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The functions of the kidneys differ from those of all other

secretory glands, in being exclusively depurative and

excrementitious. Other glands have compound offices: either they are

charged with some additional duty totally different from their

excretory function, or their secretion has some more important

function to perform before quitting the system - more important,

perhaps, than the purifying effect of its separation from the

blood....

.But the urine is altogether an excrement, which must be

carried off as soon as it is separated from the blood, S and ejected

from the economy wi th all convenient has te.

For this reason, the study of the urine holds a place of capital

importance in the investigation of the vital processes in the healthy

state. "By their fruits shall ye know them;" and of all the fruits or

final issues of the vital operations, there is none so direct, so

abundant, and so accessible as the urine.

W. Roberts M.D. 1859

Physician to the Manchester Royal Infirmary.
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CHAPTER ONE

INTRODUCTION



For many years it has been known that urine excretion is lower

overnight than during the day in healthy people and one of the

earliest references to this rhythmicity of urinary flow is attributed

to Avicenna between 980 and 1037 A.D. (Kirkland 1982).

Roberts (1859) was one of the first to describe lower urine volume

overnight and the teleological theory that mammals have evolved this

mechanism to permit undisturbed sleep and so more efficient

functioning during the day seems entirely plausible (Minors 1986).

From the early part of this century several works have confirmed

Roberts' findings (Simpson 1924, Norn 1929, Beyer 1949, Borst 1950,

Mills 1951, Stanbury 1951) and also shown that this cyclical change

in urine flow is accompanied by a diurnal rhythm in electrolyte

excretion, with night-time electrolyte excretion per hour being

approximately one third of that found during the day (Simpson 1926,

Norn 1929, Simpson 1929, Goldian 1951, Stanbury 1951, Wesson 1964).

This excretory cycle is absent in the newborn but becomes apparent by

the fourth to sixth week of life (Beyer 1949). The precise mechanism

of control of these diurnal rhythms remains uncertain and they are

complex and multifactorial (Kirkland 1982, Minors 1986).

Many of the authors describing the diurnal changes studied

young, healthy students (Simpson 1924, 1926, 1929, Mills 1951) and it

was not until Lobban (1963, 1967) described excretory rhythms in

depressed and blind, hospitalised, older patients that it was

realised that this diurnal rhythm may not be preserved in the

elderly.

George (1981) was one of the first authors to suggest that

nocturnal urinary symptoms could be exacerbated by a greater
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overnight excretion of urine, as revealed by volume measurements

taken from frequency volume charts. Two years later, Kirkland (1983)

analysed day and night excretion rates of water, electrolytes and

solutes in healthy elderly patients living at home and found these to

be decreased in comparison with young controls. He too suggested a

possible link between increased nocturnal urinary volume and

nocturnal urinary symptoms in the elderly.

Much work has been published in the last 30 years covering the

increasing prevalence of nocturnal symptoms with increasing age

(Sourander 1966, Brocklehurst 1968, Brocklehurst 1971, Mime 1972,

Barker 1988) yet the link between these nocturnal urinary symptoms

and increased nocturnal production is still far from being generally

accepted.

SYNOPSIS

Examination of the frequency volume charts of elderly males

presenting to the outpatients clinic complaining of nocturia, shows

that many of them appear to produce large volumes of urine overnight.

Surgeons are also aware of patients whose nocturia seems to persist

following outflow surgery, even though this has significantly

improved their obstructive symptoms as well as their day time

frequency.

This thesis sets out to establish a link between increased

nocturnal urinary production (ie. nocturnal polyuria) and nocturnal

urinary symptoms. It recognises the common problem of nocturia in

elderly males but questions the assumption that this occurs simply as
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a result of outflow obstruction or detrusor instability. It

demonstrates nocturnal polyuria in a heterogeneous group, consisting

of' obstructed and non-obstructed, as well as stable and unstable,

elderly males. It attempts to find a cause for this increased urine

production and proposes a method of treating it.

Chapter 2 describes the relevant anatomy of the urinary tract and

explains the physiological mechanisms behind urine production and

salt and water balance. Chapter 3 shows how this normal anatomy and

physiology alters with the natural process of aging and how this

subsequently affects urine production and micturition. The

discussion only involves normal aging and does not try to take into

account the numerous disease states commonly seen in the elderly.

Chapter 4 is the first experimental chapter and study 1 describes the

prevalence of nocturnal urinary symptoms in healthy, middle aged and

elderly males living at home. It shows how these symptoms increase

with increasing age but do not appear to be solely due to an increase

in bladder instability. Studies 2 and 3 compare the volumes of urine

produced during the day and night in patients with and without

nocturnal symptoms and shows that nocturnal polyuria is more common

in patients with these symptoms and increases with increasing age.

Analysis of patients' fluid intake, medication and sleeping time does

not appear to influence the onset of this nocturnal polyuria which is

shown to be an inevitable consequence of normal aging.

Chapter 5 examines in great detail, the fluid, electrolyte and

hormone balance in a group of elderly males with nocturnal polyuria

and compares them with healthy, elderly controls. In particular it

searches for a cause for the nocturnal polyuria it has confirmed in
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these patients, and finds a high sodium output in overnight urine as

well as increased levels of a powerful natriuretic and diuretic

hormone C Atrial Natriuretic Peptide - ANP) hitherto not generally

accepted to be of great significance in this field. It describes the

urodynamic evaluation of these patients in order to assess the

incidence of nocturia secondary to bladder instability. Finally it

assesses the cardiovascular status of this group to see if a degree

of subclinical cardiac failure may be found to account for the

increase in ANP seen in these patients.

Chapter 6 describes a double blind placebo controlled trial of an

antidiuretic drug, DDAVP, given to patients with nocturnal polyuria

in an attempt to decrease both their overnight urine volume and the

nocturnal urinary symptoms from which they suffer.

Finally, chapter 7 attempts to collate the findings of the

experimental chapters and relate them to the changes previously

described with aging. Suggestions for further research are made

together with actions which may be taken in order to improve these

distressing, but almost inevitable symptoms, of normal aging.
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CHAPTER TWO

URINARY TRACT STRUCTURE AND FUNCTION:

THE PHYSIOLOGY OF URINE PRODUCTION AND MICTURITION



EMBRYOLOGY OF THE URINARY TRACT

During development, three successive bilateral excretory systems

can be recognised in the embryo, the pronephros, the mesonephros and

the metanephros. All three kidneys are formed from the nephrogenic

cord, which is of mesodermal derivation, and could be thought of as

time dependent, changing regions of a holonephros (Torrey 1954). As

a result of the lateral flexion of the body wall, the intermediate

mesoderm is carried into a more ventral position and forms a bulge on

either side of the root of the mesentery. Each bulge has a groove on

either side of it, the medial and lateral coelomic bays.

The formation of the pronephros begins near the end of the third

week after conception, from intermediate mesoderm in the cervical

region (Patten 1968). Its primitive tubules open into the coelomic

cavities proximally and the distal ends coalesce to form the

pronephric duct which eventually empties into the cloaca.

These excretory tubules are so primitive they are probably non-

functional in man (Harrison 1978) and the pronephros soon

degenerates. During the middle of the fourth week, the more caudal

intermediate mesoderm from the cervical to the lumbar regions

differentiates into another primitive kidney called the mesonephros.

It is larger, more complex and contains more tubules than its

predecessor (and actually differentiates into the definitive adult

kidney in amphibians) but only forms a temporary functional structure

in humans. Each mesonephric tubule possesses a glomerular structure,

a proximal tubule segment that is secretory in nature and a more

distal tubule segment that ends in the mesonephric duct. In the

male, the mesonephric tubules and the mesonephric duct continue to
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develop to form several components of the male reproductive system.

The mesonephros, however, eventually degenerates and disappears as an

excretory organ to be replaced by the metanephros which forms the

definitive human kidney.

Caudal to the pronephros, the nephric duct arises and passes down

the posterior abdominal wall to open into the cloaca. When the

mesonephros develops, it incorporates this duct to form the

mesonephric duct. The metanephros develops from two separate

entities; the metanephric cap, from the intermediate mesoderm of the

last two lumbar and upper sacral segments, and the ureteric bud which

is a diverticulum from the lower end of the mesonephric duct.

The ureteric bud grows dorsolaterally from the inesonephric duct to

meet the metanephric cap and forms the ureter, renal pelvis, the

major and minor calyces and the collecting tubules. The metanephric

cap forms the majority of the adult kidney, including the nephron as

far as the collecting tubules.

The bladder develops from the urogenital sinus, which is the

ventral half of the primitive cloaca after it has been divided by the

urorectal septum at about the fourth week.

The urogenital sinus first undergoes differential dilatation to

form the vesico urethral canal proximally, which becomes the bladder

and prostatic urethra. The middle portion, the pars pelvina, becOmes

the lower part of the prostatic urethra and membranous urethra and

the lower most pars phallica gives rise to the penile urethra and

glans.

At the time of division of the cloaca by the urorectal septum, the

caudal portion of the mesonephric duct is absorbed into the bladder

8



wall allowing the ureter and mesonephric duct to enter the bladder

separately.

The ureteric orifices move cranially and the mesonephric ducts

move caudally until they enter the prostatic urethra arid ultimately

become the vas deferens.

FUNCTIONAL ANATOMY

The Kidneys - Macroscopic Features

The kidneys are paired organs which lie on the posterior abdominal

wall. The right kidney is approximately 12mm lower than the left and

both lie between the twelfth thoracic and third lumbar vertebrae.

Each kidney weighs about 150 grams with approximate dimensions of

llcms long by 6cms wide and 4cms deep. Posteriorly, the kidney is

related to the diaphragm, quadratus lumborum, psoas, transversus

abdominus and the twelfth rib. Anteriorly, the right kidney is

related to the liver, second, part of the duodenum and the ascending

colon. In front of the left kidney lie the stomach, pancreas, spleen

and descending colon. The adrenal glands sit on either side, like a

cap, on the upper pole of each kidney. A tough fibrous capsule

surrounds the kidney and is joined at the hilum to the renal artery,

vein, lymphatics and renal pelvis.

On the sagittal surface of a bisected kidney, two distinct areas

can be identified; a pale, inner medulla and a darker outer cortex.

The glomeruli, together with the proximal and distal convoluted

tubules, are situated within the cortex and the medulla contains the

loop of Henle and collecting ducts.

Urine from the collecting ducts drains into minor calyces which
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coalesce to form two or three major calyces. These are really

extensions of the renal pelvis into the parenchyma and allow

subsequent drainage of urine into the ureters and ultimately the

bladder.

Blood is supplied to the kidney from the aorta via the renal

arteries at a rate exceeding one litre per minute. Two upper

branches of the renal artery supply the anterior and posterior part

of the upper pole with one lower branch which supplies both portions

of the lower pole. Anomalies are common throughout the urinary tract

and the renal vasculature is no exception. Renal veins are profuse

and unite in or just beyond the hiluni to form the renal vein.

Lymphatics from the kidney drain via the para aortic nodes and the

kidney receives a sympathetic nerve supply via fibres from T12 to Li

segments as well as parasympathetic supply via fibres from the vagus.

-Microscopic Anatomy

The functional unit of the kidney is the nephron and each adult

kidney has approximately one million nephrons.

Each nephron is a thin tube, approximately 50mm long. This

extends from the cortex, where it is invaginated by a network of

capillaries to form the glomerulus, through the proximal convoluted

tubule, the loop of Henle and distal convoluted tubule, before it

ends in the medulla as a collecting duct.

The Malpighian corpuscle consists of a tuft of specialised

capillary blood vessels (the glomerulus) which invaginate into the

expanded, spherical, proximal end of the renal tubule. It is bound by

Bowmans capsule which consists of flattened epithelial cells lying on

a basement membrane. Both the epithelial lining and the basement
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membrane are continuous with those of the proximal tubule leading

from the Malpighian corpuscle. The urinary space surrounds the

glomerular capillary tuft and is continuous with the lumen of the

proximal tubule. Differences in hydrostatic pressure between

afferent and efferent arteries occur across the capillary tuft and

lead to the formation of an ultra filtrate which passes into the

proximal tubule.

The juxtaglomerular apparatus (JGA) is situated between the

afferent and efferent arteries. It is orientated in such a way that

it is in close contact with the cells of the corresponding distal

tubule, at a particular segment called the macula densa. The JGA is

well adapted to monitor the blood in the afferent and efferent

arteries and the urine in the distal tubule, as well as monitoring

the arteriolar tone. It is the major source of renin and plays an

essential role in haemodynamic and body fluid homeostasis.

The proximal convoluted tubule receives the ultra filtrate from

the glomerulus and reabsorbs approximately 60-80 per cent of it. It

is lined with cuboidal epithelium with many microvilli on the luminal

aspects which greatly increases the surface area available for

reabsorption. The glomerular filtrate passes from the proximal

tubule to the descending and then the ascending limbs of the loop of

Henle, both of which lie in close contact with specialised

capillaries of the vasa recta in the medulla. This portion of the

nephron is concerned with urinary concentration via the counter

current multiplier mechanism (Leaf 1976). The distal convoluted

tubule is lined with cuboidal cells with many mitochondria and

enzymes. It is concerned with the reabsorption of sodium chloride
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and water and secretion of potassium and hydrogen ions. The

glomerular filtrate then passes into the collecting ducts and it is

there that the final concentration or dilution is achieved. As the

ducts pass through the medulla, several coalesce to form the ducts of

Bellini which open onto the surface of the renal papillae. These then

drain into a minor calyx and ultimately convey the urine to the

ureter via the renal pelvis.

The Ureters

The ureter is approximately 25cms long, beginning at the renal

pelvis, the pelvi-ureteric junction, and ending at the bladder, the

vesico-ureteric junction. Its sole purpose is to convey urine from

the kidney to the bladder and it has neither excretory nor absorptive

functions. In common with the rest of the urinary tract, it is lined

with transitional epithelium and possesses a thick muscular wall

which serves to assist the movement of urine into the bladder by

peristalsis.

The Bladder - Macroscopic Features

The bladder is a hollow muscular organ which lies anteriorly in

the pelvic cavity supported inferiorly by the pelvic floor. Its

shape is variable being tetrahedral when empty but distending to

almost spherical when full. In the male, it is separated from the

rectum posteriorly by an extension of peritoneum above called the

retrovesical pouch, and the vasa deferentia, seminal vesicles and

fascia of Denonvilliers below. Superiorly, the bladder is covered

with peritoneum which is reflected off the antero-superior aspect

onto the anterior abdominal wall. Laterally it is bounded by the

levator ani inferiorly and the obturator internus muscle superiorly.
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The ureters enter the posterolateral angles of the bladder and,

at its inferior angle, the bladder neck is continuous with the

prostatic urethra. The urethra passes through the external sphincter

and perineal membrane, terminating at the distal end of the penis as

the external urinary meatus.

The blood supply of the bladder is derived principally from the

superior and inferior vesical branches of the internal iliac artery

and drains via the vesical plexus in communication with the prostatic

plexus and middle rectal veins into the internal iliac veins.

Lymphatic drainage is mainly to the internal iliac nodes with a small

amount from the fundus draining alongside the pubic artery to the

external iliac nodes.

-Microscopic Features

The detrusor muscle of the bladder consists of a meshwork of

smooth muscle fibres running in all directions, interspersed with

connective tissue, and forming an intricate plexiform arrangement

(Gosling 1979). This arrangement forms a single functional unit and

allows uniform contraction of the bladder during voiding.

The trigone is that region of the posterior bladder wall which

extends between the ureteric orifices and the internal urethral

meatus. Its muscle is arranged in two distinct superficial and deep

parts. The deep portion consists of smooth muscle which is

indistinguishable from, and continuous with, the detrusor smooth

muscle. The superficial layer is considerably thinner and continues

down the proximal urethra as far as the veru montanum.

The smooth muscle fibres forming the bladder neck have an annular

arrangement at the internal urethral meatus and this region is
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histologically distinct from the detrusor. It is composed of smaller

diameter muscle fibres which are continuous with the prostatic smooth

muscle and share their rich noradrenergic nerve supply.

The detrusor muscle is covered by a layer of transitional cell

urothelium which lines the whole of the urinary tract. It is a

waterproof, pseuclostratif led covering which is supported b a thick

lamina propria apart from the region of the trigone. With the

exception of this region it is loosely adherent and thrown into

folds, thus allowing the bladder to distend and remain waterproof

during filling.

The thin outer layer of the bladder, the adventitia, is composed

of connective tissue and contains autonomic ganglia. 	 Superiorly,

this is invested with a layer of distensible peritoneum.

The Prostate- Macroscopic features

The prostate is an exclusively male organ and has no counterpart

in the female. It is roughly the size and shape of a chestnut in

young adults and lies between the bladder and pelvic floor, clasped

by the fibres of puboprostaticus. It is traversed by the urethra,

extending from the internal urinary meatus at the bladder neck to the

apex of the prostate at the level of the veru montanum where it

changes its name from prostatic to membranous urethra, while keeping

its transitional cell lining.

The prostate takes its blood supply from the inferior vesical

artery and middle rectal branches of the internal iliac artery. It

drains via the prostatic venous plexus into the internal iliac veins.

Lymphatics of the prostate pass across the pelvic floor to nodes on

the side wall of the pelvis alongside the internal iliac vessels.
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-Microscopic features

The glandular tissue of the prostate contributes towards the

seminal fluid via a series of ducts which drain into the proximal

urethra. The central zone represents 25% of the prostatic volume and

surrounds the ejaculatory ducts, its base situated behind the bladder

neck and its apex at the veru montanum. The peripheral zone

comprises the bulk of the glandular tissue, representing 70% of the

prostatic volume, and it surrounds the central zone, often extending

beyond it, below the veru montanum (McNeal 1972). In later works,

McNeal (1980, 1981) expanded this description to include the

transitional zone, lying anteriorly and representing 5-10% of

prostatic volume, and the anterior zone, a small, non glandular,

fibromuscular region. However, other workers have not been able to

demonstrate a clearly defined transitional zone (Higgins 1989).

Tissue in the central zone consists of a more elaborate ductal system

and denser I ibromuscular stroma in contrast with the peripheral zone

where there are fewer ducts, smaller acini and less stromal tissue.

The transitional zone is responsible for benign hyperplasia but also

gives rise to about 25% of adenocarcinomas. The central zone is more

often involved in inflammatory processes and only about 8% of cancers

arise within it. The majority (67%) of prostatic adenocarcinomas

arise within the peripheral zone (McNeal 1988).

The external urethral sphincter consists of a thin inner layer of

smooth muscle and an outer layer of circularly arranged striated

muscle fibres. This is anatomically distinct from the pen-urethral

striated muscle of the pelvic floor and differs histologically in

that it is composed of small, slow twitch fibres, devoid of muscle
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spindles. As such, it is ideally suited to the long term maintenance

of occlusive tone at this level of the urethra thus maintaining

continence. The surrounding pen-urethral striated muscle has a

mixture of slow and fast twitch fibres, is somatically innervated and

contains muscle spindles. Therefore it is more suited to short

contractions and maintains continence during moments of raised intra-

abdominal pressure such as coughing or sneezing.

Finally, the urethra, distal to the sphincter, consists of the

bulbar part, attached with the corpus spongiosum to the perineal

membrane, and the free penile part which opens at the external

urinary meatus at the tip of the glans. The urethra is lined with

transitional epithelium up until the dilated anterior part (the fossa

navicularis) which is lined with stratified epithelium.

THE PRODUCTION	 URINE; SALT AND WATER BALANCE

In the normal healthy adult, a renal blood flow of approximately

1 litre/minute allows a glomerular filtration rate of approximately

120 mis/minute, giving a daily glomerular filtered volume of nearly

180 litres. As urinary output is usually between 1.5 - 2.0 litres

nearly 178 litres of this filtrate must be reabsorbed by the renal

tubules.

Plasma sodium is about 140 mznols/litre which means that nearly

25,000 mmols of sodium are filtered each day. As sodium intake is

approximately 100 -200 mmols/day, clearly the kidney has the ability

to reabsorb practically all of this filtered sodium and is a highly

efficient organ for reabsorption of water and electrolytes.

The proximal tubule isotonically reabsorbs about 70% of the
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glomerular filtrate. Sodium is actively absorbed by the tubular

cells bringing bicarbonate and chloride across the cell membrane with

it. The increase in osmotic pressure in the interstitium, caused by

this transport of sodium chloride, causes water to be drawn passively

from the tubule, and this fluid is then drawn into the peritubular

capillaries. Sodium transfer also involves the exchange of hydrogen

ions and glucose and amino acid transport.

Approximately 25% of the filtered sodium load is reabsorbed in the

loop of Henle, principally from the thick part of the ascending limb.

Osmolality of the renal medulla is increased and tubular fluid, blood

and interstitial fluid are all hypertonic in comparison with the

renal cortex.

The concentration of sodium in the tubular fluid rises

progressively along the descending limb due to the reabsorption of

water across an osmotic gradient into the medullary interstitium.

This osmotic gradient is created by the active transport of chloride

(principally) from the thick segment of the ascending limb, which

also draws sodium with it, into the interstitium. Thus, as chloride

is pumped from the ascending limb (followed by sodium) the osmolality

of the interstitium rises and water is drawn out of the descending

limb. As the ascending limb permeability to water is very low, this

counter current multiplier system allows progressive dilution of the

tubular fluid by active extraction of chloride and sodium until the

tubular fluid at the arterial end of the thick ascending segment may

be less than half the normal osmolality of body fluids.

