a 

systematic review of 38 studies in a total of 

950 patients with PA, adrenal CT/magnetic 

resonance imaging (MRI) results were dis-

cordant with results of adrenal venous sam-

pling (AVS) in 359 of 950 patients (38%). If 

only CT/MRI results are used to determine 

lateralisation, inappropriate exclusion from 

surgery would occur in 19%, inappropriate 

surgery 15% and surgery on the wrong side 

in 4%. 18 Therefore, it is importance that clini-

Figs. 1: a) Computed tomography scan showing a  

9-mm left adrenal aldosterone producing adenoma 

(arrow), and b) left adrenocortical carcinoma. 

Table 3: Different confirmatory tests used to diagnose primary aldosteronism. 
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cians do not use imaging studies as the first 

line of investigation as confirmation of diag-

nosis can only be proven with biochemical 

testing. The presence of a nodule/mass on 

imaging does not indicate the activity or func-

tionality of a particular mass. Most incidental-

ly found nodule/mass on imaging are non-

functioning tumour, the so called ‘incide-

ntalioma’ 

 

 AVS is considered the gold standard 

for differentiating unilateral from bilateral PA. 

Lateralisation of aldosterone excess is man-

datory to guide the management as treat-

ment differs. APA is treated with unilateral 

adrenalectomy, whereas targeted medical 

therapy is the treatment approach for bilat-

eral PA. Unilateral adrenalectomy may result 

in cure of hypertension in 50-60% with signif-

icant improvement in the remainder. 22 Quali-

ty of life has been shown to improve marked-

ly following adrenalectomy with restoration of 

normokalaemia in all patients. 20, 21  

Phaeochromocytoma/Paraganglioma 

Phaeochromocytoma is defined as a tumour 

arising from the catecholamine-producing 

chromaffin cells in the adrenal medulla, 

whereas closely related tumours of extra-

adrenal sympathetic or parasympathetic 

paraganglia are classified as extra-adrenal 

paragangliomas. In general, approximately 

80% of phaeochromocytomas are located in 

the adrenal medulla. 19) Pheochromocytomas 

and paragangliomas are rare and occur in 

approximately 0.05% to 0.1% of patients 

with sustained hypertension.  

 

 Improvements in genetics, diagnosis, 

and treatment of phaeochromocytomas have 

changed the approaches to these tumours. 23 

The formerly used rule of 10% for phaeochro-

mocytoma is no longer applied. Currently, it 

is estimated that at least 24% to 27% of 

phaeochromocytomas or paragangliomas are 

associated with known genetic mutations. 24, 

25 Pheochromocytomas may occur sporadical-

ly or as part of a hereditary syndrome. He-

reditary phaeochromocytoma is associated 

with the von Hippel-Lindau (VHL) syndrome, 

neurofibromatosis type 1 (NF-1), multiple 

endocrine neoplasia type 2 (MEN-2A or MEN-

2B), and familial paragangliomas and phaeo-

chromocytomas due to germ-line mutations 

of genes encoding succinate dehydrogenase 

subunits B, C, and D (SDHB, SDHC, SDHD). 

 

 Who should be screened for genetic 

mutations and what cost-benefit factors 

should be considered? At present, genetic 

testing is not recommended for every case as 

it is not cost-effective. It is recommended in 

cases with high genetic predisposition for he-

reditary phaeochromocytoma, such as pa-

tients with onset of hypertension at aged less 

than 20 and/or in those found to have bilat-

eral phaeochromocytoma. 26 Before choosing  

the appropriate genetic test, the biochemical 

profile of catecholamine secretion, patient’s 

age, localisation of the primary tumour and 

previous family history must be carefully 

evaluated. Specifically, MEN-2 and NF-1-

related phaeochromocytomas always secrete 

epinephrine; VHL-related phaeochromocyto-

mas secrete norepinephrine; and some SDHB

-related paragangliomas causes elevation of 

dopamine together with norepinephrine. MEN-

2, VHL, and NF-1 tumours are almost always 

found in the adrenal gland, whereas SDHB-

related tumours are found in the extra-

adrenal locations. In patients with malignant 

disease secondary to extra-adrenal paragan-
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gliomas, almost 50% will have SDHB muta-

tions. The implications of identifying a 

germline mutation are profound. It may help 

to predict patient at risk of multifocal tumours 

or risks of malignancy, recurrent disease and 

risks to other family members early. 

