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SERIES EDITOR’S INTRODUCTION

Secondary forms of hypertension are not uncommon in clinical prac-
tice, but they are often overlooked or forgotten by clinicians in many
fields of medicine. Dr. George Mansoor’s volume on Secondary Hyper-
tension is an important contribution to the field of clinical hypertension
and vascular diseases, since it brings up to date the numerous diagnostic
and therapeutic advances in the evaluation for secondary types of hyper-
tension. In the past, textbooks usually stated that an etiology could be
determined in less than 5% of patients presenting with newly diagnosed
hypertension. We now know this is far too low a proportion (e.g., pri-
mary hyperaldosteronism alone may account for hypertension in 5% of
patients presenting with chronic elevations in blood pressure).

Secondary Hypertension has been thoughtfully organized into chap-
ters evaluating screening and diagnosis, as well as medical and/or sur-
gical intervention of the well-known etiologies of secondary
hypertension in adults and children. Additional coverage is given to such
exogenous or lesser appreciated causes of secondary hypertension as
obstructive sleep apnea and drugs. These sections make this book novel
because in the past little attention has been paid to the effects of noncar-
diac drugs that interfere with antihypertensive therapy or to exogenous
substances that might induce refractory hypertension.

As series editor of Clinical Hypertension and Vascular Diseases, 1
was delighted to learn of the superb authors recruited by Dr. Mansoor
during the development of this volume. Each chapter has been written by
an authority in his or her field. Secondary Hypertension will be of great
value to all students and physicians interested in hypertension research,
education, and practice for the years to come.

William B. White, Mp

Professor of Medicine

University of Connecticut School of Medicine,
Farmington, CT






PREFACE

Secondary Hypertension: Clinical Presentation, Diagnosis, and
Treatment reviews the essential clinical, diagnostic, and treatment aspects
of secondary hypertension. The need for such a book is great as knowl-
edge in this field has progressed rapidly and new and unique forms of
secondary hypertension are being described on a regular basis. How-
ever, such traditional disorders as renal artery stenosis, aldosteronism,
and pheochromocytoma have remained major considerations when sec-
ondary hypertension is suspected and still occupy a significant part of
our time as specialists in hypertension. The discovery of secondary hy-
pertension is important; it provides a potential cure for the patient, but
at other times provides physiological information on which the clinician
can base drug therapy. This book, therefore, covers in detail the forms
of secondary hypertension likely to be considered in persons with sug-
gestive clinical features or resistant hypertension.

Our knowledge regarding most forms of secondary hypertension has
grown significantly and our conventional impressions of some of these
have certainly changed. The availability of magnetic resonance imaging
has helped us in the evaluation of coarctation of the aorta and renal artery
stenosis. Reliable biochemical tests allow us to screen relatively easily
for a variety of endocrine causes of hypertension. In terms of treatment,
we have a vast array of drugs available to treat hypertension, but also
interventional therapy directed at the form of secondary hypertension,
e.g., surgery or anti-aldosterone drugs. Finally, it is becoming clear that
some disorders contribute more often to hypertension than previously
believed; this is the case with obstructive sleep apnea and possibly pri-
mary aldosteronism. There is a need for a book collating and updating
knowledge in this area; the causes and management of secondary hyper-
tension span several traditional disciplines, including internal medicine,
nephrology, cardiovascular medicine, endocrinology, and pulmonology.
Each chapter gives a concise approach to its topic and therefore can be
read on its own.

Chapter 1 discusses the most common reason that an evaluation for
secondary hypertension is performed: refractory hypertension. With
today’s lower goals for blood pressure, we may need to re-examine how
we define refractory hypertension. In Chapter 2, Dr. Ehud Grossman and
Dr. Franz Messerli consider the exogenous causes of hypertension. They
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review old and new culprit substances that raise blood pressure and
discuss possible mechanisms for their undesirable actions.

Part Il reviews renal disease and secondary hypertension. In Chapter
3, Dr. Robert Toto tackles the area of renal disease and hypertension.
Hypertension is almost universally found in the presence of renal disease
and may have a role in the progression of intrinsic renal disorders. Dr.
Toto reviews current approaches to evaluating and managing hyperten-
sion in this setting. Dr. Sumeska Thavarajah and Dr. William White
(Chapter 4) provide a comprehensive account of diagnostic strategies
for renovascular hypertension and renal artery stenosis. Chapter 5 is
devoted to the role of interventional therapies such as balloon angioplasty
and stenting in the management of renovascular hypertension. In Chap-
ter 6, Dr. Vincent Canzanello reviews important information regarding
the medical treatment of renovascular hypertension and emphasizes that
the majority of patients can be controlled medically. A debate continues
in the literature about the relative merits of medical vs interventional
treatments for renovascular hypertension. Finally, secondary hyperten-
sion caused by excessive renin production, as in renin-producing tu-
mors, is reviewed by Dr. Timothy Reudelhuber in Chapter 7.

Part III covers adrenal medullary and cortical causes of secondary
hypertension. Dr. William Young (Chapter 8) reviews expertly the diag-
nostic strategy for primary aldosteronism, and Dr. Emmanuel Bravo
(Chapter 9) reviews the treatment aspects of primary aldosteronism.
They emphasize the advantages of ambulatory screening of hyperten-
sive patients without hypokalemia as well as the fact that most patients
with bilateral adrenal hyperplasia can enjoy excellent blood pressure
control with medical treatment. The laparoscopic surgical removal of
aldosteronomas is detailed by Dr. Mihir Desai and Dr. Inderbir Gill
(Chapter 10) so as to make it understandable to both physicians and
surgeons. In Chapter 11, Dr. William Kendrick, Dr. Jean-Michel Achard,
and Dr. David Warnock then review the other forms of low-renin hyper-
tension, including monogenic forms. They emphasize the fact that all
these disorders cause hypertension through sodium retention. The last
chapter in this section, by Dr. Judith Whitworth, Dr. George Mangos,
and Dr. John Kelly (Chapter 12), reviews the mechanisms, clinical evalu-
ation, and treatment of hypertension from Cushing’s syndrome, result-
ing from a variety of pathological entities.

PartIV on adrenal medulla and hypertension is given detailed consid-
eration because pheochromocytoma can be a malignant condition. This
section not only considers pheochromocytoma, but other disorders mim-
icking it. In Chapter 13, Dr. Emmanuel Bravo leads the reader through
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asuperlative account of when to suspect and how to screen for pheochro-
mocytoma. Dr. Carl Malchoff, Dr. Dougald MacGillivray, and Dr.
Steven Shichman (Chapter 14) review the current management of
pheochromocytoma, including preoperative management and care
of advanced cases. In Chapter 15, Dr. Otto Kuchel reviews a number of
conditions that may mimic pheochromocytoma, so-called pseudo-pheo-
chromocytoma, and also reviews the differentiating features of these
disorders.

In their chapter, Dr. Empar Lurbe and Dr. Joseph Redon (Chapter 16)
provide an excellent review of secondary hypertension in children and
adolescents. Obviously, the younger a child with hypertension is, the
more likely that a secondary form of hypertension will be discovered.
Finally, Chapter 17 by Dr. Thomas Pickering and Dr. Mona Yacoub
reviews the normal hemodynamic and other changes during sleep, con-
siders the relationship of sleep apnea to hypertension and its complica-
tions, and brings us up to date on its clinical features, diagnosis, and
treatment.

We have invited contributors who are easily recognizable as leaders
in the field of hypertension. They have worked hard to expertly and
concisely review traditional and established causes of secondary hyper-
tension as well as new and less well known ones. Each chapter merits
multiple reads and can act as a starting point for anyone seeking an up-
to-date, scientifically accurate review of a particular area in secondary
hypertension. Of course, we are grateful to the authors who have worked
hard on this book and provided us with excellent work. Special thanks
to Diane Webster from the editorial office of Blood Pressure Monitoring
at the University of Connecticut Health Center for helping with chapter
preparation.

We also thank Paul Dolgert at Humana Press for recognizing the
importance of this book and the need for it. We hope you find Secondary
Hypertension: Clinical Presentation, Diagnosis, and Treatment enjoy-
able and scientifically current.

George A. Mansoor, Mp, FRCP (EDIN)
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1 Refractory Hypertension

George A. Mansoor, MD, FRCP (EDIN)
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INTRODUCTION

The terms refractory hypertension or drug-resistant hypertension
have become entrenched in clinical medicine and are used interchange-
ably in this chapter. The traditional definition of refractory hypertension
specifies that treatment of the patient with two or more antihypertensive
agents at moderate or high doses is necessary and that goal blood pres-
sure (BP) is not achieved (/-6). However, some authors use the term
refractory orresistant hypertension when a diuretic has been incorporated
into the treatment regimen that includes two or more antihypertensive
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4 Secondary Hypertension

drugs at moderate to high doses. Hence, the definition of refractory
hypertension used in the literature has varied in the number and types of
antihypertensive drugs and levels of BP.

Today, our definition must be appropriately modified as new and
diverse pharmacological agents for hypertension treatmenthave become
available and as our methods for evaluating patients with hypertension
have been refined. Certainly, the treating clinician has a vast and expand-
ing armamentarium of drug therapy targeting various body systems that
initiate or maintain hypertension in patients. All prior definitions have
relied on office BP measurements without reference to home or ambu-
latory BP readings. These additional methods of measuring and moni-
toring BP may be useful in our management of patients with refractory
hypertension.

A definition of refractory hypertension must also be tempered by the
progressive lowering since the 1990s of goal BP, which has the potential
to increase the number of “uncontrolled” hypertensive patients. To
illustrate these lower BP goals, the Sixth Joint National Committee on
the Prevention, Detection, Evaluation and Treatment of High Blood
Pressure recommended a target office BP of less than 140 mmHg for
systolic and less than 90 mmHg for diastolic readings (7) for the hyper-
tensive person without comorbidity. However, in persons with diabetes
mellitus or other vascular diseases, the committee recommended a target
office BP less than 130 mmHg systolic and less than 85 mmHg for
diastolic BP. For patients with renal disease and proteinuria in excess of
1 g, a goal BP of less than 125 mmHg systolic and less than 75 mmHg
for diastolic BP was set. Such ambitious goals for BP control place more
patients in the refractory hypertension category if achievement of BP
goals is part of the definition.

These practical issues in deciding which patients should be labeled as
having refractory hypertension are important for several reasons. First,
patients with refractory hypertension are usually targeted for further
evaluation including identifying possible underlying secondary causes
of hypertension. Second, refractory hypertension that is uncorrected
confers added risk to that patient, and aggressive control of concomitant
cardiovascular risk factors is mandatory. Third, many patients with per-
sistent refractory hypertension will be referred to a hypertension special-
ist for evaluation and treatment (8). All these factors, therefore, not only
place the patient with refractory hypertension in a high-risk category but
also target the patient for costly and potentially invasive evaluation.
Therefore, itis important that the working definition of refractory hyper-
tension be widely agreed on. An acceptable and pragmatic working
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Table 1
Criteria for Refractory Hypertension

* Treatment with at least two drugs in moderate to high doses

* Treatment with a diuretic type appropriate to the level of renal function
* Office BP significantly above goal

* Follow-up of at least 3 to 6 months

definition includes treatment with at least two drugs in moderate to high
doses in combination with a diuretic and BP remaining significantly
above goal as measured by office methods over a 2- to 3-month period
(Table 1).

Despite the availability of newer antihypertensive drugs, the number
of patients with resistant hypertension is probably higher than in the
1990s because of the tighter goals of BP. In hypertension clinics, as
many as 20—40% of patients are referred because of refractory or resis-
tant hypertension (/-2). The rate of refractory hypertension is probably
lower in general medical clinics and the general population and is esti-
mated at 5 to 10% of the hypertensive population.

BLOOD PRESSURE ELEVATION NOT REFLECTIVE
OF PERSISTENT HYPERTENSION

Errors and Misleading BP Measurements

Many factors affect the measurement of office BP, making elevated
readings possible when 24-hour BP is normal. Because there is no abso-
lute diagnostic test for hypertension, the actual BP measurement is the
key diagnostic step. Unfortunately, this measurement is frequently done
in an unstandardized way and with minimal regard for proper method-
ology. Measuring BP according to standard guidelines (9) would go a
long way to correcting poor techniques by health care providers. Equip-
ment for measuring BP should be maintained in working order and cli-
nicians should be trained and retrained at regular intervals in measuring
BP. Such maintenance applies to mercury, aneroid, and oscillometric
devices. Widespread agitation to reduce mercury in medical institutions
may lead to a variety of devices being introduced for BP measurement
that are likely to be inferior to the conventional mercury manometer. In
one institution where all mercury manometers were replaced by aneroid
devices (10), having a routine maintenance protocol was shown to be
better than not having routine maintenance. Making sure that the
observer’s hearing is normal may help to ensure accurate readings. Talk-
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ing by either the physician or nurse taking the BP or the patient or both
parties can raise BP significantly in hypertensive and normotensive
subjects and should be avoided. Use of a small cuff relative to arm
circumference may also artifactually raise BP.

When the measurement of BP is performed correctly, erroneously
high readings may still be seen. Some patients exhibit persistently high
BP readings without commensurate organ damage and on intra-arterial
measurement have normal BP (/7). That is, the intra-arterial BP is
normal, although simultaneous clinical auscultation indicates severely
elevated BP. This situation has been termed pseudohypertension.
Patients with pseudohypertension commonly have calcified blood ves-
sels and the high BP reading is presumably an artifact of the difficulty
in compressing the calcified artery with a cuff. Pseudohypertension has
been described in patients with chronic renal failure (/2), scleroderma
(13),and Williams’ syndrome (/4), and in the elderly (/5). Treatment in
these patients is difficult and may precipitate hypotension unless the
normalcy of intra-arterial pressure is recognized. The use of Osler’s
maneuver to predict the presence of pseudohypertension has limited
utility and intra-arterial readings are essential to document the disorder
(16). Pseudohypertension should be suspected in patients with chronic
renal failure or medical states predisposing to arterial calcification and
extremely high BP with little clinical damage evident. The differences
between clinical and intra-arterial readings can be dramatic and often
higher than 100 mmHg (/7). An added clinical problem is the patient
who has pseudohypertension but is also hypertensive on intra-arterial
measurements but at a much lower level than indicated by auscultation.
Such patients should be treated, but monitoring their treatment is
problematic because of the unreliability of mercury measurements.
Oscillometric devices may perform better in these patients with
pseudohypertension and are an option for following BP over time.

Elevated Office BP Is Not Reflective
of Persistent Hypertension

An important question is whether patients who are suspected of a
pressor effect as a cause of refractory BP elevation should undergo
ambulatory BP monitoring. Several consensus documents recommend
ambulatory BP monitoring in patients with refractory hypertension (/8),
but this can be logistically difficult to accomplish. The high readings (at
times close to 180-200 mmHg), especially in patients with persistent
hypertension on ambulatory monitoring, make the procedure uncom-
fortable because of the need for repeated high inflation pressures.
Although demographic factors identifying such patients lack sensitivity
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and specificity, it would be prudent to consider ambulatory monitoring
for patients with labile BP who report much lower home BP readings.
Ambulatory monitoring does provide additional risk stratification for
patients with refractory hypertension (79).

Redon (/9) and colleagues recruited 86 clinical outpatients who had
a clinic diastolic BP over 100 mmHg on three clinical visits and who
were receiving three or more drugs for hypertension, with at least one
being a diuretic. This group of patients had an average office BP of
170-180/105-110 mmHg and had creatinine clearances over 60 mL/
min/1.73m?. Patients with diabetes mellitus or with known secondary
hypertension were excluded. The group was studied with ambulatory BP
monitoring and then followed for 48 months to document cardiovascular
complications. The patients’ hypertension was treated and BP lowered
during the observation period according to routine clinical practice. The
authors divided patients into tertiles of initial daytime BP for analysis
(daytime diastolic <88 mmHg, daytime diastolic 88-97 mmHg, and
daytime diastolic >97 mmHg) and compared event-free survival curves
in the three groups. The extent of office BP reduction over the follow-
up period was similar in the three groups. There were 21 new events
during the follow-up period (11 patients with coronary events, 5 patients
with cerebral events, 4 patients with congestive heart failure, and 1 patient
with a hypertensive emergency). The subjects in the lowest tertile had a
significantly lower event rate than the subjects in either the middle or
upper tertile. The middle and upper tertile groups were not statistically
different. The results were similar when subjects with no prior cardio-
vascular complications were analyzed separately. Therefore, in patients
with defined refractory hypertension, ambulatory BP was an indepen-
dent marker for new events above and beyond office readings. Not all
patients with refractory hypertension are therefore at equal risk. Indeed,
in one study of patients referred for ambulatory BP monitoring (20), 28%
of patients with resistant hypertension (three or more drugs for hyperten-
sion) were found to have a daytime BP less than 135/85 mmHg, indicat-
ing that their hypertension was not really “resistant” and was an artifact
of the office setting. The authors suggested that 24-hour BP monitoring
be the next logical step in evaluating persons with apparent drug-resis-
tant hypertension.

CAUSES OF REFRACTORY HYPERTENSION

Once the issues raised here regarding BP measurement itself are con-
sidered, it is necessary to examine the underlying causes of refractory
hypertension. The main categories to be considered include nonadher-
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ence to the prescribed treatment regimen, a suboptimal drug combina-
tion, exogenous ingestions increasing BP, demographic or biological
factors promoting hypertension, and remediable or secondary causes of
hypertension. Often, multiple causes are present in the same patient
(e.g., an obese patient who is taking low doses of antihypertensive drugs
and whois alsoingesting a high sodium diet and taking nonsteroidal anti-
inflammatory drugs). In one study of refractory hypertension from a
referral center (3), it was reported that suboptimal treatment was the
cause in 40%, nonadherence to treatment in 10-50%, white coat hyper-
tension in 4%, and secondary causes in 10%.

NONADHERENCE TO LIFESTYLE MODIFICATIONS
AND DRUG THERAPY

Nonadherence is an issue affecting the treatment of all chronic dis-
eases such as hypertension and diabetes mellitus. It represents a failure
of the physician—patient relationship and can lead to unwanted conse-
quences for the patient. Physician, medical process, and patient factors
such as cost and motivation may play crucial roles in adherence (21).
One way to improve adherence in hypertensive patients is to empower
them with BP goals, self-monitoring, and their own ability to influence
their disease as well as involvement of other health care team members
(22,23).1tis not possible to predict, based on demographic factors, which
patients are following the prescribed regimen. Patients who fail to keep
appointments, or do not refill their medications on time, or have
unhealthy lifestyles are more likely not to follow a prescribed regimen.
Strategic reminder systems using pill boxes, magnets, computer logs, or
automatic electronic calendar scheduling may improve adherence when
it is hindered by memory deficits (24). Above all, a systematic time of
taking prescribed drugs is important for consistent drug intake.

Unfortunately, too many patients with refractory hypertension do not
follow even moderate sodium restriction, partially mitigating the effects
of drug therapy. However, few, if any, patients with hypertension are
ever appropriately educated regarding sources of sodium and ways to
lower sodium intake. The “I don’t add salt” mantra seems to absolve
patients of excessive sodium intake, whereas salt content of food is
hardly ever discussed. Furthermore, the general debate about salt and BP
in the public media has indicated to patients that the evidence for sodium
worsening hypertension is weak. Several antihypertensives show syner-
gistic effects on reducing BP when used together with sodium reduction.
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A powerful tool is measurement of 24-hour urinary sodium as an indi-
cator of sodium intake in patients with refractory hypertension.

Clinicians must accept some responsibility for the issue of nonadher-
ence to drugs. Drug-dosing frequency, cost of drugs, side effects, and
other issues important to patients must be discussed and minimized to
prevent nonadherence. Frequently, sexual dysfunction in a young male
with hypertension leads to discontinuation of medications. A carefully
measured empathic approach by the physician can reveal such problems
and can lead to their prompt resolution.

Although widely believed to be a major factor in patients with resis-
tant hypertension, nonadherence has not been well studied. Two recent
studies have provided contradictory evidence on whether compliance is
a major cause in resistant hypertension. In a recent study from Switzer-
land (25), electronic medical event monitoring systems were used to
study 110 patients with treatment-responsive hypertension and another
group with treatment-resistant hypertension. All patients were studied
using ambulatory BP monitoring, and medication compliance was moni-
tored over a 4-week period. Patients with 80% or greater doses removed
from medication bottles were considered adherent to prescribed therapy.
The study group averaged 64 years of age and 10% were current smokers.
Based on the electronic pill counts, 86 patients were considered adher-
ent. These two groups were well matched for demographic factors and
hypertension history. When the hypertension responsiveness was based
on ambulatory daytime BP less than 135/85 mmHg, no differences were
seen in mean or median doses of pills taken. Patients who were prescribed
twice daily dosing had a lower compliance than those prescribed once
daily dosing. The actual monitoring itself did not influence compliance
asjudged by ambulatory BP averages that were unchanged after the study.
In this somewhat selected population, noncompliance with treatment
was not more common among patients with resistant hypertension. This
study has several shortcomings including the short duration and lack of
an active intervention. In contrast to these findings, a prospective study
of 41 patients with resistant hypertension was performed to assess
compliance (26). Patients were told their medication intake would be
assessed using an electronic monitor. Without changing drug treatment,
this step alone reduced BP and normalized in one-third of subjects. The
authors suggested that objective monitoring of compliance may be a
useful step in refractory hypertension. Undoubtedly, issues of adherence
need to be considered in patients with refractory hypertension.
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Table 2
Substances That Can Increase BP or Antagonize Drug Therapy

* Nonselective nonsteroidal anti-inflammatory drugs

* Selective nonsteroidal anti-inflammatory drugs (cyclooxygenase 2 inhibitors)
* Ethanol

* Cocaine and other amphetamine-like drugs

* Oral contraceptive pill

* Over-the-counter nasal decongestants with sympathomimetic agents
* Licorice

* Cyclosporine and tacrolimus

* Corticosteroids and anabolic steroids

* Excessive ingestion of caffeine

* Erythropoietin

* Mono-oxidase inhibitors when mixed with foods containing tyramine
* Supplements containing ephedrine

* Appetite suppressants

* Newer antidepressants

SUBSTANCES MITIGATING THE RESPONSE
TO THE DRUG REGIMEN

A multitude of supplements, herbal substances, illicit substances, and
prescription drugs can interfere with the action of antihypertensive drugs
(Table 2). The most prevalent of these substances seen in clinical prac-
tice are nonsteroidal anti-inflammatory drugs (NSAIDs), alcohol, and
cocaine. Newer cyclooxygenase selective inhibitors (COX-2 inhibitors)
also raise BP in predisposed individuals.

NSAIDs

The widespread access to and use of NSAIDs in society make it likely
that many hypertensive patients are ingesting these drugs on a regular
basis. NSAIDs raise BP by causing sodium and water retention, by
increasing intravascular volume, and by also directly inhibiting renal-
dilating prostaglandins. Even if NSAIDs raised BP minimally in indi-
vidual patients, they could have a large impact on the population’s BP;
the attributable effect would be large. The BP-raising effect of such
therapy has been reported as being anywhere from 3.3 to 5 mmHg in
hypertensive patients with some drugs (e.g., indomethacin causing more
of an effect while aspirin and sulindac appear to have a smaller effect
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[27]). One meta-analysis suggested that patients taking [3-adrenoceptor
blockers and angiotensin-converting enzyme inhibitors were more likely
to have interference in BP control (27).

The newer selective COX-2 inhibitors appear to cause fewer gastric
side effects than traditional nonselective drugs. The effects on BP are not
well studied but it does appear that these new drugs can increase BP in
patients taking antihypertensives (28). Logically, they may be postu-
lated to interfere mostly with the classes of drugs that work to lower BP
via vasodilating prostaglandins.

Alcohol and Hypertension

Ethanol is widely ingested throughout the world and increased con-
sumption has been firmly linked to increased levels of BP in multiple
epidemiological studies (29). Ethanol appears to have an effect on BP
within a few hours of ingestion and a dose-response effect has been
observed on BP. Removal of ethanol generally leads to lower BP levels,
which implicates it with little doubt as a pressor agent when ingested in
moderate amounts. However, clinical trial data regarding the effects on
BP have been obtained largely in small trials in which reduction of
alcohol intake resulted in lower BP. Every patient with refractory hyper-
tension must be questioned about alcohol intake and the effects of excess
alcohol on BP must be explained.

The Prevention and Treatment of Hypertension Study (PATHS) was
the largest randomized trial (30) to examine the effects of alcohol reduc-
tion on BP. PATHS enrolled 641 moderate to heavy drinkers with
diastolic BP of 80-99 mmHg. Randomization was to a sustained reduc-
tion in alcohol intake or no intervention. The study was designed to
approximate a difference between the two groups of at least two drinks.
A difference of only 1.3 drinks per day was observed between the two
groups up until 24 months of follow-up because a larger than expected
reduction in alcohol use was seen in the control group. A nonsignificant
reduction in BP of 0.9/0.6 mmHg was therefore observed. Other ran-
domized studies with a larger reduction in alcohol intake showed larger
BP declines in although they generally had fewer participants.

Cocaine and Hypertension

The use of cocaine is associated more with episodic increases in BP
with hypertensive emergencies, myocardial infarction, seizures, cardiac
arrhythmias, and stroke. It is unclear whether chronic sustained hyper-
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tension may be associated with cocaine use (3/). However, in many
clinical scenarios where hypertension is resistant or labile, cocaine use
must be considered as a contributing factor.

Cyclosporine, Tacrolimus, and Hypertension

Cyclosporine and tacrolimus, both calcineurin inhibitors, are increas-
ingly used to treat various immunological and dermatological diseases
in addition to their use in renal diseases and clinical transplantation.
Their administration is associated with either rapid onset of hyperten-
sion or gradual increases over several weeks to months (32). There
remains considerable discussion about the mechanism of hypertension
in persons receiving cyclosporine. In brief, renal, neural, and vascular
effects have been proposed to explain the increases in BP seen in patients
on calcineurin inhibitors. Early studies showed that cyclosporine hyper-
tension was particularly salt sensitive. Other studies have suggested
vascular constriction as a factor in the development of hypertension.
Finally, activation of the central and renal sympathetic nervous systems
probably plays a role as well. Tacrolimus appears to produce less vaso-
constriction than cyclosporine and probably causes smaller increases in
BP. Consideration should be given to dose reduction of these agents if
the clinical situation allows in a patient with refractory hypertension.
Dihydropyridine calcium channel blockers have been touted as impor-
tant drugs to use in this setting.

OPTIMAL DRUG REGIMEN
AND RESISTANT HYPERTENSION

Perhaps the largest contribution of a hypertension specialist is the
ability to optimize drug therapy in patients receiving multiple agents. In
one series where a cause of resistant hypertension was attributed (2),
suboptimal therapy was the cause in 43% of patients. In the majority of
these patients, BP lowering was observed with alterations in therapeutic
regimens. The changes made included adding a diuretic, increasing drug
doses or drug-dosing frequency, or selecting a suitable drug combina-
tion with a synergistic effect on lowering BP. The appropriate diuretic
should be chosen for the level of renal function, with loop diuretics being
preferred in patients with impaired renal function. It has been suggested
(33) that a rational method to treat hypertension and achieve control is
to evaluate each person’s renin system, stratify them according to
whether they are low or high renin, and then treat accordingly (diuretics
for patients with low renin, and antirenin and anti-angiotensin therapies
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for those with high renin). Of course, the extremes of renin also provide
a clue to some forms of secondary hypertension. In 73 patients with
hypertension resistant to one or more agents subjected to this analysis
and subsequent treatment, BP was lowered by 23/11 mmHg and patients
were taking fewer medications (33).

SECONDARY HYPERTENSION

Inevitably, if BP remains above goal, consideration is given to the
possibility that the patient has secondary hypertension. Certainly, any
hypertensive patient whose clinical history examination or laboratory
data suggest a secondary cause should be thoroughly evaluated (Tables
3 and 4). Otherwise, there is much variability in the evaluation for sec-
ondary hypertension in patients with refractory hypertension. Some
practitioners perform a minimal evaluation including screening for renal
parenchymal disease, thyroid disease, primary hyperaldosteronism, and
renal artery stenosis in truly resistant patients. The cost effectiveness of
this approach has not been studied.

Primary Aldosteronism As a Cause
of Refractory Hypertension

There has been a marked increase in the frequency of diagnosis of
primary aldosteronism and a realization that many patients do not have
hypokalemia (34-36). Various reports now estimate that 2-10% of
patients with resistant hypertension may have primary aldosteronism
(36). Although this is likely an overestimate because of excessive
reliance on the aldosterone-to-renin ratio as a diagnostic tool, there is
little debate that aldosteronism is considered routinely in patients with
resistant hypertension. The pathophysiology of the disorder is usually
either an adenoma or bilateral adrenal hyperplasia causing inappropri-
ately high and nonsuppressible aldosterone levels. This anomaly leads
to sodium and water retention and hypertension with suppressed plasma
renin activity. This avid return of sodium in the distal convoluted tubules
leads to excessive potassium loss that can be detected in the urine. How-
ever, it appears that the disorder spans a spectrum and it may be difficult
to distinguish low-renin hypertension from aldosteronism (37). Itis easy
to see why the prescribed antihypertensive drugs or dietary sodium intake
may mask hypokalemia.

Although there is continuing debate about the optimal diagnostic
approach to aldosteronism, clinicians typically proceed sequentially
through screening, confirmation, subtype determination, and then treat-
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Table 3
Clinical Clues to Secondary Hypertension

Historical factors pointing to secondary hypertension
Early or late onset of hypertension
Sudden increase in BP
Hypertension associated with complications
Refractory hypertension
Excessive BP lowering with certain antihypertensive drugs

Table 4
Typical Symptoms and Signs of Certain Forms of Secondary Hypertension

Type of secondary
Symptoms and signs hypertension suggested

Multiple vascular risk factors, Renal artery stenosis
abdominal bruit, unexplained renal
insufficiency, resistant hypertension

Proteinuria, renal dysfunction, Renal parenchymal disease
nocturia, peripheral edema
Hypokalemia, nocturia, cramps, Primary aldosteronism
family history
Hematuria, large flank masses, Autosomal dominant poly-
family history of renal disease cystic kidney disease
Daytime fatigue, sleepiness, snoring, Sleep apnea
large neck size, apnea
Proximal weakness, diabetes, truncal Cushing’s disease
obesity, striae, hypokalemia
Early onset hypertension, reduced or Aortic coarctation
delayed pulses in the legs, disparity
in arm BP
Headache, palpitations, sweating, Pheochromocytoma

pallor, tachycardia

ment. Screening involves the measurement of a simultaneous serum
aldosterone level and a plasma renin activity in an ambulatory patient.
If this ratio is significantly elevated (>30) and the serum aldosterone is
15 ng/dL or greater, then formal salt suppression testing is performed, if
it is clinically safe to do so. Salt suppression protocols have generally
been developed in patients not receiving antihypertensive therapy but
today these tests are done while patients ingest antihypertensive drugs.
The short intravenous 4-hour suppression protocol or an outpatient oral
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salt-loading protocol can be used. At times, the results of these two tests
disagree, making it problematic for the clinician. Lack of suppression of
aldosterone to normal levels on either test confirms inappropriate
autonomous aldosterone secretion, the hallmark of aldosteronism. There
is a need for agreement on the appropriate thresholds for the diagnosis
when using the different salt suppression protocols.

Animportant, although relatively rare, subtype (38) is glucocorticoid
remediable hyperaldosteronism, which is associated with resistant
hypertension at a young age (39). In this variant of aldosteronism, a
chimeric gene causes the synthesis of aldosterone to be under the control
of the glucocorticoid arm of the pituitary—adrenal axis. There is usually
a history of early onset moderate to severe hypertension, with family
members also developing hypertension at an early age. One unfortunate
complication that may be elicited in the history is cerebral hemorrhage,
which occurs at a mean age of 32 years. The cause of this complication
appears to be the presence of intracranial aneurysms. Hence, screening for
cerebral aneurysms every 5 years is recommended for patients with this
disorder after they achieve puberty. Serum potassium levels are in the
normal range in systematically studied patients with this disorder (39).

There is little doubt that primary aldosteronism can cause refractory
hypertension (40) and even malignant hypertension (41,42). A review of
several recent case series of patients with primary aldosteronism (43—45)
reveals that in general prior to diagnosis and appropriate treatment,
patients have BP readings over 160—170 mmHg for systolic and over
100 mmHg for diastolic BP. Clinical practice also indicates that refrac-
tory hypertension is indeed a common clue to the presence of primary
aldosteronism.

Pheochromocytoma and Refractory Hypertension

Excessive circulating catecholamines, the hallmark of symptomatic
pheochromocytoma, cause not only paroxysmal and often impressive
symptoms but also chronic hypertension with periodic worsening. These
paroxysms may be provoked by changes in posture, exercise, or
medications. Frequently, attacks are sudden in onset and slowly dissipate.
These circulating catecholamines are effective promoters of cardiovas-
cular complications and are typically secreted by an intra-abdominal
tumor (98%) with the possibility of malignancy. Therefore, although a
rare cause of secondary hypertension, pheochromocytoma deserves
attention as a diagnosis not to be missed. Most tumors secrete a prepon-
derance of norepinephrine and, less so, epinephrine, but either catechola-
mine alone or dopamine only secretion has been reported. Over half the
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patients have sustained hypertension that fluctuates (46). It is not clear
whether all patients with resistant hypertension should be screened for
pheochromocytoma. Patients with any suggestive symptoms or signs or
associated genetic diseases (e.g., von Hippel-Lindau or multiple endo-
crine neoplasia), however, should be screened (47).

Renal Artery Stenosis and Refractory Hypertension

In the paper by Setaro et al. on resistant hypertension in a tertiary care
clinic (1), 4% of patients had renal artery stenosis. Indeed, the disorder
is usually screened for when hypertension is resistant, or renal function
deteriorates, or recurrent bouts of flash pulmonary edema are seen. In the
large Dutch renal artery stenosis trial (48), resistance to two drugs was
considered acriterion for angiography. Among 41% of patients receiving
either enalapril or amlodipine along with a diuretic and whose diastolic
BP remained over 95 mmHg, 20% were found to have renal artery
stenosis on angiography. Consideration should be given to athero-
sclerotic renal artery stenosis in older patients with vascular risk factors
and to the fibromuscular dysplastic variant in younger persons with
hypertension. The latter is significantly benefited in terms of BP cure
from revascularization, whereas in the former some improvement is
seen although cure is rare.

Sleep Apnea and Resistant Hypertension

It is generally accepted that a relationship exists between obstructive
sleep apnea (OSA) and hypertension but cause and effect is still debated
(49). The two disorders, however, share a number of other demographic
parameters that may explain their relationship. Significant OSA clearly
raises BP during sleep but the effects on BP throughout the rest of the day
are unknown. Furthermore, it is unclear if OSA can cause daytime
hypertension to be resistant and unresponsive to treatment.

In one study of patients referred to a sleep laboratory (50), an attempt
was made to examine whether OSA contributes to resistant hyperten-
sion. A total of 1485 patients were diagnosed with OSA during a 10-year
period and were not being treated with positive nasal pressure. The
effectiveness of antihypertensive drug therapy and the presence of OSA
was examined by analyzing only treated hypertensive patients (N =393).
The group was further divided into effectively treated (n = 183, BP <140/
90 mmHg) and ineffectively treated (n =74, BP 140/90 mmHg). BP was
measured three times each in the morning and evening on the night of
polysomnographic study. The apnea—hypopnea index was higher in the
ineffective group after adjusting for gender, age, and neck circumfer-
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ence. This was confirmed in a logistic regression analysis using predic-
tor variables of age, body mass index, gender, pack-years of smoking,
and apnea—hypopnea index. Logan added some data on this issue (5/)
by performing polysomnographic studies on 41 subjects with uncon-
trolled hypertension despite a three or more drug regimen at maximal
doses and preferably including a diuretic. The patients were drawn from
a specialty hypertension clinic and underwent ambulatory BP monitor-
ing and polysomnography. OSA was defined as 10 or more obstructive
apneas and hypopneas per hour of sleep. Overall, 83% of these selected
patients had OSA, with 96% in males and 65% in females. Similarly,
Kraiczi et al. (52) compared BP and cardiac structure in 81 patients with
varying severities of sleep apnea. They found that the apnea—hypopnea
index was predictive of office daytime and nighttime diastolic BP and
office systolic and nighttime systolic BP.

An intriguing question is whether certain drugs are more effective in
patients with both OSA and hypertension (53). Forty patients with OSA
and hypertension were treated in sequence with two of five antihyper-
tensive agents (atenolol, amlodipine, enalapril, hydrochlorothiazide,
Losartan) for 6 weeks with 3 weeks of washout. Office diastolic BP was
most effectively lowered by atenolol with no differences in reductions
of systolic BP. Additionally, atenolol and hydrochlorothiazide both low-
ered nocturnal systolic and diastolic BP more than the other agents.

SUMMARY

The numbers of patients not achieving goal BP despite treatment with
two or more drugs challenge every clinician. However, a methodologi-
cal approach is necessary to avoid repeated changes in therapy with no
improvement in BP. Serious consideration should be given early to the
possibility that office BP may not reflect average BP, and home or
ambulatory readings should be considered. Patient adherence needs to
be reinforced and any barriers to this exposed and remedied. Ingestions
of other substances that may directly or indirectly keep BP levels elevated
must be consciously inquired about and removed if possible. An optimal
regimen including the use of diuretics and also consideration given to
secondary causes of hypertension may be better directed by a hyperten-
sion specialist. Discovery of certain forms of secondary hypertension
can lead to specific disease-targeted intervention or drug selection.
Refractory hypertension will nevertheless continue to be a challenge to
physicians.
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INTRODUCTION

A variety of drugs and chemical substances have been shown to elevate
blood pressure (BP). Most often, the increase in BP is transient and of
questionable clinical significance. However, more sustained hyperten-
sion and even accelerated hypertensive cardiovascular disease have
occasionally been documented to occur after exposure to certain
chemical substances. Of note, a variety of drugs also make “essential”
hypertension more resistant to antihypertensive therapy. An accurate
and detailed medical history should, therefore, include specific inquiries
concerning foods, poisons, and medications. This is particularly impor-
tant with regard to such things as over-the-counter drugs, nutritional
supplements, diets, and health foods, which are often not considered to
be drugs and, therefore, are frequently omitted from the history.

Identification of such substances is important because their elimina-
tion can obviate the need for unnecessary, costly, and potentially danger-
ous evaluations and/or treatments. When drug- or chemical-induced
hypertension is identified, discontinuation of the causative agent should
be recommended. When it is not possible to discontinue agents that
cause hypertension, institution of appropriate antihypertensive treat-
ment is indicated. In the absence of specific treatment guidelines for
drug-induced hypertension, the recommended initial antihypertensive
therapy should be directed to neutralize the specific mechanism causing
hypertension (Table 1).

STEROIDS

Corticosteroids

Hypertension occurs in about 20% of patients treated with high doses
of synthetic corticosteroids. Oral cortisol increases BP in a dose-depen-
dent fashion. At a dose of 80-200 mg/day, the peak increases in systolic
pressure are of the order of 15 mmHg. This increase in BP is apparent
within 24 hours. The mechanism of glucocorticoid (GC)-induced hyper-
tension remains uncertain and it seems to be multifactorial. GC-induced
hypertension occurs often in elderly patients and is more common in
patients with positive family history of essential hypertension. Hemodynami-
cally, corticosteroids increase BP through increasing circulatory volume,
cardiac output, and peripheral resistance. Certain exogenous compounds
such as liquorice, phenylbutazone, carbenoxolone, 9-o. fluoropred-
nisolone, and 9-a fluorocortisol have mineralocorticoid activity and, when
ingested in excessive quantities, may produce arterial hypertension
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characterized by the clinical picture of “pseudohyperaldosteronism” with
increased exchangeable sodium and blood volume, hypokalemia with
metabolic alkalosis, and suppressed plasma renin and aldosterone lev-
els. Prolonged use of high-dose ketoconazole may alter enzymatic deg-
radation of steroids, leading to mineralocorticoid-related hypertension.
Skin ointments, antihemorrhoidal preparations, ophthalmic drops, and
nasal sprays may contain substances with mineralocorticoid activity (9-
o fluoroprednisolone) and sympathetic amines. Their excessive use may
even cause severe arterial hypertension. Discontinuation of these sub-
stances i1s recommended to lower BP. However, when steroid treatment
is mandatory, a diuretic is the drug of choice, because volume overload
is the main mechanism by which steroids raise BP; careful monitoring
of potassium is necessary.

Sex Hormones

Oral contraceptives (OCs) induce hypertension in approximately 5%
of users of high-dose compounds that contain atleast 50 mg estrogen and
1 to 4 mg progestin, and small increases in BP have been reported even
among users of modern low-dose formulations. Women with a history
of high BP during pregnancy; those with a family history of hyperten-
sion; cigarette smokers; those who are obese, black, or diabetic; and
those with renal diseases may respond with a greater increase in BP.
Compared with women who had never used OCs, users of OCs have an
increased risk of developing hypertension (risk ratio = 1.8; 95% CI =
1.5-2.3). However, only in a small percentage could hypertension be
attributed to OC use. Risk of hypertension decreased quickly with ces-
sation of OCs, and past users appeared to have only a slightly increased
risk. The increase in BP is usually minimal; however, severe hyperten-
sive episodes, including malignant hypertension, have been reported.
Postmenopausal estrogen replacement therapy (ERT) decreases BP
slightly, and rare cases of estrogen-induced hypertension represent an
idiosyncratic reaction to ERT. Cessation of ERT is recommended when
hypertension develops. However, if ERT should be continued, a diuretic
is the most appropriate treatment because the contraceptives estrogen
and androgen increase BP via fluid retention.

Men receiving estrogen to treat prostatic cancer may also exhibit an
increase in BP.

Danazol, a semisynthetic androgen that is used to treat endometriosis
and hereditary angioedema, was reported to induce hypertension through
fluid retention.



(4

Table 1

Management of Drug-Induced Hypertension

Ingredient Management Notes
Steroids

Glucocorticoids Discontinue. If not possible start diuretics Monitor potassium
Mineralocorticoids Discontinue. If not possible start diuretics Monitor potassium

Sex Hormones

Anesthetics and narcotics
Ketamine hydrochloride
Desflurane

Naloxone

Sevoflurane

Drugs affecting
the sympathetic
nervous system
Ophthalmic solutions
Antiemetic agents
Yohimbine hydrochloride

Glucagon (only in patients
with pheochromocytoma)
Cocaine

Initial therapy: clonidine, a-blockers
Initial therapy : a-blockers, a+3-blockers
Initial therapy : a-blockers

Clonidine, or combination of diltiazem and

nicardipine

Initial therapy : a-blockers, o+f3-blockers

Discontinue

Initial therapy : Intravenous phentholamin,
oral phenoxybenzamine, or a.1-blockers

Initial therapy : a-blockers, nitroglycerin
and verapamil

Avoid pB-blockers

Transient increase in BP

Avoid in hypertensive patients and in those
treated with tricyclic antidepressants

Most patients do not require treatment
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Anorexics
Nasal decongestant
Cough medications

Sibutramine

Clozapine

Antidepressant agents
MAOIs

Tricyclic antidepressants
Serotonin agonist
Miscellaneous
Cyclosporine

Tacrolimus

r-HuEPO

Bromocriptine disulfiram
Alcohol
NSAID

Discontinue treatment
Initial therapy : a+p-blockers
Discontinue treatment

Discontinue sibutramine or modify
antihypertensive therapy

Discontinue. If not possible, start a-blockers
or nifedipine

Initial therapy : a-blockers
Initial therapy : a-blockers
Initial therapy : a-blockers

Discontinue, or switch to tacrolimus, if not
possible start calcium antagonists.
Other drugs are also effective.

Discontinue, if not possible start calcium
antagonists. Other drugs are also
effective.

Lower the dose, if unsuccessful start
calcium antagonists or a-blockers.

Diuretics and ACE inhibitors may be
less effective.

Moderate alcohol intake
Calcium antagonists

In obese hypertensive patients, the BP reduction
achieved by weight loss negates the potential
increase related to the drug

Calcium antagonists may increase
cyclosporine blood levels. Multidrug
therapy may be necessary

Dialysis with conventional antihypertensive
treatment may be effective. Phlebotomy
may rapidly lower BP

Avoid use for suppression of lactation
Assess the risk of an increase in BP against the

expected benefit. Among COX-2 inhibitors,
celecoxib affects BP less than rofecoxib
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ANESTHETICS AND NARCOTICS

Ketamine hydrochloride has been reported to severely increase BP. In
one study, clonidine that suppresses sympathetic activity was effective
in reducing the hypertensive response to ketamine.

Desflurane may induce hypertension via stimulation of the sympa-
thetic nervous system. Sympatholytic agents such as a-blockers and
a+f blockers may lower BP.

Sevoflurane may increase BP during anesthesia. Treatment with
clonidine or a combination of diltiazem and nicardipine may blunt the
BP increase.

The simultaneous use of vasoconstrictors (felypressin) with topical
cocaine can result in severe hypertension. At least one case was treated
successfully with labetalol.

Hypertensive responses to naloxone (opiate antagonist), especially
during attempted reversal of narcotic-induced anesthesia in hyperten-
sive patients, have also been reported. Naloxone seems to acutely reverse
the antihypertensive effects of clonidine and can thereby cause an acute
hypertensive emergency.

DRUGS AFFECTING THE SYMPATHETIC
NERVOUS SYSTEM

Phenylephrine, a sympathomimetic agent with a potent vasoconstric-
tor activity, has been reported to severely increase BP following its
administration in an ophthalmic solution. Dipivalyl adrenaline, an
adrenaline prodrug used topically in the management of chronic simple
glaucoma, can also increase BP in treated hypertensive patients.

The concomitant use of sympathomimetic agents and 3-blockers can
severely increase BP because of unopposed a-adrenergic vasoconstric-
tion. The substitution of a-blockers or agents such as labetalol or
carvedilol, which block both a- and 3-adrenergic receptors, should pre-
vent this detrimental reaction.

Antiemetic agents such as metoclopramide, alizapride and prochlor-
perazine have been reported to increase BP transiently in patients treated
with cisplatin.

Yohimbine hydrochloride—an a,-adrenoceptor antagonist that is
approved (but of questionable efficacy) for treatment of impotence—
may significantly increase BP in hypertensive patients. Yohimbine
should be avoided or used intermittently only in hypertensive patients and
in those undergoing concurrent treatment with tricyclic antidepressants.
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Glucagon may induce severe hypertension in patients with pheochro-
mocytoma. Blocking the a-adrenoceptors by either intravenous phento-
lamine or oral agents such as phenoxybenzamine or doxazosin may
prevent catastrophic cardiovascular events.

Cocaine intoxication is characterized by a-adrenergic overactivity
often associated with increased BP. Cocaine use is associated with acute
but not chronic hypertension. Severe hypertension has been reported to
occur in subjects treated with propranolol. Most patients with cocaine-
related hypertension do not require pharmacological therapy, butif treat-
ment is necessary, a-adrenergic receptor antagonists would seem a
logical choice for initial treatment. 3-Blockers can be useful in the
management of cardiac dysrhythmias, but they should be used with
caution because of the possibility of exacerbating hypertension resulting
fromunopposed a.-receptor activity. Nitroglycerin and verapamil reverse
cocaine-induced hypertension and coronary arterial vasoconstriction and
therefore are the agents of choice in treating patients with cocaine-asso-
ciated chest pain. One case of hypertensive encephalopathy secondary
to cocaine abuse was treated successfully with nitroprusside and
captopril.

Sibutramine

Sibutramine is a novel serotonin and noradrenaline reuptake inhibitor
anti-obesity drug. Sibutramine reduces food intake by enhancing the
physiological response of post-ingestive satiety and increases energy
expenditure. By activating the sympathetic nervous system, the drug
increases heart rate and BP in obese normotensive subjects. In obese
patients whose hypertension is well controlled with a -blocker or
angiotensin-converting enzyme (ACE) inhibitor, sibutramine achieves
weight loss without compromising good BP control. It seems that in
obese hypertensive patients the BP reduction achieved by weight loss
negates the potential BP increase related to the drug. Nevertheless, obese
patients being treated with sibutramine should be monitored periodi-
cally for changes in BP. If BP becomes elevated, sibutramine should be
withdrawn.

Clozapine

Clozapine is an antipsychotic agent that is used for schizophrenic
symptoms in patients refractory to classical antipsychotics. This drug
may raise BP by sympathetic activation. Several case reports of
pseudopheochromocytoma syndrome associated with clozapine have
been described. BP and sympathetic overactivity were normalized upon
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treatment discontinuation. In one case, nifedipine controlled clozapine-
induced hypertension. However, a-adrenergic receptor antagonists
would seem a more appropriate choice for initial treatment.

IMMUNOSUPPRESSIVE AGENTS

Cyclosporin A—a potent, orally active immunosuppressive drug—
may induce arterial hypertension. The incidence of cyclosporin-associ-
ated hypertension (CAH) varies with the patient population under
evaluation. The greatest experience to date has been with patients under-
going organ transplantation, with kidney recipients representing the
largest single group.

However, CAH is also common in patients with autoimmune disease
and dermatologic disorders. The risk of CAH is unrelated to sex or race,
but it is dose-related and it increases with age of the patient and with
preexisting hypertension or high serum creatinine levels. Although most
patients present with mild to moderate asymptomatic BP elevation, oth-
ers may rapidly develop severe hypertension and encephalopathy. BP
usually falls after the withdrawal or substitution of cyclosporine immu-
nosuppression but may not remit completely. Unfortunately, it is often
not possible to discontinue therapy. Calcium antagonists have been used
successfully but they can increase cyclosporin blood levels. ACE inhibi-
tors, labetalol, B-blockers, clonidine, and diuretics are also effective in
some patients. Diuretic therapy should be used with caution because of
the risk of prerenal azotemia and electrolyte abnormalities. Usually,
multidrug therapy is necessary to control CAH.

Tacrolimus, another immunosuppressive agent that inhibits cal-
cineurin, may also induce hypertension. However, it produces less
hypertension than cyclosporin A, and therefore switching to tacrolimus
may be considered in patients with CAH.

Rapamycin, a novel immunosuppressive agent that does not inhibit
calcineurin, has not been reported to produce nephrotoxicity and/or
hypertension.

OVER-THE-COUNTER DRUGS

Most nonprescription anorexics contain combinations of an antihis-
tamine and an adrenergic agonist (usually phenylpropanolamine [PPA],
ephedrine, pseudoephedrine, or caffeine). All act by potentiating
presynaptic norepinephrine release and by directly activating adrenergic
receptors. o-Adrenergic intoxication induced by nasal decongestant and
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cough medications containing massive doses of oxymetazoline hydro-
chloride, phenylephrine hydrochloride, and ephedrine hydrochloride has
been reported to result in severe hypertension. Labetalol may be an
effective treatment in these cases.

Until recently, PPA was the active ingredient in most diet aids and
many decongestant agents and was also used as a substitute for amphet-
amine. Use of excessive doses may result in severe hypertension.

Caffeine can acutely and transiently increase BP by increasing
peripheral resistance. The reaction to caffeine is more pronounced in
males than females, and in those with a positive family history of
hypertension than in those with a negative family history. Concomi-
tant medications, such as monoamine oxidase inhibitors (MAOIs),
antihypertensive drugs, OCs, and nonsteroidal anti-inflammatory drugs
(NSAIDs) seem to increase the risk of hypertension.

ANTIDEPRESSANT AGENTS

MAOISs can induce severe hypertension when patients consume foods
containing tyramine. However, there are some reports of MAOIs caus-
ing severe hypertensive reaction even without use of concomitant medi-
cations. Among the various MAOIs, tranylcypromine is the most
hazardous, whereas moclobemide and brofaromine seem to be the least
likely to induce hypertensive reaction. These drugs exert their effects by
delaying the metabolism of sympathomimetic amines and 5-hydroxy-
tryptophan, and by increasing the store of norepinephrine in postgangli-
onic sympathetic neurons. a-Adrenergic receptor antagonists would
seem an appropriate choice for initial treatment.

Tricyclic antidepressants block the reuptake of the neurotransmitters
in the synapse in the central nervous system. There are some reports that
these agents increase BP, mainly in patients with panic disorders.

Buspirone, a serotonin receptor type 1o agonist, has also been reported
to increase BP. It is speculated that buspirone increases BP by its
metabolite 1-2 pyrimidinyl piperazine which is an a,-adrenoceptor
antagonist and therefore should not be used concomitantly with an
MAOI. A small but sustained and dose-dependent increase in arterial
pressure seems to occur with other serotonin agonists as well.
Venlafaxine has a dose-dependent effect on BP that is clinically signifi-
cant at high doses. Episodes of severe hypertension were described in
patients treated with other antidepressant agents such as fluoxetine,
fluoxetine plus selegiline, and thioridazine.
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ANTINEOPLASTIC AGENTS

Several alkylating agents can increase BP. In one series, 15 of 18
patients treated with multiple alkylating agents following autologous
bone marrow transplantation developed hypertension. Hypertensive
reactions associated with paclitaxel treatment has been reported.

RECOMBINANT HUMAN ERYTHROPOIETIN

Recombinant human erythropoietin (r-HuEPO) has revolutionized
the treatment of anemia in renal failure patients, both in the pre- and
postdialysis phase. Not only does the treatment improve well-being, but
it also positively influences cardiac function and permits cardiac
hypertrophy to regress. However, r-HuEPO therapy can lead to an in-
crease in BP. The increase in BP associated with r-HuEPO therapy
appears to be dose-related. Systemic hypertension has been reported to
develop, or to worsen, in 20-30% of patients treated with r-HuEPO
worldwide. In hemodialysis patients with systemic hypotension,
r-HuEPO usually induces a 10% increase in BP, with no significant
change in the frequency of hypotensive episodes. Hypertension may
develop in some patients as early as 2 weeks and in others as late as 4
months after the start of -HuEPO treatment.

In general, hypertension has not proved to be a serious general prob-
lem in the r-HuEPO-treated patient; however, few cases of hypertensive
crisis with encephalopathy have been reported.

Several risk factors for the development, or worsening, of hyperten-
sion after r-HuEPO therapy have been identified. They include the pres-
ence of pre-existing hypertension, rapid increase in hematocrit, a low
baseline hematocrit before r-HuEPO administration, high doses and
intravenous route of administration, and the presence of native kidneys.
There are several potential mechanisms by which r-HuEPO therapy may
increase BP in hemodialysis patients. They include increased blood
viscosity; the loss of hypoxic vasodilation; the activation of neurohu-
moral systems (catecholamines, the renin-angiotensin system); and
especially a direct vascular effect. This last mechanism is supported by
several studies, and many factors may be involved in its pathogenesis (an
increased cell calcium uptake; an imbalance in local vasoactive agents,
with increased synthesis of ET-1; a mitogenic effect; and a platelet-
dependent mechanism). By optimizing dialysis treatment, paying close
attention to volume regulation, giving r-HuEPO subcutaneously and in
afashion toincrease hematocrit gradually, the occurrence of BP increases
can be minimized.
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Hemodynamically, r-HuEPO increases BP by a marked increase in
peripheral resistance associated with only a mild decrease in cardiac
output. Vasodilators such as calcium antagonists, and a-adrenergic re-
ceptor antagonists should therefore be effective in lowering BP.
Diuretics, ACE inhibitors, and angiotensin type 1 receptor antagonists
may be less effective because blood volume has been shown to be
unchanged, and both plasma renin activity and angiotensin II are sup-
pressed in r-HuEPO-treated patients. The hypertension associated with
r-HuEPO has not generally been too difficult to control. In one study,
42% of the patients with r-HuEPO-induced hypertension had their BP
controlled with a single agent. BP can usually be managed with a com-
bination of fluid removal with dialysis and conventional antihyperten-
sive therapy. If these measures are unsuccessful, the dose of r-HuEPO
should be lowered or therapy should be held for several weeks. Phle-
botomy of 500 mL of blood may rapidly lower BP in refractory patients.

BROMOCRIPTINE

Bromocriptine mesylate is commonly used for prolactin inhibition
and suppression of puerperal lactation. Although bromocriptine often
has ahypotensive effect, severe hypertension with subsequent stroke has
been reported in the postpartum period. Patients with pregnancy-induced
hypertension are at increased risk to develop hypertension. The suppres-
sion of lactation is no longer a Food and Drug Administration-approved
use for bromocriptine.

DISULFIRAM

Disulfiram is commonly used as a pharmacologic adjunctin the treat-
ment of alcoholism. Administration of 500 mg/day of disulfiram for 2 to
3 weeks has been reported to increase BP slightly. A low dose of 125 mg
per day of this agent may also increase BP. It seems that changes in
peripheral or central noradrenergic activity are responsible for the
increase in arterial pressure.

ALCOHOL

Excessive chronic alcohol use has clearly been shown to raise BP and
can alsoincrease resistance to antihypertensive therapy. Pathogenesis of
alcohol-related hypertension seems to be multifactorial and related to
direct vasculotoxicity, symphathetic activity, salt water logging, and
activation of the renin angiotensin system.

The BP effects of alcohol are independent from obesity, salt intake,
cigarette smoking, and potassium intake. There is a dose—response rela-
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tionship for the hypertensive effects of alcohol. Abstinence or at least
moderation of alcohol intake is recommended as an initial therapy for
mild hypertension. A reasonable approach is to limit daily alcohol con-
sumption to no more than approximately 1-2 ounces of alcohol.

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

NSAIDs caninduce anincrease in BP and interfere with antihyperten-
sive treatment, nullifying its effect. Two meta-analyses have demon-
strated that, after pooling data drawn from published reports of
randomized trials of younger adults, NSAID use produces a clinically
significant increment in mean BP of 5 mmHg. Recent NSAID users had
a 1.7-fold higher risk of requiring the initiation of antihypertensive
therapy compared with nonusers; NSAID users also had a40% increased
risk of receiving a diagnosis of hypertension compared with nonusers.
Elderly patients, those with pre-existing hypertension, salt-sensitive
patients, patients with renal failure and patients with renovascular
hypertension are at a higher risk to develop severe hypertension when
treated with NSAIDs. The mechanisms whereby NSAIDs raise BP are
not fully understood. Inhibiting the synthesis of prostaglandins from
arachidonic acid via cyclooxygenase (COX)-1 and COX-2, the 2
isoforms of COX, is probably the main mechanism of action. Interfer-
ence with both the control of vascular resistance and the regulation of
extracellular volume homeostasis has been incriminated, but several
other putative mechanisms such as moderation of adrenergic activity or
resetting of the baroreceptor response may also be involved. NSAIDs
may interact with some antihypertensive agents such as diuretics, beta-
blockers and ACE inhibitors but do not interact with calcium antagonists
and central acting drugs, the antihypertensive efficacy of which is appar-
ently unrelated with production of PGs. NSAIDs vary considerably in
their effect on BP. Stratification by NSAID type revealed thatindometha-
cin, piroxicam and naproxen were associated with the largest increases
in BP, whereas sulindac and aspirin have little effect on BP. Low dose
aspirin has no effect on BP control in hypertensive patients. The new
orally-effective specific COX-2 inhibitors, rofecoxib and celecoxib,
increase BP in a dose-dependent manner as the traditional NSAIDs.
However, there is evidence that patients receiving celecoxib experience
less destabilization of BP compared with those receiving rofecoxib.
Because COX-2 inhibitors are usually given for a prolonged period of
time, the risk of an increase in BP must be assessed against the expected
benefit of treatment. In patients who take NSAIDs, calcium antagonists
would appear to be a preferred choice to other antihypertensive agents.



Chapter 2/Drug-Induced Hypertension 33

HEAVY METALS

Several studies show that cumulative exposure to lead, even at low
levels sustained by the general population, may increase the risk of
hypertension. Some reports suggest that arsenic or cadmium exposure
also may induce hypertension in humans. However, in a recent study,
environmental exposure to cadmium was not associated with higher
conventional BP or 24-hour ambulatory BP measurements.

SCORPIONS AND BLACK WIDOWS

Venoms of scorpions (especially the South American species) and
black widows commonly produce a clinical picture of profuse perspira-
tion, lacrimation, vomiting, convulsion, and cardiovascular collapse.
However, occasionally hypertension and bradycardia occur. Hyperten-
sion is mediated by a massive discharge of catecholamines into the cir-
culation produced by the venom, and therefore - or a-blockade is
effective in this condition.

AMPHOTERICIN B

Amphotericin B (AmB) is the mainstay of therapy for serious fungal
infections. A few cases of severe hypertension associated with the use of
AmB deoxycholate have been reported in the literature, and recently one
case report of hypertension associated with a lipid-containing prepara-
tion of the medication has been described.

ANTI-HIV TREATMENT

One case report of severe hypertension and renal atrophy associated
with the protease inhibitor indinavir has been described. Hypertensive
crisis secondary to phenylpropanolamine interacting with triple-drug
therapy for HIV prophylaxis has also been reported. Additionally,
potential drug interactions exist between antiretroviral medications,
particularly the protease inhibitors and antihypertensive medications.

CONCLUSIONS

A myriad of therapeutic agents or chemical substances can induce
either transient or sustained hypertension, exacerbate well-controlled
hypertension, or antagonize the effects of antihypertensive therapy.
Careful evaluation of a patient’s drug regimen may identify so-called
chemically induced hypertension and prevent or minimize the need for
lifelong antihypertensive therapy. Whenever chemically induced hyper-
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tension has been identified, the causative agent should be discontinued.
However, when discontinuation is not possible, institution of appropri-
ate and targeted antihypertensive therapy is indicated. In the absence of
specific treatment guidelines for drug-induced hypertension, the recom-
mended initial antihypertensive therapy should be directed toward neu-
tralizing the specific mechanism by which the chemical agent causes
hypertension.
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INTRODUCTION

Hypertension occurs in more than 90% of patients with chronic kid-
ney disease (CKD) during the course of their disease. Hypertension can
directly injure the kidney and it is a recognized risk factor for develop-
ment of end-stage renal disease (ESRD) and accounts for nearly 30% of
new cases of ESRD in the United States. Moreover, ESRD attributed to
hypertensive nephrosclerosis has been increasing annually about 8% per
year, despite reductions in death caused by stroke and myocardial infarc-
tion during the same time period. Diabetes and hypertension account for
nearly three-fourths of the nearly 400,000 persons currently under treat-
ment for ESRD by dialysis or kidney transplant. Itis now recognized that
of the factors contributing to hypertensive renal injury, the renin-angio-
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tensin-aldosterone system (RAAS) plays a key role in the development
and progression of CKD caused by hypertension, diabetes, and glomeru-
lonephritis. Recent advances in the pathogenesis and treatment of hyper-
tension in CKD are the subject of this chapter.

CHRONIC KIDNEY DISEASE
AND END-STAGE RENAL DISEASE

CKD is defined as a chronic impairment in kidney function and/or
structural damage in association with increased risk for progression to
ESRD. ESRD is a catastrophic illness characterized by life-threatening
cardiovascular morbidity and multiorgan system dysfunction. The life
span of an average patient with ESRD treated by dialysis is approxi-
mately seven years and the annual mortality rate of the U.S. hemodialy-
sis population is about 20% per year (/). Quality of life on dialysis is
poor, characterized by high morbidity and hospitalization rates. More-
over, 60% of deaths in the hemodialysis population are attributed to
cardiovascular causes. Non-renal cardiovascular diseases such as con-
gestive heart failure, myocardial infarction, sudden death, and stroke are
important comorbidities in the ESRD population. Type II diabetes mel-
litus is now the most common cause of ESRD and the vast majority of
these patients are hypertensive (/). Furthermore, African-Americans
and Mexican-Americans have a threefold higher incidence of ESRD
attributed to type II diabetes as compared to non-Hispanic whites.
African-Americans also experience a fivefold higher incidence of
hypertensive nephrosclerosis compared to non-Hispanic whites and
Mexican-Americans (2-5). Therefore, finding ways to prevent or stall
the onset of ESRD is a high priority.

However, ESRD represents the tip of the iceberg of CKD. It is esti-
mated that more than 7 million Americans have or are at risk for CKD,
and most of them are hypertensive (2). These individuals are widely
distributed among the population and, if they are receiving care are
managed by primary care physicians. Early identification and treatment
of hypertension in CKD by primary care providers is becoming an
increasingly important component of medical practice. Therefore, prac-
titioners need to understand the progressive nature of renal disease and
how to manage hypertension in CKD.