The distal tubular cells have little effect on the concentration

or volume of urine but play an important role in the active
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reabsorption of sodium, which is under the control of aldosterone.

This hormone facilitates sodium reabsorption and the secretion of

potassium and hydrogen ions into the tubular fluid. The bulk of

chloride is reabsorbed passively with this sodium but some is

actively absorbed under certain conditions.

The collecting tubules and ducts determine the final concentration

of urine as well as playing an important role in the acidification of

urine.	 Arginine vasopressin (AVP) influences the epithelial cell

permeability to water and aldosterone also acts on the cortical

portions of the collecting tubules to enhance sodium reabsorption.

Due to the hypertonicity of the medullary interstitium, water,

together with urea, is drawn from the collecting tubules into the

interstitium and thence into the vasa recta. This, along with the

sodium and chloride reabsorption, allows a small volume of

concentrated urine to be excreted with the net conservation of water

and sodium in the healthy, fluid and electrolyte balanced state.

The kidney also plays a vital role in acid base balance and in

control of blood pressure as well as its function as an endocrine

organ. However this will not be further discussed here as its

relevance to the thesis subject is limited.

ENDOCRINE HORMONES AFFECTING URINE PRODUCTION

The Renin-Angiotensin System

This system controls extra cellular fluid volume and vascular

resistance and, as such, plays a vital role in the homeostasis of

capillary perfusion and normal blood pressure.

Renin is a glycoprotein, proteolytic enzyme with a molecular
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weight of about 40,000. It is released from the juxtaglomerular

apparatus in response to a reduction in renal perfusion pressure,

restriction of sodium intake and also conditions of sodium loss. It

acts on a plasma protein substrate, angiotensinogen, cleaving from it

an inactive decapeptide, angiotensin I. Angiotensin I is then

converted by angiotensin converting enzyme (ACE) to an active

octapeptide, angiotensin II. Most of this conversion takes place

during the passage of blood through the lungs, though ACE is present

in several other types of endothelial cells and conversion takes

place in many different parts of the body.

Angiotensin II is a potent vasoconstrictor and directly increases

arterial blood pressure by causing arteriolar vasoconstriction via a

direct effect upon vascular smooth muscle cells. Angiotensin II is

also the major physiological regulator of aldosterone biosynthesis

and secretion. It acts directly upon adrenal glomerular cells to

stimulate increased aldosterone biosynthesis and release.

A renin angiotensin system has been demonstrated in the central

nervous system (Ballerman 1991) and angiotensin II action on the

subfornical organ and the organum vasculosum of the lamina terminalis

results in an increase in AVP excretion and water intake. There is

also a peripheral effect of angiotensin II on noradrenergic neurones

to facilitate catecholamine synthesis and release and so modulate

sympathetic function.

Renin is released rhythmically from the kidney and has a

circulating half life of about 80 minutes. It also has a circadian

rhythm in recumbent healthy adults with peak levels between 02.00 -

08.00 and lowest levels between 12.00 - 18.00 (Bartter 1979). Change
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from recumbency to an upright position (as in getting up in the

morning) will cause a definite increase in renin levels (Koopman

1985) and subsequently will cause a rise in circulating aldosterone

and AVP.

Aldosterone

Aldosterone is a mineralocorticoid which has the effect of

increasing sodium reabsorption from the urine as well as from sweat,

saliva and gastric juice. It is produced by the zona glomerulosa of

the adrenal cortex and in the kidney acts by stimulating DNA-

dependent RNA synthesis to cause increased active transport of sodium

from the tubular lumen into the interstitium and thence into the

blood stream.

Angiotensin II is the major determinant of aldosterone secretion

although decreased plasma sodium and increased plasma potassium also

directly increase aldosterone secretion. Adrenocorticotrophic

hormone (ACTH) will also cause a rise in aldosterone output but to a

much lesser extent than the concomitant rise in glucocorticoids.

Aldosterone secretion is regulated by a highly efficient feedback

mechanism via the renin-angiotensin system. A decrease in intra

vascular or extracellular fluid volume leads to a reflex increase in

renal nerve discharges and decreased renal arterial pressure. These

both cause an increase in renin secretion from the JGA and the

subsequent increase in angiotensin II stimulates aldosterone

synthesis and release from the adrenal cortex. The retention of

sodium and water, caused by this increase in aldosterone, expands the

intra vascular and extracellular fluid volume and shuts off the

initiating stimulus of the increased renin secretion.
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Like renin, aldosterone also has a circadian rhythm which is

greatly affected by postural changes. During recumbency, peak levels

occur between 06.00 - 08.00 with lowest levels around midnight. A

change to upright position is associated with a significant increase

in output of aldosterone (Weid.man 1975).

Arginine Vasopressin fAVP)

AVP, previously known as antidiuretic hormone or ADH, is a cyclic

octapeptide hormone, synthesised in the supraoptic nucleus of the

hypothalamus. In association with its neurophysin (a specific

carrier protein) the AVP travels along the axon of its parent neurone

in neurosecretory granules, to be stored in axonal bulbs in the

posterior pituitary. Stimulation of the neurones of the supraoptic

and paraventricular nuclei generates action potentials which

depolarise the axon terminals and cause a calcium dependent efflux of

AVP into the blood stream.

Release of AVP is increased in response to increased plasma

osinolality, decreased intravascular volume or fall in arterial

pressure. The principal site of action of AVP is in the collecting

duct tubular cells. AVP binds to receptors in the cell surface, this

activates adenylate cyclase and so increases intracellular cyclic

adenosine monophosphate (AMP). AMP increases tubular cell

permeability to water, (as well as urea and some other solutes) thus

causing an antidiuresis which will increase intravascular volume,

decrease plasma osmolality and increase arterial blood pressure.

(The direct pressor effects of AVP on vascular smooth muscle rarely

influence arterial pressure at normal physiological levels).

The presence of a diurnal rhythm in AVP secretion still remains
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the subject of some debate (See Chapter Five). Rubin (1978) showed

it to be released in a random, pulsatile fashion but with no

discernible overnight increase, which had been previously reported by

George (1975) and subsequently shown by Rittig (1989a). Demonstrated

maximum levels between midnight and 08.00 would seem entirely

plausible as maximal antidiuresis at this time would permit

uninterrupted sleep.

AVP has been shown to be posture dependent (Segar 1968) and to

have a higher plasma level first thing in the morning on account of

assuming the upright position following sleep.

Atrial Natriuretic Peptide (AN?)

Biologically active AN? is a 28 amino acid polypeptide with a half

life of approximately 3 minutes in man. It is synthesised and stored

as an inactive 126 amino acid prohormone (Needleman 1989) in cardiac

myocytes. The majority of human AN? is synthesised in the right

atrium (Cogan 1990) though all atrial myocytes can synthesise AN?, as

do some subendocardial ventricular cells. Low levels are also found

in brain, lung and aortic arch tissues but the function of these are

poorly understood at present.

The secretion of AN? from the heart is activated during atrial

distension secondary to an increase in central blood volume and I or

right or left atrial pressures (Weidman 1988). Circulating AN? acts

on renal receptors in the glomerulus increasing glomerular filtration

rate (GFR) and filtration fraction (Cogan 1986). It also inhibits

net sodium reabsorption in the proximal tubule, as well as inhibiting

sodium reabsorption and AVP mediated water reabsorption in the

collecting tubules (Ballerman 1991). This produces a potent
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natriuresis and diuresis. ANP decreases biosynthesis and release of

renin (Burnett 1984) and has a direct effect on the zona glomerulosa,

decreasing aldosterone synthesis and release (Weidman 1986) as well

as blunting the stimulatory affect of angiotensin II on aldosterone

release (Vierhapper 1986). Also, AN? inhibits central AVP release

(Dillingham 1986) (as well as the AVP stimulated osmotic permeability

of the collecting tubule) and acts directly upon the renal

sympathetic nervous system (Holtz 1987) to decrease its activity and

further promote sodium and water loss.

AN? therefore fulfils a vital function in intravascular volume and

blood pressure homeostasis. By acting on vasculature, kidneys and

adrenal glands, it can reduce systemic blood pressure and

intravascular volume both acutely and chronically. These effects are

mediated by reduction in peripheral vascular resistance, diminished

cardiac output and decreased circulatory volume which are subsequent

upon its effects on sodium and water uptake by the renal tubule -

both directly and hormonally mediated. The net actions of AN? which

are of prime importance to this thesis are its natriuretic and

diuretic effect as well as its suppression of renin, aldosterone and

AVP release and activity.

THE STORAGE OF URINE AND MICTURITION

Neuroanatomy of the bladder

The storage and voiding of urine is principally under the control

of the autonomic nervous system which is modified by higher centres.

Efferent parasympathetic nerves arise from the second, third and

fourth sacral segments (Rockswold 1974) and are conveyed to the
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detrusor via the pelvic nerves. Their synapses are found in the

pelvic plexus or in ganglia situated within the bladder wall.

Sympathetic afferents arise from the cell bodies in the eleventh

thoracic to second lumbar segments of the spinal cord and reach the

bladder via the hypogastric nerves and plexus..

The bladder has a rich supply of autonomic fibres, which form a

dense plexus between detrusor muscle cells, and are mainly

parasympathetic in origin. There are very few noradrenargic fibres

found in the detrusor, in contrast with the smooth muscle of the

bladder neck and trigone which have a rich sympathetic noradrenergic

innervation. Somatic fibres travel via the pudendal nerve from the

second, third and fourth sacral segments and innervate the

periurethral muscles of the pelvic floor.

Afferent fibres are conveyed by the pelvic, pudendal and

hypogastric nerves, proprioceptive information travelling in the

pelvic nerves and conveying information regarding bladder filling.

The hypogastric nerves appear to carry pain sensation from the

trigone (De Groat 1975) but may also convey some sensation of bladder

filling. The bladder contains receptors which are sensitive to both

tension and volume as well as others which convey touch, pain and

temperature (Bissada 1977) and it is through the afferent activity of

these receptors that inicturition is controlled (Denny-Brown 1933).

The spinal autonomic nuclei concerned with micturition are

situated in the sacral cord segments (S2,3,4) and stimulation at this

level gives rise to a detrusor contraction. This is one of two

identified micturition centres, the second being initially described

by Barrington (1914) and now known to be a collection of three
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adjacent pontine areas. These co-ordinate sensory information from

the bladder and mediate reflex micturition, but are subject to higher

control from the frontal cortex. Although reflex micturition can

occur without the pontine centre (eg. in supra-sacral cord lesions)

it is poorly sustained and associated with a dyssynergic sphincter

action (Siroky 1981, Blavias 1982).

Physiology of Micturition

Bladder filling occurs at a rate of approximately imi per minute

though this is subject to variation, dependent upon fluid intake as

well as circadian rhythm (as discussed elsewhere). During filling,

progressive relaxation and distension of the bladder wall allows an

increase in volume with negligible increase in bladder pressure

(<15cm water for an approximate increase of SOOmls). This is

essential to allow drainage from the relatively low pressure system

of the renal pelvis and ureters and so prevent obstruction of urine

flow from the kidneys. However, volume and tension receptors in the

detrusor are presumed to continually send filling information to the

sacral and pontine micturition centres, which is moderated by the

cerebral cortex. This inhibits efferent signals from the pons until

micturition is appropriate and, when that situation arises, it then

allows completion of the reflex arc, causing stimulation of the

parasympathetic fibres and initiation of a detrusor contraction.

Simultaneously, inhibition of motor efferents in the pudendal, pelvic

and hypogastric nerves allows relaxation of the bladder neck,

external sphincter and pelvic floor. Detrusor contraction and

sphincter relaxation continue until the bladder is empty, at which

stage micturition ceases and the next storage phase begins.
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CHAPTER THREE

STRUCTURAL AND FUNCTIONAL CHANGES INFLUENCING URINE PRODUCTION

AND MICTURITION IN THE ELDERLY
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Changes described in the following chapter are those which occur

in the absence of any known disease and appear to be purely a

function of aging upon the organ or system concerned.

The Aging Kidney - Anatomical changes

The weight of the adult human kidney remains fairly constant until

the fifth decade when it starts to decrease. Between the sixth and

eighth decade, the average combined weight decreases by about a fifth

of its middle age weight to approximately 190 grams (Oliver 1952).

Renal length, as measured on intravenous urography, diminishes by

nearly 2cm over the same time period (McLachlan 1981).

Normal aging is associated with sclerotic changes within the walls

of the larger renal vessels, although the smaller vessels appear to

be generally unaffected (Moritz 1973). In the cortex, hyalinization

and collapse of the glomerular tuft is associated with narrowing of

the preglomerular arteriole and a resultant loss in blood flow. It

is generally accepted that the total number of glomeruli decrease

with age (McLachlan 1987) and that loss of parenchymal mass leads to

a widening of the interstitial space between the tubules which

accumulates an increased amount of connective tissue. These are

changes which appear in the absence of hypertension, pyelonephritis,

diabetes or other concomitant disease which is prevalent in this age

group.

-Physiological changes

Renal plasma flow decreases in the elderly by approximately 10%

per decade, to an estimated 300mls/min by 80 years of age (Wesson

1969). Glomerular filtration rate also decreases (Rowe 1976), but
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deterioration is not linear and appears most profound after the fifth

or sixth decade. It is important to appreciate that serum creatinine

falls in the elderly (as muscle mass, from which creatinine is

derived, decreases with age) and therefore creatinine clearance will

overestimate glomerular filtration in this age group.

The ability of the renal tubules to excrete and reabsorb has been

shown to decrease with increasing age (Shock 1968) although the

kidney is still capable of fairly efficient salt and water

homeostasis under normal conditions.

Tubular handling of sodium is altered with an increased excretion

and decreased absorption. Capacity to adapt to a sodium restricted

diet has been shown to be poor in the elderly (Macias Nunez 1987) and

the ascending limb of the loop of Henle appears to have a diminished

capacity to reabsorb sodium with increasing age. This causes an

increase in the amount of sodium delivered to the distal convoluted

and collecting tubules and a decrease in the capacity to concentrate

the medullary interstitium. As a consequence, the elderly have an

increased sodium excretion and decreased ability to maximally

concentrate the urine.

Multiple factors are likely to contribute to this decreased

concentrating ability and one which has been closely investigated is

AVP secretion. Osmoreceptor sensitivity is enhanced in the healthy

elderly subjects and AVP is increased, relative to that of younger

subjects, in response to conditions provoking a rise in plasma

osmolality (Helderman 1978, Kirkland 1984). However, this rise in

AVP does not produce a concomitant increase in water reabsorption and

urine concentration (Miller 1953) and it can be concluded that
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reduced urine concentrating capacity is not due to either reduced

osmoreceptor sensitivity or decreased AVP secretion in response to

it. Also, in a study by Crowe et al (1987) it was found that healthy

elderly subjects had an impaired ability to excrete a standard oral

water load in comparison with younger controls but showed a similar

decrease in plasma AVP following fluid ingestion

Blood and urinary aldosterone levels are significantly reduced in

the elderly (Macias Nunez 1987), both in basal conditions and after

salt restriction; also the renal tubular response to the

administration of aldosterone (as assessed by urinary sodium

excretion) is attenuated in the elderly (Ceruso - from Macias Nunez

1987). Plasma renin is known to be lower in the elderly than in the

young population (Weidman 1975, Macias Nunez 1987).

The decreased concentrating ability and tendency towards sodium

loss in the elderly kidney would, if anything, be improved by the

diminished glomerular filtration rate and decreased renal plasma flow

previously described but this is counteracted by several factors.

Lower circulating levels of aldosterone and renin would contribute

towards a decrease in sodium reabsorption and the decreased renal

response to AVP would help explain renal concentrating decline.

However, there is one important factor not yet mentioned, and that is

Atrial Natriuretic Peptide.

As previously discussed, ANP is a potent natriuretic and diuretic

which has an inhibiting effect upon the synthesis and release of

renin, aldosterone and AVP. It also relaxes vasoconstrictor mediated

smooth muscle contraction, dilating peripheral veins and so reducing

preload, as well as decreasing arteriolar resistance and afterload,
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both effects combining to reduce blood pressure.

In a recent study, Hartter and co-workers (1987) looked at the

circadian variation of plasma AN? in two groups of patients, one

below and the other above 65 years of age. None of the patients had

any evidence of cardiac failure - as judged by examination, chest X-

ray or EcG. He found a significant elevation of AN? levels in the

evening in the older group which could not be demonstrated in those

less than 65 years of age and suggested this could be secondary to

oedema accumulation during the day from incipient renal or cardiac

failure.

Cardiac Failure and the Role of Atrial Natriuretic Peptide

Cardiac failure is a common problem in the elderly which manifests

when cardiac output falls, or fails to rise on exertion. Subsequent

reduced renal blood flow and glomerular filtration are associated

with retention of sodium and water which may be further exacerbated

by a secondary increase in renin and aldosterone, causing further

sodium retention as well as potassium loss.

Patients with cardiac failure have been shown to have high

circulating levels of ANP (Burnett 1986, Cody 1986, Raine 1986,

Richards 1986, Molina 1988, Serizawa 1988) and a direct correlation

exists between cardiac filling pressure and plasma AN? concentration

(Burnett 1986). However, it has also been shown that patients with

moderate to severe untreated cardiac failure failed to respond to ANP

infusions with the marked natriuresis found in normal controls

(Tikkanen 1985). Other workers found that infusions of large amounts

of' AN? were able to augment cardiac output in patients with cardiac
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failure but likewise produced minimal natriuresis (Cody 1986, Crozier

1986, Saito 1987, Molina 1988). This may be due to inhibition of the

effects of ANT' by the much higher circulating levels of angiotensin

II found in cardiac failure (Singer 1987), especially as a

natriuresis could be obtained in these patients once the renin system

had been blocked with Captopril - an angiotensin converting enzyme

inhibitor (Tikkanen 1985).

It would appear then, that even in pharmacological doses, ANP

lacks the potency to overcome the sodium and water retaining effects

of both the renin - angiotensin - aldosterone system and sympathetic

nervous system which are activated by afferent limb receptors

attempting to increase circulatory volume in response to moderate or

severe cardiac failure.

It would seem reasonable to suggest that patients with mild or sub

clinical cardiac failure, would have elevated ANP levels due to

increased atrial filling, (secondary to the return of modest amounts

of peripheral oedema in response to postural changes). However these

circulatory changes may not be severe enough to cause production of

inhibitory levels of renin - angiotensin - aldosterone and so could

still be accompanied by a natriuresis and diuresis caused by the

increased circulating ANP levels.

changes in the Central Nervous System

The aging human brain shows numerous changes, unrelated to

disease, but clearly demonstrable at post mortem. The brain itself

atrophies to some extent, particularly the frontal halves of the

cerebral hemispheres, the site of cortical control of detrusor
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activity. The ventricular system appears to enlarge and lipofuscin

deposition seems to affect all cells, but is of uncertain

significance. It is still unclear as to whether there is a loss of

nerve cells from the brain during life and whether the various

intracellular inclusions seen with senescence are of any relevance.

Also, other identifiable degenerative changes such as senile

argyrophilic plaques and neurofibrillary tangles still remain

unexplained with regard to their pat ph'jsioIoj. Spa( ctc

peripheral nerve changes in healthy senescence are minimal though

there is increasing evidence of damage to Schwann cells with aging

which would contribute to decreased conduction time and slowing up of

reflexes (Norris 1953).

Cerebral blood flow alters very little with aging and

autoregulation in response to blood pressure and PaCO2 appears

unchanged (Meyer 1978). Cerebral atherosclerosis however, appears to

be a normal accompaniment of aging and, as such, is thought to

contribute to impairment of cortical control of micturition

(Brocklehurst 1966). It contributes to the detrusor instability,

commonly seen in the elderly, which often presents as increasing

daytime frequency and nocturia.

Changes in the Autonomic Nervous System

There is evidence in animals and man that, with increasing age,

the influence of the autonomic nerves decreases and the sensitivity

of the cells to humor-al factors increases (Frolkis 1967). The

autonomic mediated increase in renin and aldosterone seen on standing

is reduced in healthy elderly compared with young controls (Woilner
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1985) and may be the result of impaired baroreceptor reflexes and

contribute to the postural hypotension seen in elderly patients with

autonomic impairment.

Workers investigating patients with varying causes of autonomic

failure have reported excessive natriuresis while recumbent overnight

(Wilcox 1977) as well as profound nocturnal polyuria (Davidson 1976,

Mathias 1986, Kaufman 1990) in these patients.

The basis of this nocturnal polyuria remains uncertain but does

not seem to be a simple diuresis of accumulated extravascular fluid

with recumbency. Kaufman and co-workers (1990) looked at ANP levels

in patients with autonomic failure, orthostatic hypotension and

nocturnal polyuria and found them to be lower than controls. He

concluded that these patients had appropriate regulation of AN? and

did not have a higher level of ANP production overnight to account

for their diuresis and natriuresis, the cause of which remains

unknown.

Autonomic failure is not an all or nothing phenomenon however and

the diminishing competence of the autonomic nervous system with aging

may have a part to play in the aetiolgy of nocturnal urinary

symptoms in the elderly.

Changes in the Lower Urinary Tract

With aging, the bladder undergoes various changes unrelated to the

presence of outflow obstruction or other disease. These include

thinning of the epithelial lining (Jacob 1978), cystitis cystica and

Von Brunn's nests (Weiner 1979) and an increased infiltration of

bladder muscle by connective tissue (Brocklehurst 1985).
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Brocklehurst (1985) also showed that trabeculation, sacculation

and the formation of diverticula was also a common finding in normal

aging. Events such as these which serve to alter the pressure,

functional capacity and compliance of the aging bladder may often

give rise to symptoms including frequency and nocturia and so need to

be considered when evaluating nocturnal urinary problems. The more

obvious mechanism of detrusor compensation for increased outflow

obstruction secondary to prostatic enlargement is also important.