 

 Diagnosis relies heavily on biochemi-

cal evidence of catecholamine production. 

Catecholamines are metabolised within chro-

maffin cells to metanephrines, and this pro-

cess occurs independently of catecholamine 

release. Recent studies have showed that 

measurements of fractionated metanephrines 

(ie, normetanephrine and metanephrine 

measured separately) in urine or plasma pro-

vide superior diagnostic sensitivity over 

measurement of the parent catecholamines.  

27, 28 Plasma fractionated metanephrines has a 

sensitivity and specificity of 98% and 92%, as 

compared to urinary catecholamines, 85% 

and 86% respectively. A raised plasma meta-

nephrine of more than 4-fold above the upper 

reference limit is associated with close to 

100% probability of the tumour. 29 In patients 

with levels of plasma metanephrine above the 

upper reference limit but less than 4-fold, 

should undergo clonidine suppression test 

together with measurements of plasma cate-

cholamines and normetanephrine. 29 

 

 The next step is tumour localisation is 

imaging with either CT or MRI (Figure 2). 

These two imaging modalities offer excellent 

sensitivity, but lack specificity. 30 [123I]-

labeled metaiodobenzylguanidine scintigraphy 

([123I]-MIBG) overcomes the specificity limita-

tions of anatomical imaging. However, [123I]-

MIBG is less sensitive in familial paragangli-

oma syndromes, extra-adrenal paragangli-

omas and malignant disease. 31, 32 Hence, 

newer compounds such as [18F]-

flurodopamine ([18F]-FDA), [18F]- fluorodihy-

droxyphenylalanine ([18F]-FDOPA), and [18F]-

fluoro-2-deoxy-D-glucose ([18F]-FDG) have 

emerged for use in positron emission tomog-

raphy (PET). [18F]-FDA PET imaging have 

been shown to be more superior to [131I]-

MIBG scintigraphy, especially in malignant 

tumours (33). Recent studies have demon-

strated that most phaeochromocytomas show 

uptake of [18F]-FDG PET. [18F]-FDG has been 

shown to be more superior in the evaluation 

of metastatic SDHB-associated adult phaeo-

chromocytoma and paraganglioma. 34 Cur-

rently, functional imaging is recommended on 

all phaeochromocytomas and paragangli-

omas, except adrenal phaeochromocytomas, 

with raised plasma or urine metanephrine and 

are less than 5 cm in diameter. Surgery has 

been the main treatment of phaeochromocy-

toma and paraganglioma.  

Fig. 2: A computed tomography scan showing a right 

adrenal phaeochromocytoma (box). 
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Cushing’s syndrome 

Cushing’s syndrome is a disease caused by 

different aetiologies that is characterised by 

excess glucocorticoid secretion. The hyper-

tension can be severe and is associated with 

a lack of a normal nocturnal decline in blood 



pressure. The syndrome should be suspected 

in patients with depression and those pre-

senting with clinical features predictive of 

Cushing’s such as easy bruising, facial pletho-

ra, reddish purple striae, proximal myopathy, 

unexplained osteoporosis and in children, 

weight gain with decreasing growth velocity.  

 

 The diagnosis of Cushing’s syndrome 

remains a challenge, especially in mild cases. 