HYPERTENSION AND CHRONIC KIDNEY DISEASE

Hypertension As an Important Risk Factor for ESRD

Approximately 90% of patients who progress to ESRD are hyperten-
sive during the course of renal disease (6). Moreover, uncontrolled
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hypertension accelerates the rate of progression in these individuals
regardless of the cause of CKD. Data from large clinical trials and
epidemiological studies indicate that hypertension is an important risk
factor for progressive kidney disease (7—/0). Among screenees of the
Multiple Risk Factor Intervention Trial (MRFIT) the relative risk for
ESRD increases with increasing systolic BP (SBP) independent of dias-
tolic BP (DBP) (Fig. 1). Over a 16-year period, 847 of the 361,000 male
screenees either died of or were treated for ESRD. Elevated SBP was a
strong and independent risk factor for the development of ESRD, with
a graded relationship between risk and SBP. In fact, a relatively small
increase in SBP doubled the risk of ESRD. Furthermore, mild to mod-
erate elevations of SBP correlated with kidney disease. A similar rela-
tionship between elevated SBP and risk for progression of diabetic
nephropathy has been demonstrated (/7).

Hypertension Control Is Suboptimal in Patients With CKD

Blood pressure control among hypertensives (SBP = 140 mmHg or
DBP = 90 mmHg) in general and among CKD patients in particular is
suboptimal (/2,13). Thus, most individuals with hypertension are either
unaware of their hypertension or have inadequate treatment to control
their BP. In older individuals systolic hypertension is the most prominent
finding in BP measurement. This is important because the median age of
patients developing ESRD in the United States is 64, and systolic
hypertension is an independent predictor of developing ESRD. Among
hypertensives with CKD or at risk for CKD (serum creatinine
= 1.5 mg/dL), only 11% surveyed in the National Health and Nutrition
Examination Survey III had BP controlled to the level recommended by
the sixth report of the Joint National committee on Prevention Detection,
Evaluation and Treatment of High Blood Pressure (JNC VI) (Fig. 2).
This finding represents an important challenge to the medical commu-
nity, especially to the primary care provider.

Pathophysiology
GENERAL MECHANISMS

Two major factors contribute to elevated BP in patients with most
forms of CKD peripheral vasoconstriction and volume expansion (Fig. 3).
Treatment of hypertension in CKD is based on these two major patho-
physiological mechanisms. Drugs that inhibit the RAAS and block
sympathetic nerve traffic are very effective in lowering BP, as are
vasodilators and diuretics. Angiotensin II (Angll), hypertension, and
proteinuria are linked in patients with CKD and represent major modi-
fiable risk factors. The following section focuses on the role of these
three factors in CKD.
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Fig. 1. Hypertension and end-stage renal disease (ESRD): MRFIT screenees
(N =361,000) (from ref. 8).

Fig. 2. Blood pressure control among hypertensive individuals with renal disease
(Scr = 1.5 mg/dL): NHANES III (N = 16,589) (from ref. 13).

RoLE oF Ang II

Ang II can be produced by angiotensin-converting enzyme (ACE)
and non-ACE pathways in many tissues as well as in the circulation.
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Fig. 3. Basic mechanisms by which the kidney can cause hypertension.

Physiological effects of Ang Il in humans are conferred by its binding to
the Ang II subtype 1 (AT;) receptor present in kidney, heart, brain,
systemic vasculature, adrenal gland, liver and other tissues. Ang Il binds
to the angiotensin subtype 1 receptor on the cell surface resulting in
sodium reabsorption and vasoconstriction of the efferent arteriole in the
kidney, aldosterone release from the adrenal gland, increased inotropy
and chronotropy in the heart, and proliferative, hypertrophic, and
proinflammatory effects (increased tissue and plasma plasminogen ac-
tivator inhibitor type [PAI]-1 and transforming growth factor [TGF]-
levels) in many tissues. The importance of Ang II binding to the angio-
tensin subtype 2 receptor in humans is unknown. However, in some
animal models, Ang II binding to subtype 2 receptors causes vasodila-
tion and natriuresis, effects opposite of those observed with subtype 1
receptor activation (15).

Inanimal models of human disease, Ang Il causes glomerular capillary
hypertension caused by relative vasoconstriction of the efferent arteriole
(14,15). Ang II also has nonhemodynamic effects in the kidney includ-
ing activation of nicotinamide adenine dinucleotide phosphate(NADPH)
oxidase (increases free radicals), inhibition of nitric oxide, and increased
production of sclerosis-producing factors TGF-f and PAI-1 (Fig. 4).
These effects conspire to produce sclerosis, fibrosis, and chronic
irreversible kidney damage.

Ang Il plays a prominent role in the development and progression of
common hypertensive kidney diseases including diabetes, hypertensive
nephrosclerosis, glomerulonephritis and polycystic kidney disease
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Fig. 4. Central role of angiotensin II in chronic renal failure (from ref. 75).

(14,15). Thus, ACE inhibitors (ACEIs) and Ang II type I receptor
blockers (ARBs) slow renal disease progression and improve outcomes
in patients with CKD (/5). Intrarenal Ang II production is important in
humans with kidney disease. Moreover, dissociation between plasma
Ang II concentration (which returns to pre-ACE therapy level) and
kidney and cardiovascular outcomes during chronic administration of
ACE inhibitors suggest that tissue Ang Il concentration/action predomi-
nates (16).

ErrECcTS OF ACEISs AND ARBS IN EXPERIMENTAL RENAL DISEASE

Figure 5 illustrates the typical hemodynamic picture observed during
micropuncture studies of rats with kidney failure caused by renal abla-
tion, diabetes mellitus, glomerulonephritis (/7). As shown in the left
panel, afferent arteriolar resistance is markedly reduced and efferent
resistance is slightly reduced in part because of increased Ang Il activity
and/or action. Consequently, glomerular pressure (Pgc) is increased. In
the presence of systemic hypertension, glomerular hypertension is
aggravated and glomerular barrier function is impaired. The latter allows
passage of protein from the capillary lumen into Bowman’s space and
subsequently into the urine. Treatment with an ACEI inhibitor or an
ARB decreases efferent resistance, glomerular pressure, and proteinuria.
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Fig. 5. In experimental animal models inhibition blockade of all prevents or
ameliorates hypertensive renal disease.

Additionally, glomerular structure and function are preserved and
tubulointerstitial fibrosis is markedly attenuated (9,16, /7). If these agents
are administered at the time of renal injury, these functional alterations
and the structural injury can be completely prevented. Furthermore,
when they are administered after the onset of renal injury, proteinuria is
reduced and disease progression is slowed. However, it is important to
note that lowering capillary pressure in animals or humans with renal
disease may also lower glomerular filtration rate (GFR). Thus, itis quite
common for clinicians to observe a small and persistent increase in
serum creatinine concentration as a consequence of lowering (Pgc) and
hence GFR after lowering BP with ACEIs or ARBs.

REDUCING PROTEINURIA

Detecting Abnormal Albumin Excretion Rate. Excessive excre-
tion of albumin in the urine becomes apparent by reagent test strips when
there is 300 mg/L or 300 mg albumin /g or more creatinine in the urine
(Table 1). If the dipstick test is negative, albumin and creatinine in a
random (“spot”) urine sample should be sent to the lab (18,79). The
recommended method for quantifying albuminuria and longitudinal
follow-up is the urinary albumin to creatinine ratio obtained from a
random urine sample. A normal urine albumin excretion rate is less than
30 mg albumin/g creatinine. Microalbuminuria is defined as an albumin
excretion in the range of more than 30 to less than 300 mg/g creatinine
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Table 1

Definition and Clinical Implications of Albuminuria*

Macroalbuminuria

Microalbuminuria (Overt Nephropathy)
Routine dipstick No Yes
Urine albumin 30-300 mg Alb/g Cr = 300 mg Alb/g Cr
Renal significance Marker of incipient diabetic Marker of progressive
nephropathy renal disease
Increased CV risk Yes Yes

“Random (spot) urine, preferably morning sample
*Random urine albumin creatinine ratio

and is not detected by the routine dipstick method (which detects albu-
min, notother proteins such as light chains). Macroalbuminuria is defined
as an albumin excretion rate of 300 mg/g or more of creatinine. Albumin-
uria is a marker for both progression of nephropathy and cardiovascular
death risk in patients with type I and type II diabetes (20-26).

Proteinuria has been extensively studied as a marker for progression
of kidney disease (20,27-50). In clinical trials, patients with impaired
kidney function and high-grade (>1 g/d) proteinuria progress at a faster
rate than those with low-grade (<1 g/d) proteinuria (57). For example, in
both diabetic and nondiabetic patients with proteinuric kidney disease,
acceleration of kidney disease progression correlates with the level of
baseline proteinuria. Even in patients with controlled essential hyperten-
sion and no evidence of kidney disease, the onset of proteinuria may be
a marker of future decline of kidney function (21,22,24,52). The Modi-
fication of Diet in Renal Disease (MDRD) study of a lower protein diet
and BP in CKD patients demonstrated that baseline proteinuria was an
independent risk factor for kidney disease progression (28-30). Meta-
analysis of clinical trials in nondiabetic CKD suggests that higher grade
proteinuria at baseline predicts greater benefit from ACEI inhibitor
therapy (51).

HYPERTENSION

Most large clinical trials of antihypertensive therapy have focused on
cardiac and cerebrovascular endpoints. Consequently, only a few clini-
cal trials have examined the effect of BP lowering on the progression of
kidney disease in both diabetic and nondiabetic patients. Early clinical
trials in hypertensive patients with kidney insufficiency failed to show
a significant benefit of BP lowering on decline in GFR (52,53). How-
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ever, the target level of BP control in these studies was relatively high
by today’s standard. In contrast, more recent clinical trials with lower
target BP levels have demonstrated that lowering BP in hypertensive
patients at risk for or with already established kidney disease preserves
kidney function. For example, the MDRD study, which included 800
subjects with CKD of diffuse pathophysiological origin, demonstrated
that subjects with higher grade proteinuria (i.e. = 1.0 g/d) randomized to
alower BP goal of 125/75 mmHg had significantly slower rate of decline
in GFR as compared to those randomized to a higher BP goal of about
139/89 mmHg (54). Figure 6 illustrates the mean rate of decline in GFR
plotted as a function of mean controlled systolic BP in nine clinical trials
of both diabetic (55-57) and nondiabetics with CKD (29,47,58-60).
Lower SBP was associated with slower rate of decline in GFR (67). For
example, in a hypertensive patient with Type II diabetic nephropathy,
with a creatinine of 2 mg/dL (GFR of about 50 mL/min), systolic BP of
150 mmHg is associated with a GFR decline at arate of about 8 mL/min/
year. At this rate the patient will be on dialysis (GFR of 10 mL/min) in
5 years (8 mL/min/year x 5 = 40). In contrast, if the SBP level is con-
trolled in the range of 130-135 mmHg, GFR is predicted to decline at
about —2 mL/min/yr. In this case, the patient would still reach ESRD in
20 years.

THE IMPORTANCE OF LOWERING BLOOD PRESSURE
AND PROTEINURIA WITH DRUGS THAT INHIBIT
THE RENIN-ANGIOTENSIN SYSTEM

CKD Caused by Nondiabetic Renal Disease

Several clinical trials have shown that ACEl-based regimens are
superior to non-ACEI-based regimens in nondiabetic patients with
hypertensive CKD (57).Inameta-analysis of 11 controlled clinical trials
including 1,860 patients, Jafar et al demonstrated that for any level of
SBP the risk for developing ESRD was lower in those treated with ACEI
as compared to the patients not treated with (5/). The degree of risk
reduction for ESRD was linearly related to SBP within the range of 100—
120 mmHg, consistent with the recommendation for achieving an SBP
goal of 120-130 mmHg in CKD. Moreover, the beneficial effect of ACE
inhibition to reduce the risk for ESRD was greatest in subjects who had
the highest baseline proteinuria. However, for subjects with < 1.0 g/day
or less of proteinuria in this analysis, superiority of ACEI therapy could
not be demonstrated. After adjusting for baseline and followup pro-
teinuria and SBP, the relative risk reduction for ESRD during ACEI
therapy was 30% compared to non-ACEI therapy. That is, after control-
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Fig. 6. The impact of blood pressure lowering on progression of renal disease
(from ref. 11).

ling for effects of lowering BP and proteinuria, the renoprotective effect
of ACEI persisted. These data indicate that antihypertensive regimens
including ACEI are more effective than regimens not including an ACE
inhibitor; beneficial effects of ACEI go beyond lowering BP and pro-
teinuria, and ACEI are indicated in the treatment of nondiabetic patients
with CKD and proteinuria.

CKD Caused by Hypertensive Nephrosclerosis

End-stage kidney disease attributed to hypertension occurs at rates
fivefold higher in African-Americans compared to both non-Hispanic
whites and Hispanics. Lowering BP in hypertensive nephrosclerosis is
associated with a slow rate of decline in GFR in African-Americans (61 ).
The African-American Study of Hypertension and Kidney Disease
(AASK Trial) demonstrated that lowering BP with ACE-based regimens
is superior to non-ACE-based regimens for renoprotection in African-
Americans with hypertensive nephrosclerosis. In the AASK Trial, 1094
hypertensive African-Americans with CKD (GFR 20-65 mL/min)
caused by hypertensive nephrosclerosis were randomized to one of two
different levels of BP control (1) mean arterial pressure (MAP) less than
92 mmHg or (2) MAP equal to 102-107 mmHg. In addition, participants
were randomly assigned to one of three antihypertensive drug regimens
consisting of an ACEI (ramipril), a dihydropyridine calcium channel
blocker (DHP CCB) (amlodipine), or a -blocker (Metoprolol XL).
Diuretics, a-blockers, clonidine, and vasodilators were added to each
drug group as needed to achieve and maintain BP control (62).
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Incomparing BP control groups, there were no significant differences
in overall rate of decline in GFR (primary outcome) or composite clini-
cal outcome of rapid decline in GFR (50% decrease from baseline ESRD
or death [secondary outcome]). However, in those with a baseline urine
protein excretion rate of more than 300 mg/day, GFR decline was sig-
nificantly slower in the ramipril group compared to the amlodipine group.
Moreover, there was a 38% risk reduction for the ramipril versus
amlodipine groups in the clinical composite outcome. Also, proteinuria
increased by 60% in participants in the amlodipine group and declined
by 20% in the ramipril group during the first 6 months of the study. This
difference was significant and persisted throughout the followup period
of 3 years. Most important, these differences were not explained by
differences in BP control level. Three important conclusions emerged
from this study: (a) BP control to currently recommended levels can be
achieved in hypertensive African-Americans with CKD; (b) initial
antihypertensive therapy with an ACEI offers greater benefit in slowing
deterioration of kidney function than a DHP CCB in patients with CKD;
and (c) ACEIs are renoprotective particularly in patients with a urine
protein/creatinine ratio of more than 300 mg/g creatinine or a value of
more than 0.22.

CKD Caused by Diabetic Nephropathy

Diabetic nephropathy is the leading cause of ESRD and is driving the
rising tide of ESRD. Approximately 30—40% of type I and type II dia-
betes patients develop progressive CKD leading to ESRD. Evidence
from large-scale multicenter clinical trials indicate that ACEIs and ARBs
are the preferred first-line therapy for diabetics with early and late neph-
ropathy.

TyPE I DIABETES

ACEIs are known to reduce the risk of onset of overt nephropathy in
type I diabetics with microalbuminuria. Meta-analysis of more than 20
clinical trials confirm that type I diabetics with microalbuminuria should
be treated with an ACEI to reduce the risk of progression of proteinuria
to overtrenal disease (63). In addition, ACEIs have been shown to lower
BP, preserve renal function, and reduce risk for developing ESRD in
patients with type I diabetic nephropathy (64). As shown in Fig. 7, the
rate of doubling of serum creatinine was significantly reduced during
treatment with captopril as compared to placebo-treated patients in a
trial of 409 type I diabetics with nephropathy (>500 mg protein excretion
per day). It is important to note that BP reduction was similar but reduc-
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Fig. 7. Captopril treatment of type I diabetics with nephropathy.

tion in proteinuria was markedly different between the groups. Two
important findings emerged from this study and deserve emphasis: (a)
the benefit of captopril as compared to placebo control was observed
only in patients with an elevated serum creatinine at baseline (> 1.5 mg/
dL), and (b) captopril, but not the placebo, significantly lowered urine
protein excretion despite the fact that mean reduction in BP was similar
between treatment groups and did not explain the difference in outcome.

TyrE II DIABETES

Type Il diabetes accounts for the majority of cases of diabetic ESRD,
and this trend is expected to increase in the future. However, in contrast
to type I diabetes, there are no large-scale trials using ACEIs to prevent
kidney failure. Several small clinical trials in patients with micro-
albuminuria and overt nephropathy in the setting of type II diabetes
mellitus demonstrated reduction in proteinuria and/or slowing of GFR
decline; however, until now there have been no randomized controlled
trials examining outcomes such as doubling serum creatinine, ESRD,
and death in type II diabetes (/7). However, ACEIls have been applied
to the type Il diabetes population with established or suspected diabetic
nephropathy through extrapolation from studies performed in type I
diabetics with nephropathy (64).

Early Nephropathy. In arecently published trial, the ARB irbesartan,
as compared to either amlodipine or conventional antihypertensive
therapy, was demonstrated to reduce the risk of onset of overt nephro-
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pathy in hypertensive type II diabetics with microalbuminuria by 71%
(100). BP control was similar among the three treatment arms of this
study and the risk reduction for irbesartan in a once-daily dose of 300 mg
was 71% compared to conventional therapy (65).

Late Nephropathy. Two large-scale multicenter clinical trials
involving 3230 patients with type II diabetes and overt nephropathy
have demonstrated that ARBs reduce proteinuria and reduce the risk of
progression of renal disease as compared to non-ACE antihypertensive
drug therapy (65,66). The Reduction in Endpoints in Non-insulin De-
pendent Diabetes Mellitus with the Angiotensin II Antagonist Losartan
(RENAAL) Trial was a multinational, double-blind, randomized pla-
cebo-controlled trial evaluating the kidney protective effects of losartan
in 1513 patients with type II diabetes and nephropathy who were fol-
lowed for an average of 3.4 years (65). Participants were maintained on
conventional therapy at baseline and then randomized to either placebo
or losartan 50-100 mg administered once daily to achieve a target BP
goal of less than 140/90 mmHg. The primary outcome was a composite
of doubling serum creatinine, ESRD, or death. The results showed that
losartan treatment reduced the risk of the primary composite outcome by
16%. Risk reductions were 25% for doubling serum creatinine, 28 % for
ESRD, and 20% for combined endpoint of ESRD or death. There was no
significant difference in all-cause mortality in losartan-treated patients.
Losartan-treated participants had a 32% risk reduction for first hospital-
ization for heart failure and a 35% reduction in proteinuria compared to
the placebo-treated participants. Also, the rate of decline in estimated
GFR was significantly slower during losartan treatment compared to
placebo. Importantly, there was no significant difference in BP level
between groups: 140/74 mmHg for losartan and 142/74 mmHg for pla-
cebo. There was also a 32% risk reduction in subsequent development
of ESRD in those patients who had already reached a doubling of serum
creatinine endpoint but continued on blinded study medication—further
evidence of renoprotection with losartan. Clinical and laboratory adverse
events were similar between the losartan and placebo groups. In this
trial, 80% of participants in both groups were concomitantly treated with
a CCB (80% DHP) in order to achieve BP control. The fact that losartan
treatment remained superior to placebo suggests that this maneuver does
not prevent the antiproteinuric and renoprotective effects of losartan.

In summary, the RENAAL trial demonstrated that treatment of type
II diabetic nephropathy with losartan alone or in combination with con-
ventional antihypertensive therapy reduces proteinuria, slows progres-
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sion of kidney disease, and reduces the incidence of hospitalization for
heart failure beyond BP lowering.

The Irbesartan in Diabetic Nephropathy Trial IDNT) was performed
contemporaneously with the RENAAL trial in a nearly identical patient
population of 1715 Type 2 diabetics with hypertension and overt pro-
teinuria (66). The same primary composite endpoint as with RENAAL
was used, and the study design and baseline patient characteristics were
similar. However, the IDNT is unique in that it randomized participants
in double-blind fashion to once-daily doses of irbesartan, or amlodipine,
or conventional antihypertensive therapy excluding ACEIs, CCB and
other ARBs. Conventional therapy was employed in the irbesartan and
amlodipine groups to achieve a goal BP of less than systolic 135/less
than diastolic 85 mmHg. The average followup was about 3 years. The
results indicated that irbesartan compared to amlodipine and in conven-
tional groups reduced the risk for the primary composite endpoint of
doubling serum creatinine, ESRD, or death by 20%, and relative risk for
doubling of serum creatinine was reduced by 39%. Proteinuria was sig-
nificantly reduced by irbesartan as compared to placebo or amlodipine
groups, and BP control was similar among the groups, indicating that the
beneficial effects of irbesartan on kidney outcomes were independent of
the BP lowering effects. In summary, the IDNT demonstrated that
Irbesartan is renoprotective in hypertensive proteinuric type 2 diabetics
beyond BP lowering compared to both amlodipine and placebo on the
background of conventional therapy.

It is important to note the common themes found in recent clinical
trials of both nondiabetic and diabetic patients with CKD. First, drugs that
inhibit the renin-angiotensin system were found to be superior to those that
do not. Second, multiple-drug therapy was required to reach the target
BP goals in patients with kidney disease. Third, the most striking (kid-
ney) benefits were observed in patients with abnormally elevated
baseline serum creatinine and protein excretion rates. Moreover, these
beneficial effects were accompanied not only by a reduction in BP but
also by a reduction in proteinuria. This means that the elevated serum
creatinine concentration per se is not a contraindication to the use of an
ACEI or Ang Il receptor antagonists, but quite the contrary. The weight
of the evidence indicates that it is patients with elevated baseline serum
creatinine who benefit most. Therefore, optimal care of the patient with
progressive CKD caused by diabetic and nondiabetic nephropathies
should include an ACEI or ARB.

Taken together, three large double-blind, placebo-controlled clinical
trials involving 3361 type 2 diabetics with either early (micro-
albuminuric) or late (macroalbuminuric) nephropathy demonstrate that
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treatment with an ARB lowers BP, reduces proteinuria, and slows pro-
gression of renal disease.

Who Should Not Receive an ACEI or an ARB?

Reasons to avoid initiation of therapy with either ACEIs or ARBs
include (1) Hyperkalemia (potassium = 5.3 mEq/L) (2) known allergy
(e.g.,rash, angioedema, cough, etc.); and (3) known or suspected critical
bilateral renal artery stenosis. The observation that serum creatinine
often increases after administration of an ACEI or Ang II receptor
antagonist in patients with nephropathy is common and, as alluded to
earlier, is expected on the basis of the known intrarenal hemodynamic
effects of inhibition of AIl production or action. Figure 8 illustrates an
algorithm for managing elevation of serum creatinine after initiation of
an ACEI or ARB in a patient with CKD.

RECOMMENDATIONS FOR ACHIEVING AND
MAINTAINING BP GOAL OF 120-130/70-80 MmmMHG
IN HYPERTENSIVE CHRONIC KIDNEY DISEASES

General Approach

The average number of medications required to achieve BP control in
hypertension trials, including patients with and without kidney disease,
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ranges from two to five. Thus, when treating patients with hypertensive
kidney diseases one must anticipate the need for multidrug therapy. An
approach recommended by the National Kidney Foundation for hyper-
tensive diabetics is illustrated in Fig. 9. The first step in this regimen is
the use of an ACEI combined with a diuretic. Subsequent steps in the
algorithm may be flexible in various patient groups. Maintaining the BP
within the control range is possible for prolonged periods of time but
requires frequent followup. Achieving these goals in diabetics and
nondiabetics has not been shown to increase morbidity or mortality
compared to higher BP control levels (67,68). Home BP monitoring may
facilitate management, and BP devices for home use are now relatively
inexpensive. Furthermore, most patients can be taught how to use BP
devices to their advantage in long-term treatment. Patients with CKD
and hypertension should be encouraged to purchase a BP measuring
device, record their BP daily and use these values as a guide to keep their
pressure under control.

Antihypertensive Choices
ACEIs

ACEIs are recommended as first-line antihypertensive therapy for
patients with CKD. These agents not only preserve kidney function but
also have beneficial effects on the cardiovascular system overall. Once-
daily ACEIs are preferred for compliance purposes, but the effect is a
class effect and there is no evidence of superiority of one agent over
another as far as kidney disease is concerned. The starting dose of the
ACEI should depend on the BP and desired goal. For proteinuric patients
the dose should generally be titrated to the maximal tolerable dose,
whether or not additional antihypertensive therapy is needed. The maxi-
mal dose for an ACEI in CKD has not been established, and most studies
have used moderate doses (e.g., type I diabetes trial used 75 mg/day of
captopril). Therefore, additional dose-titration studies targeted at
antiproteinuric and renoprotective effects are needed.

ARBs

The role of ARBS in treatment of kidney disease patients has not been
clearly defined. However, these agents have been shown to be equiva-
lent to ACEISs for both BP and proteinuria reduction. To date, long-term
outcome trials in nephropathy with these agents have not been pub-
lished. Two large multicenter clinical trials in hypertensive diabetics
with nephropathy are in the final phase at the time of this writing. How-
ever, the results are not yet known. As a group, the ARBs are generally
better tolerated than ACEIs. Because of ARBs’ known efficacy for BP
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Fig. 9. Algorithm for blood pressure control in hypertensive renal diseases
(from ref. 11).

and proteinuria lowering and their effect of antagonizing Ang II, many
practicing clinicians prescribe these agents for ACEI-intolerant patients.
These agents are not recommended as first-line therapy at this time,
primarily because of the lack of outcome studies. Many once-daily ARBs
are available and starting doses should be tailored to individual BP and
BP goal as noted for ACEIs. As described above for ACEIs the maximal
dose for ARBs in CKD is not known and additional dose titration studies
are needed to examine effects on proteinuria and renoprotection.

DI1urRETICS

A diuretic is recommended as the second agent because BP elevation
in kidney failure is in part mediated by volume expansion even in the
absence of overt edema. Diuretics are particularly important for patients
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with severe hypertension and kidney failure, especially those with
edema. For patients with serum creatinine less than 1.8 mg/dL, thiazide
diuretics may suffice. However, for more advanced kidney disease, loop
diuretics should be used. Furosemide should be administered at least
twice daily, whereas torsemide once daily may suffice.

CCBs

Third line agents to achieve the goal include CCBs. An important
question is whether to use a DHP versus non-DHP. Some small studies
in diabetic kidney disease suggest that non-DHP CCBs are superior to
DHP CCBs for reducing proteinuria (69). In nondiabetics with prot-
einuric nephropathies, long-term treatment with DHP CCBs may
increase proteinuria if BP goal is not achieved. In the AASK study, ACE
inhibition as compared to DHP CCBs improved outcomes in patients
with hypertensive nephrosclerosis and more than 300 mg/day of pro-
teinuria. However, the agents were not combined (70). In contrast, a
CCB was administered to 80% of patients in RENA AL and did not offset
the renoprotective effect of losartan. On the basis of current evidence in
hypertensive proteinuric CKD patients, CCBs should be added to an
ACEI- or ARB-based regimen if BP is not yet at goal.

-BLOCKERS

B-Blockers are effective antihypertensives in patients with CKD.
Moreover, because of the high incidence of cardiac disease in this patient
population B-blockers are increasingly employed to manage hyperten-
sion in both diabetic and nondiabetic patients with CKD. Additionally,
in the AASK trial the long-acting B-blocker metoprolol was associated
with a significant 37% risk reduction for the secondary combined
outcome of rapid decline in GFR or ESRD or death as compared to the
DHP CCB (amlodipine) in patients with elevated baseline proteinuria
(R. Toto, unpublished observation). Additionally, 3-blockers may be
used in conjunction with CCBs and ACEIs particularly in diabetic
patients with kidney disease. However, adding 3-blockers to ACEI and/
or ARB therapy should prompt measurement of serum potassium be-
cause these agents added together could cause or worsen existing hyper-
kalemia.

0-BLOCKERS AND CENTRALLY ACTING 0.-2 ANTAGONISTS

a-blockers and centrally acting a-2 antagonists have received little
attention in the treatment of kidney disease but are not considered first-
or second-line therapy. Most protocols, including the AASK study and
the algorithm for treatmenting the hypertensive diabetic recommended
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by the National Kidney Foundation, suggest use of this class after ACEIs,
diuretics, CCBs, and/or -blockers have been added. These agents can
be extremely effective adjunctive agents in patients with kidney disease.

VASODILATORS

Hydralazine and minoxidil are still useful agents for managing severe
hypertension in kidney disease. These drugs are used in many clinical
trials and in clinics for this purpose. They are generally considered last
in line for administration to patients with kidney disease following titra-
tion of the above-noted drug classes.

MINERALOCORTICOID RECEPTOR ANTAGONISTS

Spironolactone 25 mg once daily can reduce BP and proteinuria in
hypertensive patients with overt proteinuria when added to ACEI therapy
(71). Animal studies have demonstrated that a blockade of mineralocor-
ticoid receptors may attenuate renal scarring independent of BP effects;
however, there are no outcomes trials in CKD (72). If mineralocorticoid
antagonists are added to other antihypertensive agents in CKD patients,
serum potassium must be monitored closely because the risk for hyper-
kalemia can be markedly increased at a dose of 25 mg once daily.

SUMMARY

In summary, end-stage kidney disease incidence and prevalence are
increasing and type II diabetes mellitus has emerged as the major cause
of ESRD. Lowering BP preserves kidney function in patients with com-
mon hypertensive kidney diseases including hypertensive nephrosclero-
sis and diabetes. The clinician should focus on achieving a goal BP of
120-130 systolic and 70-80 diastolic with the emphasis on BP “goal”
rather than “control.” Optimal management of hypertension in this set-
ting should include either an ACEI or Ang Il receptor antagonist as part
of the antihypertensive regimen.
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INTRODUCTION

The overall prevalence of renovascular hypertension is low, account-
ing for only 5% of all hypertensive patients in the general population and
between 10 and 45% of those in a hypertension subspecialty practice
(1,2). Thus, routine screening is neither cost effective nor efficient;
screening should be performed only on those patients with historical and
physical findings, which raise suspicion for renovascular disease. Addi-
tionally, renal artery stenosis in not synonymous with renovascular
hypertension, as illustrated by multiple autopsy series (3—5). In a series
of 154 randomly selected autopsies, Schwartz and White showed a strong
association between renal artery stenosis and advancing age but no cor-
relation between stenosis and increased diastolic blood pressure (DBP)
(4). Similarly, Holley and coworkers (3) found that 49% of normoten-
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sive and 77% of hypertensive patients have evidence of moderate to
severe renal artery stenosis.

Renal artery stenosis is typically defined as narrowing of the luminal
diameter of a large renal artery by at least 50—75% whereas renovascular
hypertension is stenosis coupled with renin-dependent hypertension in
unilateral disease or combined with hypervolemia in bilateral arterial
disease. Left untreated, renal artery stenosis may progress and cause
renal dysfunction. The progression of arterial luminal narrowing and the
associated decline in renal function is demonstrated by a series of 1189
patients who underwent serial angiograms for the workup of cardiac
ischemia (6). Stenotic renal lesions noted on the first study were reas-
sessed at the time of a followup angiogram. There was progression in the
severity of stenosis in 11.1% of the patients and associated decline in
renal function. The workup of a patient with suspected renovascular
hypertension should be designed to identify those lesions that cause
pathophysiological changes associated with hypertension and renin
dependency as well as ultimately providing anatomic data to guide
management.

ASSESSMENT AND SCREENING
OF THE PATIENT POPULATION

Because of the low prevalence of renovascular hypertension in the
general population, routine screening is neither cost effective nor high
yield. Additionally, the predictive value of screening tests for the iden-
tification of renal artery stenosis and the response to revascularization is
limited in a population with low prevalence of renovascular hyperten-
sion. Screening should be limited to those with clinical features thatraise
suspicion for renovascular disease.

Clinical features suggestive of renovascular disease were identified
in a retrospective analysis of patients who underwent surgical interven-
tion for renovascular disease and now are used to stratify patients by risk
priortoscreening (/,6,7—11). Datacollected from the Cooperative Study
of Renovascular Hypertension on 339 essential hypertensives and 175
patients with renovascular disease demonstrated an association between
renovascular disease and advancing age, sudden onset of hypertension,
accelerated hypertension, and coexisting vascular disease (Table 1) (7).
Essential hypertension tends to have a more variable onset, to present in
middle age, and to occur in those patients with a family history of hyper-
tension. In contrast, renovascular hypertension tends to occur in the
extremes of age, attributable more often to fibromuscular disease in
younger patients and atheromatous disease in older patients. In those
individuals presenting with hypertension after age 60, there is a 10%
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Table 1

Features Suggestive of Renovascular Hypertension

* Age of onset <30 or >55

* Accelerated hypertension

» Resistant to therapy despite =3 drugs

* Unexplained renal dysfunction

* Azotemia after ACEI or ARB administration

* Abdominal bruit

» Coexistant vascular disease: coronary artery disease, cerebrovascular
disease, peripheral vascular disease

* Recurrent pulmonary edema

ACE], angiotension-converting enzyme inhibitor; ARB angiotension receptor
blocker.

chance of an etiology of renovascular hypertension (/2). Renovascular
hypertension is more likely to be accelerated and refractory to treatment,
with many patients presenting with grade III or IV retinopathy and se-
vere diastolic hypertension at the time of diagnosis, as well as requiring
multiple antihypertensive agents (/,2,6,9). For example, a series of 52
patients with renovascular hypertension were found to have resistant
hypertension with a mean systolic blood pressure of 208 mmHg and
DBP of 106 mmHg, renal insufficiency (mean serum creatinine of 1.7
mg/dL), an average regimen of 2.8 antihypertensive agents, and symp-
toms of recurrent pulmonary edema (73).

Atheromatous disease is a major risk factor for renovascular hyper-
tension; 40% of patients with renal artery stenosis have bruits in major
vessels and up to 30% have concomitant coronary artery disease or
peripheral vascular disease (7,5, /4). Historical factors such as claudica-
tion, previous myocardial infarction, cerebrovascular accidents, hyper-
lipidemia, and smoking are associated with increased risk. For example,
Nicholson et al. (/5) demonstrated that smokers comprised 88% of the
population with renovascular disease but just 42% of the patient popu-
lation with essential hypertension.

In renal artery stenosis, the kidney supplied by the stenotic vessel
develops tubular atrophy and interstitial fibrosis secondary to hypoper-
fusion while the contralateral kidney, exposed to higher pressures,
develops glomerulosclerosis resulting in proteinuria and ultimate decline
in renal function. The blood flow distal to the stenosis is dependent in
part on angiotensin II (Ang II) driven vasoconstriction in the efferent
arteriolar circulation. The rise in serum creatinine and decline in glom-
erular filtration rate (GFR) seen with use of an angiotensin-converting
enzyme inhibitor (ACEI) or an angiotensin Il receptor blocker (ARB) is
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caused by removal of Ang II-mediated renal efferent arteriolar vasocon-
striction. Unexplained renal insufficiency and azotemia following ACEI
or ARB challenge are both factors that should raise suspicion for the
presence of renovascular disease.

SCREENING TESTS

Because not all stenotic lesions of the renal arteries have functional
significance, any screening workup should obtain both anatomic and
functional data. The conventional angiogram is the gold standard for
diagnosis, combining visualization of lesions, determination of hemo-
dynamic significance, and possible therapeutic intervention, but the
procedure has a variety of associated risks. The diagnostic goal is to
minimize the number of patients exposed to these procedural risks by
using other noninvasive screening tests. Several anatomic and functional
screening tests have been developed that accurately identify renal artery
stenosis and predict prognostic outcome following revascularization.

Functional Tests

The functional tests to screen for renovascular hypertension are shown
in Table 2. These tests generally include biochemical parameters coupled
with stimulation or imaging studies using agents that block the renin-
angiotensin system to provide information about the functional
significance of the stenosis and aid in predicting the benefits of
revascularization with regard to blood pressure (BP) control and renal
function.

PrasMA RENIN LEVELS/ STIMULATED PLASMA RENIN LEVELS

The most general screening test is the sampling of peripheral plasma
renin activity (PRA). In response to diminished renal perfusion, the
kidney supplied by the stenotic artery secretes excess renin. However, an
elevated systemic plasma renin level is not very specific for renovascu-
lar hypertension given the overlap for elevated PRA levels in essential
hypertension and potential for normal levels of PRA in renovascular
hypertension: 50-80% of renovascular hypertensive patients have
elevated PRA levels, whereas 15-20% of essential hypertensive patients
have elevated levels (/6). The predictive value of the systemic PRA
levelsis enhanced by measuring the response in renin levels after admin-
istration of an ACEI (usually oral captopril or parenteral enalaprilat),
based on the finding that the affected kidney will have exaggerated renin
release caused by both the fall in arterial pressure and the removal of the
effects of Ang II on the efferent arterioles in the nephron. Early studies
examined the predictive value of the stimulated plasma renin tests in
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Table 2

Functional Tests for Renovascular Hypertension

Diagnostic test Diagnostic criteria Advantages Disadvantages
Stimulated PRA PRA > 12 ng/mL/hr Noninvasive, Affected by many
1 of > 10 ng/mL/hr inexpensive antihypertensives
1 of =2 150% Cannot differentiate
between bilateral
and unilateral disease
Renal vein renin Lateralization >1.5 Lateralization can be Technically difficult
ratio determined Ipsilateral >1.5
Invasive
Contralateral <1.0
Renal scintigraphy Changes in renogram Noninvasive Expensive
Pre/post ACEI No radio-contrast Affected by other
administration Can distinguish kidney disorders

bilateral vs unilateral

PRA, plasmas renin activity; ACEI, angiotension-converting enzyme inhibitor.



68 Secondary Hypertension

those patients diagnosed with renovascular hypertension by conven-
tional angiography. A series by Haward and colleagues of 12 patients
demonstrated a sensitivity of 89% and specificity of 100% for stimulated
plasma renin levels for identifying those patients who would respond to
revascularization (13).

The limitations of the captopril renin test are primarily related to the
effects of various antihypertensive therapies. Because most antihyper-
tensive agents can affect the level of renin, all antihypertensive agents
with a potential effect on the PRA should be discontinued for 2 to 4
weeks before testing. Calcium channel blockers (CCBs) have often been
used for hypertension management until the biochemical testing has
been completed. Plasma renin levels are drawn before and 1 hour after
dosing with a short-acting ACEI, and BP measurements are completed
at baseline and at 15-minute intervals throughout the testing.

In a retrospective analysis of 246 patients with renovascular hyper-
tension, Muller and colleagues(/7) defined the three criteria for a posi-
tive stimulated renin test:

1. stimulated plasma renin level of greater than 12 ng/mL/hour

2. an absolute increase in plasma renin activity of greater than 10 ng/
mL/hour.

3. a greater than 150% increase in PRA or greater than 400% increase in
PRA if the baseline PRA was less than 3 ng/mL/hour.

Although neither that sensitive nor specific in patients with renal
insufficiency or bilateral disease, when applied to those with preserved
renal function these criteria for the captopril test are 100% sensitive and
specific for diagnosis of renal artery stenosis but not necessarily ren-
ovascular hypertension. Attempts to reproduce Muller’s results in pro-
spective studies have failed to achieve similar accuracy for the captopril
test with sensitivity ranging from 34 to 95% and specificity ranging from
66 t0 93% (18-22). The largest series involved 485 patients with hyper-
tension using the three criteria for plasma renin levels and had a sensi-
tivity of 79% and specificity of 89% (19). Accuracy for the captopril test
has been shown to be lower in younger patients, African-Americans,
patients on diuretics, and patients with renal insufficiency (serum crea-
tinine >1.7 mg/dL). Davidson et al. (23) attempted to redefine the diag-
nostic cut-off criteria in an effort to improve the predictive value of the
test, designating a plasma renin level of greater than 5.7ng/mL/hr as a
positive test in the evaluation of 36 patients with renovascular hyperten-
sion. Of these 36 patients, 69.4% had been cured (BP < 140/90 mmHg
on no medication) or improved (DBP decreased by 10-15% and less
medication) by surgical revascularization. The stimulated plasma renin
test was positive in 24 of the 25 patients who responded to intervention
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(96% sensitivity) and negative in 6 of the 11 nonresponders (54.5%
specificity). Applying Muller’s criteria to this same group improves
specificity to 63% but decreases the sensitivity to 83%.

The lack of reproducible results and confounding factors of renal
insufficiency, volume depletion, smoking, and autonomic dysfunction
have markedly limited the utility of this test. It is inconvenient and
potentially unsafe for patients with stage II and III hypertension to be
taken off of most antihypertensive agents for several weeks. Another
major limitation is the lack of any anatomic data and inability to differ-
entiate unilateral vs bilateral disease. Given its limited utility and the
inaccurate results in a low- to moderate-risk population, this test is no
longer typically used in the evaluation for renovascular disease.

RENAL VEIN RENIN SAMPLING

In contrast to the stimulated plasma renin test, renal vein renin testing
provides information about the renin production of each kidney. Given
the invasive nature of the test, however, it has not been used as a first-
line screening test in patients at low risk for renovascular disease. Renin
samples are obtained via selective catheterization of the renal veins
under fluoroscopic guidance. The affected kidney will typically have
elevated renin secretion and thus an increased renal vein renin to vena
caval renin ratio while the contralateral kidney will show suppressed
renin secretion. A renal vein to vena caval renin ratio of more 1.5 is
predictive of a beneficial BP response to treatment in 90% of the patients
with unilateral stenosis (24). The normal renal vein to vena caval renin
ratio is 1.24 with only 10% of normotensive patients having a ratio of
more than 1.5. The kidney contralateral to the stenotic artery has a
suppressed renal vein renin to vena caval renin ratio of less than 1.0
with less than 20% of renovascular hypertensive patients having sup-
pressed ratios.

Multiple studies have demonstrated that a ratio of more than 1.5 as a
criterion for diagnosis of renovascular hypertension has an 80% sensi-
tivity and a 62% specificity but does not always predict response to
intervention (13,25,26). In those patients with renovascular hyperten-
sion undergoing surgical revascularization (25), 45 of 50 of those cured
and 26 of the 34 improved by surgery demonstrated lateralization of the
renin levels (cut-off ratio was >1.4). Although lateralization was predic-
tive of beneficial response to surgical intervention, the failure to later-
alize did not predict failure since 7 of 14 patients with a ratio less than
1.4, showed improvement after surgery highlighting the fact thata patient
cannot be excluded from renal revascularization based on the split renal
vein renin sampling. Up to 30% of patients who fail to lateralize have a
beneficial response to surgery (27). There is the potential for many tech-
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nical errors to account for the number of false-negative results, such as
sampling from the wrong branch of the renal vein, improper collection
and processing of samples, and stimulation of renin secretion by dye
injection. The technical errors in combination with the multiple inherent
risks of the test, including intravenous catheterization and nephrotoxic-
ity from the dye load, have steered many away from using split renal vein
renin sampling as part of a diagnostic workup.

RENAL SCINTIGRAPHY

Radionuclide scintigraphy has become a primary method for screen-
ing patients with normal renal function for renovascular hypertension by
assessing renal perfusion, renal size, and excretory capacity. The reno-
gram consists of three phases: (a) the rapid upslope or uptake of tracer
in the first minute, the tubular phase or the time to peak of the clearance
curve (about 3 to 5 minutes and a correlate of renal plasma flow) and (b)
the secretory phase associated with a gradual decline in tracer over the
next 30 minutes (a correlate of urinary flow). The administration of a
short-acting ACEI enhances the functional differences between the kid-
neys in patients with renovascular hypertension. Those patients on
ACEIs or ARBs should hold therapy for at least 48 hours before to the
renal scan. Changes in the baseline renogram between the kidneys and
changes between pre- and post-ACE inhibition are then assessed (Fig. 1).
Asymmetry in uptake of radionuclide 1.5 to 2.5 minutes after injection
defined as less than 40% uptake on the affected side and more than 60%
on the unaffected side, in excretion, time to peak activity, or the percent-
age of peak activity 15-20 minutes postinjection, are indicative of renal
artery stenosis (/6,28). Using these criteria, the renogram has been re-
ported to have a sensitivity of 85-90% (range 45-94%) and a specificity
of 93-98% (range of 81-100%) (29-31).

The choice of the radiolabeled agents also may affect the precision of
renal scintigraphy. I'3!- T orthoiodohippuric acid (OIH) is a marker of
renal plasma flow, taken up and retained in tubular cells because of the
inability to be washed out when the GFR is reduced. The OIH renograms
are characterized by prolongation of cortical transit time and cortical
retention in the affected kidney. The sensitivity and specificity of OIH
renograms are equivalent to detection of renal artery stenosis by
intravenous pyelography (2). Other radiotracers have far better resolu-
tion and pick up more of the branch arteries (30). Technetium-99
diethylenetriamine pentaacetic acid (DTPA) is a pure glomerular agent
with limited protein binding that is eliminated by glomerular filtration
and therefore has decreased intensity with declining GFR. DTPA-
captopril renograms have been reported to have a sensitivity of 91% and
a specificity of 94% for greater than 50% of patients with renal artery
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Fig. 1. Two-part renogram of a 61-year-old female on ACEI with 3.2mCi of
Technetium-99m MAGS3.
(A) Baseline perfusion study.
(B) Baseline function. During peak concentration the left kidney contrib-
utes 65% of the renal funtion. Half-time emptying for the left kidney in
17 minutes, not reached in the right kidney (normal 5 to 7 minutes).
(C) Perfusion study after 2 mg of intravenous enalaprilat.
(D) Functional study after 2 mg enalaprilat. In comparison to baseline reno-
gram, high probability of right renal artery stenosis. (Fig. 1C & D, next page.)



72 Secondary Hypertension

C Perfusion (area normalized)
180 P& 2
£
) o 2 ]
e o e TR ¥
— I W"-P“r ._-kﬁ.\“f"
a L F _pa=
E FA
EL - .':-‘0 —— Left
7=
o g‘ .
~— - -~ Right
% /
Q
E i _ — Aorta
= A
e J A
O | Reauexes )
7~ T s T T T !
u‘a 1-D
Time (min)
D Function
500
400
T
m
=
E&Dﬂ —+— Left
I - Right
8
@ 200 Background
S
3
o
(3]
100
('} e Sy I ey I S S R N S R R R N N N

o 3 6 9 12 15 18 21 24 27 30
Time (min)

stenosis (32). In addition to detection, there was a high concordance for
predicting response to revascularization in those patients with positive
captopril scans.

In the setting of impaired renal function (serum creatinine > 1.4), the
accuracy of DTPA renograms is compromised (33,34). Technetium-99
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mercaptoacetyltriglycine (MAG3) is another agent secreted by the
tubules, which visualizes the collecting system and cortex. Ithas become
the radionuclide of choice for the assessment of renovascular hyperten-
sion. It is effective in those patients with renal insufficiency because it
provides more distinct images and exposes the patient to a lower radia-
tion dose (/6). In a series of 84 patients, 51 of whom were evaluated by
captopril renal scintigraphy (using either DTPA or MAG3 as the con-
trast agent) in addition to conventional angiography, there was a positive
predictive value of 97% and a negative predictive value of 72% for
beneficial response to treatment, highlighting the significant predictive
value of renal scintigraphy for response to intervention (28). This again
is demonstrated in the review of data on the use of renal scintigraphy
over 15 years by van Jaarsveld (35). Using renal scintigraphy with a
sensitivity of 68% and a specificity of 90% in a population with 3%
prevalence of renovascular disease, it was demonstrated that in order to
detect 20 cases of renovascular hypertension, 117 patients would require
angiography (35). In contrast, without using renal scintigraphy as a
screening test, 667 patients with hypertension would undergo angiogra-
phy to detect 20 cases of renovascular hypertension.

EVALUATION OF RENAL ARTERY ANATOMY

In addition to identifying the presence of renovascular hypertension,
another important goal is to define the responsible stenotic lesion and
assess whether it is amenable to treatment with either percutane-
ous angioplasty or bypass surgery (Table 3). Prior to revascularization,
every patient will undergo conventional angiography. The goal would
be to determine whether kidney function is salvageable and thereby
prevent those who would not benefit from intervention from proceeding
with unnecessary angiography.

INTRAVENOUS PYELOGRAPHY

In the past, intravenous pyelography (IVP) was a common screening
test used to detect the ischemic changes in the kidney ipsilateral to the
stenosis. Diagnostic criteria included a disparity in renal length of at
least 1.5 cm and a greater than 1-minute delay in calyceal appearance
time (/6). Compared to arteriography, this modality had a sensitivity of
74.5% and specificity of 86.2% (16). However, there are a high number
of false negatives attributed to bilateral or segmental renal artery dis-
ease. More significant was the poor predictive value for response to
intervention. In reviewing results of the pyelography, only 60 to 73% of
the patients with abnormal pyelograms had a beneficial response to
surgical revascularization, whereas 40-85% of those with normal
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Table 3

Anatomic Tests for Renovascular Hypertension

Test Diagnostic criteria Advantages Disadvantages
IV Pyelogram Diff between kidneys Easy to perform Dye load
>1.5cm Can continue Poor predictive value
> 1 min calyceal medications
appearance after dye
injection
Duplex Doppler Kidney size Noninvasive Time consuming
Ultrasound Peak flow >180 cm/s Can be used in all Operator dependent
Ratio R/A >3.5 patients and continue
medications
CT Angiogram Visualization of Stenotic Good visualization of Dye load
vessels main and accessory
vessels
MRA Visualization of stenotic Good visualization of Misses accessory

vessels

lesions in main renal
arteries

vessels
Over/underestimates
degree of stenosis
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pyelograms had a beneficial response to surgery (1/6,24). This poor sen-
sitivity and specificity, as well as poor predictive value, and the risks of
large amounts of contrast dye and radiation exposure have virtually
eliminated the use of IVP as a screening test.

DurLEX DoPPLER ULTRASONOGRAPHY

Duplex doppler ultrasonography is a unique modality that provides
both anatomic and some functional data. Renal size assessment and
visualization of renal arteries is performed via B-mode imaging. As the
lumen of a vessel narrows, the velocity of blood flow increases and the
severity of stenosis can be determined by comparing the systolic flow
velocity through the renal artery compared with that through the aorta
using a color Doppler unit (/6,34). Compared to conventional angiog-
raphy, Doppler ultrasound has a sensitivity of 88—-95% and specificity of
90-99% with positive and negative predictive values of 99% and 97%,
respectively (24,36,37).

In a series of 98 patients evaluated with both duplex ultrasound and
radionuclide scintigraphy, Johansson and colleagues (38) showed that
the kidney ipsilateral to the stenosis was smaller (10.1 = 0.2 cm) than in
the contralateral unaffected kidney (11.4 =0.1 cm (p <0.01). The duplex
ultrasound allows for assessment of renal size and asymmetry between
kidneys, ureteral abnormalities, vascular abnormalities, and identifica-
tion of stenotic vessels.

Classically stenotic lesions have been defined ultrasonographically
by a peak flow velocity of more than 180cm/second through the vessel
and a ratio of renal arterial flow velocity to aortic flow velocity of more
than 3.5 (37). Inan effort to improve sensitivity and specificity, Hoffman
et al redefined the criteria of stenosis as a combination of three factors:
delayed time to early systolic peak velocity (acceleration time),
decreased acceleration within segmental hilar arteries (acceleration
index), and loss of the normal early systolic compliance peak with a
resultant sensitivity of 95% and specificity of 97%.

Other radiologists using duplex ultrasonography as a screening
method have tried to define more objective measurements that have a
greater predictive value for prognosis and intervention. In a series of
5950 hypertensive patients screened with Doppler ultrasonography,
Radermacher et al. evaluated the utility of the resistance index (RI) as a
predictor of successful intervention (39).

Resistance Index (RI) = (1 - End diastolic velocity/max systolic
Velocity) x 100
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Of the 35 patients with a resistance index greater than 80, 34 failed
to have abeneficial response in blood pressure postrevascularization and
28 of these patients had a decline in renal function, whereas of the 96
patients with a resistance index of less than 80, only 6% failed to have
some improvement in blood pressure and 3 % had a decline in renal
function. In another series of 214 hypertensive patients involving 53
subjects with renal artery stenosis, the resistance index had a 92% sen-
sitivity and 96% specificity for detection of greater than 70% stenosis
(40—42). Another measure of arterial flow is the pulsatility index (PI):

PI = (Peak systolic velocity - End diastolic velocity)/Mean velocity

All these measurements have comparable sensitivity and specificity
for detection of stenosis but are useful in making the diagnosis of renal
artery stenosis less subject to observer bias.

The main advantage of ultrasonography is that it is a modality that can
be used in almost every patient becaue the results are not affected by use
of antihypertensives or underlying renal insufficiency. It is noninvasive
with no exposure to irradiation or contrast dye. Its main drawback is that
it is a time-consuming procedure and highly operator dependent for
accuracy. Unless an institution has extensive experience with dedicated
ultrasonography technicians or radiologists, the accuracy of this test
does not approach that of other screening modalities.

SpPIRAL COMPUTED TOMOGRAPHY ANGIOGRAPHY

Spiral computed tomography (CT) angiography provides another
modality to image the renal arteries noninvasively with the accuracy of
conventional angiography. In a group of 50 patients undergoing both
spiral CT angiography and intra-arterial digital subtraction arteriogra-
phy (DSA), spiral CT angiography detected 126 of 127 renal arteries and
27 of 28 of the accessory renal arteries detected by DSA (96% detection
rate) (43). In this study, spiral CT angiography had four false-negatives,
two false-positives, two underestimations of stenosis, and one overesti-
mation of stenosis, all involving accessory renal arteries. For a greater
than 50% stenosis, in any renal artery, spiral CT angiography had a
sensitivity of 90% and a specificity of 97%; when only the main renal
arteries were evaluated, the sensitivity and specificity improved to 100%
and 97%, respectively. These results were corroborated in studies by
Elkohen et al. (44) where spiral CT angiography had a sensitivity of
87.5% and specificity of 98% in detecting 14 of 16 significant stenotic
lesions with the missed lesions in only branch arteries. Beregi et al. (45)
demonstrated a sensitivity of 88% and specificity of 98% for detection
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of renal artery stenosis and 100% sensitivity and 98% specificity when
evaluating only main renal arteries.

A significant disadvantage of this screening modality is the use of
contrast and the risk of nephrotoxicity. A spiral CT angiogram usually
requires 150-200 cc of noniodinated contrast and thus limits its use to
patients with normal renal function. The accuracy of this study is limited
in those patients with impaired renal function; Olbrichtet al. (46 ) studied 62
patients evaluated with spiral CT angiography and conventional arteriogra-
phy. Evaluation by spiral CT angiography had a sensitivity of 98% and
specificity of 94%, which fell to a 93% sensitivity and 81% specificity in
those patients with serum creatinine levels of greater than 1.7 mg/dL (46).

MAGNETIC RESONANCE ANGIOGRAPHY

Magnetic resonance angiography (MRA) provides a noninvasive,
nonnephrotoxicalternative to conventional angiography. Images are
derived from signals originating from moving and fixed protons. There
are three protocols used to reconstruct the renal arteries: two-dimen-
sional time of flight (2DTOF), three-dimensional time of flight 3DTOF),
and three-dimensional phase contrast (3DPC). 2DTOF images detect
slow-flowing vessels. 3DTOF images have better spatial resolution and
can visualize perinephric tissue well. 3DPC images allow for subtraction
of background tissue, thus highlighting the area of interest. Kim et al.
(47) evaluated 25 patients with 2DTOF with a specificity of 92% and
sensitivity of 100% for detection of stenosis, but there was an overesti-
mation and underestimation of stenosis severity (46). Yucel et al. applied
all three modalities in evaluating 16 patients with a 100% sensitivity and
93% specificity (48).

When compared to contrast arteriography, MRA had a sensitivity of
91% and overall accuracy of 81% when evaluating 32 renal arteries (49).
Although MRA has equivalent accuracy to conventional arteriography
for main arterial lesions, it fails to detect lesions in many accessory renal
arteries. In a series of 37 patients with hypertension evaluated with MRA
and intra-arterial DSA, MRA had a sensitivity of 100% and specificity
of 96% for detecting stenotic lesions in main renal arteries but missed 9
of 12 of the lesions in accessory renal arteries.

MRA is being used more frequently as a noninvasive method for
visualizing vessels and the kidneys in those patients with significant
renal impairment. Its accuracy is comparable to conventional angiogra-
phy for proximal or main renal arteries but is less accurate for the detec-
tion of accessory vessels. Grading the severity of the lesions is subject
to observer error, leading to overestimation and underestimation of the
degree of luminal narrowing.
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CONTRAST ANGIOGRAPHY

Contrast angiography remains the gold standard for assessment of
renal artery stenosis. Via a major artery, the renal arteries are catheter-
ized and visualized with injections of contrast. In addition to identifying
the location of stenosis, the severity and the hemodynamic significance
may be determined by measuring the gradient across stenotic lesions.
Contrast angiography evaluates the kidney size quite precisely because
a kidney at least 9 cm in length with evidence of retrograde filling of
distal renal arteries should have the best outcome with regard to renal
function (49,50). Unlike other screening tests, this is the only modality
that is diagnostic and can become potentially therapeutic Fig. 2.

Contrast angiography is not without risks because it exposes patients
to the risks of arterial catheterization, contrast dye, irradiation, choles-
terol emboli, and aortic dissection. In patients with renal insufficiency,
there is a 10—15% risk of contrast-induced nephropathy (50).

A few protocols have been developed in an attempt to approximate the
accuracy of conventional angiography with less risk of complications.
One protocol is intravenous digital subtraction angiography (intrave-
nous DSA). This method does not require hospitalization or arterial
catheterization. It is especially useful in patients with severe atheroscle-
rotic disease, thus minimizing cholesterol embolization risk. A review
of 13 studies reveals a sensitivity of 87.6 % and specificity of 89.5% for
detection of renal artery stenosis (50). However, the images do not have
the resolution of conventional angiography and expose patients to a dye
load. Additionally, images of vessels can be obscured by overlying
mesenteric vessels. Intra-arterial DSA is another protocol, that uses in-
tra-arterial injections of contrast material but in combination with com-
puter technology to enhance images to minimize the amount of dye used.
This modality provides an equivalent level of accuracy as seen with
conventional angiography. Recently, the use of carbon dioxide (CO,) as
a contrast agent to eliminate the risk of renal toxicity has gained popu-
larity for evaluating both renal and peripheral vascular disease. CO, is
used as the contrast agent and the images are then enhanced with DSA.
This combination of CO, and DSA provides images of the vessels with
a high percentage of diagnostic agreement with conventional angiogra-
phy. CO, angiography can visualize second and third branches of renal
arteries accurately. Beyond this requires about a 10 cc injection of con-
trast; this small amount poses little nephrotoxic risk. Since this agent is
a gas, bowel gas can interfere with adequate visualization. This is often
minimized by the use of glucagon.
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Fig. 2. Contrast angiography demonstrating renal artery stenosis.

CONCLUSION

It is not feasible to develop a single algorithm for the diagnosis of
renovascular hypertension; rather, the choice of screening tests is tai-
lored to the level of clinical suspicion and the individual’s clinical charac-
teristics. While conventional angiography is superior diagnostically and
has potential therapeutically, it has too many risks to use as a routine
procedure. The diagnostic assessment needs to provide enough ana-
tomic and functional data to warrant proceeding to angiography and
potential intervention with angioplasty. Many of the early tests such as
plasma renin levels, renal vein renins, and intravenous pyelography do
not have acceptable levels of accuracy and have been eliminated in most
workups (Table 4). Captopril renal scintigraphy has come to the fore-
front as an initial screening test in those patients with historical and
physical findings suggestive of renovascular hypertension. Those with
positive renal scans could proceed directly to angiography. Those with
equivocal or negative scans, but highly suspicious clinical features, could
be further evaluated with MRA and, based on those findings, proceed to
conventional angiography. Another modality that can be used as a initial
screening test is duplex Doppler ultrasonography. The reliability of this
modality depends on an institution’s experience and the presence of a
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Table 4
Overview of the Predictive Value of Diagnostic Tests

Test Sensitivity (%) Specificity (%)
Renal scintigraphy 85-90 93-98
Duplex Doppler 88-95 90-99

ultrasonography
Spiral CT 90-98 94-98

angiography
MR angiography 91-100 76-92

well-trained technician. Itis an attractive alternative because it provides
both anatomic and functional information and is not affected by renal
function or antihypertensive agents. It does not expose patients to risks
of contrast dye or irradiation, and is relatively inexpensive. Whatever
modalities are used in the initial screening, however, the final diagnosis
is virtually always made with angiography.
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INTRODUCTION

Hemodynamically significant renal artery stenosis may cause hyper-
tension (/), chronic renal failure (2), and recurrent congestive heart
failure (3). Anatomically, there are two main types of renal artery steno-
sis, fibromuscular dysplasia (FMD) and atherosclerotic renal artery
stenosis (ARAS). Physiologically, when the lesions are hemodynami-
cally significant, they have similar effects in generating and maintaining
hypertension, but there is a greater tendency for ARAS to be associated
with chronic renal insufficiency. The appearance of hypertension in a
young person, typically female, usually leads to the discovery of FMD.
The person with ARAS, however, is usually older and male and has
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concurrent cardiovascular risk factors in the setting of hypertension and/
or chronic renal disease. Less commonly, ARAS may be considered
after repeated unexplained episodes of congestive heart failure (CHF)
and when revascularization appears to improve symptoms (3,4).
Although the discovery of FMD of the renal artery in the setting of
significant hypertension usually leads to intervention with angioplasty,
ARAS is usually approached much more cautiously with regard to
intervention.

FIBROMUSCULAR DYSPLASIA OF THE RENAL ARTERY

FMD is a disturbance of the arterial wall structure involving small to
medium-sized arteries (5). The lesions are not associated with inflam-
mation and may afflict any vascular territory; however, the renal arteries
are affected in about 75% of cases. In about one quarter of patients, two
vascular areas may be simultaneously or sequentially affected by this
disorder (5). The lesions of FMD tend to be multiple and are likely to
affect distal portions of the renal arteries. Genetics and possibly hor-
monal factors play a role in the appearance of FMD because of the
reported familial occurrence and female predominance.

Histologically, several types of arterial wall involvement have been
described, with the media being almost universally affected and another
layer in about two-thirds of cases (6,7). Hypertension is typically the
presenting feature of FMD and, although progression of the lesions may
occur, this rarely leads to total occlusion. Luckily, if the main renal
artery is affected, expert angioplasty is relatively safe, is usually
technically successful, and provides good short-and long-term results.
Furthermore, restenosis rates are generally less than 25%. Consensus
and extended followup of cohorts of patients indicate that angioplasty
without stenting provides good results for FMD lesions of the renal
artery.

In the setting of renovascular hypertension, angioplasty of an FMD
lesion leads to significantimprovement or cure in the majority of patients
(8—10). In one of the early case series of angioplasty in FMD of the renal
artery, 93% of patients with FMD had either improved or were cured of
hypertension at the time of followup (/0). However, only some 50% of
patients are cured (/7). In one study examining predictive factors for
cure of hypertension at 6 months, younger age, lower preintervention
systolic blood pressure (BP), and shorter duration of hypertension
emerged as significant predictors (/2). Apart from immediate technical
complications that are relatively infrequent, restenosis may occur in as
many as 8—25% of patients over an extended period of followup. Surgi-
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cal intervention may become necessary especially for more distal lesions
or for complicated presentations.

In general, therefore, management of FMD of the renal artery in
patients with hypertension can be done medically if BP is easily
controlled or by angioplasty if BP cannot be controlled. Local expertise,
patient demographics, and preference may make one management strat-
egy more suitable for a particular patient.

No large trials have examined medical versus interventional manage-
ment of FMD when it is discovered in the setting of hypertension.

ATHEROSCLEROTIC RENAL ARTERY STENOSIS

The patient with ARAS is typically older and presents with new or
worsening hypertension that may be associated with chronic renal dys-
function. The majority of these patients will have other cardiovascular
risk factors such as smoking, hyperlipidemia, or vascular disease (13).
Less commonly, the presentation of ARAS may be dominated by recur-
rent episodes of congestive heart failure or unstable angina (3,4). The
lesions of ARAS tend to be ostial more often than those of FMD and may
be unilateral or bilateral. There may also be associated disease of the
aorta and its branches.