Benign prostatic hyperplasia is an inevitable consequence of normal

aging and will be associated with a change in detrusor function in

many cases, often leading to marked detrusor instability and its

attendant symptoms of frequency, urgency and, most importantly,

nocturia.

These anatomical changes in the lower urinary tract, as well as

impairment of cortical inhibition of detrusor activity, increased

urine flow secondary to hormonal changes and a degree of autonomic

impairment, will account for many of the nocturnal urinary symptoms

described in the elderly in the following chapters.
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CHAPTER POUR

NOCTURNAL VOIDING PATTERNS IN A GENERAL PRACTICE POPULATION.
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STUDY 1. GENERAL VOIDING PATTERNS IN THE OVER FORTIES.

AIMS, PATIENTS AND METHODS.

This study was performed in order to establish the prevalence and

severity of nocturnal and daytime urinary symptoms in men living in

the local community. All males over the age of forty years were

selected from the Family Practitioner Committee (F.P.C.) register of

a local practice, the Heywood Surgery, Pill, Bristol. Names and

addresses were taken from this computer data base and address labels

printed f or each patient. A letter was then sent to every patient

informing them of the research project and asking for their help with

its completion (see Fig.1). In order to comply with the 1984 Data

Protection Act, the labels were affixed to a series of pre-packed

envelopes in the Heywood Surgery, and the letters addressed from the

senior partner of the practice.

Included with this letter was a separate sheet which formed the

basis of the questionnaire (See Fig.2). This initially gave the

patients the option not to take part in the study and return the form

while preserving their anonymity. Patients willing to take part were

asked to supply their names and addresses, to sign the form and thus

we were able to obtain the details without a breach of Data

Protection.

The questionnaire was kept as simple as possible and inquired,

firstly, of the number of times the patients rose each night, on a

regular basis, in order to micturate. This was followed by a question

regarding daily urinary frequency and an approximation of daily fluid

intake. Patients were asked whether they were awaiting a urological

consultation or operation for prostatic surgery in order to
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Drs. LA.HAWKINS	 J.DuHEAUME	 J.S.FLIGELSTONE	 C.A.NAUGHTON

TEL: PILL 21 05
	

HEYW000
PILL

BRISTOL
BS2O ODN

Dear Sir,

I would like to ask for your help in a research survey which
we are undertaking along with the Doctors in the Clinical
Investigation Unit at Ham Green Hospital.

As you know many men have their sleep disturbed because they
have to get up at night to pass water. However, we don't
know how many and we don't know what the cause of this is.

In order to investigate this we must first find out how many
of our men over 40 are troubled in this way. To begin with
we are sending you the enclosed form which asks if you are
willing to help. If you are not willing please tick the "No"
box and return the form in the envelope provided, 'which does
not need a stamp. You will hear no more and your name will
not be used at any stage in the project. If you are willing
to help, then please answer the questions by ticking the
appropriate boxes and return the form in the envelope
provided.

Please note that no names will be known to Dr Carter, the
research doctor at Ham Green Hospital, until you have signed
the form indicating your agreement to take part. At a later
date he may then write to you with some further questions.

Yours sincerely

Dr Ian Hawkins.
For the Partners of the Pill Practice

Figure 1. Initial letter, Study 1



IN STRICT CCNFIDE7SCE

Please compete either Section A or Section B

(A) I would not like to participate in this study

Tickbox	 I
(Please now send this form back in the envelope provided without
completing anything further).

(B) I agree to take part in this study and understand that my name and
address will be used by the doctors at Ham Green Hospital for
their records.

Tick box

Pleasecomplete:- Your Name:___________________________________

Address

Age	 Signature

(1) How many times, on a regular basis, do you have to get up each
night to pass water:

Tick box

Hardly Ever	 Once	 Twice
	

Three times	 Four or nre

I_ _JH 1 H
(2) On average, how many times will you pass water each day____

(3) On average, how many cups of fluid will you drink each day____

(4) Have you had an operation on your waterworks or on your prostate
gland or are you waiting to be seen for this	 ____

(Please tick appropriate box)	 Liii
YES _

(5) Have you had any serious illnesses in the past, eg, heart attack or
stroke, or do you suffer from diabetes or similar problems? Please
write down any serious illnesses on the line below.

(6) Please list any tablets you are taking on a regular basis.

Thank you for your help in completing this questionaire, please now return
it in the envolope provided. This information will be treated in strict
confidence.

Figure 2 Questionnaire for Study 1



facilitate the selection of "normal" controls in a later study.

Finally, patients were asked to give details of any relevant medical

history and for details of their current medication.

A prepaid envelope was included with the initial letter inside

which patients were asked to return their questionnaires and these

were posted directly back to the urodynamic unit. The patients

demographic data and questionnaire details were then entered into a

Database Three Plus programme using an IBM AT 40 megabyte hard disc

computer.

RESULTS.

1662 questionnaires were sent out, of which 889 were returned

completed. A further 172 replies were received from patients

declining to take part and 11 returned spoilt or not evaluable. Four

patients on the F.P.C. list, we were subsequently informed, had died

and 41 had moved from the area, unbeknown to the practice. Finally,

36 letters were returned to us as having wrong addresses which were

subsequently rectified by going back to the practice.

This meant that of a total of 1662 letters, 1617 could be assumed

to have reached the patient concerned and from this, an overall reply

rate of 66.3% was achieved (See Table 1).
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Table 1. Response to Initial Questionnaire.

Total sent	 1662

Deceased	 4

Moved Away	 41

Total Received	 1617

Of this;	 Number:

Completed	 889

Declined	 172

Spoilt	 11

Total Replies	 1072

Percentage:

55.0%

10.6%

0.7%

66.3%

The ages of the patients ranged from 40 to 101 years with the

number of patients in each age group shown in Graph 4.1.

Of all the patients, 485 (54.5%) had to get up once or more each

night and 183 (20.6%) twice or more on a regular basis. Analysis of

the figures shown in Table 2, depicting the change in nocturia with

age, shows a progressive increase in nocturia with increasing age. It

can be seen that approximately 66% of men in their 40's would

regularly be able to sleep through the night without the need to get

up to void whereas nearly 80% of the over 70's need to get up once or

more on a regular basis (see Graph 4.2). The pattern of rising twice

or more also steadily increased with age and, in our sample, nearly

18% of those men over 70 years of age were actually needing to get up

regularly three or more times at night.
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Table 2. Incidence arid severity of Nocturia (Percentage in brackets)

Age:	 Nocturia: 0	 >,1	 >,2	 >,3	 >,4

40-49:	 165 (66.3)	 84 (33.7)	 16 (6.4)	 1 (0.4)	 0 (-)

50-59:	 131 (49.1) 136 (50.9)	 36 (13.5) 10 (3.7)	 1 (0.4)

60-69:	 80 (36.3) 142 (63.9) 	 58 (26.1) 11 (4.9)	 1 (0.4)

70-79:	 26 (21.1)	 97 (78.9)	 54 (43.9) 22 (17.8) 4 (3.2)

80-101:	 2 (7.1)	 26 (92.5)	 19 (67.8)	 5 (17.8) 2 (7.1)

Complex Chi-squared testing was used to compare voiding once or

less with voiding twice or more at night, for each age group. This

showed a highly significant relationship (p<0.001) between

increasing age and increasing severity of nocturia.

Day time frequency was the next parameter examined. Patients had

been asked how many times, on average, they passed water each day.

Answers varied from 2 - 20 times with a spread throughout the age

groups as seen in Graph 4.3.

Table 3. Variation in day-time frequency with

Age:	 Nos.Pts:	 Frequency >,6:	 (%)	 Frequency >,8:	 (%)

40-49	 249	 144	 (57.8)	 62	 (24.9)

50-59	 267	 166	 (62.2)	 70	 (26.2)

60-69	 222	 157	 (70.7)	 75	 (33.8)

70-79	 123	 82	 (66.6)	 40	 (32.5)

80-101	 28	 18	 (64.3)	 8	 (28.6)

43



0 0 0 0 0
co	 (0	 -	 C'J

-C
0.

1

a.

0
1

0)
1

a)
a.

a)
0)
C',

C
U)
C.)
1.

U)
a.

C
a)

C',
0

0)

0

0)
L

0

I
0)
(0

o	 I
10
0(0

0)
N-

c

0

0

ca>.
IC',

>-w

z<
w

LL>-

w

ZW-o
ZZ

P0

><



Graph 4.3 shows a marked similarity between the age groups and

the variation in day-time frequency so the data was further analysed

to look specifically at the number of patients with day-time

frequency of six or more and eight or more times (See Table 3). This

data is illustrated in Graph 4.4 which clearly demonstrates the

similarities between the groups. The complex Chi-squared test was

again used to compare the expected and observed numbers of subjects

voiding less than six and six or more times each day. This showed no

significant deviation of the observed from the expected results

(O.1>p>O.OS) ie. this degree of day time frequency did not

significantly change with age. Likewise, Chi-squared testing showed

no significant increase in day time frequency of eight or more times

with increasing age (p>O.1). If this degree of frequency can be

accepted as an indicator of instability, albeit a crude one, it would

appear that the incidence of this instability is similar for all age

groups. Furthermore, it is most interesting that this does not mirror

the increase in night-time frequency with age as was shown earlier.

In order to assess the relationship of drug treatment to day or

night-time frequency, patients were asked to list any medications

they were taking on a regular basis. Out of a total of 248 patients

on some form of regular treatment, 61 were found to be taking

diuretics. These included Bendrofluazide, Navidrex K, Burinex K and

Frusemide (usually combined with Amiloride as Frumil.) Table 4 shows

how these were distributed among the age groups.
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Table 4. Relation of diuretic therapy to age, nocturia and frequency.

Patients on Diuretics:	 Severity of Nocturia: 	 Frequency.

Age:	 Nos: Percentage:	 0	 1	 2	 3	 4	 >,6	 >,8

40-49	 3	 (1.2)	 -	 3 - - -	 2	 1

50-59	 6	 (2.2)	 2 2 2 - -	 4	 1

60-69	 25	 (11.3)	 10 11	 4	 -	 -	 10	 11

70-79	 20	 (16.3)	 4	 5 - 5	 1	 7	 8

80-101	 7	 (25.0)	 -	 2	 4	 -	 1	 3	 3

There was no evidence to suggest that nocturia was any more common

in patients on diuretics, nor was there any evidence to suggest that

diuretics protected against nocturia; indeed, in all but the over

eighties, the majority of each group had either no nocturia or only

one episode per night. Similarly, the day-time frequency did not

appear to be influenced by treatment. Statistical evaluation was not

carried out due to the small numbers of patients in most groups.

01 27 patients known to be diabetic, (Z ete the.t 	 tc(ei, (

were taking oral hypoglycaemics and 2 were insulin dependent (See

below Table 5.)

Table 5. Diabetic therapy related to nocturia and frequency.

Number of Patients:	 Severity of Nocturia. 	 Daytime Frequency.

0	 1	 2	 3	 4 (Tot.)	 >.,6	 >,8

Diet Controlled:	 2	 5	 3	 1	 1 (12)	 9	 7

Hypoglycaemics	 3	 2 5 4	 1 (15)	 8	 5
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3	 4

5.3	 0.8

3.4	 0.6

10	 2

-	 5

The significance of this is again difficult to determine in view

of the very small numbers involved in each group but it may be said

that the presence of diabetes alone does not account for the increase

in severity of nocturia in these older patients.

Daily fluid intake was analysed throughout the age groups and

related to the incidence and severity of nocturia (See Table 6).

Table 6. Relation of fluid intake f cu ps/day) to severity of nocturia.

Intake:

0- 4

5- 8

9 - 12

13 - 16

17 - 20

> 20

% population:

(2.8)

(53.2)

(34.8)

(5.7)

(2.3)

(1.1)

	

% nocturia: 0	 1	 2

	

52	 28	 20

45.6 32.6 15.5

	

42	 36.4 16,3

	

46	 34	 8

	

50	 40	 5

	

50	 40	 10

88% of the total population reported that they drank between 5-12

cups of fluid each day bit the distribution of these patients did not

suggest that they suffered more from nocturia than did those who

drank less. Indeed, it was difficult to see any relationship between

increased daily fluid intake and the degree of nocturia.

Discussion

The aims of this initial study were, firstly, to get an idea of

the degree of nocturia seen in the over 40's in a non-hospitalised

community and, secondly, to see whether this could be related to

factors known to exacerbate nocturia. Such factors include clinical
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cardiac failure requiring diuretics, the presence of diabetes or

bladder instability and the patients daily fluid intake. The presence

or absence of urinary tract infection was not taken into account in

this study due to its low expected incidence of 7% (Sourander 1966).

Having selected a defined population whose demographic data had

already been computerised, very careful consideration had to be made

concerning the use of this data within the terms of the Data

Protection Act (Carter 1992). The act requires that all data users

shall register certain particulars with the data protection registrar

including, firstly, a description of the personal data to be held by

the user and the purpose for which that data is being held and

secondly a description of anybody to whom the user may disclose this

data. For this reason it was important to register with the data

protection officer as a data user prior to undertaking the study.

Having designed a method of contacting the patients and asking

for their consent to take part in the study, great care was taken to

keep the questionnaire as simple as possible and without ambiguity.

Even so, nearly 5% of all patients contacted the surgery for advice

on how to complete it, with particular reference to the sections

concerning past illnesses and present medication. The use of the word

cups to describe fluid input was deliberate in that it was a readily

understood measure which was felt appropriate for this rather

subjective estimate.

In retrospect, a further question inquiring of the time the last

drink was taken before bedtime would have been of value as this is a

fairly obvious factor in nocturia. However, from personal experience

most patients with nocturia and nocturnal polyuria have already
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experimented with various degrees of fluid restriction, the most

common of which was cutting out late evening fluid intake.

The questions regarding past medical history and potential outflow

tract obstruction were not only used for determining disease which

could potentiate nocturia but also in a later study where age matched

controls were required from the healthy population who were known not

to have nocturia. Obviously it was not possible to account for

subclinical cardiac failure which may contribute to nocturnal

polyuria.

Soon after beginning the study, it became apparent that the F.P.C.

register of all patients in whom we were interested was not entirely

accurate. Nearly 5% of all entries were incorrect (81 out of 1662)

either because o patietts 	 't'cc' c	 tc k.'c.	 c

those patients had actually died.

Our subjective measure of nocturia in the over 60's(ie. 71% of

all men getting up once or more each night) correlates well with that

of Brocklehurst who found that 70% of people, over the age of 65 and

living at home, have nocturia in the absence of urinary tract

infection (Brocklehurst 1968). Barker and Mitteness (1988) reported

that 64% of over 65 year old, continent Americans living at home were

getting up once or more each night.

Our finding that over 40% of 60 year aids micturate twice or more

nightly, is the same as that reported by Sourander (1966) in a study

of males over 65 years in the Finnish town of Turku; also

Brocklehurst (1971) found that nearly 40% of 65-80 year aids

complained of nocturia twice or more in a similar, community study.

Our study has also shown that there is a significant increase in
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nocturia with increasing age without a concomitant increase in day-

time frequency (which itself tends to remain fairly static, if not

fall, in the over 70's). This finding is most relevant as, if an

increase in bladder instability, secondary to outflow tract

obstruction or cerebral atherosclerosis (Brocklehurst 1971), is the

cause of the increase in nocturia, then this degree of instability

should also be seen during the day in terms of increased frequency.

This is not the case and would suggest that there should be another

cause for the increase in nocturia demonstrated with increasing age.

This study led to the proposal that the observed increase in

nocturia in the elderly may be due, in part, to an increase in over-

night urine production and that it is this relative nocturnal

polyuria which accounts for many of these nocturnal urinary symptoms.

For this reason, two further studies were carried out in order to

obtain a more accurate measure of the exact volumes of urine produced

overnight in these subjects.
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STUDY 2: FREQUENCY VOLUME DATA IN PATIENTS WITHOUT NOCTURIA.

The aim of this study was assess more accurately the day and night

time voiding patterns of the men in the previous study who did not

suffer from nocturia.

Having entered all the original demographic and questionnaire data

into the data base as described, a second file was made up of normal

patients without nocturia, ie. those who said they did not get up at

night on a regular basis. The only patients to be included in this

"normal" category were those who were not taking any regular

medication, had no relevant past medical history and who were not

awaiting consultation or operation for urinary tract problems.

By combining this file with a Wordstar Professional 5, Mail-Merge

word processing file, it was then possible to write to all these

patients individually, printing their name and address at the top of

the page and addressing the letter to them personally. These computer

generated letters informed the patients of the ongoing project and

asked them to complete a frequency volume chart for one week (Fig.3).

The chart itself was printed on the back of the letter (Fig.4) and

included specific instructions regarding the time and volume on

rising, time of going to bed and last daytime voided volume. Enclosed

with the letter was a reply paid envelope for its return to the unit.

The data collected was then processed for each patient and the

following parameters calculated and entered into the data base:

average total daily output (excluding first void on rising), the

average total overnight output (including first void on rising), the

average daytime and night time voiding frequencies and the percentage

of the total 24 hour urine output which was produced over night.
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Drs. I.A.HAH7'INS, J.DiJfE4 LIME, .1.5. FLIGLES7VNE, C.A . NAUGHTON.
HEYWXD,

PILL,
BRISTOL,
BS2O ODN

TEL:PILL 2105

&FULLNAME&
&ADDRESS 1 &
&ADDRESS2&
&ADDRESS3/o&
&ADDRESS4/0&
REF: &NUMBER&

Dear Mr.&SURNAJdE&,
Recently, you very kindly

completed and returned our questionnaire in which we asked if you
were bothered by any waterworks trouble. Your co-operation in this
was very much appreciated and the study has now given us a lot of
information, particularly regarding the number of men who have these
kind of problems.

Because you rarely have to get
you are actually in the group of patients
interested. In order to assess this groi
anxious to obtain more information abou
visits, if any, and the volume of urine
then pass the following morning.

up at night to pass water,
in whom we are particularly
ip a little further, we are
I the number of night time
produced overnight that you

For this reason, we are again asking for your help. Enclosed
is a frequency volume chart with instructions as to how it should be
completed. The idea is to measure the volume of the urine each time
you pass it, day and night, and to record the time and the amount on
the chart. The easiest way to do this is to pee straight into a
measuring jug and then tip it down the loo after you have recorded
the volume. Measurements in mis (millilitres) are easiest for us to
work with. A weeks worth of measurements would give us an extremely
useful amount of information and we hope will help us in our search
for a cure for this condition.

If you felt you could help us by filling in the chart we
would be most grateful. When you have completed it please send it
back to us in the enclosed prepaid envelope. If you have any
questions about completing the chart, or have problems obtaining a
suitable jug, please telephone Dr. Carter or Mrs.Carr at Ham Green
Hospital, Tel.Pill 2661 Ext. 3718 or 3720. If you would like to
discuss the waterworks problem with your own doctor at the surgery,
please make an appointment in the usual way.

Thank you for your help with this and we hope you will feel
able to participate,

Yours sincerely,

Dr.Ian Hawkins, for the partners of the Pill Practice.

Figure 4. Letter accompanying F.V. charts.
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RESULTS:

404 letters were sent out and 144 replies were received. These

included 13 refusals giving a reply rate of 35.6% with completed

frequency volume charts from 32.4% of patients. Patients ages ranged

from 42-79 years, mean age 57.

Day time urine volume, ie. that produced from the time of rising

to the time of going to bed, averaged 1152 mis per day over all the

patients for that seven day period (range 360-2550, S.D. 494).

During the night, the average volume of urine produced was 453 mis

(range 223-918, S.D. 157) and, from this, the percentage of the total

24hr urine output which was produced overnight was calculated. This

varied from 12.5 - 58.6% with the average night-time percentage for

the whole group being 29.64% (S.D. 9.01).

There was a fairly marked variation in the total 24hr urine volume

ranging from 613 to 3489,nls with an average value of just over 1.5

litres (mean 1601 mis, S.D. 576).

From the initial questionnaire replies, this group voided 6 times

during the day on average (mean 6.02, range 3-12 times and S.D. 2.26)

and did not rise at night. Calculation of the daytime frequency from

the F.V. chart gave a mean of 6.00 (range 3.0-13.4, S.D. 1.75).

Paired t-testing of these values showed that there was no significant

difference between the two estimates of day time frequency (p>0.05).

Actual nocturia, as recorded by the patients on their F.V. charts was

effectively 0 (mean 0.1) and so t-testing was not performed.

Sleeping time was calculated for each patient in order to give a

measure of the total time spent recumbent. The mean sleeping time for

the group was 7.92 hours (S.D. 0.77).
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STUDY 3: FREQUENCY VOLUME DATA IN PATIENTS COMPLAINING OF NOCTURIA.

In this final study, patients who had complained of nocturia on 2

or more occasions in the initial questionnaire were again contacted

and asked to complete a frequency volume chart. The same method as

described in study 2 was used to send individual letters to these

patients along with the F.V. chart and specific instructions for its

completion. Patients were asked to complete the chart over a 7 day

period and return it to the unit in an enclosed reply paid envelope.

RESULTS:

190 letters were sent out with 88 replies, including 6 refusals.