Recently, the Endocrine Society has devel-

oped a clinical practice guideline and recom-

mends one of the following tests as an initial 

testing: 35  

• Urinary free cortisol (UFC) – at least two meas-

urements 

• Late night salivary cortisol - two measure-

ments 

• 1-mg overnight suppression test (DST) 

• Longer low-dose DST (2 mg/d for 48h) 

 

 It is important to obtain a detailed  

drug history to exclude excessive exogenous 

glucocorticoid exposure (iatrogenic Cushing’s 

syndrome) prior to conducting these bio-

chemical testing. Traditional medications that 

contain glucocorticoid are widely used for the 

treatment of various conditions such as joint 

pain, eczema and chronic cough. It is also 

important to be aware that all forms of gluco-

corticoid delivery have the potential to cause 

Cushing's syndrome. 

 

 If the initial test is abnormal, either 

dexamethasone-CRH test or midnight serum 

cortisol test is recommended. As the levels of 

UFC in a patient with Cushing’s syndrome are 

variable, at least two collections are required. 

The guideline recommends using the upper 

limit of normal for the particular assay as the 

criterion as a positive test provided the creat-

inine shows a complete collection and there is 

not excessive volume. For salivary cortisol, 

the level in normal subjects are less than 145 

ng/dl (4 nmol/l) at bedtime, or between 2300 

and 2400 hours. The late night salivary corti-

sol has a sensitivity and specificity of 92-

100% and 93-100% respectively. 36 Failure to 

suppress cortisol to less than 1.8 ug/dl (50 

nmol/l) with the 1-mg DST has a sensitivity 

and specificity rates of >95% and 80% re-

spectively. 37 The 48-hr 2 mg/d low dose DST 

(LDDST) is the preferred initial test in certain 

psychiatric disorders (depression and anxie-

ty), morbid obesity, alcoholism and diabetes 

mellitus due to its improved specificity com-

pared to the 1-mg DST. These conditions 

cause hypercortisolism that is not autono-

mous and the measurement of UFC is less 

useful. Using the same cut-off value as the 1-

mg DST, the sensitivity approaches 95% and 

specificity 70%. 38  

 

 To improve the sensitivity of LDDST, a 

combined CRH stimulation test is advocated. 

Dexamethasone suppresses the serum cortisol  

in individuals without Cushing’s syndrome, 

but also in a small number of patients with 

Cushing’s disease. With CRH administration, 

patients with Cushing’s disease should re-

spond with an increase in ACTH and cortisol. 

A sensitivity of 98% and specificity of 60% 

has been reported for the dexamethasone-

CRH test. 39 In patients with Cushing’s syn-

drome, the nocturnal nadir of serum cortisol 

values is lost. In one study, a midnight serum 

cortisol greater than 1.8 ug/dl (>50 nmol/l) 

was reported to have 100% sensitivity for the 

diagnosis of Cushing’s syndrome. 38 In cases 

of simple obesity that has a mildly elevated 

UFC but without suppression with DST, a mid-

night serum cortisol less than 1.8 ug/dL effec-
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tively excludes Cushing’s syndrome.   

 

 Once biochemical diagnosis of Cush-

ing’s syndrome has been established, imaging 

studies are used to localised the aetiology. 

These comprises of the adrenocorticotrophic 

hormone (ACTH)-dependent forms (ACTH-

secreting pituitary adenomas- Cushing’s dis-

ease [85%] and ectopic ACTH-secreting tu-

mours [15%]), and the ACTH-independent 

forms (cortisol-secreting adrenal adenomas, 

carcinomas or bilateral nodular hyperplasia). 

The adrenal glands should be imaged with CT 

or MRI in ACTH independent cases and pitui-

tary in ACTH-dependent cases. It is of im-

portant to be aware that pituitary adenomas 

are visible on imaging in only 60% of cases. 

Therefore, a normal MRI pituitary does not 

rule out the disease.  

 

 The treatment of Cushing’s syndrome 

is usually resection of the tumour. However, 

even in experienced hands, remission barely 

reach 80%. 40 Importantly, treatment of 

moderate to severe Cushing’s syndrome 

clearly reduces mortality and morbidity.  