Interventional therapies for ARAS may include angioplasty,
angioplasty and stenting, and/or open surgical intervention. There is,
however, considerable uncertainty regarding the outcome of each
method of treatment and its relative value compared to medical manage-
ment. Although a few clinical trials have compared medical manage-
ment to interventional treatments, no clear consensus has evolved to
manage unilateral or bilateral ARAS.

ANGIOGRAPHIC CONSIDERATIONS
IN RENAL ARTERY STENOSIS

Despite advances in magnetic resonance and other imaging methods,
catheter-based angiography remains the method of choice for diagnos-
ing hemodynamically significant renal artery stenosis. However, sev-
eral criteria must be fulfilled during angiography to ensure optimal
evaluation. Preangiography preparation is needed to minimize contrast
renal injury (/4), and risks of intervention such as contrast renal dys-
function and cholesterol embolism must be communicated to the patient.
As discussed in one guideline regarding renal artery revascularization
(15), several angulated views of the patient may be needed to avoid false
negative assessments of ARAS lesions. Most operators perform angiog-
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raphy of the abdominal aorta first to exclude the presence of an aortic
aneurysm and to visualize the main renal arteries. Most hemodynami-
cally significant lesions (>70%) will be evident either at this stage or
after branch-selective injection of contrast. To estimate the severity, the
operator measures the diameter of the narrowest diseased section and
compares it to the normal proximal or distal segments of the artery. In
cases where there is uncertainty regarding the significance of a lesion
(50-70%), pressure gradients may be helpful, and a gradient of greater
than 10% or a change of greater than 20 mmHg but preferably greater
than 40 mmHg (/6) or more in systolic BP may be used as an indicator
of hemodynamic significance. Routine revascularization for inciden-
tally discovered renal artery stenosis—for example, at coronary angiog-
raphy—should not be performed (/7).

The operator has several options if a hemodynamically significant
lesion is found and anticipated benefit from revascularization outweighs
the risks. Primary angioplasty may be performed and, if a good result is
obtained, especially in the case of FMD of the renal artery, no further
intervention is needed. If primary angioplasty fails or is complicated,
stent placement becomes necessary in FMD. Restenosis lesions may be
dealt with by angioplasty alone or by stenting in FMD. Primary stent
placement is increasingly being used in ARAS; a stent is placed without
prior dilation. For ostial ARAS lesions, stent placement is the procedure
of choice and confers higher patency rates at 6 months (75% vs 29%) and
similar clinical outcomes than angioplasty alone (/8). At the end of the
procedure, angiography is repeated to ascertain the final result, and gra-
dients may also be repeated. A desired resultis one thatis uncomplicated
and has resulted in a residual diameter of less than 30%. Stents should
be placed to completely cover the offending lesion and, in the case of
ostial lesions, the stent may be left minimally protruding into the aorta
(15). Despite widespread use of stenting for ARAS, there is still about
a 20% restenosis rate, which appears to affect mainly vessels less than
4.5 mm in diameter (19).

Several serious and nonserious complications may occur during
angioplasty and stent placement. The rate of complications varies widely
and ranges from 12 to 36%. The most common are related to the puncture
site and include groin hematoma and puncture-site trauma. These include
but are not limited to stent arterial dissection, malposition, stent
nondeployment, and vascular complications requiring immediate sur-
gery. Postprocedure complications may include arterial thrombosis,
contrast renal injury, cholesterol embolism, and restenosis. Surgical
salvage is needed in less than 3% of cases. With modern methods and
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appropriate experience, the complication rate should be around 14%, of
which the majority are not life jeopardizing. Cholesterol embolism, for
which only supportive care is available, may be seen several days after
intervention and may affect the kidneys’ viscera, peripheries, or central
organs.

SURGICAL OPTIONS IN RENAL ARTERY STENOSIS

Surgical intervention is used much less often today because percuta-
neous interventions have matured and become widely available (20).
Several surgical procedures have been used to treat both FMD and
ARAS. These include a variety of bypass procedures, reimplantation
methods, and nephrectomy. Surgery is used mainly for complicated
aortorenal lesions. In one small randomized trial comparing angioplasty
and surgical reconstruction in unilateral ARAS, technical success was
higher for surgery, as were primary patency rates and secondary patency
rates. Clinical results were similar in the two groups (21/).

CLINICAL TRIALS COMPARING MEDICAL
MANAGEMENT WITH INTERVENTIONAL
MANAGEMENT

No large defining randomized trial has been performed in ARAS.
Only three randomized trials have directly compared medical therapy to
revascularization. These studies suffer from design flaws and small
numbers of enrolled patients (22—24). In total, they enrolled 210 patients
(106 patients to angioplasty and 104 to medical therapy), and therefore
both individually and when taken together have very limited power. All
studies looked at the endpoints of BP and renal function but with very
limited followup of 3 months and 6 months. The majority of patients in
the interventional arms received angioplasty, and stenting was not used
routinely.

In the trial by Webster (22), a randomized comparison was made of
percutaneous angioplasty and medical therapy in ARAS. Many eligible
patients were notrandomized, which limits the applicability of this study,
and only patients with bilateral disease appeared to benefit from
angioplasty in terms of a significant lowering of BP. No benefit was seen
for unilateral disease or in serum creatinine, and procedure-related com-
plications were relatively frequent. Similarly, in arandomized trial (24)
comparing medical treatment (n = 26) with angioplasty (n = 23) in uni-
lateral ARAS, there was benefitin terms of lowering medication require-
ments but no change in calculated creatinine clearance (24). Similar to
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the study by Webster et al. (22), a high rate of procedural complications
was seen. BP also declined more in the angioplasty group in a random-
ized trial of angioplasty (n = 56) compared to medical therapy (n = 50)
in ARAS (23). This laststudy, however, was difficult to interpret because
of a high cross-over rate from medical to angioplasty groups.

In another randomized trial (25), the aim was to examine surgical
revascularization and medical treatment in patients with the entire renal
mass at risk. These patients included bilateral ARAS, a stenosis to a
solitary kidney, or a unilateral stenosis with elevated creatinine (>1.5
mg/dL). Hence, 27 patients were randomized to medical management
and 25 to surgical management. A variety of surgical procedures were
done, but the aim was surgical revascularization in the surgical group.
Followup was 74 months on average. No differences were seen in BP
control, death-free survival, or dialysis-free survival. Larger, more
definitive studies are needed in this subgroup of patients with ARAS.

Because of the small numbers in these trials, two meta-analyses (26,
27)havebeen performed thatincluded 210 patients in three trials. Theses
studies concluded that caution and larger studies were needed to be
certain of the effects of revascularization compared to medical therapy.
Both found that balloon angioplasty is modestly more effective than
medical therapy in reducing both systolic and diastolic BP. However,
although the reduction is modest, it could potentially convey significant
cardiovascular benefits. Little effect was shown on renal function in
either meta-analysis. We await randomized trials examining modern
percutaneous intervention using stenting with its excellent primary pa-
tency rate as a primary procedure vs medical treatment in ARAS.

CLINICAL TRIALS COMPARING ANGIOPLASTY
TO SURGICAL RECONSTRUCTION

One randomized trial compared renal angioplasty to surgical treat-
ment (2/). The authors recruited hypertensive nondiabetic subjects who
had unilateral ARAS and serum creatinine less than 3.4 mg/dL. If both
surgery and angioplasty were deemed possible, the patient was random-
ized. In this manner, 29 were randomized to angioplasty and 29 to
surgery. Surgery was technically superior to angioplasty, with a patency
rate of 97% vs 83% for the angioplasty group. By the end of 24 months,
there were six restenoses in the angioplasty group and one restenosis in
the surgical group. No difference was seen in BP control in the two
groups. Major and minor complications related to intervention were not
different.
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CONCLUSIONS

Renal artery stenosis that is physiologically important may present
with a variety of clinical syndromes: hypertension, renal dysfunction,
and unexplained CHF. In the case of FMD of the renal artery, expert
angioplasty is usually successful if BP cannot be controlled or if a deci-
sion is made to intervene. In the case of ARAS, stenting leads to superior
patency rates compared to angioplasty alone. However, the few random-
ized clinical trials comparing revascularization to medical therapy are
too small for a meaningful conclusion regarding their relative utility to
be made. There is a need for large multicenter studies that compare a
conservative approach to a revascularization approach in a variety of
subtypes with ARAS. It is likely that some subgroups with ARAS will
derive more benefit from revascularization.
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INTRODUCTION

All patients with renovascular hypertension will require treatment
with antihypertensive drugs during some stage of their disease. The
duration, intensity, and complexity of treatment can vary widely. In a
young woman with the abrupt onset of hypertension and an abdominal
bruit, an astute clinician will suspect renovascular hypertension caused
by fibromuscular dysplasia (FMD). With early diagnosis, the course of
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drug therapy is often short (weeks to months) and followed by curative
revascularization (/,2). In the case of hypertension associated with ath-
erosclerotic renovascular disease (ARVD), essential hypertension is
usually present before ARVD is diagnosed, and most patients receive
treatment with one or more antihypertensive drugs for several years
before worsening control of blood pressure (BP) or unexplained deterio-
ration of renal function leads to the discovery of underlying renovascular
disease. Unlike patients with FMD, most patients with ARVD continue
to require antihypertensive drug therapy despite successful renal
revascularization, and, not infrequently, the dose and number of drugs
before and after the intervention are similar (3). Several of the retrospec-
tive and prospective studies reviewed below have demonstrated that
many patients with ARVD, with or without renal insufficiency, can be
successfully managed medically for years. For these reasons, the clini-
cian should be familiar with the benefits and risks of the drugs, treatment
regimens, and monitoring approaches used for this challenging popula-
tion of patients.

CHOOSING THE BEST CANDIDATE
FOR MEDICAL THERAPY

Perhaps the most difficult aspect of managing a patient with hyperten-
sion who has renovascular disease is the decision of whether to treat
medically or to proceed with revascularization, either surgically or with
balloon angioplasty (with or without stent placement). At one end of the
spectrum, the decision is not difficult. For example, for a young woman
with FMD, medical treatment may mean a lifetime of taking several
antihypertensive drugs, but revascularization offers the likelihood of
cure or improvement in hypertension. Clearly, the latter option is pref-
erable in this case. At the other end of the spectrum is an elderly patient
with hypertension who has extensive ARVD, multiple comorbid condi-
tions, and advanced renal insufficiency (e.g., a serum level of creatinine
of 3 mg/dL or higher). For this patient, revascularization poses a signifi-
cantrisk and the patient is less likely to have improvement in BP control
and renal function (4). Few would argue that without revascularization,
this elderly patient has a very high risk of subsequent cardiovascular
morbidity and mortality (5). However, there are little data in support of
this risk being substantially reduced by revascularization even if BP
control is improved (6,7). Although the underlying renal disease may
progress, most patients die of complications from atherosclerotic
involvement of other vascular beds, such as the coronary, cerebrovascu-
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Table 1
Clinical Characteristics Associated With Unfavorable BP
or Renal Function Outcome Following Renal Revascularization

Advanced age (3,12)

Advanced renal insufficiency (serum creatinine = 3.0 mg/dL) (4,6,13)
Atherosclerotic as opposed to fibromuscular dysplastic cause (14,15)
Renal resistance index by Doppler ultrasonography = 80 (16)
Decreased kidney size (< 9 cm on radiographs or ultrasonograms) (17)

lar, and peripheral circulations. Indeed, according to arecent study from
the Mayo Clinic on elderly patients with extensive ARVD, medical
management generally was able to achieve adequate control of BP; also,
the condition of the patients rarely progressed to end-stage renal disease
caused by ischemic nephropathy, and their survival rate was similar to
that of patients who had revascularization (§). However, most patients
are somewhere in between the patients at these two extremes of the
spectrum. The majority of patients are older than 60 years, have renovas-
cular disease caused by atherosclerosis, and have various degrees of
mild to moderate renal insufficiency. This is the group of patients that is
the focus of this chapter. This is also the group of patients for which
several prospective randomized studies have suggested that, withequiva-
lent degrees of BP control, revascularization has little benefit compared
with medical therapy (9-11). Several clinical characteristics of these
patients that are associated with an unfavorable outcome after renal
revascularization are listed in Table 1.

PROGRESSION OF ATHEROSCLEROTIC
RENOVASCULAR DISEASE

The concept of the progression of ARVD continues to evolve. The
results of several studies in which this issue was considered are shown
in Table 2. In the retrospective study by Schreiber et al. (/8) at the Cleve-
land Clinic, progression of ARVD was assessed in 85 patients (126 renal
arteries) who underwent two or more renal angiographic studies between
1960 and 1979. Progressive vascular obstruction was demonstrated in
37 patients (44%) over a mean followup of 52 months. This included 14
patients (16%) who had progression to total arterial occlusion, most
within a mean angiographic followup of 13 months. As might be
expected, the patients whose lesions were most stenotic at baseline had
the greatest risk of progression. The majority of patients with progres-
sive unilateral lesions demonstrated almost no development of de novo
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Table 2

Studies on Progression of Atherosclerotic Renovascular Disease

Study

Design

No. of patients/
No. of arteries

Mean followup, mo

Outcome

Schreiber et al. (18)

Zierler et al. (19)

Caps et al. (20)

Retrospective review
of renal arteriograms

Prospective using renal
artery duplex
ultrasonography

Prospective using renal
artery duplex
ultrasonography

85/126

76/132

122/204

52

32

33

Overall progression in 44%

Progression to occlusion in 16%

Average monthly progression rate of 1.6%

Cumulative incidence of progression
from < 60% to > 60% stenosis was
48% by 3 yr

Cumulative incidence of progression from
> 60% to occlusion was 7% at 3 yr

Average monthly progression rate of 7%

Trend toward association of progression
with poor BP control

Cumulative incidence of renal atrophy
(decrease in renal length > 1 cm) was
11.7% and 20.8 % in patients with < 60%
and > 60%, respectively, baseline renal
artery stenosis

Systolic BP and increasing serum
creatinine correlated positively with
these changes
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lesions in the contralateral renal artery. Progression of ARVD was asso-
ciated with a progressive increase in creatinine serum levels and a
decrease in renal size, whereas the degree of BP control was similar in
patients whether or not the lesions progressed. Although more recent
prospective studies with serial renal artery duplex ultrasonography gen-
erally have demonstrated a similar overall rate of progression (/9,20)
(Table 2), the cumulative incidence of progression of high-grade lesions
(i.e., 60% stenosis or greater) to occlusion was less than one half (7 vs
16%) of that in the retrospective study of Schreiber et al. (/8) and
occurred over 36 months vs 13 months. This discrepancy may be related
in part to better BP control and attendance to other risk factors such as
treatment of dyslipidemia. Also, because the study of Schreiber et al.
(18) was retrospective, repeat renal angiography may have been applied
more selectively to patients who had worsening BP control or decreasing
renal function (or both), thus enriching the study population with pa-
tients who had more aggressive ARVD.

Currently, prospective renal artery duplex ultrasonographic studies
provide the best estimates for both the overall progression of ARVD and,
more important, the risk of progression to arterial occlusion. Current
estimates suggest that there may be a reasonable window of opportunity
to assess the response to aggressive medical management with antihy-
pertensive therapy and control of other atherosclerotic risk factors such
as dyslipidemia, cigarette smoking, and diabetes mellitus.

EVOLUTION OF MEDICAL THERAPY FOR THE
TREATMENT OF RENOVASCULAR HYPERTENSION

The Era Before Angiotensin-Converting Enzyme
Inhibitors (ACEIs)

One of the first reports of the medical treatment of renovascular
hypertension was published in 1963 by Dustan et al. (21). In this study
of 32 patients, treatment with a combination of hydralazine, guanethi-
dine, and a thiazide diuretic achieved control or substantial improve-
ment of hypertension in 41% of patients. Through the 1970s, treatment
with this combination of drugs and other combinations, including pro-
pranolol and methyldopa, produced control or improvement rates that
averaged about 40 to 50% (22).

The Era of ACEIs

In the early 1980s, the introduction of ACEIs into clinical practice
led to marked improvement in the management of hypertension associ-



96 Secondary Hypertension

ated with renovascular disease. One of the first and largest studies of the
use of ACEIs in the treatment of renovascular hypertension was reported
by Hollenberg (23) (Table 3). This study included 269 patients (mean
age, 50 years) who had predominantly ARVD; 56% of the patients had
bilateral renal artery stenoses or stenosis of the renal artery of a solitary
functioning kidney. In 41% of the patients, the baseline creatinine serum
level was 1.5 mg/dL or higher. The BP of most patients had not been
controlled with a regimen of three or more traditional antihypertensive
drugs such as diuretics, sympatholytics, and vasodilators. These patients
were hospitalized, and the multidrug therapy was replaced with captopril,
starting at 25 mg/day and titrating upward to a regimen of three doses
daily, culminating in an average daily dose of almost 400 mg. Diuretics,
followed by [-blockers, were used as second- and third-line agents. At
the end of 3 months of followup, the overall rate of BP control (defined
as diastolic BP <95 mmHg) was 74%. Another 8% of patients had a
partial response. Captopril therapy was discontinued for 13% of patients,
mainly because of rash, dysgeusia, or proteinuria, which might be
expected with the high dose of medication. Unexpectedly, relatively
small changes occurred in renal function, with the mean serum creati-
nine level increasing by 0.6 and 0.3 mg/dL in patients with baseline
azotemia and normal renal function, respectively. Acute renal failure
developed within the first month of treatment, requiring captopril to be
stopped or the dose decreased, in eight patients, all of whom had bilateral
renal artery stenoses or stenosis of the renal artery to a solitary function-
ing kidney. The changes in renal function were reversible in all but one
patient, who required dialysis.

The next largest study of medical therapy with ACEIs was that of
Franklin and Smith (24). This prospective randomized double-blind
study of 75 patients with renovascular hypertension compared the effi-
cacy of enalapril (5 to 40 mg/day) and hydrochlorothiazide with a com-
bination of timolol (10 mg), hydralazine (50 mg twice daily), and
hydrochlorothiazide. Of these patients, 81% had ARVD and 44% had
bilateral renal artery stenoses. At baseline, the mean BP was 172/102
mmHg and the serum creatinine level was 1.4 mg/dL. Over the course
of the 8-week study, systolic BP decreased 32 and 20 mmHg in the
enalapril and control groups, respectively, and diastolic BP decreased 20
and 18 mmHg, respectively. A “good response,” defined as diastolic BP
of 90 mmHg or less, was achieved in 94% of the patients in the enalapril
group and in 82% of those in the control group. With respect to renal
function, 20% of the patients in the enalapril group and 3% in the control
group had a 0.3 mg/dL or greater increase in the serum creatinine level.
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Table 3

Prospective Medical Treatment Trials of Renovascular Hypertension

Author/year No. patients  Duration of Baseline BP, Final BP,
(reference) (age, y) study, mo Drug regimen mmHg mmHg Outcome
Hollenberg 1983 236 (50) 3 Captopril + diuretic DBP > 110 NA 74% achieved DBP
(23) [-blocker <95 mmHg
Franklin and Smith 75 (60) 2 Enalapril + diuretic 172/102 140/82  94% achieved DBP
1985 (24) =90 mmHg
Plouin et al. 49 (59) 6 Nifedipine = clonidine + 149/89* 141/84*  7/26 crossed
1998 (9) prazosin + enalapril + over to angioplasty
atenolol for refractory
hypertension
Webster et al. 55 (61) 12 Atenolol + diuretic + Unilateral 168/91 SBP improved in
1998 (10) calcium channel stenosis— group with bilateral
blocker + methyldopa + 171/09 stenoses treated
prazosin Bilateral 171/91 with angioplasty
stenoses—
179/93
van Jaarsveld et al. 106 (60) 12 Amlodipine + atenolol or 180/103 163/96  23/50 crossed over to
2000 (11) enalapril + diuretic angioplasty for

refractory
hypertension

*Average 24-hour BP by ambulatory monitoring.
BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Of note, no episode of acute oliguric renal failure occurred, even among
the 18 patients in the enalapril group who had bilateral renal artery
stenoses, although the largest increase in the creatinine serum level was
in patients who, at baseline, had renal insufficiency and the most severe
degree of bilateral renal artery stenoses.

Three other studies by Plouin et al. (9), Webster et al. (10), and van
Jaarsveld et al. (/7) have further explored the role of medical therapy in
the management of hypertension associated with renovascular disease
(Table 2). All these studies were randomized trials that compared medi-
cal therapy with percutaneous transluminal balloon angioplasty (PTA).
They focused on patients who had ARVD and normal or near-normal
renal function.

The study of Plouin et al. (9) was limited to patients who had unilateral
renal artery stenosis. Initially, the diastolic BP of all the subjects was
stabilized at less than 110 mmHg by using slow-release nifedipine with
add-on therapy consisting of clonidine and prazosin. Atenolol, furo-
semide, or enalapril (or acombination of these) was added to the baseline
regimen of the 26 patients who were randomly assigned to medical
therapy to achieve a diastolic BP of less than 95 mmHg. Of these 26
patients, 7 (27%) eventually required PTA to control BP. At the end of
the 6-month study, the BP of those still in the medical treatment group
was no different from that of those in the PTA group (141/84 vs 140/81
mmHg); however, patients in the medical treatment group were taking
atleast three antihypertensive drugs. No patient in the medical treatment
group developed clinically important renal insufficiency.

The study of Webster et al. (/0), unlike that of Plouin et al. (9), con-
tained about an equal number of patients who had unilateral renal artery
stenosis (27 patients) and bilateral renal artery stenoses (28 patients). All
patients were required to have a baseline diastolic BP of 95 mmHg or
greater with at least two antihypertensive drugs. Before being randomly
assigned to medical therapy or PTA, all participants had a 4-week run-
in period with a regimen that included atenolol, a thiazide diuretic, or a
calcium channel blocker (CCB) (or a combination of these). Of note,
ACEIs were not permitted during this study. After randomization, addi-
tional drug choices included furosemide, methyldopa, and prazosin. The
medical treatment and PTA groups were each divided into bilateral
stenoses and unilateral stenosis groups. Of the patients with unilateral
stenosis, those in the medical treatment group had an unimpressive
change in BP from 171/90 mmHg at the end of the run-in period to 168/
91 mmHg; importantly, this was not different from that of those in the
PTA group. Of the patients with bilateral stenoses, those in the medically
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treated group fared similarly to patients with unilateral stenosis, whereas
patients in the PTA group had a significant decrease in systolic BP from
185/95 to 152/83 mmHg. No significant differences in the serum
creatinine level were detected throughout the study in any of the groups.
Webster et al. (/0) concluded that for patients with bilateral renal artery
stenoses, PTA can result in modest improvement in systolic BP com-
pared with medical therapy. In fact, one could conclude from the data
that neither therapy led to satisfactory control of BP. From a clinician’s
viewpoint, this study had several limitations: ACEIs were proscribed
(the use of these drugs almost certainly would have improved BP control
in the medically treated group), and stenting of the renal arteries was
not performed (stenting may have improved the outcome in the PTA
group).

In the largest of the three studies comparing medical therapy and
PTA, van Jaarsveld et al. (/1) randomly assigned 50 patients to medical
therapy and 56 to PTA. Approximately 20% of the patients in each group
had bilateral renal artery stenoses. The medical regimen consisted of
stepped dosing of either amlodipine plus atenolol or enalapril plus
hydrochlorothiazide, with the addition of other unspecified drugs as
needed to achieve a diastolic BP less than 95 mmHg. By 3 months, 22
patients (44%) in the medical therapy group either had not reached the
BP goal or had developed progressive renal insufficiency (= 0.2 mg/dL
increase in the serum level of creatinine) and had PTA, which resulted
in good BP control and renal outcome. It was not stated whether medical
therapy was more likely to fail in patients with bilateral disease. The BP
of patients who were still in the medical treatment group at 12 months
of followup was similar to that of patients in the PTA group, 159/91 vs
160/93 mmHg; patients in the medical treatment group were taking a
mean of 2.4 antihypertensive drugs compared with 1.9 for those in the
PTA group. Renal function was similar in both groups.

In summary, the studies discussed here demonstrated that, in a major-
ity of patients, ARVD can be managed safely and effectively with medi-
cal therapy, at least compared with balloon angioplasty. In at least two
of these studies, ACEIs were included in the drug regimen and were
apparently well tolerated.

A recent report from Mayo Clinic, as mentioned previously, also
suggested that, in older patients with extensive ARVD, BP can be well
controlled and renal function maintained with medical therapy alone (§).
In this retrospective study, 68 patients (mean age, 72 years; 31% with
bilateral renal artery stenoses or stenosis of the artery to a solitary func-
tioning kidney) did not initially have revascularization for various rea-
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sons. The clinical data were assessed an average of 39 months after the
initial renal arteriographic study. The average BP was 157/83 mmHg at
the beginning of this interval and 155/79 mmHg at the end. BP less than
140/90 mmHg was achieved in one-third of the patients and BP less than
160/95 mmHg, in almost two-thirds of the entire group. The average
number of drugs required per patient increased from 1.6 to 1.9. Of note,
almost one-third of the patients received treatment with ACEIs. During
followup, the mean creatinine serum level for the group increased from
1.4 to 2.0 mg/dL, with an increase greater than 50% above the baseline
value in 15% of patients. Two patients had revascularization during
followup: one for refractory hypertension and the other for progressive
renal insufficiency. The condition of only one patient reached end-stage
renal disease due to ischemic nephropathy. The overall survival of
the entire cohort was similar to the reported 4-year survival of a
similar cohort managed with balloon angioplasty and stenting of the
renal arteries (6).

CONCERNS ABOUT MEDICAL THERAPY

Acute Renal Failure

Acute or subacute renal failure following the initiation of ACEI
therapy in patients with renovascular hypertension was first reported
in the early 1980s (25,26). This phenomenon was limited almost entirely
to patients who had either bilateral renal artery stenoses or stenosis of the
artery to a solitary functioning kidney, and it initially was estimated to
occur in 23 to 38% of these patients (27,28). Many other studies, how-
ever, have demonstrated that clinically important changes in renal func-
tion are uncommon in patients with unilateral renal artery stenosis who
receive treatment with ACEIs (/4). To complicate the issue further,
acute renal failure after the initiation of ACEI therapy has been reported
for patients in whom no significant renal artery stenoses were docu-
mented (29-31), an observation that has limited the diagnostic useful-
ness of acute renal failures in identifying renovascular disease.

In one of the largest and best-conceived studies, vande Venetal. (32)
were able to provoke a 20% increase in the serum creatinine level in all
52 patients with severe bilateral renal artery stenoses whoreceived ACEI
treatment (with or without a loop diuretic) for 4 to 14 days. A similar
increase in the creatinine level also occurred in 37% of patients with
unilateral renal artery stenosis and in 13% of those with normal renal
arteries. No patient had acute renal failure, and all changes in renal
function were reversed after treatment with either the loop diuretic or
ACEI was discontinued. In the studies of Hollenberg (23) and Franklin
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and Smith (24) on ACEIs in ARVD, discussed above, acute renal dys-
function was rarely encountered, despite the inclusion of a large propor-
tion of patients who had extensive occlusive disease.

Progressive Renal Ischemia

This is one of the most important concerns of a clinician caring for a
patient who has renovascular disease. Clearly, ARVD is a progressive
disorder, as mentioned above. As discussed here, prospective studies
conducted in the early 1990s (19,20) have demonstrated that the rate of
progression in medically treated patients is less than that suggested by
earlier retrospective analyses (/8). Still, these lesions can progress and
lead to advanced renal insufficiency and end-stage renal disease despite
successful revascularization (4, /4). It is reassuring that, as shown by the
randomized trials of medical therapy vs PTA discussed above (9-11),
the renal outcome was not different for the two treatments. Because the
optimal management of hypertension in most cases requires ACEI
therapy, concern has been expressed that ACEIs may hasten progressive
renal ischemia by decreasing blood flow distal to a stenosis of the renal
artery. There have been isolated clinical reports of renal artery thrombo-
sis in patients with unilateral atherosclerotic renal artery stenosis treated
with ACEIs (33); however, in most instances, it is difficult to determine
whether the medical therapy or the progression of the underlying stenotic
lesion was the cause (28). Recent large-scale clinical trials of patients
with heart failure have provided indirect evidence that progressive
ischemic nephropathy is rare during ACEI therapy (/4). These trials
included a large proportion of patients who had ischemic cardiomyopa-
thy, and because up to 20% of patients with coronary artery disease also
have previously unrecognized renovascular disease (34,35), progressive
renal insufficiency might be postulated in this subpopulation (but it was
not observed). Transient increases in the serum creatinine level usually
responded to a decrease in the dose of the diuretic and continuation of
ACEI therapy. Also, ACEls (36-38) and, more recently, angiotensin
receptor blockers (ARBs) (39,40) have shown important benefits in
decreasing cardiovascular morbidity and mortality and limiting the
progression of both diabetic and nondiabetic renal disease, comorbid
conditions in most patients who have ARVD. Therefore, it is likely that
most patients with medically managed renovascular disease will be
taking ACEIs or at least have other clinically important indications for
their use.

It is important, however, to avoid precipitous decreases in systemic
BP that may predispose to acute renal failure or occlusion of the renal
artery. Methods to avoid this situation include the temporary discontinu-
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ation of diuretic therapy during the initiation of ACEI treatment (to
reduce the risk of volume depletion) and the slow addition and titration
of other antihypertensive drugs. Recommendations for monitoring renal
function during medical therapy are discussed here.

Hyperkalemia

An increase in the serum level of potassium of 0.5 mEq/L or greater
has been reported in 0.4 to 5% of patients receiving ACEI therapy (41).
Risk factors for hyperkalemia include baseline renal dysfunction, diabe-
tes mellitus, congestive heart failure, and the concomitant use of potas-
sium supplements or other drugs known to impair the renal excretion of
potassium—for example, potassium-sparing diuretics. Clinically
important hyperkalemia was rare in the clinical trials discussed above
and should be preventable if appropriate attention is given to patients at
high risk. The serum level of potassium should be measured regularly,
usually within 1 week after the initiation of ACEI therapy and then every
3 to 6 months, depending on the level of risk. If the serum level of
potassium is greater than 5.5 mEq/L, a nonpotassium-sparing diuretic
should be added to the regimen. Replacement of a thiazide diuretic with
a loop diuretic is usually successful and should allow continued treat-
ment with an ACEIL. Another approach may be the substitution of an
ARB for the ACEI In a recent crossover study by Bakris et al. (42), of
a group of patients with a glomerular filtration rate (GFR) of 60 mL/min
per 1.73 m? or less and normal baseline serum levels of potassium,
treatment with lisinopril produced a significantly greater increase in
the potassium concentration than did the ARB valsartan, 0.28 and 0.12
mEq/L, respectively.

A PERSONAL APPROACH TO THE MEDICAL
MANAGEMENT OF HYPERTENSION ASSOCIATED
WITH RENOVASCULAR DISEASE

There are no set guidelines for the medical management of hyperten-
sion associated with renovascular disease. Itis important to avoid the use
of nonsteroidal anti-inflammatory drugs, which can exacerbate both
hypertension and renal dysfunction. It is equally important to attend to
factors that contribute to the progression of atherosclerosis, such as
dyslipidemia, cigarette smoking, and diabetes mellitus. Usually, it is the
inability to control BP despite treatment with two or three drugs that
leads to the initial evaluation culminating in the diagnosis of renovascu-
lar disease. In the author’s experience, most of the patients who come for
evaluation of uncontrolled BP are already taking a CCB and a variable
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number are taking a [3-blocker or other sympatholytic agent. Many are
also taking athiazide diuretic, which has limited effectiveness in patients
with renal insufficiency (e.g., a serum creatinine level above 1.5 mg/dL).
A sizeable proportion of patients had previously received treatment with
an ACEI or ARB, which may have been discontinued because of either
the precipitation of acute renal insufficiency or, more likely, reluctance
of the clinician to continue the treatment (for the reasons discussed above)
after renovascular disease was diagnosed.

Because of the success of ACEI treatment demonstrated in the clinical
trials discussed here, this drug class usually should be included in the
medical regimen. A prudent approach is to withhold diuretic therapy for
several days and then begin treatment with a low dose of an ACEI (e.g.,
lisinopril, 2.5 mg/d). Serum electrolytes, blood urea nitrogen, and crea-
tinine levels should be checked within 1 week after the start of treatment.
If renal function is stable, the dose can be increased and, depending on
BP response, diuretic therapy can be reintroduced. It is not clear from
review of the current literature at what baseline level of renal dysfunc-
tion ACEIs or ARBs should be avoided; however, these drugs have been
used safely in many diabetic and nondiabetic patients with serum crea-
tinine levels as high as 4 mg/dL (39,43).

For patients whose BP does not respond to a regimen that includes a
diuretic, ACEI or ARB, CCB, and f-blocker, other options exist. The
author’s preference is the addition of a vasodilator, typically minoxidil,
starting at 2.5 mg/day for males and hydralazine starting at 25 mg twice
daily for females (to avoid hirsutism). Treatment with these vasodilators
often allows the patient to stop taking the CCB, a considerable cost
savings. Because most patients are already taking a -blocker, reflex
tachycardia usually is not an issue. Clonidine can be prescribed for
patients for whom [-blocker therapy is contraindicated. Fluid retention
associated with vasodilator therapy can be minimized by paying careful
attention to weight and adjusting the dose of the loop diuretic accord-
ingly. Because of arelatively short duration of action, furosemide should
be taken twice daily, with the second dose taken in the late afternoon—
not the evening—to avoid nocturia. The starting dose usually prescribed
by the author is 20 mg twice daily. For patients who complain of urinary
urgency while taking furosemide, replacement with torsemide, a loop
diuretic with a more gradual onset of action and prolonged effect, may
be helpful and allow once-daily dosing. The usual starting dose is 5 mg
once daily.

For monitoring patients during the titration phase of treatment with
these drugs, it is prudent to encourage the use of out-of-office BP mea-
surements with an accurate device and to monitor renal function
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approximately every 2 weeks. Once the patient’s BP is stabilized, there
is no clear-cut consensus on the best method of followup. Some authors
have recommended that BP and the serum creatinine level be measured
every 3 months and noninvasive renal imaging (e.g., renal artery duplex
scanning) be performed every 6 to 12 months to assess kidney size and
progression of stenotic lesions (44). Others have recommended periodic
nuclear imaging studies, which estimate the blood flow and GFR for
each kidney (2). Nuclear imaging studies or measurements of GFR by
creatinine or iothalamate clearance may be particularly helpful in patients
who have normal baseline renal function, in which the serum creatinine
level alone may be an insensitive indicator of progressive renovascular
disease. All of these recommendations are probably reasonable with two
caveats. One, for patients with FMD, BP monitoring and annual renal
function tests may be adequate because the disease typically is not pro-
gressive and the lesions are often difficult to assess noninvasively. Two,
for patients with advanced ARVD and who were originally considered
poor candidates for revascularization, the need for routine follow-up
imaging studies might be questioned because the results are unlikely to
prompt subsequent intervention.

MANAGEMENT OPTIONS FOR THE PATIENT
IN WHOM MEDICAL THERAPY IS FAILING

Failure to achieve satisfactory BP control is less common than previ-
ously because of the large number of potent antihypertensive drugs that
are available. If the patient has a lesion of the renal artery considered to
be amenable to revascularization, balloon angioplasty or surgery should
be considered. Not infrequently, however, refractory hypertension is
related to a severely ischemic atrophic kidney that is not amenable to
revascularization. The kidney of a patient with FMD usually is not atro-
phic, but it may not be amenable to revascularization because of the
location or complexity of the stenotic lesions. The mechanism of hyper-
tension in patients with such extensive or complex FMD almost cer-
tainly is caused by continued renin secretion from the affected kidney,
and the hypertension would be expected to respond to high doses of
ACEIs. Possibly, however, the degree of converting enzyme inhibition
is incomplete or angiotensin II is being produced by alternative path-
ways (45). Because of this possibility, the author has occasionally used
the combination of an ACEI and an ARB in this setting and has had good
results. The therapeutic benefit of this combination has been demon-
strated recently in patients with heart failure (46) or proteinuric renal
disease (47). If the combination of an ACEI and ARB cannot be pre-
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scribed or is not effective, the remaining option is nephrectomy.
Recently, Mayo Clinic experience with 63 patients who had refractory
hypertension and nephrectomy of an atrophic nonfunctioning kidney
was reviewed (48). After a mean followup of 2.9 years, BP control was
improved significantly in 78 % of patients and no significant decrease in
renal function was detected during the first year after nephrectomy. The
widening availability of laparoscopic nephrectomy no doubt will
increase the attractiveness of this therapeutic option (49).
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THE RENIN-ANGIOTENSIN SYSTEM AND
PHYSIOLOGICAL CONTROL OF RENIN SECRETION

The renin-angiotensin system (RAS) is a major regulator of salt and
fluid balance in mammals. Within the circulation, angiotensinogen
derived from the liver is cleaved by active renin, which comes primarily
from the juxtaglomerular (JG) cells of the renal afferent arteriole, to
release the decapeptide angiotensin I (Ang I). Ang Iis in turn cleaved by
endothelial cell-bound angiotensin-converting enzyme (ACE) to pro-
duce the vasoactive peptide angiotensin II (Ang II). Ang II exerts its
actions by binding to two types of receptors; the angiotensin type 2
receptor (AT2), whose function remains a bit of a mystery, and the
angiotensin type 1 receptor (AT1), which is responsible for most of the
known cardiovascular effects of Ang II and is the target for the class of
drugs referred to as angiotensin receptor blockers (ARBs). By acting
through the ATI receptor, Ang Il modulates vasoconstriction, stimu-
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lates aldosterone release from the adrenal gland, and promotes sodium
retention in the kidney.

The cleavage of angiotensinogen by renin represents the rate-limiting
step in the circulating RAS, and changes in the levels of either of these
components will result in increases in production of Ang II. Neverthe-
less, angiotensinogen levels respond rather slowly to physiological sig-
nals, whereas active renin levels can change rapidly in response to a
number of stimuli. In general terms, renin secretion is suppressed by
increases in distal tubular sodium content as sensed by the macula densa
or by increases in blood pressure (BP), interstitial pressure, or circulat-
ing Ang II levels as sensed by the JG cells of the afferent arteriole.
Conversely, renin secretion is increased by decreases in BP, decreased
distal tubular sodium, decreased Ang II feedback on JG cells, and rapid
increases in sympathetic nerve activity.

PATHOPHYSIOLOGICAL STATES
OF EXCESS RENIN SECRETION

Excess secretion of renin results primarily from a disruption of the
normal physiological control mechanisms of renin regulation. Perhaps
the most common cause of hyperreninemia is renal ischemia secondary
to renal artery stenosis. The resulting renovascular hypertension is a
direct effect of an increase in renin release and will be treated in other
chapters of the current text. Hypersecretion of renin also occurs with
pharmacologic blockade of the RAS with either ACE inhibition or use
of ARBs because both classes of drugs block the repressive action of
Ang II on the renin-secreting JG cells. Finally, unregulated secretion
of renin occurs in renin-producing tumors that have escaped the hemo-
dynamic and hormonal control of the normal environment of the afferent
arteriole. Distinction between these causes remains crucial in determin-
ing the course of treatment.

HYPERRENINISM CAUSED
BY A RENIN-SECRETING TUMOR

Renin-secreting tumors can be divided roughly into renal and nonrenal
tumors. A surprisingly wide variety of nonrenal tumors have on occasion
been found to secrete renin and to be associated with hypertension
including lung cancers (/), hepatoblastomas (2), paragangliomas (3,4),
pancreatic carcinomas (5), adenocarcinoma of the colon (6), adrenal
carcinomas (7), and various types of ovarian (8,9) and fallopian tube (10)
tumors. It is important to note that production of renin by these tumor
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types is rare and unexpected and likely to be caused by the particular
chromosomal mutations or rearrangements undergone by the cancer
cells. Treatment of hypertension in these cases has focused on the use of
RAS inhibitors and tumor ablation, although hypertension is likely to
reappear with new tumor growth or metastasis (3).

In the kidney, hypersecretion of renin is infrequently associated with
renal carcinomas and quite frequently (>50% of cases) with Wilms’
tumors (/7). Although renal masses can cause compression-induced
hypertrophy of the JG apparatus leading to increased renin secretion
(12), it is now clear that Wilms’ tumor cells themselves secrete renin
(11-13). Another exceedingly rare type of tumor associated with renin-
dependent hypertension is the JG cell tumor, sometimes referred to as
reninomas. These tumors are benign neoplasms that are most often clini-
cally detected as causes of hypertension associated with severe hypokale-
miain very young patients. The first report of such a tumor occurred only
in 1967 and to date the English literature contains less than 100 reports
of such tumors. Two very thorough and informative reviews on the
subject of JG cell tumors have been published in recent years (14,15),
and, because of the rarity of these cases, they will likely remain excellent
sources in the foreseeable future of information and of reference to pri-
mary cases for the interested reader.

Diagnosis

Patients with renin-producing tumors are invariably hyperreninemic,
resulting in hyperaldosteronemia and hypokalemia upon initial exami-
nation. However, increased plasma renin activity (PRA) is not always
apparent in these patients (/5). Diagnosis by PRA is also complicated in
patients being treated for hypertension with medications that lead to
increased renin secretion such as ARBs and ACE inhibitors (ACEIs). In
addition, increased circulating renin is also seen in other conditions
including renovascular hypertension and renal failure, making the evi-
dence of increased PRA more equivocal. Perhaps the bestevidence in the
diagnosis of a JG cell reninoma is the appearance of significant hyper-
tension associated with hypokalemia (perhaps the most significant find-
ing in these patients) in relatively young patients without other apparent
risk factors (/5). In analyzing previously reported cases in the medical
literature, Martin et al (/4) noted that the mean age at diagnosis for these
cases was 26.8 years, with less than one-quarter of patients being diag-
nosed after 40 years of age. Although not as diagnostic, many of the
patients display hypertension that becomes increasingly difficult to con-
trol with standard therapy over time. If left untreated, patients may
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present with complaints commonly associated with severe hypertension
including headache, vomiting, polyuria, nocturia, and dizziness.

Three clinical tests have been used with limited success to provide
support for the diagnosis of a reninoma. First, treatment with an ACEI
or ARB, which normally results in a rise in renin secretion in patients
with essential hypertension, will sometimes fail to elicit increased renin
secretion in a patient with a reninoma, because the tumor cells may have
escaped the normal feedback regulation on renin secretion (/15).
However, the hormonal response of these tumors is not uniform or
entirely predictable (/5). It may also be impractical to administer such
tests because most suspect cases will already be dependent on RAS-
targeted antihypertensive therapy to control their BP. Second, renal vein
PRA measurements have been used to test for lateralization of renin
secretion from the tumor-bearing kidney because the healthy kidney
suppresses renin secretion in response to the hypertension. However,
renin secretion from the tumor-bearing kidney is not always increased
(16,17), perhaps because of either alternate vascularization of the tumor
or direct generation of the vasoactive peptide Ang II within some of the
tumors. It should also be noted that patients with unilateral artery steno-
sis may lateralize renin secretion to the ischemic kidney, making this
symptom equivocal in the diagnosis. Finally, renal arteriograms may be
used to detect larger tumors and in some cases to rule out stenosis as a
cause of the hyperreninism. However, most reninomas are less than 4 cm
in diameter (/4,15) and may not appear on an arteriogram. Ultimately,
acareful analysis of acomputed tomograhy (CT) scan of the kidneys will
be the best adjunct when a reninoma is suspected because it should have
the necessary resolution to detect even small tumors, which can be clini-
cally significant even at sizes under 1 cm in diameter. Importantly, there
is no obvious correlation between the severity of hypertension and the
size of the responsible reninoma (/4).

Histopathology

The histo- and molecular pathology of Wilm’s tumors has been
described elsewhere and will not be dealt with further in this chapter.
However, in cases where these tumors have contributed to renin-depen-
dent hypertension, some cells within the tumors invariably stain with
antirenin or antiprorenin antibody (/8,79), although this analysis is
unlikely to determine the course of treatment of these patients.

In contrast, diagnosis of a JG cell reninoma provides an opportunity
for curative treatment of hypertension in affected patients. Gross exami-
nation of these tumors at surgery reveals a well-delimited and encap-
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Fig. 1. Renin staining of a juxtaglomerular (JG) cell tumor. Paraffin sections
of a JG cell tumor resected from the left kidney of a 10-year-old male were
stained with antihuman renin antibody. Note the uneven distribution of the dark
renin staining, the enclosure of the tumor in a thick fibrous capsule (black
arrows), and the heavy vascularization (white arrows). Average tumor diameter
was 1.2 cm. Original magnification x5.5.

sulated cortical mass (Fig. 1). Intratumoral hemorrhage is also acommon
finding because these tumors are commonly heavily vascularized. Other
frequently described characteristics of reninomas are entrapment of renal
tubules, cyst formation, and focal necrosis. Histologic examination
reveals a well-circumscribed and heavily vascularized uniform mass
covered by a thick fibrous capsule (Fig. 1). The tumor cells vary in size
and contain an eosinophylic cytoplasm and oval irregularly shaped
nuclei.

Immunohistochemistry provides the best confirmation of areninoma.
As expected, tumor cells stain positive for renin (Fig. 1) but do not
always stain uniformly (/9). Most likely because of the smooth-muscle
origin of JG cells, these tumors also stain for smooth muscle o actin (/4).
Although the wider application of their finding needs to be confirmed,
Martin et al. (/4) recently reported that four out of four reninomas
examined are positive for CD34 staining, and, like others, they found
them to be negative for cytokeratin, chromogranin, synaptophysin,
HMB-45, S-100, c-kit, CD31, factor VIII, and desmin.
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Fig. 2. Electron micrograph of a reninoma cell. Tumor cells from the reninoma
shown in Fig. 1 were stained with uranyl-acetate and observed in the electron
microscope. Note the diamond-shaped granules present in the cytoplasm of
tumor cells (black arrows) and the irregular shape of the nucleus (N). Original
magnification x10,000.

Ultrastructural examination reveals another clear diagnostic charac-
teristic of reninomas; the cytoplasm contains rhomboid-shaped granular
inclusions highly characteristic of renin-producing cells (Fig. 2). This
characteristic clearly distinguishes a reninoma from other tumors with
similar clinical or pathological presentation including glomus tumors,
hemangiopericytomas, angiomyolipomas, and renal cell carcinomas (/4).
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TREATMENT

Treatment of hypertension associated with an uncorrected renin-
secreting tumor of any sort consists of RAS-targeted antihypertensive
therapy and may become more difficult with time as the tumor grows or
metastasizes (3). There is no doubt, however, that the ultimate correction
of this problem is by ablation of the tumor. Patients harboring a JG cell
reninoma have a particularly good prognosis in this regard. In more than
90% of cases, reninoma-associated hypertension is smoothly and com-
pletely reversed by surgical resection of the tumor. In most of the
remaining cases, only mild hypertension persists, perhaps because of
secondary organ damage, and can be managed by standard therapy (15).
Because JG cell tumors are benign, there have been no reported cases of
metastases or recurrence after surgery.

CONCLUSIONS

The diagnosis of a renin-secreting tumor is a challenge because of the
paucity of clinically distinguishing characteristics. To date, the most
common findings are hypertension associated with hypokalemia in a
young individual without any compelling risk factors. Diagnosis of a
reninoma of JG origin is strongly aided by CT scan of the kidney, and
surgical ablation of this type of tumor can lead to a correction of the
associated hypertension and an excellent prognosis for the patient.

REFERENCES

1. GenestJ, Rojo-Ortega JM, Kuchel O, et al. Malignant hypertension with hypokale-
mia in a patient with renin-producing pulmonary carcinoma. Trans Assoc Am Phy-
sicians 1975;88:192-201.

2. Moritake H, Taketomi A, Kamimura S, et al. Renin-producing hepatoblastoma.
J Pediatr Hematol Oncol 2000;22:78-80.

3. Arver S, Jacobsson H, Cedermark B, et al. Malignant human renin producing
paraganglionoma-localization with 1231-MIBG and treatment with 131I-MIBG.
Clin Endocrinol (Oxf) 1999;51:631-635.

4. Andiran N, Koseoglu V, Andiran F, Buyukpamukcu N, Kutluk T, Buyukpamukcu
M. Malignant hypertension and paragangliomain a 14-year-old girl. Pediatr Hematol
Oncol 1999;16:67-70.

5. Langer P, Bartsch D, Gerdes B, et al. Renin producing neuroendocrine pancreatic
carcinoma: a case report and review of the literature. Exp Clin Endocrinol Diabetes
2002;110:43-49.

6. Ringrose TR, Phillips PA, Lindop GB. Renin-secreting adenocarcinoma of the
colon. Ann Intern Med 1999;131:794-795.

7. Yamanaka K, litaka M, Inaba M, Morita T, Sasano H, Katayama S. A case of renin-
producing adrenocortical cancer. Endocr J 2000;47:119-125.



116 Secondary Hypertension

8. Iwamoto H, Hirata S, Honda T, Fukasawa H, Kimura N, Hoshi K. Renin-producing
serous cystoadenocarcinoma of the ovary: a case report. Eur J Gynaecol Oncol
2002;23:183-186.

9. Stephen MR, Lindop GB. A renin secreting ovarian steroid cell tumour associated
with secondary polycythaemia. J Clin Pathol 1998;51:75-77.

10. Zabernigg A, Muller-Holzner E, Gasc JM, Gattringer C. An unusual case of arenin-
producing tumour of the fallopian tube. Eur J Cancer 1997;33:1709.

11. McKenzie KJ, Ferrier RK, Howatson AG, Lindop GB. Demonstration of renin gene
expression in nephroblastoma by in situ hybridization. J Pathol 1996;180:71-73.

12. Yokomori K, Hori T, Takemura T, Tsuchida Y. Demonstration of both primary and
secondary reninism in renal tumors in children. J Pediatr Surg 1988;23:403—-409.

13. Lindop GB, Lever AF. Anatomy of the renin-angiotensin system in the normal and
pathological kidney. Histopathology 1986;10:335-362.

14. Martin SA, Mynderse LA, Lager DJ, Cheville JC. Juxtaglomerular cell tumor: a
clinicopathologic study of four cases and review of the literature. Am J Clin Pathol
2001;116:854-863.

15. Corvol P, Pinet F, Plouin PF, Bruneval P, Menard J. Renin-secreting tumors.
Endocrinol Metab Clin North Am 1994;23:255-270.

16. Koriyama N, Kakei M, Yaekura K, etal. A case of renal juxtaglomerular cell tumor:
usefulness of segmental sampling to prove autonomic secretion of the tumor. Am
J Med Sci 1999;318:194-197.

17. Kashiwabara H, Inaba M, Itabashi A, Ishii J, Katayama S. A case of renin-producing
juxtaglomerular tumor: effect of ACE inhibitor or angiotensin II receptor antago-
nist. Blood Press 1997;6:147-153.

18. Tomita T, Poisner A, Inagami T. Immunohistochemical localization of renin in
renal tumors. Am J Pathol 1987;126:73-80.

19. Lindop GB, Millan DW, Murray D, Gibson AA, Mclntyre GD, Leckie BJ. Immu-
nocytochemistry of renin in renal tumours. Clin Exp Hypertens A 1987;9:
1305-1323.



III ADRENAL CORTEX
AND HYPERTENSION







8 Primary Aldosteronism

Diagnosis

William E Young, Jr., MD

CONTENTS

INTRODUCTION
DiaGNosIs
REFERENCES

INTRODUCTION

The syndrome of primary aldosteronism was first described by Conn
in 1955 (1) and is characterized by hypertension, suppressed plasma
renin activity (PRA), increased plasma aldosterone concentration (PAC),
and unsuppressible aldosterone levels in the blood or urine. Prevalence
estimates for primary aldosteronism when hypokalemia was one of the
diagnostic criteria varied from 0.05 to 2% of the population with hyper-
tension. However, with the recognition that most patients who have
primary aldosteronism are normokalemic and with improved screening
methods, it appears that primary aldosteronism is the most common
form of secondary hypertension, affecting 5 to 12% of patients with
presumed essential hypertension (2—6) and 23 to 26% of patients with
resistant hypertension (7).

Distinguishing the subtype of primary aldosteronism is critical to
appropriate therapy (Table 1). Conn’s first case was a 34-year-old woman
with a 4 cm unilateral aldosterone-producing adenoma (APA); hyper-
tension was cured with unilateral adrenalectomy (/). A more common
subtype of primary aldosteronism is idiopathic hyperaldosteronism
(IHA) caused by bilateral zona glomerulosa hyperplasia; this form of
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Table 1
Subtypes of Primary Aldosteronism

May be treated surgically for cure
Aldosterone-producing adenoma (APA)
Primary (unilateral) adrenal hyperplasia (PAH)
Aldosterone-producing adrenocortical carcinoma

Should be treated medically
Idiopathic hyperaldosteronism (IHA)
Glucocorticoid-remediable aldosteronism (GRA)

primary aldosteronism is rarely cured with adrenal surgery (8—10). Pri-
mary adrenal hyperplasia (PAH) or unilateral adrenal hyperplasia is an
uncommon subtype. A hyperplastic adrenal gland that morphologically
resembles that in IHA but mimics the APA response to physiological
maneuvers and unilateral or subtotal adrenalectomy characterizes PAH
(9,11). Glucocorticoid-remediable aldosteronism (GRA) is autosomal
dominant in inheritance and associated with variable degrees of hyper-
aldosteronism, high levels of hybrid steroids (e.g., 18-hydroxycortisol),
and suppression with exogenous glucocorticoid (12,13).

Unilateral adrenalectomy cures hypokalemia in all patients and
improves or cures hypertension in most patients who have APA and
PAH, but surgery is not as effective for patients with IHA and GRA. The
key management issues addressed in this chapter are screening, confir-
matory testing, and subtype evaluation.

DIAGNOSIS

The diagnosis of primary aldosteronism is usually made in patients
who are in the third to sixth decades. Few symptoms are specific to the
syndrome. Patients with marked hypokalemia may have muscle weak-
ness, cramping, headaches, palpitations, polydipsia, polyuria, or
nocturia, or a combination of these. There are no specific physical
findings. The degree of hypertension is usually moderate to severe and
may be resistant to the usual pharmacological treatments (9,10).
Hypokalemia is frequently absent; thus, all patients with hypertension
are candidates for this disorder. Several studies have shown that patients
with primary aldosteronism may be at higher risk than other patients with
hypertension for target organ damage of the heart and kidney (/4-25).
Hypokalemia reduces the secretion of aldosterone, and it is optimal to
restore the serum level of potassium to normal before performing diag-
nostic studies.
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When to Consider Screening for Primary Aldosteronism:

Hypertension and Hypokalemia

Resistant Hypertension

Adrenal Incidentaloma and Hypertension
Whenever Considering Secondary Hypertension

v

Morning blood sample in seated ambulant patient:
o Plasma renin activity (PRA)
o Plasma aldosterone concentration (PAC)

)

{ PRA
T PAC
PAC/PRA ratio = 20 ng/dL per ng/mL/hr
(= 555 pmol/L per ng/mL per hr)
and
PAC > 15 ng/dL (= 4716 pmol/L)

Investigate for
Primary Aldosteronism

Fig. 1. Use of plasma aldosterone concentration (PAC)-to-plasma renin activity
(PRA) ratio to screen for primary aldosteronism.

Screening Tests

Spontaneous hypokalemia is uncommon in patients with uncompli-
cated hypertension and, when present, strongly suggests associated
mineralocorticoid excess. However, normokalemia does not exclude
primary aldosteronism. Several studies have shown that most patients
with primary aldosteronism have baseline serum levels of potassium in
the normal range (2,26,27). Therefore, hypokalemia is not required to
make the diagnosis of primary aldosteronism. Patients with hyperten-
sion and hypokalemia, regardless of presumed cause (e.g., diuretic treat-
ment), and most patients with treatment-resistant hypertension should
undergo screening for primary aldosteronism (Fig. 1).

In patients with suspected primary aldosteronism, screening can be
accomplished by measuring a morning (preferably 8 a.m.) ambulatory
paired random PAC and PRA (Fig. 1). This test may be performed while
the patient is taking antihypertensive medications and without posture
stimulation (7,28). Spironolactone is the only medication that will uni-
formly interfere with interpretation of the ratio. Angiotensin-converting
enzyme inhibitors (ACEIs) have the potential to “falsely elevate” PRA.
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Fig. 2. Paired hormone measurements help to distinguish among different types
of hyperfunction and hypofunction of the renin-angiotensin-aldosterone axis.
PAC, plasma aldosterone concentration; PRA, plasma renin activity.

Therefore, in a patient treated with an ACEI, the findings of a detectable
PRA level or a low PAC/PRA ratio do not exclude the diagnosis of
primary aldosteronism. Additionally, a strong predictor for primary
aldosteronism is a PRA level undetectably low in a patient taking
an ACEL

The PAC/PRA ratio, first proposed as a screening test for primary
aldosteronism in 1981 (29), is based on the concept of paired hormone
measurements (30) (Fig. 2). For example, in a hypertensive hypokale-
mic patient, (a) secondary hyperaldosteronism should be considered
when both PRA and PAC are increased and the PAC/PRA ratio is less
than 10 (e.g., renovascular disease),( b) an alternate source of mineralo-
corticoid receptor agonism should be considered when both PRA and
PAC are suppressed (e.g., hypercortisolism), and (c) primary aldoster-
onism should be suspected when PRA is suppressed and PAC is
increased (Fig. 3). Fifteen prospective studies have been published on
the use of the PAC/PRA ratio in screening for primary aldosteronism
(2,3,28,29,31-41). Although there is some uncertainty about test charac-
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Hypertension and Hypokalemia

Plasma renin activity (PRA)
Plasma aldosterone concentration (PAC)

— ! T

TPRA { PRA ¢ PRA
T PAC T PAC ¥ PAC
PAC/PRA ratio < 10 PAC/PRA ratio > 20
(277 in S Units) (= 555 in S! Units)
and
l PAC 2 15 ng/dL (= 416 pmol/L)

Investigate for causes of
secondary hyperaldosteronism Investigate for Investigate for

Renovascular hypertension Primary aldosteronism Congenital adrenal hyperplasia

Diuretic use Exogenous mineralocorticoid
Renin-secreting tumor DOC-producing tumor
Malignant-phase hypertension Cushing’s syndrome
Coarctation of the aorta 11-B-OHSD deficiency

Altered aldosterone metabolism
Liddle’s syndrome

Fig. 3. Use of plasma aldosterone concentration (PAC)-to-plasma renin activity
(PRA)ratio to distinguish among different causes of hypertension and hypokale-
mia. DOC, deoxycorticosterone; OHSD, hydroxysteroid dehydrogenase.
(Adapted from ref. 9.)

teristics and lack of standardization (42), the PAC/PRA ratio is widely
accepted as the screening test of choice for primary aldosteronism
(43,44). It has been suggested erroneously that the PAC/PRA ratio is not
useful because it does not provide a renin-independent measure of cir-
culating aldosterone suitable for determining whether PAC is increased
relative to PRA (45). However, the diagnostic value of the PAC/PRA
ratio is that it is denominator-dependent (Fig. 2) and not an independent
“index.” A suppressed level of PRA is critical to the diagnosis of primary
aldosteronism—just as a suppressed level of thyroid-stimulating hor-
mone is a key finding in hyperthyroidism. Increasingly, the PAC/PRA
ratio is being used to screen for primary aldosteronism (Fig. 4). The
increased use of the PAC/PRA has resulted in a 10-fold increased annual
detection rate of primary aldosteronism (4,5).

Assays of plasma renin concentration are being offered by some
laboratories. However, few studies have examined the diagnostic effi-
cacy of a PAC/renin concentration ratio as a screening test for primary
aldosteronism. In one study, a PAC/renin concentration ratio greater
than 50 (pg/mL per pg/mL) was 89% sensitive and 96% specific for
primary aldosteronism (46). Until additional studies demonstrate simi-
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Fig. 4. Number of patients screened annually at Mayo Clinic for primary aldos-
teronism with the plasma aldosterone concentration (PAC)/ plasma renin activ-
ity (PRA) ratio. The increased frequency of screening has led to a 10-fold
increase in the annual detection rate of primary aldosteronism.

lar test characteristics in larger patient cohorts, the plasma renin concen-
tration should not replace the plasma renin activity assay in screening for
primary aldosteronism.

It is important to understand that the lower limit of detection varies
among different PRA assays and can have a dramatic effect on the
PAC/PRATatio (4,5,47). As anexample, a very differentratio is obtained
if the lower limit of detection for PRA is 0.6 ng/mL per hour rather than
0.1 ng/mL per hour; for a PAC of 16 ng/dL, the PAC/PRA ratio would
be 27 and 160, respectively. Thus, the cutoff for a “high” PAC/PRA ratio
depends on the laboratory and, more specifically, on the PRA assay.
Weinberger et al. (48) found that the combination of a PAC/PRA ratio
greater than 30 and PAC greater than 20 ng/dL had a sensitivity of 90%
and a specificity of 91% for APAs. Hirohira et al. (45) found that a
PAC/PRA ratio greater than 32 had a sensitivity of 100% and a speci-
ficity of 61% for APA. At the Mayo Clinic, a PAC (in ng/dL)/PRA (in
ng/mL per hour) ratio greater than or equal to 20 and PAC greater than
or equal to 15 is used to indicate probable primary aldosteronism. Also,
the combination of a PAC/PRA ratio greater than or equal to 20 and a
PAC greater than or equal to 15 has been found in more than 90% of



Chapter 8 / Diagnosis of Primary Aldosteronism 125

£
311000
E 5
m 3
: | %
@ i Q
Q_ ~
100 % 000 e 00 0000
- ] (37344
EECY S DTt
® 10+
14 ]
<
o
o
(§)
g 1
o

Fig. 5. Plasma aldosterone concentration (PAC)/plasma renin activity (PRA)
ratios in 184 patients with surgically confirmed aldosterone-producing
adenomas; 91.3% had a PAC/PRA ratio = 20.

patients with surgically confirmed APA (Fig. 5). In patients without
primary aldosteronism, most of the variation occurs within the normal
range (Fig. 6). A high PAC/PRA ratio is a positive screening test result,
a finding that warrants further testing.

Confirmatory Tests

An increased PAC/PRA ratio is not diagnostic by itself, and primary
aldosteronism must be confirmed by demonstrating inappropriate
aldosterone secretion. The list of drugs and hormones capable of affect-
ing the renin-angiotensin-aldosterone axis is extensive, and frequently
in patients with severe hypertension, a “medication-contaminated”
evaluation is unavoidable. Calcium channel blockers (CCBs), o;-adren-
ergic receptor blockers (ARBs), and f-adrenergic blocks do not affect
the diagnostic accuracy in most cases (8). It is impossible to interpret
data obtained from patients receiving treatment with spironolactone.
Therefore, spironolactone treatment should not be initiated until the
evaluation has been completed and the final decisions about treatment
have been made. If primary aldosteronism is suspected in a patient
receiving treatment with spironolactone, the treatment should be discon-
tinued for at least 6 weeks.
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Fig. 6. The variation in repeat plasma aldosterone concentration (PAC)/plasma
renin activity (PRA) ratios in 174 patients without primary aldosteronism. Only
6% of patients had one PAC/PRA ratio greater than 20. The mean interval
between the ratios was 60.4 weeks. Most of the variation (94%) occurred within
the normal range.

Aldosterone suppression testing can be performed with orally admin-
istered sodium chloride and measurement of urinary aldosterone (8) or
with intravenous sodium chloride loading and measurement of PAC
(26,49). Our practice has been oral salt loading over 3 days. After hyper-
tension and hypokalemia are controlled, patients should receive a high-
sodium diet (supplemented with sodium chloride tablets if needed) for
3 days. The risk of increasing dietary sodium in patients with severe
hypertension must be assessed in each case. Because the high-salt diet
can increase kaliuresis and hypokalemia, vigorous replacement of
potassium chloride may be needed and the serum level of potassium
should be monitored daily. On day 3 of the high-sodium diet, a 24-hour
urine specimen is collected for measurement of aldosterone, sodium,
and potassium. To document adequate sodium repletion, the 24-hour
urinary sodium excretion should exceed 200 mEq. Urinary aldosterone
excretion greater than 12 ug/24 hours in this setting is consistent with
autonomous aldosterone secretion (50).
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Confirmed Primary Aldosteronism
{

Adrenal CT scan

Normal Unilateral hypodense
Micronodularity nodule > 1 cm
Bilateral masses
Low probability High probability >40yr <40yr
APA APA consider
\
AVS
: No Lateralization
Consid
onzl)reéézreen t—latelralization with AVS
‘\ with AVS
IHA: GRA: APA or PAH:
Pharmacologic  Pharmacologic Unilateral laparoscopic
therapy therapy adrenalectomy

Fig. 7. Subtype evaluation of primary aldosteronism. The details are discussed
in the text. APA, aldosterone-producing adenoma; AVS, adrenal venous sam-
pling; CT, computed tomography; GRA, glucocorticoid-remediable aldoster-
onism; IHA, idiopathic hyperaldosteronism; PAH, primary adrenal hyperplasia.
(Adapted from ref. 9.)