This gave a completion rate of 43.2%. Patients ages ranged from 42-

88 years, mean age 68 years. Daytime urine volume averaged 984m1s

(range 340-1850, S.D. 391) and night time urine ranged between 315

and 1825m1s with an average of 675mJs (S.D. 232). The tota) 24 how

volumes averaged 1660m1s (range 791-3244, S.D.480) and from this the

night-time percentage was calculated for each patient. This ranged

from 19 to 84.2 with a mean of 41.4% (S.D. 10.56).

Day time frequency, as stated in the original questionnaire,

ranged from 3-16 times with a mean value of 7.29 (S.D. 3.08). When

calculated from the F.V. chart, the mean was slightly lower at 6.8

(range 3.5-12.2, S.D. 1.85). Paired t-testing however showed no

significant difference between the two estimates (p>O.O5).

Night time frequency estimations from the initial questionnaire

ranged from 2-4 times (mean 2.3, S.D. 0.74). The calculated night

time frequency from the F.V. chart gave a mean of 1.94, (range 0.4-

5.2, S.D. 0.97). Paired t-testing here actually showed a highly

significant over-estimation by the patients of their nocturia

(p<0.O1) when compared with the F.V. chart they had kept for the

week. Mean sleeping time was 8.66 hours (S.D. 1.06).
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DISCUSSION:

Although the actual percentage return of the frequency volume

charts in the second study was disappointing (at only 32.4%), the

standard to which they were completed was extremely high with every

reply being evaluabie. The higher response rate in the third study

(43.2%), may have reflected the higher proportion of more elderly

patients within this group (mean 68 years v. 57 years) who are often

more compliant. Also this group comprised of those patients who were

troubled with nocturia and so stood to benefit from any potential

cure resulting from the study.

In the third study, the nocturia group significantly over

estimated their night-time frequency in the initial questionnaire.

The clinical significance of the difference between their observed

mean night time frequency of 2.3 times and that which they recorded

on their F.V. charts (1.94) is minimal, though interesting, in that

it may be an indication of the degree to which these patients are

actually troubled by their symptoms that they should over-estimate

them to this extent while still achieving a good correlation for day

time frequency.

Analysis of the combined data from studies 2 and 3 allow certain

differences between the nocturia and normal groups to be seen.

Frequency volume chart data showed the normal group to have a mean 24

hour urine volume of 1601 mls, no nocturia and a total number of day

time voids of 6. This would indicate an average functional bladder

capacity of 266.8 mis. Analysed another way, the total volume

produced overnight (mean 453 mis) was passed by a single void first

thing in the morning, therefore the night-time functional capacity

was 453 mis. Similarly, the total day time volume of 1152 mls was
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produced with 5 voids giving a day time capacity of 230 mis.

When the average figures from the nocturia twice or more group are

treated in the same way, the 24 hour total of 1660 mis required a

total of 8.74 voids to be passed giving an overall functional

capacity of 189.9 mls. This is considerably smaller than the normal

group (266.8) but may not be representative due to the larger number

of over night voids in this group. The total amount produced during

the day time (984 mis) required a mean 5.8 voids giving a functional

daytime capacity of 169.6 mis which is again smaller than the normal

group (230.4 mIs). Finally, 2.94 voids were needed tc clear the ver

night volume of 675 mis giving an overnight capacity of 229.6 mis

(which is smaller than the normals overnight capacity of 453 mis).

The exact significance of these results is uncertain but would

point to a smaller functional bladder capacity in the nocturia

patients, both by day and night, as well as throughout the 24 hours.

This being the case, a degree of bladder instability may be an

important factor which distinguishes the two groups, even though it

did not appear to be so from the results given in study 1. The normal

group had an average day time frequency of 5.98 (including the first

void on rising) compared with 6.8 in the nocturia group. Unpaired t-

testing shows that this is a highly significant difference (p<O.001)

and, combined with the functional capacity data calculated above, may

indicate a smaller bladder capacity coupled with increased frequency

(ie probable detrusor instability) as an exacerbating factor of these

patients symptoms.

Comparison of the data from both studies allows further important

conclusions to be drawn. The total 24 hour urine volumes produced by

each group were very similar, 1660 and 1601 mls. Unpaired t-testing

shows that there was no significant difference between these two
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amounts, as would be expected (p>O.O5). There is, however, a

significant change in the ratio of day to night output between the

group complaining of nocturia and the group who do not. The volume of

urine produced during the day by the patients without nocturia (1152

mls) is significantly higher than those patients with nocturia (984

mis, p(O.O1). The overnight urine volumes are highly significantly

larger in the nocturia group (675 mis, p<O.001) when compared with

those patients without nocturia (453 mis). When this over night

figure is expressed as a percentage of the total 24 hour urine

volume, the difference between the nocturia group (41.43%) and group

without nocturia (29.64%) is again highly significant (P<O.001). This

is illustrated in graph 4.5.

What the exact relationship between this increased overnight urine

volume and increased daytime frequency is remains uncertain. That an

increased urine volume over night should cause nocturia is

understandable, but it is much harder to explain why these patients

should also have day time frequency when they actually produce less

urine during this time than do the normals. The obvious explanation

of bladder instability still does not account for the increased over

night volumes. It would seem likely that the two factors of increased

nocturnal volume and detrusor instability act synergistically to

exacerbate the overnight symptoms in these patients.

Analysis of the sleeping time, and hence the time spent recumbent

in each group, showed an interesting and unexpected variation. The

patients with nocturia spent longer in bed, on average (8.66 hours)

when compared with the patients without nocturia (7.92 hours).

Unpaired t-testing showed that this was a highly significant

difference (p<O.001) and, in view of the postural elements associated
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with urine production, must be taken into consideration. It would

seem unlikely that an extra 45 minutes in bed could account for such

a large difference in urine volume and nocturia, especially as it is

our impression that the excess urine production tends to occur soon

after retiring in these patients rather than during the last few

hours of sleep (see discussion Chapter 5).

A final analysis was made using the combined data from these two

studies, calculating the mean percentage of 24 hour urine produced

over night for each patient, separated into the five age groups,

independent of the presence or absence of nocturia (see graph 4.6).

Chi-squared testing of these results shows that the increase in night

time urine production with increasing age is highly significant

(p<O.00l) and, as such, emphasises the importance of nocturnal

polyuria as a contrit*itory factor to nocturnal urinary symptoms.

It is well accepted that younger adults rarely need to rise at

night to micturate and, as long ago as 1859, it was shown that urine

flow is lower during the night than during the day in healthy

subjects (Roberts 1859). The circadian rhythm of urine volume

and electrolyte excretion is now well established, with the

knowledge that young healthy adults produce almost twice the amount

of urine volume (mls/hr) and electrolytes (mmols/hr) by day than

they do over night (Stanbury 1951, Wesson 1964). However, since

then, several studies have demonstrated that the elderly, both fit

and hospitalised, have an increased overnight urine volume when

compared with younger adults.

Analysis of the frequency volume charts of 94 male patients over

the age of 60 years who were attending the urology outpatients showed

that nearly 25% of those suffering from severe nocturia (ie. three or

more times per night) excreted a greater volume of urine over-night
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than did normal patients (George 1981).

In a study lasting 24 hours, Kirkland and co-workers found a

similar reversed circadian rhythm in 21 healthy elderly people living

at home, mean age 66.5 (range 60-80) years, compared with 24 young

subjects, mean age 29.2 (range 25-33)years whom they found to excrete

more than twice as much urine during the day as during the night.

(Kirkland 1983). A further study looking at only 4 female geriatric

patients, mean age 83 years, in a hospital environment also showed a

loss in the normal rhythm of decreased night-time urine production in

all patients.(Guite 1988)

The results from our study supports this concept of a greater

proportion of 24 hr urine being produced overnight in the elderly to

account in part for their nocturia.

CONCLUSIONS:

Nocturia is a common problem in the fit and healthy elderly which

increases in severity with increasing age. It does not appear to be

directly related to bladder instability, nor to drug treatment, fluid

intake or duration of sleep though it is clearly a multifactorial

problem and influenced to a varying degree by all these factors.

In this study, it has also been found to be associated with an

increase in nocturnal urine output, which itself increases with

increasing age. The cause for this increased urine volume is unknown

but many factors have been postulated to account for it. These are

investigated in detail in the next chapter.
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CHAPTER FIVE.

HOSPITAL MONITORING OF NOCTURNAL POLYURIA IN PATIENTS AND CONTROLS.
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INTRODUCTION:

Having recognised a potential causative factor for nocturia in

selected elderly subjects, the following study set out to demonstrate

objectively the phenomenon of nocturnal polyuria in these patients

and propose a mechanism for it.

The study involved regular blood and urine samples in patients who

had been admitted to hospital for a 48 hour observation period. These

samples were subsequently analysed for changes in the normal

circadian rhythm of electrolytes, hormones and osmolality to see if

any one factor could be implicated in those patients found to be

suffering from nocturnal polyuria.

In total, this study involved some 1,464 inpatient hours at

Southmead Hospital, during which 976 urine samples were collected,

spun down and processed with approximately 3,900 parameters being

evaluated. Over 280 venepunctures were carried out and yielded 1,960

samples upon which 7,000 individual results were eventually

calculated. Beds were provided by the Urology and Gynaecology units

at the hospital. Much of the biochemical analysis was carried out on

site but the Chemical Pathology departments ol the 'BrIstol Royal

Infirmary and The Royal Gwent Hospital were also involved in the

sample analysis. Funding for the assays came mainly from Ferring

U.K.Ltd with further financial assistance from the Urology Research

Fund at the Urodynaniic Unit.

This chapter describes the methods of patient selection, admission

and sampling and discusses the results of those parameters assessed.
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METHODS:

Patients were referred from the out patient department on the

basis of having nocturia in the absence of clinical evidence of

outflow tract obstruction. Patients with known endocrine, hepatic,

renal, neurological or psychiatric dysfunction were excluded as were

those with clinical cardiac failure or untreated hypertension.

Patients were questioned about ingestion of drugs, including

steroids, diuretics and alcohol and any taking such drugs were

excluded. Following receipt of the referral letter, patients were

contacted and the nature of the study explained (Letter 5.1). They

were given a date for attendance at the hospital for a 48 hour

weekend stay and invited to telephone the clinical investigation unit

if they were unsure in any way about the study.

Two weeks before the study, the patients were written to again

(letter 5.2). This time, precise details of the study were given,

including instructions to keep a frequency volume chart (F.V.chart)

the week prior to admission. This was to be recorded with night-time

fluid restriction as per the instructions. They were asked to refrain

from alcohol and nicotine and to stay without food or drink from

10.00 pm the evening prior to admission. Transport was offered to all

patients, should they have difficulty getting to the hospital by 7.30

the following morning and again, they were invited to telephone the

unit to discuss any problems they might have regarding the study.

On arrival at the hospital, the patients were asked to open their

bowels before going to bed. They were then catheterised with an

indwelling 16F silastic Foley catheter with 5mls in the balloon and

the residual urine measured. The study period started from 8.00am

66



From:	 URODYNAMICS UNIT

Ourref: PGC/EC/PGC.LETTEJL2.

Your ref

SOUTHMEAD HEALTH AUTHORITY

HAM GREEN HOSPITAL
Pill
Bristol BS2O OHW
Telephone Pill (Std 027581) 2661 Ext.... .P8

Pleaseask for ................................................................

15th May, 1989

Dear Mr.

Further to my last letter, I am writing to ask if you would be
willing to come into hospital over a weekend for a series of
specialised blood and urine tests.

This is in order to investigate a little further the cause of
your extra urine production overnight and would entail arriving
on R Ward at Southmead Hospital very early on Saturday morning
and staying until mid morning on the Monday.

I hope that this could be done on Saturday 17th 7une and, if this
date is convenient, I would be most grateful if you would write
back to me to confirm this using the enclosed pre-paid envelope.

I will then contact you nearer the date to let you know exactly
what the tests entail and what you need to do before coming into
hospital.

If you would like to talk to me about this beforehand, please
feel free to telephone me at the above number.

Yours sincerely,

PAUL CARTER. MB ChB FRCS (Ed)
RESEARCH REGISTRAR

Letter 5.1



From

Our ref:

Your ref:

SOUTHMEAD HEALTH AUTHORITY

HAM GREEN HOSPITAL
Pill
Bristol BS2O OHW

T./ephone Pill (Std 027581) 2661 Ext..........

Please ask for ..................................................................

6th June, 1989

Dear Mr.

Thank you for your reply to my last letter confirming your
admission to Southmead Hospital R. Ward on Saturday 17th
June.

The week prior to admission, I would like you to keep another
frequency volume chart which I have enclosed. In order to
standardise this as much as possible, I would like you to
have nothing to drink after 10.00 pm. each evening until
breakfast time the following morning.

The Friday prior to admission, I would like you also to
refrain from alcohol and nicotine (including pipe,
cigarettes, cigars or chewing gum). Please do not have
anything at all to eat or drink from 10.00 pm. on that
evening Friday 16th and nothing to eat or drink the Saturday
morning the 17th June before coming up to R Ward.

I would like you to come to the ward between 7 - 7.30 am. and
you will be given breakfast and a drink when you arrive.
When you wake up on the Saturday morning, please collect a
sample of your urine in the enclosed container to bring up to
the hospital with you.

Apart from your usual overnight things, a good book or
something else to do would be a good idea as the first day
involves lying in bed quietly and resting while the blood and
urine samples are collected.

The urine will need to be collected through a catheter (a
small tube which passes into the bladder and drains the urine
out into a bag). This will stay in for the weekend and will
be taken out before you go on Monday.

On the Sunday you can get up and about and we will be
measuring the ratio of fluid going in - to the fluid coming
out over that 24 hour period.

Please bring any tablets or medicines that you are taking
Into hospital with you. If you have any problems or
questions, particularly if you are worried about transport to
and from the hospital, please contact me at the above
telephone number.

Yours sincerely,

PAUL CARTER. MB ChB FRCS (Ed)
	

Letter 5.2
Research Registrar.

Encs. Frequency Volume Chart.
Urine container.



that morning and went on for 48 hours until 8.00am on Monday morning.

For the first 24 hours, the patients were asked to remain in bed

and were only allowed up to open their bowels if needed. Blood

samples were taken 4 hourly starting from 10.00 am and 9 samples were

taken in all. This was done using venepuncture rather than through a

heparinised intravenous carinula and 37 mls of blood were taken at

each sampling. This volume was not replaced intravenously. Patients

were specifically instructed to stay in bed for the 30 minutes prior

to blood sampling. The blood was venesected into a chilled 50 ml

plastic syringe and immediately decanted into 2, precooled lithium

heparin tubes and a precooled lOmi EDTA tube (Ethylene diamine tetra

acetic acid). Two further samples were stored in a 5 ml EDTA

vacutainer and 10 ml plain vacutainer. The precooled tubes were kept

in ice and taken immediately to the laboratory where they were spun

down in a refrigerated centrifuge at 4 degrees centigrade. The

samples were then decanted and stored at -70 degrees centigrade prior

to analysis. The two vacutainer samples were kept refrigerated and

the biochemical and haematological analyses were performed upon them

early the following week.

Urine samples were collected at 4 hourly intervals (2 hours each

side of the venepuncture) by replacing the disposable catheter bags.

Total volume was measured and two 20m1 samples were collected, spun

down and frozen at -20 degrees, prior to analysis. A sample was also

sent for microbiological analysis from the first collection.

Patients were allowed standard hospital breakfast, lunch and

dinner but no tea, coffee or added salt. They were given 300mls of

water only, to drink over each of the three daytime 4 hourly periods
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from 8.00 am, and a further 150 mis between 8 and 10.00 pm. They were

then kept nil by mouth from 10.00 pm until 8.00 am the following

morning.

From 8.00 am on Sunday the patients were allowed up and encouraged

to have as much exercise as they would normally take, within the

confines of the hospital ward and surrounding area. Blood

collections, which had continued 4 hourly throughout the previous

night, finished at 6.00 pm on that second day but the 4 hourly urine

sampling was continued throughout the 48 hour trial period. Food and

fluid intake was identical to the first day with again, no extra

fluids being permitted. Patients went to bed at 10.00 pm and the

study finished at 8.00 am on the Monday morning. At this stage the

catheters were removed and the patients were given breakfast prior to

going home.

In the course of the first morning, a full history and examination

was made of each patient with particular reference to urinary

symptoms, cardiovascular status and past medical history. Blood

pressures were recorded 2 hourly using a sphygmomanometer in the

first two groups of patients but was not continued throughout the

rest of the study.

Exceptions to this protocol included five patients who were only

studied for an initial 24 hour period. They were in the first 2

groups to be looked at and it soon became apparent that the postural

aspects of this problem also needed to be evaluated, hence the

second, ambulant 24 hour study period. Control subjects were

admitted, observed and sampled in exactly the same fashion except

that they were not catheterised (this was thought unacceptable by the
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ethical committee). Urine was collected by voiding 4 hourly into a

sterile container, all voids during, and a final void at the end of

the period to empty the bladder, being included.

The control subjects were selected from the group described in

chapter four, study 2, who had stated that they did not suffer from

nocturia and had returned frequency volume charts to this effect.

They were contacted by letter, after discussion with their General

Practitioner in order to exclude those with the medical problems as

listed above for the nocturnal polyuria patients, and asked to attend

as a control subject over this weekend period. All the patients and

controls were studied over weekend periods from June 1989 to June

1990 and the protocol was approved fully by the ethical committee of

Southmead hospital.

RESULTS:

31 patients were referred from the urology clinics of Southmead

hospital and the Bristol Royal Infirmary and, of these, 26 agreed to

have the studies performed. Of the 12 control subjects initially

contacted, 8 finally attended for the study. Once the date had been

set and the subjects had confirmed their availability, none of them

defaulted on the day of the study. Patients ages ranged from 53-87

years with a more complete breakdown of age being given below.

Statistical analysis of all data was performed using an analysis

of variance (ANOVA), and, where relevant, the effects of higher order

interactions are stated. Advice on all the statistical methods and

graphical representation of data was kindly given by Dr David

Protheroe, medical statistician, Southmead District Health Authority.
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RESULTS OF URINE ANALYSES:

The most important observation to be made was whether the

patients' urine volume overnight actually constituted Nocturnal

Polyuria. In the absence of an accepted definition, we proposed that

this should be a midnight to 8.00 am urine volume which was greater

than 33% of the total urine volume which had been produced over that

whole 24 hour period (this being taken as 8.00 am through till 8.00

am the following morning).

This caused patients to fall into three, broad categories:

(a) 18 Patients with Nocturnal Polyuria (during one or both

nights), age range 53-87 years, mean age 71.3 years.

(b) 8 Patients without Nocturnal Polyuria (on either night), age

range 60-86 years, mean age 73.4 years.

(c) 8 Controls without Nocturnal Polyuria (with one exception on

the 2nd night), age range 70-81 years, mean age 74.7 years.

The 8 patients comprising group (b) had initially been brought

into hospital for evaluation as their F.V. charts had suggested they

had nocturnal polyuria. However, when these patients underwent the

study, they failed to demonstrate an increase in over-night urine

output >33% of their total 24 hour output (probably as a result of

the fluid restriction). It was thought unacceptable to include these

patients with the controls and so they were treated as a separate

group.

In graph 5.1, the percentage of the total 24 hour urine volume

produced over-night by these three groups of patients are compared.

This demonstrates a significant worsening of the nocturnal polyuria

after the patient group had been up and about during the day time, as
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well as an increase in nocturnal urine output in the other two groups

following this same period of activity.

Having identified a group of patients who appear to produce larger

volumes of urine overnight, in some cases these volumes approaching

half the total 24 hour output, the next stage was to examine this

urine, particularly with respect to its osmolality, urea and

electrolytes, to establish whether this was purely a diuresis or also

a natriuresis. Actual values for urine volumes, osmolality, urea and

electrolytes are given in the appendix.

The first parameter examined was the change in urine osmolality

over the 48 hour period in each of the three groups and this is shown

in graph 5.2. Osmolality was determined using a method of comparative

freezing point depression with a Gonotec Osmomat 030 automatic

cryoscopic osmometer.

The patients without nocturnal polyuria and the controls showed a

rythmicity of their urine osmolality, the most dilute urine being

produced in the 4 hours before midnight each night, which was then

followed by a significant increase in concentration overnight. The

nocturnal polyuria group failed to show this variation to the same

extent, and in fact, urine osmolality continued to fall on the 2nd

evening after the patients had gone to bed, contrary to that found in

the control group. However, in comparison with the other two groups,

it is not the case that the nocturnal polyuria patients produced

large volumes of poorly concentrated urine overnight, more that they

had larger quantities of urine which appeared, from this study, to be

equally, if not more concentrated, than that found in the other two

groups. M0VA shows a significant higher order interaction between
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the groups and collection period (p=0.038) and, as such, indicates

that the change in osmolality is both group and time dependent.

This is an important finding. In order to investigate the urine

content further and to assess what is contributing to this maintained

osmolality, sodium excretion was measured in each patient within the

groups, in 4 hourly aliquots over the whole 48 hour period. Excretion

was calculated as the sodium concentration in the sample (in mxnols

per litre) multiplied by the volume of urine produced during that

period and divided by 1,000 to give a molar sodium excretion per four

hour period. Sodium was measured using a SMAC III (Sequential

multiple analyser with computer), using an ion selective electrode

without dialysis, and the results for each of the three groups shown

in graph 5.3.

This shows that the sodium excretion in the 4 hours just before

midnight on the first day is virtually the same in all three groups.