 Renal parenchymal disease may be 

caused by any disease of the renal parenchy-

ma either involving the glomerular or inter-

stitium such as post-infectious glomerulone-

phritis, focal segmental sclerosis, crescentic 

glomerulonephritis, renal vasculitis, lupus 

nephritis, polycystic kidney disease or chronic 

interstitial nephritis. Chronic glomerulone-

phritis and pyelonephritis were previously 

common causes of young hypertension sec-

ondary to renal parenchymal disease. 2   

  

 When a patient is first seen with hy-

pertensive crisis, it is of foremost important 

to evaluate the renal function through a renal 

chemistry profile and a complete urinalysis. 

Other more detailed tests (e.g., urine phase 

contrast, serum protein electrophoresis, etc.) 

may be appropriate depending on individual 

cases or clinical scenario. Although abnormal-

ities may be the result of the hypertension, 

evaluation of acute renal processes such as 

glomerulonephritis, renal artery embolism, 

worsening of ischaemic nephropathy and ob-

structive uropathy should be considered. 41 

Prompt evaluation of the renal function and 

the degree of proteinuria are mandatory in all 

patients with difficult to control or worsening 

blood pressure. Many interstitial disease of 

the kidney may present with only minor de-

fects of tubular function prior to any discerni-

ble decline of the GFR. Therefore, close follow

-up and serial surveillance are needed to 

identify underlying renal disease. Diagnosis of 

the different types of renal parenchymal dis-

eases can be obtained through renal biopsy 

and /or renal imaging. 

Renal Parenchymal Disease 

Renal parenchymal disease is a common but 

often unrecognised cause of hypertension. 

Chronic kidney disease and hypertension may 

coexist. Essential hypertension is an im-

portant cause of chronic kidney disease and 

renal parenchymal disease is a well-

established cause of secondary hypertension. 

Renal parenchymal disease accounts for ap-

proximately 2.5-5.0% of all cases of systemic 

hypertension. Secondary hypertension may 

accelerate the decline in renal function if in-

adequately controlled.  
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Renal Artery Stenosis 

Renal artery stenosis (RAS) can be due to 

either an atherosclerotic process or fibromus-



cular dysplasia, both of which will result in 

hypertension. Fibromuscular dysplasia occurs 

mostly in children and young adults, especial-

ly in women, whereas atherosclerotic plaques 

are seen in men over 45 who have risk fac-

tors for atherosclerosis. However, the trend 

has changed and more young patients are 

presenting with atherosclerotic disease. Ath-

erosclerotic RAS is primarily a disease of the 

renal artery ostium and the proximal one 

third of the renal artery. Since atherosclerosis 

is a systemic disease, RAS occurs in patients 

with other cardiovascular risk factors, and a 

substantial number of patients with athero-

sclerotic renal artery disease also have coro-

nary disease. 42  

 

 The American College of Cardiology/

American Heart Association (ACC/AHA) 

guidelines on peripheral arterial disease 

agree that screening for RAS is only indicated 

if a corrective procedure would be considered 

when clinically significant renovascular dis-

ease were detected. 43 The gold standard for 

diagnosing RAS is renal arteriography. How-

ever, a variety of less invasive tests have 

been evaluated for screening purposes. False 

negative tests are the major concern with all 

non-invasive tests, since patients with a po-

tentially correctable cause of hypertension 

will be missed. Non-invasive imaging with 

renal magnetic resonance angiography 

(MRA), Doppler ultrasonography, or CT has 

been used (Figure 3). MRA is promising and 

non-invasive. However, it has only been vali-

dated for the stenosis situated in the proxi-

mal 3-3.5 cm of renal arteries. Distal and 

segmental RAS were generally not analysed. 

The sensitivity of MRA was 90% for proximal 

RAS, 82% for main RAS, and 0% for segmen-

tal stenosis. Other tests such as selective 

renal renin measurements and captopril reno-

grams may further guide the decision of 

whether to perform revascularisation.  