Subtype Studies

Following screening and confirmatory testing, the third management
issue guides the therapeutic approach by distinguishing APA and PAH
from IHA and GRA. Unilateral adrenalectomy in patients with APA or
PAH results in normalization of hypokalemia in all; hypertension is
improved in all and is cured in approximately 30 to 60% of these patients
(51). In IHA and GRA, unilateral or bilateral adrenalectomy seldom
corrects the hypertension (8). Although hypertension is frequently cured
with unilateral adrenalectomy in patients with APA and PAH, the aver-
age cure rate for IHA is only 19% after unilateral or bilateral adrenalec-
tomy (8). IHA and GRA should be treated medically.

CompPUTED TOMOGRAPHY

Primary aldosteronism subtype evaluation may require one or more
tests, the first of which is imaging the adrenal glands with computed
tomography (CT) (Fig. 7). In 143 surgically treated APAs at the author’s
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Fig. 8. Appearance of a 0.8 x 1.2 cm aldosterone-producing adrenal cortical
adenoma (arrow) on contrast-enhanced computed tomography in a 36-year-old
woman. The patient had been hypertensive for 10 years, with poor control for
the last 3 years; her antihypertensive medication program included an ACEI ,
a CCB, and a 3-adrenergic blocker. The screening test for primary aldoster-
onism was positive, with a normal range PAC of 17 ng/dL and low PRA at less
than 0.6 ng/mL/hr (PAC/PRA ratio > 28). The 24-hour urinary excretion of
aldosterone was increased at 16 ug (urinary sodium = 215 mEq/24 h). CT
showed a clear hypodense right adrenal gland nodule. However, some mild
thickening of the left adrenal gland necessitated adrenal venous sampling, which
lateralized the tumor to the right adrenal gland. She underwent laparoscopic
right adrenalectomy and a 1.7 x 1.0 x 1.0 cortical adenoma was found. The
postoperative PAC was 2.5 ng/dL. Five years later, she was normotensive with-
out the aid of antihypertensive agents.

institution, the mean diameter of the adenoma was 1.8 cm, although in
nearly one-fifth (19%) it was less than 1 cm (§). When a solitary unilat-
eral macroadenoma (> 1 cm) and normal contralateral adrenal morphol-
ogy are found on CT in a young patient (< 40 years) with primary
aldosteronism, unilateral adrenalectomy is a reasonable therapeutic
option (Fig. 8). However, in many cases, CT may show normal-appear-
ing adrenals, minimal unilateral adrenal limb thickening, unilateral
microadenomas (= 1 cm), or bilateral macroadenomas. In these cases,
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additional testing is required to determine the source of excess aldoster-
one secretion. Small APAs may be labeled incorrectly as IHA on the
basis of CT findings of bilateral nodularity or normal-appearing adrenals.
Also, apparent adrenal microadenomas may represent areas of hyperpla-
sia, and unilateral adrenalectomy would be inappropriate. Additionally,
nonfunctioning unilateral adrenal macroadenomas are not uncommon,
especially in older patients (> 40 years) (52).

Patients with APAs have more severe hypertension; have more pro-
found hypokalemia (< 3.0 mEq/L) and higher plasma (> 25 ng/dL) and
urinary (> 30 ug/24 h) levels of aldosterone; and are younger (< 50 years)
than those with IHA (8,53). Patients fitting at least one of these descrip-
tors are considered to have a high probability of APA (Fig. 7). However,
these factors are not absolute predictors of unilateral vs bilateral adrenal
disease. With the addition of adrenal venous sampling, unilateral APAs
have been found in 36% of those with clinically “high-probability” APA
who had normal findings or unilateral adrenal limb thickening on CT
(54). Gordon et al. (44) reported that CT contributed to lateralization in
only 59 of 111 patients with surgically proven APA; CT detected fewer
than 25% of the APAs that were less than 1 cm in diameter. Magill et al.
(55) reported that in 38 patients who had both CT and adrenal venous
sampling, CT findings were either inaccurate or provided no additional
information for 68% of patients with primary aldosteronism. Therefore,
adrenal venous sampling is essential to direct appropriate therapy in
patients with primary aldosteronism who have a high probability of APA
and CT findings of unilateral adrenal limb thickening.

ADRENAL VENOUS SAMPLING

Adrenal venous sampling is the reference standard test to differentiate
unilateral from bilateral disease in patients with primary aldosteronism
(56). Adrenal venous sampling is a difficult procedure because the right
adrenal vein is small; the success rate depends on the proficiency of the
angiographer (44). According to a review of 47 reports, the success rate
for canulating the right adrenal vein in 384 patients was 74% (§). With
experience, the success rate increased to between 90 and 93% (44,54).
Some centers perform adrenal venous sampling in all patients diagnosed
with primary aldosteronism (44). A more practical approach is the selec-
tive use of adrenal venous sampling as outlined in Fig. 7. To minimize
stress-induced fluctuations in aldosterone secretion, an infusion of 50 pg
of cosyntropin per hour is initiated 30 minutes before adrenal vein cath-
eterization and continued throughout the procedure (54). The adrenal
veins are catheterized via the percutaneous femoral vein approach, and
the position of the catheter tip is verified by gentle injection of a small
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amount of nonionic contrast medium and radiographic documentation.
Blood is obtained from both adrenal veins and the inferior vena cava
(IVC) below the renal veins and assayed for aldosterone and cortisol
concentrations. The venous sample from the left side typically is obtained
from the inferior phrenic vein immediately adjacent to the entrance of
the adrenal vein. The right adrenal vein may be especially difficult to
catheterize because it is short and enters the IVC at an acute angle (57).
The cumulative failure rate for catheterization of the right adrenal vein
reported in the literature is 26% (review of 47 separate reports [384
patients]) (8). More recently, one center reported a 36% failure rate in
catheterizing both adrenal veins (53). The cortisol concentrations from
the adrenal veins and IVC are used to confirm sucessful catherterization.
The adrenal vein/IVC cortisol ratio is typically greater than 10:1 (mean
values at the Mayo Clinic are 32:1 on the right and 22:1 on the left).
Dividing the right and left adrenal vein PACs by their respective cortisol
concentrations corrects for the dilutional effect of the inferior phenic
vein flow into the left adrenal vein; these are termed cortisol-corrected
ratios (Fig. 9). In patients with APA, the mean cortisol-corrected aldos-
terone ratio (APA-side PAC/cortisol:normal adrenal PAC/cortisol) is
18:1 (range, 3.7:1to 79:1). A cutoff of the cortisol-corrected aldosterone
ratio from high side to low side of greater than 4:1 is used to indicate
unilateral aldosterone excess (Fig. 10). Usually in patients with unilat-
eral aldosterone excess, the contralateral aldosterone/cortisol ratio is
less than the IVC aldosterone-cortisol ratios, which reflects a lower
proportional contribution of aldosterone from the contralateral adrenal
gland. In patients with IHA, the mean cortisol-corrected aldosterone
ratio is 2:1 (high side:low side; range, 1:0 to 3:5); a ratio less than 3.0 to
1.0 is suggestive of bilateral aldosterone hypersecretion (Fig. 10). In
patients with IHA, the low-side aldosterone-cortisol ratio is usually
greater than in the IVC. With the selective use of adrenal venous sam-
pling, unilateral APA has been found in 36% of those with clinically
high-probability APA who had normal findings or unilateral adrenal
limb thickening on CT. Adrenal venous sampling is essential to direct
appropriate therapy for patients with primary aldosteronism who have a
high probability of APA and CT findings of unilateral adrenal limb
thickening.

SuBTYPE EVALUATION TESTS OF HISTORICAL INTEREST

Multiple tests and procedures were used to distinguish between APA
and IHA before the development of the combined adrenal CT and adre-
nal venous sampling approach summarized above. At the Mayo Clinic,
[13'1]-19-iodocholesterol scintigraphy (58) was first used in 1973, and
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Results of Bilateral Adrenal Vein Sampling

Vein | Adosterone | Corteol(@ | e, | Meprmerone
RT & arenal 582 1,745 0.3
LT Sarenal 7,762 1,235 6.3 21.0*
IvC 62 45 1.4

*Left adrenal vein A/C ratio divided by right adrenal vein A/C ratio.
IVC, inferior vena cava

Fig. 9. Adrenal venous sampling data from a 40-year-old man with primary
aldosteronism and normal adrenal glands seen with computed tomography. The
patienthad been hypertensive for 1 year, with poor control; his antihypertensive
medication program included a calcium channel blocker and an o-adrenergic
blocker. His screening test for primary aldosteronism was positive, with amildly
increased PAC of 25 ng/dL and low PRA at less than 0.6 ng/mL/h (PAC/PRA
ratio >41). The 24-hour urinary excretion of aldosterone was increased at 26
ug (urinary sodium =221 mEq/24 h). Because of his age and severity of hyper-
tension, the possibility of a unilateral aldosterone-producing adenoma was
pursued with adrenal venous sampling (AVS). AVS localized the tumor to the
left adrenal gland. He had laparoscopic left adrenalectomy and a 0.5 x 1.0
cortical adenoma was found. The postoperative PAC was less than 1.0 ng/dL.

animproved agent, [6p-!3!TJiodomethyl-19-norcholesterol (NP-59), was
introduced in 1977 (59). The NP-59 scan, performed with dexametha-
sone suppression, has the advantage of correlating function with ana-
tomical abnormalities. However, its sensitivity depends heavily on the
size of the adenoma (60,61 ). Because tracer uptake is poor in adenomas
less than 1.5 cm in diameter, NP-59 scintigraphy often is not helpful in
interpreting micronodular findings obtained with high-resolution CT.
The posture stimulation test, also developed in the 1970s, is based on
the finding that blood aldosterone levels in patients with APA have a
diurnal variation and are relatively unaffected by changes in angiotensin
IT (Ang IT) levels. In contrast, IHA is characterized by enhanced sensi-
tivity to a small change in Ang II that occurs with standing. In a review
of 16 reports in the literature, the accuracy of the posture stimulation test
was 85% for 246 patients with surgically verified APA (8). However, it
became clear that some APAs are sensitive to Ang II, and some patients
with IHA have diurnal variation in aldosterone secretion (62). Also,
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Fig. 10. Adrenal vein aldosterone ratios for 93 patients with unilateral APA,
bilateral IHA, and unilateral PAH. Aldosterone levels were corrected for
dilutional effects by dividing aldosterone concentrations by simultaneously
obtained adrenal vein cortisol concentrations. The right adrenal vein was
catherterized successfully in 93 of 100 patients. Solid symbols indicate patients
with surgically confirmed disease. The dashed line indicates the cutoff of cor-
tisol-corrected aldosterone ratio from high to low side (> 4:1). (Adapted from
ref. 54.).

although the posture stimulation test may predict which patienthas APA,
it does not assist in localization. Serum 18-hydroxycorticosterone
(18-OHB) is considered to be either the immediate precursor of aldos-
terone or a separate end product formed after 18-hydroxylation of cor-
ticosterone (63). Patients with APA generally have recumbent serum
18-OHB levels greater than 100 ng/dL at 0800 hours, whereas patients
with THA usually have less than 50 ng/dL (64—66). The diagnostic accu-
racy of 18-OHB for APA is approximately 82% (8). Serum 18-OHB
levels serve as a surrogate for plasma aldosterone, which is also higher
in patients with APA than in those with IHA.
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It has become clear that, beyond historical interest, there is no role for
many tests (e.g., NP-59 scintigraphy, posture stimulation test, and serum
18-OHB concentration) that have been standards in the subtype evalu-
ation of primary aldosteronism.

FAMILIAL ALDOSTERONISM

Familial hyperaldosteronism type I is GRA and should be suspected
in the following clinical situations: (a) primary aldosteronism is diag-
nosed in the first to third decades of life, (b) there is a family history of
primary aldosteronism, or (c) there is a family history of cerebrovascular
events at a young age (18% of 167 patients with proven GRA had cere-
brovascular complications at an average age of 32 years) (67). The
majority of patients with familial hyperaldosteronism type 1 are
normokalemic, a finding most likely explained by the diurnal nature of
this disorder—“ACTH-dependent aldosterone excess by day and
eualdosteronism by night” (68). A 24-hour urine 18-hydroxycortisol
excretion greater than 3,000 nmol (25) or direct genetic blood testing
with Southern blotting or a long polymerase chain reaction technique to
detect the chimeric gene (69,70) confirms the diagnosis.

Familial hyperaldosteronism type II is an autosomal dominant disor-
der of both IHA and APA. Thus far, 17 families (44 affected members
with familial hyperaldosteronism type II) have been reported. In at least
seven families, dominant inheritance is suggested (71). In arecent study,
seven patients from one kindred were screened for CYP11B1/CYP11B2
and CYP11B2 (aldo synthase gene on chromosome 8q), and all were
negative for the defect (72,73). A genomewide search was completed
recently in a large family with familial hyperaldosteronism type II, and
genetic linkage was identified with the polymorphic markers D7S511,
D7S517, and GATA24F02 on chromosome 7 (7p22) (72). The gene
responsible for familial hyperaldosteronism type II has not been
identified.
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INTRODUCTION

Traditionally, the treatment of choice for primary aldosteronism is the
surgical excision of a unilaterally diseased adrenal gland (i.e., either
tumor or hyperplasia). Medical therapy is used to reverse the metabolic
and hemodynamic sequelae of aldosterone excess before surgery and in
the long-term management of patients who are not surgical candidates.
The latter include patients with bilateral disease who require bilateral
adrenalectomy or who have associated comorbid conditions that pre-
clude surgery. Some patients who are surgical candidates may choose
medical management instead.

PATHOPHYSIOLOGICAL
AND THERAPEUTIC OPTIONS

Mineralocorticoids lead to fluid retention and might be expected to
increase intravascular volume. Early studies have reported hypervolemia
in primary aldosteronism, but this abnormality is not a universal finding.
Many subjects have either low or normal intravascular volume (Fig. 1),
and there is no correlation between arterial pressure and plasma or total
blood volume in either men or women with untreated primary aldoster-
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Fig. 1. Plasma volume values in patients with primary aldosteronism and age-
and gender-matched essential hypertensive patients. Values are expressed as
percent of normal because of naturally occurring gender differences. For patients
with primary aldosteronism, black dots represent adenomas (z = 70) and open
triangles represent hyperplasia (n = 10). The crosshatched area represents the
variability of the method (i.e., + 8%). In primary aldosteronism, there were as
many patients who were hypovolemic (25%) as there were those who were
hypervolemic (30%). (From ref. 1.)

onism (/). In contrast, there is an inverse correlation between volume
and total peripheral resistance, similar to that reported in essential hyper-
tension, renal arterial disease, and normal subjects. However, for any
level of peripheral resistance, plasma volume (PV) is always greater in
primary aldosteronism (Fig. 2) (2). Additionally, with diuretic therapy,
the arterial pressure response is directly and significantly related to the
magnitude of intravascular volume alterations (Fig. 3) (3).

Abnormalities in intravascular volume are associated with drug resis-
tance in some patients with primary aldosteronism. In 12 out of 28
patients with primary aldosteronism (25 with a solitary adenoma) and
resistant hypertension who were receiving three to seven drugs but were
on small amounts of diuretic agents, hemodynamic studies revealed that
PV was either normal or elevated despite marked elevations of total
peripheral resistance (Fig. 4) (4). The addition of spironolactone (200
mg/day) and hydrochlorothiazide (50-100 mg/day) to previous mul-
tiple-drug therapy reduced blood pressure (BP) significantly in all 28
patients. Thereductionin BP was associated with aconcomitant decrease
in intravascular volume (Fig. 5) (4).

Drugs that suppress sympathetic vasomotor activity have the poten-
tial of increasing PV, which diminishes their therapeutic effectiveness
(5). The studies that show this emphasize how potent this influence can
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Fig. 2. Correlation between plasma volume (PV) and total peripheral resistance
(TPR) in patients with primary aldosteronism and those with hypovolemic
essential hypertension. The slopes of the regression equations defining the two
lines are not significantly different from each other, but the intercepts are. For
any level of TPR, PV is always greater in primary aldosteronism. Primary
aldosteronism (n = 16; r = —0.531; p < 0.05); essential hypertension (n = 16;
r=-0.610; p < 0.02). (From ref. 2.)
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Fig. 3. Relationship between diastolic blood pressure (DBP) and plasma volume
(PV) in 10 patients (48 determinations) with primary aldosteronism during
long-term treatment periods with spironolactone alone (triangles) or in combi-
nation with either hydrochlorothiazide or low dietary sodium. Data were
obtained over a period of 6 weeks to 6 years. PV is expressed in percent of
normal because of naturally occurring gender differences. (From ref. 3.)

become, given that the amounts of diuretic agents that usually are
adequate to prevent fluid retention in essential hypertensives fail to do
soin patients with primary aldosteronism. Additionally, they reiterate an
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Fig. 4. Hemodynamic characteristics of primary aldosteronism (n = 12) with
refractory hypertension. At the time of the study, patients were on three to seven
different drugs in combination. Despite marked increases in mean arterial pres-
sure, patients were either normovolemic or hypervolemic. MAP, mean arterial
pressure; CI, cardiac index; TPR, total peripheral resistance; PV, plasma vol-
ume; % N, percent of normal. (From ref. 4.)
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Fig. 5. The effect of volume depletion in patients with primary aldosteronism
and resistant hypertension. Spironolactone (100 mg BID) and hydrochlorothiaz-
ide (25-50 mg BID) were added to current therapy. Blood pressure (mean
arterial pressure [MAP]) and plasma volume (PV) were then obtained before
and after 8 to 12 weeks of continued therapy. MAP was significantly reduced
in all; as a group it fell from 138 = 2 to 102 = 9 (SE) mmHg. Associated with
reductions in MAP were decreases in PV (from 114 + 3 to 97 = 2 [SE] % of
normal, p < 0.01). (From ref. 4.)
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important therapeutic principle that salt- and water-dependent hyperten-
sion responds poorly to antihypertensive agents that cause fluid retention
orfail toreduce the existing hypervolemia (6, 7). These drugs include those
that decrease sympathetic motor activity, angiotension-converting enzyme
inhibitors, direct arteriolar vasodilators, and calcium channel blockers.

The aforementioned studies strongly indicate that hypertension asso-
ciated with primary aldosteronism is salt and water dependent and is best
treated by aggressive and sustained salt and water depletion.

Short-Term Medical Therapy

Patients undergoing surgery should receive drug treatment for at least
8 to 10 weeks, both to decrease BP and to correct metabolic abnormali-
ties. These patients have significant potassium deficiency that must be
corrected preoperatively because hypokalemia increases the risk of car-
diac arrhythmia during anesthesia. Prolonged reduction of arterial BP
permits the use of intravenous fluids during surgery without producing
hypertension and decreases morbidity. Administration of medications is
continued until surgery, and glucocorticoid administration is not needed
before surgery.

Spironolactone, 100-200 mg/day, or amiloride, 10-20 mg/day, is
administered the first 2 weeks, then either hydrochlorothiazide, 25-50 mg/
day, or furosemide, 80—160 mg/day is added. This combination results
in prompt correction of hypokalemia and normalization of arterial BP
within 1 to 2 weeks (Fig. 6) (3). These agents may be added to current
[-blocker or vasodilator therapy.

After removal of an aldosterone-producing tumor, selective hypo-
aldosteronism usually occurs, even in patients whose plasma renin
activity had been stimulated with chronic diuretic therapy (8). There-
fore, serum potassium values should be monitored closely and potas-
sium supplementation should be given cautiously, if at all. Sufficient
residual mineralocorticoid activity often is left to preventexcessive renal
retention of potassium provided that adequate sodium intake is main-
tained. If serum potassium values rise above 5.5 mEq/L, administration
of furosemide, 80-160 mg/day, should be started. Treatment with
fludrocortisone is often not necessary. If itis needed, 0.1 mg/day may be
used as the initial dose. Abnormalities in aldosterone production can
persist for as long as 3 to 6 months after tumor removal.

Long-Term Medical Therapy

The use of potassium-sparing agents along with diuretics and other
antihypertensive agents as needed can control BP and maintain normal
serum potassium concentration over long periods. The efficacy of long-
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Fig. 6. The effect of spironolactone combined with hydrochlorothiazide on
blood pressure (BP) and serum potassium concentration in patients with aldos-
terone-producing tumors (n = 6). The mean systolic and diastolic BP were not
different from control during administration of spironolactone alone, although
a significant rise in serum potassium concentration occurred as early as the first
week of therapy. The addition of hydrochlorothiazide significantly decreased
BP but did not alter serum potassium concentration. (From ref. §.)

term medical management of aldosterone-producing adenomas was
recently demonstrated in a retrospective cohort study (9) of 24 patients
who were treated medically for at least 5 years. The clinical and bio-
chemical data of these patients is shown in Table 1. Patients were fol-
lowed at 3- to 6-month intervals as outpatients. The final measurement
of BP and potassium corresponded with the interim measurements of
followup. Therefore, the last measurement taken was used in this study.
At the time of initial diagnosis, the mean systolic BP was 175 + 2.3
(SE) mmHg (range 150-200 mmHg) and the mean diastolic BP was 106
+ 2.6 (SE) mmHg (range 92-132 mmHg). The mean serum potassium
concentration was 3.0 = 0.07 (SE) nmol/L (range 2.4 to 3.9 nmol/L). The
sizes of adrenal tumors on presentation ranged from 0.5 cm to 2.4 cm.
The median duration of followup was 8 years (range 5 to 17 years).
At the time of the most recent followup, the mean systolic BP was 129
+ 3.4 (SE) mmHg (range 101-118 mmHg) (95% confidence interval
(CD) for difference, 37.1-53 mmHg) and the mean diastolic BP was 79
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Table 1
Clinical and Biochemical Data

BP at Most recent  Electrolyte levels at time  Electrolyte levels at last

Age FU  presentation* BP* of diagnosis (mmol/L) follow-up (mmol/L)

Patient  (yrs) Gender (yrs) (mmHg) (mmHg) Na K Cl- CO, Na K Cl- CO;
1 65 male 5 170/04 120/80 145 3.1 105 30 140 52 110 28
2 69 male 12 164/65 157/86 141 32 98 35 141 39 104 30
3 63 male 11 178/96 130/95 141 29 100 28 14 4.0 107 26
4 42 female 8 180/104 124/82 140 3.0 98 31 137 4.1 105 25
5 39 female 5 184/132 128/80 141 39 102 29 140 3.7 106 28
6 76 male 9 174/100 116/74 143 29 104 290 139 47 103 23
7 68 male 6 180/105 155/76 140 3.1 98 32 142 42 109 28
8 69 male 5 190/95 130/70 144 29 103 20 140 4.1 104 21
9 59 male 7 180/116 145/99 144 24 102 35 139 43 104 30
10 55 male 8 180/110 140/74 145 3.0 102 30 142 46 104 30
11 59 male 6 165/102 112/68 142 3.0 106 30 142 48 108 30
12 50 male 6 117/117 115/80 144 3.1 102 3.1 143 45 104 27
13 44 male 6 160/110 130/82 141 3.0 106 29 140 43 103 29
14 64 female 8 160/98 142/60 144 34 106 20 142 47 108 25
15 52 female 13 150/104 104/76 142 33 105 24 137 44 106 25
16 52 female 5 168/102 128/91 143 2.7 102 32 141 3.6 106 32
17 54 female 17 180/110 101/71 143 3.0 105 33 139 44 101 30
18 59 male 8 176/116 158/78 142 2.6 106 290 138 4.6 101 27
19 44 female 9 190/122 122/78 142 26 98 32 137 3.6 98 26

(continued)



Table 1 (Continued)
Clinical and Biochemical Data

BP at Most recent  Electrolyte levels at time  Electrolyte levels at last

Age FU  presentation™ BP* of diagnosis (mmol/L) follow-up (mmol/L)
Patient (yrs) Gender (yrs) (mmHg) (mmHg) Na K Cl- CO, Na K Cl- CO;
20 61 female 14 160/110 144/72 145 29 103 35 140 3.7 113 29
21 68 female 5 166/108 111/78 143 26 103 30 146 4.6 108 26
22 66 male 11 178/108 150/92 141 3.0 101 31 142 3.8 102 26
23 73 male 10 178/100 107/66 143 38 99 31 143 48 105 24
24 56 male 15 200/125 128/85 141 32 102 32 139 46 102 26

* Blood pressure values are the average of at least three measurements. From ref. 9.
BP, blood pressure; Cl—, chloride; CO,, carbon dioxide; FU, follow-up; K, potassium; Na, sodium.
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= 1.9 (range 60-99 mmHg) (95% CI for difference, 20.8-33.9 mmHg).
After treatment, the mean serum potassium concentration was 4.3 +0.09
(SE) nmol/L (range 3.6—5.2 nmol/L.) (95% Cl for difference, 1.1-1.5 nmol/
L). Four patients were receiving a single potassium-sparing diuretic, 13
were receiving a potassium-sparing diuretic and one other antihyperten-
sive agent, six were receiving a total of three antihypertensive agents,
and one was receiving four antihypertensive medications.

During followup, there were no incidences of strokes, myocardial
infarctions, or cardiac failures. None of the patients experienced any
malignant transformation of their tumors. Only 5 of the 24 patients had
anoticeable (= 0.5 cm) increase in size of the adrenal tumor as measured
by computed tomography.

The morbidity seen with medical management of aldosterone-pro-
ducing adenomas relates to the side-effect profiles of potassium-sparing
diuretics. The most common side effects noted for spironolactone therapy
were breast tenderness, breast engorgement, and muscle cramps. Less
frequent adverse effects include decreased libido, inability to sustain an
erection, menstrual irregularity, axillary hair loss, and irritability. These
adverse events were unrelated to dose. The only side effect noted with
amiloride was muscle cramping.

These observations show that medical management of aldosterone-
producing adenomas in reliable patients is an acceptable alternative to
surgery if such therapy is warranted by overriding comorbid conditions
or strong preferences. However, if surgery can eliminate the need for
medication altogether, it should be considered foremost, before medical
treatment is chosen (10).

REFERENCES

1. Bravo EL, Tarazi RC, Dustan HP, et al. The changing clinical spectrum of primary
aldosteronism. Am J Med 1983;74:641-651.

2. Tarazi RC, Ibrahim MM, Bravo EL, Dustan HP. Hemodynamic characteristics of
primary aldosteronism. N Engl J Med 1973;289:1330-1335.

3. Bravo EL, Dustan HP, Tarazi RC. Spironolactone as a nonspecific treatment for
primary aldosteronism. Circulation 1973;48:491-498.

4. Bravo EL, Fouad-Tarazi FM, Tarazi RC, Pohl M, Gifford RW Jr, Vidt DG. Clinical
implications of primary aldosteronism with resistant hypertension. Hypertension
1988;11:1207-1211.

5. Dustan HP, Tarazi RC, Bravo EL. Dependence of arterial pressure on intravascular
volume in treated hypertensive patients. N Engl J Med 1972;286:861-866.

6. Bravo EL, Tarazi RC, Dustan HP, Fouad FM. The sympathetic nervous system and
hypertension in primary aldosteronism. Hypertension 1985;7:90-96.

7. Bravo EL, Fouad FM, Tarazi RC. Calcium channel blockade with nifedipine in
primary aldosteronism. Hypertension 1986;8(Suppl I):1191.



148 Secondary Hypertension

8. Bravo EL. Primary aldosteronism: issues in diagnosis and management. Endocrinol
Metab Clin N Am 1994:23(2):271-283.
9. Ghose RP, Hall PM, Bravo EL. Medical management of aldosterone-producing
adenomas. Ann Intern Med 1999;131:105-108.
10. Brown JJ, Davies DL, Ferriss JB, et al. Comparison of surgery and prolonged
spironolactone therapy in patients with hypertension, aldosterone excess, and low
plasma renin. Br Med J 1972;2:729-734.



1 O Primary Aldosteronism
Surgical Approaches

Mihir M. Desai, MD
and Inderbir S. Gill, mD

CONTENTS

INTRODUCTION

INDICATIONS FOR SURGERY

SURGICAL ANATOMY

SURGICAL APPROACHES

RESULTS OF ADRENALECTOMY FOR ALDOSTERONOMA
PARTIAL ADRENALECTOMY

CONCLUSIONS

REFERENCES

INTRODUCTION

Primary hyperaldosteronism, the hypersecretion of aldosterone by
the adrenal gland, most commonly results from a unilateral adrenocor-
tical adenoma (aldosteronoma). Less frequently, primary hyperaldoster-
onism may result from bilateral adrenal hyperplasia or an adrenocortical
carcinoma. Although relatively uncommon, aldosteronoma represents a
surgically correctable cause of secondary hypertension. The advent of
laparoscopy has resulted in a significant change in the surgical manage-
ment of aldosteronoma. In this chapter, we describe the indications,
various surgical approaches, and worldwide results of the surgical man-
agement of primary hyperaldosteronism.
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INDICATIONS FOR SURGERY

Unilateral Adrenal Adenoma

Surgical excision is indicated in all cases of primary hyperaldoster-
onism caused by a unilateral adrenal adenoma, which may account for
approximately 60% of cases of primary hyperaldosteronism. Currently,
sensitive imaging techniques such as thin slice spiral computed tomog-
raphy and magnetic resonance imaging are sensitive methods for diag-
nosing an adrenal adenoma in a patient with biochemical evidence of
aldosterone hypersecretion. The majority of aldosteronomas are small,
with more than 80% being less than 3 cmin size. As aresult, these tumors
are particularly amenable to surgical excision.

Adrenal Hyperplasia

Adrenal hyperplasia, usually accounting for 40% of cases of primary
hyperaldosteronism, is generally treated medically with spironolactone
or another potassium-sparing diuretic. A certain variant of adrenal
hyperplasia, which is unresponsive to angiotensin II (Ang II), may be
cured by surgical excision if there is lateralization to one adrenal gland.
Postural biochemical testing, estimation of C-18 methyl oxidation
metabolites of cortisol (18-oxocortisol and 18-hydroxycortisol) in the
urine, and selective adrenal vein aldosterone sampling may be beneficial
in identifying this subset of patients with angiotensin-unresponsive
adrenal hyperplasia that may be cured after a unilateral adrenalectomy
(1). Rarely, bilateral adrenalectomy may be indicated in patients with
bilateral adrenal hyperplasia and severe hypertension and/or hypokale-
mia that are refractory to medical treatment.

Adrenocortical Carcinoma

Occasionally, adrenocortical carcinoma may present with features of
mineralocorticoid excess. These tumors are generally large (>5 cm), and
are best treated with wide surgical excision, whenever technically
feasible.

SURGICAL ANATOMY

The adrenal glands are paired retroperitoneal organs that lie within
Gerota’s fascia, separated from the upper pole of the kidney by a fibrous
layer. Both adrenal glands differ in their location, size and shape, ana-
tomical relations, and vascular supply.

The right adrenal gland is triangular in shape and lies above the upper
pole of the kidney. Despite the right kidney being lower than the left, the
right adrenal gland is located higher in the retroperitoneum compared to
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the left side. The right adrenal gland is related to the liver superiorly,
kidney inferolaterally, inferior vena cava medially, duodenum and liver
anteriorly, and diaphragm and pleura posteriorly. The right adrenal gland
derives its arterial supply from the inferior phrenic artery (superior sup-
ply), aorta (middle supply), and right renal artery (inferior supply). The
arterial branches arborize near the adrenal gland, forming a vascular
network, which enters the gland at the superior and medial aspect (2).
The right adrenal gland is drained by a single short and wide adrenal
vein, which exits the superior pole of the adrenal gland and enters the
posterolateral aspect of the inferior vena cava.

The left adrenal gland is crescentic in shape and is situated lower than
the right adrenal gland along the medial border of the upper pole of the
left kidney. It is related to the spleen superiorly, tail of the pancreas
anteriorly, diaphragm and pleura posteriorly, and aorta medially. The left
adrenal gland lies at a slight distance from the aorta in contrast to the
right adrenal gland, which is much more closely approximated to the
wall of the inferior vena cava. The arterial supply to the left adrenal gland
is similar to the right side, being derived from the left inferior phrenic
artery, aorta, and left renal artery. The left adrenal vein, in contrast to the
right side, is longer and narrower, and drains via the inferior phrenic vein
into the superior border of the main left renal vein.

SURGICAL APPROACHES

Recently, laparoscopic techniques have largely supplanted open
adrenalectomy for the surgical management of hyperaldosteronism.

Laparascopic Adrenalectomy

Since Gagner’s initial reportin 1992 (3), laparoscopic adrenalectomy
has evolved as the current standard of care for most adrenal tumors with
the possible exception of large, infiltrating cancers. Aldosteronomas,
owing to their small size, are particularly amenable to laparoscopic
excision. Laparoscopic adrenalectomy has been successfully performed
both transperitoneally and retroperitoneally.

TRANSPERITONEAL LLAPAROSCOPIC ADRENALECTOMY (4,5)

The transperitoneal technique is performed with the patient secured
in the 45° oblique position. Pneumoperitoneum is initially created by
either the veress needle or open technique. Typically the procedure is
performed using three to five ports, which are illustrated in Fig. 1.

Transperitoneal Right Adrenalectomy (Fig. 2). The liver is
retracted cephalad, and a transverse incision is made in the posterior
parietal peritoneum parallel to and 1 to 2 cm below the inferior edge of
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Fig. 1. Patient positioning and port placement for transperitoneal laparoscopic
adrenalectomy. (A) Right-sided transperitoneal adrenalectomy is performed
with the patient in a 45° flank position using four ports. A 12 mm primary
camera port, a 5 mm left-hand port, a 12 mm right-hand port, and a 5 mm liver
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the liver. Extending from the line of Toldt laterally to the inferior vena
cava medially, this incision allows access into the retroperitoneum
directly onto the anterior surface of the adrenal gland. Virtually no
mobilization of the hepatic flexure of the colon is required to expose the
right adrenal gland. Typically, dissection is initiated between the medial
border of the adrenal gland and the right lateral edge of the inferior vena
cava, where the main adrenal vein is identified, clipped, and divided.
Superiorly, the gland is freed from the undersurface of the diaphragm by
clipping the branches from the inferior phrenic vessels. Inferiorly, adre-
nal branches of the renal artery are controlled and the gland is completely
freed. The adrenal gland is entrapped within an impermeable sac and
extracted intact.

Transperitoneal Left Adrenalectomy (Fig. 3). In contrast to the
right side, the transperitoneal approach to the left adrenal gland requires
formal mobilization of the spleen, splenic flexure, descending colon,
and tail of the pancreas. The procedure begins with identification and
clipping of the adrenal vein draining into the superior border of the left
renal vein. Multiple aortic, renal hilar, and inferior phrenic branches
supplying the adrenal gland are meticulously controlled, completely
freeing the adrenal gland.

Bassoetal recently reported on a technique of supragastric left adrena-
lectomy (6). This technique involves division of the gastro-phrenic liga-
ment and one or two short gastric vessels in order to mobilize the gastric
fundus. The gastric fundus is then pulled down, thereby exposing the left

Fig. 1. (continued) retraction port. An additional 2 mm port may be placed in the
flank laterally to aid retraction. (B) Patient position for a left-sided trans-
peritoneal adrenalectomy is identical to that on the right side. The 5 mm port for
liver retraction, however, is not required.

Fig. 2. (Figures on next page) Right transperitoneal laparoscopic adrenalec-
tomy. (A) Initially, a peritoneal incision is made inferior to the liver to expose
the suprarenal vena cava and main adrenal vein. The liver is retracted cephalad
during the entire procedure to provide optimal exposure of the adrenal gland.
Very minimal mobilization of the right colon and hepatic flexure is required on
the right side. (B) The adrenal gland is gradually dissected from the vena cava
to which it is closely approximated. During this part of the mobilization, small
aortic branches, entering the adrenal gland from behind the vena cava, are
controlled and divided. This exposes the main adrenal vein. (C) The main adrenal
vein is clipped and the adrenal gland completely mobilized after dividing the
superior (inferior phrenic) and inferior (renal) adrenal vascular supply. (D) The
completely mobilized adrenal gland is entrapped in an impermeable 10 mm
Endocatch bag and extracted intact.
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Fig. 2A & B.
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Fig. 2C & D.
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Fig. 3. Laparoscopic transperitoneal left adrenalectomy. (A) A T-shaped
peritoneal incision is made as shown in the figure. The left colon and spleen
require significant mobilization for adequate exposure of the left adrenal gland.
(B) The main adrenal vein is identified at the superior border of the main left
renal vein. (C) The main adrenal vein is clipped and divided. The adrenal gland
is dissected from the upper pole of the kidney by dividing the arterial supply
from the renal artery. Subsequently, the posterior surface of the adrenal is
mobilized in an avascular plane. (D) The medial border of the adrenal gland is
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Fig. 3. (continued) mobilized by dividing aortic branches, and the superior pole
is mobilized by dividing the inferior phrenic branches, thereby completing the
adrenalectomy. (Note: The 2 mm instruments shown in Figs. 3 and 4 are used
during needlescopic adrenalectomy, which is the author’s preference for most
transperitoneal adrenalectomies. However, 5 mm instruments may be employed
in place of the 2 mm instruments for performing a transperitoneal adrenalec-
tomy. The operative steps, as outlined above, remain the same regardless of
whether 2 mm instruments are used.)
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adrenal gland. The authors suggested that the supragastric approach
avoided mobilization of the spleen, splenic flexure, and descending
colon, which may be a potential advantage over conventional trans-
peritoneal left adrenalectomy. They reported the use of this approach in
six patients. The mean operative time was 126 minutes and the mean
hospital stay was 4.1 days, and there were no conversions or complica-
tions. However, this is the only report of this approach in the literature,
and a comparative analysis with conventional laparoscopic adrenalec-
tomy is necessary to objectively assess the proposed merits of the
supragastric approach.

Technical Results of Transperitoneal Laparoscopic Adrenalec-
tomy. At the time of this writing, more than 500 laparoscopic trans-
peritoneal adrenalectomies have been reported in the literature. A recent
review analyzing 147 transperitoneal laparoscopic adrenalectomies
reported a mean operative time of 3.4 hours, mean blood loss of 191 mL,
and intraoperative transfusion rate of 2%. Mean hospital stay and mean
convalescence were 2.9 days and 16 days, respectively (7). Major and
minor complications occurred in 3 and 20%, respectively. A multi-insti-
tutional study by Yoshida et al analyzed complications occurring in 369
laparoscopic adrenalectomies performed at nine centers from January
1992 to September 1996 (8). No mortality was reported. Thirty-two
intraoperative complications occurred in 31 patients (9%). Vascular
injuries occurred in 20 cases (5%) and included injury to the inferior
vena cava (2), renal vein (2), main adrenal vein (4), and other adrenal
vessels (12). Organ injuries occurred in 11 patients (3%) and included
liver (4), spleen (3), pancreas (2), gall bladder (1), and ipsilateral adrenal
gland (1). Postoperative complications occurred in 24 patients (6.5%):
hemorrhage (6), wound infection (4), atelectasis (3), ileus (2), chylocele
(1), asthma (1), pulmonary effusion (1), angina (1), hyperventilation (1),
delirium (1), compartment syndrome (1), urinary retention (1), and peri-
tonitis (1). The authors concluded that the majority of the complications
were minor in nature and could be managed either conservatively or
laparoscopically. Conversion to open surgery was necessary in 14
patients (3.8%).

RETROPERITONEAL LAPAROSCOPIC ADRENALECTOMY

Retroperitoneal adrenalectomy can be performed through either the
lateral (9) or posterior approach (/0—-12), the former being more com-
monly used.

Lateral Approach. In the lateral approach, the patient is secured in
the standard (90°) flank position. Initial retroperitoneal access is
obtained, by finger dissection, through an incision placed below the tip
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of the 12th rib. A working space is created in the retroperitoneum,
between the Gerota’s fascia and transversalis fascia, with the balloon
dilation technique using a PDB Balloon Dilator (Origin Medical, Menlo
Park, CA). A 10 mm blunt-tip balloon port is placed through the initial
access site, and the balloon is inflated and cinched down to create a tight
seal around the abdominal wall and prevent leakage of gas. Two addi-
tional working ports are placed under direct laparoscopic vision for the
right- and left-hand instruments.

Posterior Approach. In the posterior approach, the patient is placed
prone in a semi jackknife position, and three ports are placed directly
posterior along the undersurface of the 12th rib.

Retroperitoneoscopic Right Adrenalectomy (Fig. 4). After obtain-
ing retroperitoneal access, the dissection initially commences at the level
of the psoas muscle to identify pulsations of the renal artery. The inferior
vena cava is identified just cephalad to the renal artery, and dissection
proceeds along the superior margin of the inferior vena cava. Small
aortic arterial branches to the right adrenal gland are clipped and divided,
and the main adrenal vein is identified entering the adrenal gland at its
superior pole. The main right adrenal vein is clipped and divided. The
adrenal gland is then freed from the undersurface of the diaphragm,
peritoneum, and upper pole of the kidney, dividing the inferior phrenic,
aortic, and renal arterial branches. The freed specimen is entrapped in an
impermeable Endocatch bag (USSC, Norwalk, CT), and extracted intact.

Retroperitoneoscopic Left Adrenalectomy (Fig. 5). Similar to the
technique on the right side, the initial step of a left retroperitoneoscopic
adrenalectomy consists of identification of the left main renal artery.
Dissection along the cephalad aspect of the renal artery usually identifies
the main left adrenal vein, which is then clipped and divided. Occasion-
ally, the main adrenal vein may not be identified early on in the opera-
tion, and in such instances is identified and clipped after mobilizing the
upper pole of the kidney and adrenal gland. On the left side, mobilization
of the adrenal gland requires exposure and caudolateral mobilization of
the upper pole of the kidney. The adrenal gland usually lies along the
medial aspect of the upper pole of the kidney. The adrenal gland, once
exposed, is mobilized by clipping the adrenal branches of the aorta, renal
artery, and inferior phrenic vessels. The completely freed adrenal gland
is then entrapped and extracted intact.

Results. Retroperitoneal adrenalectomy is a more recent technique
than its transperitoneal counterpart. A recently conducted survey of 166
retroperitoneal laparoscopic adrenalectomies (107 lateral, 59 posterior)
revealed a mean operative time of 2.8 hours, blood loss of 105 mL, and
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Fig. 4. Retroperitoneoscopic right adrenalectomy. (A) The initial step in a right
retroperitoneoscopic adrenalectomy consists of identifying the suprarenal infe-
rior vena cava. The dissection proceeds along the upper border of the vena cava,
carefully dividing the aortic branches to the adrenal gland, until the main right
adrenal vein is identified in the region of the upper pole of the adrenal gland. The
adrenal vein is clipped and divided. (B) The superior attachments of the adrenal
gland are divided after clipping the inferior phrenic vascular supply. (C) The
kidney is mobilized inferolaterally and the adrenal gland is carefully separated
from the upper pole of the kidney, thereby completing the adrenalectomy.

Fig. 5. (Next page) Retroperitoneoscopic left adrenalectomy. (A) The Gerota’s
fascia along the upper pole is incised as shown in the figure. (B) The adrenal
gland is carefully mobilized from the medial border of the upper pole, ligating
the vascular supply from the renal artery. (C) The upper pole of the kidney is
mobilized laterally and inferiorly. This exposes the main adrenal vein. The
superior attachments of the adrenal are also divided (dotted line). (D) The main
adrenal vein is clipped and the adrenal gland mobilization is completed.

mean hospital stay of 4 days. Mean tumor size was 3.3 cm, convales-
cence averaged 15.8 days, conversion to open surgery occurred in 7% of
cases and complications occurred in 15%of cases (7).



162 Secondary Hypertension




163

nism

Chapter 10 / Surgical Approach to Primary Aldostero

Fig. 5C & D.



164 Secondary Hypertension

NEEDLESCOPIC ADRENALECTOMY

Two-millimeter “needlescopic” instruments and optics are currently
available (/3). The port needed for 2 mm instruments is similar in caliber
to a 14-gage angiocatheter needle and requires a minute skin puncture
for insertion, is associated with better cosmesis, and requires only a
single adhesive Steri-Strip (3M, St. Paul, MN) for closure. Earlier
reserved for diagnostic purposes only, needlescopic techniques are now
being employed for definitive therapeutic procedures as well (14).

Technique of Needlescopic Adrenalectomy. The current technique
of needlescopic adrenalectomy employs four ports: one 10/12 mm
umbilical port (camera/specimen extraction), one 5 mm port (dominant
hand of the surgeon), and two 2 mm ports (nondominant hand of the
surgeon or assistant). The latter three ports lie along the costal margin.
The solitary 5 mm port is currently required for the use of certain essen-
tial 5 mm instruments (clip applicator, hook, scissors, suction irrigator).
The 2 mm versions of these instruments are at present either unavailable
or technically inadequate. The mandatory 1.5 to 2 cm skin incision for
ultimate extraction of the specimen is well concealed within the umbili-
cal crease and is used to advantage by placing a 10 mm, 45° laparoscope
at that site. The subsequent steps of the needlescopic procedure are
similar to those of the conventional transperitoneal technique.

Results of Needlescopic Adrenalectomy. We retrospectively com-
pared needlescopic (n = 15) with conventional laparoscopic adrenalec-
tomy (n=21) (14). The needlescopic group had a shorter operative time
(169 vs 220 minutes) and a decreased blood loss (61 vs 183 cc). These
benefits of the needlescopic group were thought to reflect the improved
learning curve rather than a true benefit of the needlescopic technique.
However, the needlescopic technique was associated with a shorter
hospital stay (1.1 vs 2.7 days, p <0.001), quicker convalescence (2.1 vs
3.1 weeks, p < 0.001), and a superior cosmetic result when compared
with the conventional laparoscopic group, which does seem to represent
a true benefit of the needlescopic technique. At the current time,
needlescopic adrenalectomy only partially incorporates 2 mm technol-
ogy, in that one 5 mm port is still used. Anticipated advances in instru-
mentation are likely to render the 5 mm ports unnecessary. The 10/12
mm umbilical port, however, will continue to be used, given our prefer-
ence for intact removal of the specimen. Needlescopic adrenalectomy is
currently our technique of choice in suitable patients who are considered
candidates for transperitoneal laparoscopic adrenalectomy.
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RoOBOTIC-ASSISTED LAPAROSCOPIC ADRENALECTOMY

Recently, remote robotic telemanipulators have been used to perform
a variety of laparoscopic procedures including adrenalectomy. We
recently reported on robotic-assisted laparoscopic adrenalectomy (one
on the right, one on the left) using the da Vinci Remote Surgical System
(Intuitive Surgical, Sunnyvale, CA) in two patients with an adrenal tumor
(15). The ability to perform delicate maneuvers using such remote robotic
telemanipulators adjacent to vital organs and major vascular structures
opens the possibility of performing remote surgery by an experienced
surgeon located at a geographically distant place.

THORACOSCOPIC TRANSDIAPHRAGMATIC ADRENALECTOMY

This radical approach can be employed for the occasional patient with
multiple prior transperitoneal and retroperitoneal operations in whom
adrenalectomy is indicated. We reported thoracoscopic transdia-
phragmatic adrenalectomy in three patients (two with metastatic adrenal
mass, one with adrenal myelolipoma) (/6). All patients had had multiple
abdominal operations on the kidney, thereby rendering transperitone-
oscopic or retroperitoneoscopic adrenalectomy extremely hazardous.
Thoracoscopic adrenalectomy is performed through four ports, with the
patient positioned prone and under single-lung anesthesia. After gaining
thoracoscopic access, the diaphragm is incised directly over the adrenal
mass using real-time thoracoscopic ultrasound control. The adrenal mass
is then mobilized and removed and the diaphragm is suture repaired with
continuous sutures using laparoscopic freehand intracorporeal suturing.
All three procedures were performed successfully without any major
complications. Although this approach has not been utilized specifically
for excising aldosteronomas, it does provide an additional tool in the
armamentarium of the laparoscopic surgeon in the occasional patient
where prior multiple open surgery on the kidney renders conventional
laparoscopic adrenalectomy, both trans- and retroperitoneal, prohibitive.

CHOICE OF LAPAROSCOPIC APPROACH:
TRANSPERITONEAL VS RETROPERITONEAL

As mentioned earlier, both the transperitoneal and retroperitoneal
approaches are efficacious for performing laparoscopic adrenalectomy.
The transperitoneal approach has the advantage of having definite ana-
tomic landmarks and a greater working space. The retroperitoneoscopic
approach, though limited by less defined anatomical landmarks and a
smaller working space, potentially offers a quicker recovery, less para-
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lytic ileus, shorter hospital stay, and reduced analgesia requirements.
Factors that govern the choice of approach include prior open surgery in
the quadrant of interest and body habitus. The transperitoneal approach
is preferred in patients with prior retroperitoneal surgery and vice versa.
Morbid obesity, especially when associated with a large abdominal
pannus, may render transperitoneal laparoscopy difficult or even
impossible. During retroperitoneoscopy, the abdominal pannus falls
forward and hence does not significantly increase the technical diffi-
culty of the procedure. The retroperitoneal approach, in our opinion,
may therefore be preferred in patients with morbid obesity (/7). In prac-
tice, the choice between transperitoneal and retroperitoneal approach for
laparoscopic adrenalectomy is chiefly determined by individual surgeon
preference and comfort. Both approaches, obesity and prior surgery
notwithstanding, are equally efficacious in performing laparoscopic
adrenalectomy. However, facility and experience with both approaches
enables the laparoscopic surgeon to optimally tailor the operation to the
individual patient.

Open Adrenalectomy (18)

Currently, open adrenalectomy has been largely supplanted by
laparoscopic approaches for surgical treatment of benign adrenal lesions.
Aldosteronomas are generally small and therefore ideally suited for
laparoscopic excision. Open adrenalectomy can be performed through
retroperitoneal, transperitoneal, and thoracoabdominal approaches. In
the past, the retroperitoneal flank or dorsal approaches were the most
commonly used approaches for surgical excision of aldosteronomas.
Transperitoneal and thoracoabdominal approaches are rarely used for
aldosteronomas and are typically employed for pheochromocytomas
and large infiltrating adrenal cancers.

TECHNIQUE OF OPEN ADRENALECTOMY

Because aldosteronomas are typically small in size and are accurately
localized preoperatively, most open surgical excisions are via the retro-
peritoneal approach, posterior or flank.

Posterior Approach. The posterior approach provides direct access
to either adrenal gland with minimal disturbance of the surrounding
viscera and without cutting muscle, thereby minimizing operative mor-
bidity. The patient is positioned prone on a laminectomy frame, thereby
providing flexion at the hips and allowing gentle dorsal curvature of the
lower thoracic and lumbar spine. The left adrenal gland can be
approached through the 12th rib bed. The right adrenal, located
superiorly, is approached through the 11th rib bed. The rib is exposed in
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its entirety and resected subperiosteally. Medial retraction of the
sacrospinalis muscle helps in resecting the medial portion of the rib. The
diaphragm and pleura can be safely mobilized cephalad on the right side.
However, this dissection may be tedious through the 11th rib bed on the
left side, whereas opening the pleural and diaphragmatic layers of the
thorax expeditiously provides access to the adrenal gland without
creating significant pleurotomies. At this point, opening the Gerota’s
fascia exposes the posterior surface of the upper pole of the kidney and
adrenal gland.

On the left side, the adrenal gland is left attached to the upper pole of
the kidney, so that gentle caudad traction on the upper pole can be used
to expose the adrenal gland. Initially, the superior and lateral attach-
ments are divided, taking care to ligate the branch from the inferior
phrenic vein. The adrenal gland is then retracted medially to expose the
main adrenal vein as it courses anteromedial to the upper pole of the
kidney to enter the superior border of the left renal vein. The adrenal vein
is ligated and the adrenal gland is further mobilized by ligating the renal
arterial branches to the adrenal gland. Finally, the medial border of the
adrenal gland is dissected by ligating the aortic branches to the adrenal
gland, thereby completely freeing the adrenal gland.

On the right side, the liver is retracted cephalad and the upper pole of
the kidney is retracted caudad to expose the adrenal gland. The lateral
and inferior aspects of the adrenal gland are easily mobilized. The ante-
rior surface of the gland is mobilized up to the inferior vena caval margin.
Lateral retraction of the gland identifies the short main adrenal vein,
which enters the gland at its superior pole. After ligating the main adre-
nal vein, the arterial branches from the aorta are divided, thus completing
the adrenalectomy.

Once the adrenalectomy is complete, the diaphragm and pleura are
sutured if required. A chest film is routinely obtained in the recovery
room to rule out a pneumothorax.

Flank Approach. Although the posterior approach provides direct
exposure to the adrenal gland with minimal morbidity in most patients
with aldosteronoma, the flank approach may be indicated in the obese
patient for obtaining adequate surgical exposure. The patient is posi-
tioned in the conventional flank position. A generous flank incision
through the bed of the 11th or 12th rib provides optimal exposure to the
adrenal gland.

On the left side, the colon is mobilized medially, and the tail of the
pancreas and the spleen are retracted superiomedially to expose the
anterior surface of the kidney and the adrenal gland. The upper pole of
the kidney is then retracted caudad to better expose the adrenal gland.
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The adrenal gland is then dissected along its avascular anterior and
posterior surfaces. The main adrenal vein is then identified as it exits the
superior border of the renal vein just lateral to the aorta. The main adrenal
vein is divided such that it leaves a generous stump toward the adrenal
gland, which is subsequently used as a handle to facilitate manipulation
of the adrenal gland. Downward traction on the adrenal gland identifies
the inferior phrenic vascular supply, which is clipped and divided. The
adrenal gland is now attached only at its medial margin. The direct aortic
branches to the adrenal gland are divided to complete the adrenalectomy.

On the right side, the colon and duodenum are mobilized medially to
expose the kidney and adrenal gland. Downward traction on the kidney
pulls the adrenal gland into view. The adrenal gland is mobilized bluntly
on its anterior and posterior surface. The apical vessels from the inferior
phrenic veinare clipped and divided. The inferior surface is mobilized
from the kidney, dividing the arterial branches from the renal artery. The
adrenal gland is subsequently mobilized along its medial border, ligating
aortic arterial branches. The main adrenal vein is identified entering the
gland at its superior pole and then divided. The few remaining superior
attachments to the adrenal gland are divided, thus completing the adrena-
lectomy.

Postoperative Considerations

Most patients undergoing adrenalectomy for aldosteronomas experi-
ence uneventful recovery. Especially with the laparoscopic approach,
morbidity is minimal and convalescence short. Suppression of aldoster-
one production from the contralateral normal adrenal gland by the
aldosteronoma may result in temporary postoperative hypoaldo-
steronism characterized by a moderate diuresis, natriuresis, and potas-
sium retention. Proper attention to fluid and electrolyte balance is
essential. Rarely, severe postoperative hypoaldosteronism may warrant
temporary mineralocorticoid replacement.

RESULTS OF ADRENALECTOMY
FOR ALDOSTERONOMA

Currently, laparoscopic adrenalectomy may be considered the gold
standard for surgical treatment of aldosteronoma. Reports from various
centers worldwide have attested to the lower morbidity, shorter hospital
stay, better cosmesis, and a quicker recovery of the laparoscopic
approach as compared to the open approach for treatment of benign
hyperfunctioning adrenal tumors (Table 1) (/9-24). Laparoscopic exci-
sionis particularly suited for surgical treatment of aldosteronomas owing



Table 1

Laparoscopic vs Open Adrenalectomy

No. O.R. Hosp.  Specimen
Author/ of Age time EBL stay size Conval Complications
year Tech Pts.  (years) Diagnosis App (hrs) (mL)  (days) (cm) (days) Minor Major
Guzzoni Open 20 39 Pheo 10 Various 2.4 450 9 3.1 16 4 (20%) 1
1995 (19) Conn’s 7 incisions (5%)
Cushing’s 3
Laparo 20 41 Conn’s 10 Trans 2.8 100 34 3.0 9.7 0 1 (5%)
Pheo 7
Cushing’s 3
Suzuki Open 11 - - - 2.6 297 - - 23.1 - -
1993 (20) Laparo 12 - - - 4.6 397 - - 10.4 7 (58%) -
Staren Open 19 42 Pheo 12 Anterior 15 3.0 - 6.1 9.2 - - -
1996 (21) Cancer 7 Posterior
Other 4 Thoracoabd 3
Laparo 20 50 Pheo 7 Trans 17 2.8 100 34 3.0 9.7 0 1 (5%)
Conn’s 5 Retro 4
Cushing’s 6
Other 2
Brunt Open 42 49 Pheo 19 Anterior 25 Ant2.4 32 9.2 - Anterior  Anterior
1996 (22) Conn’s 8 Posterior 17 Post 2.3 11 (44%) 8 (32%)
Other 15 Posterior  Posterior
T7@7%) 2 (12%)
Laparo 24 50 Pheo 11 Trans 3.1 104 6.2 2.7 10.6 2 (8%) 2 (8%)
Conn’s 6
Other 7

(continued)



Table 1 (Continued)
Laparoscopic vs Open Adrenalectomy

No. O.R. Hosp.  Specimen
Author/ of Age time EBL stay size Conval Complications
year Tech Pts.  (years) Diagnosis App (hrs) (mL)  (days) (cm) (days) Minor Major
Winfield Open 17 53 Pheo 7 Various 2.3 266 2.7 2.5 45 9(53%) 9 (53%)
1998 (23) Conn’s 6 incisions
Other 4
Laparo 21 52 Conn’s 16 Trans 3.7 183 5.7 1.8 22 6 (29%) 0
Adenoma 3
Thompson  Open 50 51 Conn’s 25 Dorsal 2.1 - 3.7 2.9 42 9 (18%) 0
1997 (23) Conn’s 6
Other 4
Laparo 50 50 Conn’s 24 Trans 2.8 - 4.4 2.9 26 3 (6%) 0
Cushing’s 10
Pheo 10
Adenoma 6

App, approach; Conval, convalescence; EBL, estimated blood loss; Retro, retroperitoneal; Tech, technique; Trans, transperitoneal .
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to their relatively small size. The results of laparoscopic adrenalectomy
for primary hyperaldosteronism are summarized in Table 2 (25—317). Our
review included 92 patients with primary hyperaldosteronism who
underwent laparoscopic adrenalectomy (transperitoneal 60, retroperito-
neal 32). Mean operative time was 196.7 minutes, estimated blood loss
was 221 cc, hospital stay was 3.2 days, and convalescence was 11.9 days.
There were three complications (3.7%), and blood pressure (BP) cure
was reported in 64 of 70 patients (91.4%).

Factors Predicting Response to Surgery

The single most important factor associated with a favorable response
after adrenalectomy in a patient with primary hyperaldosteronism is the
presence of an adrenal adenoma on postoperative pathology. Although
some cases with adrenal hyperplasia may be cured or improved with
surgery, possibly because of a reduction in the number of glomerulosa
cells, the results are generally inferior to those with an adrenal adenoma.
In addition to the presence of adenoma or adrenal hyperplasia on
pathology, several other factors have been correlated to the presence of
a favorable response to adrenalectomy. Celen et al studied the various
factors influencing the outcome of surgery in 42 patients with primary
hyperaldosteronism (32). Over a mean followup of 106 months, surgery
cured hypertension in 62% of cases with adenoma and 16% of cases with
hyperplasia. Using univariate analysis, factors associated with complete
response to surgery included adenoma classification (odds ratio [OR] =
9.6, p = 0.002), preoperative response to spironolactone (OR = 8.3,
p=0.007), age less than 44 years (OR = 6.2, p =0.009), and duration of
hypertension (OR = 5.1, p = 0.03). Using multivariate logistic regres-
sion, presence of adenoma on pathologic classification, response to
spironolactone, and duration of hypertension less than 5 years correlated
independently to a complete response to surgery. Sawka et al also stud-
ied factors associated with normalization of BP after adrenalectomy for
hyperaldosteronism (33). The authors reported on 97 patients undergo-
ing adrenalectomy for primary hyperaldosteronism. Overall cure of
hypertension, defined as a postoperative BP of less than 140/90 mmHg
occurred in 31 of 93 cases (35%). Of the 62 patients with unresolved
hypertension, 61 patients (98%) had improved BP control. The factors
that were independently associated with BP cure included absence of a
strong family history of hypertension (OR = 10.9, p < 0.001), and
preoperative use of two or fewer antihypertensive drugs (OR = 4.7,
p = 0.005). Factors associated with resolution of hypertension on
univariate analysis included younger age, shorter duration of hyperten-
sion, higher preoperative ratio of plasma aldosterone to plasma renin



Table 2
Laparoscopic Adrenalectomy for Aldosteronomas

No.  Mean Mean Hosp.
of age O.R. time  EBL? stay Cony’ Complic! Cure of Weight
Author/year pts.  (years) Approach (minutes) (cc)  (days) (days) (%) BP (%) Pathology /size
Takeda 1994 (25) 10 48.2 TP 295 270.5 - - 1 (bleeding) 10 (100)  Adenoma 10 6.6
Shen 1999 (26) 42 50 TP 28 - - - - 0 37 (88) Adenoma 41 -
RP 14 Hyperplasia 1
Siren 1999 (27) 12 51 - 126 - 34 13 0 12 (100) - -
Go 1994 (28) 11 47.6 TP 269 256.8 - - 1 (bleeding) - - 6.6 gm
Uchida 1994 (29) 6 - RP 196 94 - - 1 (pneumothorax) 6 (100) - -
Fernandez 11 53 TP 121.4 210 3 11.7 - - - 2.3
Cruz
1996 (30)
Total 92 51.2 TP 60 196.7 221.1 3.2 11.9 33.7) 64/70 - 6.6 gm
RP 20 91.4)

IComplic, complications; 2Conv, convalescence; SEBL, estimated blood loss; #RP, retroperitoneal; TP, transperitoneal.
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activity, and a higher 24-hour urinary aldosterone level (p < 0.05). In
summary, pathological evidence of an adrenal adenoma correlates best
with the likelihood of cure of hypertension after surgery in patients with
primary hyperaldosteronism. Complete cure of hypertension occurs in
30to 60% of cases of aldosteronomas, based on the criteria defining cure
(Table 3) (1,27,32). Nevertheless, the majority of patients experience
improvement of BP control, as defined as a reduction in BP and/or num-
ber and dosage of antihypertensive medications.

PARTIAL ADRENALECTOMY

Adrenal-sparing surgery has been advocated for select patients with
benign adrenal disease whom a total adrenalectomy could potentially
render without any functional adrenal tissue, thereby necessitating life-
long steroid replacement. In an excellent study by Nakada et al., 48
patients with aldosteronoma were randomized to undergo either open
adrenalectomy or enucleation of the adenoma (34). Over a followup of
five years, both groups had similar responses in BP and serum potassium.
The plasma renin and serum aldosterone response to ambulation and
furosemide in the enucleation group was markedly enhanced (p <0.001),
and similar to that of normal healthy individuals, whereas that in the
adrenalectomy group was slight (p <0.05 and < 0.01). Additionally, the
authors reported that the serum aldosterone secretion in response to Ang
II infusion and cortisol secretion in response to adrenocorticotropic
hormone stimulation was more pronounced in the enucleation group
compared to the adrenalectomy group. Moreover, there was no recur-
rence of hyperaldosteronism in any patient in either group. The authors
concluded that, physiologically, adenoma enucleation may be preferred
to total adrenalectomy for surgical treatment of aldosteronoma.