However, the nocturnal polyuria patients both on this night and the

subsequent night, increase their sodium output by a significant

amount during their sleeping hours. In contrast, there is a

significant fall in sodium excretion in the other two groups over the

same period. This suggests that a natriuresis accompanies the

overnight diuresis seen in these patients and would account for the

increase in osmolality previously described. ANOVA again shows a

significant higher order interaction between group and period

(p<O.O01), showing that this change in sodium output is both time and

group dependent.

Potassium content is also an important contributor to urine

osmolality. It was measured in the urine using the SMAC III (non

76



I

1

I

0 0 0 0
C',	 C.J

00
E
w
0

z
E
0

0

cr
0
Co

00
a)
a.
1.

0.c

a)
a.

0)

0
E
C
0

a)

0

a)

C',

z

C
11 )

>1
0

C)
0
z
C
C)

Ui

z

c)
I0
.0
a.

1
C-I,

z
0
F-wcc

w

00C')
z
z
0

cc

I

co0
0
c
00

0o

H-a.

co

.0
c)

cJ
LCD

Ho

cJ

cJ
-ii

''0

11)

0
1

C
00
C
0
Ui

z

>..
0
a-

C)
0
z
0
z
C
0
x

Ui



z
0
p
w
cc
0
><
w

0
Q
cc
w
0

ci)
0I-.1
C
0

C.)
C

LU

4.

coo
0
C
00
cJ

0
C'Jv
00

coW

,0

/1
7.

•1

I..'
/

0

'I-
0

W
E

I-

C')

0
0

z0

0
z
E
0F-

0
cc

0I
Co

0
0
4
0
0
z
0
z
C
0>(

LU

>

0

•1
0
0

z

C
0
x

Ui

(0
-1	 F'—

H I

•1	 -

CJ0
I -

_	 /7/	 co

0	 /
co

a)	 .Y/	 0

0

0	 .'\

	

1	 0

1	

0
a)
0.	 '4	 C"

I;

0	
•1

0
-C"

C	

I

.	 ,/1
a)	 CD

r1 0.

I-



dialysed with ion selective electrode) and its excretion was

calculated using the same method as described above for urinary

sodium. The data is shown in the appendix and is graphically

represented in graph 5.4. It is difficult to discern any obvious

trend within the group apart from an overall conservation of

potassium throughout the period despite the patients becoming less

fluid replete. ANOVA showed no significant higher order interaction,

(P=O.065). Although there was a highly significant difference between

the mean potassium excretion over the 48 hours, (p<O.001), there was

no significant difference found between the three groups (p=O.146).

Potassium excretion therefore, does not seem to be implicated in the

difference in urine osmolality seen between these groups. One

interesting feature is the marked increase in excretion in the

control group during the second daytime period which is not present

in either of the other groups. The clinical significance of this is

uncertain though it may reflect a normal response to a degree of

fluid depletion, with sodium conservation and potassium excretion,

perhaps acting earlier in the control group than the other two

groups.

Urinary urea was measured with an RA-100 using the urease method

with first order kinetics (following the decrease of NADH). Urea

excretion was then determined by multiplying the calculated urinary

urea by the volume of urine produced in that 4 hour period. The mean

values for each collection were then taken for the three groups and

the results expressed as a nolar excretion per 4 hour period, see

Graph 5.5.

All the patients showed a trend of decreasing urea excretion over
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the 48 hour period with little discernible difference between the

groups. This decrease in urea suggests that there is no significant

degree of dehydration during the 48 hour period. This was confirmed

by ANOVA which showed no significant difference between the groups

(p=O.687), but demonstrated a highly significant difference between

mean values during the 48 hour period, (P<O.001).

Urinary creatinine was measured with SMAC III using the Jaffe

method and excretion was evaluated in the same way as described above

for urea, (Graph 5.6). Again, there was little difference between

the groups and nothing to suggest a link between creatinine excretion

and the increase in overnight urine in the nocturnal polyuria group.

In order to assess whether there were any gross differences or

changes in renal function between the groups during the monitoring

period, creatinine clearance was analysed. It was calculated as the

urinary creatinine divided by the serum creatinine, measured at the

middle of this 4 hour collection period, multiplied by the total

urine volume for that period, to give clearance expressed as mis/mm,

(Graph 5.7). There was a marked similarity in the values over the

first, recumbent 24 hours, but then, if anything, the giomerular

filtration rate (GFR) in the nocturnal polyuria group appeared to

fall during the second ambulant period. ANOVA, in the absence of any

higher order interaction, shows no significant difference between the

three groups (pO.29l) but that the inter-period variation just

reaches statistical significance (p=O.037). Exactly what the cause of

this variation is remains unclear but certainly the changes seen are

not gross enough to be able to relate an increase in over-night urine

in the poiyuria group to a concomitant decline in renal function
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(bearing in mind that the loss of fluid in the nocturnal polyuria

group may have produced a temporary decrease in GFR in order to

compensate for this).

RESULTS OF SERUM AND PLASMA ANALYSES.

In order to ascertain whether the changes in overnight urine

osmolality were linked to a variation in serum osmolality, this was

evaluated 4 hourly in all the subjects and the mean values for each

group shown in Graph 5.8. Osmolality was measured using a method of

comparative freezing point depression with the Gonotec osinomat 030

automatic cryoscopic osmonieter. It can be seen from the graph that

there is very little difference between the groups, with the

Nocturnal Polyuria patients actually showing the least variation over

the 36 hours. ANOVA does however suggest a statistically significant

difference, both between the groups (p=0.001) and between the mean

values at different sampling periods (p=0.033). The actual clinical

significance of this is rather dubious. All the values fell between

the accepted normal range for our laboratory (275-295 mOsmfkg), see

appendix, with the variation in mean values for the groups being less

than 6 mosm/kg. Likewise the variation in mean values for the various

time periods was less than 5.5 inosm/kg. It is unlikely that this

variation, though statistically relevant, has any clinical

significance in this study.

Serum urea (Graph 5.9) and serum creatinine (Graph 5.10) were

analysed over the 36 hour period to see if there were any obvious

differences in renal function between the groups. Serum urea was

measured with SMAC III using the diacetyl monoxime method and serum
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creatinine also with SMAC III by the Jaffe method. ANOVA of mean urea

levels showed no significant difference between the groups (p=O.053)

and a marginally significant variation between the sampling periods

(p=O.O4l). ANOVA of the creatinine variation also showed no

significant difference between the groups (p=O.075) but a

significant variation between periods (p=O.003). It is probable that

these variations conform to the normal circadian variation exhibited

by these substances in the blood, although the higher mean urea in

the nocturnal polyuria group may also reflect a degree of

dehydration.

Serum sodium and potassium were measured with SMAC III using ion

selective electrodes with dilution of the non dialysed serum and the

mean values shown in graphs 5.11 and 5.12. Sodium ANOVA showed no

significant difference between the mean values for each of the time

periods, (p=O.167), but a significant difference between the group

mean values, (p<O.001). As before, the clinical significance of this

is uncertain, the mean group variation being less than 2 nnnols/l,

with the control patients showing higher serum sodium levels

throughout the study. In view of the known action of ANP and the

previously demonstrated higher sodium excretion in the nocturnal

polyuria group, it is understandable why they could have a lower

sodium level than the controls. However, it is more difficult to

explain why the patients who failed to show nocturnal polyuria should

also have lower sodium levels than the controls when they do not

appear to have increased sodium excretion or elevated ANP levels (see

later.)
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Analysis of potassium variance confirmed the apparent similarity

between the groups (p=O.125) although it suggested a significant

difference between the sampling periods (p=0.O22). However, as the

total mean variation was less than 0.5 mmols/l and all the results

fell within the normal range, this finding is unlikely to be of any

clinical significance.

Serum chloride was also measured using the SMAC III. (The method

employed was colorimetric, based on mercuric thiotyanate ,,iTh

detection of Fe(SCN)3). Graph 5.13 shows the mean values, with the

nocturnal polyuria group appearing to have lower values throughout

the study. ANOVA shows that this is a significant finding, (p<O.00l)

as is the difference in values over the different collection periods

(p<O.001). As before, the clinical variation is very slight with a

mean variation between the groups of less than 3 mmols/l. This does

question the clinical significance of such a small variation which

lies within the accepted normal range and not much outside the

laboratory error of the analysing equipment used.

An analysis of' total serum proteins was made alongside serum

albumin concentration in each 4 hourly sample. Serum proteins were

measured with the SMAC III using a double channel biuret method and

albumin measured with the same machine using the bromocresol-green

dye binding method. The mean values for each are shown in Graph

5.14. As can be seen, the inter-group and inter-period variations are

very slight. ANOVA found no significant difference between the three

groups for the protein analysis (p=0.129) but showed a significant

inter-period variation (p<0.00l). With the albumin analysis, both

the inter-group (p=0.012) and the inter-period (p<0.00l) variations
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were significant. Again, the clinical relevance of such minor

variations within the accepted normal range are difficult to explain

but it is very unlikely that there was significant haemoconcentration

during the study period, either due to the venesection or the

relative fluid restriction although there was a general increase in

protein levels towards the end of the period.

Serial haecnoglobin and (iaecnathcr aieasurecaes were maizie ust a

Coulter counter and the mean values shown in graph 5.15. Both

parameters appear to show an increase on rising consistent with their

normal circadian variation. ANOVA for haemoglobin showed that this

increase was significant (p=O.O41) but, in the case of haematocrit,

it just failed to achieve statistical significance (p=O.O55). The

difference in mean haematocrit between the groups was barely

significant (p=O.O36) and the inter-group mean haemoglobin variation

was unremarkable (p=O.135). In view of the plasma protein and urea

results, it is very unlikely that the small rise in haematocrit noted

could be accounted for by progressive haemoconcentration due to the

sampling methods or the relative fluid restriction.

Five different hormones were assayed during the sampling period.

Serum cortisol, renin and aldosterone, Arginine Vasopressin (AVP) and

Atrial Natriuretic Peptide (ANP) were measured 4 hourly during the

first 36 hours, with AVP and ANP also being assayed in the urine

throughout the 48 hour period.

Serum cortisol was measured by an in-house, non extraction,

radioimmunoassay using 1-125 with solid phase antibody. Analysis of

the mean levels throughout the monitoring period (Graph 5.16) showed

the expected circadian variation, the significance of which was
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confirmed with ANOVA (p<O.001). There was no significant difference

found between the groups (pO.25O).

Renin and aldosterone levels were measured at the Bristol Royal

Infirmary using commercially available diagnostic kits produced by

SERONO. For the determination of renin, the method consists of an

initial incubation of the plasma (3 hours, at pH 7.4 and 37 degrees

centigrade) to allow the renin present to generate angiotensin I,

with an enzyme inhibitor present to prevent subsequent degradation of

this angiotensin I produced. The angiotensin I is then determined by

radioimmunoassay, with the use of a second antibody linked to

magnetic particles in order to facilitate the separation of bound and

free fractions.

Aldosterone was determined with a direct radioimmunoassay, also by

using a magnetic-particle-coupled second antibody. Both assays used

1-125 as the gamma emitter.

The variation in mean plasma renin levels are shown in graph 5.17.

The marked rise seen immediately following the first 24 hour period

is due to the change in posture associated with getting up, and is

likely to have been exaggerated by the abnormally long period of

recumbency preceding it. ANOVA shows this rise to be highly

significant (p<O.001) but failed to show any appreciable difference

between the groups (p=O.25O). This lack of significant difference

between the groups is an important negative finding as it illustrates

that the nocturnal polyuria patients are still capable of the normal,

physiological response to a change to upright posture which includes

a surge of renin and aldosterone as well as AVP and a concomitant

decrease in ANP levels.
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Mean plasma aldosterone levels are shown in graph 5.18. Like

plasma renin, they too show a surge following the change to upright

posture and ANOVA shows this to be highly significant (p<O.001). The

groups are also significantly different (p=O.00l) but interestingly,

the patients who failed to show nocturnal polyuria actually have the

lowest mean aldosterone levels.

AVP was measured in plasma and urine at the Royal Gwent Hospital

using the in-house method of Penney (Personal communication). This

employs a rapid vacuum-driven procedure using pre-treated Sep-Pak C18

cartridges for the initial separation of AVP and ANP. Non specific

interference is removed by fractional elution with an aqueous

methanol/triflouroacetic acid (TFA) mixture. The AVP and ANP are co-

eluted under positive pressure with a methanol/TFA mixture and the

eluates air-dried prior to measurement using separate in-house

radioimmunoassays. The results are shown in graph 5.19.

Analysis of the mean plasma AVP levels showed that all three

groups failed to exhibit the overnight increase in levels which have

been reported in young healthy adults (Rittig 1989a, 1989b). However,

they did show an early morning upswing (corresponding to assuming an

upright posture) which was highly significant (p<O.001). It is

interesting that this was least marked in the control patients who

showed the lowest levels out of the three groups throughout. This

difference between the groups was also highly significant (p<O.001).

Urinary AVP was measured 4 hourly throughout the study with levels

in the urine being assayed as previously described. Urinary AVP or

AVP excretion rate is not regularly used due to its suspected

inaccuracy and lack of correlation with plasma AVP levels. The urine
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AVP assays were originally calculated as pg/mi of urine and then

recalculated in terms of urine volume e.g.

AVP excretion rate = [AVP] x Urine Vol / Time (pg/mm)

As AVP excretion is also known to be related to osmolal clearance,

this was then corrected by expressing the results as excretion rate

divided by osmolal clearance which is thought to give the best

comparison with plasma AVP levels e.g.

Osmolal clearance = [Osm U.]/t x Urine Vol/[Osm P.] = (Cosm)

{where Osm = Osmolality, U.= Urine, P.= Plasma and t = time.}

Taking U.AVP Cosm as being AVP excretion rate over osmolal clearance,

U.AVP Cosm = {[AVP]/t} x U.vol x t x [Osm P.]/{[Osm U.] x U.vol}

= [AVP] x [Osm P.1/ [Osm U.]

As the plasma osmolalities were only evaluated up until 18.00 on the

second day, the last three values of U.AVP Cosm were calculated using

an average of the patients plasma osmolalities measured over the

preceding 32 hours. Judging by the very small variation in osmolality

over this period (see Graph 5.8) this was considered to be

acceptable. When urinary AVP excretion, corrected for osmolal

clearance (U.AVP Cosm.) was plotted for the three groups (Graph 5.20)

it can be seen again that there is little difference between the

Nocturnal Polyuria group and the controls. However the patient group

who failed to show nocturnal polyuria has significantly higher AVP

excretion during the first recumbent 24 hours. ANOVA shows a

significant inter-group (p<0.001) and inter-period (p=O.043)
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variation, the exact interpretation of which is uncertain. When U.AVP

Cosm. is directly compared with plasma AVP levels (Graph 5.21), a

definite correlation can be seen between the two with the early

morning rise clearly demonstrated by both methods of evaluation.

This graph does show that, by using the above correction for osmolal

clearance, a useful correlation between urinary and plasma AVP levels

can be made. This compliments earlier work by Moses and Steciak

(1986) who demonstrated a relationship between plasma and urinary AVP

levels during AVP infusions in normal hydrated subjects.

As previously described, AN? has recentkj 1 et sc	 tc	 t1

influence salt and water homeostasis. This hormone was assayed in

both plasma and urine by the method of Penney described earlier.

Urinary AJ4P levels were processed in a similar way to urinary AVP

ie. correcting for urine volume and osmolal excretion. When plasma

AN? levels are plotted (Graph 5.22) it can be seen that there is a

highly significant difference between the nocturnal polyuria group

and both the non-nocturnal polyuria patients and the controls (ANOVA,

p<O.00l). This increase in plasma ANP is sustained overnight in this

group and, although not as pronounced, is still higher throughout the

following day. Penney (Personal communication) has shown that water

deprivation results in a decrease in plasma ANP, so that the increase

observed is even more significant and this finding may also account

for the eventual decrease in plasma ANP levels in all groups. As

expected, the inter-period variation is also significant with the

highest mean levels occurring from 10.00 pm to 06.00 am.

The analysis of corrected urinary ANP excretion is more complex

(Graph 5.23), although ANOVA again shows a significant inter-group
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(p<O.00l) and inter-period (p=0.005) variation. It does not appear to

have the same degree of correlation with the plasma levels as was

seen with AVP (Graph 5.24). This may be due to delayed excretion of

the hormone which could account for the lag in peak urinary ANP

levels seen in the nocturnal polyuria group or difficulties with

analysis of the hormone in urine and a wrong assumption that it can

be related to plasma ANP by correction for osmolal clearance. Kojima

(1989) has suggested that ANP excretion does not correlate with

plasma ANP levels because urinary ANP excretion appears to be

modulated not only by glomerular filtration but also by hydrolysis

due to peptidases on the tubular brush border membrane.

SUMMARY

It can be seen from the study that there are a group of patients

who produce large volumes of urine overnight in the absence of any

obvious predisposing medical factors such as clinical cardiac

failure, diabetes or renal impairment. This overnight urine excess is

not accounted for by a diuresis alone as the urine is of comparable

osmolality to that produced during the day, in fact it is found to be

associated with an increase in overnight urinary sodium excretion in

these patients.

Analysis of serum osmolality and electrolytes failed to show any

clinically significant difference between the groups. Protein,

haemoglobin and haematocrit evaluation did not indicate any

clinically significant haemoconcentration during the study period.

Serum cortisol levels were not significantly different between the
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groups and renin and aldosterone were low overnight but all showed an

increase on rising after the first 24 hours. None of the groups

showed an increase in overnight AVP, which is a significant though

probably not causative factor in the light of known ANP physiology.

Probably the most important finding throughout the whole of the

study was the significantly elevated plasma ANP levels in the

nocturnal polyuria group and this will be addressed in greater detail

in the discussion.
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RESULTS OF URODYNAMIC STUDIES

In the course of investigation of these patients, efforts were

made to perform urodynamic studies (UDS) on all of them, either

before or after the period of inpatient hospital monitoring. This was

thought to be important, as detrusor instability, with or without

associated outflow tract obstruction, is thought to be a major cause

of nocturia. Although the subject under investigation was nocturnal

polyuria, its association with nocturia is obvious and so it was

thought desirable to see if those patients who produced larger

quantities of urine overnight had any consistent urodynamic

abnormality or indeed, any obvious deviation from normality.

It was not, however, thought ethical to perform liDS on the control

subjects. Unfortunately, they did not have flow rates performed, as

had been intended at the start of their inpatient monitoring, due to

technical difficulties in obtaining the equipment at the times of the

48 hour monitoring.

Of the 18 patients with, and 8 patients without nocturnal polyuria

a total of 21 bad UDS performed at some stage. The remaining 5 had

serial flow rates and ultra sound residual volumes performed.

All the studies were carried out at the Clinical Investigation

Unit, Ham Green hospital, and started with an initial flow rate and

measurement of residual volume. The urethra was anaesthetised with

Lignocaine gel and the residual urine drained off using an 8 Ch

filling catheter. This same catheter was also used to introduce a

standard epidural catheter (external diameter 1.1 mm) into the

bladder through which intravesical pressure was subsequently

measured.
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Urethral pressure profilometry was then performed using the Brown

and Wickham method (1969) followed by filling cystometry in the

standing position. The technique used was that routinely employed at

the Clinical Investigation Unit and conforms to the techniques, terms

and definitions recommended by the International Continence Society.

In the filling studies, filling speed was limited to 60 mls n.saline

per minute. The epidural catheter was connected via a fluid filled

line to an external strain gauge pressure transducer, the pressure

being continuously recorded on a pen chart recorder. Intra abdominal

pressure was simultaneously measured with a separate fluid filled

line introduced into the rectum which was itself connected to a

second pressure transducer which allowed recording on another channel

of the chart recorder. This, in turn, allowed the calculation of a

subtracted detrusor pressure which was plotted on a third channel and

accompanied by a continuous measure of the volume of saline infused.

At the point where the patients felt a strong desire to void,

filling was stopped, the filling catheter removed and the patients

allowed to void. The voiding pressure, flow rate and volume passed

were all recorded and the residual volume calculated.

This allowed the patients to be categorised into various groups,

in particular as to whether they were urodynamically stable or

unstable, obstructed or non-obstructed, or whether they had an

underactive or acontractile detrusor.
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RESULTS:

Of the 18 nocturnal polyuria patients, 16 had UDS and 2 had flow

rates (one of whom could not be catheterised for lIDS on account of a

belbar urethral stricture). Of the 8 non nocturnal polyuria patients,

5 had lIDS and the remaining 3 had flow rates. As previously mentioned

none of the control subjects had either performed.

Table 5.1 shows the spread of urodynamic diagnoses across the

groups. As can be seen, there is a fairly mixed pattern of urodynamic

diagnoses between the groups with the small numbers involved making

any statistical comparison rather invalid. Although over half of the

nocturnal polyuria patients were found to be unstable, only 2 of them

actually complained of marked unstable symptoars other than riocturia

(ie. frequency, urgency and urge incontinence).

Table 5.1. Variation in Urodynamic diagnoses.