  

 At present, there is no sufficiently ac-

curate, non-invasive radiologic or serologic 

screening test that will completely exclude the 

presence of RAS. Thus, a clinical index of sus-

picion and the presence or absence of renal 

insufficiency is the primary determinants of 

the degree and type of evaluation. Over the 

decade, effort has been made to identify pa-

rameters that will help discern patients who 

will most likely benefit from procedures. Renal 

artery resistive indices measured by Doppler 

ultrasound and venous brain natriuretic pep-

tide level have been demonstrated to be use-

ful in predicting responsiveness to renal artery 

revascularisation. 44, 45 In contrast to athero-

sclerotic RAS, renal artery fibromuscular dys-

plasia typically responds well to angioplasty 

without stenting. Since the disease involves 

the distal two third of the renal artery, most 

non-invasive imaging studies do not provide 

an adequate assessment of the distal two 

thirds of the renal arteries. Hence it is often 

necessary to perform arteriography if fibro-

muscular dysplasia is suspected.  
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Fig. 3. Magnetic resonance angiogram showing left 

renal artery stenosis (RAS). 



In general, patients with sudden onset of se-

vere hypertension or rapid deterioration of 

hypertension control or renal function should 

be considered for renal artery evaluation, 

particularly if they have concomitant athero-

genic risk factors. 

Diseases Screening tests Confirmatory tests 
Primary aldosteronism ARR Any one of four tests: 

FST 
SST 
OLT 
CCT 

Phaeochromocytoma Plasma/urine metanephrines Clonidine suppression test 
CT adrenals 
([123I]-MIBG) 

Cushing’s syndrome Any one of four tests: 
UFC – at least two measurements 
Late night salivary cortisol - two measurements 
1-mg DST 
Longer low-dose DST (2 mg/d for 48h) 

Dexamethasone-CRH test 
Midnight serum cortisol 
Adrenal CT/MRI pituitary 
  

Renal parenchymal disease Renal profile 
Urinalysis 

Renal biopsy 
Renal imaging 

Renal artery stenosis Captopril test 
Doppler ultrasonography 

Renal angiography 

Obstructive sleep apnea Symptoms (snoring, daytime hypersomnolence) Sleep study 
Systemic lupus erythematosus 

FBC, ANA, CRP, urinalysis ds-DNA, Renal/skin biopsy 
Coarctation of aorta Symptoms and signs( BP in arm > leg, ischaemic symptoms 

in lower extremities, systolic murmur in thorax) 
Aortography 
TO Echocardiography 

Footnote: ARR denotes aldosterone renin ratio; FST, fludrocortisones suppression test; SST, saline suppression test; OLT, oral sodium loading test; CCT, captopril 

challenge test; CT, computed tomography; ([123I]-MIBG, [123I]-labeled metaiodobenzylguanidine scintigraphy; UFC, Urinary free cortisol; DST, overnight dexame-

thasone suppression test; CRH, corticotrophin-releasing hormone; MRI, magnetic resonance imaging; FBC, full blood count; ANA, antinuclear antibody; CRP, C-

reactive protein; ds-DNA, double-stranded; deoxyribonucleic acid; BP, blood pressure; TOE trans-oesophageal 

CONCLUSION 

Hypertension in the young has been found 

with increasing frequency and is increasingly 

recognised as having significant short and 

long-term health consequences. Improved 

pharmacologic and non-pharmacologic thera-

pies offer potential for preventing or at least 

ameliorating early cardiovascular disease. A 

correct and holistic approach in the evalua-

tion of young patients with hypertension is 

essential as an identifiable condition can be 

detected in more than half of the cases. Iden-

tifying such patients is of great importance as 

this can lead to cure of the disease, obviating 

the need for long-term medical therapy with 
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World Health Day 2013: High Blood Pressure 

World Health Day 2013 activity held at the Royal Wharf in Bandar Seri Begawan on the 14th April 2013 in Brunei Darus-

salam organised by the Ministry of Health. The aerobic session was participated by members and families of the Ministry 

of Health, from the very young to the old. Other activities included free medical check, exhibitions on healthy lifestyle and 

eating to prevent hypertension and stalls selling healthy food. A report on ’World Health Day 2013: Control blood pres-

sure, prolong life’ will be published in the June 2013 issue of the Brunei International Medical Journal. 