Recently, adrenal-sparing surgery has also been reported laparo-
scopically (35). Walz et al. reported retroperitoneoscopic partial adrena-
lectomy in 22 patients (11 Conn adenomas, 4 pheochromocytomas, 4
Cushing’s adenomas, and 3 hormonally inactive tumors) (36). The
authors found no difference in operative times or blood loss in the partial
adrenalectomy group when compared with total adrenalectomy. None of
the patients with Conn’s syndrome or pheochromocytomas required
steroid replacement. The four patients with Cushing’s syndrome required
decreasing amounts of steroid replacement, while of the two patients
with multiple endocrine neoplasia II, one is on low-dose replacement
and the other does not require replacement. Thus, it seems that partial
adrenalectomy may be a viable and effective option in patients at risk of
developing adrenocortical insufficiency with total adrenalectomy.



Table 3
Long-Term Results of Surgical Treatment of Primary Hyperaldosteronism

No Systolic BP  Diastolic BP Serum K Blood Pressure
Author of Surgical (mmHg) (mmHg) (uegq/L) Followup
& Year Patients Approach Pre Post  Pre Post Pre  Post Pathology (months) Cured  Improved  Same
Shen et al., 80 Open38 NA NA NA NA 26 3.6-50 Adenoma 32 6-36% 30 (81%) NA NA
1999 (26) Lap 42 33 3.5-49 Adenoma4l 4-36 37 (88%)
Celen et al., 42 Opend42 181 131 114 85 2.8 4.2 Adenoma 27 106 25 (60%) 17 (40%) -
1996 (31) Hyperplasia 15
Blumenfeld 51 Open51 184 131 112 86 3.0 4.5 Adenoma 43 2 weeks— 15(35%) 24 (56%) 4(9%)
etal., 1994 (1) 161 144 105 93 3.5 4.3 Hyperplasia8 15 years 3 (38% 1 (12%) 4 (50%)

NA, not available.
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CONCLUSIONS

Currently, laparoscopic adrenalectomy can be considered the standard
of care for treatment of aldosteronomas. Aldosteronomas, owing to their
relatively small size, are particularly amenable to laparoscopic excision
by either the transperitoneal or retroperitoneal approach. Worldwide
data attest to the safety and efficacy of laparoscopic adrenalectomy for
aldosteronomas. Adrenalectomy results in either cure or better control of
hypertension and resolution of hypokalemia in most patients with
aldosteronomas.
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Our understanding of sodium (Na*) transport defects has greatly
expanded in the last few years, providing unique insights into epithelial
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Fig. 1. Mutations and polymorphisms altering BP in humans. All the genes are
involved directly or indirectly in the control of renal Na* reabsorption. The
mutations have been found in monogenic human diseases associated with dis-
orders of BP regulation. (Reprinted from ref. 2 with permission.)

transport processes and unusual clinical syndromes resulting from
mutations of specific ion transporters. These genetic disorders affect
Nat* balance, with Na* retaining and wasting conditions as the conse-
quence (/). The epithelial sodium channel (ENaC) can be directly
affected by mutations or by changes in the response to or production of
mineralocorticoid hormones. As a result, there are clearly defined syn-
dromes in which ENaC activity is “dysregulated” with subsequent
disorders of systemic blood pressure (BP) that can be attributed to a
primary renal mechanism. In fact, every presently defined genetic syn-
drome that affects BP regulation affects some specific aspect of renal
sodium chloride (NaCl) handling (Fig. 1). These findings reinforce
Guyton’s view of the renal regulation of fluid volume and BP (for review
see refs. /-3, and are supported by observations in a large number of
human clinical disorders and parallel studies of “knock-out” models in
mice (2,3). With these previous efforts in mind, a more clearly focused
view of the regulation of Na* transport in the aldosterone-responsive
distal nephron has emerged and is depicted in Fig. 2.

This chapter surveys the human monogenic forms of hypertension,
nearly all of which represent a form of hereditary low-renin hyperten-
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Fig. 2. Mineralocorticoid action in renal cells of the distal tubule and cortical
collecting duct. When aldosterone enters the cell, it binds to the mineralocorti-
coid receptor (MR); thereafter, the ligand-receptor complex is translocated into
the nucleus. Binding to nuclear response elements increases the transcription of
genes encoding specific aldosterone-inducible proteins, such as the subunits of
the apical epithelial sodium channel (ENaC). In turn, this stimulates sodium
(Nat) reabsorption; the resulting lumen-negative electrical gradientis an impor-
tant driving force for K* secretion through apical K* channels (ROMKI1 and
maxi-K). The MR is protected from occupation by glucocorticoids because the
11 OH SDH type II oxidizes cortisol into its receptor-inactive form cortisone.

sion. In the classical presentation of Liddle’s syndrome, low-renin
hypertension and low aldosterone secretion rates have been described.
The clinical phenotype strongly resembles primary aldosteronism, yet
the measured levels of aldosterone are dramatically reduced, accounting
for the descriptor “pseudoaldosteronism” (PA1) (/). In other forms,
these inherited syndromes present with many of the features of primary
aldosteronism, yet the actual aldosterone levels may be somewhat
suppressed because of the presence of a novel mineralocorticoid, such
as 18-oxocortisol in the syndrome of glucocorticoid-remediable
aldosteronism (GRA), or an inappropriate mineralocorticoid response to
endogenous steroids such as cortisol in the apparent mineralocorticoid
excess syndrome, or progesterone in the syndrome associated with a
mutation in the steroid binding domain of the mineralocorticoid recep-
tor. Finally, recent information concerning the familial hyperkalemia
and hypertension syndrome implicates mutations in a specific family of
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serine/threonine kinases that regulate specific aspects of NaCl reabsorp-
tion in the aldosterone-sensitive portion of the distal tubule. Although
the clinical aspects of these disorders resemble many aspects of primary
aldosteronism, the familial inheritance and distinct pathophysiologic
features distinguish these syndromes and proscribe somewhat unique
therapeutic approaches to the individual patient.

MUTATIONS AND POLYMORPHISMS OF ENaC

Mutations of the ENaC subunits can result in a gain of function
(Liddle’s syndrome) with the predictable clinical phenotype of low-
renin hypertension and suppressed aldosterone secretion (/). These
mutations were originally described as truncations or frame-shifts in the
[ ory subunits of ENaC (2). These mutations delete a critical proline-rich
region of the cytosolic tail that interacts with a cytoskeletal protein called
Nedd4 (4-7). Several pedigrees with mutations of critical amino acids
in this proline-rich region have been described, which are also associated
with a gain of ENaC function, resulting in the familiar clinical phenotype
of hypertension with metabolic alkalosis and renal potassium wasting
(8,9). Despite the promise of defining an important cause of human low-
renin hypertension, numerous screening efforts of various ethnic popu-
lations have not changed the original view that Liddle’s syndrome is a
rare cause of human hypertension.

Although activating mutations of ENaC subunits are uncommon in
patients with “essential”” hypertension, there may be polymorphisms in
these genes that could have important effects on the regulation of ENaC
activity. It is important to characterize such polymorphisms, especially
in defined patients with hypertension and relatively low levels of aldos-
terone secretion. An extensive survey was undertaken with hypertensive
families in the HYPERGENE data set (/0). Sequence analysis of the §
ENaC subunit was carried out in 532 hypertensive probands, including
101 probands with low-renin hypertension. Mis-sense mutations were
identified in seven unrelated individuals; three probands of African
ancestry had mutations that changed threonine to methionine at position
594 (T594M), with an overall incidence of 6% of the hypertensive
probands of African ancestry. A glycine to valine (G442V) 3 subunit
variant was identified in 19 probands; all but 1 was of African ancestry
and 8 of the probands were from the subset of low-renin hypertension.
Although of low incidence in whites, G442V was found in 34.8% of the
low-renin hypertensive probands of African ancestry. A larger case-
control study confirmed these findings (//), however, there could have
been a selection bias in defining the hypertensive subjects (12,13).
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Although of potential importance at the epidemiological level, none of
these mis-sense mutations or polymorphisms have had any demonstrable
effects in the in vitro expression systems used to examine ENaC activity.

Ambrosius et al. (/4) evaluated human ENaC polymorphisms, BP
and the renin-angiotensin-aldosterone system in a group of young (mean
age 13.4 years) white and African American subjects. Because direct
measurements of ENaC activity in the collecting tubule are not obtain-
able in humans, a surrogate marker is needed for the effects of activated
ENaC activity. An increase in urinary calcium excretion is one possibil-
ity and has been associated with the M594T polymorphism in a small
group of patients (/2). In the characterization of the extended original
pedigree with Liddle’s syndrome, it was reported that overnight urinary
potassium excretion was high and the urinary aldosterone excretion was
low in affected individuals, giving very low urinary aldosterone/potas-
sium ratios, consistent with the physiologic effect of activated ENaC
activity at the potassium secretory site in the collecting tubule (75).
Ambrosius et al. (/4) also used this approach to estimate the intrinsic
level of ENaC activity in their studies. In overnight urine samples col-
lected from 249 white and 181 black subjects, the urinary aldosterone/
potassium ratio was lower in black than in white subjects: 0.42 ( 0.02
(mean ( SE) vs 0.58 (0.02 nmol/mmol (p < 0.0001). In addition, four out
of five ENaC polymorphisms were found to be much more common in
black than in white individuals. G442V in the § subunit was present in
16% of the blacks and in only one white individual, and was associated
with indices of greater Na* retention and potentially greater ENaC activ-
ity: lower plasma aldosterone concentration, lower urinary aldosterone
excretion rate, higher potassium excretion, and a lower urinary aldoster-
one/potassium ratio (p = 0.027). On the basis of these findings, it was
suggested that ENaC activity is higher in blacks than in whites and that
this activity could contribute to racial differences in Na* retention and
the subsequent risk of developing low-renin hypertension (/4). These
findings were supported by the findings of BP-lowering effects of ENaC
inhibitors (amiloride), in combination with mineralocorticoid receptor
antagonism with spironolactone (16).

ALDOSTERONE SYNTHASE
AND LOW-RENIN HYPERTENSION

It has long been recognized that low-renin hypertension in African
Americans is associated with relatively normal plasma aldosterone lev-
els (17,18). If suppressed plasma renin activity is regarded as an index
of effective circulating arterial volume, then these “normal” aldosterone
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levels could be regarded as inappropriately high. Although a number
of factors directly affect aldosterone secretion, polymorphisms in the
18-hydroxylase gene (“aldosterone synthase,” or CPY11B2) have also
been described that appear to be associated with variations in plasma
aldosterone levels (19); C344T polymorphism of the CYP11B2 gene has
been described, with the T allele significantly associated with higher
plasma aldosterone levels. Polymorphisms of the 18-hydroxylase gene
need to be defined in African Americans with low-renin hypertension to
determine whether a similar association could explain the nonsuppressed
(albeit low normal) level of plasma aldosterone despite the suppression
of plasma renin activity (/7). Aldosterone secretion remains under
control of angiotensin II (Ang II) in African American individuals
although the plasma aldosterone response to Ang II infusion is blunted
compared to that of white controls (20). Recent insights into these issues
have been obtained from studies of the original Liddle’s pedigree (/7).
Gas chromatograpic-mass spectrometry (2/) was used to examine the
urinary steroid metabolite profile in these patients. A marked suppression
of aldosterone metabolite excretion, as well as all of the adrenal
18-hydroxylase urinary steroid metabolites, was observed, denoting a
chronic, global suppression of aldosterone synthase activity in the adre-
nal zona glomerulosa in Liddle’s syndrome (/7). Of note was the fact
that, in the original proband studied two years after successful renal
transplantation, the plasma renin activity and aldosterone excretion were
restored to normal (/5), confirming that suppression of aldosterone syn-
thase activity in Liddle’s syndrome and the suppressed plasma renin
activity are simply indices of chronic sustained volume expansion (/7).
The lack of down-regulation of ENaC activity in the face of persistent
volume expansion underlies the pathophysiology of Liddle’s syndrome.
A similar lack of down-regulation of ENaC activity, especially in the
face of dietary salt excess, could underlie more common forms of low-
renin hypertension. Liddle’s syndrome can be regarded as the pheno-
typic extreme of low-renin hypertension (/7). In the original studies of
the index case, aldosterone secretion was markedly suppressed, account-
ing for the descriptor “pseudoaldosteronism” (22). The studies follow-
ing renal transplantation of the proband (/5) suggested that the
suppression of the plasma renin activity was the result of ENaC gain of
function in Liddle’s syndrome. Continued suppression of aldosterone
excretion despite rigorous dietary salt restriction is best explained by
chronic suppression of 18-hydroxylase (adrenal aldosterone synthase)
as a consequence of chronic volume expansion (/7).
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S810L MUTATION
IN THE MINERALOCORTICOID RECEPTOR

A second form of PA1 has recently been described that results from
a mutation in the hormone-binding domain of the mineralocorticoid
receptor (23). Although the phenotype of this autosomal dominant dis-
order strongly resembles Liddle’s syndrome with hypertension and sup-
pressed peripheral renin activity and aldosterone secretion, there is also
an especially severe presentation during pregnancy (23). In recognition
of the classical description of Liddle’s syndrome as PA1 (1,22), it would
be reasonable to refer to the activating mutations in the mineralocortidoid
receptor as pseudoaldosteronism, type Il (PA2) (24). Geller et al. (23)
reported that a serine to leucine mutation at position 810 (S810L) in the
hormone-binding domain of the mineralocorticoid receptor changes the
affinity of the mineralocorticoid receptor for a number of steroids:
progesterone in particular has an exceptionally high affinity for the
mutated receptor, thus accounting for the especially severe presentation
during pregnancy. Geller et al. (23) screened for this mineralocorticoid
receptor mutation in 75 patients with early onset of severe hypertension.
Twenty-three relatives of a 15-year-old boy proband, who had severe
hypertension and was heterozygous for a mis-sense mutation giving a
S810L substitution in the mineralocorticoid receptor were evaluated.
Upon evaluation, 11 of these 23 were diagnosed with severe hyperten-
sion before age 20, with three relatives dying of early heart failure before
the age of 50 (23).

Spironolactone is an agonist for the mutated receptor; therefore,
spironolactone is ineffective in PA1 (22) and contraindicated in PA2
(23). It appears that the mutated receptor has constitutively activated
basal activity or may be responding to other endogenous steroids (e.g.,
19-norprogesterone or 17-OH progesterone) to account for the clinical
phenotype in males and nonpregnant females with PA2.

NOVEL MINERALOCORTICOIDS
AND LOW-RENIN HYPERTENSION

PA1and PA2 are examples of constitutive alterations of ENaC activity
occurring independently of mineralocorticoid hormones, in which min-
eralocorticoid receptor antagonist has no beneficial effect whatsoever.
Are there novel or unusual mineralocorticoid hormones involved in low-
renin hypertension? If so, then these syndromes would be responsive to
mineralocorticoid receptor antagonists, in contrast to PA1 and PA2.
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Pratt et al. (25) examined mineralocorticoid and Na* excretion in
young black and white subjects. Black individuals appear, on average,
to retain more Na* than white individuals; a higher production rate of
mineralocorticoids could explain the greater Na* retention in blacks
compared with whites. Although production of aldosterone has been
shown to be lower in blacks, the level of another mineralocorticoid could
potentially be increased, as has been described in a population of hyper-
tensive Japanese subjects (26). Blacks had lower plasma renin activity
and aldosterone levels, and lower urinary aldosterone excretion rates. In
a larger cohort of 407 young whites and 247 young blacks,
18-hydroxycortisol excretion rates were also lower in blacks compared
to whites (p = 0.021). Such studies indicated that the increased Na*
retention in black individuals does not appear to be secondary to
increased production of aldosterone, deoxycorticosterone, cortisol, or
18-hydroxycortisol (25). A primary renal mechanism may mediate the
increase in Na* reabsorption in blacks, which could include constitu-
tive activation of ENaC, or enhanced sensitivity to what would other-
wise be relatively low levels of circulating mineralocorticoid hormones,
or even activation of Na* reabsorption sites proximal to the distal site of
ENaC expression. The finding of elevated urinary aldosterone/potas-
sium excretory ratios (/4) in these black subjects lends credence to this
interpretation. Further detailed studies or urinary steroid metabolite
profiles, including free cortisol (27) and free cortisone (vida infra) would
be of great interest.

GLUCOCORTICOID REMEDIABLE
ALDOSTERONISM (GRA)

GRA results from a chimeric gene product that places 18-hydroxylase
(“aldosterone synthase”) under the control of an adrenocorticotrophic
hormone (ACTH) promoter, which regulates its level and cellular site of
expression. As aconsequence, ACTH-regulated 18-hydroxylase activity
is aberrantly expressed in the zona fasciculata and acts on cortisol, which
is normally produced in this zone to form 18-hydroxycortisol (18-OHF)
and 18-oxocortisol (28). These 18-oxygenated steroids are greatly over-
produced (between 20 and 30 times normal levels) and can be measured
in the urine to help in the diagnosis of this syndrome (29).

GRA is an important cause of human genetic hypertension that is
relatively common, and represents the first example of successful appli-
cation of the “new” genetics to define an inherited human hypertensive
syndrome. The continuing stimulation of adrenal steroidogenesis by
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ACTH and the suppressive effects of modest doses of dexamethasone
are usual features of the syndrome. The normal renin-angiotensin-aldos-
terone system is restored by dexamethasone therapy, giving rise to
increased plasma renin activity and Ang II generation, with normal
stimulation of aldosterone production in the zona glomerulosa.

Recent studies have used genetic testing to prospectively identify
affected family members and further define the clinical phenotype.
Complete linkage analysis of GRA indicates that the physiological
abnormalities of GRA arise from a gene duplication, an unequal crossing
over on chromosome 8q, that fuses 5' regulatory region of 11-f hydroxy-
lase to the coding sequences of aldosterone synthase (28,30). Hyperten-
sion in affected individuals is diagnosed earlier in life (often in teenage
years or prior to age 25 to 30), is difficult to control with conventional
therapy, and is often accompanied by a family history of early death or
morbidity from cerebral hemorrhages from underlying intracranial
aneurysms (37). Known GRA individuals should be screened in early
adulthood and before pregnancy with magnetic resonance angiography
forintracranial aneurysms. Furthermore, infants born to mothers affected
with GRA should be screened for the disorder, because many develop
clinically significant hypertension in childhood (31).

Although pregnant women with GRA do not appear to be more prone
to pre-eclampsia, they do have chronic hypertension, are at increased
risk for exacerbation of their hypertension during pregnancy, and have
a Cesarean section rate twice that of other general or even hypertensive
obstetrical populations (32).

APPARENT MINERALOCORTICOID
EXCESS (AME) SYNDROME

Renal 11p-hydroxysteroid dehydrogenase, type II (113-OH SDH
type II) is an enzyme in the kidney that is responsible for inactivating
11-hydroxy steroids, thus protecting type I mineralocorticoid receptors
from being occupied by glucocorticoids (33). The adrenal cortex pro-
duces cortisol in large amounts (10 to 20 mg/day) and aldosterone in
lesser amounts (0.10 to 0.15 mg/day) to serve their physiological roles
in cell growth, adaptation, and homeostasis. Cortisol and aldosterone
have the same affinity for the type I mineralocorticoid receptors, and it
has been proposed that the 113 OH SDH type Il enzyme serves to main-
tain the aldosterone selectivity of the mineralocorticoid receptors by
inactivating cortisol to cortisone, thus preventing cortisol-mediated min-
eralocorticoid hypertension (Fig. 2) (33-35).
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We now have much more precise knowledge of the underlying patho-
physiology of the AME syndrome (/). AME results from inactivation of
118 OH SDH type Il enzyme, causing reduced metabolism of cortisol to
cortisone, and local cortisol excess and mineralocorticoid response in
aldosterone-target cells that express 113 OH SDH type Il enzyme and
type I mineralocorticoid receptors. The balance between cortisol and
cortisone metabolism determines whether cortisol will exert any miner-
alocorticoid effect at the target tissue level. Although plasma cortisol
levels are not necessarily elevated, the metabolic clearance of cortisol is
prolonged in AME, and there is an excess urinary excretion of the reduced
metabolites of cortisol compared to cortisone.

Features of the syndrome of AME include early onset of hyperten-
sion, with low-renin and aldosterone levels, hypokalemia, and severe
salt-sensitive hypertension often accompanied by low birth weight,
polyuria, failure to thrive, and nephrocalcinosis (33,34). The syndrome
of AME is of autosomal recessive inheritance; the mineralocorticoid
receptor antagonist spironolactone is effective in treating this genetic
cause of low-renin, low-aldosterone hypertension (36).

Dietary salt excess does not appear to affect 113 OH SDH type 11
enzyme activity (37), but there may be hypertensive patients who have
mild 118 OH SDH type Il enzyme deficiency and are therefore espe-
cially susceptible to the effects of exogenous inhibitors (38). Salt-sensi-
tive hypertension has recently been associated with reduced 113 OH
SDH type II enzyme activity and with a specific polymorphism in the
118 OH SDH type II gene (39). The allelic frequency of 113 OH SDH
type II polymorphisms needs to be more fully described in human popu-
lations because there could be genetically determined differences in the
levels of 11 OH SDH type II enzyme activity or in its response to
exogenous inhibitors. More information is needed concerning the intrin-
sic activity and the regulation of 113 OH SDH type Il enzyme in human
hypertensive populations (33,38).

An addition insight into the role of 113 OH SDH type Il enzyme
activity in regulating renal salt handling was obtained from studies of a
patient with the AME syndrome who developed renal failure and then
underwent renal transplantation (40). Renal failure is distinctly uncom-
mon in Liddle’s syndrome and AME; nevertheless, renal transplantation
corrects the underlying disorder in both syndromes. Palermo et al. (40)
reported resolution of the AME syndrome in a 38-year-old female fol-
lowing renal transplantation. Although the abnormal ratio of the reduced
metabolites of cortisol to cortisone in the urine was not corrected by renal
transplantation, the ratio of urinary-free cortisol to cortisone was cor-
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rected and correlated with the resolution of the syndrome. This report
suggests that the AME syndrome is a disorder of the metabolism of cor-
tisol in the renal tubule that is best reflected by the measurement of
urinary free cortisol and cortisone rather than the urinary excretion of
hepatic tetrahydro-reduced metabolites that were not affected by renal
transplantation. More extensive evaluations of these measurements are
needed in a larger population of patients.

FAMILIAL HYPERKALEMIA
AND HYPERTENSION (FHH)

This is an autosomal-dominant disorder(s) with persistent hyperkale-
mia with normal glomerular filtration rate (GFR), reduced renal K*
secretion, hyperchloremic metabolic acidosis, and, especially in adults,
low-renin hypertension. Although formerly referred to as Gordon’s syn-
drome or pseudohypoaldosteronism, type 2, the current descriptor (FHH)
is now preferred (41).

The first two descriptions of this syndrome mentioned hypertension
as a prominent feature (42,43 ), but subsequent reports of pediatric cases
laid greater emphasis on the hyperkalemia with normal GFR (44,45).
Hyperchloremic metabolic acidosis is also a feature of the syndrome, but
this can be relatively mild and is clearly affected in its severity by the
hyperkalemia (46).

Farfel et al. (47) and Nahum et al. (48) suggested that a proximal
acidification defect could be superimposed on the basic distal renal
tubular acidosis; hyperkalemia can suppress renal ammoniagenesis and
proximal bicarbonate reabsorption and appears to play amajorrole in the
acidification defect that causes the hyperchloremic metabolic acidosis in
this syndrome.

Subsequent descriptions detailed the development of low-renin
hypertension in this syndrome with low or normal levels of plasma
aldosterone or aldosterone secretion (46,49-57). Nahum et al. (48)
reported that the serum aldosterone was high and plasma renin
completely suppressed during severe hyperkalemia, but the serum
aldosterone level was normalized when the hyperkalemia was corrected.
Throckmorton and Bia (57) reported a 4 1-year-old male with hyperkale-
mia, mild hypertension, normal aldosterone levels, and no metabolic
acidosis. Careful studies of the largest pedigree yet reported demonstrate
that hypertension appears to become more severe as the subjects age, and
initially the BP mays, in fact, be normal (58,59).
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The low-renin state, as an index of volume expansion, is a manifes-
tation of altered chloride reabsorption in the distal nephron (55,56).
There is an important relation between chloride (CI°) delivery to the
aldosterone-responsive distal nephron and potassium (K*) secretion.
With this apparent increase in Cl- avidity, net NaCl reabsorption is
favored and K* secretion (and to some extent, H* secretion) is reduced.
If other anions are substituted, as during Na,SO, or NaHCOj; infusions,
K+ secretion will be enhanced and the hyperkalemia will improve
(55,56). A similar effect is seen with thiazide diuretics in this syndrome
(41); hyperkalemia is improved, presumably by inhibition of NaCl reab-
sorption in the distal convoluted tubule. Gordon et al. reported that dietary
Na* restriction can also completely reverse the suppressed renin and
aldosterone and hyperkalemia (50). Schambelan et al. proposed that the
underlying pathophysiologic mechanism, an inward Cl- absorptive rate
in the distal nephron, might shunt the electrogenic current generated by
Na* transport and thereby reduce K* secretion (55). Although this shunt
pathway was explicitly viewed as a paracellular route for Cl- permeation,
and recent studies of the determinants of paracellular ion permeability
in the thick ascending limb support this interpretation (60,61), it is also
worth noting that other recent studies have demonstrated apical expres-
sion of a cystic fibrosis transmembrane regulator-related protein (62)
that could provide a transcellular route for transepithelial CI- transport
in the distal nephron. This transporter may provide another candidate
gene for linkage efforts and studies of its regulation.

A third explanation for the syndrome focuses on a primary derange-
ment of K* secretion in the distal nephron. This hypothesis accounts for
the initial hyperkalemic presentation in childhood (44,45,58,59), with
subsequent development of systemic hypertension. Itis not obvious how
a primary derangement in the K* secretory process could eventuate in
systemic hypertension through a primary increase in renal NaCl
reabsorption and volume expansion. Further studies are clearly needed
in this area.

The longitudinal studies (58,59) support this view that there is a pri-
mary derangement in the K* secretory pathway(s) in FHH. Nahum et al.
(48) have reported that ADAVP appears to stimulate renal K* secretion
and can correct the hyperkalemia, thus supporting the view of a primary
impairment of K* secretion. Gordon et al (5/) reported that stopping
therapy in a patient treated with thiazide for 23 years was promptly
followed by recurrence of all of the biochemical derangements, but the
BP remained normal. Although the deranged K* secretion probably
reflects a functional limitation on the apical K conductances in the distal
tubule, the K conductive pathway still appears to be responsive to hyper-
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polarization of the transmembrane electrical potential when SO4= or
HCO3- are substituted by Cl (49,50) and can be stimulated by dDAVP
(42). Increasing distal NaCl delivery with furosemide after stimulation
with desmopressin acetate (64) improves hyperkalemia. High-dose ex-
ogenous steroids can improve the hyperkalemia and metabolic acidosis
(65,66). In these settings, increases in luminal flow play an important
role in K* secretion (Fig. 2). Recent studies have suggested that a Ca**-
regulated “maxi”-K channel may play a critical role in the flow-depen-
dent K* secretory process (63,64).

Recently, linkage studies have allowed significant progress. Although
gain-of-function mutations of the NaCl cotransporter in the connecting
tubule could explain the entire syndrome, all the linkage studies so far
performed in various families have ruled out this gene, which is located
on chromosome 16q13 (47). Analysis of affected pedigrees showed
autosomal dominant inheritance of the trait, and genetic linkage had been
reported for chromosomes 1 (65) and 17 (65,66). Further genetic hetero-
geneity was later established by the analysis of a large French pedigree,
demonstrating linkage to chromosome 12 (58,59). International col-
laborative efforts have allowed identification of two members, WNK1
and WNKA4, of a novel family of serine/threonine kinases (With No
Lysine) (67)) as the genes causing the disease at two of these loci (68).
Both gene products have been shown to localize in the distal nephron,
confirming this segment of the nephron as the anatomical and functional
origin of FHH syndromes (68). Disease-causing mutations in the WNK1
gene are large deletions in the first intron leading to a 5- to 10-fold
increased gene expression. Transcripts of WNKI1 are found in many
tissues with two predominant isoforms: a 10-kb transcript, lacking the
firstexon, is expressed athigh levels in the kidney, and a 12-kb transcript
is predominant in the heart, vessels, and skeletal muscle. The large
deletion in the first intron results in increased abnormal ubiquitous
expression of the short kidney-specific transcript, and it is expected that
the deleted sequence would contain a silencer element possibly interact-
ing with a kidney-specific transcription factor. Mutations in the WNK4
gene are mis-sense mutations (single base substitutions) clustering in a
short negatively charged domain highly conserved among this kinases
family, which putatively alter the catalytic activity of the enzyme or
modify its interactions with partners (68).

It may not be coincidental that three distinct genetic loci have been
defined by linkage studies. It is possible that each of these distinct sites
on chromosome 1q31-42 (65), chromosome 12p13.3 (59), and chromo-
some 17pl1-q21 (65,66) code for a specific transport process corre-
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sponding to the three pathophysiologic processes. Indeed, the apparent
phenotypic versatility in the various cases reported worldwide since
1964 is consistent with the genetic heterogeneity and supports the pos-
sibility that this syndrome actually encompasses a variety of related but
distinct tubular dysfunctions. Additional genetic heterogeneity may
emerge as the currently defined loci are identified and investigated in
pedigree studies. In fact, there are reported FHH pedigrees in which
linkage to the three previously identified loci has been ruled out, imply-
ing the existence of at least a fourth locus for FHH (69).

The recent identification of two genes responsible for FHH has still
notallowed acomplete definition of the underlying pathophysiology(ies)
of FHH because the regulators, effectors, and targets of WNK kinases
are so far unknown. The identification of this novel family of kinases
(67) and linkage to some forms of FHH (68) represents, however, a
crucial step toward the characterization of new regulatory pathways of
ion transport in the distal part of the nephron and BP control (58). It is
even possible that these loci may be related to more common forms of
essential hypertension. Soubrier (70) has suggested that this locus may
account for a linkage of hypertension to chromosome 17 observed in the
Framingham study (66).

CONCLUSIONS

Recent advances in understanding the molecular pathophysiology of
Mendelian hypertensive disorders occurred with the convergence of
elegant genetic linkage efforts, informative and willing pedigrees, and
astute insights about the underlying clinical and physiologic processes.
In many cases, the latter insights have provided the obvious candidate
gene for directed linkage efforts. Although the described Mendelian
forms of human hypertension are quite rare, all converge on renal mecha-
nisms of sodium reabsorption as a final common pathway (717). It is
important to determine whether there are contributions of these path-
ways to the more common forms of hypertension. Of note to our overall
understanding of the various causes of human essential hypertension, we
now have clear-cut examples whereby disorders of systemic BP regula-
tion can be attributed to primary renal mechanisms. Future studies are
needed to define the specific interactions of dietary mineral constituents
with the renal NaCl transport pathways.
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INTRODUCTION

The adrenal glands were discovered by Bartolommeo Eustachio in
1563—the “glandular renibus incumbentes.” Adrenal disease was first
recognized by Addisonin 1855. Hypertension caused by adrenal disease
has been recorded only in the last 100 years.

The name of Harvey Cushing (1869-1939), a US neurosurgeon, is
given to two clinical syndromes: acoustic neuroma and glucocorticoid
(GC) excess (1). He was best known in his day for his pioneering work
in reducing neurosurgical mortality and for his Pulitzer Prize winning
biography of Osler. He published his classical monograph, “The pitu-
itary body and its disorders,” in 1912. Cushing believed the disorder was
caused by overactivity of the adrenal cortex secondary to a pituitary
basophil disorder. “The basophil adenomas of the pituitary body and
their clinical manifestations (pituitary basophilism),” a compilation of

From: Secondary Hypertension: Clinical Presentation, Diagnosis, and Treatment
Edited by: G. A. Mansoor © Humana Press Inc., Totowa, NJ

195



196 Secondary Hypertension

Fig. 1. Classical Cushingoid face.

previously reported cases, was published in 1932 (2). Hypertension was
a feature in 9 of 12 of the original cases (3). Cushing’s name was given
to the syndrome by Bishop and Close (4).

Cushing’s syndrome of GC excess is characterized by moon face
(Fig. 1), truncal obesity, abdominal striae, plethora, hirsutism, glucose
intolerance and diabetes, hypogonadism, neuropsychiatric disorders
including depression and psychosis, osteoporosis, cataracts, renal calculi,
senile purpura, proximal myopathy, susceptibility to infection, particu-
larly fungal and opportunistic infections, and hypertension (Table 1).

Cortisol has also been implicated in other forms of hypertension,
including essential hypertension (5) but this is beyond the scope of this
chapter, which focuses on the hypertension of Cushing’s syndrome.

Adrenocorticotropic Hormone (ACTH) Excess

Cushing’s disease is responsible for some two-thirds of cases and is
thus the commonest cause of Cushing’s syndrome (6). Pituitary ACTH
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Table 1
Classification of Cushing’s Syndrome

Spontaneous
ACTH excess

Pituitary ACTH excess (Cushing’s disease) ~ 2/3

Ectopic ACTH production ~15%

Ectopic CRF production Very rare
Adrenal Cushing’s syndrome ~ 9%

Adrenal adenoma
Gardner’s syndrome

Adrenal carcinoma ~ 8%
Primary adrenal hyperplasia Rare
Carney’s syndrome
McClure-Albright syndrome
Food-dependent Cushing’s

latrogenic/factitious

ACTH administration Rare
Glucocorticoid therapy Common
Pseudo-Cushing’s syndrome

Alcohol induced

Depression

AIDS/HIV therapy (protease inhibitor—associated lipodystrophy)

Percentages from ref. 3.

secretion (Fig. 2) is increased (7) and plasma ACTH concentrations are
often elevated, leading to bilateral adrenal hyperplasia. Pituitary
microadenomas are present in most cases and the disease is gradual in
onset. Some 10% of patients have discrete pituitary adenomas, either
chromophobe or basophil, and enlargement of the pituitary fossa, which
can present with visual defects or pituitary hypofunction. Most pituitary
adenomas are monoclonal, suggesting a primary pituitary disorder (3).

Ectoric ACTH SECRETION

ACTH secretion from primary tumors leads to bilateral adrenal
hyperplasia with suppression of pituitary ACTH secretion. Ectopic
ACTH secretion is often associated with carcinoma of the lung but other
cancers and carcinoid and endocrine tumors, including pheochromocy-
toma, also cause ectopic ACTH production (8). Ectopic ACTH accounts
for around 15% of cases of Cushing’s syndrome (6). Hypertension has
been reported to be less common in Cushing’s syndrome secondary to
ectopic ACTH production than in other forms (9) but can also be a
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Fig. 2. Autopsy findings in a patient with Cushing’s disease, with adrenal
hyperplasia, pituitary microadenoma, and vertebral collapse.

prominent feature (3). Men are more commonly affected than women
and hypokalemic alkalosis, weakness, and pigmentation are prominent.
Signs of GC excess may be lacking. In these patients onset may be
sudden and progression rapid.
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Ectoric CORTICOTROPHIN-RELEASING FACTOR

Ectopic corticotrophin-releasing factor (CRF) production from
nonhypothalamic tumors has been reported as an extremely rare cause
of ACTH-dependent Cushing’s syndrome.

Cushing’s Syndrome Secondary to Adrenal Pathology
ADRENAL ADENOMA

Adrenal adenoma has been reported to account for around 9% of cases
of Cushing’s syndrome (6). Commonly, there is a single adenoma with
atrophy of ipsilateral normal adrenal tissue and the normal contralateral
adrenal as a consequence of suppression of pituitary ACTH secretion.
Multiple bilateral adrenal adenomas are very rare (10).

Most adrenal adenomas are found by incidental scanning and most are
nonfunctioning. A small proportion (up to 12%) do have excess cortisol
production with little evidence of clinical features of Cushing’s
syndrome. This is sometimes called pre-Cushing’s syndrome (/7).

Cortisol-producing adrenal adenoma has also been reported as a
manifestation of Gardner’s syndrome (desmoid tumors, osteomas,
pigmented retinal lesions, and familial adenomatous polyposis) (/2).

A case of adrenocortical—pituitary hybrid tumor, with an adrenal
adenoma secreting both cortisol and ACTH precursors, suggests genetic
and phenotypic plasticity in the hypothalamic—pituitary—adrenal axis
(13). Transition from pituitary-dependent to adrenal-dependent Cushing’s
syndrome has also been described (14).

ADRENAL CARCINOMA

Carcinoma of the adrenal is reported to cause around 8% of cases of
Cushing’s syndrome (6) and is more common in younger patients.
Hypertension and electrolyte abnormalities may be prominent. Adrenal
carcinomas usually present with large (>4 cm) aggressive masses. In a
large series, 85% of the adrenal carcinomas produced glucocorticoids
either alone or in combination with other steroids (15).

ADRENAL HYPERPLASIA (PRIMARY)

Rarely, patients with apparently autonomous cortisol overproduction
are found to have bilateral adrenal hyperplasia. It is more common in
children and young adults (/6). Inappropriate adrenal sensitivity to gas-
tric inhibitory polypeptide—so-called food-dependent Cushing’s syn-
drome—is one such cause (/7). Other cases of abnormal adrenal
receptors to a variety of hormones, e.g., vasopressin, catecholamines,
and serotonin, have been recognized in causing Cushing’s syndrome
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(18). Development of pigmented micronodular adrenocortical hyperplasia
may be caused by circulating adrenal stimulating immunoglobulins (/4).
Cushing’s syndrome with unilateral nodular adrenal hyperplasia has
also been reported (/9) and may represent transition from pituitary-
dependent disease with bilateral adrenal hyperplasia developing into
nodular hyperplasia after which nodules may become autonomous and
suppress ACTH secretion (14).

Carney’s syndrome is arare autosomal dominant condition character-
ized by skin pigmentation and a range of tumors (peripheral nerve,
endocrine, and mesenchymal), which can include adrenal pigmented
multinodular adrenocortical dysplasia. It may be caused by ACTH
receptor antibody stimulation. McCune-Albright syndrome is charac-
terized by a triad of polyostotic fibrous dysplasia, café-au-lait spots, and
precocious puberty. Endocrine hyperfunction may involve the adrenal.
The genetic defect is mutation of the gene coding for the signaling units
of the G protein linked to adenyl cyclase (20).

Iatrogenic Cushing’s Syndrome

ExoGceENous ACTH ADpMINISTRATION

Recognition that ACTH administration was an important cause of
hypertension occurred soon after its introduction into clinical practice
(21,22). ACTH is used for some neurological conditions (for example,
infantile spasms) where development of hypertension may limit therapy
(23), but rarely for inflammatory conditions. ACTH is also used in en-
docrine diagnosis and may raise blood pressure (BP) even under these
short-term conditions (24).

GC ADMINISTRATION

Synthetic GCs have been used extensively in clinical practice over
many years, orally, topically, intranasally, and into joints and are now
the most common cause of Cushing’s syndrome. GC therapy is known
to be associated with severe hypertension (25,26). Hypertension is
reported in around 20% of patients who receive exogenous GC (22,27).
In experimental studies synthetic GCs invariably increase pressure to at
least some extent (28). Factitious cases are characterized by typical
symptoms and signs but low serum and urinary cortisol, consequent on
abuse of synthetic GCs (29).

PsEuDO-CUSHING’S SYNDROME

A pseudo-Cushing’s syndrome occurs in association with depression,
stress, and alcohol abuse (30). Hypertension is common. The alcohol-
induced syndrome is reversed on withdrawal of alcohol (31).
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CrLiNnicAL FEATURES OF CUSHING’S SYNDROME

The classic patient with Cushing’s syndrome is described as a lemon
on sticks. This reflects the truncal obesity (the lemon) with steroid-
induced myopathy and limb muscle wasting (the sticks) (Fig. 3). The
skin may exhibit striae, purpura, ecchymoses, hirsutism, and acne.
Around 80% of patients with idiopathic Cushing’s syndrome are hyper-
tensive (58—-85%) (32) but as indicated above it is likely that all patients
have at least some elevation of BP. Glucose intolerance and diabetes,
menstrual irregularity, sterility, loss of libido, osteoporosis, poly-
cythemia, edema, peptic ulceration, polyuria, nephrocalcinosis, renal
stones, tendency to infection and poor wound healing, cataracts, and
mood alteration may all be prominent (33). The clinical features of great-
est value in making the diagnosis are said to be hypertension, myopathy,
and bruising (34). Hyperlipidemia is common, and with the hyperten-
sion, hyperglycemia, and obesity, accelerated atherosclerosis accounts
for the substantial cardiovascular morbidity and mortality.

Hypokalemia is unusual unless malignancy is present (8), but poly-
cythemia, neutrophilia, lymphopenia, and eosinopenia are common. The
naturally occurring disease is relatively rare and affects women in the
third and fourth decades, with a male to female ratio around 1:4. In
Cushing’s disease, the clinical symptoms and signs are usually insidious
and duration of illness prior to diagnosis some 3 to 6 years (32). Rapid
onset of symptoms suggests malignancy, either adrenal carcinoma or
ectopic ACTH production.

HYPERTENSION IN CUSHING’S SYNDROME

Cushing’s syndrome is arare cause of hypertension, said to affect less
than 0.1% of the general population and around 1 in 400 hypertensives.
In a study from Denmark, the incidence was 1.2—1.7 per million per year
(Cushing’s disease), 0.6 per million per year (adrenal adenoma), and 0.2
per million per year (adrenal carcinoma). Other types were rare (35). A
Spanish study reported 2.4 per million per year for Cushing’s disease,
with a prevalence of 39.1 per million (32). Given that the prevalence of
hypertension in Western countries is around 15%, it seems likely that on
a population basis, Cushing’s syndrome accounts for less than 1 in 1000
cases—higher figures probably reflect a selected population of hyper-
tensives.

The patient with hypertension caused by Cushing’s syndrome is usu-
ally not a problem in the investigation of hypertension, as the diagnosis
is apparent on clinical grounds. However, the diagnosis may be consid-
ered in the obese hypertensive patient.
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Fig. 3. Classical Cushingoid habitus.
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Hypertension is very frequent in Cushing’s syndrome, and around
80% of patients have clinical hypertension (36). Hypertension is a major
contributor to the excess cardiovascular morbidity and mortality of
Cushing’s syndrome along with age and persistence of diabetes (32). In
a study of 148 patients with Cushing’s syndrome from Padua, 72% of
whom were hypertensive, hypertensive patients were significantly older
(37). Cardiovascular damage (abnormal fundoscopy, left ventricular
hypertrophy) was observed in a high proportion of hypertensive patients,
but also some normotensives (37).

Cardiac output and peripheral resistance are increased in Cushing’s
syndrome (38) as is plasma volume, but total exchangeable sodium was
normal (39). Left ventricular hypertrophy is reportedly more severe, and
the frequency of asymmetric septal hypertrophy greater in Cushing’s
syndrome than in other types of hypertension (40). Long exposure to
increased cortisol appears to be the major determinant of left ventricular
concentric remodeling (41). Dilated cardiomyopathy can also be caused
by Cushing’s disease (42). Prolonged corticosteroid excess accelerates
atherosclerosis, and hypertension, hypercholesterolemia, hypertrigly-
ceridemia, and impairment of glucose tolerance are all implicated (43).
Loss of the normal nocturnal fall in BP on ambulatory monitoring is a
feature of Cushing’s syndrome and GC-induced hypertension, but is of
limited diagnostic use (44,45) and may relate at least in part to the sleep
disturbance that is a common feature of the condition (46). In contrast to
the altered BP rhythmicity, heart rate variability is preserved (45).

Itis not clear whether the prevalence and severity of the hypertension
in Cushing’s syndrome depends on etiology (47). Ross etal. (33) reported
that all 15 patients with adrenal adenoma or carcinoma were hyperten-
sive compared with 87% of patients with adrenal hyperplasia. Greminger
et al. reported 100% of patients with adrenal carcinoma were hyperten-
sive compared with 83% with adrenal adenoma and 64% with Cushing’s
disease (48). Sonino et al. reported 64% of pituitary-dependent patients
were hypertensive and 70% of those with adrenal adenoma or hyperpla-
sia (37). Hypertension is claimed to be more severe in the patients with
adrenal malignancy (48). In contrast, Welbourn et al. (49) reported that
93% of their patients with Cushing’s syndrome were hypertensive and
that the underlying lesion had no effect on incidence of severity. Forty
percentof their patients had cardiovascular complications. Itis generally
agreed that patients with ectopic ACTH production are less likely to be
hypertensive (9). This may reflect the lower BP frequently seen in
patients with severe malignant disease, the fact that the disease course
is usually quite short, or possibly a different steroid profile.
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Cortisol excess is the hallmark of Cushing’s syndrome and cortisol
excess correlates with the hypertension in some (50,51 ) but not all stud-
ies (37). Aldosterone is usually normal or low (52,53), but rarely in
patients with adrenal adenoma aldosterone may be increased (54). There
is no relationship between mineralocorticoids and BP, and very high
levels of mineralocorticoids were found in some normotensive patients
with Cushing’s syndrome (37). Corticosterone (55,56), deoxycorticos-
terone (DOC), and 11-deoxycortisol may all be increased (56), as may
18-hydroxy-DOC (57) and 19-nor-DOC (58). Dihydroepiandro-
stenedione sulfate is normal or high in Cushing’s disease and low in
adenoma (59). Plasmalevels of aldosterone, corticosterone, 18-hydroxy-
corticosterone, and 18-hydroxy-DOC were similar in patients with
Cushing’s disease and essential hypertension, suggesting they were
unlikely to be involved in the pathogenesis of the hypertension (60).
Corticotrophin-releasing hormone (CRH) is normal or low in plasma
and cerebrospinal fluid in pituitary-dependent Cushing’s (37).

Increased pressor responses to noradrenaline and angiotensin II (Ang
II) have been reported in patients with Cushing’s syndrome (67,62).
Cardiac sensitivity to isoprenaline was increased in Cushing’s disease in
one study and there was no increase in 3-adrenoreceptor density (39).
a,-Adrenoceptor density and affinity on platelets was normal;
[,-adrenoceptor density on lymphocytes was normal but affinity was
decreased (39). Catecholamines were generally normal (37). Plasma
neuropeptide Y concentrations were also normal (63).

Axelrod (64) proposed that GC inhibition of phospholipase with
inhibition of prostacyclin production would lead to increases in vascular
tone, but whether this mechanism does play a role is unclear. Urinary
kallikrein and prostaglandin E, were reduced in patients with Cushing’s
syndrome because of adrenal adenoma (62), but urinary total kininase,
kininase I and II, and neutral endopeptidase were higher in patients with
Cushing’s syndrome than in normotensives (65). In the one patient tested,
urinary excretion of nitrate and nitrite was low, even after L-arginine
administration (66).

GCs have important effects on the renin-angiotensin system (RAS).
GCsincrease renin substrate (67) and reduce plasma renin concentration
and Ang I (68). Renin substrate may be elevated in Cushing’s syndrome
(69) but the RAS is usually normal (39,62,70). Saralasin was variously
reported to lower BP in Cushing’s syndrome (71 ) or have no effect (72),
depending on sodium status. Similarly, captopril has been found to lower
(62) or not lower pressure (48).
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Catecholamine concentrations in plasma and urine are normal (39,69)
and atrial natriuretic peptide is increased in Cushing’s syndrome (73,74).
Cushing’s syndrome is associated with an increase in erythrocyte so-
dium potassium adenosine triphosphatase (ATPase). Ouabain-sensitive
uptake of rubidium is increased, intracellular sodium concentration is
lower, and potassium is higher in erythrocytes from patients with
Cushing’s syndrome (75). The endogenous digitalis-like substance is
within the normal range (73).

Urinary tetrahydrocortisol/tetrahydrocortisone ratio is elevated in
Cushing’s disease but similar in normotensives and hypertensives (76).
In ectopic ACTH syndrome, these ratios are higher, and hypertension
has been attributed in part to cortisol inactivation overload giving rise to
mineralocorticoid-type hypertension through cortisol occupancy of
mineralocorticoid receptors (77). However, whether mineralocorticoid
receptor occupancy contributes to the hypertension is unresolved (78).
Administration of spironolactone did not reduce BP significantly in five
patients with Cushing’s syndrome tested (66).

Diagnosis of Cushing’s Syndrome (Fig. 4)

Diagnosis is a two-step process: first, the diagnosis of GC excess, and
second, definition of the etiology.

The diagnosis of GC excess can be difficult but in patients with
Cushing’s syndrome who present with hypertension it is often obvious
clinically. In practice the obese hypertensive patient with syndrome X
may be difficult to distinguish from the patient with Cushing’s syn-
drome. Obesity can elevate urinary 17- hydroxycorticosteroids but uri-
nary free cortisol is usually normal. Polycystic ovary syndrome
presenting with central obesity, glucose intolerance, irregular menses,
and hirsutism should also be considered.

Oversecretion of cortisol is the characteristic feature of Cushing’s
syndrome. Twenty-four-hour urinary-free cortisol (UFF) excretion is
increased; this is a useful screening test but it is normal in around 10%
of patients with Cushing’s (79). With three 24-hour urine collections and
simultaneous measurement of urine creatinine, sensitivity of 95-100%
and specificity of 94—98% has been reported (/6). Plasma cortisol levels
may or may not be elevated but circadian rhythm disappears. To be
reliable, diurnal plasma cortisol measurements require evening cortisol,
which make it unsuitable as a screening test. A cortisol level at midnight
below 50 nmol/L is said to be 100% sensitive in excluding active
Cushing’s syndrome (80). The overnight dexamethasone suppression
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If clinical suspicion, check urine free cortisol (UFF) (2-3 24h UFF if elevated)

Overnight DEX
suppression 1mg,
measure serum
cortisol at 8 a.m.

v

Normal suppression

Abnormal Cortisol (not suppressed)

v

Low dose DEX suppression
0.5 mg 6 hrly for 2 days, then

UFF suppressible

measure UFF

v
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!
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l
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Fig. 4. A clinical schema for diagnosis of Cushing’s syndrome.

test, which involves 1 mg of dexamethasone at bedtime and a plasma
cortisol sample taken at around 8 or 9 AMm, is a simple and popular screen-
ing test. A cortisol level < 50 nmol/L at 9 am is said to exclude the
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diagnosis with 98% sensitivity (80). Salivary cortisol correlates with
plasma free cortisol and can be collected easily at home (76).

Cushing’s disease is characterized by increased or upper-normal
plasma ACTH concentrations, enhanced ACTH stimulation of cortisol,
and suppression of plasma cortisol by higher dose dexamethasone (2 mg
every 6 hours). In ectopic ACTH, plasma ACTH concentration may be
very high, ACTH-stimulated cortisol production is normal, and plasma
cortisol does not suppress with high-dose dexamethasone (2 mg every 6
hours). With adrenal adenoma, plasma ACTH concentration is usually
normal, and there is little suppression of plasma cortisol following high-
dose dexamethasone. Patients with adrenal carcinoma have elevation of
plasma cortisol concentrations, no response to ACTH, and low plasma
ACTH concentrations.

The low-dose dexamethasone suppression test (0.5 mg every 6 hours
for 48 hours) followed by plasma cortisol measurement is used to distin-
guish patients with Cushing’s syndrome from those without the diagno-
sis (81,82). Itis highly sensitive and more specific than the overnight test
(79). Suppression may not be seen in patients with depression, alcohol-
ism, pregnancy, and a range of drugs, and false-positives are seen in
renal failure and hypothyroidism (7/6). The high-dose dexamethasone
suppression test (2 mg every 6 hours for 48 hours) is used to distinguish
Cushing’s disease (which is pituitary dependent) from adrenal tumor.
Classically, Cushing’s disease suppresses with high-dose but not low-
dose dexamethasone, whereas patients with adrenal tumor do not
suppress following high-dose dexamethasone. An alternative to the high-
dose dexamethasone test is dexamethasone infusion (1 mg/hour for 6
hour). Some patients with ectopic ACTH or autonomous adrenal lesions
will also suppress with high-dose dexamethasone. The accuracy of dex-
amethasone suppression tests will depend on appropriate absorption of
the drug (impaired in chronic renal failure) and metabolism (accelerated
by certain drugs, e.g., anticonvulsants) (3).

Plasma ACTH concentrations are helpful in distinguishing patients
with ectopic secretion (elevated ACTH levels) and Cushing’s disease
(high or normal ACTH concentrations) from those with adrenal tumor
(low to undetectable ACTH concentrations) (83), but there may be sig-
nificant overlap (16).

Selective venous sampling may be useful in experienced hands in
identifying an ectopic source of ACTH or in lateralizing pituitary
microadenoma (Table 2). Both inferior petrosal sinuses should be
sampled. In Cushing’s disease, the ratio of sinus to peripheral plasma
ACTH is greater than 2, and in ectopic ACTH less than 1.5 (§4). Sam-
pling at various levels within the vena cava may be helpful (85). Ovine
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Table 2
Selective Venous Sampling for ACTH (pg/ml) (range 0-50)
in an Obese Woman With Hypertension, Type 2 Diabetes, and Elevated
Urine-Free Cortisol That Suppressed With High-Dose Dexamethasone

Inferior vena cava 44
Superior vena cava 57
Left internal jugular vein 46
Right peripheral venous blood 46
Right internal jugular vein 61
Right inferior petrosal sinus 54
Left inferior petrosal sinus 2379

Diagnosis: Left pituitary microadenoma, confirmed at surgery

CRF has been reported to increase diagnostic accuracy (86,87), with
gradients greater than 3 being regarded as most useful (80,86). Nalox-
one, an opioid antagonist, which probably stimulates ACTH secretion
through release of CRH has also been used during petrosal sinus sam-
pling (88). The venous sampling procedure is technically difficult, and
brain stem stroke has been reported so that it should be reserved for
diagnostic uncertainty (76).

CRF administration increased both plasma ACTH and cortisol con-
centrations in patients with Cushing’s syndrome (89) but not those with
adrenal adenoma (89).

In patients with adrenal tumor, pheochromocytoma must be excluded
because these may produce ACTH, and the diagnosis is very important
for management (90).

Pituitary and adrenal imaging is key in localization. Differential
diagnosis from pituitary and adrenal “incidentalomas” is important,
because these are not uncommon. Computed tomography (CT) can detect
some microadenomas as well as larger pituitary tumors, but corticotroph
adenomas are often only a few millimeters in diameter and may not be
seen even with magnetic resonance imaging and enhancement (79).
Furthermore, about 10% of subjects have pituitary “incidentalomas.”
Radionuclide scanning of the adrenals using '3! I-iodomethyl nor-cho-
lesterol may distinguish bilateral adrenal hyperplasia from adrenal corti-
cal adenoma (86).

A study of the cost effectiveness and accuracy of the tests used in the
differential diagnosis concluded that once Cushing’s syndrome is diag-
nosed, low ACTH concentrations and abdominal CT correctly identified
an adrenal origin (83). With ACTH-dependent Cushing’s syndrome,
inferior petrosal sinus sampling was the best predictive test to differen-
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tiate Cushing’s disease from ectopic ACTH secretion (92). A control to
peripheral gradient of >3 following stimulation is said to have 98%
sensitivity in confirming a pituitary origin (80).

It is important to recognize that diagnosis may be very difficult; e.g.,
sometimes ectopic ACTH cases may have features typical of Cushing’s
disease. Atypical presentation and laboratory shortcomings may further
confuse the diagnosis (16).

Cushing’s syndrome is rare in pregnancy because ovulatory dysfunc-
tion is common and fertility decreased. Striae, obesity, and glucose
intolerance are frequent in both pregnancy and Cushing’s syndrome.
Cortisol production and plasma cortisol concentrations are also increased
in pregnancy, but diurnal rhythm and dexamethasone suppressibility are
retained. Pregnancy in untreated Cushing’s syndrome has been associ-
ated with substantial maternal morbidity and perinatal mortality (93).

Both preclinical Cushing’s syndrome (cases caused by cortisol-pro-
ducing adrenal adenoma without physical symptoms or signs) (94) and
preclinical Cushing’s disease (absence of Cushingoid appearance, nor-
mal morning cortisol and ACTH, lack of diurnal rhythm, exaggerated
ACTH response to CRH and desmopressin, and incomplete low-dose
dexamethasone suppression) (95) have been reported. Consideration
and recognition would prevent progression and complications (95).

TREATMENT

The prognosis of untreated Cushing’s syndrome is poor, with a 50%
5-year survival (36). Following successful treatment, morbidity and mor-
tality remain elevated largely because of cardiovascular disease (32,34).
A recent Danish study (35) found that patients with nonmalignant dis-
ease had a standard mortality of 3.68, partly attributable to an increased
mortality within the first year after diagnosis. This is strikingly similar
to a Spanish figure of 3.8 (32). The prognosis for malignant disease is
very poor (35). Long-term survivors of Cushing’s disease also have
impaired quality of health (35). Alternatively, partial complete sponta-
neous remission of pituitary adenomas is well known, and spontaneous
remission of Cushing’s disease may not be very rare (32).

Cushing’s disease is the most common form of Cushing’s syndrome.
Bilateral adrenalectomy cures virtually all patients (96) but mandates
permanent steroid replacement therapy, and some adrenalectomized
patients ( ~20% ) develop Nelson’s syndrome, with cutaneous pigmen-
tation, secondary to a rapidly growing chromophobe adenoma, which
may lead to visual field defects. The rapid growth is thought to reflect the
lack of restraint from excess cortisol. Subtotal adrenalectomy is less
satisfactory, and only about 60% of patients become symptom free (97).
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Laparoscopic adrenalectomy is now used as the preferred approach for
benign disease where adrenalectomy is indicated (98).

Selective excision of the pituitary adenoma by trans-sphenoidal
microsurgery is the preferred treatment approach for Cushing’s disease
(99) and has a high response rate of more than 70% (100). Around 10-30%
of patients relapse (35,700). This is less likely with trans-sphenoidal
hypophysectomy, although hypopituitarismis notuncommon (/017). GC
therapy is indicated postoperatively until the hypothalamic—pituitary—
adrenal axis recovers (/6). Pituitary irradiation may be used following
pituitary surgery to prevent recurrence or following adrenal surgery to
prevent development of Nelson’s syndrome. Pituitary irradiation has
also been used as the primary treatment in younger patients (/02) but has
alower response rate and may produce hypopituitarism. Internal irradia-
tion with gold-198 or yttrium-90 needles produces good response but
hypopituitarism is common (/01).

Medical management of Cushing’s disease is varyingly successful.
Drugs used include metyrapone, an inhibitor of 11 B-hydroxylase;
cyproheptadine, a serotonin antagonist; bromocriptine and lisuride, both
dopaminergic agonists; aminoglutethimide, an inhibitor of the cytochrome
P450side-chain cleavage enzyme; reserpine, mitotane (o,pDDD), which
destroys fasciculata, and reticularis (/03); trilostane, an inhibitor of
3 B-hydroxysteroid dehydrogenase; sodium valproate, an inhibitor of
y-aminobutyric acid -transaminase; ketaconazole (which blocks steroid
synthesis and itself may produce hypertension (/04)), and the GC
antagonist, RU486 (105). Propranolol therapy was effective in a patient
with Cushing’s syndrome secondary to ectopic adrenal -adrenergic
receptors (106). Most of these medications are used only as adjunctive
therapy because they do not “cure” Cushing’s syndrome and their use is
often limited by side effects.

Adrenal tumors are treated surgically. Adrenal malignancy carries a
poor prognosis, and medical therapy has been used in widespread
disease—in particular, aminoglutethimide and mitotane (o,p-DDD).
Ectopic ACTH-secreting tumors are usually malignant and often inop-
erable. Benign adrenal adenoma is treated by unilateral adrenalectomy,
usually laparoscopic with excellent results (97).

There is no good evidence to support the use of one particular class of
antihypertensive drug over another in Cushing’s syndrome, and conven-
tional antihypertensive treatment is mostly ineffective (107, 108). Effec-
tive control of Cushing’s syndrome may control BP, but as in other
surgically remediable forms of secondary hypertension, a significant
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proportion of patients, particularly older patients (73), have persistent
hypertension and require ongoing antihypertensive medication. Experi-
mental studies in humans (see below) suggest that sodium restriction is
likely to be useful. The preoperative BP level in Cushing’s syndrome is
apredictor of persistent hypertension after surgery (/09) and duration of
hypertension, i.e., long-lasting exposure to cortisol, also correlates with
postoperative BP (107). These findings imply that early diagnosis and
intensive BP control preoperatively are important therapeutic determi-
nants of hypertensive outcome (/09). Furthermore, in patients success-
fully treated surgically who remain hypertensive, BP control by
antihypertensive medication is usually satisfactory, further emphasizing
the role of cortisol hypersecretion in the BP elevation (107,108).

EXPERIMENTAL STUDIES OF ACTH AND CORTISOL ADMINISTRATION
IN HumaN SuBJECTS

ACTH (Synacthen Depot [Novartis Pharmaceuticals, Sydney, Austra-
lia]) 1 mg/day increases BP by around 20 mmHg in normal subjects and
patients with untreated mild essential hypertension but not patients with
treated Addison’s disease, indicating that the BP-raising effects of ACTH
in humans are adrenally dependent. The BP rise is highly reproducible
(68), with invariable increases in systolic pressure and mean arterial pres-
sure over 5 days and rises in diastolic pressure in some studies.

ACTH produced hypernatremia, hypokalemia, and increase in fast-
ing blood glucose, body weight, and total white cell count, urine sodium
retention, and a fall in hematocrit and eosinophil count. Plasma cortisol,
deoxycortisol, corticosterone, and DOC concentrations increased.
Plasma aldosterone concentrations rose initially, but then returned to
the low-normal range (67). Plasma renin, angiotensin, and noradrena-
line concentrations fell, adrenaline and vasopressin concentrations were
unchanged, and plasma atrial natriuretic peptide concentrations (68) and
urinary kallikrein activity rose (//0). ACTH administration was associ-
ated with increased cardiac output, plasma volume, extracellular fluid
volume, exchangeable sodium, inulin clearance, filtration fraction, frac-
tional sodium reabsorption, and renal vascular resistance (68). Creati-
nine and para-amino hippurate clearances were unchanged (68).

The threshold dose of ACTH required to raise pressure was 50 ug/day
by continuous intravenous infusion (//7). ACTH concentrations rose
with infusion, but remained within the normal range.

At doses to achieve blood concentrations appropriate for conditions
of ACTH stimulation (//2), the hemodynamic and metabolic effects of
ACTH were mimicked by cortisol, whereas DOC and aldosterone pro-
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duced mineralocorticoid effects but did not raise BP. The BP-raising
effects of ACTH are caused by ACTH-induced increases in cortisol
secretion.

The rise in BP with ACTH occurs even when dietary sodium is very
low, but sodium intake determines the degree to which BP rises. On
sodium intake of 100—150 mmol/day, ACTH increased systolic BP by
around 20 mmHg (67,68), on sodium 200-300 mmol/day BP rose
30 mmHg (//3), and on 15 mmol/day (//4) only 10 mmHg. Cortisol
administration does not modify salt preference in normal subjects (/15).

Plasma volume, extracellular fluid volume (ECFV), and exchange-
able sodium are all increased by both ACTH and cortisol treatment (68).
Sodium restriction (//4) profoundly reduced the rise in exchangeable
sodium and completely prevented the increase in ECFV, but the increase
in plasma volume was unchanged. Thus, arise in ECFV is not necessary
for ACTH-induced rises in BP. Spironolactone, at a dose that blocks min-
eralocorticoid effects of cortisol, has no effect on the rise in BP (116).

The synthetic GCs, prednisolone, methylprednisolone, dexametha-
sone, and triamcinolone, all increased BP, without urinary sodium reten-
tion and with no increase in body weight or plasma volume (28). Thus,
volume expansion and/or urinary sodium retention are not essential for
steroid-induced rises in BP in humans.

ACTH and cortisol administration are associated with increases in
cardiac output and renal vascular resistance, but calculated total periph-
eral resistance is unchanged (68,117). Prevention of the rise in cardiac
output by B-blockade does not prevent the hypertension (//7) and the
calcium channel blocker, felodipine, which reduces peripheral resis-
tance, similarly had no effect on the BP rise (1//8).

Both ACTH and cortisol increased pressor responses to phenyleph-
rine (/19) and decreased the threshold dose for a pressure response.
Increases with Ang Il were less pronounced (119,120), although sodium
retention and reduced circulating plasma Ang II concentrations would
be expected to increase pressor responses to exogenous angiotensin. The
increased phenylephrine responsiveness following ACTH was also seen
in subjects on low sodium intake (/2/) but was not modified by
indomethacin in subjects on regular sodium intake (/20).