Nocturnal Polyuria (18) - No Nocturnal Polyuria (8)

Stable obstructed:	 4	 1

Stable non-obstructed:	 1	 -

Unstable non-obstructed:	 5	 3

Unstable obstructed: 	 5	 -

Flows - obstructed:	 1	 1

- non-obstructed:	 1	 2

Acontractile/underactive:	 1	 1

This compares well with studies by Brocklehurst and Dillarie (1966)

who found evidence of unstable contractions in nearly 50% of elderly
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female patients (18/40) who had no symptoms of instability or

evidence of neurological abnormality. With the increased incidence

of instability associated with outflow tract obstruction, an even

higher degree of urodynamic instability would be expected in elderly

males. Indeed, this is the experience from our own unit and would

suggest that a finding of this number of unstable patients was well

within normal limits and, as such, should not be grounds for

excluding these patients from the previous analysis. Similarly, the

number of patients who were found to be obstructed, either on

urodynamics or flow rates, who did not complain of any symptoms of

obstruction on direct questioning, were equivalent to that expected

from previous studies in the unit on a healthy elderly population.

SUMMARY:

Urodynamics and flow rates showed a fairly normal distribution of

bladder and outflow tract states which would have been expected from

a cross section of the healthy elderly male population. Urodynainics,

or at least flow rates, from the control group would have been most

helpful in this respect. Certainly, it can be seen that there is no

particular bladder or outflow abnormality which is peculiar to those

patients with nocturnal polyuria and this problem is not simply one

of nocturia secondary to instability.
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INVESTIGATION OF CARDIOVASCULAR STATUS OF PATIENTS AND CONTROLS.

ANP is known to be secreted in response to atrial stretch and high

plasma concentrations have been reported in association with

congestive cardiac failure by several workers (Cody 1986, Burnett

1986, Raine 1986). This prompted the following investigation into the

cardiovascular status of the patients and controls in a attempt to

see whether the nocturnal polyuria group had any degree of incipient,

subclinical cardiac failure which could account for their increased

ANP levels and higher nocturnal urine output.

PATIENTS AND METHODS.

At the time of 48 hour monitoring, history and examination had

included assessment of the cardiovascular system, in all patients; 18

with and 8 without nocturnal polyuria, and the 8 controls. They had

all been shown to be normotensive, have no evidence of pulmonary or

dependent oedema and no jugulo-venous engorgement. Four patients, 2

with and 2 without nocturnal polyuria, had well controlled angina,

treated with a combination of isosorbide mononitrate and diltiazem (3

patients) or isosorbide mononitrate and nifedipine. 2 patients in the

non nocturnal polyuria group had well controlled hypertension, both

treated with nifedipine. In no case was there evidence to suggest

clinical cardiac failure or decompensation due concomitant disease.

Following the study, as the importance of the elevated ANP levels

was realised, the patients were contacted and asked for their help

with a further assessment of their cardiac status. This was carried

out at the Bristol Royal Infirmary, department of organ imaging, and

initially involved a plain postero-anterior (P.A.) chest radiograph.

This allowed a cardio-thoracic ratio (CTR) to be calculated for
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each patient which is a measure of cardiac enlargement in relation to

chest size and reflects the presence and degree of cardiac failure.

This was followed by an echocardiogram, looking specifically for

valvular abnormalities and ventricular contractility and from this,

the linear ejection fraction was calculated. This is another

recognised marker of cardiac efficiency and correlates well with the

degree of cardiac failure.

RESULTS.

All but 2 patients, both without nocturnal polyuria, attended for

chest X Ray and echo cardiography. One had died unexpectedly, shortly

after the study, and the other declined any further investigations.

Cardiac and thoracic diameters were measured from the chest films and

the CTR calculated. Values for the three groups (patients with and

without nocturnal polyuria and the controls) were then compared using

unpaired t-testing, assuming equal variance, and the results shown in

table 5.2 below. The normal heart should be just under half the total

thoracic width ie. CTR should be <0.5. CTR was significantly larger

in the nocturnal polyuria group than in both the patients without

polyuria (p=O.004), and the controls (p=O.037), which themselves were

not significantly different (p=O.188).

Table 5.2.Cardio-thoracic ratio, measured 	 plain P.A. chest X L

Group.	 Mean.	 S.D.	 S.E.M.	 Number of pts.

Noct. Poly.	 0.48	 0.05	 0.01	 17

No Noct. Poly.	 0.41	 0.03	 0.01	 6

Controls.	 0.44	 0.04	 0.01	 8
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This finding would suggest that a considerable number of the

nocturnal polyuria patients have got significant cardiac enlargement,

compatible with a degree of clinical cardiac failure. The data shows

that 8 nocturnal polyuria patients had CTR's of 0.5 or more.

As previously mentioned, echo cardiography allows an estimation of

the degree of efficiency of left ventricular contraction. By

measuring the ventricular dimensions in diastole and systole, the

percentage of the blood held in the ventricle which is ejected during

systole may be calculated and expressed as an ejection fraction. Like

CTh, this is also an indicator of cardiac failure with values between

45-60% suggesting mild failure, 35-45% moderate, and less than 35%,

severe cardiac failure. In some of the patients, this estimate could

not be made, due to problems related to patient size and shape which

made the technical quality too poor to obtain accurate measurements.

Ejection fractions (E.F.) were calculated for 16 polyuria patients, 5

non polyuria patients and 6 of the controls, the data analysis being

given in table 5.3.

Table 5.3. Variation in Ejection Fractions (from Echocardiograms).

Group.	 Mean.	 S.D.	 S.E.M.	 Number.

a. Noct. Poly.	 59.50	 17.72	 4.43	 16

b. No Noct. Poly. 69.60	 15.03	 6.72	 5

c. Controls.	 71.67	 5.79	 2.36	 6

Combined b+c.	 70.73	 10.40	 3.14	 11

Statistical comparison failed to show any significant difference

between the polyuria and non-polyuria patients, (pO.266) arid the
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polyuria patients and controls (p=O.119). In view of the smaller

numbers involved, the non-polyuric patients and controls were

combined tht still just failed to show a significant difference from

the polyuria group (p=O.071). The standard deviation in the polyuria

group indicates a large spread of results and this may explain the

lack of statistical significance.

As not all men with a high CTR showed a low EF and vice versa, a

simple calculation was made to amalgamate these two results. This

served to emphasise those cases with test results indicative of

cardiac failure (by dividing the ejection fraction by the

cardiothoracic ratio) ie. EF/CTR = Ejection Cardiac index.

This ejection cardiac index was then compared between the polyuric

patients and those who failed to show polyuria (ie combined patients

and controls). The results are shown below:

Table 5.4. Comparison of Ejection Cardiac Indices.

Group.	 Mean.	 S.D.	 S.E.M.	 Number.

Noct. Poly.	 127.33	 44.58	 11.51	 15

Combined non-poly.	 168.00	 33.32	 10.05	 11

Unpaired t-testing of these results shows significantly lower

values in the nocturnal polyuria group (p=0.018) which would suggest

a value in using the Ejection Cardiac Index (not hitherto previously

described). It also supports the theory that these nocturnal polyuria

patients do have a degree of subclinical cardiac failure which could

account for their increased levels of ANP, as well as their increased

urine output, overnight.
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DISCUSSION.

A study of this type will clearly be associated with many

problems, both patient and administration orientated. One of the

earliest of these was deciding which patients should be studied and

how they should be categorised, particularly in view of the paucity

of published material giving any form of definition of nocturnal

polyuria or a description of an evaluation method.

There are various definitions of nocturia available which include

"excess passing of urine during the night" (Thompson 1978),

"urination, especially excessive, during the night (Thomas 1981), and

even "urinating at night, often because of increased nocturnal

secretion of urine" (Taylor 1972). At best these are misleading as

well as inaccurate. Undergraduates are advised from the beginning to

"avoid the confusing terms polyuria and nocturia" in their history

taking (Blandy 1974) which seems to shroud the individual, let alone

combined, terms in further mystery.

In their paper, Barker and Mitteness (1988) used the term nocturia

to refer simply to the "voiding of urine during the night" and did

not attempt to relate it either to the number of times or the amount

voided. This is the most appropriate use of the term and, as such,

has been that adopted in this study.

Many papers refer specifically to "nocturnal polyuria" but again

without giving any definition or quantifying it in any way. Times of

urine collections used for assessment of "overnight" urine production

are extremely variable eg. 6pm - 6am, (Donaldson 1967), 10pm - lOam,

(Wilcox 1974), 8pm - 8am, (Chan 1980), 9pm - 9am, (Mathias 1986), and

even "from bedtime to the time of getting up in the morning",
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(Krieger 1988). All these papers described nocturnal polyuria as

occurring or improving during these periods without any form of

quantitative assessment; in fact the only paper found which

quantified urine output did so as part of the assessment of post

operative cranial diabetes insipidus (CDI) suggesting a urine output

of more than 2m1/kg/hour as being indicative of the disease (Secki

1989). However, this is specific to CDI and as such not applicable to

the assessment of nocturnal polyuria in these fit and healthy adults.

Given the well reported, normal circadian variation of plasma

hormones known to affect urine output (Donkier 1986, Richards 1987)

as well the influence of changes in posture (Guite 1988) it must

surely be important to accurately define the time limits within which

the "overnight" observations have been made. It would seem sensible

to keep these as close as possible to the subjects normal sleeping

times, preferably beginning at the time of recumbency in patients

ambulant during the day, and ending at the time of rising the

following morning. The method adopted in this study was to begin the

"overnight" period at midnight and to finish at 8.00 am. This gave no

problems when studying the patients during the 24 hour period of

recumbency but it soon became apparent that patients were having

their maximum diuresis, after the ambulant 24 hours, within the first

4 hours of assuming their horizontal position in bed. The problem

then being that some of the patients, used to going to bed earlier,

and retiring at around 10 pm on the second day, had a portion of this

maximum diuresis recorded effectively in the last void of the day

time period (ie. 8 pm to mid night). The protocol was well

established by the time the importance of this fact was realised and
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it was thought inappropriate to keep the patients out of their beds

until midnight in order to avoid this effect. This was a considerable

physiological failure of the method and, from reviewing the volumes

produced by patients during this 8 pm to midnight period after they

had gone to bed, it is probable that the true extent of the nocturnal

polyuria on the second day has been significantly under estimated.

This may also explain the lack of nocturnal polyuria in the patients

in group (b), as discussed on page 72.

This having been established, albeit with its inherent problems as

just described,the next thing was to express the overnight urine

volume in a way which was not only reproducible but also allowed

comparison between the individual patients. This was the reason for

expressing the overnight volume as a percentage of the total 24 hour

urine volume.

Several studies had previously determined that urine production at

midnight is significantly less than at midday (Simpson 1924, Norn

1929, Manchester 1933, Borst 1950). This being the case, normal

healthy adults would be expected to produce far less than 33% of

their total 24 hour urine between midnight and 8.00 am. Even if they

showed no circadian change in urine output, they should not exceed

33% and so it was decided that nocturnal polyuria should be defined

as a midnight to 8.00 am urine volume which accounted for 33% or more

of the total 24 hour output.

This proved a useful and reproducible method of assessment of

nocturnal polyuria, particularly as it allowed inter patient

comparisons to be made. It was envisaged, however, that it may not be

applicable to the patient's nocturnal voiding percentage while at
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home and, as such, it may form no more than an experimental model not

useful outside the hospital setting. It was encouraging to find that

it actually bore marked similarity to the patients normal voiding

pattern when at home and compared favourably with the volumes they

recorded on their frequency volume charts, using time of going to bed

and time of rising to delineate "overnight". This is discussed in

greater detail in chapter six.

In an attempt to compromise between evaluating the patient in his

natural state or as a prepared physiological model, it was decided to

limit alcohol and nicotine the night before the study and start with

patients who had been nil by mouth from midnight the evening

preceeding the study. Nothing more than this was asked of them and it

was not thought acceptable to the patients or to a study of nocturnal

symptoms in normal life, to admit patients prior to the study to get

them into a "standard" state of fluid repletion or relative

dehydration. The study was conducted with this fact in mind and the

results must be reviewed accordingly. One thing which could have been

carried out more scientifically was the volume of water the patients

were allowed to drink. It would have been better to give them a set

number of mls per kilogramme of body weight per hour although the

actual deviation from the chosen method would probably only have been

very slight and it is doubtful whether it would have significantly

altered the output.

When the effects of venesection were being considered in these

elderly patients, several factors were considered including the

advantages and disadvantages of heparinised cannulae, iv fluid

replacement of venesected volume, the volume removed, both intervally
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and in total, and the importance of posture prior to sampling.

It was decided that indwelling cannulae may lead to spurious

results in view of the potential for sample haemolysis as well as

the effects of repeated heparinisation to keep the cannulae patent.

It was also thought undesirable to have to discard the first few mis

of blood (which would be both diluted and heparinised) each time,

itself contributing to a potential total wasted volume of nearly 40

mls. The ideal set-up would have been to have samples continued

throughout the second 24 hours until the end of the study; the most

important reason for this being the facility to assess the change in

plasma ANP levels following lying flat after a period of normal,

upright, daytime activity. If the theory that nocturnal polyuria is

related to plasma ANP, elevated secondary to subclinical cardiac

failure, is correct, the exact mechanism of increased urine

production over-night may have been easier to prove; ie. patients

with subclinical cardiac failure would be expected to accumulate

peripheral, dependent oedema during the day-time. On lying flat at

night, this dependent oedema would drain back to the right atrium,

through the lymphatic and venous systems, causing a relative increase

in right atrial distension as well as constituting an increased

intravascular fluid load. This would have the effect of stimulating

increased ANP release, similar to that shown in head out immersion

studies. AN?, through its diuretic action previously described, would

then augment the clearance of this increased intravascular fluid load

by the kidneys, with an accompanying natriuresis.

Thus, by not analysing the hormone changes associated with this

change in posture, and particularly the change in plasma ANP, the
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chance to substantiate this theory was lost. This was a fundamental

problem which was not possible to rectify without the loss of ethical

committee approval. Unfortunately, the full significance of the

posturally mediated change in hormone output was not appreciated at

the time of the initial application to extend the protocol. Reasons

not to continue sampling for the full 48 hours included the fact that

this would constitute an unacceptable number of venepunctures for the

patients and volume depletion to an extent which was likely to have

haemodynamic effects. Venesection over 500 mis are potentially

associated with hormone mediated compensation (Morton 1975), also,

the financial implications of processing an increase of 30% in the

number of assays would have posed some considerable difficulties. For

all these reasons, it was agreed with the ethical committee that the

blood samples would cease at 18.00 on the second day.

Although the majority of patients had urodynamic studies or flow

rates performed prior to the monitoring period, it was known that the

possibility of varying degrees of incomplete bladder emptying existed

in all the patients. Even a residual volume as small as 50 mls would

significantly dilute the subsequent 4 hourly urine sample and cause a

"carry over" effect of the previous osmolality and electrolytes. This

was the main reason for catheterising the patients during the study

period but it also had the advantage of obviating any postural change

potentiated by micturition and allowed an extremely accurate timing

of the urine samples by simply changing the sterile, disposable bags

every four hours. Unfortunately, not catheterising the controls will

potentially lead to problems regarding analysis of results. There

will be the potential of admixture of urine due to residual volumes
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(especially as these patients were not assessed with flows or

urodynainics); also the change in posture required for micturition is

known to cause an acute change in hormone secretion, including AVP

and ANP, and as such could lead to undesired effects. To minimise

this, controls were asked to void by sitting on the edge of the bed

and with as little postural disturbance as possible. They were also

asked to avoid any change in posture ie. by voiding, for the half

hour preceeding venesection. Timing of samples was not a problem as

patients were told to empty their bladders at the end of each 4 hour

period and the containers changed. Obviously, the ideal solution

would have been to catheterise the controls and rule out any

differences in methodology but, as previously stated, this was not

thought ethical.

Blood pressure analysis was initially performed 2 hourly (between

the urine and blood tests) but abandoned after the first two groups

of patients. With the time required to process the blood and urine

samples, which included volume measurement, spinning down, separation

and freezing, very little time was left before the next sample was

due and the blood pressure measurements were often not made at

regular 2 hourly intervals. It was initially intended to record these

using a "Dinamap" automatic blood pressure recording cuff (as used

during anaesthesia). This has the advantage of frequent and

consistent measurements which are automatically taken and the results

stored. Unfortunately, this proved impossible and the initial

measurements were made using a standard mercury sphygmomanometer.

This not only proved too labour intensive, especially when the study

was increased to 48 hours duration, but also not accurate enough to
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give valid data and so it was discontinued. Given an ideal situation,

and the equipment available, serial blood pressure measurement would

have been valuable, particularly in view of its relation to

glomerular filtration rate, which decreases in the elderly (Lewis

1938, Rowe 1976).

ANALYSIS OF RESULTS

Recent work looking at the urinary output of water, sodium,

potassium and solute overnight shows an increase in healthy elderly

people when compared with younger subjects (Lobban 1963, Elithorn

1963, Lobban 1967, Kirkland 1983). Our study did not employ the use

of younger controls as it was not felt to be relevant to the study of

why only some healthy elderly should suffer from nocturnal polyuria.

It is of interest that amongst this group of elderly with a naturally

higher output of water and electrolytes overnight, there is a sub-

group who have demonstrably higher levels of water and sodium output

than their fellow patients or controls. The finding of significantly

higher levels of plasma ANP in these patients would indicate a more

likely aetiology than the well recognised decrease in glomerular

filtration rate in the elderly (Rowe 1976).

The problems associated with analysing hormones such as this are

numerous not least for the difficulties in assaying them bit also on

account of their pulsatile nature of release and short half life

(Yandle 1986). Also, results of all hormone analyses must take into

account the normal circadian rhythm of excretion of that hormone as

well as the interactional effect it has with other hormones which

influence salt and water balance.
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Sensi (1987) showed that the secretion of cortisol followed a

circadian rhythm (one which has a periodicity between 20-28 hours)

and that its acrophase (time of the peak value) did not significantly

change with aging. In their study acrophase occurred at approximately

08.00 which was the same as that found in our study.

Plasma renin activity changes rhythmically during the day,

probably as a result of rhythmic renin release from the kidney

(Gordon 1966), and in recumbent normal subjects, has an acrophase

between 02.00 and 08.00 and a nadir (lowest level) between 12.00 and

18.00 (Gordon 1966, Wolfe 1966). Change from recumbency to an upright

position at 08.00 leads to a large increase in plasma renin (Koopman

1985) and this is clearly seen in our own study. Aldosterone also has

a circadian rhythm, best shown during recumbency (Williams 1972),

which has an acrophase at 06.00 to 08.00 as found in our study.

Both plasma renin and aldosterone are strongly influenáed by

posture (Cohen 1967, Williams 1972, Sassard 1976) as well as aging

(Kowarski 1974, Weidmann 1975, Crane 1976, Noth 1977, Cugini 1985)

and the results must be interpreted with this in mind. ANP lowers

renin secretory rate (Burnett 1984) as well as inhibiting aldosterone

secretion, both by the reduction in renin and by direct effects on

the aldosterone secreting glomerulosa cells of the adrenal cortex

(Ballerman 1991). It is clear from this study that an inverse

relationship exists between AN? and both renin and aldosterone and

this is understandable when the interdependence of these hormones is

taken into account.

The advent of a simple and sensitive radioimmunological assay for

AVP (Robertson 1973) allowed several workers to study the rhythmicity
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of its secretion. George (1975) was able to show a significant rise

in plasma AVP levels overnight in 8 young healthy adult males who

were kept recumbent during the study period. Luboshitzky and

colleagues (1978) showed that the normal pulsatile, episodic

secretion of AVP was abolished by recumbency in a group of elderly

males, but only studied them for 8 hours between 09.00 to 17.00.

Rubin (1978) was unable to reproduce George's results, finding stable

average AVP levels overnight in 8 young healthy adult males but did

confirm the episodic, pulsatile nature of secretion of the hormone.

Work from the Danish group in Aarhus in the late 1980's looked

specifically at plasma AVP levels in relation to nocturnal enuresis.

Norgaard (1985) could not show any diurnal variation in plasma AVP in

enuretics but did not use a control group and relied upon the

results from George for comparison. In a subsequent study, Rittig

(1989a) showed significantly higher AVP levels overnight in normal

children than in enuretics. In the same year, (Rittig 1989b), also

showed an absence of a diurnal rhythm of AVP in adult enuretics, but

again, this did not have a control group and relied on previous data

illustrating higher levels of AVP in adults overnight (George 1975,

Richards 1987). Interestingly, Rittig also analysed ANP levels in

this study and found a significant nocturnal peak in plasma AN? but

could not determine a clear pathophysiological role for it. Probably

the clearest demonstration of higher overnight mean values of AVP

came from the study by Richards (1987) who looked at ANP and AVP

diurnal rhythms in seven healthy adult males (mean age 30 years). As

well as confirming the higher overnight levels of AVP, he also showed

a decline in plasma ANP levels overnight in these healthy young men.
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Analysis of our own plasma AVP results failed to demonstrate an

increase in levels overnight. It may be that this is because the

diurnal variation shown in some childhood studies is no longer a

physiological event in the elderly. AVP secretory capacity is known

to be unimpaired in the course of normal aging (Helderman 1978,

Kirkland 1984, Crowe 1987) so it is more likely that suppression of

AVP release overnight is the cause of this absence of diurnal

variation. ANP has been shown to inhibit release of AVP,(Sainson 1985,

litake 1986, Standaert 1987) and it is likely that ANP causes this

absence of increased AVP levels overnight.

The increase in AVP levels seen in our patients on rising is

consistent with the findings of Segar and Moore (1968), who not only

observed the progressive rise in plasma AVP levels in 8 patients

between lying, sitting and standing, bit also suggested the role of

an atrial stretch receptor. They suggested that when stimulated, this

receptor could bring about the suppression of AVP, possibly by the

release of some kind of natriuretic factor.

Mean variation in plasma ANP levels in our own study would

certainly support this theory. The lowest levels of ANP occurred on

rising which directly coincided with the peak levels of both renin

and aldosterone as well as AVP. As previously mentioned, perhaps the

most valuable data which could have been obtained would have been the

postural influence on ANP levels following the days' normal

activities. If this had shown an elevation in plasma ANP which was

significantly higher in the nocturnal polyuria group, the linking of

subclinical cardiac failure, elevated ANP levels and nocturnal

polyuria may have been possible.
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CONCLUSIONS:

ANP is known to be a potent natriuretic and diuretic. It

suppresses plasma renin and aldosterone release as well as inhibiting

A','? release from the pituitary. ANP levels are known to be increased

in the elderly but also high levels are particularly common in

patients with cardiac failure.

The 48 hour inpatient monitoring study has shown a group of

elderly patients who have an increased diuresis and natriuresis

overnight which is associated with increased levels of AN? and

decreased levels of AVP, renin and aldosterone. This group also have

radiographic and echocardiographic evidence of cardiac failure, in

the absence of any clinical signs or symptoms. it is probable that

this, with or without a mild degree of autonomic impairment, is the

cause of their nocturnal urinary symptoms mediated by AN? through the

mechanisms elucidated above.

130



CHAPTER SIX

THE ROLE OF DDAVP IN THE TREATMENT OF NOCTURNAL POLYURIA.
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INTRODUCTION:

At the time of starting this study, the 48 hour in-patient

monitoring project, described in the previous chapter, was well under

way. The patients serum and urine samples were systematically being

frozen in preparation for batched hormone analysis, particularly for

Arginine Vasopressin (AVP) and Atrial Natriuretic Peptide (ANP), and

the results awaited.

At this stage, the working hypothesis had been extended to

postulate that a deficiency in overnight AVP might be the cause of

this nocturnal polyuria. This was supported by the finding of an

absence of normal diurnal variation in AVP levels in adult enuretics

who produced urine volumes in excess of one litre overnight (Norgaard

1985). Similarly, in an earlier study, Hilton and Stanton (1982) had

shown a significant decrease in overnight urine volume in females

with Multiple Sclerosis who had been treated with Desamino-8-D-

Arginine Vasopressin (Desmopressin, DDAVP).

It seemed reasonable, therefore, to propose that these patients

with marked nocturnal polyuria may also have lost their normal

diurnal rhythm of AVP and so they were entered into a double blind,

placebo controlled study of DDAVP, a synthetic analogue of Arginine

Vasopressin which is administered by a nasal spray immediately before

bed-time. The study was approved fully by the ethical committee of

Southmead hospital and the patients gave their informed consent prior

to being enrolled. The samples, packaging and randomisation were

kindly provided by Ferring Pharmaceuticals Ltd.

132



PATIENTS AND METHODS:

Patients were recruited on the basis of either nocturnal polyuria

proven following 48 hour inpatient monitoring or a one week frequency

volume chart (F.V. chart) which showed in excess of 33% of their

total 24 hour urine volume being produced over-night when averaged

over the week. These patients were recruited from the urology

outpatients at Southniead, Ham Green and the Bristol Royal Infirmary,

and were initially assessed and followed up at Ham Green hospital.

At the first visit, a full history was taken and examination of

the patients made, with particular reference to past and present

conditions likely to affect night-time urine output. Previous surgery

and drug histories were established and previous drug reactions

noted. Included in the examination were the measurement of height,

weight and two estimates of both sitting and standing blood pressure.

Urine was dip tested for protein, ketones or blood and sent for

microscopy. Blood was analysed for haemoglobin and full blood count,

urea and electrolytes, glucose, liver function tests and osmolality.

The patients also had a plain chest x-ray (if one had not been

performed within the past six months) to look for evidence of heart

failure and cardiomegaly, and a plain abdominal and pelvic x-ray to

look specifically at the renal tract.

All patients had a series of three flow rates performed to check

for bladder outlet obstruction and over half had undergone urodynamic

studies as part of their previous urological work up to exclude

detrusor instability.

The study ran over seven consecutive weeks and started with a one

week run in period. This was then followed by two weeks of placebo or
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20 mcg DDAVP which were then crossed over for a second two week

period. The study finished with an open 40 mcg DDAVP dosage for the

remaining two weeks.

In the initial run-in week, the patients were given a dummy spray

with which to practice and instructed to keep it in the fridge. The

dose was two puffs to be taken each night before going to bed,

equivalent to 20 mcg of active drug. They were given an F.V. chart to

record all times and volumes of voids over the seven days, both day

and night, as well as a plastic jug, clearly calibrated in

inillilitres and large figures, to facilitate measuring.

For the last 24 hours of this week, they were asked to collect all

the urine they passed, divided into six, four hourly aliquots, by

voiding directly into six large brown plastic containers. These were

clearly marked with the patients name and the time period over which

they were to be used and given to the patients with a comprehensive

list of instructions (See Fig 6.1). To make the collection times

easier for the patients to remember, they were provided with a 4 hour

digital timer which sounded an alarm at the end ct' each peri<d. The.

patients started the collections at 8.00 am with an empty bladder and

were asked to void at the end of each period, irrespective of whether

they had any urge to do so or not. Fluids were restricted as per the

instruction sheet and the patients asked to return the collection to

the hospital the following morning.

No preservatives were used in the pots but the patients were

advised to keep them as cool as possible.
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FIGURE 6.1

INSTRUCTIONS R)R WLLECFING SPLIT 24hz- URINE SPECIMENS.

(1) Eat and drink normally but do not have any fluids from 2hrs
before beiitime.

(2) Take all tablets and medicines as usual.

(3) Take two puffs of the nasal spray before getting into bed each
night.

(4) Keep the frequency volume chart for the week preceding your
return to the clinic.

(5) The evening before starting your split 24hz- urine collection
refrain from tea, coffee, alcohol and nicotine.

(6) The day of your split 24hz- urine collection, liii t yourself to
300mls of fluid in each 4hz- period during the day. Preferably, this
should be as water rather than tea or coffee. You should not have
anything to drink over the two night-time 4 hour periods.

(7) The first collection should be started from 8.(X) am. This
means emptying your bladder into the toilet at 8.00 a.m. and then
collecting any urine you produce between then and 12 mid-day into the
first pot. It is important that you empty your bladder into the
relevant pot at the end of each 4 hr period, irrespective of how
little there may be left in it, aix! it is helpful to set an alarm
clock to make sure you don 't forget to do this.

(8) Overnight, you will need to wake yourself up to collect the
midnight arid 4.00 a.m. specimens on time as well as making sure you
collect all the urine in between times in the relevant pots.

(9)Don't forget to bring the bex of pots i to the clinic wi th you
the following morning.

The accuracy of the assessment of how well the drug works
depends entirely on the urine collections. Your diligence in
performing these collections is very much appreciated.

135



The urine specimens were processed on their return to the clinical

investigation unit. The volumes were measured and a sample of each

spun down and split into three separate 10 ml samples prior to being

frozen and stored at -20 deg. centigrade. These were subsequently

analysed for osmolality, sodium, potassium, urea and creatinine.

The week run-in period was found to be highly valuable for the

patients to be able to understand the protocol. Several of them rang

the unit during that week, as had been suggested to them, with

questions concerning the collection methods or use of the spray, and

this gave them the opportunity to become confident prior to the first

two week placebo/20 mcg DDAVP period.

On the patients return with the run-in F.V. chart and first 24

hour urine collection, they were questioned regarding any problems

they had with using the spray or understanding the protocol. They

were asked whether they had noticed any change in their symptoms or

suffered any side effects from using the spray. They were weighed

again and their sitting and standing blood pressures repeated.

At the initial visit, the patients had been given a trial number

which corresponded to a treatment pack, prepared and provided by

Ferring Pharmaceuticals Ltd, which randomised the patients to either

20 mcg DDAVP or placebo over the next two weeks. The packaging was

identical for each, apart from the week being clearly marked, and

enough liquid was contained in each aerosol to last for twenty days

(or the equivalent of forty puffs) not including that required to

prime the aerosol in the first instance.

The patients were given their first fortnight's treatment, another

F.V. chart and another set of six labelled containers. They were
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asked to keep the F.V. chart as in the first week, take the spray

(two puffs each night before bed-time) and collect all their urine in

the split 24 hour collection the day before returning to the clinic.

The written instructions were gone over again, in some detail, to

ensure that the patients were entirely happy they understood the

protocol, and the patients told to contact the unit if there were any

problems or side effects from the treatment.

On their return, two weeks later, again the patients were asked if

they had noticed any change in their symptoms or any side effects

from their treatment. They were weighed, their blood pressure checked

and blood tests repeated for osmolality and electrolytes. The

patients then went into the second phase of the crossover, were given

their second treatment aerosol and F.V. chart, and a further set of

urine containers to repeat the 24 hour split urine collection, after

two weeks, as before.

At their fourth visit, the process was repeated with any

symptomatic improvement evaluated and side effects investigated. The

patients were again weighed, blood pressure zneasured, and

tested for osmolality, electrolytes, liver function tests and full

blood count.

The final two weeks involved an open study of 40 mcg DDAVP, taken

exactly as before, and the patients were asked to keep an F.V. chart

during the second two weeks and collect all their urine over the last

24 hours, as previously described. On their return, the evaluation

process was repeated with weight, blood pressure and side effect

profile examined and blood analysed for the same parameters as at the

last visit.
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EXCLUSION CRITERIA:

(1) Current urinary tract infection.

(2) Nocturnal incontinence or enuresis.

(3) Diastolic pressure persistently greater than 100 mmllg.

(4) Evidence of clinically significant cardiovascular disease (ie.

uncontrolled hypertension, ischaemic heart disease or congestive

cardiac failure), hepatic or renal impairment or diabetes.

(5) Concomitant drug treatment which could influence bladder function

eg. anticholinergics, antidepressants or antihistamines.

(6) Patients with a history of drug or alcohol abuse.

(7) Patients who had taken an investigational new drug within the

previous three months.

(8) Patients with a known seizure disorder, whether controlled with

medication or not.

(9) Patients suffering from chronic nasal conditions.

(10) Patients found to be obstructed on free flow rates.
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RESULTS:

Twenty patients were initially entered into the study, age range

52 to 80 years, mean age 70.5 years. Of these, two patients were

withdrawn. The first due to inability to understand and comply with

the protocol and the second because of side effects directly

attributable to the DDAVP (this is discussed in greater detail later

in this chapter.)

When the code was broken and the data analysed, of those eighteen

patients who completed the study, nine felt their nocturnal urinary

symptoms were improved when on the 20 mcg DDAVP. This was compared

with seven patients who felt there had been no difference between the

two treatments and two who found their symptoms had improved while

taking the placebo. This was the only evaluation of subjective

improvement undertaken.

Objective improvement was assessed using two different sets of

parameters. (a) The first involved analysing the fractionated 24 hour

urine volumes which had been collected by the patients and expressing

the amount of the total 24 hour urine volume produced between mid-

night and 8.00 am as a "night-time percentage" (Data is shown in the

appendix). This was then compared for the run-in, placebo, 20 mcg and

40 mcg DDAVP periods. (b) The second set of parameters were taken

from the frequency volume charts which the patients had kept. The day

and night-time frequencies were calculated for each patient and

averaged for each week in the above four periods. The average time

each patient spent in bed for each of the four periods was also

calculated and the results compared. The total volume over a 24 hr

period was averaged and the quantity of this produced between going
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to bed and getting up (including the first void on rising) was

expressed as a further "night-time percentage". (This data is again

shown in the appendix). These variables were then statistically

compared using paired t-testing and the results discussed below.

(a) DATA OBTAINED FROM PATIENT'S SPLIT 24 HOUR URINE (X)LLECTION.

(1) Total 24hr urine volume.

Graph 6.1 shows the similarity in the volumes the patients

collected at the end of each of the four periods, ie. run-in,

placebo, 20 mcg and 40 mcg DDAVP. (The raw data is shown in the

appendix). Paired t-testing showed that was no significant difference

between any of the four groups, (p>0.05).

(2) Total volume produced from mid-night to 8.00 am.

A highly significant fall in overnight urine volume was seen when

20 mcg DDAVP was compared with placebo (p=0.008). Likewise, there was

a significant fall when the run-in and 20 mcg DDAVP periods were

compared, (p0.041). There was also a significant (p=0.O22) fall in

volume when the placebo was compared with 40 mcg DDAVP. However, the

lowered volume with this dosage as compared with the run-in failed to

reach statistical significance (p>O.O5). It thus appears that the

DDAVP at a 20 mcg dosage produced a significant drop in overnight

urine volume when compared with the run-in or placebo period. The 40

mcg dosage also produced a significant drop when compared with the

placebo only. Otherwise, there was no difference between either the

run-in or the placebo, nor between the two DDAVP dosages (p>0.05).

(See Graph 6.2).
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(3) Percentage of 24 hr urine produced between midnight and 8.00 am.

When the total nocturnal urine volume collected was expressed as a

percentage and the four groups compared, the differences between the

placebo and 20 mcg dosage (p=0.001) and 40 mcg dosage (p=O.004) were

highly significant. When the run-in was compared with the 20 mcg

DDAVP, the difference was also significant (p=O.Ol7), but when it was

compared with the 40 mcg dosage, the reduction in night-time volume

did not quite reach statistical significance (p=O.066). As before,

there was no difference between the run-in and placebo volumes nor

between the 20 and 40 mcg DDAVP dosages (p>0.1). (See graph 6.3)

(b) DATA OBTAINED FROM PATIENT'S FREQUENCY VOLUME CHART.

The following parameters have all been calculated from the F.V.

charts kept by the patients during the run-in week and the second

week of each of the subsequent two week treatment periods.

(4) Change in night-time frequency.

A figure for nocturia, or night-time frequency, was obtained from

the P.V. charts by calculating the number of times the patients

voided after going to bed (not including the first void on rising the

next morning) and taking an average for the week. The mean of all the

patients results was calculated and shown (along with standard errors

of the mean) in Graph 6.4. As expected, there was no difference

between the run-in and placebo (p>0.05). When both the run-in and

placebo were compared with 20 mcg DDAVP, the decrease in nocturia

failed to reach statistical significance (p>0.O5). However, there was

a highly significant decrease in nocturia when the run-in was

compared with the 40 mcg dosage (p=0.007) as there was also when
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the placebo and 40 mcg periods were compared (p=0.004). The clinical

impact of a decrease in average nocturnal frequency from 3.1 to 2.3

is obviously a little difficult to envisage but does show that the

trend itself is statistically, if not clinically, significant.

(5) Change in night-time volume.

Night-time volume was calculated from the F.V. chart as any urine

produced after going to bed up to and including the first void on

rising. This was averaged from the totals recorded for the week and a

mean value calculated for the group, (See Graph 6.5). There was no

difference between the run-in and placebo periods but the decrease

between the run-in and 20 mcg DDAVP was significant (p=0.O29). When

20 mcg was compared with the placebo, the decrease was highly

significant (p=0.004) and the volume reduction with the 40 mcg DDAVP

dosage was even more impressive when compared with both the placebo

and the run-in (p=0.001). Interestingly, the higher DDAVP dosage

achieved a markedly better decrease in overnight volume than did the

20 mcg dose (p=O.Ol).

(6) Variation in frequency volume chart night-time percentage.

In the same way as in section 3, the night-time volume was

expressed as a percentage of the patients average 24 hr volume in

order to try and take into account the inter-patient variation and

the results are shown in Graph 6.6. The reductions seen with both

dosages of DDAVP when compared with both the run-in and placebo are

highly significant (all p<0.005). The 40 mcg dose also highly

significantly decreases the night-time percentage when compared with

the 20 mcg dosage (p<0.001).
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(7) Change in day time frequency.

If the DDAVP is cutting down over-night diuresis then it would be

expected that this urine would have to be produced after the effects

of the DDAVP had worn off and so would produce not only a larger

day-time volume but also an increase in day-time frequency. Although

this was found to be true when the run-in frequencies, (mean 5.83)

were compared with the 20 mcg (mean 6.30, p=0.021) and 40 mcg DDAVP

doses, (mean 6.40, p=O.O20), neither the increase in frequency

between the placebo (mean 5.98) and 20 mcg (p=0.259) nor placebo and

40 mcg DDAVP (p=O.O64) were significant. As expected, there was no

difference between the run-in and placebo day-time frequencies,

(p>O.05) nor was there any difference in frequency between the two

DDAVP doses.

(8) Variation in day time volume.

Although there was a trend toward increasing day time volumes when

both the run-in and placebo periods were compared with the 20 and 40

mcg DDAVP periods, none of these reached statistical significance ie.

(p>O.05). Interestingly, the 20 mcg DDAVP dose actually produced a

significantly smaller increase in day time volume than did the 40 mcg

(p0.O3), though, in the light of the above, the clinical relevance

of this is uncertain.

(9) Variation in sleeping times between the treatment periods.

Obviously, one of the major determinants of both urine frequency

and volume overnight (where "overnight" is a non regulated amount of

time) is the number of hours which elapse between the times of going

to bed and getting up again. For this reason, patients were requested

to record both these times on their frequency volume charts and, from
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this, an average sleeping time could be calculated for each patient

during each of the treatment weeks. This was then averaged for the

whole group and the sleeping times in each of the four periods

compared. Mean times ranged from 8.52 to 8.72 hours ie. a difference

of only 12 minutes and paired t-testing showed that there was no

significant difference between of the groups (p>0.05).

(10) Comparison of average total 24 hr urine output.

In order to check that the patients total urine output had not

varied significantly between the groups, these results were compared

tR.lt no difference was found between them (all p>0.!). Mean values

ranged from 1.57 to 1.71 litres.

(11) Analysis of collected volume versus recorded data.

All the results above have been calculated either from the

patients 24 hour urine collections or following detailed analysis of

their frequency volume charts. In order to assess the accuracy and

reproducibility of the data collection methods, this final analysis

was carried out. It was thought that if the collection and recording

methods were valid, then it should be possible in the first instance

to compare the values obtained for the total 24 hr urine volumes by

each method, for each treatment period. Further more, there should be

no significant difference between the two sets of values. This was

correct with the exception of the 24 hour totals recorded during the

placebo period, the frequency volume chart totals being significantly

larger than those actually measured in the urine containers

(p=O.O3l). Why this should be is uncertain, particularly as both

these parameters had shown no significant inter-treatment period

variation when individually assessed (see sections 1 and 10).
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Probably of much greater significance is the comparison of over

night urine volumes and the subsequently calculated night-time

percentage. The calculations from the collected volumes are obviously

more definite in that their timings (in theory) are exact ie.

midnight to 8.00 am and the measured volumes accurate, as they were

all carried out at the clinical investigation unit. However, they

were a single measurement only, for each treatment period and as

such, may not have been as accurate as those averaged following seven

days F.V. chart recording. The fact, too, that the latter allowed

night-time to start at the patients bed-time and not midnight and the

patients did not rise on the dot of 8.00 am but at their normal time,

should, in theory, not allow a direct comparison between the two. It

is of great interest, therefore, that there was no significant

difference between both the night-time volumes and between both of

the calculated night-time percentages for each of the four treatment

periods (all p>O.05), see graph 6.7.

SIDE EFFECT PROFILE OF DDAVP.

There are very few reported side effects in the literature

directly related to DDAVP. They include mild symptoms attributable

to its negligible pressor activity such as dose dependent headaches

and transient gastrointestinal complaints (Andersson 1988, Williams

1986). It is also known that high intravenous doses may cause a fall

in diastolic blood pressure as well as a rise in pulse rate and

facial flushing (Belch 1982). Transient water intoxication has been

reported in one child following renal concentration capacity tests

(Aronson 1974) and also during its use in the treatment of diabetes
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insipidus (Lund 1986). There appears to be a high tolerance of the

intranasal administration method with very few allergic reactions

being described (Andersson 1988).

INCIDENCE OF ADVERSE EFFECTS.

As stated earlier, one patient, a fit and healthy 70 year old man,

had been withdrawn from the trial on account of symptoms directly

attributable to DDAVP. He had no relevant past medical history, was

normotensive and on no regular medication. Examination showed him to

have an irregular pulse though there were no signs of clinical

cardiac failure. A previous echocardiogram had shown only mildly

impaired left ventricular contractility, moderate mitral regurg-

itation and minimal dilatation of both atria, with a linear ejection

fraction of 53%. His chest X-ray showed a normal sized heart and some

chronic inflammatory lung changes but no active pathology.

Initial serum biochemistry and haematology were unremarkable with

a sodium of 141 mmol/l, osmolality of 280 mOsmol/kg and normal full

blood count. Three days after starting the lirst treatment week, the

patient said he developed headaches, nausea and aching limbs. These

symptoms continued and worsened with the addition of dizzy spells and

poor balance control until the patient himself stopped the treatment

after 7 days. Unfortunately, he did not report this to the

investigation unit at the time (as previously instructed) nor to his

G.P. but merely reported back to the unit a week later for his follow

up visit. By this time, all his symptoms had resolved, there was

nothing remarkable to find on examination and his serum osmolality

was 288 mOsm/kg. For this reason, he was continued in the second
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treatment period and did not exhibit any further side effects

throughout the two weeks. Following this, it was decided to put him

on an open 20 mcg dosage of DDAVP with strict instructions to contact

the unit if any further side effects developed. After 2 days, he said

that he experienced some shortness of breath but thought it unrelated

and continued with the treatment. By the fifth day, he was again

experiencing headaches, flu' like symptoms and feeling generally

unwell and so reported back to the unit.