In cortisol-treated subjects (/22), we found increases in forearm vas-
cular resistance both to cold pressor test and intra-arterial noradrenaline
infusion. A shift to the left of the dose—response relation and fall in
threshold suggested cortisol increased vascular sensitivity to noradrena-
line. Sympathetic nervous system activity (assessed by measurement of
resting noradrenaline spillover rate to plasma and noradrenaline uptake)
was not increased (/23), nor was reflex sympathetic function (/24) or
neuroreptide Y concentrations (/25). Muscle sympathetic vasoconstric-
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tor activity was decreased by cortisol (/26) and the hypertension was
amplified by autonomic blockade (/27). Thus, the sympathetic nervous
system appears to modulate or damp down cortisol hypertension, and
there is no evidence that it plays any role in causation.

Hypertension and mineralocorticoid effects were not directly related
(128), supporting the notion that steroids may raise pressure by a
hypertensinogenic mechanism distinct from their classical mineralocor-
ticoid or GC activities (78,116,128).

Cortisol has significant effects on vascular endothelial function (129).
Cortisol inhibits cholinergic dilation in the human forearm. The inhibi-
tion is of similar magnitude to that produced by nitric oxide synthase
inhibition (/29). Studies of nitric oxide metabolites, performed in cor-
tisol-treated subjects on a low nitrate diet (/30), indicate that cortisol-
induced hypertension is associated with a fall in plasmareactive nitrogen
intermediates, but not L-arginine or asymmetric dimethyl arginine con-
centrations (/31). However, L-arginine administration at maximum tol-
erated doses does not prevent the rise in BP produced by cortisol (/32).

Cortisol administration also increases plasma erythropoeitin concen-
trations and the rise in BP correlates with the rise in erythropoeitin (/33).
This is of interest given the association of erythropoeitin administration
with nitric oxide resistance (133).

STUDIES IN ANIMALS

Naturally occurring Cushing’s syndrome occurs in animals, includ-
ing horses and dogs (/34,135), and hypertension and cardiovascular
disease are prominent. Experimentally, ACTH increases BP in the sheep
(136), rat (137), and mouse (/38) but probably not the rabbit or the dog
(139). Effects of ACTH have been studied extensively in the sheep and
rat but are beyond the scope of this chapter.

CONCLUSION

Hypertension in Cushing’s syndrome is common. Naturally occur-
ring Cushing’s syndrome is rare but it occurs commonly secondary to
steroid therapy. Cortisol appears to be responsible for the hypertension
of Cushing’s syndrome. Cardiovascular morbidity and mortality are
prominent.
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CLINICAL FEATURES OF PHEOCHROMOCYTOMA

Pheochromocytoma is a symptom complex that reflects excessive
exposure to norepinephrine and/or epinephrine. Thus, in general, patients
should be screened for catecholamine excess when they present with
typical signs and symptoms of the disorder. Also, because clinical
abnormalities reflect the amount and duration of catecholamine excess,
patients with low (<2000 pg/mL) circulating catecholamines have
fewer features than those with circulating catecholamines in excess of
2000 pg/mL.

A complicating factor in the clinical assessment of possible excess
catecholamine production is that few signs and symptoms are specific
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for pheochromocytoma, but they occur rather frequently in the general
population. Labile hypertension or excessive sweating, tachycardia, or
headaches illustrates this difficulty as each symptom is common in
middle-aged or older adults but is caused by pheochromocytoma in very
few of them. Additionally, about 13% of patients are normotensive and
8% are asymptomatic.

The fact that pheochromocytoma is rare but many of its clinical fea-
tures are common in the general population raises the dilemma of who
should be screened for the disorder. Because missing a pheochromocy-
toma can resultin a catastrophic outcome, it is of utmost importance that
the physician become acutely aware of the varied and bizarre manifes-
tations that can occur in familial as well as sporadic pheochromocytoma.
One must have a high index of suspicion when confronting any patient
with a clinical history and/or the signs and symptoms mentioned in Table 1.
Pheochromocytoma has been called the “great mimic” because of its
remarkably varied manifestations, which closely simulate a variety of
diseases (Table 2) (1).

BIOCHEMICAL SCREENING TESTS
FOR PHEOCHROMOCYTOMA

Screening tests should be performed in the context of the clinical
setting. For example, in overtly symptomatic patients, total plasma cat-
echolamines (norepinenephrine [NE] and epinephrine [E]) more than or
equal to 2000 pg/mL, 24-hour urinary total metanephrines more than or
equal to 1.8 ug/24 hour and 24-hour urinary NE less than or equal to 156
ug/24 hour usually suggest the presence of pheochromocytoma (/a).
Lower biochemical values in similar patients usually suggest a
neurogenic etiology for the clinical manifestations. Patients with large
(>50 g) and cystic tumors are often asymptomatic and may have near
normal plasma catecholamines but markedly elevated urinary catechola-
mine metabolites (2). Patients with prominent tachycardia, tremors, and
labile hypertension are likely to have either pure—or predominantly—
E-producing tumors (3). Patients with familial pheochromocytoma may
be completely asymptomatic despite high circulating catecholamines.
The pathophysiological reason for this finding is unclear.

Plasma Catecholamines and Urinary
Catecholamine Metabolites
When reliably carried out and performed in an appropriate setting, the

measurement of plasma catecholamines and urinary catecholamine
metabolites can establish the diagnosis in more than 95% of cases. Of the
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Table 1

Signs and Symptoms Requiring Evaluation for Pheochromocytoma

Episodic symptoms of headaches, tachycardia, and diaphoresis (with or
without hypertension)

Family history of pheochromocytoma or a multiple endocrine
neoplasia syndrome

Incidental suprarenal or abdominal masses

Unexplained paroxysms of tachyarrhythmias, hypertension during intubation,
induction of anesthesia, parturition, or prolonged unexplained hypotension
after an operation

Adverse cardiovascular response to ingestion, inhalation, or injection of certain
drugs; including anesthetic agents, histamine, glucagon, tyramine, thyrotro-
phin-releasing hormone, adrenocorticotropic hormone, antidopaminergic
agents, naloxone, succinylcholine chloride, phenothiazine, -blockers,
guanethidine, tricyclic antidepressants, and methacholine

Spells or attacks during physical exertion, twisting and turning of the torso,
straining (Valsalva’s maneuver), coitus, or micturition

Table 2
Clinical Conditions Likely To Be Confused With Pheochromocytoma

B-Adrenergic hyper-responsiveness
Acute state of anxiety
Angina pectoris
Acute infections
Autonomic epilepsy
Hyperthyroidism
Idiopathic orthostatic hypotension
Cerebellopontine angle tumors
Acute hypoglycemia
Acute drug withdrawal
Clonidine
B-Adrenergic blockade
a-Methyldopa
Alcohol
Vasodilator therapy
Hydralazine
Minoxidil
Factitious administration of sympathomimetic agents
Tyramine ingestion in patients on monoamine oxidase inhibitors
Menopausal syndrome with migraine headaches

From ref. 1.



226 Secondary Hypertension

various biochemical tests, resting plasma catecholamines (NE and E)
and total urinary metanephrines have the lowest false-negative rate (7%),
assays of urinary NE and E the next higher (14%), and assays of urinary
vanillylmandelic acid the highest (41%). In 109 consecutive cases in
whom all four biochemical tests were performed, the combination of
resting plasma catecholamines and total urinary metanephrines gave a
false-negative rate of only 2.7% (3/109). All three patients not diagnosed
by this combination had multiple endocrine neoplasia syndrome (/a).

Chromogranin A in Pheochromocytoma

Chromogranin A (CgA) is an acid-soluble protein that is costored and
coreleased with catecholamines from adrenal medullary and sympathetic
neuronal vesicles during exocytosis (4). CgA is markedly elevated in
patients with pheochromocytoma and has been suggested as a diagnostic
test in the differential diagnosis of suspected pheochromocytoma (35).

The overall sensitivity, specificity, positive predictive value, and
negative predictive value are 86, 74, 67, and 94%, respectively. How-
ever, its clinical utility decreases significantly even with mild degrees of
renal impairment. At creatinine clearances less than 80 mL/minute, the
sensitivity remains essentially unaltered (85%); however, specificity is
reduced to 50%, the positive predictive value to 38%, and the negative
predictive value to 90%.

Plasma catecholamines had slightly lower overall sensitivity (84% vs
86%) but much higher specificity than serum CgA (88% vs 74%). Com-
bining the two tests provided the best overall specificity (95%), accuracy
(88%), and positive predictive value (91%). In subjects with creatinine
clearances greater than 80 mL/minute, these indices were even more
impressive: 98, 89, and 97%, respectively (6).

Plasma-Free Metanephrines

The measurement of plasma-free metanephrines has been advocated
as the best marker for the presence of pheochromocytoma. This conclu-
sion is based on findings that plasma-free metanephrines are produced
independently of catecholamine release by tumors and that some tumors
do not secrete catecholamines but metabolize catecholamines to free
metanephrines (7). Inarecent study (8), the test has areported sensitivity
and specificity of 97 and 96%, respectively, in the diagnosis of heredi-
tary pheochromocytomas. In sporadic pheochromocytoma, the test has
a reported sensitivity of 99% but a specificity of only 82%. In the same
study, the test specificity of urinary total metanephrines is highest at
89%. A preliminary study (9) in another laboratory has reported a false-
positive rate of about 15% for the test. The test is currently available in
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only one facility (the Mayo Clinic laboratories); the normal values are
less than 0.90 nmol/L for plasma free normetanephrine and less than
0.50 nmol/L for plasma-free metanephrine.

PHARMACOLOGICAL TESTING

Pharmacological testing should be performed when clinical suspicion
is high but catecholamine values are equivocal. In such cases, the goal
is to separate pheochromocytoma patients with relatively low levels of
biosynthetic activity from nonpheochromocytoma patients with increased
sympathetic outflow. Tests may be suppressive (to inhibit central sym-
pathetic outflow) or stimulatory (to provoke catecholamine secretion
from a tumor with low activity).

Suppressive testing is used in patients with plasma catecholamines
between 1000 to 2000 pg/mL with or without hypertension (10).
Clonidine is given as a single oral dose of 0.3 mg. Blood pressure (BP),
heart rate, and objective signs of central effects (i.e., dry mouth, thirst,
and sleepiness) should be recorded before and at 30-minute intervals for
3 hours after clonidine administration. A normal test consists of a fall in
the basal values of plasma catecholamines below 500 pg/mL at 2 or 3
hours into the test. Clonidine has no effect on plasma concentrations of
E. A fall in BP and heart rate, and objective signs of central effects,
ensure adequate absorption of the drug. The following precautions should
be exercised. Volume depletion should be avoided and f3-adrenergic
blocking agents should be discontinued 48 hours before testing. Both
tend to enhance the hypotensive response to clonidine. In addition,
[-adrenergic blocking agents interfere with hepatic clearance of NE (117)
and attenuate the NE-lowering effect of clonidine in patients with
increased neurogenic tone, resulting in a false-positive test.

The clonidine suppression test is based on the principle that normal
increases in levels of circulating NE are mediated through activation of
the sympathetic nervous system, whereas in patients with pheochro-
mocytoma, the increases result from diffusion of excess catecholamines
from a tumor into the circulation, bypassing normal storage and release
mechanisms. Because clonidine suppresses neurogenically mediated
catecholamine release (/2), it should not be expected to suppress the
release of catecholamines in patients with pheochromocytoma. This
expectation is borne out by studies showing that clonidine administration
significantly decreases plasma catecholamines in essential hyperten-
sion, whereas the levels are unaltered in pheochromocytoma (Fig. 1)(13).

A provocative test is employed when plasma catecholamines are
between 500 and 1000 pg/mL but the clinical manifestations are highly
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Fig. 1. Blood pressure and plasma catecholamine response to oral clonidine in
patients with pheochromocytoma and essential hypertension. (From ref. /3a.)
C, control; Clon, 3 hours after single oral dose of 0.3 mg clonidine.

suspicious of pheochromocytoma. Glucagon is given as an intravenous
(IV) bolus of 2.0 mg after an appropriate control. A positive glucagon
test requires at least a threefold or greater than 2000 pg/mL increase in
plasma catecholamines 1 to 3 minutes after drug administration. A
simultaneous increase in BP is not essential (/4). BP should be recorded
continuously. If values rise to or exceed 200/120 mmHg, then either
phentolamine (5-10 mg IV bolus) or sodium nitroprusside by continu-
ous drip should be initiated. For patients who may be at risk of sudden
increases in BP, the test may be performed under cover of calcium chan-
nel blockers (CCBs) to prevent the rise in BP without interference with
catecholamine release (15).

CLINICAL SITUATIONS THAT MAY ALTER THE LEVELS
OF PLASMA CATECHOLAMINES AND URINARY
CATECHOLAMINE METABOLITES

Certain clinical situations may increase both plasma catecholamines
and urinary catecholamine metabolites to levels usually seen in pheo-
chromocytoma. These include the following:

1. Acute clonidine withdrawal
2. Acute alcohol withdrawal
3. Vasodilator therapy with hydralazine or minoxidil
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4. Acute myocardial ischemia or infarction

5. Acute cerebrovascular accident

6. Cocaine abuse

7. Severe congestive heart failure (Classes III-IV)

Intravenously administered dopamine (even in small doses), dopamin-
ergic drugs, and acute hypoglycemia produce significant elevations in
plasma E concentrations.

Drugs that inhibit central sympathetic outflow (e.g., clonidine, meth-
yldopa, bromocriptine, and haloperidol) decrease levels of plasma cat-
echolamine secretion in normal and hypertensive patients, but they have
little effect on the excessive catecholamine secretion by pheochromocy-
toma. Drugs that tend to increase levels of plasma catecholamines (e.g.,
phenoxybenzamine, phentolamine, theophylline, $-blockers, and diuret-
ics) do so only slightly, and levels rarely approach those usually encoun-
tered in pheochromocytoma. Labetalol significantly increases plasma
catecholamines through biochemical interference (/6). Methylglu-
camine, a component of iodinated contrast media, may cause urinary
metanephrine values to be falsely normal for as long as 72 hours when
measured with the Pisano spectrophotometric method.

SUGGESTED DIAGNOSTIC APPROACH

From the foregoing discussion, the following approach is suggested
for patients clinically suspected of having pheochromocytoma (Fig. 2)
(1,13). Initially, resting plasma catecholamines, serum CgA, and serum
creatinine levels (for calculation of the creatinine clearance by
Cockcroft—Gault equation) should be determined. An increase in both
plasma catecholamines (=2000 pg/mL) and serum CgA (=70 pg/m) and
creatinine clearance of 80 mL/minute or more suggest the presence of
pheochromocytoma. This combination has a positive predictive value of
97%. Patients with equivocal increases in plasma catecholamines
(between 1000 and 2000 pg/mL) and normal serum CgA are likely to
have neurogenically mediated catecholamine release and will require a
clonidine suppression test for definitive diagnosis. Patients with plasma
catecholamine values of 1000 pg/mL or more and serum CgA greater
than 70 pg/mL are likely to have creatinine clearance values less than 80
mL/min; a glucagon-provocative test may be necessary in highly suspect
patients. Patients with normal plasma catecholamine and serum CgA
values are unlikely to have pheochromocytoma. Clinical judgment will
dictate whether additional testing (i.e., use of plasma free metanephrines
or urinary catecholamines and catecholamine metabolites) should be
performed.
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Fig. 2. Diagnosis of pheochromocytoma. CgA, chromogranin A; CrCl, creati-
nine clearance; PCATs, plasma catecholamines. (From ref. /3.)

LOCALIZATION

Radiologic evaluation should follow and not precede biochemical
confirmation of the diagnosis. Anatomic localization is mandatory
because of the variable location of these tumors: 97% are found in the
abdominal region. The majority are found in the adrenal gland. Familial
pheochromocytomas are frequently bilateral or arise from multiple sites.
Pheochromocytoma occurring in children is commonly extra-adrenal
and more frequently extra-adrenal than in adults. The most common
extra-adrenal locations are the superior and inferior paraortic areas
(75%), the bladder (10%), the thorax (10%), and the head, neck, and
pelvis (5%).

Current experience suggests that computed tomography (CT)
scanning and magnetic resonance imaging (MRI) provide the best
sensitivities (98% and 100%, respectively) in the localization of
pheochromocytoma. Metaiodobenzylguanidine (MIBG) has excellent
specificity (100%) but a sensitivity of only 78%. Pheochromocytomas
appear heterogeneous on CT and appear hyperintense to the liver on MRI
T,-weighted image. By contrast, benign tumors appear homogeneous,
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Fig. 3. (A) Abdominal computed tomography scan at the level of the adrenal
glands. a, aorta; k, kidney; L, liver; sp, spleen; st, stomach; v, vena cava. Arrow
points to a solid suprarenal mass in the area of the right adrenal gland and
measures about 6.0 cm in greatest diameter. (B) Magnetic resonance imaging
(MRI) scan with T,-weighted partial saturation sequences demonstrates the
high signal intensity typical of pheochromocytoma. (C) Coronal section of the
MRI scan with T;-weighted saturation sequences demonstrating the mass
(arrow) above the kidney and medial to the liver. (D) ['3'T[]MIBG scan. Adrenal
scintigraphic image at 48 hour after intravenously administered ['3!I]metai-
odobenzylguanidine. Focal increased right suprarenal 3!T activity consistent
with a right adrenal pheochromocytoma. Ht, heart; k, kidney. (From ref. /7a.)

have low attenuation by CT, and are isointense by MRI T,-weighted
image (Fig. 3) (/a). MIBG may be employed if more specific tissue
characterization is required.

In more difficult cases, especially in the presence of a metastatic site,
123[-MIBG offers superior image quality compared to 3'I-MIBG (17).
However, it is not routinely used and is available in only a few centers.
Positron emission tomography with 6['3F] fluorodopamine visualizes
pheochromocytoma almost immediately with a high degree of sensitiv-
ity and specificity (/8). This test is still at its early evaluation.
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OVERVIEW

Surgical resection remains the cornerstone of pheochromocytoma
therapy. Because most of these tumors are benign and unifocal, resection
produces a permanent cure. Prior to 1950, the operative mortality was
more than 25% . With a better understanding of the potential complica-
tions that contribute to perisurgical mortality and with the introduction
of a-adrenergic antagonists, the current surgical mortality is 2% or less.
Surgical therapies continue to evolve and are supported by a greater
choice of localizing techniques and treatment strategies both preopera-
tively and perioperatively. Combined surgical and medical therapy is
required for the management of metastatic pheochromocytoma.

PREPARATION FOR SURGERY
Patients should be stabilized prior to surgery with control of blood

pressure (BP) and expansion of blood volume. The arguments for pre-
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Table 1

Agents Used to Prepare Patients for Pheochromocytoma Surgery

Pharmaceutical Agent Dose Description Potential Complications
Phenoxybenzamine 10 mg/day a-Adrenergic blockade Orthostatic hypotension
(Dibenzyline) to 100 mg/day Irreversible Postoperative hypotension
po Lowers BP
Prazosin 6 mg/day to a-Adrenergic blockade Inadequate blockade with catecholamine
surges
(Minipress) 20 mg/day po Reversible Short half-life; deliver tid
Divided doses Half-life = 3 hours Do not discontinue on day of surgery
Lowers BP
Labetalol 200 mg/d to Combined o~ and Inadequate blockade with catecholamine
surges
(Normodyne, 2400 mg/day [-adrenergic blockade May exacerbate hypertension
Trandate) Divided doses Lowers BP Ratio a3 blockade = 1:7
Interferes with HPLC catecholamine assays
Amlodipine 5 mg/day to Calcium channel blockade Limited experience
(Norvasc) 10 mg/day po Lowers BP Does not block a-adrenergic receptors

Divided doses



LE€T

Metyrosine 500 mg/day to Blocks tyrosine hydroxylase Sleepiness often limits dose to 1 g/day

(Demser) 2000 mg/day po Depletes catecholamine stores
Divided doses Lowers BP
Propranolol 40 mg/day to -Adrenergic blockade May exacerbate hypertension
(Inderal) 320 mg/day po Reversible
Divided doses Oral or parenteral
or Treat tachyarrhythmias
0.1 mg/kg IV
every 30 minutes
Phentolamine 0.1 mg/kg IV a-Adrenergic blockade Only available intravenously
(Regitine) every 30 minutes Reversible
Rapid onset
Lowers BP
Sodium nitroprusside 1.0 ug/kg/minute to  Used intraoperatively Only available intravenously
(Nipride) 10 ug/kg/min utelV  Rapid onset Metabolized to cyanide
Constant infusion Rapid end of effect

Vasodilator
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operative preparation are theoretical. Although there are reports demon-
strating the success of this approach, these studies are retrospective and
experiential. Several different approaches have successfully controlled
BP. Prospective controlled studies that compare different management
regimens will have adequate statistical power to demonstrate the supe-
riority of a given approach only if large numbers of patients are studied.
Such large studies have not been performed. Blood volume expansion is
uniformly implemented. This may also occur as a physiologic response
to the vasodilating agents used for BP control in the preoperative period.

Itis logical to control BP and to expand blood volume prior to surgery.
Both the stress of intubation and the physical manipulation of the
pheochromocytoma will precipitate catecholamine surges and predis-
pose to complications from the ensuing hypertension. These BP excur-
sions are likely to be less severe if BP has been well controlled. With the
introduction of phentolamine, an o.-adrenergic antagonist, to control BP,
the perisurgical mortality fell from more than 20% to 2% (1,2). More
recently, in a large series of 156 surgeries for pheochromocytoma by a
standard approach, serious complications were positively associated
with preoperative systolic hypertension and urinary excretion of
metanephrines (3). Therefore, itis reasonable to expect that preoperative
BP control will reduce the frequency of these complications. In contrast,
some physicians have reported very good results without prolonged
preoperative preparation (4). However, in these reports they proceed
without preparation in subjects with normal BP (4,5), and they expand
blood volume. In summary, there are cogent arguments for preoperative
BP and volume expansion. This approach, which is associated with alow
incidence of morbidity and mortality in the hands of experienced clinicians,
should be continued even in the absence of prospective controlled studies.

The generally accepted approach is to prepare the patient for at least
7 to 14 days before surgery to control BP, deplete catecholamine stores,
and expand blood volume. Options for antihypertensive therapy include
short- and long-acting a-adrenergic antagonists and catecholamine
synthesis inhibitors. When necessary, 3-adrenergic blockade is instituted
to treat tachyarrhythmias. These agents are summarized in Table 1. The
optimum duration of preparation has not been investigated. We usually
prepare patients for about 3 to 6 weeks. This is the amount of time
required to lower BP to 120/70 mmHg and to negotiate a date for surgery
that accommodates the patient, surgeon, endocrinologist, and operat-
ing room.

a-Adrenergic blockade is logical choice for lowering BP and is prob-
ably the most widely used approach. Several o-adrenergic blocking
agents are available. There are advantages and disadvantages of each
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agent. Because phentolamine (Phentolamine, Regitine) is available only
as an intravenous preparation, itis not appropriate for managementin the
days to weeks before surgery. Phenoxybenzamine (Dibenzyline) has
been used widely for preoperative preparation. This irreversible a-adr-
energic blocking agent may cause orthostatic hypotension and carries
theoretical concerns of a slow onset of action and exacerbation of post-
operative hypotension. Shorter acting reversible agents such as prazosin
(Prazosin, Minipress) have theoretical advantages and disadvantages. In
theory, reversible a-adrenergic blocking agents may not provide
adequate BP control during surges of catecholamine release but are less
likely to cause orthostatic hypotension in the preoperative period and are
less likely to cause hypotension following resection. Intraoperative BP
surges should be anticipated regardless of the preoperative preparation.
There are no prospective controlled studies comparing different o-adr-
energic antagonists. Irreversible antagonists and reversible antagonists
have been used successfully as monotherapy or in combination with
each other. There is one case report of the efficacy of phenoxybenzamine
in the face of prazosin failure to control hypertension preoperatively (6).
In contrast, a retrospective review compared nine patients who were
prepared for surgery with phenoxybenzamine with six patients who were
prepared with prazosin. Intraoperative hemodynamic stability was the
same in both groups (7). Similarly, in a retrospective review of 156
surgeries for pheochromocytoma there was no difference in the compli-
cation rate in those patients prepared with phenoxybenzamine compared
to those prepared with prazosin (3). Prazosin usually is given in divided
doses of 6 to 20 mg/day, and phenoxybenzamine usually is given as a
single dose of 10 to 100 mg/day. Higher doses have been used when
necessary. The usual preparative dose should be given the morning of
surgery with small sips of water. Because the half-life of prazosin is
about 3 hours, failure to take this agent on the morning before surgery,
because the patient is “NPO (nothing by mouth) for surgery,” is likely
to render the patient susceptible to hypertensive complications perioper-
atively. The use of reversible and irreversible a-adrenergic blocking
agents is not mutually exclusive. In summary, a-adrenergic blockade is
a logical approach to preoperative BP control that is successfully
employed by experienced clinicians. There are theoretical arguments for
both reversible and irreversible a-adrenergic blockade, and the agents
can be used in combination. We frequently use phenoxybenzamine and
prazosin together in an effort to reduce postresection hypotensive com-
plications and provide good BP control both before and during surgery.
Our goal is to reduce the BP to 120/70 mmHg prior to surgery.
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Metyrosine (Demser) blocks tyrosine hydroxylase, the rate-limiting
step of catecholamine synthesis. This agent decreases circulating cat-
echolamine concentrations and catecholamine stores within the pheo-
chromocytoma. Therefore, itis expected to reduce catecholamine surges
and subsequent BP excursions. However, because some catecholamine
stores persist, it probably should not be used alone for preoperative
management. One hypertensive crisis was reported during surgery when
this agent was used without a blockade but with $-adrenergic blockade
(8). Although this case is complicated by unopposed f3-adrenergic block-
ade that can predispose to vasoconstriction, metyrosine is usually
administered in combination with a-adrenergic blockade and not as a
single agent. One retrospective study of 33 pheochromocytoma patients
that compared metyrosine combined with o-adrenergic blockade to
a-adrenergic blockade alone did not find statistically significant differ-
ences (9). However, there was a tendency for combined therapy to
reduce peak intraoperative systolic BPs, the frequency of phentolamine
administration to control intraoperative BP elevations, and the need for
vasopressor agents to treat hypotension following removal of the pheo-
chromocytoma (9). Similar trends were observed in another study of 25
pheochromocytoma patients (/0). The usual dose is 500 to 2000 mg/day
given in divided doses, and the most common side effect is sleepiness.
Other less common side effects are frightening dreams, depression,
impaired memory, diarrhea, and extrapyramidal symptoms. In summary,
metyrosine is a logical agent to use with a-adrenergic blockade to pre-
pare patients for surgery. Retrospective studies do suggest some modest
benefits to adding this agent to ai-adrenergic blockade. Our approach is
to use metyrosine at the maximum dose that is tolerated by the patient in
addition to a-adrenergic blockade. This is usually about 1000 mg/day,
and patients often find that higher doses produce intolerable sleepiness.
We treat for 3 weeks before surgery to maximally deplete catecholamine
stores.

In theory, P-adrenergic blockade for tachyarrhythmias should be
initiated only after a-adrenergic blockade has been established. Because
most patients do not have clinically significant tachyarrhythmias,
-adrenergic blockade is not routinely used. Stimulation of a.-adrener-
gic receptors promotes vasoconstriction. In contrast, stimulation of
[-adrenergic receptors promotes vasodilatation. Although norepineph-
rine, the catecholamine released by most pheochromocytomas, is known
as an a-adrenergic agonist, it is not completely selective and will stimu-
late both a- and B-adrenergic receptors. Similarly, epinephrine is also a
combined a- and (3-adrenergic agonist. Therefore, institution of isolated
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[-adrenergic blockade may potentiate vasoconstriction. Case reports of
pulmonary edema following institution of isolated (3-adrenergic block-
ade in pheochromocytoma patients support this reasoning (/17,12).
Labetalol (Labetalol, Normodyne, Trandate), a combined (3- and o-adr-
energic receptor antagonist, has been used successfully to prepare
patients for surgery (/3). However, the potency ratio of 3-adrenergic
antagonism to 3-adrenergic antagonism of this agentis about 7 to 1 (14),
giving rise to concerns that it may exacerbate hypertension, as has been
reported (/5). Inaddition, this agent gives false positive results in urinary
catecholamine assays and may interfere with metaiodobenzylguanidine
(MIBG) scanning (16, 17).In summary, 3-adrenergic blockade is used to
treat tachyarrhythmias and should be instituted following a-adrenergic
blockade in pheochromocytoma patients. Labetalol is a more potent
[-adrenergic antagonist than itis an a-adrenergic antagonist. If labetalol
is used as a B-adrenergic blocking agent, then its interfering effects
should be known. We strictly adhere to the recommendation to avoid
[-adrenergic blockade until after a-adrenergic blockade has been insti-
tuted and find that it is rarely required, because tachyarrhythmias are
unusual. We do not use labetalol when preparing patients with pheochro-
mocytoma for surgical resection.

Calcium channel blockers (CCBs) have been used successfully to
prepare patients for surgery (5). As anticipated, these vasodilating agents
lower BP in pheochromocytoma patients. As with the use of other agents,
BP surges should be anticipated at surgery and treated appropriately.
Our approach is to add CCBs only if adequate BP control cannot be
attained with oi-adrenergic blockade plus metyrosine. Thisis arare event.

Volume expansion with normal saline during the hours prior to sur-
gery may help prevent hypotension following surgical resection. This is
reasonable, because hypotension following adrenalectomy is related to
volume contraction caused by vasoconstriction (/8). However, there are
no prospective controlled studies that specifically demonstrate the ben-
efit of this procedure. As discussed above, there is reason to believe that
postsurgical hypotension may be exacerbated by pretreatment with
phenoxybenzamine, an irreversible a-adrenergic blocker. Therefore,
hypotension following surgical resection may be multifactorial.
Probably, treatment of hypertension during the weeks before surgery
with a-adrenergic agonists allows volume to expand before surgical
resection.

In summary, theoretical, experiential, and retrospective evidence
supports the decision to pretreat patients with both antihypertensive
agents and catecholamine synthesis inhibitors for at least 1 to 2 weeks
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before resection of the pheochromocytoma. Arguments can be made in
favor of either reversible or irreversible a-adrenergic blockade to lower
BP. It is reasonable to combine the two. B-Adrenergic blockade is
generally notroutinely necessary and should be used only for tachyarrhy-
thmias after a-adrenergic blockade has been instituted. Regardless of
the preoperative preparation, there will be some patients with significant
intraoperative BP elevations that require the rapid acting vasodilators
described below.

INTRAOPERATIVE MEDICAL THERAPY

As noted previously, the improved outcome of surgical resection in
the 1950s is attributed to the institution of intravenous phentolamine for
control of BP excursions before and during the surgical procedure.
Before the 1950s, the surgical mortality of pheochromocytoma was more
than 25% (1). Since that time, the mortality has decreased to about 2%
or less. In 1956, Kvale et al. reported no mortality in a series of 56
patients in whom 61 pheochromocytomas were resected (2). The mark-
edly improved survival was attributed to the use of intravenous phento-
lamine for a-adrenergic blockade and to the use of norepinephrine for
the treatment of postresection hypotension (2). Regardless of the medi-
cations used for preoperative preparation, episodic BP elevations should
be anticipated particularly during intubation and manipulation of the
pheochromocytoma. Blockade that is sufficient for baseline control is
unlikely to be sufficient to control BP surges caused by the release of
large quantities of stored catecholamines. Arterial BP should be
monitored continuously. The anesthesiologist must be prepared to
administer rapid acting agents to lower BP, and the surgeon must be
prepared to discontinue manipulation of the tumor while awaiting BP
surges to resolve.

Phentolamine (Regitine) and sodium nitroprusside (Nipride) are the
two most commonly used intravenous agents for rapid reduction of BP
during surgery. Both agents are very effective, and there are no compari-
son studies. Historically, phentolamine was available first. However,
many anesthesiologists are more familiar with sodium nitroprusside and
prefer to use this agent. The effect of sodium nitroprusside dissipates
more rapidly than that of phentolamine. Therefore, there are theoretical
advantages to using this agent when the pheochromocytoma is being
manipulated and the BP excursions may last for only a few minutes
because of the short half-life of the catecholamines. Phentolamine is
given as abolus of 0.1 mg/kg intravenously and is repeated as necessary,
usually every 30 to 60 minutes. Sodium nitroprusside is infused at a rate
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of 1.0 to 10 png/kg/minute to control BP. Toxic metabolites of cyanide
and thiocyanate may accumulate if high doses are used for prolonged
periods or in the setting of renal or hepatic insufficiency. In summary,
sodium nitroprusside and phentolamine or both together can be used
effectively to control BP excursions during surgery.

Hypotension immediately following resection of the pheochromocy-
toma should be anticipated. Support with normal saline and norepineph-
rine infusion are effective therapies (/8). There are at least three possible
etiologies for the hypotension. Resection of the pheochromocytoma may
produce a rapid decrease in circulating catecholamines accompanied by
hypotension. As discussed, hypotension may be more profound if the
patientis prepared with phenoxybenzamine because a-adrenergic block-
ade with the agent is irreversible. Finally, adrenal insufficiency may
contribute to the hypotension. Because the contralateral adrenal gland
produces adequate amounts of glucocorticoids (GCs) even during stress,
adrenal insufficiency is nota common consequence of unilateral adrena-
lectomy. However, rarely a pheochromocytoma produces adrenocorti-
cotropic hormone (ACTH), which drives cortisol production by the
adrenal cortex (/9). Following prolonged hypercortisolism, the hypo-
thalamic—pituitary axis will not respond to falling cortisol levels with
increased ACTH production. Therefore, when an ACTH-secreting pheo-
chromocytomaisresected, cortisol production is temporarily terminated.
If this rare situation is suspected, then stress doses of GCs (2 mg of
intravenous dexamethasone every 12 hours) should accompany fluid
resuscitation. If this problem is anticipated, then GC administration
should precede adrenalectomy. In summary, significant hypotension
with multiple causes may occur as a complication of adrenalectomy.
This complication should be anticipated and appropriate therapies initi-
ated promptly.

SURGICAL APPROACH

The laparoscopic approach to adrenalectomy is now the favored sur-
gical approach for resection of pheochromocytomas at many tertiary
centers. This represents a relatively recent change in thinking that has
evolved inresponse to advances inimaging techniques, genetic analysis,
and surgical expertise.

The traditional surgical approach to pheochromocytomas has been an
anterior transperitoneal approach that allows for examination of both
adrenal glands, the organ of Zuckerkandl, the urinary bladder, and peri-
aortic and pericaval lymphatic chains. Those supporting this approach
argue that the frequency of malignancy and bilateral tumors is about
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10% and that re-explorations will be more difficult than the first surgery.
Therefore, it is logical to perform the most complete operation the first
time. Two recent series describe excellent results with this approach in
181 patients (3,10). However, with the development of genetic analysis,
more refined imaging techniques, and less invasive surgical approaches,
the anterior transperitoneal approach is no longer in routine use in most
centers. Currently, many physicians feel that acombination of computed
tomography (CT) scanning, magnetic resonance imaging (MRI), and
scanning with 3T MIBG will identify metastatic disease, extra-adrenal
pheochromocytomas, and bilateral pheochromocytomas in most sub-
jects. Characteristics suggesting a high risk of malignancy include inva-
sion into surrounding structures, obvious metastases to the liver or other
organs, adenopathy, and very large size. In the absence of these features,
the pheochromocytoma will be benign and amenable to a more limited
approach. Bilateral pheochromocytomas will almost always occur in
familial tumor syndromes such as multiple endocrine neoplasia type 2A
(MEN2A), MEN type 2B (MEN2B), and the von Hippel-Lindau (VHL)
syndrome. Therefore, a combination of family history, personal history,
and, if necessary, genetic testing predicts those individuals most likely
to have bilateral disease. Finally, with the laparoscopic adrenalectomy,
it is possible to resect the contralateral adrenal gland at a later date
without increased risk to the patient. Therefore, subjects at risk for
developing bilateral pheochromocytoma need not undergo removal of
the second adrenal gland until the pheochromocytoma develops, so that
adrenocortical insufficiency and its associated risks can be avoided for
as long as possible. We reserve the open transperitoneal approach for
tumors that are judged to be at high risk for malignancy and for most
extra-adrenal pheochromocytomas.

More limited surgical approaches include the open posterior approach
and laparoscopic adrenalectomy. The latter has become the favored
approach at most tertiary centers. The open posterior approach was the
first of the limited procedures to be used to remove adrenal pheochro-
mocytomas. Compared to the open transabdominal approach, the poste-
rior approach may reduce morbidity and duration of hospitalization.
Unfortunately, the posterior extraperitoneal approach is most appropri-
ate for resection of small tumors. Additionally, the limited exposure
usually requires significant manipulation of the gland to expose and
control the adrenal vein. Early control of the adrenal vein with limited
manipulation of the pheochromocytoma reduces intraoperative BP
surges. Given these difficulties, it is not surprising that a series of 105
open posterior adrenalectomies excluded pheochromocytomas (20). In
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1992, Gagner first reported the use of laparoscopic adrenalectomy to
remove a pheochromocytoma (27). Since that time, this has become the
procedure of choice at most large tertiary surgical centers (/,22-25).
Laparoscopic adrenalectomy can be technically difficult. However,
when performed by experienced surgeons, patient morbidity is minimal
and recovery is rapid. Both transperitoneal (22,24,25) and retroperito-
neal (26) laparoscopic approaches have been reported. We prefer the
transperitoneal approach. We believe that it allows for better exposure
of the adrenal gland and surrounding organs and requires less manipu-
lation of the tumor. As in open surgical approaches, early control of the
adrenal vein with minimal tumor manipulation decreases the release of
catecholamines into the circulation and limits intraoperative hyperten-
sion and tachyarrhythmias. The contralateral adrenal gland is left
untouched. If a second pheochromocytoma develops in the future, it can
be removed without encountering adhesions from a previous surgery.
Therefore, it is no longer necessary to perform a bilateral adrenalectomy
in MEN2A and MEN2B patients with a unilateral pheochromocytoma
as has been done with the anterior transperitoneal approach. Although
there are no prospective studies comparing the traditional transabdomi-
nal and thoracoabdominal incision to laparoscopic surgery, it seems
likely that the laparoscopic technique shortens the periods of hospital-
ization and recovery (/,25). No increase in hypertensive events has been
noted (27). One report describes three cases of recurrent pheochro-
mocytomatosis that was apparently caused by seeding the adrenal bed
with tumor tissue during laparoscopic resection. The entire neoplasm
must be resected carefully without disruption of the contents within the
tumor capsule (28). The size of the pheochromocytoma may prohibit a
localized approach. However, pheochromocytomas as large as 14 cm
have been resected by the laparoscopic approach (27). In summary, there
is considerable experience with laparoscopic resection of pheochro-
mocytomas, and this has become the favored approach at many tertiary
centers. We have had considerable success with resection of more than
30 pheochromocytomas using a lateral transperitoneal approach for
laparoscopic adrenalectomy. All tumors were removed in their entirety
without disruption of the capsule, with the largest having an 8.7 cm
diameter (29). No procedure was converted from the laparoscopic
approach to an open approach.

There is no agreement as to which structural or genetic studies should
be performed before localized resection. Genetic studies for MEN2A
and MEN2B are commercially available. We do not hesitate to obtain
both CT and MRI scans if the surgeon considers more anatomical infor-
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mation to be necessary before proceeding with a laparoscopic approach.
We obtain an MIBG scan even if there is no suspicion of malignancy or
familial syndrome. When we introduced laparoscopic adrenalectomy at
our center, we were aggressive about obtaining multiple structural stud-
ies by different modalities. However, the yield is very low. In the future,
it may be appropriate to limit multimodality structural studies to those
subjects in whom there is some suspicion of an extra-adrenal pheochro-
mocytoma, a metastatic pheochromocytoma, or a familial tumor syn-
drome with bilateral pheochromocytomas.

In summary, laparoscopic adrenalectomy is appropriate for removal
of most unilateral and bilateral pheochromocytomas, provided that the
surgeon has the experience and skill to remove the tumor without viola-
tion of the tumor capsule. If the pheochromocytoma is felt to be malig-
nant, then an open approach is recommended.

THERAPY OF MALIGNANT PHEOCHROMOCYTOMA

Malignant pheochromocytoma is quite rare. Treatment requires a
combination of medical and surgical therapy. These tumors are rela-
tively slow growing, with a 5-year survival of metastatic pheo-
chromocytoma being about 44% (30). Therefore, surgical reduction
of the tumor burden is a reasonable approach. Although there are no
data to demonstrate that this prolongs life, a smaller tumor burden may
be better tolerated, diminish substrate with potential for future meta-
stases, and reduce the requirement for toxic medical therapies. More
recently, radiofrequency ablation has been used to destroy metastases
(31), and radioisotope-guided surgery has been used to identify small
metastases for resection (32). The role of these modalities remains to be
determined in future studies.

Control of the effects of increased catecholamines is performed in a
manner similar to that of presurgical control. Combinations of a-adren-
ergic blocking agents and catecholamine synthesis inhibitors may be
required. The relative risks and benefits of these agents have been dis-
cussed.

Both chemotherapy and targeted radiotherapy with high dose 3'TMIBG
are effective in managing this disorder. Chemotherapy is based on
responses of childhood neuroblastoma, a similar tumor. MIBG structurally
resembles catecholamines, is recognized by catecholamine reuptake
mechanisms, and can be labeled with radioactive iodine isotopes. Most
frequently, these modalities produce remissions but not cures.

Chemotherapy with cyclophosphamide, vincristine, and dacarbazine
given at about 21-day intervals was considered because childhood neu-
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roblastoma responds to this regimen. There are biochemical responses
in about 80% of subjects with metastatic pheochromocytoma. About
50% of subjects will have diminished tumor burden (tumor response).
Complete biochemical and tumor responses occur only in about 10 to
15% of subjects (30,33). Because the pheochromocytomas lose sensitiv-
ity to these agents, it is generally recommended that chemotherapy be
reserved for those subjects who have advanced disease, for whom
debulking and control of catecholaminergic signs and symptoms is no
longer adequate, or for those subjects in whom the tumor load is causing
fatigue and weight loss.

High dose 13'TMIBG is more difficult to obtain, and the results of this
agent are not as good as they are with traditional chemotherapy (34,35).
Inareview of 116 treated subjects, Loh et al. concluded that the expected
hormonal response is 45%, and the expected tumor response is 30%.
Complete and long-lasting remissions are rare, and most subjects escape
from the therapeutic effect of this agent. As expected, responses are
greatest when the metastatic pheochromocytoma avidly concentrates
the radioactive ligand. Soft tissue metastases respond better than bony
metastases, and there is a tendency of responders to live longer than
nonresponders (34,35).

Combined sequential therapy with 13T MIBG followed by 21-day
cycles of cytoxan, vincristine, and dacarbazine has been tried in six
patients (36). This order of therapies was selected so that routine chemo-
therapy would not reduce MIBG uptake into tumors. The responses were
not dramatically better than expected for either agent alone. There was
a suggestion that the effects might be additive, but the bone marrow
toxicities also appeared additive, limiting the doses of chemotherapy
that subjects could tolerate.

In summary, 3T MIBG and chemotherapy with cytoxan, vincristine,
and dacarbazine produce hormone and tumor responses in metastatic
pheochromocytoma and may prolong life. Cure is unusual.
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DEFINITION

Paroxysmal hypertension represents a frequent clinical dilemma,
particularly when these bouts are of abrupt onset and severe (usually
defined as blood pressure [BP] exceeding 200/110 mmHg). Although
severe paroxysmal hypertension should always raise suspicions of a
catecholamine-secreting pheochromocytoma (/), pheochromocytoma
and adrenal medullary hyperplasia, its controversial variant, are exceed-
ingly rare. Pseudopheochromocytoma refers to the large majority of
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individuals with severe paroxysmal hypertension, whether normoten-
sive or hypertensive between episodes, in whom pheochromocytoma
has been ruled out (2).

Recent evidence indicates that pseudopheochromocytoma is a clini-
cally heterogenous condition, requiring its subdivision into a primary
and a secondary form. Although the secondary form may be attributed
to various pathologies, medications, or drug abuse, only essential hyper-
tension is associated with the primary form.

INCIDENCE

Despite improvements in diagnostic tools, pheochromocytoma
remains an uncommon problem. For example, the incidence based on the
Mayo Clinic statistics has been estimated at 0.14% of all hypertensive
patients (/). Our own substantial experience confirms these findings.
Duringa 10-year period (1986—-1996), we evaluated 7480 patients referred
to the Clinical Research Institute and Hotel Dieu Hospital of Montreal for
hypertension. Of this total, only 8 patients (0.1%) were confirmed to have
a pheochromocytoma. Approximately 9% (688) of all referrals had evi-
dence of paroxysmal hypertension, with many being evaluated for a sus-
pected pheochromocytoma based on clinical presentation and/or the
presence of an adrenal mass. Remarkably, pheochromocytoma was even-
tually ruled out in all but 5 (0.72 %) of these 688 individuals.

Although still very low, this incidence of pheochromocytomais higher
than the 0.33% present in individuals being worked up for this problem
in the setting of paroxysmal hypertension with a more restrictive clinical
suspicion based on anxiety disorders (3).

Analyzing further the subgroup of 688 patients with suspected but
unconfirmed pheochromocytoma, we identified 63 patients (9%) whose
clinical presentation included a number of unusual symptoms and clini-
cal signs that may have contributed to their secondary hypertension.
These 63 individuals (mean age 51.6 years) were hospitalized and stud-
ied in our clinical investigation unit. This allowed us to closely study
their environment-dependent paroxysms and also to sample blood at the
height of the paroxysm. BP and pulse rates were recorded hourly in both
the recumbent and upright positions during the day. Diet remained
controlled and stable (135 mmol Na*). Peripheral catecholamines were
determined both under basal conditions and at the height of the parox-
ysmal episodes (4). As a result of these investigations, 38 (60%) of 63
patients fit the diagnosis of secondary pseudopheochromocytoma,
whereas the remainder (40%) were felt to exhibit unexplained primary
pseudopheochromocytoma. As a result of a selection bias, this ratio
probably overestimates the natural occurrence of secondary pseudo-
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pheochromocytoma. Nevertheless, results of our screening study (4)
highlight several important points. First of all, distinguishing the pri-
mary and secondary form of pseudopheochromocytoma requires fairly
extensive investigations that must address multiple mechanisms.

Individuals in the primary pseudopheochromocytoma group who are
normotensive between paroxysms require particular attention. Do they
suffer from borderline hypertension (5), a precursor stage of hypertension
or are their paroxysms simply linked to emotions that, as recently shown
(6), may often may be repressed and not demonstrated?

CLINICAL PRESENTATION

The most common clinical characteristics of this syndrome are attri-
butable to a short-term activation of the sympathetic nervous system in
response to more or less stressful stimuli. This is usually considered to
be either newly developed hypertension or already established hyperten-
sion that is aggravated by episodic paroxysms. Paroxysmal hyperten-
sion is usually associated with tachycardia (mostly >100/min), clinical
evidence of sympathetic discharge (palpitations, nervousness, tremor,
weakness, excessive sweating, pounding headaches, feeling hot, pale-
ness, or redness) probably dependent on the dominant biological activity
ofthereleased catecholamine. These episodes take place in hypertensive
patients and are usually preventable by a-/f-adrenergic blockade, an
approach that is generally less well tolerated in normotensive subjects.
The abrupt elevations in BP should be documented by a trained health
care professional. Unfortunately, some automatic BP measurement
devices occasionally produce false BP peaks following an anxiety reac-
tion, further perpetuating hypertension. Occasionally, claims of elevated
BP have also been made by patients who seek to obtain a diagnostic label
of hypertension for some secondary gain. Often accompanying the abrupt
increases in BP increase is the equally abrupt onset of distressful physi-
cal symptoms such as headaches, chest pain, dizziness, palpitations, and
sweating.

In terms of a clinical presentation, our data indicate that among our 38
patients who were labeled as having the secondary form (Table 1) (4),
the classical triad of pheochromocytoma-associated symptoms is not
uncommon, with headaches, palpitations, and sweating in 76, 74, and
42%, respectively. In contrast, other symptoms such as flushing (74 %)
and panic attacks (47%) were quite frequent in the secondary form, yet
these symptoms are quite rare in the setting of classical pheochromocy-
toma. The clinical presentation of primary unexplained pseudo-
pheochromocytoma patients included flushing, anxiety, nausea, and
polyuria, symptoms that do not appear to be manifestations of pheochro-
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Table 1
Clinical Presentation Basal (B) and Episodic (E)
in Pheochromocytoma-Suspected Patients With Alternative Outcome

Pulsatile
Idiopathic Barorecptor Medullary Spinal Cocain  Reninoma
Hypovolemia  Mastocytosis  Incidentaloma  Dysfunction ~ Compression ~ Mechanisms Abuse N=1
N=4 N=9 N=9 N=2 N=1I N=1 N=1
Mean age, 46.5 43 61 40 36 58 31 20
years
High-low
range of BP
variation
B 107-78 91-63 126-71 110-73 130-80 70-50 110-60 120-90
E 201-116 141-88 200-107 225-150 200-130 220-120 230-160  240-180
Clinical
symptoms
Headache 10/14 4/9 9/9 2/2 + + + +
Palpitations 12/14 4/9 9/9 2/2 + + +
Sweating 6/14 5/9 3/9 172 + - -
Flushing 8/14 9/9 5/9 22 + + + +
Nausea 1/4 1/9 1/9 172 +/— - - -
Polyuria 1/4 1/9 1/9 172 - - - -
Anxiety 7/14 5/9 1/9 2/2 - - -
Hyperventilation

Values are mean of blood pressure. (From ref. 4 with permission.)
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mocytoma. In fact, these four symptoms not only distinguish this disor-
der from pheochromocytoma, but also greatly resemble a syndrome
described by Page nearly 66 years ago (7), only 7 years after the first descrip-
tion of a pheochromocytoma (Table 2). In contrast to the absence of
paleness seen in pheochromocytoma, Page instead observed “a blush
over the face, neck and trunk as well as nausea during the paroxysm.”
Equally interesting was his observation that “an attack is brought on by
excitement” and that the syndrome has a clear predominance in women.
In fact, many more women than men undergo investigation for the pos-
sibility of pheochromocytoma, with the percentage of women ranging
from 68% (8) and 70% (4) to 75% (6) in different series.

Among the common features of pseudopheochromocytoma are psy-
chological symptoms such as fear, anxiety, and other symptoms fulfill-
ing the criteria of panic disorder (particularly during the first attacks),
which are together observed in up to 40% of patients with episodic
hypertension (9). Another important feature distinctive from pheochro-
mocytoma are the circumstances under which episodes occur. In pheo-
chromocytoma, symptoms are usually unprovoked, sometimes occurring
even during sleep, while in pseudopheochromocytoma they usually fol-
low some identifiable events. It is important, therefore, in questioning
these patients, to search for specific provocative factors that may have
precipitated these episodes. Such central nervous stimuli usually remain
unreported and, as has been recently recognized (6), may often be related
to repressed emotions. Other more easily identifiable proprioceptive
chemical, nutritional, or pharmacological stimuli (Fig. 1) in previous
studies (4,8,10) were those reported by the patient or specifically asked
about. Episodes may last from a half hour to several hours and may occur
from once or twice a day to once every few months. Between episodes
the BP is normal or may be mildly elevated.

PATHOGENETIC DISTINCTION
FROM PHEOCHROMOCYTOMA

BP variability is the undisputed intrinsic feature of pseudopheo-
chromocytoma both in normotensive and hypertensive individuals. In
individuals who are not receiving autonomic inhibitors, such BP vari-
ability often exceeds standard upward limits. Such increases associated
with specific symptoms and signs point to the possibility of a sudden
sympathetic discharge. The acute predominantly systolic BP increase
and tachycardia in response to mental stress are caused by an increased
cardiac output. Although total peripheral resistance is unaffected by
stress, Brod (/2) has shown that regional blood flows are modified in
divergent ways. As would be expected in a typical “defense reaction”
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Table 2
Clinical Distincition of Episodic Hypertension Caused by Pheochromocytoma
and Page’s Syndrome (7) Pseudopheochromocytomas Caused by Irritation of Diencephalic Autonomic Centers

Feature Pheochromocytoma Page’s syndrome (pseudopheochromocytoma)
Hot red flushes and sweating 04 +++
precipitated by emotion
Nausea, vomiting, epigastric * ++
discomfort
Polyuria during and following 0 +
the paroxysms
Sex distribution Equal Mainly women

Common features include headaches, palpitations, sweating, anxiety, and dyspnea.
4Almost always pallor and sweating.
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CENTRAL NERVOUS SYSTEM

(EMOTION, PERCEPTION OF STRESS,
FLICKERING LIGHT, PAIN)

CENTRAL SYMPATHETIC DISCHARGE
(RELEASE FROM INHIBITORY TONE?)

SPINAL AND SPLANCHNIC NERVES

'

CHEMICAL AND CA RELEASE PHARMACOLOGICAL
CATECHOLAMINE SURGES: | CA RELEASE
NUTRITIONAL STIMULI:  (FROM A,8,C) A) NEURONAL (NE)(DA) REUPTAKE STIMULI:
(HYPOGLYCEMIA, TYRAMINE OR  ————» | B) ADRENOMEDULLARY (E) -}——— (PSEUDOEPHEDRINE, PHENO-
SYNEPHRINE-CONTAINING FOOD, C) AUTOCRINE-PARACRINE (DA) XZBENZAMINE, IMIPRAMINE,
POSTPRANDIAL STATE) COCAINE)

| BLOOD VOLUME

| PERIPH.

RESISTENCE
SPINAL AMD SPLANCHNIC NERVES
| (DIURETICS, VASODILATORS)

PROPRIOCEPTIVE STIMULI

PHYSICAL HYPOPERFUSION INFECTION BLADDER EXPOSURE  GASTROINTES- VALSALVA
ACTIVITY, OF VITAL DISTENTION TO COLD TINAL STIMULI MANOEUVER
STANDING, ORGANS

SEX (CORONARY, BRAIN)

Fig. 1. The multiplicity of observed (4,8,10) stimuli triggering catecholamine
surges in hyperadrenergic (46) borderline (5) hypertensive patients in whom
pheochromocytoma had been excluded. The supposed pathways of their
provocative action are indicated in italics. The ratio of NE, E, and dopamine
discharge depends on multiple factors including genetics (20,25) and time
dependence following the stimuli (23).

blood flow to muscle, heart, and brain increases, whereas blood flow to
the splanchnic and renal vascular bed decreases.

Detection of this sudden short-lasting sympathetic discharge, attrib-
uted experimentally to C 1 neuron stimulation by fibers from the nucleus
tractus solitarius (/3), is technically difficult. Because catecholamines
have very short half-lives (3-5 min), blood sampling has to be done
immediately to detect any increase of the respective catecholamine. As
aresult, blood catecholamine determinations are often negative because
blood samples are not obtained during episodes of acute discharge. In
contrast, in the setting of pheochromocytoma, catecholamine release
may be somewhat more tonic because of diffusion from tumor cells.

The need to draw blood samples as soon as possible during or follow-
ing the episode of paroxysmal discharge is most important when mea-
suring norepinephrine (NE) and epinephrine (E) and their metabolites,
yet these considerations were taken into account somewhat less when
dealing with the third catecholamine, dopamine.
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Urinary measurements of levels of catecholamines or their metabo-
lites are most useful when detecting hypersecretion, which is more sus-
tained or tonic, as in the case of pheochromocytoma.

Efferent sympathetic nerve traffic measurements (/4) are much more
reliable indicators of sudden increases in neuronal traffic, yet these
detection methods are difficult to use because short-lasting neuronal
peaks usually disappear before instrumentation can be put into place
following an unexpected paroxysm.

Our ability to perform blood sampling almost immediately following
aparoxysm in our 63 hospitalized patients (4) was a crucial determinant
of diagnosis, one generally not possible in the outpatient setting. As a
result, we were able to detect catecholamines shortly after their release.
This ability was particularly helpful in our efforts to eliminate pheochro-
mocytoma, because, unlike in the setting of pheochromocytoma, levels
of NE and E tended to remain normal.

In a typical sympathetic discharge, blood levels of NE and E may not
increase, and if they do, they tend to increase less than does dopamine.
Thus, when sampling is performed immediately following the attack, it
is likely to represent a true reflection of the early catecholamine dis-
charge and is probably relevant to some of the clinical manifestations.
The predominance of dopamine probably accounts for the four clinical
elements in the original description of Page’s syndrome (7). The most
frequent and distinctive among these symptoms are flushing, anxiety
(occasionally to the point of panic), nausea, and polyuria. Dopamine-
receptor mediated central and peripheral mechanisms have been shown
to play arole in each of these four symptoms (4,8, 15). Moreover, studies
published more than 25 years ago suggested that dopamine may play an
important role by a mechanism, outlined on Fig. 2, in stress-induced
sympathetic discharge, one that may be superior to that of NE and E
(16,17). These findings are in accordance with the concept that there is
no unitary stress response and that each stressor has its own neurochemi-
cal signature (18).

The stress-induced extracellular dopamine increase was demonstrated
to be provoked by excitatory amino acids in the brain (/9) and that
genetic factors may also modify this response (20). In the case of chil-
dren born to mothers who abuse cocaine (a dopamine reuptake inhibitor)
during pregnancy, the children’s stress responsiveness may be modified
(21). Thus, dopamine appears to also have intrauterine effects. As dem-
onstrated in Fig. 3, spontaneous hypertensive paroxysms are associated
with a significant increase in levels of free dopamine and dopamine
sulfate, whereas levels of both dopamine and its longer lasting metabo-
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Fig. 2. Normal catecholamine synthetic pathways (above) and adrenergic stimu-
lation-induced changes (below) in a temporarily increased peripheral dopamine
release. The short-term effect of the adrenergic stimulation is a temporary in-
crease in the rate of tyrosine hydroxylase (TH) as shown by Kopin threefold(/7)
and carried over by dopa decarboxylase (DDC) action. At the same time, the
dopamine-f3-hydroxylase (DbH) activity only doubles (represented by thick
and intermediate arrows respectively). This disproportion may be one of the
mechanisms temporarily transforming an adrenergic into adopaminergic termi-
nal and increasing dopamine relative to NE release in response to stress (16).
Dopamine is the most highly, rapidly sulfoconjugated catecholamine; the pre-
dominant dopamine release is thus more easily recognizable with separate free
and sulfated dopamine determinations (8,94).

lite are normal at baseline. At the same time, both baseline and episodic
values of NE and E remained unchanged (8).

Thus, acute peri- and postparoxysmal dopamine increases represent
the basic pathogenetic distinction of this condition from pheochromocy-
toma. In contrast, NE and E release from pheochromocytoma cells occurs
more continuously by their diffusion initiated by a still obscure trigger
(1). The increase in NE and E release is suppressible by a tyrosine hy-
droxylase inhibitor a-methyl-para-tyrosine (22), unlike the sudden
dopamine that results from a multistep process activated in response to
stress (/7). In response to sympathetic activation, dopamine synthesis
may exceed that of NE. As a result, prior to entering the vesicles of
sympathetic nerve terminals to be hydroxylated by the dopamine-
B-hydroxylase to norepinephrine, neuronal dopamine may accumulate.



Fig. 3. Individual values and mean + SEs of plasma dopamine (DA), norepinephrine (NE), and epinephrine (E) free (left) and
sulfoconjugated (right) baseline (open circles) and following hypertensive paroxysms in primary pseudopheochromocytoma patients

(closed circles). Asterisks indicate p < 0.05 baseline vs immediately following paroxysm. (From ref. 8§ with permission. Copyright 1986,
American Medical Association. All rights reserved.)
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Moreover, its release in response to sympathetic nervous activation may
temporarily precede the exocytosis by which NE (and dopamine-
B-hydroxylase) is extruded into the circulation. This phenomenon prob-
ably explains the immediate dopamine predominance in response to
acute stress (23), whereas exocytosis-mediated responses follow after
the critical 3 to 5 minutes postparoxysmal period. Even the second-phase
sympathetic responses are distinct in pseudopheochromocytoma.
Whereas the NE increase remains as a cell diffusion process unaccom-
panied by dopamine-f-hydroxylase increase in pheochromocytoma,
autonomic hyper-reflexia, a typical pseudopheochromocytoma condi-
tion with exocytosis-mediated NE increase is accompanied by a parallel
rise in dopamine-B-hydroxylase (24).

Genetics may modify the dopaminergic response to stress (20) at the
level of a number of different steps (25). One of these is the dopamine-
B-hydroxylase enzyme, which appears to be the main determinant of the
dopamine/NE ratio (26). Dopamine discharge tends to decrease BP.
Thus, in terms of BP increases, this dopamine discharge should be con-
sidered to be a noncausal epiphenomenon, a defensive initial arousal
event that may play a role in determining longer term stress coping
mechanisms (23).

Thus, the relationship between dopamine and stress may be complex,
because stress increases dopamine as part of the catecholamine response
to stress (27), while also playing a role in coping with stress (23).

Although dopamine counterbalances some elements of the crucial
hypertension-related defense reactions (e.g., splanchnic and renal
vasoconstriction) (/2), it may also provoke some of the clinical signs and
symptoms of Page’s syndrome (7), resulting in anxiety (27) during the
process. A closer insight into the emotional backgrounds of pseudopheo-
chromocytoma patients has shown that hypertension is predominantly
related to emotions that are apparent, yetrepressed (6). Interestingly, these
emotions are closest to those of panic syndrome, a condition in which
increased dopaminergic activity has been shown to play a role (15).

All of the above considerations demonstrate the shortcomings of
evaluating sympathetic nervous system activation by the conventional
NE determinations. The absence of NE increase is apparently still com-
patible with hypertension caused by increased neuronal traffic, as could
have been demonstrated by increased muscle (and, by implication, vas-
cular) sympathetic nerve traffic measurements in stroke-related parox-
ysmal hypertension (28).

Other pathophysiological interpretations of pseudopheochromo-
cytoma, such as primary hyperepinephrinemia (29) possibly related to
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an E conjugation defect that leaves more E free (/0) in pseudopheo-
chromocytoma, will require further studies. An adrenergic receptor
hyper-reactivity was also considered in pseudopheochromocytoma
patients on the basis of circulatory and second messenger plasma cyclic
adenosine monophosphate (cAMP) hyper-reactivity to isoproterenol in
hyperadrenergic hypertensive patients (30 ), their § hyperadrenergic
state (317), increased urinary excretion of cAMP (32), and BP hyper-
reactivity to the Valsalva maneuver when compared to pheochromocy-
toma (33). Autonomic hyper-reflexia with hypertensive episodes was
also associated with a headache-causing increase in prostaglandin E2
during the episodes (34). The syndrome of baroreflex failure (35) exhib-
its hypertensive crises that are extremely dependent on emotion and
posture, with catecholamine discharge dominated by the previously
unrecognized dopamine increase (36).

Proprioceptive stimuli provoking hypertension are multiple (Fig. 1).
Best known among such stimuli are reactions to surgery, demonstrated
during and after coronary bypass (37), coronary insufficiency (38), or
stroke (28).

The reactive sympathetic discharge in response to hypovolemia in its
unexplained idiopathic form (39 ) was also found to have BP peaks
associated with increased dopamine levels in the absence of any eleva-
tions in NE or E (40 ). Hypertensive reactions also occur in response to
hypovolemia induced by salt and/or water depletion as a reflex vasocon-
strictor response.

A genetic predisposition for dopamine excess without NE and E
increase in initial forms of essential hypertension cannot be excluded.
These patients were found to have a defect in B-hydroxylation, the final
step of conversion of dopamine to NE, caused by a defective control of
their dopamine-f-hydroxylase transcription (47). A decreased tissue
dopamine-f3-hydroxylase activity content was also found in several tis-
sues of prehypertensive spontaneously hypertensive rats (42), probably
explaining by decreased dopamine to NE conversion their increased
urinary dopamine excretion in early hypertension (43), a phenomenon
similar to that observed in young hypertensive patients(44).

DIFFERENTIAL DIAGNOSIS

The most important consideration is the recognition of a pheochro-
mocytoma because, unrecognized and untreated, it remains, almost
without exception, a lethal disease (/). Conversely, the clinical similar-
ity of episodes falsely associated with nonfunctional adrenal adenoma
(incidentaloma) occasionally leads to an unnecessary surgical explora-
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tion. In our initial series, 3 out of 31 such patients had undergone a
negative surgical exploration prior to investigations (8 ). Between these
two extremes, each with a real potential for a serious diagnostic error,
there are a variety of pseudopheochromocytoma presentations, most
comparable to the Page’s syndrome description (7). “White-coat hyper-
tension” is the mildest form of an emotionally provoked paroxysmal
hypertension and is estimated to be present in about 20% of untreated
patients investigated for hypertension (45). Within evolutionary stages
of essential hypertension, hypertensive paroxysms occur most frequently
in the hyperadrenergic form, on the basis of clinical and catecholamine
criteria (46). This formis closest to that also labeled as labile or borderline
and was found to have a higher dopamine generation from administered
dopa and more indirect evidence (by increased urinary 3-methoxy-
tyramine excretion) of higher exocytotic dopamine release than control
and stable hypertensive subjects (47).

In many normo- or hypertensive subjects, their hyper-reactivity to
any stressful stimuli may reflect differences in coping mechanisms and/
or panic attacks. In a very recent study, 40% of all patients suspected
of pheochromocytoma on clinical grounds fulfilled the criteria of panic
disorder (9). Mann commented on some clinical clues (48) that may dis-
tinguish paroxysms of labile hypertension from those seen in panic
disorders. Patients with labile hypertension have a clear relationship
between BP peaks and emotional distress (sometimes secondary to fear
from symptoms). They know that they are upset and blame the episodes
on emotional stress. In contrast, patients with panic disorders insist that
the disorder is unrelated to psychological factors, and a subsequent
deeper analysis indicates that they suffer from repressed emotions (6).
Unresponsiveness to psychotherapy with or without pharmacotherapy
speaks against the presence of a panic disorder.

Secondary pseudopheochromocytoma patients associated with well-
defined syndromes are rare, but the various possible associated condi-
tions are numerous. Postural hypertension (49) alone or a suggested
complication of type 2 diabetes (50) may be caused by an overreactive
sympathetic response, possibly as an early irritative stage of diabetic
neuropathy.

Within the central autonomic network, medullary disorders are asso-
ciated with paroxysmal hypertension and orthostatic abnormalities (57 ).
Severe paroxysmal hypertension was found following sinoaortic barore-
ceptor denervation, after bilateral carotid bypass surgery (52) and glos-
sopharyngeal nerve section (53). Surprisingly, severe short episodic
hypertensive bouts in baroreceptor failure followed up to 40 years were
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not complicated by left ventricular hypertrophy (36,52,53). The heart is
thus apparently less affected by short hypertensive peaks than is the
brain. Brain tumors and central vascular abnormalities affecting
pressure-regulating centers (e.g., redundant carotid artery buckle with
pulsatile pounding on the lateral hypothalamus [54]) appear to be
occasionally surgically correctable (4). The primary clinical problem of
these patients is trigeminal neuralgia, hemifacial spasm, or glossopha-
ryngeal neuralgia.

Patients with mastocytosis exhibit episodes very similar to pseudo-
pheochromocytoma. Flushing is accompanied by an initial hypotension
caused by histamine and possibly autocrine-paracrine dopamine (4)
release. It is followed by an “overshoot” reflex vasoconstriction result-
ing in compensatory hypertension. Mastocytosis patients masquerading
as pheochromocytoma were quite common (9 out of 63 patients in our
series [4]) as previously observed by Manger (/). Their attacks are
invariably associated with flushing. They can be diagnosed by skin or
organ biopsy or tryptase determination. There are numerous other,
mostly anecdotal, descriptions of paroxysmal hypertension imitating
pheochromocytoma such as eclampsia, autonomic epilepsy (55), tabes
dorsalis crisis, head injury, sciatic neuritis, Friedreich’s ataxia, cluster or
migraine headaches, Guillain-Barre syndrome, spinal medulla compres-
sion (4) or spinal cord injury (56), perioperative hypertension during
anesthesia and/or surgery, burns, menopause, autonomic hyper-reflexia,
hypertensive encephalopathy, renovascular hypertension, carcinoid,
thyroid storm, baroreceptor dysfunction in Takayatsu aortitis, nervus
vagus or Gasserian ganglion compression, meningitis, acute infectious
encephalitis (e.g., tetanus), systemic diseases (periarteritis nodosa, acute
intermittent porphyria), mitral valve prolapse, and allergic reaction (pork
hypersensitivity) (7).

Some degree of clinical overlap has been rarely seen between
pseudopheochromocytoma and the controversial “chronic fatigue
syndrome,” both claiming extreme fatigue. The latter most widely known
syndrome of autonomic dysfunction (//) epitomizes the multiplicity of
mechanisms by which autonomic dysfunction can link hyper- or
hypotensive episodes to many accompanying symptoms.

One form of secondary pseudopheochromocytoma that is sometimes
difficultto detect is the factitious episodic hypertension from alimentary
or drug causes. This may be the result of the ingestion of monoamine
oxidase inhibitors (MAOIs) (57) in lead poisoning, as well as the abuse of
cocaine (4), lysergic acid diethylamide or amphetamine. Phenylpro-
panolamine is one of the most recently recognized causes of some cere-
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brovascular accidents secondary to hypertensive episodes (58). Other
toxic effects were recorded, such as those from prolonged skin
application of mineralocorticoid ointment, lead poisoning, Parkinson’s
patients treated with MAOIs (e.g., selegiline) combined with a serotonin
receptor inhibitor (fluoxetine) (59), abrupt cessation of centrally acting
a-2 agonists (e.g., clonidine) or alcohol withdrawal, ingestion of foods
containing certain substances (e.g., tyramine in wine), kanamycin
overdoses, or hypertensive episodes induced by gold treatment (60).
Also described were severe hypertensive episodes provoked by sym-
pathomimetics administered with criminal (67) or self-damaging
(Miinchhausen syndrome) intent (/). Some diagnostic procedures such
as adrenal venography can also provoke a hypertensive attack (62).
Hypertensive episodes were also described in rare fatal familial insom-
nia and sickle cell anemia (/).

The widely used home measurements of BP sometimes result in
reporting extremely elevated BP (for technical or other reason) that
cannot be reproduced by professionals. A physician expressing doubts
to a susceptible subject may not always be appropriate because anticipa-
tion and anxiety may have a great impact on BP. We have observed
extreme variability of BP even if professionally taken during hospital-
ization. For example, in a woman with baroreceptor dysfunction (36),
the BP taken in the right hand as she was visually fixated on one nurse
(toward whom she had negative feelings) was consistently high. In con-
trast, when BP was taken in the same arm by a nurse whom she liked, it
was perfectly normal. Both measurements were controlled by having a
third nurse take simultaneous readings on the covered left hand. Simi-
larly, merely mentioning the name of a physician was sufficient to pro-
voke a severe hypertensive peak in this patient. Those effects are easier
to detect in a quiet hospital environment, creating a more stable normo-
tensive baseline. We have observed that out of 43 patients with a credible
outpatient history of almost daily severe hypertensive paroxysms who
were admitted to a quiet investigation unit for an average of 6 days, we
could confirm the hypertension only in 31 patients (8). Examining 12 of
the 43 patients with unreproducible episodes revealed that they were
younger (38 + 2 vs 49 + 2.5 years; p < 0.05). They also tended to feel
much more secure in the hospital and were confident that the cause of
these episodes would be found.

Feelings of insecurity, as well as higher age, may make those episodes
more repetitive. Noradrenergic activity increases with age, whereas
many dopamine-related functions, including dopamine-influenced
cognitive performance (63), dopamine brain circuits involved in coping



266 Secondary Hypertension

with stress (64), and peripheral dopaminergic functions (65), all de-
crease with age. All of these factors may contribute to an increased
vulnerability to stressful stimuli with age.

DIAGNOSTIC APPROACHES

A thorough clinical history and physical examination are the most
important elements in providing clues to the etiology of paroxysmal
hypertension. Additional biochemical testing should be done under stan-
dardized conditions that control dietary and pharmacological interac-
tions. Measurements of catecholamines and their metabolites in urine
(metanephrines and vanyllilmandelic acid) should be accompanied by
plasma catecholamine baselines ideally (butrarely possible) at the height
of the hypertensive paroxysm. Plasma normetanephrines (the longer
half-life metabolite of NE and E) became recently more sensitive diag-
nostic tools for detecting pheochromocytoma (66). Almost no additional
expenses are incurred in most available techniques if, in addition to NE
and E, dopamine values are also requested. Dopamine elevation, if
properly sampled, in combination with NE and E, provides strong diag-
nostic evidence for various forms of pseudopheochromocytoma and
generally excludes pheochromocytoma, because dopamine-producing
pheochromocytomas are exceedingly rare. Localizing procedures and
functional tests (such as 23 [-metaiodobenzylguanidine [MIBG] scintig-
raphy and 6-[!8 F]fluorodopamine positron emission tomography [PET]
[66]) should follow if suspicion persists.

MANAGEMENT

Pseudopheochromocytoma is usually successfully treatable by anti-
hypertensive agents, and/or psychotherapy with or without pharmaco-
therapy.

Antihypertensive Agents

The sympathetic hyper-reactivity justifies the first-choice use of
adrenergic blockade including (3-blockers alone (e.g., atenolol 12.5 and
50 mg daily) or in combination with a--blockers (e.g., terazosine 1-10 mg
daily). This treatment has been most effective in preventing hypertensive
episodes but occasionally causes excessive fatigue and bradycardia.
Combined a- and (-blockers (e.g., labetalol) rarely provide the very
variable individual doses and combination ratio of both blockers. Central
a-2 agonists (such as clonidine) may occasionally be effective, particu-
larly in short-lasting headaches associated with paroxysmal hyperten-
sion (67). Increasing doses, however, causes somnolence and fatigue.
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The main limiting factor in using any of these medications is their exces-
sive decrease in BP in patients having normotensive values between the
paroxysms. Acute (oral or intravenous) intervention may be necessary
during severe prolonged hypertensive episodes. The sublingual use of
nifedipine has recently been discouraged because its violent hypoten-
sive effect can result in adverse coronary events.

Psychotherapeutic Interventions

Psychotherapeutic interventions are rarely considered in this syn-
drome because physical and emotional distress is seen as a consequence
rather than a cause of this disorder. This is apparently not always the
case, particularly in patients with detectable psychosomatic problems
who react with anxiety and panic to many stimuli. A recent description
(68) of the effects of different treatment modalities in 21 pseudopheo-
chromocytoma patients found a 62% successful outcome mostly in
patients without concomitant adrenergic blockade, but sometimes
combined with antidepressants. Only milder forms benefit from psycho-
therapy without pharmacotherapeutic intervention.

Psychopharmacologic Agents

In patients not responding to adrenergic blockade or psychotherapy
alone, psychopharmacologic agents proved to be effective even if the
patients did not admit an emotional basis for their episodes (6). Tricyclic
antidepressants (desipramine 10-25 mg/day) or the selective serotonin
reuptake inhibitor paroxetine (10-20 mg/day) may be combined with
anxiolytic agents and eliminate attacks. Another combination, sertraline
with clonazepam, during the early stages of treatment provided a safe
and rapid stabilization of panic attacks (69). Similar combinations
were also found to attenuate the dopaminergic neuronal response to
stress, thus contributing to their anxiolytic effect (70). Psychiatric con-
sultation is rarely necessary. It may be even counterproductive in some
patients who may see it as suggesting that they are being labeled as
psychopathic. In fact, we have seen such to increase their anxiety, as well
as augment the frequency of their hypertensive paroxysms.

CONCLUSION AND RESEARCH PERSPECTIVES
OF THE DISTINCTIVE PAROXYSMAL
AUTONOMIC DISCHARGE

The inclusive diagnosis of pseudopheochromocytoma contains a
heterogenous group of conditions that, by their clinical presentation,
mimic many features seen in pheochromocytoma. Their common fea-
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ture is a paroxysmal hypertension associated mostly with flushing and
driven by increased sympathetic outflow, often in response to identifi-
able stimuli. This contrasts with mostly pale pheochromocytoma crises
usually unaccounted for by environmental influences and caused by NE
and/or E diffusion from tumor cells. The sympathetic outflow is in the
short term dominated by the blush-inducing dopamine increase, usually
without NE increase. In contrast, pheochromocytoma crises are almost
exclusively associated with a vasoconstricting, paleness-inducing NE
(and/or E ) increase. This unique catecholamine constellation conveys to
elevated dopamine (in the presence of normal NE and E) the position of
a novel unifying sympathetic marker of acute stress (/9,23) for most
pseudopheochromocytoma crises, providing that blood is sampled
within the short half-life of circulating catecholamines (3—5 minutes)
following the paroxysm. Dopamine increase does not cause hyperten-
sion, because infusing dopamine to similar levels failed to significantly
raise BP (71). Rather, dopamine increase reacts (23) and copes with (72)
the stress and its hemodynamic impact. It also explains by its actions
some clinical features that are distinct from pheochromocytoma crises
(flushing, anxiety, nausea, and polyuria) (73). This may become a posi-
tive diagnostic identification of pseudopheochromocytoma in addition
to the negative connotation of the absence of NE and E increase. If
unaccounted for by an associated pathology other than essential hyper-
tension, the condition is primary pseudopheochromocytoma; otherwise,
the minority of conditions with an identifiable cause are secondary
pseudopheochromocytoma.

A new potential link between the dopamine increase-associated hy-
pertension and personality disorders is recently emerging at the dopam-
ine 2 receptor site, known to be a synaptic modulator of NE release (74).
A defect (polymorphism in the exon 6 coding region) of the dopamine
2 receptor gene (the potential cause of the selective compensatory
dopamine increase in primary pseudopheochromocytoma) was found to
be a feature common to cluster (schizoid, paranoid) personality disor-
ders and BP elevation (75). Such an association with a dopamine 2
receptor defect could result in acute-reactive increased circulating
dopamine, which could contribute to dopamine’s potential role as an
“antistress molecule” (76).

Whenever dopamine is released into the synapse, its stimulation of
dopamine receptors is known to result in better performance of cognitive
tasks (77), an increased feeling of well-being, and stress reduction,
considered a “reward response.” Dopamine is the master modulator of
“locomotion, mood, cognition, motivation, appetite and pleasure” (78).
A polygenic genetic defect in the “dopamine reward cascade” (best
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defined in the dopamine 2 receptor and associated with addictive, impul-
sive, and compulsive behavior) is proposed to be a drug-seeking “reward
deficiency syndrome” and behavior that activates neuronal dopamine
release, healing the abnormal craving (76). What makes this model,
centered on a dopamine 2 receptor defect (which already had been found
to be associated with hypertension (79) and plasma dopamine increase
relevant to acute hypertension is that dopamine increase is not only
related to drug use but also occurs as “an antistress defense mechanism”
beyond immediate drug use and in response to acute behavioral stres-
sors. It occurs also independently of drugs in association with acute
hemodynamic responses resembling those induced by cocaine (80), both
acutely elevating BP (81). Psychosocial stress was found in monkeys to
induce such a drug-independent “feel good” dopamine rise, probably
initiated by a decreased dopamine 2 receptor availability traced by a
potent new tool (63,82), brain PET imaging (66). When these animals
were moved from a subordinate to a dominant status, their brain dopam-
ine 2 receptor availability increased by 22%, thus upgrading their
“dopamine reward cascade.” Those remaining subordinate did not
improve their dopamine 2 receptor availability and thus needed to be
rewarded by more extraneuronal dopamine increase. They were conse-
quently more likely to be vulnerable to cocaine addiction (83), a means
recognized easily even by the monkey, to increase dopamine artificially
by blocking its synaptic reuptake.

Excessive dopamine increase-mediated coping with psychological
stress (23,70,72) in response to a genetic or stress-induced defect of the
dopamine 2 receptor function is thus associated with acute hypertension
without taking drugs or being drug addicted. Even within this reaction
model, cocaine-induced acute BP increases do not result in chronic
hypertension (84). This suggests that cocaine-like short-lived hemody-
namic patterns of hypertension (81) associated with plasma dopamine
surges (80) do not result in sustained hypertension even if angiotensis-
converting enzyme inhibitor therapy had been suggested (85), as a
modulation of dopamine increase and cocaine abuse rather than simply
as an antihypertensive agent. Thus, the above novel short-term sympa-
thetic discharge model does not explain the cause of sustained hyperten-
sion that is today recognized to be predominantly caused by vascular
structural changes unrelated to stress (86). Paroxysmal hypertension
exemplifies, however, the single most frequent neural aggravation of
hypertension.

As to monitoring the overall role of sympathetic activity in essential
hypertension, the absence of episodic NE increase in hyperadrenergic
patients (where it would be most expected) devaluates NE as a sympa-
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thetic marker in hypertensive patients who were found to have as a
group, despite their frequent hyperadrenergic presentation, normal age-
adjusted plasma NE values (87). Plasma NE did not increase in response
to mental stress, one of the reasons for skepticism about its value in
assessing neurogenic contribution to human hypertension (88). This was
mostly ignored (89) because no better marker of nonnoradrenergic neu-
rotransmission (such as the usually undetectable baseline values of
dopamine, neuropeptides, and purines) was available, in addition to
difficulties of human sympathetic traffic measurements themselves (/4).
It was tempting to associate hypertension with increased plasma NE
because of its hypertensive action. This should not exclude, however,
other short-lived markers pointing to an episodic hypertension-causing
neural mechanisms even if NE does not increase.

Occurrence of a clear-cut sympathetic discharge, even if short-lived,
without NE increase becomes not only a diagnostic marker of the absence
of pheochromocytoma, but also a novel footprint of a short-term
neuropsychologically induced episodic neural traffic increase, as rarely
demonstrated in stroke-related hypertension (28). Novel pathways in
which dopamine does not cause hypertension but is a vintage point of
stress responsiveness are also emerging. Sudden dopamine rise may
indicate mental and nervous environmental stimuli suddenly increasing
BP in subjects genetically predisposed at the very crucial dopamine 2
receptor site. This site was linked not only to hypertension (74,79), but
also linked hypertension to obesity (90). Mental factors aggravate epi-
sodic hypertension in modern societies (9/), which is no stranger to its
“sister disease,” obesity. The dopamine 2 receptor subsensitivity with
dopamine hypersecretion has been related not only to appetite but also,
to paraphrase “paroxysmal hypertension,” to “binge eating” (92).

Short-lived episodic dopamine increase accompanying paroxysmal
hypertension appears thus to be an exceptional marker of mental and
neural effects on BP in the framework of acute stress responses (19,20)
and longer term behavioral coping with stress (20,21). The very low or
even undetectable baseline free dopamine enhances the detection of
episodic dopamine surges. Dopamine sulfate only partly reflects neural
free dopamine, and its concentrations are overshadowed by its huge
autocrine-paracrine and nutritional sources (93). It can be useful only if
those sources are properly controlled (94,95), not an easy task in an acute
postattack setting.

Difficulties in identifying markers of peripheral dopamine functions
probably explain why, in relation to hypertension, we know today more
about its receptors, the site of dopamine action, than about dopamine
itself. There are two families of dopamine receptors in the central and
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peripheral nervous systems, the DA 1-like (DA 1 and DA 5) and DA 2-
like (DA 2, DA 3, and DA 5), the latter being predominant in the central
nervous system regulation of BP (postsynaptic increasing and predomi-
nant presynaptic receptors decreasing BP (74)). A candidate gene (chro-
mosome 8 locus) encodes a brain dopamine receptor (96) central to the
role of dopamine in the pathogenesis of hypertension (97), its paroxys-
mal form in particular. A subsensitivity of presynaptic dopamine 2
receptors resulting in a disinhibitory BP increase (74) in parallel with a
compensatory dopamine increase (64,76,77,80) was related to compul-
sive, impulsive, and addictive behaviors (75,76). Expressed in other
terms, this corresponds to the high incidence of personality disorders
associated with pseudopheochromocytoma as emotional (6), panic
(9,15), and anxiety disorders (3). The key to the otherwise difficult
plasma dopamine peaks’ detectability is the blood sampling immedi-
ately following the usually acute event. This offers a window of oppor-
tunity to recognize an otherwise elusive behavioral impact on a
hypertensive peak and exploit it for diagnosis and therapy.
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INTRODUCTION

Although not all books on hypertension have a section on children and
adolescents, there should be one for a number of reasons. To begin with,
the diagnosis of hypertension is different from that for adults. Hyperten-
sion in children, as defined by casual blood pressure (BP) values, is not
well correlated to any particular form of hypertensive target organ dam-
age. No single cutoff point defines hypertension in a pediatric patient,
making identification of childhood hypertension difficult. Physicians
have traditionally used population-based percentiles to define pediatric
hypertension. Next, pediatric hypertension is associated with a broad
spectrum of diseases that changes from childhood through adolescence.
Definable causes of hypertension are the rule in the early years of life,
whereas essential hypertension is more common in adolescence. Conse-
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quently, techniques for the evaluation and diagnosis of hypertension
differ, at least in part, from those that are used with adult patients.

DEFINITION OF HYPERTENSION

Of all that is known about the levels and distribution of casual BP in
childhood and adolescents, two facts are well accepted: BP increases
during growth and maturation, and adolescence is a fast growth period
during which body mass and BP change rapidly (/). These are the main
reasons for why reference BP values over the last few decades have been
referred to as ones specific to sex, age, and/or height in children and
adolescents up to 18 years of age.

In 1977, the first age-related norms for BP in children were developed
by the Task Force for Blood Pressure in Children, a group sponsored by
the National Heart, Lung and Blood Institute and by the National Insti-
tutes of Health (2). In 1987, a revision of the standards evaluated data
from more than 70,000 white, African American, and Mexican Ameri-
canchildren (3). Age-specific percentile curves of BP measurements for
boys and girls ranging in age from birth to 18 years were created. These
revised standards also defined the proper techniques for measuring BP
in infants, children, and adolescents. All measurements used in con-
structing the Task Force’s tables were made with a standard mercury
sphygmomanometer placed on the child’s right arm, using a cuff size
that covered 80 to 100% of the circumference of the arm. In 1996, the
Task Force became aware of the importance of considering age and
heighttogether when defining reference values (4). This approach avoids
misclassifying children at the extremes of normal growth because tall
children will not be misclassified as hypertensive, and very short chil-
dren with high normal BP or even hypertension will not be missed. In
children of the same age, the upper limit of systolic BP (SBP) normality
for the third percentile of height is 8§ mmHg to 9 mmHg lower than those
values for the 90th percentile. Atthe same time, the Task Force redefined
diastolic BP (DBP) as the fifth rather than the fourth Korotkoff sound for
children in all age groups. No changes to the standards for SBP and
Ddiastolic BP for infants younger than 1 year were reported in the 1996
update.

Using the Task Force data table (4), normal BP is defined as SBP and
DBP less than the 90th percentile for age, sex, and height. Borderline, or
high normal, BP is defined as an average systolic and/or average DBP
between the 90th and 95th percentiles for age, sex, and height. Hyper-
tension consequently is defined as an average systolic and/or average
DBP greater than or equal to the 95th percentile for age, sex, and height,
measured on at least three separate occasions.
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The objective of detecting high BP in children is to identify those who
are at risk for the morbidity and mortality associated with hypertension.
The detection of childhood hypertension is important because hyperten-
sion is frequently related to an identifiable and potentially treatable
disease process (5), whereas untreated severe hypertension in childhood
is associated with significant morbidity and mortality (6). Elevated BP
in childhood may be identified during the evaluation of a child with
chronic illness or in subpopulations of children at increased risk for
hypertension.

Althoughitis generally agreed that early essential hypertension poses
little immediate risk to most children, it carries the potential for future
end-organ damage. In children, accurate identification of hypertension
at the earliest possible age would, therefore, give health care providers
the opportunity to initiate preventive measures, thereby reducing the
chance of developing end-organ damage and its attendant morbidity and
mortality. Consequently, repeated BP measurements over time would
become a routine part of pediatric well-child care.

Two studies by the Task Force in 1987 (3) and by Sinaiko in 1989 (7)
found the prevalence of hypertension in a general population to be only
1%. In a study published in 2001 (8), using the new Task Force standards
(4), the combined prevalence of systolic and diastolic hypertension in
junior high school-aged children did not substantially change from the
previously reported level. Statistically, 5% of children had a BP mea-
surement higher than the 95th percentile during a single office visit. BP,
however, tended to normalize on subsequent measurements because of
the accommodation of the child to the measurement procedure and to the
statistical phenomenon of regression toward the mean (9). Consequently,
the prevalence of hypertension decreased to 1% after only one repeated
examination. (The diagnostic algorithm of hypertension is found in Fig. 1.)

Persistent, high office BP combined with a normal BP outside of the
medical setting, referred to as “white-coat” or “office” hypertension, has
not been studied in this segment of the population, and ambulatory BP
monitoring could shed light on the topic (/0). Despite the diagnosis of
hypertension being one of the main indications for the use of ambulatory
BP monitoring in children, this type of monitoring does not appear to add
substantially to the accurate identification of children with severe
hypertension, although it may help in the proper assessment of mild
hypertension (117).

Aside from the ability of ambulatory BP monitoring to obtain more
accurate and reproducible BP values (/2), two more advantages of this
method are the assessment of BP during sleep and the estimation of
circadian variability (/3). There is a physiological nocturnal fall of BP
during sleep subsequent to the reduction in sympathetic driving. Patients
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Fig. 1. Algorithm diagnostic of hypertension in children and adolescents.

with renal disease and/or volume expansion are consistently found to
have abnormalities in circadian BP variability with a high prevalence of
the so-called nondipping pattern—namely, ablunted decline in the physi-
ological nocturnal fall. Although this may be related to the severity of the
hypertension, as in subjects with renovascular hypertension, in the major-
ity of the other causes of hypertension, the severity of BP values does not
preclude the abnormal circadian variability pattern observed (14,15).

ETIOLOGY OF CHILDHOOD HYPERTENSION

Usually, sustained hypertension in children and adolescents is
classified as secondary with a specific cause that may be correctable or
as essential and without an identifiable cause (3). The most common
causes of hypertension can change during childhood. Essential hyper-
tension is rarely seen in infants and young children, but its prevalence
increases significantly in adolescence (/6). A good general rule to fol-
low is that the likelihood of identifying a secondary cause of hyperten-
sion is inversely related to the age of the child and directly related to the
degree of BP elevation. Consequently, the evaluation of children with
hypertension, especially young children and those with severe hyperten-
sion, should be comprehensive and aimed at identifying known causes
of the disease.

Definable causes of hypertension are associated with a broad spec-
trum of diseases. The distribution of causes clearly varies with age.
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Renal parenchymal disorders predominate, accounting for a majority of
secondary causes (/7). Renal parenchymal disorders with renovascular
disease, and coarctation of the aorta, account for 70 (/8) to 90% (19) of
all cases. These figures vary depending not only on the age group, but
also on referral center and referral bias. Additionally, hypertension is
often related to prescribed drugs with hypertensive potential. Other in-
frequent causes of sustained hypertension, tumors and central nervous
and endocrine disorders, must be considered once more common causes
of secondary hypertension have been eliminated. An emerging cause of
secondary hypertension is a single gene mutation that produces large
changes in BP (20).

Hypertension in term or preterm neonates may be seen in up to 2% of
all infants in modern neonatal intensive care units. Although the defini-
tion of hypertension in this age group has not been completely standard-
ized, useful data to this regard have been published recently (2/) and
may be used to facilitate the identification of such infants. As in older
children, the causes of hypertension in neonates are numerous, with the
two largest categories being renovascular and parenchymal diseases.
More specifically, thromboembolism associated with an umbilical artery
catheter affecting either the aorta and/or the renal arteries probably
accounts for the majority of cases of hypertension seen in the typical
neonatal intensive care unit (22). A careful history and physical exami-
nation will usually identify the cause in most cases, without the need for
extensive laboratory or radiological testing.

In very young children (<6 years), hypertension is most often the
result of such renal parenchymal disease as glomerulonephritis, renal
scarring, polycystic kidney diseases, and renal dysplasia. Renal artery
stenosis and cardiovascular disorders such as coarctation of the aorta—
less frequent causes of hypertension in this age group—are usually
detected within the first decade of life. Late in the first decade and
throughout the second, essential hypertension is the most common cause
of sustained hypertension, particularly in those children with mild
asymptomatic disease (23).

CLUES TO THE INITIAL APPROACH TO DIAGNOSIS
OF SECONDARY HYPERTENSION

When confronted with an infant, child, or adolescent with hyperten-
sion, the first question to be asked concerns the chronicity of the prob-
lem. Clearly, the most helpful information to have when one is attempting
to establish the hypertension chronicity is past BP readings. Unfortu-
nately, these are by no means always available because routine BP
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Fig. 2. Initial approach to the diagnosis of secondary causes of hypertension (HTN).

measurements in children over 3 years of age are not yet uniformly
obtained. In the absence of previous readings, one needs to look for the
evidence of target organ damage: left ventricular hypertrophy or an
increase in urinary albumin excretion.

Faced with a child with chronic hypertension of unknown etiology,
a diagnostic evaluation is based to some degree on the level of BP, age,
sex, clinical findings, and family history. A significant number of chil-
dren with secondary forms of hypertension, often renal ones, can be
identified using a selective approach (Fig. 2). Afterward, a careful selec-
tion of the necessary test often shortens the diagnostic process.

History and Physical Examination

The initial approach to uncovering the cause of hypertension requires
a careful clinical evaluation that, in many cases, can provide clues not
only to a specific diagnosis, but also to the most successful diagnostic
procedure.

When recording family histories, it is not sufficient simply to ask
which relatives have high BP; one needs to know the age at which
hypertension was detected in these relatives. A strong familial history of
hypertension or hemorrhagic stroke in young members points to the
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presence of specific hereditary conditions (polycystic kidney disease
[24], familial pheochromocytoma in multiple endocrine adenomatosis
[multiple endocrine neoplasia {MEN type II}, von Hippel-Lindau
disease, or neurofibromatosis [25]) or to one of the familial syndromes
(glucocorticoid [GC]-remediable aldosteronism, apparent mineralocor-
ticoid excess [AME], Liddle’s syndrome, Gordon’s syndrome, and
mineralocorticoid receptor [MR] hypersensitivity syndrome) and in
some of the latter, there is a specific responsible mutation with a Men-
delian trait (26).

Episodic hypertension indicates the presence of pulsatil secretion of
hypertensive substances, mainly chatecolamines, and indicates the
necessity to look for a secreting tumor of neural or adrenal origin.
Exposure to pressor substances (recreational drugs, licorice, vasocon-
strictor drops, and GCs) or neurologic processes (dysautonomia,
increased intracranial pressure, and Guillaine-Barré syndrome) need to
be excluded. Other situations such as orthopedic traction, stress, cyclic
vomiting, and burns also temporarily increase BP.

Among the additional information that needs to be recorded are birth
weight, development data, recent changes in weight, headaches, visual
problems, weakness, muscle cramps, sexual development, abdominal
pain, dysuria, nicturia, and enuresis. Any of these may raise the suspi-
cion of disease.

Things to seek out during physical examination include the presence
of edema, cutaneous stigmata of facomatosis, Cushing morphological
changes, virilization or thyroid enlargement, heart murmurs, bruits over
the great vessels or in the epigastrium, absent or delayed femoral pulses,
and unilateral or bilateral abdominal masses. All are indicative of spe-
cific diseases.

Laboratory Studies

In the absence of any telltale data obtained from the family and
personal histories or from the physical exploration, there are several
analytical procedures that should then be performed. Assessments of
glomerular filtration rate (GFR) by serum creatinine, of potassium lev-
els, and of urinalysis are mandatory. High creatinine levels or abnormal
urinalysis herald arenal cause of hypertension, although the renal impact
of an otherwise secondary hypertension needs to be considered.

Hypokalemia, in the absence of diuretic intake, is a low sensitive but
high specific marker for diseases that lead to urine potassium wasting.
An algorithm diagnostic (Fig. 2) is used if hypokalemia is present.
Hyperkalemia, in conjunction with metabolic acidosis, may suggest
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Fig. 3. Algorithm diagnostic of low renin aldosteronisms.

chronic renal disease, which is confirmed by elevated serum creatinine.
A more uncommon situation is hyperkalemia with a normal GFR, sug-
gesting the presence of Gordon’s syndrome.

The next step includes an assessment of the renin-aldosterone axis.
High peripheral plasma renin activity (PRA) may suggest arenal, paren-
chymal, or renovascular cause for hypertension, and other studies then
need to be performed to delineate these lesions. Low PRA points to
several of the monogenic syndromes that lead to volume expansion. The
algorithm diagnostic is shown in Fig. 3.

Image-Diagnostic Techniques

If the previously mentioned procedures do not point to a specific
cause of the hypertension, and considering that renal causes are the most
frequent, arenal ultrasound is appropriate early in the evaluation. Masses,
cortical scars, or asymmetry of the kidneys prompt the performance of
more specific procedures to better delineate the nature of the disease.

MOST FREQUENT CAUSES OF SECONDARY
HYPERTENSION

Based on these data, the evaluation of the hypertensive child in cur-
rent clinical practice generally focuses on the search for an underlying
renal parenchymal lesion, vascular anomaly, catecholamine-secreting
tumor, or surreptitious pharmacological agents. In addition to these eti-
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Table 1

Most Common Causes of Hypertension by Age Group
< 1 Month > 6 years to 10 years
¢ Renal arterial thrombosis * Renal parenchymal disease
¢ Coarctation of the aorta ¢ Renovascular disease
* Congenital renal disease * Essential hypertension
> 1 Month to < 6 years > 10 years to 18 years
* Renal parenchymal disease » Essential hypertension
* Coarctation of the aorta * Renal parenchymal disease
¢ Renovascular disease ¢ Renovascular disease

ologies, clinicians should be aware of several hypertensive syndromes
that are inherited as single Mendelian traits. The most common causes
of hypertension, according to age group, are shown in Table 1. A
description of causes, included below, focuses on the most important
evidence, diagnostic keys, and specific treatment, if any exists.

Renal Parenchymal Diseases

In secondary hypertension, renal parenchymal nonvascular disorders
predominate, accounting for a majority of secondary causes, 73—-78%
(27,28). Despite this, there is a relative lack of investigation and a pau-
city of long-term follow-up studies when compared to the abundance of
literature on the less common renovascular disorders. Morbidity and
mortality associated with renal parenchymal hypertension are deter-
mined by the nature of the underlying disease and the severity of the
hypertension. Because hypertension is a common problem in many dif-
ferent types of renal parenchymal disease, BP should be taken carefully
at each evaluation.

Hypertension is frequent in both glomerular (29) and autosomal
recessive polycystic kidney disease (30). Glomerular and small artery
diseases, which are generally thought to be associated with a high preva-
lence of hypertension, are acute postinfectious glomerulonephritis,
glomerulonephritis secondary to systemic vasculitis, poliarteritis involv-
ing the kidney, crescenting glomerulonephritis, focal and segmental
glomerulosclerosis, cortical necrosis, and hemolitic-uremic syndrome.
In contrast, a moderate prevalence of hypertension is found in such
glomerular diseases as membranous glomerulopathy, membrano-
proliferative glomerulonephritis, and Alport’s syndrome (37). When
hypertension does occur in these diseases, it often does not develop until
serious impairment of kidney function is present.
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Hypertension occurs less often in obstructive uropathy and in chronic
pyelonephritis with reflux. In children with primary interstitial disease,
it is an unusual occurrence until end-stage renal disease develops.

Reflux Nephropathy

Vesicoureteric reflux is the term used to describe the retrograde
flow of urine from the bladder back into the ureter(s) and kidney(s).
The more severe the reflux, the higher the grade. With severe reflux, the
ureters become dilated and tortuous, the pelvocalycine outline becomes
distorted by pelvic dilatation, and often renal scarring coexists. This
constellation of features is known as reflux nephropathy. Between 30
and 60% of patients with vesicoureteral reflux will develop reflux neph-
ropathy, with 5 to 10% progressing to end-stage renal failure. Thus,
reflux nephropathy is responsible for end-stage renal disease in 16% of
children who have end-stage renal failure (32).

Hypertension affects at least 10% of patients with reflux nephropathy
and can accelerate the deterioration of renal function, making early di-
agnosis and treatment very important. Hypertension caused by reflux
nephropathy is unlikely to develop during early childhood, and normo-
tensive adolescents with this disease require long-term followup. Fac-
tors associated with the early onset of hypertension are likely to be
operative during the first two decades of life. It is, therefore, reasonable
to initiate studies during childhood with longitudinal evaluation into
adulthood.

There has been some investigation into the mechanisms responsible
for hypertension associated with reflux nephropathy and renal scarring.
A study by Goonasekera et al. (33) reports the results of a 15-year pro-
spective study of hypertension in patients diagnosed at age 2—15 with
reflux nephropathy. This study showed arise of SBP as the years passed,
together with concurrent rise in plasma renin activity, suggesting an
association among BP, renin in reflux nephropathy, and age, especially
during the teenage years. Although this supports a renin-BP link in the
etiology of hypertension in reflux nephropathy, individual PRA values
do not reliably predict the later onset of hypertension. Although the
renin-angiotensin system (RAS) plays an importantrole, its action in the
contribution of other physiological systems of prominent distribution
and action within the kidney remains difficult to establish.

In patients with reflux nephropathy, proteinuria may be the most
important indicator of a poor prognosis, and microalbuminuria the most
sensitive and specific test for early identification of renal injury (34). In
patients with reflux nephropathy, the microalbuminuria is thought to be
mediated by changes in glomerular hemodynamics secondary to
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hyperfiltration and compensatory hypertrophy in both the affected and
the contralateral kidney. This adaptive mechanism results in an elevated
glomerular permeability. This is postulated to be the major determinant
for the progression of glomerular injury. Microalbuminuria appears to
be correlated with the severity of reflux nephropathy but not with its
duration. Treatment with angiotensin-converting enzyme inhibitors
(ACEIs) can reduce microalbuminuria and slow the progression of renal
damage in patients with reflux nephropathy.

End-Stage Renal Disease and Kidney Transplantation

Hypertension is highly prevalent in pediatric patients undergoing
chronic dialysis (35) or after renal transplantation (36,37). A better un-
derstanding of the factors that cause this hypertension in children with
end-stage renal disease is important for several reasons. To begin with,
hypertension in these patients is often particularly difficult to control,
not only because of the multifactorial nature of the BP elevation, but also
because of the necessity of maintaining a high level of control in order
to achieve the maximum preservation of renal function. Furthermore,
because the risk of BP-induced renal disease is continuous, the BP target
needs to be much lower than that normally used in other diseases. In
proteinuric subjects, further BP decreases are needed (38).

There are several mechanisms by which hypertension is produced in
parenchymatous chronic renal failure (39). Undoubtedly, it has been
demonstrated that salt plays a fundamental role by causing an increase
ininterchangeable sodium and vascular wall sodium as well as an expan-
sion in the extracellular volume, principally an intravascular one. This
results in a volume-dependent hypertension that leads to an increase in
cardiac output. The RAS is generally stimulated in moderate renal insuf-
ficiency, especially when it is considered that the intravascular volume
is decreased. In response to renal insufficiency, plasma noradrenaline
increases as an expression of the increased activity of the sympathetic
nervous system and is associated with increases in the peripheral resis-
tance and in cardiac output.

Studies in subjects with chronic renal disease, and in those undergo-
ing renal replacement therapy, show that BP control is suboptimal in
many patients even though office BP is below the recommended thresh-
old (40). The maintenance of high BP values throughout the day may
contribute to further damaging of renal structures. The use of ambulatory
BP monitoring may help to uncover patients with an insufficient level of
control. Several studies have focused on ambulatory BP abnormalities
in patients with end-stage renal disease. Patients with a decrease in the
GFR, whatever the etiology, frequently show an increase in nocturnal vs
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diurnal BP levels when compared with BP profiles from normotensives
or hypertensives with a normal GFR (4/). Blunted nocturnal BP fall is
frequent during both hemodialysis (42) and continuous ambulatory peri-
toneal dialysis (43). No significant differences between therapy modali-
ties are observed in terms of waking or sleeping BP values and frequency
of nondipping pattern.

The prevalence of hypertension in children who have undergone renal
transplantation has been reported to be high (36,37). Its causes are many
and are often related to the time elapsed since transplantation. In the
early posttransplant period, hypertension is almost universal and sec-
ondary to a variety of factors including volume overload, poor perfusion
of the transplanted kidney, release of pressor substances by the trans-
planted kidney, acute rejection, high-dosage corticosteroid therapy,
stenosis of the renal artery, and hypercalcemia.

It has been reported by Sorof et al that antihypertensive medications
are required in 79% of pediatric patients at 1 month posttransplant and
in 58% at 5 years posttransplant (44). The results from this study, using
the largest data set available for pediatric renal transplantation, raise
important questions regarding the risk factors for posttransplant hyper-
tension in children and the effect of this hypertension on long-term graft
survival.

Multiple factors that may contribute to sustained hypertension include
preexisting hypertension caused by the primary renal disease, treatment
with corticosteroids and cyclosporine, renal artery stenosis in the trans-
planted kidney, chronic rejection, and decreased functional renal mass.
Patients with prior glomerulonephritis are at a greater risk of developing
hypertension. The most common etiologies of posttransplant hyperten-
sion arerejection and medication-related hypertension from steroids and
cyclosporine A. The contribution of cyclosporine A to elevations in BP
after renal transplantation has been reported in several studies (45). It is
possible that the increase in the routine use of cyclosporine A over time
may contribute to the greater need for antihypertensive medications.
Patients with stable renal functions have less hypertension than those
with chronic rejection. As a corollary, recipients of cadaveric kidneys,
who generally experience more rejection than do recipients of kidneys
from living, related donors, also experience more severe hypertension.

Renovascular

Hypertension in children and adolescents caused by lesion of the renal
vessels accounts for 8—10% of patients referred for evaluation and treat-
ment of hypertension (46). Potentially curable, it is second only to
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coarctation of the aorta as a cause of surgically remediable hypertension
in children. Primary diseases of the renal arteries, such as fibromuscular
dysplasia that often involves the large renal arteries, account for about
70% of the cases, whereas secondary diseases are characterized by small-
vessel and intrarenal vascular disease. Renovascular hypertension has
alsobeenreported in children with renal artery aneurysms, arteriovenous
fistula, traumatic rupture, thrombosis (following umbilical artery cath-
eterization, embolism from a ductus arteriosus, or Takayasu’s disease)
or external compression by tumors.

Fibromuscular dysplasia is a collection of vascular diseases that
affects the intima, media, and adventitia. The cause of this disorder is
unknown, although genetic predisposition, hormonal factors, and disor-
ders of the vasa vasorum may be risk factors. It has been associated with
neurofibromatosis (intimal only), Marfan’s syndrome, Klippel-Tre-
naunay syndrome, and idiopathic hypercalcemia. Fibromuscular dys-
plasiatends to affect girls, frequently involves the distal two-thirds of the
renal artery and its branches, and is characterized by a beaded, aneurys-
mal appearance on angiography. Intimal and periarterial dysplasia are
commonly associated with progressive dissection and thrombosis,
whereas medial dysplasia is rarely associated with these complications.
Nonetheless, medial dysplasia progresses to stenosis in 30% of all cases.

A large percentage of children with renovascular disease have bilat-
eral lesions, and the association of renovascular disease with abdominal
coarctation (middle aortic syndrome) was present in 20% of the cases
studied in the Hospital for Sick Children, London (46). Other accom-
panying abnormalities involving the mesenteric, splenic, and hepatic
vessels are present in patients with neurofibromatosis (47).

Renovascular disease produces hypertension through a renin-depen-
dent mechanism. A decrease in renal perfusion pressure activates the
RAS, leading to the release of renin and to the production of angiotensin
IT (Ang II), which has direct effects on sodium excretion, sympathetic
nerve activity, intrarenal prostaglandin concentrations, and nitric oxide
production (48). When hypertension is sustained, PRA can decrease.
This phenomenon is often referred to as reverse tachyphylaxis.

The clinical presentation of renovascular disease in children is quite
variable, from asymptomatic children to those presenting severe forms
of hypertension with neurologic, cardiac, or renal end-organ damage.
No symptoms are pathognomonic of renovascular disease, but associ-
ated findings on examination might suggest it. The presence of stigmata
of syndromes in which renal artery diseases are frequent, such as
abdominal bruit or aortic or intracerebral vascular disease, are sugges-
tive of renal artery lesions.
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Diagnosis of renovascular disease includes logical explorations, those
that produce morphological images and those that assess differential
renal blood flow. One should look for high PRA, small unilateral kidney,
or asymmetry of the kidneys with ultrasonography. Recording the mag-
nitude of the hypotensive response to administered captopril to identify
children with renal artery stenosis among subjects with hypereninemic
hypertension has been abandoned because it is associated with uncer-
tainties and the results can be influenced by many other conditions (49).

Methods displaying morphological representation of the vascular
renal tree have improved during the last few years. The classic study is
invasive angiography, still the gold standard for the diagnosis and as part
of atherapeutic maneuver through angioplasty. In an attempt to avoid the
performance of an invasive test, other methods have been developed.
Duplex ultrasonography shows the renal arteries and measures flow
velocity and resistance index as a means of assessing the severity of
stenosis. Itis an inexpensive and widely available technique but requires
a high level of expertise. Computed tomography (CT) angiography
shows the renal arteries and perirenal aorta and provides excellent
images even when an intravascular prosthesis is present. Because this
method requires a large volume of potentially nephrotoxic contrast
medium, use is limited in young children. Magnetic resonance angiog-
raphy has the same potential as CT angiography with absence of toxicity,
but it is expensive and is not effective in the presence of intravascular
stents (50).

Assessing differential blood flow between the kidneys has the poten-
tial to uncover renal blood flow abnormalities produced by renal artery
diseases (50). Nuclear images with technetium-99 diethylenetriamine
pentaacetic acid (™ Tc-DTPA) estimates fractional flow to each kidney,
although the results may be influenced by the presence of an obstructive
uropathy. Captopril renography explores the captopril-mediated fall in
filtration pressure, which amplifies differences in renal perfusion, and
normal results exclude renovascular hypertension. In the presence of
renal insufficiency, however, this method has limitations. Finally, selec-
tive renal vein renin sampling provides valuable information as to the
kidney from which the renin release is occurring.

The choice of the appropriate pathway to diagnosing renal artery
disease and/or its functional impact depends on the availability of the
method chosen and the experience of the staff. Treatment of renovascu-
lar disease requires both a careful evaluation of the lesion or lesions
responsible for the BP rise and a capacity to correct the rise. At the same
time, or in the case that BP correction proves insufficient, a symptomatic
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treatment with antihypertensive drugs needs to be started. A combination
of several drugs may well be necessary to successfully control BP (57).

A possible association between renal and extrarenal arterial diseases
has been described, and vascular cerebral imaging techniques are
required at times, mainly for children in whom there have been cerebral
symptoms or signs suggestive of features of cerebral arterial involvement.

Coarctation of the Aorta

Today, coarctation of the aorta is largely a disorder of infants and
young children. In diagnosing hypertension, palpation of the pulses
should be attempted in both upper and lower extremities. If BP values are
not obtained in all four extremities or if the BP values for the upper ones
differ greatly from those of the lower ones, coarctation is the probable
cause. The anatomical lesions in the aorta that produce secondary hyper-
tension differ from those that produce symptoms early in life, such as
infantile coarctation complex, and those that manifest themselves dur-
ing childhood and adolescence, such as isolated structure lesions. Most
isolated structure lesions are located in the thoracic aorta, although in a
few cases the location may be in the abdominal aorta (52). In both cases,
the mechanisms for hypertension involve hyperactivity of the RAS, an
increase in the activity of renal sympathetic nerves, and baroreceptor
resetting (53).

Among infants presenting coarctation, associated cardiovascular
anomalies are the rule, with isolated coarctation occurring in only 10%
of these cases. The most commonly associated abnormalities include
proximal aortic arch hypoplasiain three fourths of the patients and patent
ductus arteriosus in two-thirds of them. Clinically, the complex most
frequently manifests itself as congestive heart failure. In contrast, coarc-
tation present in an older child may be a clinically isolated lesion. In
about two thirds of these patients, however, a bicuspid aortic valve is
present, the proximal aorta is generally normal or dilated, and the ductus
is normally closed (53). Unlike infants presenting a symptomatic coarc-
tation complex, older children and adolescents are generally asymptom-
atic, although increased fatigability and leg weakness may be present.
Congestive heart failure is rare.

The diagnosis in all older children and a majority of infants with
coarctation is based on clinical criteria. These include differential SBP
with upper extremity BP greater than that in the lower extremities;
delayed, decreased, or absent femoral pulses relative to normal or full
upper extremity pulses; and the presence of collaterals detected by
thoracic murmurs or palpation. Chest X rays revealing an hourglass
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configuration of the thoracic aorta or rib notching, indicating collaterals
through bronchial arteries, confirm the clinical suspicion. Echocardio-
graphy and magnetic resonance imaging (MRI) confirm the diagnosis.
Cardiac catheterization is reserved for patients with complex diseases.

Surgical correction or balloon angioplasty are the necessary treat-
ments, but postoperative problems are not unusual. Approximately two-
thirds of patients who undergo corrective surgery manifest paradoxical
hypertension. In early paradoxical hypertension, within the first 12-24
hours, a moderate to severe hypertensive state presents itself. Late para-
doxical hypertension, 2-5 days postoperative, is generally preceded by
early paradoxical hypertension. Approximately one out of five patients
with late paradoxical hypertension will suffer persistent postoperative
hypertension (54).

Tumors

Tumors account for about 3—4% of the causes of secondary hyperten-
sion. The majority of them—neuroblastoma, pheochromocytoma,
ganglioneuroblastoma, and ganglioneuroma—are tumors of neuroecto-
dermal origin. Neuroblastoma arises from neural crest elements, includ-
ing the thoracolumbar sympathetic ganglia and adrenal medulla. These
are intra-abdominal in three-fourths of the cases and one-half are of the
adrenal gland, whereas only one-fourth are intrathoracic. Hypertension
is not a common finding, but oversecretion of cathecolamines is not
always the mechanism causing the hypertension. Distortion and/or
stretching of the renal arteries can be implicated in cases with normal
catecholamine levels (55).

Pheochromocytoma that arises from the cromaffin cells of the
sympathoadrenal system is a much less common cause of hypertension
in children than is neuroblastoma. Localized in any place where sympa-
thetic tissue has occurred during development, from the neck to the
urinary bladder, the most common location is the adrenal glands. Bilat-
eral tumors are frequent in familial pheochromocytoma with MEN I,
von Hippel-Lindau disease, or neurofibromatosis (25). Catecholamine
secretion is responsible for the hypertension, although these tumors can
produce substances such as cortisol and others. Hypertension, either
episodic or continuous, is accompanied by prominent sweating and other,
less frequent symptoms such as vision change, polyuria, polidipsia, and
weight loss. Episodic hypertension may be precipitated by drugs,
angiography, or other physical stimuli.

The diagnostic steps for pheochromocytoma are the measurement
of catecholamines or their metabolites, and tumor localization (56).
Because catecholamines are normally produced by sympathetic nerves
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and by the adrenal medulla, high catecholamine levels in urine are not
specific to pheochromocytoma and may accompany other conditions
or disease states. Moreover, secretion is episodical, and between epi-
sodes, levels of catecholamines may be normal. Measurements of
plasma levels of normetanephrine and metanephrine have higher sen-
sitivities than do other biochemical tests for diagnosis. Additionally,
they have a high level of specificity: 80 and 94% for sporadic and
familial pheochromocytoma, respectively.

A tumor is localized through radiological imaging and/or radionu-
clide studies with substances that are specifically trapped by the tumor.
CT scans have good sensitivity when the tumor is in the adrenal gland,
but the level of sensitivity decreases if the tumor is located extra-
adrenally, which is frequent. Magnetic nuclear resonance (MNR) offers
advantages over the CT scan in the extra-adrenal case. Body scanning
with metaiodobenzylguanidine (MIBG) or positron emission tomogra-
phy (PET) with '8F-fluorodeoxyglucose, ''C-hydroxyephedrine, or
6['8F]fluordopamine offer specific images of the tumor (25).

A recommended procedure pathway for the localization of a highly
suspected pheochromocytoma is to start with a CT scan or an MNR, and
if amass is uncovered, a MIBG scan should be performed to confirm the
diagnosis. A negative scan does not exclude a tumor, and a more specific
PET may be necessary (57).

On diagnosis, and only after a complete blockade of the sympathetic
system is achieved with the adrenoceptor blocker phenoxybenzamine,
with or without f-blockers, surgery must be performed.

Other tumors that produce hypertension are Wilms’ tumor, renal
tumors secreting renin, or adrenal tumors secreting aldosterone. Addi-
tionally, tumors invading renal structures or the central nervous system
may lead to hypertension in some cases.

Drugs

Because many drugs have the potential to raise BP, a careful evalu-
ation of prescribed, over-the-counter, and recreational substances should
be conducted during the initial approach to the diagnosis. Drug- or alco-
hol-related hypertension in children and adolescents increases in fre-
quency as age increases, and much of this increase is caused by exposure
to recreational drugs or alcohol. There are several mechanisms involved
in most drug-induced hypertension. They interfere with the vasodilatory
systems or enhance the vasoconstrictor systems. Some drugs, however,
have a direct impact on arterial pressure.

Among the prescribed drugs, anti-inflammatories, immunosup-
presors, GCs, cylosporine, and tacrolimus are the most common con-
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tributorsto BPincreases (58). When these kinds of treatment are required,
the prevalence of hypertension associated with primary diseases or
after transplantation increases. Immunosuppresive therapy, with the
addition of prednisone, may contribute to the nondipper pattern
frequently observed in transplanted patients (59). Taler et al. (60), in a
comparison of 24-hour ambulatory BP profiles before and after
orthotopic liver transplantation in patients with end-stage liver disease,
find that the normal circadian variability observed before transplanta-
tion is reversed afterward, regardless of whether cyclosporine or
tacrolimus is used.

In teenage girls, oral contraceptives may induce BP elevation, in
those prone to developing it, by increasing angiotensinogen synthesis
and salt retention. Oral contraceptive-induced hypertension remains for
as long as 2 to 3 months after use ceases.

The most common over-the-counter drugs that produce hypertension
are the sympathomimetic agents, ephedrine, pseudoephedrine, phenyl-
propanolamine, and oxymatazoline, used as decongestants. They acti-
vate the a-receptors, inducing vasoconstriction. Licorice, used in cough
drops or as candy, increases the bioavailability of cortisone by blocking
the activity of the 11-B-hydroxysteroid dehydrogenase, leading to the
activation of the MRs, thereby increasing sodium reabsorption.

Use of one specific common recreational drug, cocaine, can lead to a
higher risk of triggering hypertensive crises (6/). Cocaine acts by inhib-
iting the reuptake of norepinephrine (NE) and dopamine at presynaptic
sites, leading to an excess of neurotransmitters and an activation of the
sympathetic nervous system, vasoconstriction, and tachycardia.

Monogenic Disorders

Much of the current research effort is focused on identifying the spe-
cific genes responsible for hypertension. While these disorders are
thought to be rare, their precise prevalence is unknown and their specific
diagnosis requires a high level of clinical suspicion.

A major focus of such studies has been the epithelial sodium channel
(ENaC), which can be activated by mutations in the channel subunits or
MR, and changes in the response to or production of mineralocorticoids
(26). As aresult, there are now clearly defined Mendelian syndromes in
which ENaC activity is dysregulated, with the subsequent development
of systemic hypertension with suppressed PRA that can be attributed to
a primary renal mechanism. There are several monogenic forms of
human hypertension, including Liddle’s syndrome (62,63), glucocorti-
coid-remediable aldosteronism (64), mineralocorticoid apparent excess
(65), Gordon’s syndrome (66,67), and MR hypersensitivity syndrome (68).
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Liddle’s syndrome can result from the mutations of ENaC subunits.
The predictable clinical phenotype is low-renin hypertension and sup-
pressed aldosterone secretion. In 1963 Liddle et al. described a familial
syndrome of severe hypertension, hypokalemia, and metabolic alkalosis
that mimicked hyperaldosteronism.

The lack of down-regulation of the ENaC in the face of persistent
volume expansion underlies the pathophysiology of this syndrome.
Clinical studies revealed that affected patients had exceptionally low
rates of aldosterone secretion, hyporeninemia, no response to spirono-
lactone, and positive responses to both triamterene and salt restriction
(63). The characterization of the extended original pedigree of Liddle’s
syndrome reported that overnight urinary potassium excretion was high
and urinary aldosterone excretion was low in affected individuals. Very
low urinary aldosterone/potassium ratios are consistent with the physi-
ological effect of ENaC activity at the potassium secretory site in the
collecting tubule (62).

Mutations were originally described in Liddle’s syndrome as trunca-
tions or frame-shifts in the 3 or y subunits of the ENaC (69). These
mutations delete a critical proline-rich region of the cytosolic tail, which
interacts with a cytoskeletal protein called Nedd4 (70). Several pedi-
grees with mutations of critical amino acids in this proline-rich region
have been described.

Glucocorticoid-remediable aldosteronism (GRA) is an important
autosomal dominant cause of human genetic hypertension. Initially
described in 1966 by Sutherland et al. as a new hypokalemic hypertensive
syndrome in a father and son (71 ), today the genetic basis of this disorder
is completely understood. GRA is relatively common, and the syndrome
represents the first example of a successful application of new genetics
to define an inherited human hypertensive syndrome. It is the result of
a chimeric gene product that places 18-hydroxylase (aldosterone syn-
thase) under the control of an adrenocorticotropic hormone (ACTH)
promoter that regulates its level and cellular site of expression. As a
consequence, ACTH-regulated 18-hydroxylase activity is aberrantly
expressed in the zona fasciculata and acts on the cortisol that is normally
produced in this zone to form 18-hydroxycortisol and 18-oxocortisol
(72). The continuing stimulation of adrenal steroidogenesis by ACTH
and the suppressive effects of modest doses of dexamethasone are usual
features of the syndrome.

The laboratory features of GRA include the following: serum potas-
sium levels are normal to low, typically PRA levels are profoundly
suppressed, and serum aldosterone and urine aldosterone levels are usu-
ally elevated. These levels, however, may be within the normal range
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and therefore are not reliable markers for GRA. Recent studies have used
genetic testing prospectively to identify affected family members and to
further define the clinical phenotype. Genetic testing is 100% sensitive
and specific to diagnose GRA and requires only a single blood collection
for leukocyte DNA assessment (72).

Clinically, GRA is characterized by moderate to severe hypertension
whose onset is early in life. Recent data indicate that GRA may emerge
as an important etiology of pediatric hypertension. The hypertension
varies in severity, is typically refractory to standard antihypertensive
agents, and tends to become milder with age (73). Children and adoles-
cents with unexplained or refractory hypertension, with strong hyper-
tensive family histories, and particularly those with suppressed PRA
levels need to be screened for GRA. This syndrome is associated with
high morbidity and mortality from early onset of hemorrhagic stroke and
ruptured intracranial aneurysms (74). Accordingly, screening of asymp-
tomatic GRA patients with magnetic resonance angiography is recom-
mended, beginning at puberty, and every 5 years thereafter.

Historically, GRA patients have been treated with steroids, dexam-
ethasone or prednisone, in an attempt to suppress ACTH and thereby
suppress ectopic aldosterone production. Of great importance is the
potential toxicity associated with excessive doses of suppressive gluco-
corticoids. In children, if the clinician chooses to use glucocorticoid
suppression, it is recommended that linear growth be measured by a
stadiometer every 6 months to prevent overtreatment and growth
retardation.

Given the abnormal aldosterone regulation in GRA, aldosterone
antagonists such as spironolactone provide a useful therapeutic alterna-
tive to steroids. In addition, agents such as amiloride, which blocks
sodium transportin the distal nephron, may also be an effective treatment
option (75). Accordingly, unless the clinician has experience with the
use of GCs in children, treatment with spironolactone or antagonists of
the aldosterone-regulated ENaC is probably safer and equally effective.

AME syndrome is a rare autosomal recessive disorder that was
described in 1977 in a child with low-renin hypertension (76), and fewer
than 50 cases have been reported since (77). This disorder is caused by
11 B-hydroxysteroid dehydrogenase isozyme deficiency, which con-
verts cortisol to cortisone in many organs, including the kidney. Exces-
sive cortisol in the kidney binds to the mineralocorticoid receptors,
causing features of mineralocorticoid excess with low to undetectable
aldosterone levels. Such patients excrete excessive amounts of cortisol
metabolites, tetrahydrocortisol (THF) and allotetrahydrocortisol
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(aTHF), and there is a reduced excretion of the cortisone metabolite
tetrahydrocortisone (THE) in the urine. An elevated THF plus aTHF/
THE ratio in the urine is diagnostic of AME syndrome.

The clinical features of AME syndrome include hypertension,
hypokalemia, alkalosis, polyuria, polidypsia, and a failure to thrive.
These children can present the syndrome at different ages, and some
have died in early infancy and childhood. In the fetus, the enzyme
deficiency may lead to intrauterine growth retardation and low birth
weight. Dexamethasone administration suppresses cortisol secretion and
thereby corrects hypertension and hypokalemia. An alternative treat-
ment is the administration of mineralocorticoid inhibitors such as
spironolactone and such sodium channel inhibitors as amiloride and
triamterene.

Recently, a novel form of human hypertension, MR hypersensitivity
syndrome, caused by a gain-of-function mutation in the MR S810L has
been described (68). This mutation results in constitutive mineral
receptor activity and alters receptor specificity, with progesterone and
other steroids lacking 21-hydroxyl groups, normally MR antagonists,
becoming potent agonists. Structural and biochemical studies indicate
that the mutation results in the gain of the van der Waals interaction
between helix 5 and helix 3 that substitutes for interaction of the steroid
21-hydroxyl group with helix 3 in the wild-type receptor.

Geller et al reported that a serine to leucine mutation at position 810
in the hormone binding domain of the mineralocorticoid receptor
changes the affinity of the MR for a number of steroids; progesterone in
particular has an exceptionally high affinity for the receptor (68). This
mutation was found in a boy with unexplained severe hypertension.
Clinically, itis characterized in early onset hypertension thatis markedly
exacerbated in pregnancy. Women harboring the L810 mutation will
develop sever pregnancy-induced hypertension owing to the 100-fold
increase in circulating progesterone levels that accompanies pregnancy.

All pregnancies among mutation carriers have indeed been compli-
cated by development of severe hypertension, requiring early termina-
tion of pregnancy. These findings define a new Mendelian form of
hypertension and represent the first demonstration of a Mendelian form
of pregnancy-induced hypertension, showing that this common disorder
can result from the abnormal action of a normal hormone of pregnancy.

Although the distal nephron is recognized as the major site of action
of mineralocorticoids, expression of mineral receptors in the hippocam-
pus, heart, and endothelium suggests extrarenal activity. The early
development of congestive heart failure in some patients affected by this
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syndrome suggest that MR might contribute to additional clinical effects
due to its expression in other tissues.

Familial hyperkalaemic hypertension, also called pseudohypoaldo-
steronism type II or Gordon’s syndrome, is characterized by an autoso-
mal dominant transmission of metabolic abnormalities: hyperkalemia,
hyperchloremia, and metabolic acidosis despite normal glomerular
filtration and normal levels of aldosterone. Although sometimes absent,
high BP can be an important feature, especially in young affected
individuals. The pathophysiology of pseudohypoaldosteronism type II
remains obscure, and several possible causal mechanisms have been
proposed: defect of the renal potassium secretory mechanisms, cellular
defect in transmembrane potassium transport, increased rate of chloride
reabsorption by the tubule, altered sensitivity to mineralocorticoids, and
excessive renal sodium reabsorption proximal to the site of aldosterone
action (67).

Recently, the cause has been linked to mutations in the genes codify-
ing for serine-threonine kinases (WNK1 and WNK4) (66). Both are
located in the distal convoluted tubule and collecting duct. But while
WNKI1 is cytoplasmic, WNK4 is located at intercellular junctions, within
the tight junction complex. Anincrease in the expression of these kinases
may explain the abnormalities observed in Gordon’s syndrome.

CONCLUSIONS

Secondary hypertension is associated with a broad spectrum of
diseases that changes from childhood through adolescence. A rational
approach based on a careful clinical evaluation and simple algorithms
permits a direct evaluation, saving time and avoiding unnecessary tests.
Since the definable causes of hypertension vary according to age, the
approach to diagnosis may differ slightly at different ages. Diagnosis of
the most frequent causes—parenchymal renal diseases, which account
for more than 70% of the hypertension causes—is easy, but many of the
other remaining causes are difficult to diagnose. Furthermore, the rec-
ognition of genetic causes of hypertension and the use of simple tests
permit a fast diagnosis where a wide workup would have failed to lead
to an adequate diagnosis. Surgical correction or intravascular manipula-
tion may resultin a permanentimprovement of BP levels in some patients
with coarctation of the aorta, renal artery stenosis, or tumors. Specifi-
cally targeted treatments may ameliorate other secondary causes of
hypertension. The majority of patients, however, need permanent anti-
hypertensive treatment in order to control BP levels and avoid further
end-organ damage.
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Sleep-disordered breathing (SDB) and the related clinical syndrome,
obstructive sleep apnea (OSA), have for many years been associated
with hypertension in clinical reports, but it is only recently that a causal
association linking SDB to the development of hypertension has been
established, and most clinicians who manage hypertensive patients do
not pay much attention to it. In the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pressure (sixth
report) (JNC VI), which is the standard guideline for the evaluation of
hypertension in the United States, sleep apnea is not mentioned as a
possible cause of hypertension (/), and many major textbooks on hyper-
tension also pay no attention to it. In this chapter, we review the physi-
ology of sleep; circulatory changes during sleep; and associations
between sleep apnea, hypertension, and obesity. We also discuss the
effects of treating OSA, and controlling hypertension and its clinical
implications.
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PHYSIOLOGY OF SLEEP AND CIRCULATORY CHANGES

Normal Sleep Patterns

Sleep is an active process regulated by centers in the brainstem and
composed of distinct cycles that recur regularly throughout the course of
the night (2). States and stages of human sleep are defined on the basis
of characteristic patterns in the electroencephalogram (EEG), the electro-
oculogram (EOG) (a measure of eye-movement activity), and the surface
electromyogram ( EMG), measured on the chin and neck. The continu-
ous recording of this array of electrophysiological parameters to define
sleep and wakefulness is termed polysomnography (PSG). Two basic
varieties are recognized: nondreaming, or slow-wave sleep (so called
because of low-frequency, high-amplitude waves on the EEG), and
dreaming, or rapid eye movement (REM), sleep, which occurs when the
EEG shows low-voltage, high-frequency activity similar to the pattern
of wakefulness. Non-REM (NREM) sleep is divided into four stages,
characterized by increasing arousal threshold and slowing of the cortical
EEG. The deepest stages of slow-wave sleep (stages 3 and 4) occur in the
first 2 hours of sleep; periods of REM sleep occur in 90-minute cycles,
with episodes that last longer during the latter part of the night. REM
sleepis characterized by alow-amplitude, mixed-frequency EEG similar
to that of NREM stage 1 sleep. The first REM sleep episode usually
occurs in the second hour of sleep. NREM and REM alternate through
the night with an average period of 90 to 110 minutes (the “ultradian”
sleepcycle). Overall, REM sleep constitutes 20 to 25% of total sleep, and
NREM stages 1 and 2 comprise 50to 60% (increasing in elderly subjects).

Most adults sleep 7 to 8 hours per night, although the timing, duration,
and internal structure of sleep vary among healthy individuals and as a
function of age.

Age has a profound impact on sleep-state organization. Slow-wave
sleepis most prominent and intense during childhood, decreasing sharply
at puberty and across the second and third decades of life.

Blood Pressure Changes During Sleep

Blood pressure (BP) changes are closely linked to the level of arousal.
During the first hour of sleep there is normally a progressive fall of BP,
which usually shows its maximal decrease of 15 to 20% two hours after
sleep onset (3—8), as shown in Fig. 1. This coincides with the deepest
stages of slow-wave sleep (stages 3 and 4). During REM sleep, the BP
is at about the same level as in stage 2 (approximately 10% less than
during wakefulness) but is much more variable, with fluctuations of as
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much as 30 mmHg over a few minutes (3). BP rises immediately on
waking.

Is THERE A CIRCADIAN RuyTHM OF BP?

Recordings made over 24 hours in ambulatory subjects, using either
invasive (9) or noninvasive recorders (/0) have typically shown that BP
tends to be highest in the morning, with a gradual decrease over the
course of the day, and lowest during the night (Fig. 2A). This observation
led to the suggestion that there might be an intrinsic circadian rhythm of
BP analogous to the circadian pattern of cortisol or body temperature.
The case for an intrinsic sinusoidal pattern of BP variation has been
argued most forcefully by Halberg, who found that such curves fitted the
BP pattern of a subject kept in a confined environment for a period of
several days (/7). Ithas also been proposed that there is a gradual increase
of BP during the early morning hours (3 am to 6 am) before the time of
wakening, and that this increase could contribute to the high incidence
of cerebral hemorrhage and myocardial infarction in the early morning.
Other workers, however, have presented data that indicate that the
apparently sinusoidal pattern of BP is most probably an artifact attribut-
able to the averaging of records from individuals who wake at different
times: when the recordings are synchronized to the time of waking rather
than the time of day, the early morning rise of pressure is no longer seen
(12).Instead, BP remains relatively stable during the hour before waking
but rises abruptly at the moment of waking (Fig. 2B).

The question of whether there is an endogenous circadian rhythm of
BP or whether the changes can be accounted for by variations in activity
can best be answered by removing the influence of external stimuli, so
that if the rhythm persists, it can be attributed to endogenous factors.
This was done in the study by Athanassiadis et al. (§), in which BP was
monitored noninvasively for 24 hours in patients in an orthopedic ward
who were immobilized by plaster casts. In this situation, the BP showed
no evidence of any sinusoidal change, being relatively constant during
the day and decreasing during sleep. There were in effect two levels of
pressure, one corresponding to waking, and the other to sleeping. Similar
observations were made in hospitalized patients kept on bed rest (13). In
the latter study, diurnal variations of pressure became more pronounced
when subjects were studied a second time, but while being physically
active during the day. Studies of shift workers have also shown a close
linkage between activity and BP. In general, when people change from
working a day shift to a night shift, the BP rhythm adapts immediately
to the new cycle of activity, but the heart rate takes longer to adapt (/4—16).
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Fig. 2. Diurnal rhythm of blood pressure: (A) pooled data for 14 hypertensive
subjects plotted according to clock time; (B) same data plotted according to time
of waking. (Reproduced with permission from ref. 72.)

Dipping and Nondipping Patterns. In patients with hypertension,
the diurnal pattern of BP change is generally similar to the changes
occurring in normotensive subjects, except that the entire BP profile is
shifted upward. Thus, the differences between work and home pres-
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sures, and between home and sleep pressures, are approximately the
same in normotensive and hypertensive subjects (about a 20% decrease
during sleep in both cases) when expressed on a percentage basis,
although in absolute terms they may be greater in hypertensives (/7).

Hemodynamic and Neurohormonal Changes During Sleep

The fall of BP during sleep is accompanied by a decreased heart rate.
Cardiac output decreases by a modest amount (5), but there may also be
vasodilation (/8). Renal blood flow and glomerular filtration rate (GFR)
fall by as much as 20% (19), but there is a much more pronounced
decreased in urine flow, which has been attributed to increased tubular
reabsorption (/9). The composition of the urine also changes: there are
large decreases in the excretion of sodium and chloride but relatively
small decreases of potassium and bicarbonate (19).

Plasma and urinary catecholamine levels fall during sleep, which
would be consistent with adiminished sympathetic activity (20,21). This
rhythm is still apparent in recumbent subjects who remain awake during
the night, but it has a smaller amplitude (27). Plasma renin and aldoster-
one levels have usually been found to rise steadily at the onset of sleep
and reach their highest levels during the second half of the night (22).
There is a very close linkage with the stage of sleep: renin secretion is
shut off during episodes of REM sleep (26), which occur mainly during
the second half of the night. When sleep is undisturbed, there is a marked
rhythmicity of renin secretion, such that secretion increases during
NREM sleep and stops during REM sleep. These findings suggest that
there is a single central mechanism regulating both sleep cycles and
renin secretion during the night. How it operates is far from clear; the
most obvious neural influence on renin secretion is via the sympathetic
nervous system (SNS), and yet sympathetic nervous activity increases
on waking, while renin secretion is suppressed.

The decrease of BP during sleep is paralleled by increased secretions
of growth hormone and prolactin (23,24), whose release is stimulated by
endogenous opioids, which also lower BP (30). Naloxone, a specific
opioid inhibitor, has been shown to prevent the fall of systolic BP (SBP)
that accompanies the onset of sleep, without affecting diastolic BP (DBP)
or heart rate (25), suggesting that opioids may be involved in the
regulation of BP during sleep. Antidiuretic hormone (ADH) levels rise
during the night, which could contribute to the nocturnal oliguria (26).
Plasma atrial natriuretic factor (ANF) also rises at night but this does
not occur if subjects remain recumbent and awake throughout the entire
24-hour period (26).
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SLEEP-RELATED BREATHING DISORDERS
AND HYPERTENSION

A wide spectrum of severe SDB has been recognized, with snoring at
the benign extreme, and OSA at the other. These conditions are relevant
to the present discussion not only because they affect the changes of BP
occurring during sleep, but also because they are significant risk factors
for cardiovascular disease. As a result of the compartmentalization of
contemporary medical science, their significance has not been fully
appreciated by researchers or clinicians in the field of cardiovascular
disease.

Mechanisms of SDB

OSA is a disorder in which there are repeated episodes of partial
(hypopnea) or complete (apnea) cessation of breathing during sleep.
Such episodes may be of central origin or caused by mechanical obstruc-
tion of the airways, or to a combination of the two. By definition apneas
or hypopneas lasting at least 10 seconds are considered to be of clinical
significance, although they usually last for 20 to 30 seconds and can last
for more than a minute. The apnea/hypopnea index (AHI, also known as
the respiratory distress index, or RDI) is the average number of apneas
and hypopneas per sleep hour. If OSA is defined as an AHI of greater
than or equal to 10, about 10% of the middle-aged population has OSA.
Habitual snorers are defined as people who snore most of the night on
most nights but have an AHI of less than 5 (27).

Most, if not all, apneic episodes are caused by collapse of the pharyn-
geal airway (28). This is the narrowest part of the airway and the most
dependent on muscle tone to maintain its patency. Muscle tone relaxes
during sleep, and this may result in narrowing of the upper airway during
inspiration and hence snoring. This collapse of the airway also leads to
increased respiratory effort and arousal. There is in fact a spectrum of
airway collapse ranging from hypopnea, to complete apnea, where there
is diminution butnot cessation of respiratory movements, to the increased
upper airway resistance syndrome, which is manifested by no diminu-
tion of airflow but increased respiratory effort and arousal during sleep.
The arousal restores the muscle tone of the upper airways, allowing the
subject to fall asleep once more. In this way, the cycle of sleep and
arousal may be repeated throughout the night.

The hemodynamic changes occurring during the apneic episodes
are initiated by systemic oxygen desaturation and an abrupt elevation of
arterial pressure, without any accompanying tachycardia (29). How-
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Fig. 3. Schematic illustration of mechanisms involved in the genesis of hyper-
tension in patients with SDB.

ever, in elderly subjects, apneic episodes may be associated with
hypotension (30). The increases of BP during apneic episodes are almost
certainly mediated by the SNS. Sympathetic nervous activity (which can
be directly recorded from the peroneal nerve) increases markedly during
the episodes (37). Urine and plasma catecholamines are higher in patients
with sleep apnea compared to normal controls (32); furthermore, the
usual nocturnal fall of catecholamine excretion is absent. After tracheo-
stomy or continuous positive airway pressure (CPAP) treatment, the
nocturnal catecholamine excretion falls to normal, along with the BP
(33). This sequence is illustrated thematically in Fig. 3.

The usual nocturnal decrease of urine and electrolyte excretion is also
impaired in patients with sleep apnea but normalizes following treat-
ment with CPAP (34,35). This phenomenon could not be explained by
changes in GFR or ADH secretion, or by changes in renin and aldoster-
one (35), but may be attributable to high levels of ANF, which are low-
ered by CPAP (36).

Epidemiology of OSA
Because sleep apnea OSA often goes undiagnosed, studies of its epi-
demiology need to be population-based surveys. The Wisconsin Sleep
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Cohort Study is the best example of such a study (27), in which Young
et al. estimated the prevalence of SDB in a cohort of working middle-
aged adults aged 30-60 years. The main finding was that 2% of
women and 4% of men in the middle-aged workforce (ages 30—60) have
sleep apnea (defined as an AHI score of 5 or more and daytime sleepi-
ness). The Wisconsin cohort study also suggests a lower prevalence of
SDB among women (27). The prevalence of an AHI of 5 or more
increases with age, reaching a maximum at about age 70 (37). The preva-
lence is higherin certain subgroups, including habitual snorers and obese
persons. No studies specifically assessing the effect of race on sleep
apnea syndrome have been published.

SDB and Hypertension

Both SDB and hypertension are common, and, not surprisingly,
there are many individuals who have both conditions. Furthermore, both
are closely linked to obesity (particularly central obesity as seen in the
metabolic syndrome), so there is a cluster of related syndromes: hyper-
tension, SDB, diabetes, and the metabolic syndrome. There is a high
prevalence of essential hypertension (EH) in OSA. About 50 to 60% of
OSA patients have EH (38). In the Wisconsin Sleep Cohort Study, Young
et al. found a linear relationship between 24-hour BP and AHI that was
independent of confounding factors such as body mass index (BMI)
(39,40). There is a high prevalence of OSA in EH, which has been
estimated to be about 30% (41—44). One of the issues is the causal link-
age between SDB and hypertension. The largest study of the association
between SDB and hypertension is the Sleep Heart Health Study (SHHS),
which is a prospective study of the relationship between SDB and car-
diovascular morbidity. In an initial cross-sectional study of 6132 sub-
jects aged 40 or more (45), there was a dose—response relationship
between the AHI score and the prevalence of hypertension, although
some of it was attributable to the effects of increased BMI (Fig. 4).
Nevertheless, after adjusting for other factors such as BMI, neck circum-
ference, and waist-hip ratio, the odds ratio for hypertension comparing
an AHI of 30/hour with the lowest level (<1.5/hour) was 1.37. The
association between SDB and hypertension was seen in both sexes, at
older and younger ages, and among normal and overweight groups.
Another survey of 2677 patients who were referred to a sleep clinic, who
not surprisingly tended to have more advanced SDB than the SHHS
cohort, also found a strong relationship between SDB and AHI that was
independent of measures of obesity (46).

To establish that SDB is an independent risk factor for the develop-
ment of EH, it is necessary to be able to demonstrate that SDB precedes



316 Secondary Hypertension

2.5
Adjusted for BMl etc. 27
Not adjusted for BMI
Odds 2 :
1.37
<1.5 1.5-4.9 5-14.9 15-29.9 =30

Apnea-Hypopnea Index per Hour

Fig. 4. Relationships between AHI and prevalence of hypertension, with and
without adjustment for obesity, from the SHHS. (Data plotted from ref. 45.)

and predicts the onset of hypertension and that there is a dose—response
relationship between the severity of SDB and the prevalence and sever-
ity of the hypertension. This has been achieved most convincingly by the
Wisconsin Sleep Cohort Study. Young et al. found a consistent dose—
response relationship, even after controlling for age, sex, BMI, and anti-
hypertensive medications (47) (Fig. 5). A second, but much smaller,
prospective study was performed by Wright et al.(48) in 82 normoten-
sive subjects, who were evaluated at baseline with an Edentec (Eden
Prairie, MN) device that evaluates nasal airflow, oximetry, and chest
movements, but not EEG. Both the RDI at baseline and the change of
RDI over 5 years predicted the 24-hour BP level, which was measured
at 5 years followup but not at baseline. Another dose—response relation-
ship that has been found is between the prevalence of nondipping BP and
the severity of OSA. The prevalence of nondipping decreases with treat-
ment of the associated OSA.

Whether SDB is related to systolic hypertension of the elderly, which
is generally thought to be unrelated to obesity and other causes of hyper-
tension in younger people, is unclear, but what evidence there is makes
this doubtful. One study found a significant correlation between AHI
and mean arterial pressure (49), but not with pulse pressure.

SDB and Dipping

It might be expected that repeated interruptions of breathing during
the night, together with the arousals from sleep, would result in an
absence of the normal dipping pattern of BP. It is certainly true that
nocturnal BP is more variable in patients with SDB during the night (40),
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Fig. 5. Odds ratio of developing hypertension over a 4-year followup period
based on AHI at baseline. (Data plotted from ref. 47.)

and some studies have reported an absence of any decrease of BP during
the night or even an increase (50). However, the correlation between
SDB and nondipping is not close: Suzuki et al. found that 50% of
normotensive subjects with SDB were nondippers, and 43% of hyperten-
sives were. Those with higher AHIs were more likely to be nondippers.

Snoring As an Independent Risk Factor for EH

It has often been claimed that snoring is associated with an increased
risk of hypertension, coronary heart disease (CHD), and cerebral infarc-
tion, independently of BP. Snoring is commoner in men than in women
and is also associated with increasing age, obesity, and smoking. Young
etal. (57)in a study of SDB in the community, found that when all their
data were adjusted for age, sex, BMI, and antihypertensive medications,
habitual snorers without OSA have a higher morning and evening SBP/
DBP than normal nonapneic simple snorers, on the average 4/2 mmHg
higher. In fact, the BP of habitual snorers was identical to that of people
with mild OSA (AHI 5-15). Many habitual snorers, like many OSA
patients, fail to reduce their BP normally during sleep (52). This is con-
sistent with the fact that habitual snorers who have hypertension have a
far greater number of arousals during sleep than normotensive habitual
snorers (53). These short arousals, usually lasting only a few seconds,
may represent episodes of marked increases in upper airway resistance
during sleep and are associated with sudden increases in BP.

Snorers with a normal AHI may have the upper airway resistance
syndrome, which has also been associated with hypertension (54).
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Sleep Apnea As a Cause of Drug-Resistant Hypertension

To determine the prevalence of OSA in patients with drug-resistant
hypertension, defined as a clinic BP of 140/90 mmHg or more, while
taking a sensible combination of three or more antihypertensive drugs,
titrated to maximally recommended doses, Logan et al. (55) studied 41
patients, all of whom completed an overnight polysomnographic study
and all but two of whom had a 24-hour ambulatory BP measurement. The
prevalence of OSA, defined as an AHI of 10 or more, was 83%. Patients
were generally late middle aged (mean age 57.2 years), predominantly
white (85%), obese (BMI = 34.0 kg/m?), and taking a mean of 3.6
different antihypertensive medications. OSA was more prevalentin men
than in women (96 vs 65%, p = 0.014) and more severe (mean AHI of
32.2 vs 14.0 events/hour, p = 0.004). There was no gender difference in
BMI or age. In another study (56), sleep apnea was found to be an
independent predictor of uncontrolled hypertension in patients under 50
years of age.

MORBIDITY ASSOCIATED
WITH SLEEP-DISORDERED BREATHING

As reviewed above, epidemiologic studies suggest that individuals
with SDB are at greater risk of daytime hypertension, even after control-
ling for other risk factors. OSA syndrome is a chronic disease without
evidence of spontaneous remission or improvement without treatment.
It is generally thought that sleep apnea is an independent risk factor for
both coronary and cerebrovascular morbidity, although prospective data
on this is relatively limited at the present time. For example, some of the
earlier studies indicating an increased morbidity in OS A were retrospec-
tive analyses that had incomplete followup (57) or many of the patients
had adiagnosis of cardiovascular disease (CVD) at baseline (58). Itis the
goal of the prospective SHHS, a multicenter study funded by the National
Institutes of Health (NIH), to provide some answers.

Stroke

A cross-sectional analysis of data from the 6424 subjects in the SHHS
found that the presence of OSA was associated with an increase of stroke
by 1.58 times in subjects with an AHI greater than 11 (59). A Swedish
prospective study of 408 patients with known CHD found that an AHI
greater than 10 was associated with an increased risk of stroke with an
odds ratio of 2.62 (60) Sleep apnea is also very common (in 43-91% of
patients) following a stroke and is obstructive rather than central in



Chapter 17 / Sleep Apnea and Hypertension 319

origin. To what extent this is a consequence as opposed to a cause of the
strokes is unclear.

CHD

As might be expected from the frequent occurrence of hypoxic epi-
sodes during the night in patients with OSA, silent ischemia is commu-
nally seen and has been related both to the hypoxic episodes and to the
increase in double product during the ensuing surge of BP and heartrate.
The cross-sectional analysis of the SHHS data found a modest associa-
tion between CHD and sleep apnea, with an odds ratio of 1.27 for those
in the highest AHI quartile (>11). Prospective data are few. One small
study of 62 patients with CHD found that those with OSA had a higher
mortality (38%) than those without (11%). One prospective Swedish
study of 408 patients with known CHD found that an AHI greater than
10 was associated with an increased risk of cardiovascular events (death,
stroke, and myocardial infarction) (60). A second Swedish cohort (6/)
was followed for 7 years and found that sleep apnea at baseline (defined
as 30 or more episodes of desaturation per night) was independently
associated with a 4.9-fold increased risk of cardiovascular events
(including new onset of hypertension, coronary, and cerebrovascular
events). Of particular interest was the finding that this increased risk was
confined to patients whose OSA was inadequately treated in the interim;
in these patients, the overall odds ratio for any cardiovascular event was
11.1, and for coronary heart disease events was 5.4.

Congestive Heart Failure (CHF)

As with stroke, there is evidence to suggest that CHF may be both a
cause and a consequence of sleep apnea. In the cross-sectional analysis
of the SHHS, the presence of sleep apnea (AHI > 11) was associated
with a 2.38-fold increase in the occurrence of CHF (59). Although sleep
apnea may contribute to pulmonary and systemic hypertension, sleep
apnea alone does not appear to be a cause of right heart failure.

ETIOLOGIC/PREDISPOSING FACTORS

Structural Factors

Itis well established that structural abnormalities, including obesity-
related fat deposits that narrow the normal upper airway lumen can cause
and/or exacerbate SDB episodes. In support of this hypothesis, SDB
activity has been induced by experimentally produced nasal obstruction
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in normal subjects (62) and in patients with epistaxis treated with ante-
rior and posterior nasal packs (63).

Genetic Factors

Several published case series have suggested a role for genetic inher-
itance in OSA syndrome (64). In the only analytic study designed to
assess familial OSA syndrome, Redline et al. (65) assessed the role of
inheritance in OSA by quantitating the degree of familial clustering of
symptoms associated with sleep-related breathing disorders. The unad-
justed odds ratios of habitual or disruptive snoring, breathing pauses,
and excessive daytime sleepiness in subjects with a single relative with
the same symptom were 1.40 to 1.53 (p < 0.05). Odds ratios increased
progressively for subjects with increasing numbers of symptomatic rela-
tives. Adjustment for BMI, age, and gender modestly reduced these odds
ratios to 1.33 to 1.42. These data suggest a significant familial aggrega-
tion of symptoms associated with SDB that appears independent of
familial similarities in weight.

Endocrine Disorders

Conditions that increase soft tissue growth theoretically can cause
narrowing and obstruction of the upper airway and subsequent OSA
syndrome. For example, several case series have suggested an associa-
tion between acromegaly (66) and hypothyroidism and OSA syndrome
(67). Since sleep apnea is more common in men, a hormonal basis for
sleep apnea has been suggested, although the mechanism of action of
the female hormones has not been established. Several case series have
suggested an androgen/progesterone imbalance contributing to the
development of OSA syndrome. A related condition is the polycystic
ovary syndrome, characterized by increased androgenic hormones,
insulin resistance, and central obesity. It has been reported that women
with this condition have an increased prevalence of OSA, even after
controlling for obesity (68). If menopausal status has an impact on sleep
apnea, progesterone might be expected to have an effect on SDB. How-
ever, although there were some studies that were moderately encourag-
ing (69,70), this mode of treatment has fallen out of favor.

Alcohol and Sedatives

Alcohol, even in moderate amounts, has been demonstrated to
exacerbate existing OSA syndrome and to induce apneic activity in
asymptomatic individuals (77,72). Benzodiazapines have also been
demonstrated to exacerbate existing OSA syndrome, mainly by increas-
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ing the duration of the apneic events and the degree of oxygen
desaturation (72,73).

Animal Models of Sleep Apnea and Its Effects on BP

A series of animal studies in rats and dogs has identified possible
mechanisms by which SDB might lead to hypertension. Fletcher et al.
have described a rat model in which repetitive episodes of hypoxia
administered for 7 hours a day result in a persistent increase of BP and
left ventricular mass (74). A role for the carotid chemoreceptors as the
afferent stimulus was demonstrated by showing that surgical denerva-
tion of the chemoreceptors prevented the increase of BP (75). In addi-
tion, the role of the SNS as the efferent mediator was shown by
sympathectomy using adrenal demedullation and 6-hydroxy dopamine,
which also prevented the increase of BP (75,76). The renin-angiotensin
system (RAS) may also play a role, because when it is suppressed by a
high-salt diet, the hypoxia-induced hypertension no longer occurs (77).

Indogs, obstructing a tracheostomy to simulate apnea causes an acute
increase of BP of about 20 mmHg, which lasts for several hours and is
exacerbated by prior sleep deprivation (78). The same model has been
used to investigate the relative contributions of arousal and chemorecep-
tor stimulation on BP. When partial airway obstruction is induced that
is sufficient to produce hypoxia but not arousal on the EEG, there is arise
of mean BP of about 8§ mmHg, but this increases to 17 mmHg when there
isarousal as well (78). The BP increase can be blocked by pharmacologi-
cal blockade of the autonomic nervous system with hexamethonium,
which shows that it is mediated by the SNS rather than by mechanical
factors related to changes of intrathoracic pressure.

Role of Excessive Sympathetic Drive As a Mediator
of Higher BP in Sleep Apnea

The SNS is a key contributor to the increases in BP. The association
between high sympathetic traffic and increased BP may also be espe-
cially relevant to patients with OSA who exhibit both high levels of
sympathetic traffic and an increased incidence of hypertension. Figure
6 shows an example of sympathetic nerve activity in a patient with OSA
during an apneic episode. The chemoreceptors respond to hypoxia and
hypercapnia, which elicit marked increases in peripheral sympathetic
vasoconstrictor activity with consequent increases in BP (79). Increased
minute ventilation during chemoreceptor activation inhibits the sympa-
thetic response; thus, apnea during hypoxia or hypercapnia results in a
potentiated sympathetic vasoconstrictor response.
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Fig. 6. Apneic episodes during REM sleep in a patient with OSA. Arrows show
increase of muscle tone and cessation of rapid eye movements characteristic of
REM sleep toward the end of the apneic period. BP, intra-arterial BP; EEG,
electroencephalogram; EKG, electrocardiogram; EMG, electromyogram; EOG,
electro-oculogram; RESP, respiration; SNA, muscle sympathetic nerve activ-
ity. (Reproduced with permission from ref. 50.)

During normal sleep, as described above, sympathetic nerve activity
decreases, reechoing its lowest level during stage 4 sleep, but during
periods of arousal (such as K complexes) and REM sleep, there is an
acute increase (80). In patients with SDB there is extensive evidence for
increased sympathetic tone during both the day and night (Fig. 7). Thus,
24-hour urine catecholamine levels are increased (32) as are plasma
levels measured during the day (81,82). Sympathetic nerve activity is
also increased even while awake (50,82,83) and may increase further
during sleep, along with the BP (50).

Remarkably, the high sympathetic drive is present even during day-
time wakefulness when subjects are breathing normally and no evidence
of hypoxia or chemoreflex activation is apparent. It has been proposed
that tonic activation of the chemoreflex contributes to the increased
sympathetic drive (84). Patients with OSA show an increased muscle
sympathetic nerve activity (MSNA) while at rest, but when the chemore-
flex is deactivated by breathing 100% oxygen, there is a decrease of both
MSNA and BP in the OSA patients, but not in normal controls. Treat-
ment of OSA with tracheostomy reduces the elevated urinary catechola-
mine levels (33).
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Fig.7.Recordings of MSNA during wakefulness in three patients with OS A and
matched normotensive controls. (Reproduced with permission from ref. 50.)

Endothelin

A causal relationship between endothelin levels and BP in OSA
has been suggested by Narkiewicz et al. (85), who found that after
4 hours of untreated sleep apnea in patients with OSA, BP increased and
was correlated with a parallel increase of circulating endothelin-1, but
there was no correlation with changes in plasma norepinephrine (NE) of
renin. After 5 hours of CPAP, both BP and endothelin decreased.

CLINICAL EVALUATION

The cardinal manifestations of the OSA syndrome are snoring and
daytime sleepiness (86). However, both may be denied or minimized by
the patient. Snorers may be unaware of the sounds of their nightly battle
to breathe unless there is a listener to tell them. There are at least two
problems with sleepiness as a symptom. One is that patients may develop
sleepiness so slowly over years that they forget what normal alertness is
like. The other is that sleep deprivation is so common in our society that
sleepiness is ubiquitous and thus nonspecific. The observation of some-
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Table 1
Clinical Clues Suggesting SDB

Male sex

Central obesity

Increased neck circumference
Hypertension that is difficult to control
Snoring

Daytime sleepiness

one who has seen the patient’s sleep behavior (and daytime alertness)
can be very helpful to the clinician. Witnessed obstructive events during
sleep in a habitual snorer are a strong predictor of clinically important
sleep apnea.

Morning headaches are characteristic of SDB and are usually of rela-
tively short duration (less than 30 minutes) (87). They are related to the
severity of AHI and may be relieved by CPAP or surgery.

Physical Examination

Examination of the prototypical patient with OS A reveals a hyperten-
sive, obese, middle-aged male with a large neck. Although obstruction
in the upper airway is the critical factor, the loci of obstruction are not
easily assessed by the clinician while the patient is awake. Clues may
include severe nasal obstruction, a low-hanging soft palate and large
uvula, enlarged tonsils/adenoids, and retrognathia or micrognathia. It is
important to note the patient’s neck circumference. Neck size appears to
be a stronger predictor of sleep apnea than body mass index, presumably
because that is where additional tissue can influence the size of compli-
ance of the upper airway. The clinical clues are summarized in Table 1.

Initial Laboratory Evaluation

Routine laboratory data are generally not helpful. However, screen-
ing for hypothyroidism should be performed, particularly in older
patients after the diagnosis of OSA is established.

Diagnostic Tests
EpwORTH SLEEPINESS SCALE (ESS)

Sleepiness is most commonly evaluated using questionnaires such as
the ESS. This is a self-administered, eight-question test that measures
sleep propensity and correlates reasonably well with the RDI. The patient
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rates from O to 3 the likelihood of falling asleep, and a total score is
obtained, ranging from 0 to 24. As the RDI increases, the ESS score
becomes progressively higher.

PSG

Atpresent, PSG is the test of choice for suspected OSA. Patients with
excessive daytime sleepiness and the constellation of risk factors
described above are candidates for testing. Traditionally, patients undergo
diagnostic polysomnographic study over a full night, with a subsequent
study for nasal CPAP titration. However, in an effort to reduce costs,
many centers have been encouraged by insurance carriers to combine
diagnostic and therapeutic nasal CPAP studies into one split-night study.
Data are now emerging to support this approach, particularly in patients
with more significant sleep apnea (>20 events per hour), and algorithmic
approaches are being formulated. However, caution is necessary if a
patient with a high pretest suspicion for OSA has a negative one-night
study. Despite the fact that PSG is considered the gold standard diagnos-
tic study, there can be considerable night-to-night variability.

ScREENING TECHNIQUES

There is now a broad interest in developing accurate and less costly
portable diagnostic techniques than PSG. A number of monitors have
been developed that measure variables such as respiratory effort and
airflow, heart rate, and oxygen saturation. Actigraphy is one such tech-
nique; it records body movements during the night but, like other screen-
ing techniques, has insufficient sensitivity to be fully reliable (88).

TREATMENT

There are two general issues when it comes to treating hypertensive
patients who have SDB: first, treatment of the underlying condition, and
second, treating the hypertension itself. Since many of these patients will
have the metabolic syndrome, attention should be paid to general
hygienic measures such as weightloss and exercise. Although lip service
is traditionally paid to these interventions, no controlled trials of their
value appear to have been done (89). Gastric bypass surgery, which can
produce dramatic weight loss in the morbidly obese, has been reported
to produce equally marked improvements in the RDI (from 96.9 to 11.3
in one study [90]), and other studies have shown areduction of BP (91).
Another major issue concerns the effects of relieving the apneic episodes
by surgery or nasal CPAP on BP.
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Acute and Chronic Effects of CPAP on BP Control

Effective treatment of sleep apnea by CPAP has been shown to mark-
edly and acutely decrease BP and sympathetic traffic during sleep.
Chronic effects of CPAP treatment are less clear. Silverberg et al. (38)
reviewed 23 prospective studies published since 1989, of which 21 used
CPAP, one used surgery (uvulopalato-pharyngoplasty), and one “posi-
tional therapy” (a tennis ball placed in the middle of the back at night to
keep patients on their sides rather than their backs). Nineteen of these
studies showed a reduction in daytime BP as a result of treatment. Since
then, a number of other studies have appeared. Three studies have been
double blind, comparing CPAP with either placebo pills or with antihy-
pertensive drugs. One (92) showed a small but significant fall of BP from
CPAP, particularly in patients with nocturnal hypoxemia; however, most
of the patients were not hypertensive. A second study showed no net
effect on BP, but again, only 25% of the patients were hypertensive (93).
The third study used subtherapeutic (sham) CPAP (94) and found a
reduction of 3.4/3.3 mmHg (slightly larger during the day than during
the night). In patients taking antihypertensive drugs, the 24-hour mean
BP fall was about twice as large (6.7 mmHg vs 3.3).

Effects of Antihypertensive Drugs on Sleep Apnea

It is likely that antihypertensive drugs will have different effects in
patients with sleep apnea, but there are few systematic data on this.
Clonidine has been reported to suppress REM sleep and hence the apneas
occurring during REM, which resulted in a lessened nocturnal hypox-
emia (95). Cilazapril, an angiotensin-converting enzyme inhibitor
(ACED), had no effect of the RDI but lowered BP during sleep (96),
whereas celiprolol, a B-blocker, decreased daytime BP but had relatively
little effect during the night (97).

CLINICAL IMPLICATIONS AND RECOMMENDATIONS

Itis clear from the above considerations that SDB is an important and
generally unrecognized cause of EH. Physicians who treat hypertensive
patients need to raise their level of awareness for the condition and
incorporate questions regarding snoring, sleep problems, and daytime
sleepiness into the routine history. Patients who have put on a lot of
weight or who have features suggestive of the metabolic syndrome are
at particularly high risk. Those with apparently refractory hypertension
are another important group. Apart from central obesity, a stocky build
with a short thick neck is also suggestive.
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Unfortunately, there is no reliable screening test at the present time,
so the diagnosis can only convincingly be established by doing a full
PSGin an accredited sleep lab. Such is the interest in these tests now that
there is often a long waiting list. If the diagnosis is confirmed, there are
several therapeutic options. Although CPAP is the definitive treatment,
itis poorly tolerated by many patients, and other modalities of treatment
include weight loss and sleeping on the side as opposed to the back, in
some cases by wearing a belt with a tennis ball in the small of the back.
Surgery has its advocates, but the results are disappointing.
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Catecholamines
and Cushing’s syndrome, 205
and pheochromocytoma, 223—
224,257, 258, 294-295
plasma and urinary metabolites,
224,226
plasma levels, alteration of, 228—
229
sleep, levels during, 312
sleep apnea and, 314
synthetic pathways, normal, 259
and tumors, 224, 226
CCB. See Calcium channel
blockers (CCBs)
Celecoxib and hypertension man-
agement, 32
Celiprolol and sleep apnea, 326
Chemotherapy and pheochromocy-
tomas, 246-247
Children. See also Pediatric hyper-
tension
diagnosing, 282
etiology, 282-283
hypertension defined, 279-282
renovascular disease, presenta-
tion of, 291-293
Chromogranin A (CgA) in pheo-
chromocytoma, 226
Chronic fatigue syndrome and
pseudopheochromocytoma, 264
Chronic heart disease (CHD) and
sleep-disordered breathing
(SDB), 319
Chronic kidney disease (CKD)
ACE inhibitors (ACEIs), use in,
54

African-American Study of
Hypertension and Kidney
Disease (AASK Trial), 48
a-2 agonists, use in, 5657
and angiotensin II type I receptor
blockers (ARBs), 54-55
o~-blockers, use in, 56-57
B-blockers, use in, 56
blood pressure (BP) and, 53-54
and blood pressure management,
41, 47-48
calcium channel blockers
(CCBs) and, 56
defined, 40
diabetes mellitus, 40, 44, 50-53
and diabetic nephropathy, 49
diuretics, use in, 55-56
end-stage renal disease (ESRD)
and, 40
hydralazine, se in, 57
and hypertension, 39-47
and hypertensive nephrosclero-
sis, 48-49
mineralocorticoid receptors
agonists and, 57
Minoxidil, use in, 57
Modification of Diet in Renal
Disease study (MDRD),
46, 47
pathophysiology, 41
renin—angiotensin—aldosterone
system (RAAS), 39-40,
47-48
Spironolactone, use in, 57
vasodilators, use in, 57
Chronic renal failure
NSAIDS and, 32
and pseudohypertension, 6
Cilazapril and sleep apnea, 326
Circadian variability, estimating,
281-282
Cisplatin and blood pressure man-
agement, 26
CKD. See Chronic kidney disease
(CKD)
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Clozapine and hypertension man-
agement, 25, 27-28
CO, angiography and renal artery
visualization, 78
Coarctation of the aorta and ren-
ovascular disease in children,
293
Cocaine
and dopamine, 258, 269
and hypertension, 24, 27, 269
intoxication, characterization of,
27
pseudopheochromocytoma and,
264
and refractory hypertension, 11—
12
Computed tomography (CT)
pheochromocytoma and, 230,
231
and primary aldosteronism sub-
types, 127-129
renovascular disease and, 292
spiral computed tomography
angiography and renal
artery anatomy, 76-77, 80
and tumor localization, 208
Congestive heart failure and sleep-
disordered breathing (SDB),
319
Contrast angiography and renal
artery stenosis, 78—79
Cooperative Study of Renovascular
Hypertension, 64
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Clonidine Corticosteroids, 22-23. See also
and hypertension management, Steroids
26 Cortisol
and pheochromocytoma, 227, BP elevation and, 22, 212213
228 and Cushing’s syndrome, 203,
plasma catecholamine levels 204, 205
and, 229 experiemental studies with, 212—
pseudopheochromocytoma and, 213
266 mineralocorticoids, 179
renovascular hypertension and, and vascular endothelial func-
103 tion, 213

CPAP treatment, effects of, 326
Cushing, Harvey, 195-196
Cushing’s syndrome
acoustic neuroma and, 195
and adrenal adenoma, 199
adrenal carcinoma and, 199
adrenal hyperplasia and, 199—
200
and adrenocorticotropic hormone
(ACTH), 196-197, 207
autopsy findings, 198
and catecholamines, 205
classification of, 197
clinical features of, 201, 202—
205
Cortisol and, 203, 204, 205
diagnosis, 205-209
glucocorticoid (GC) administra-
tion, 200
glucocorticoid (GC) excess,
195-196
and hypertension, 201, 202-205
hypokalemia and, 201, 211
iatrogenic, 200-205
pregnancy and, 209
treatment, 209-211
Cyclosporin-A and hypertension
management, 28
Cyclosporine
and hypertension management,
25, 296
refractory hypertension and, 12
Cyclosporine A and renal transplan-
tation, 290
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D

Danazol and hypertension, induc-
ing, 23
Demser and pheochromocytoma
surgery preparation, 237, 240
Desflurane and hypertension man-
agement, 24, 26
Dexamethasone therapy
AME syndrome and, 299
Cushing’s disease and, 205-207
and the renin—angiotensin sys-
tem (RAS), 185
Diabetes, type I and Captopril, 49-50
Diabetes mellitus
chronic kidney disease (CKD)
and, 40, 44, 50-53
and nonadherence, 8
Reduction in Endpoints in Non-
insulin Dependent Diabe-
tes Mellitus with the
Angiotensin II Antagonist
Losartan (RENAAL)
study, 51-52
target BP and, 4
Diabetic nephropathy and chronic
kidney disease (CKD), 49
Dibenzyline and pheochromocy-
toma surgery preparation, 236
Diltiazem and hypertension man-
agement, 26
Dipivalyl adrenaline and blood
pressure management, 26
Disulfiram and blood pressure man-
agement, 31
Diuretics
and CKD, 55-56
pheochromocytoma and, 229
renovascular hypertension and,
95
Dopamine
blood levels, increase in, 258,
266
discharge in
pseudopheochromocytoma,
257, 259, 260

excess, genetic predisposition
for, 262

and hypertension, 268

and personality disorders, 268

stress, response to, 261
Dopamine 2 receptor gene

hypertension/ obesity and, 270

and personality disorders, 268

Dopamine reward cascade, 268—
269

3DPC. See Three-dimensional
Phase Contrast MRA (3DPC)

Drug-induced hypertension, manag-
ing, 24-25

Drug-resistent hypertension de-
fined, 34

2DTOF. See Two-dimensional
Time of Flight MRA
(2DTOF)

3DTOF. See Three-dimensional
Time of Flight MRA
(3DTOF)

DTPA. See Technetium-99
diethylenetriamine
pentaacetic acid (DTPA)

Duplex Doppler Ultrasonography

and renal artery anatomy, 74,
75-76, 79-80
renovascular disease and, 292

E

Elderly patients
and GC-induced hypertension,
22
nonsteroidal anti-inflammatory
drugs (NSAIDs) and, 32
and pseudohypertension, 6
sleep-disordered breathing
(SDB) and, 316
ENaC. See Epithelial sodium chan-
nel (ENaC)
Enalapril
renovascular hypertension and,
96
and sleep apnea, 17
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Enalaprilat and renovascular hyper-
tension, 66

Endothelin and sleep-disordered
breathing (SDB), 323

End-stage renal disease and second-
ary hypertension, 289-290

End-stage renal disease (ESRD)

and chronic kidney disease
(CKD), 40
development of, 39-41
hypertension and, 42, 289-290
Multiple Risk Factor Interven-
tion Trial (MRFIT) and,
41, 42
Epinephrine (E)
blood levels, increase in, 258, 266
discharge in
pseudopheochromocytoma,
257,259, 260
Epithelial sodium channel (ENaC)
mineralocorticoids and, 178
mutations/polymorphisms, 180—
181, 296-297
regulation of, 180

Epworth Sleepiness Scale (ESS)
and sleep-disordered breath-
ing (SDB), 324-325

ERT. See Estrogen replacement
therapy (ERT)

ESRD. See End-stage renal disease
(ESRD)

Estrogen replacement therapy
(ERT) and blood pressure
management, 23

Ethanol and refractory hyperten-
sion, 11

F

Fallopian tube tumors and
hyperreninemia, 110

Familial hyperkalemia and hyper-
tension (FHH), 179-180,
187-190, 300

FHH. See Familial hyperkalemia
and hypertension (FHH)

Fibromuscular dysplasia (FMD)
defined, 83-84
general discussion, 84—85
management of, 104
and renovascular hypertension,
91-92, 291
Fludrocortisone and primary aldos-
teronism, 143
Fluid balance, regulating, 109
Fluoxetine and hypertension man-
agement, 29
FMD. See Fibromuscular dysplasia
(FMD)
Franklin and Smith study and ren-
ovascular hypertension, 96,
97, 100-101
Furosemide and primary aldoster-
onism, 143
Fursemide and renovascular hyper-
tension, 103

G

Gardner’s syndrome, 199
Glomerular filtration rate (GFR)
and Amlopdine, 48
and capillary pressure manage-
ment, 45, 46
Ramipril and, 48
Glucagon
and hypertension management,
24,27
pheochromocytoma testing, 228
renal artery visualization and,
78
Glucocorticoid (GC) excess. See
Cushing’s syndrome
Glucocorticoids
hypertension management and,
24
and secondary hypertension,
295
Glucorcorticoid-remdiable (GRA)
aldosteronism, 120, 184-185,
297-298
Gordon’s syndrome, 300
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Haloperidol and plasma catechola-
mine levels, 229
Hepatoblastomas and
hyperreninemia, 110
Hollenberg study and renovascular
hypertension, 96, 97, 100
Hydralazine
and chronic kidney disease
(CKD), 57
renovascular hypertension and,
95, 96, 103
Hydrochlorothiazide
BP and, 140, 144
and primary aldosteronism, 140,
142, 143
renovascular hypertension and,
96
and sleep apnea, 17
Hyperaldosteronism
adrenalectomy, long-term re-
sults, 174
and resistant hypertension, 15
Hyperkalemia
familial, 179-180, 187-190,
300
renovascular hypertension and,
102
and secondary hypertension,
285-286
Hyperreninemia
adenocarcinomas and, 110
and adrenal carcinomas, 110
Fallopian tube tumors, 110
and hepatoblastomas, 110
and hypokalemia, 111
juxtaglomerular (JG) cell tu-
mors, 111, 112-113
and lung cancers, 110
ovarian tumors and, 110
pancreatic carcinomas and, 110
and paragangliomas, 110
renal artery stenosis, 110
reninomas and, 111
Wilm’s tumor and, 111

Hypertension
CKD therapy, 4647
Cushing’s syndrome and, 201,
202-205
evaluating, 4-5
and GC therapy, 200, 203
low-renin
and aldosterone synthase,
181-182
mineralocorticoids and, 183—
184
management, 24-32, 296
paroxysmal
defined, 251-252
diagnosis, 262-266
medullary disorders and,
263-264
presentation, 253-255
vs pheochromocytoma, 255—
262
pediatric
cardiovascular disorders and,
283,293
defined, 279-282
diagnosing, 282
etiology, 282-283
and mutations, 283
renal artery stenosis and, 283
and thromboembolism, 283
pregnancy and, 299
refractory
and alcohol, 11
aspirin and, 10-11, 32
and calcineurin inhibitors, 12
cocaine and, 11-12
and Cyclosporine, 12
and ethanol, 11
hypokalemia and, 13
Indomethacin, use in, 10-11,
32
nonsteroidal anti-inflamma-
tory drugs (NSAIDs),
use in, 10-11, 32
and pheochromocytoma, 15—
16
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renal artery stenosis and, 16 and renal scintigraphy testing,
and sodium restriction treat- 67, 70-73

ment, 89 renal vein renin ratio testing,
Sulindac, use in, 10-11, 32 67, 68, 69-70, 79, 80
Tacrolimus, use in, 12 reverse tachyphylaxis and,

renovascular 291

ACE inhibitors (ACEIs), use and Technetium-99

in, 66, 95-100, 101 diethylenetriamine

acute renal failure and, 100—
101

and angiography, 66, 79

calcium channel blockers
(CCBs), use in, 68

Captopril, use in, 96, 292

Captopril-renin test, 68, 79

Clonidine, use in, 103

diuretics, and, 95

Enalapril, use in, 96

Enalaprilat, use in, 66

and fibromuscular dysplasia
(FMD), 91-92, 291

Franklin and Smith study and,
96, 97, 100-101

Fursemide, use in, 103

Hollenberg study, 96, 97, 100

Hydrochlorothiazide, use in,
96

and hyperkalemia, 102

Minoxidil, use in, 103

nephrectomy and, 105

nonsteroidal anti-inflamma-
tory drugs (NSAIDs),
use in, 32

peripheral plasma renin activ-
ity (PRA) test, 66

and plasma renin levels/
stimulated plasma renin
levels, 66, 67, 79

Plouin et al. study, 97, 98

and progressive renal is-
chemia, 101-102

Propranolol, use in, 95

renal artery stenosis and, 63—
64, 65-66

pentaacetic acid
(DTPA), 70, 292

Technetium-99
mercaptoacetyltriglycine
(MAG3) and, 72-73

Torsemide, use in, 103

van Jaarsveld et al. study, 97,
99

Webster et al. study, 97, 98—
99

resistant

defined, 34

and hyperaldosteronism, 15

optimal drug regimen for, 12—
13

renin—angiotensin—aldoster-
one system (RAAS),
12-13

and sleep apnea, 1617, 318

secondary

causes of, 286-300

diagnosing, 283-286

end-stage renal disease
(ESRD) and, 42, 289-
290

glucocorticoids and, 295

hyperkalemia and, 285-286

hypokalemia and, 285

kidney transplantation and,
289-290

neuroblastoma and, 294

pheochromocytoma and, 294

reflux nephropathy and, 288—
289

renal parenchymal diseases
and, 287-288, 289
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renovascular disease and,
290-293
and salt suppression proto-
cols, 14-15
symptoms/signs, 14
Tacrolimus, use in, 295-296
tumors and, 294-295
stimuli provoking, 262
Hypertensive nephrosclerosis and
chronic kidney disease
(CKD), 48-49
Hypokalemia
ACEIs/ARBs and, 53
aldosteronism and, 120, 121, 143
and corticosteroids, 23
Cushing’s syndrome and, 201,
211
hyperreninemia and, 111
and refractory hypertension, 13
secondary hypertension and, 285
Hypovolemia and hypertension, 262

I

Immunosuppressive agents and
hypertension management, 28

Inderal and pheochromocytoma
surgery preparation, 237

Indinavir and hypertension, 33

Indomethacin

ACTH and, 212
and refractory hypertension, 10—
11,32

Intravascular volume, abnormalities
and primary aldosteronism, 140

Intravenous digital subtraction
angiography and renal artery
stenosis, 78

Intravenous pyelography (IVP) and
renal artery anatomy, 73, 74,
75,79

Irbesartan and nephropathy, 50-51,
52

Irbesartan in Diabetic Nephropathy
Trial (IDNT), 52

IVP. See Intravenous pyelography
Ivp)

J

Juxtaglomerular (JG) cells
and renin secretion, 109
tumors and hyperreninemia, 111,
112-113

K

Ketamine hydrochloride and hyper-
tension management, 24, 26

Ketoconazole and corticosteroids,
23

Kidney transplantation and second-
ary hypertension, 289-290

L

Labetolol
and hypertension management,
26, 29
pheochromocytoma and, 229,
236, 241
Laparoscopic adrenalectomy. See
Adrenalectomy, laparoscopic
Licorice and hypertension, 22, 296
Liddle’s syndrome
mutations and, 297
pathophysiology, 182
presentation, 179, 180, 181
renal failure and, 186
Losartan and sleep apnea, 17
Lung cancer
and ectopic ACTH secretion,
197
hyperreninemia and, 110
Lysergic acid diethylamide (LSD)
and pseudopheochromo-
cytoma, 264

M

Macroalbuminaria defined, 46

MAG3. See Technetium-99
mercaptoacetyltriglycine
(MAG3)

Magnetic nuclear resonance (MNR)
and tumor diagnosis, 295

Magnetic resonance angiography
(MRA)
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and renal artery anatomy, 77, 79,
80
renovascular disease and, 292
Magnetic resonance imaging (MRI)
and pheochromocytoma, 230,
231
MAGOIs. See Monoamine oxidase
inhibitors (MAOIs)
Mastocytosis and pseudopheo-
chromocytoma, 264
McCune—Albright syndrome, 200
Metaiodobenzylguanidine (MIBG)
and pheochromocytoma, 230—
231, 241, 246, 247, 295
Metals and hypertension, 33
Metanephrines, plasma-free, 226—
227
Methyldopa and plasma catechola-
mine levels, 229
Methylglucamine and pheochro-
mocytoma, 229
Metyrosine and pheochromocytoma
surgery preparation, 237, 240
MIBG. See
Metaiodobenzylguanidine
(MIBG)
Microalbuminaria
and ACElIs, 49
defined, 45
and reflux nephropathy, 288-289
Mineralocorticoid receptors
agonists and chronic kidney
disease (CKD), 57
S810L mutations, 183
Spironolactone and, 183
Mineralocorticoids
cortisol and, 179
epithelial sodium channel
(ENaC) and, 178
and hypertension management,
24,213
low-renin hypertension and,
183-184
and primary Aldosteronism,
139-143

primary aldosteronism and, 139—
143
in renal cells, 179

Minipress and pheochromocytoma
surgery preparation, 236

Minoxidil

and chronic kidney disease
(CKD), 57

renovascular hypertension and,
103

Moclobemide and hypertension
management, 29

Modification of Diet in Renal Dis-
ease study (MDRD) and
CKD, 46, 47

Monoamine oxidase inhibitors
(MAOIs)

and hypertension management,
25,29

pseudopheochromocytoma and,
264

MRA. See Magnetic resonance
angiography (MRA)

MR hypersensitivity syndrome,
299

MRI. See Magnetic resonance
imaging (MRI)

Multiple endocrine neoplasia type
2A (MEN2A) and pheochro-
mocytoma, 244, 245

Multiple endocrine neoplasia type
2B (MEN2b) and pheochro-
mocytoma, 244, 245

Multiple Risk Factor Intervention
Trial (MRFIT) and end-stage
renal disease (ESRD), 41, 42

Mutations

and blood pressure (BP), 178

epithelial sodium channel
(ENaC), 180-181, 296—
297

Liddle’s syndrome and, 297

and pediatric hypertension, 283

S810L and mineralocorticoid
receptors, 183
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N

Naloxone
ectopic ACTH and, 208
and hypertension management,
24,26
systolic BP and, 312
Naproxen and hypertension man-
agement, 32
Needlescopic adrenalectomy, 164
Nephrectomy and renovascular
hypertension, 105
Neuroblastoma and secondary hy-
pertension, 294
Nicardipine and hypertension man-
agement, 26
Nifedipine and
pseudopheochromocytoma,
267
Nipride and pheochromocytoma
surgery preparation, 237, 242
Nitroglycerin and cocaine-induced
hypertension, 27
Nonadherence and treatment, 8-9
Nonsteroidal anti-inflammatory
drugs (NSAIDs)
and chronic renal failure, 32
elderly patients and, 32
and hypertension management,
25
refractory hypertension, use in,
10-11, 32
renovascular hypertension, use
in, 32
Norepinephrine (NE)
blood levels, increase in, 258,
266
discharge in
pseudopheochromocytoma,
257, 259, 260
and mental stress, 270
Normodyne and pheochromocy-
toma surgery preparation,
236, 241
Norvasc and pheochromocytoma
surgery preparation, 236

NP-59 scintigraphy and primary
aldosteronism, 131

NSAIDs. See Nonsteroidal anti-
inflammatory drugs
(NSAIDs)

o

OC. See Oral contraceptives (OC)

Opthalmic solutions and hyperten-
sion management, 24

Oral contraceptives (OC) and hy-
pertension, 23, 24, 296

OSA. See Sleep apnea (OSA)

Osler’s maneuver and
pseudohypertension, 6

Ovarian tumors and
hyperreninemia, 110

Over the counter drugs (OTCs) and
hypertension management,
28-29

P

Page’s Syndrome. See
Pseudopheochromocytoma
Pancreatic carcinomas and
hyperreninemia, 110
Paragangliomas and
hyperreninemia, 110
Paroxysmal autonomic discharge,
267-271
Paroxysmal hypertension
coarctation of the aorta, 294
defined, 251-252, 269
diagnosis, 262-266
medullary disorders and, 263-264
presentation, 253-255
vs pheochromocytoma, 255-262
Pediatric hypertension
cardiovascular disorders and,
283, 293
defined, 279-282
diagnosing, 282
etiology, 282-283
and mutations, 283
renal artery stenosis and, 283
and thromboembolism, 283
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Peripheral plasma renin activity
(PRA) test
ACE inhibitors (ACEIs) and,
121-122
plasma aldosterone concentra-
tion (PAC) to plasma renin
activity ratio (PRA)
and diagnosing primary aldos-
teronism, 121, 122-125
and renovascular hyperten-
sion, 66
PET. See Positron emission tomog-
raphy (PET)
Phenoxybenzamine and pheochro-
mocytoma surgery prepara-
tion, 236, 239, 243
Phentolamine and pheochromocy-
toma surgery preparation,
237, 238, 239, 242, 243
Phenylbutazone and hypertension,
22
Phenylephrine and blood pressure
management, 26
Phenylpropanolamine (PPA)
hypertension management and,
28-29
and pseudopheochromocytoma,
264-265
Pheochromocytoma
and adrenal tumors, 208
adrenocorticotropic hormone
(ACTH), 243
Amlodipine and, 236
[B-adrenergic blocking agents
and, 227, 240-241
[-blockers and, 229
biochemical screening tests,
224-227
calcium channel blockers
(CCBs) and, 228, 241
and catecholamines, 223-224,
257, 258, 294-295
chromogranin A (CgA), 226
clinical conditions similar to,
225

clinical features of, 223-224

Clonidine and, 227, 228

and computed tomography (CT),
230, 231

Demser and, 237, 240

diagnosis, 229-230, 270, 294-295

and Dibenzyline, 236

diuretics, 229

and ectopic ACTH secretion, 197

glucagon and, 27

incidence, 252-253

Inderal and, 237

Labetolol and, 229, 236, 241

localization, 230-231

magnetic resonance imaging
(MRI) and, 230, 231

malignant, 244, 246-247

medical therapy, intraoperative,
242-243

and metaiodobenzylguanidine
(MIBG), 230-231, 241,
246, 247, 295

methylglucamine and, 229

Metyrosine and, 237, 240

and Minipress, 236

multiple endocrine neoplasia
type 2A (MEN2A) and,
244, 245

and multiple endocrine neoplasia
type 2B (MEN2b), 244,
245

Nipride and, 237, 242

and Normodyne, 236, 241

Norvasc and, 236

pharmacological tests, 227-228

Phenoxybenzamine and, 236,
239, 243

Phentolamine and, 237, 238,
239, 242, 243

positron emission tomography
(PET) and, 231, 295

and Prazosin, 236, 239

Propanolol and, 237

and refractory hypertension,
15-16
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resection, surgical (See Adrena-
lectomy, laparoscopic)
and secondary hypertension, 294
symptoms and signs, 225
Trandate and, 236, 241
and von Hippel-Lindau (VHL)
syndrome, 244
vs paroxysmal hypertension,
255-262
vs pseudopheochromocytoma,
255-262
Pheochromocytomas and chemo-
therapy, 246-247
Piroxicam and hypertension man-
agement, 32
Plasma aldosterone concentration
(PAC) to plasma renin activ-
ity ratio (PRA)
and diagnosing primary aldoster-
onism, 121, 122125
Plasma-free metanephrines, 226—
227
Plasma renin levels/stimulated
plasma renin levels and ren-
ovascular
hypertension, 66, 67, 79
Plasma volume (PV) and primary
aldosteronism, 140, 141
Plouin et al. study and renovascular
hypertension, 97, 98
Polysomnography (PSG) and sleep,
measuring, 308, 325
Positron emission tomography
(PET) and pheochromocy-
toma, 231, 295
Posture stimulation test and primary
aldosteronism, 131-133
PPA. See Phenylpropanolamine
(PPA) and hypertension man-
agement
Prazosin and pheochromocytoma
surgery preparation, 236, 239
Pregnancy
and Cushing’s syndrome, 209
hypertension and, 299

Primary aldosteronism. See Aldos-
teronism, primary
Progressive renal ischemia and
renovascular hypertension,
101-102
Propanolol
and Cushing’s syndrome, 210
hypertension and, 27
and pheochromocytoma surgery
preparation, 237
renovascular hypertension and, 95
Proteinuria
and Irbesartan, 52
reducing, 45-46, 47-48
and reflux nephropathy, 288
target BP and, 4
Provocative testing and pheochro-
mocytoma, 227-228
Pseudoaldosteronism defined, 179,
182, 183
Pseudo-Cushing’s syndrome, 200
Pseudohyperaldosteronism and
corticosteroids, 23
Pseudohypertension defined, 6
Pseudohypoaldosteronism. See
Gordon’s syndrome
Pseudopheochromocytoma
amphetamines and, 264
Atenolol and, 266
B-blockers and, 266
oa-blockers and, 266
blood pressure (BP) in, 255
chronic fatigue syndrome and,
264
and Clonidine, 266
Clozapine and, 27
cocaine and, 264
defined, 251-252
diagnosis, 262-266, 268
dopamine discharge in, 257, 259,
260
epinephrine (E) discharge in,
257,259, 260
and lysergic acid diethylamide
(LSD), 264
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management, 266-267

mastocytosis and, 264

Monoamine oxidase inhibitors
(MAOIs) and, 264

Nifedipine and, 267

norepinephrine (NE) discharge
in, 257, 259, 260

and phenylpropanolamine, 264—
265

presentation, 253-255

secondary, 263, 264-265

and the sympathetic nervous
system, 270

vs pheochromocytoma, 255-262

Pulsatility index (PI), formula, 76

R

Radiofrequency ablation and pheo-
chromocytomas, 246
Radioisotope-guided surgery and
pheochromocytomas, 246
Ramipril and GRF decline, 49
Rapamycin and hypertension man-
agement, 28
Recombinant human erythropoietin
(r-HuEPO) and hypertension
management, 25, 30-31
Reduction in Endpoints in Non-
insulin Dependent Diabetes
Mellitus with the Angiotensin
II Antagonist Losartan
(RENAAL) study, 51-52
Reflux nephropathy and secondary
hypertension, 288-289
Refractory hypertension
and alcohol, 11
aspirin and, 10-11, 32
and calcineurin inhibitors, 12
causes of, 7-8
cocaine and, 11-12
and Cyclosporine, 12
defined, 34
and ethanol, 11
evaluating, 4-5
hypokalemia and, 13

Indomethacin, use in, 10-11, 32
nonsteroidal anti-inflammatory
drugs (NSAIDs), use in,
10-11, 32
and pheochromocytoma, 15-16
primary aldosteronism and, 13—
15
and renal artery stenosis, 16
sodium restriction treatment and,
&9
Sulindac, use in, 10-11, 32
Tacrolimus, use in, 12
Regitine and pheochromocytoma
surgery preparation, 237, 239,
242
Renal artery anatomy, evaluation
of, 73-78
Renal artery stenosis
angiography, 85-87
contrast angiography, 78-79
and hyperreninemia, 110
intravenous digital subtraction
angiography, 78
and pediatric hypertension, 283
refractory hypertension and, 16
and renovascular hypertension,
63-64, 65-66
surgical options, 86—87
types of, 83
Renal cells and mineralocorticoids,
179
Renal disease and target BP, 4
Renal injury, identification of, 288—
289
Renal parenchymal diseases and
secondary hypertension, 287—
288, 289
Renal scintigraphy testing and ren-
ovascular hypertension, 67,
70-73
Renal vein renin ratio testing and
renovascular hypertension,
67, 68, 69-70, 79, 80
Renin—angiotensin—aldosterone
system (RAAS)
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and chronic kidney disease
(CKD), 3940, 4748
corticosteroids and, 23
and resistant hypertension, 12—
13
Renin—angiotensin system (RAS)
Dexamethasone therapy and, 185
and fluid/salt regulation, 109
and glucocorticoid (GC) excess,
204
Reninomas and hyperreninemia,
111
Renin secretion
and ACE inhibitors (ACElIs),
110
angiotensin II type I receptor
blockers (ARBs) and, 110
and blood pressure (BP), 110
juxtaglomerular (JG) cells and,
109
pathophysiological states, 110
sleep, during, 312
sympathetic nervous system and,
110
Renovascular disease and second-
ary hypertension, 290-293
Renovascular hypertension
ACE inhibitors (ACEIs), use in,
66, 95-100, 101
acute renal failure and, 100-101
and angiography, 66, 79
assessment/ screening, 64—73
atheromatous disease and, 65
and calcium channel blockers
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Captopril-renin test, 68, 79
Clonidine, use in, 103
diuretics and, 95
Enalapril, use in, 96
Enalaprilat, use in, 66
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289-290
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14-15
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Tacrolimus, use in, 295-296
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treatment, 325-327
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and chronic kidney disease
(CKD), 57
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side effects of, 147
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Stroke and sleep-disordered breath-
ing (SDB), 318-319
Sulindac and refractory hyperten-
sion, 10-11, 32
Suppressive testing and pheochro-
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Sympathetic nervous system
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24
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and hypertension management,
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refractory hypertension and, 12
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295-296
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treatment, 210
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drome and pheochromocy-
toma, 244

W

Webster et al. study and renovascu-
lar hypertension, 97, 98-99

William’s Syndrome and
pseudohypertension, 6
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