On examination, his weight was actually three kilograms less than

at the start of the study, his pulse and blood pressure had not

altered significantly from the start of the study and there were no

overt signs of failure. However, serum biochemistry showed him to

have a definite hyponatraemia and hypo-osmolaemia (sodium 127 mmols/l

and osmolality 263 mOsmol/l). This was felt to be directly due to

fluid retention from the DDAVP and the treatment stopped. The code

was broken at this stage and the patient was found to have been on

DDAVP the week of the previous side effects and therefore was

withdrawn from the study. His symptoms quickly resolved and he was

biochemically back to normal within three days.

This was the only patient in whom side effects were thought to be

serious enough to warrant withdrawal from the study. However another

nine side effects were reported by six patients, (three patients had

side effects in two different treatment groups). Only three of these

side effects were felt to be attributable to the DDAVP.

(1) A previously fit and healthy 80 year old man complained of

headaches, lethargy and feeling generally unwell following the 40 mcg

open treatment. He had a serum sodium of 138 mmols/l at the start of
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the study and 142 following the two week placebo. At the end of the

two week open 40 mcg period this had fallen to 132 mmols/l in spite

of a normal serum osmolality (289 mOsm/l). This was felt to be

attributable to the DDAVP and no further treatment was given, the

symptoms completely disappearing after 48 hours. (2) One 78 year old

man reported feeling bloated and uncomfortable during the second week

of the open 40 mcg period. He was otherwise fit and healthy during

the study and showed no evidence of biochemical abnormality at the

time of having the symptoms. He had also complained of some increased

sputum during the 20 mcg period though this was not associated with

any physical or biochemical abnormality. As with the previous

patient, treatment was stopped and his symptoms quickly settled.

(3) A 71 year old gentleman noticed headaches while taking the

placebo and then again, while on the 40 mcg dosage. As before, these

were not associated with any physical or biochemical abnormalities

and stopped soon after discontinuing the treatment. (4) A 62 year old

man reported a dry throat and ticklish cough during the 20 mcg period

but this settled spontaneously and did not recur when the dose was

increased to 40 mcg. (5) A 75 year old man reported flu like symptoms

shortly after starting the placebo which settled after five days and

did not recur during the active treatment. (6) Finally, a 66 year old

man reported headaches and neck ache during the run-in period which

were not particularly severe but which returned in the middle of the

40 meg treatment period five weeks later. However, these only lasted

for about three days and disappeared by the time the patient returned

for follow up. As before, they were not associated with any

clinical or biochemical abnormality.
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INVESTIGATION OF ADVERSE EFFECTS:

In view of what appeared to be a fairly high incidence of side

effects in these elderly patients, the data collected during the

study was analysed to see if there were any specific clinical or

biochemical trends which were consistent with the vasopressor and

fluid retentive properties of the drug. Parameters analysed included

weight, systolic and diastolic blood pressures, serum sodium and

osmolality and also haematocrit. These were compared at the start and

following the run-in, placebo, 20 mcg and 40 mcg DDAVP doses.

VARIATION IN WEIGHT.

The patients were weighed on their arrival at the unit for each

visit and the results compared for each treatment period using paired

t-testing, (See table 6.1). Weight in kg at each stage is shown in

brackets running diagonally down the table with p values from testing

each group against the other duplicated for ease of reference.

TABLE 6.1. Variation in mean weight with treatment (kg) and p values.

(kg)

Start.

Run- in.

Placebo.

20 mcg.

40 mcg.

Start.

(81.28)

O . 592

0.708

0.058

0.003

Run- in.

0.592

(81.44)

0.733

0.198

0.019

Placebo.

0.708

0.733

(81.36)

0.101

0.006

20 mcg.

0.058

0.198

0.101

(81.83)

0.126

40 mcg.

0.003

0.019

0.006

0.126

(82.19)

As can be seen from the table, there is a definite weight increase

with the treatment, the mean difference in weight between the start
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and the 40 mcg dose being nearly one kilogramme (0.91 kg, p=0.003).

This is presumably due to fluid retention and appears from the table

to be a fairly consistent, significant finding with the 40 mcg dose

when compared with the other two non treatment periods. The increase

in weight seen with 20 mcg is not significant.

VARIATION IN BLOOD PRESSURE.

As previously mentioned, systolic and diastolic blood pressures

were measured in the sitting and standing positions, on two

consecutive occasions at each visit. This data was analysed and

compared using paired t-testing. Table 6.2 shows the mean pressures

for the group with standard deviations in brackets.

Table 6.2 Variation in systolic and diastolic blood pressures.

Start.	 Run-in.	 Placebo.	 20 mcg.	 40 mcg.(mm Hg)

Sitting
Systolic.

Sitting
Diastolic.

Standing
Systolic.

Standing
Diastolic.

135	 127	 130
(23.9)	 (20.8)	 (17.9)

82	 78	 77
(14.0)	 (12.4)	 (12.0)

140	 131	 133
(18.9)	 (20.8)	 (19.6)

89	 86	 84
(11.2)	 (12.2)	 (11.6)

129	 128
(18.8)	 (17.3)

75	 76
(10.2)	 (10.9)

126	 129
(18.6)	 (18.2)

82	 82
(11.3)	 (10.1)

From looking at the data, it can be seen that both doses of DDAVP

are associated with lower blood pressures throughout, when compared

with the three non-treatment periods, ie start, end run-in, and end

placebo. However, patient anxiety may account for the higher values

seen at the start of the study and, as such, it would not be wise to
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place too much emphasis on the results following t-testirig of this

group against the others.

There are only two results which reach statistical significance.

The standing diastolic during the run-in compared with 40 mcg DDAVP

(p=0.024) and the standing systolic during the placebo compared with

20 mcg DDAVP (p0.O01). However, the clinical differences involved of

4 and 5 mm Hg respectively would not be expected to be of any great

significance and it would be safer to conclude that the tendency of

DDAVP to lower blood pressure is not significant.

VARIATION IN OSMOLALITY.

In view of the quite definite hypo-osmolaemia recorded in the

patient withdrawn from the study, serum osmolalities recorded at

various stages were compared using unpaired t-tests (assuming equal

variance) and the results given in table 6.3 below. Mean osmolality

is shown in brackets running diagonally down the table, p values are

given for each stage in the study, tested against the other stages.

Table 6.3 Change in serum osmolality with DDAVP, (means) and p.values

(mOs rn/kg)
	

Start.	 Placebo.	 20 rncg.	 40 rncg.

Start
	

(299)
	

0.627
	

0.183
	

0.013

Placebo
	

0.627
	

(297)
	

0.314
	

0.051

20 mcg.	 0.183
	

0.314
	

(291)
	

0.814

40 mcg.	 0.013
	

0.05 1
	

0.814
	

(289)

It is interesting that there is such a definite trend towards

decreasing serum osmolality which reaches statistical significance
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when the 40 mcg dose is compared with the starting value (p=0.013).

In a recent article, McLean and co-workers (1992) showed an age

associated increase in plasma osmolality in 152 community elderly,

mean age 78.0 years. Mean osmolality was 302.2 mOsm/kg (range 300.6 -

303.8) compared with 291 (range 290.0 - 292.3) in a group of younger,

healthy adults (mean age 39.2 years). It would appear that our

starting mean of 299 mOsm/kg was entirely consistent with this and

the laboratory normal range of 275 - 295 mOsm/kg is inappropriate for

this age group. When the osmolality fell t3 a	 cf 29	 f1c

(S.D. 8.8) with 40 mcg DDAVP, the clinical significance of this can

be appreciated as it is a considerable deviation from the normal

range in the elderly.

VARIATION IN SERUM SODIUM.

Again, considering the previously reported episode of

hyponatraemia, serum sodium, which had been measured at various

stages during the study, was compared using the same statistical

methods as above and the results shown below.

Table 6.4 Change in serum sodium with DDAVP, (means) and p.values

(mmol/l)
	

Start.	 Placebo.	 20 mcg.	 40 mcg.

Start.	 (141)
	

0.052
	

0.039
	

0.001

Placebo.	 0.052
	

(140)
	

0.601
	

0.172

20 mcg.	 0.039
	

0.601
	

(139)
	

0.511

40 mcg.	 0.001
	

0.172
	

0.511
	

(137)

The normal range for serum sodium in our laboratory is between 135
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and 145 mmols/l. As can be seen from the above table, there is a

significant fall in serum sodium when the 20 mcg dose is compared

with the start (p=O.O39), though not when this same dose is compared

with the placebo (p>O.05), which calls the true value of the

statistic into question. Again, the 40 mcg dose is associated with a

highly significant fall in serum sodium as compared with the start

(p=0.001) but not with the placebo (p>0.05). A possible cause for

these discrepancies could be the fact that the serum sodium in half

the patients was estimated after a placebo period which itself

followed a two week 20 mcg treatment period, during which time the

serum sodium would be expected to fall. A delay in returning to

normal could have caused a spurious result but I think this is

improbable. It is difficult, therefore, to be certain of the

significance of these results but possible to say that there was a

trend toward decreasing serum sodium with treatment which did not

fall beyond clinically significant levels.

VARIATION IN HAEMATOCRIT.

Serial haematocrit measurements were made in order to see if DDAVP

had any effect upon this (in view of its fluid retaining properties).

The average values in each treatment group and the p value comparing

these groups, using unpaired t-testing, are given in table 6.5 over-

leaf.
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Table 6.5 Variation in haematocrit with DDAVP treatment.

(Hct .%)

Start.

Placebo.

20 mcg.

40 mcg.

Start.

(39.9)

0.65

0.97

0.96

Placebo.

0.65

(39.1)

0.78

0.55

20 mcg.

0.97

0.78

(39.8)

0.95

40 mcg.

0.96

0.55

0.95

(40.0)

As can be seen from the table, DDAVP had no significant effect

upon the haematocrit at either dosage. This is not unexpected with

the knowledge of plasma oncotic homeostasis which would require huge

volumes of water to be retained before it were reflected in this

parameter.

ANALYSIS OF URINARY OSMOLALITY AND ELECTROLYTE EXCRETION.

This analysis was carried out in order to see if there was any

significant difference in renal electrolyte excretion during the

various treatment periods and whether the DDAVP influenced only renal

tubular water reabsorption.

As described above, during each stage of the study, patients

collected all their urine over a 24 hour period in six, four hourly

aliquots. This was then brought up to the unit the following day, the

volume measured and samples spun down and frozen for biochemical

analysis. Parameters measured were osmolality, sodium, potassium,

urea and creatinine, and, from these, 4 hourly electrolyte excretion

could be calculated. These were then compared for each treatment

group as well as for each four hourly period using an analysis of
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variance (ANOVA). Data is given in the appendix and the information

represented graphically for each parameter.

URINE OSMOLALITY.

Although the urine appeared to be more concentrated overnight in

the two DDAVP groups, no significant difference was found in the way

the 4 hourly urine varied for each of the four treatments, p=0.478.

As expected, the variation throughout the 24 hour period was highly

significant, (p<0.O01). See graph 6.8.

SODIUM EXCRETION.

Sodium excretion was found to increase progressively throughout

the 24 hour period, with the maximum 4 hourly excretion rate

occurring between 04.00 and 08.00 (See graph 6.9). Statistically, no

2—way interaction could be shown between the treatment group and the

collection period and no significant differences could be shown

between the groups (p=O.478). However, the variation between the

collection periods was again highly significant (p<0.001) and

confirmed the consistency of this progressive increase in sodium

excretion. In graph 5.3, in the previous chapter, where sodium

excretion was being analysed during the period of inpatient

monitoring, it was also seen that sodium excretion was at its

greatest overnight but only in those patients with nocturnal

polyuria. Clearly this is a very valid observation in the light of

numerous studies reporting a considerable decrease in overnight

urinary sodium excretion in healthy adults.

POTASSIUM EXCRETION.

Graph 6.10 again illustrates the phasic variation in potassium

excretion which appears to have two peaks, around mid afternoon to
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early evening and again between midnight and early morning. The inter

-period variation is significant (p=O.Ol) but there is no significant

variation between the groups (p=O.42).

UREA EXCRETION.

The trend with urea excretion was similar with respect to its

significant inter-period variation (p<O.00) with a peak excretion

rate around late evening. As before, no significant difference could

be detected between the groups (p=O.577), see Graph 6.11.

CREATININE EXCRETION.

Although graph 6.12 shows a variation in the excretion rates with

time, this did not reach statistical significance (p=O212).

Likewise, no significant difference could be demonstrated between the

groups (p=O.51).
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DISCUSSION

In 1913, extracts of animal posterior pituitary gland were shown

to have an antidiuretic effect in patients with central diabetes

insipidus (C.D.I.), (Farmi 1913). For several years after, the

treatment of C.D.I. relied upon purified bovine or porcine pituitary

extracts in the form of nasal snuff. However, local side effects were

common, due to its vasopressor action and the treatment was poorly

tolerated.

In the late 1950's, Arginine vasopressin (A.V.P.) was isolated

from bovine pituitary extracts and shown to be a nonopeptide with

both antidiuretic and vasopressor activity. It is now known to be the

antidiuretic hormone of all mammals with the exception of the pig,

which secretes Lysine vasopressin (L.V.P.), (Brook 1988). Although it

was easier to synthesise L.V.P, it had a lower antidiuretic effect

and shorter half life than A.V.P. in equipressor doses, and so, as

such, it failed to replace organ extracts as a therapeutic option.

In 1966, Zaoral and colleagues at the Czechoslovak Academy of

Science in Prague succeeded in synthesising 1-desamino-8-D-arginine

vasopressin, DDAVP, (Zaoral 1967). Aware that the antidiuretic

activity was related to the Arginine at position 8 and the

hemicysteine at position 1, they wanted to create a metabolically

stable vasopressin analogue but one with increased antidiuretic

activity and decreased pressor activity. They found that removal of

the amino group in position 1 gave a 3-fold increase in activity and

antidiuretic effect; this was further enhanced by substitution of the

8-L-arginine with its D-enantiomer and hence the formation of 1-

desamino-8-D-arginine vasopressin, and its subsequent name, DDAVP.
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These structural modifications increased the duration of activity

to nearly 12 hours, compared with 2-3 hours for the parent molecule.

More importantly, it dramatically increased the antidiuretic

potential and achieved a nearly 3,000-fold increase in the

antidiuretic:pressor ratio over A.V.P. (Rado 1975). Hence the drug

was developed and quickly became the treatment of choice for adults

and children with C.D.I. (Vavra 1968, Andersson 1972, Aronsen 1973,

Edwards 1973, Kauli 1974, Ward 1974, Lee 1976, Robinson 1976, and

Becker 1978).

Birkasova is said to have reported the first successful double-

blind controlled trial of DDAVP in children with nocturnal enuresis

to the Czechoslovakian society of nephrology in 1973. However, it was

not until four years later, starting with a letter describing

desmopressin as a treatment for enuresis which appeared in the Lancet

(Dimson 1977), that a wave of reports of clinical trials appeared in

the literature (Tuvemo 1978, Bjrkasova 1978, Aladjem 1982, Ramsden

1982, Post 1983, Kjoller 1984, Terho 1984, Pedersen 1985, Delaere

1986, Dimson 1986, Rittig 1988 and Klauber 1989). With one exception,

(Ferrie 1984), they were all able to show a significant decrease in

nocturnal enuresis with only very minimal incidence of side effects.

DDAVP was also shown to be valuable in the treatment of bleeding

disorders, particularly haemophilia A and von Willebrand's disease

type 1, as well as reducing prolonged bleeding time secondary to

cirrhosis, uraemia and various platelet disorders (Mannucci 1988). It

is not certain by which mechanisms DDAVP achieves this but it is

thought to be related to its ability to increase factor VIII

coagulant activity and increase von Willebrand's factor and
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plasminogen activator levels.

Another principal use of DDAVP is in testing renal concentrating

capacity as assessment of renal impairment in such diseases as

pyelonephritis, long standing obstruction, various nephropathies and

drug induced tubular damage (Aronson 1974). DDAVP gives a simple

alternative to the previously accepted method of water deprivation or

intramuscular vasopressin tannate oil injection, both of which were

unpleasant for the patient and associated with considerable side

effects (Jones 1956).

In the early 1980's, two reports on the use of DDAVP in adult

patients with nocturnal urinary symptoms due to bladder instability

were published. These showed a significant decrease in nocturnal

frequency with minimal side effects (Taylor 1981, Hilton 1982),

Hilton also being able to show a significant decrease in nocturnal

urine volume with treatment. Interestingly, Taylor noted a mean

weight gain of 3.7kg during the 2 weeks treatment in 40 patients

which was way in excess of that noted in our study. However, the

dosage used was not stated which could well be significant. Hilton

reported a single episode of hypertension as well as transient

headaches in 2 patients which were most likely treatment related.

Around the same time, Mansson described the use of DDAVP in the

treatment of nocturia associated with benign prostatic hyperplasia

and was able to show a significant decrease in nightly voiding

(Mansson 1980).

Three subsequent studies described the use of DDAVP in the

management of nocturnal symptoms in patients with multiple sclerosis

(Hilton 1983, Kinn 1990, Valiquette 1990). All showed significant
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improvement in symptoms with DDAVP and Kinn was also able to

demonstrate a significant reduction in overnight urine volume. Mild

headaches were reported by 3/16 of Hiltons patients but, otherwise,

there were no side effects of note.

In 1986, Mathias and co-workers published their results of a trial

of DDAVP in older patients (55-68 years) with nocturnal polyuria

secondary to autonomic failure (Mathias 1986). They were able to show

a significant decrease in nocturnal urine volume using intramuscular

desmopressin in the absence of any severe side effects. They too,

showed a significant weight increase of 1.35 kg after only 3 days

treatment and a fall in mean serum osmolality from 293 to 276

mOsm/kg.

it is important to appreciate however, that these patients had

proven autonomic failure with associated morning postural hypotension

and overnight weight loss and so formed a different group from those

in our own study. They were also dependent on fludrocortisone and

ephedrine which had been temporarily stopped for the duration of the

study. Whether our own group of patients are related in any way (for

example by having a minor form of autonomic impairment) remains an

important question.

An interim report of our own study was published in 1990 (Carter)

and was the first reported trial of DDAVP in elderly patients without

recognised disease or outflow obstruction. A further report in 1991

(Malone-Lee) reviewed the treatment of 77 patients with nocturia from

various causes (mean age 46.5 years) with particular reference to

side effects, with treatment varying from a few days up to 3 years.

Of these patients, 11% showed clear evidence of fluid retention
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and associated symptoms and 22% were shown to have a mild, chronic

hyponatraemia while on treatment (128-136 mmols/l) although they were

asymptomat i c.

It seems apparent that side effects are more common in the older

patient on DDAVP which supports our own findings. Whether this is due

to an age related "blunting" of the normal compensatory homeostatic

mechanisms of salt and water balance is unclear. It is interesting

that dose appears to be independent of age, and also of body mass,

with a fairly narrow range of 10 - 40 mcg being used in all the child

and adult studies quoted. If anything, some of the elderly would have

been better suited to a 5 mcg dose (Malone-Lee 1991) which is unusual

in view of the known decrease in collecting tubule sensitivity to AVP

in the elderly (Davis 1987). The Aarhus group may well have provided

the answer in the younger enuretic patients, a subgroup of whom can

be shown to have an abnormal diurnal rhythm of AVP and lack the

night-time increase seen in normal controls (Rittig 1989a). However,

there is no evidence from our own work, and that of others, that

these elderly patients have any impairment of AVP secretory capacity

(Helderman 1978, Kirkland 1984) which may help to explain an apparent

increase in sensitivity and side effects to DDAVP in this age group.

The mode of action of DDAVP is to cause increased uptake of water

in the collecting duct which appears to be refractory to the

inhibiting effects of ANP to a large extent. This will cause an

increase in water reabsorption into the intravascular compartment

which will dilute out sodium and electrolytes causing a potential

hyponatraemia and hypo-osmolaemia. In the presence of AN?, sodium

loss from the tubule will continue uninterrupted (the water loss now
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being reversed by AVP) which will have the effect of further lowering

the serum sodium. This may be the reason why adults are so much more

prone to side effects than children, with DDAVP, because they have

considerable ongoing sodium loss due to their higher levels of

endogenous AN?.

Both our own work and that of others (Hartter 1987) support the

theory of age related increase in over-night plasma AN? levels. Apart

from being a potent diuretic and natriuretic, AN? is also known to

inhibit aldosterone biosynthesis (Atarashi 1984, Van 1986) and

suppress renin release (Burnett 1984, Henrich 1987).

Of more relevance to the present study are the findings of an

inhibitory action of AN? upon AVP release (Samson 1985, litake 1986,

Standaert 1987) as well as an inhibition of the action of AVP on the

renal tubule (Dillingham 1986). ANP may not exert a similar effect

upon DDAVP which could then explain the response of these patients to

DDAVP (in relatively low doses) who themselves appear to have normal

AVP levels.

Another interesting theory as to why these patients may respond to

DDAVP involves a suggested central effect of DDAVP upon the

inhibitory neuro-transmitter GABA, which itself has been shown to

inhibit centrally induced bladder motor activity (Sillin 1990). In

combination with its known renal effects this would be an elegant

synergistic process. However, this is not supported by other

experimental work which shows that the blood brain barrier appears to

be impermeable to DDAVP (Soelberg 1984). Also, the majority of our

patients were shown to have stable bladders on urodynamic studies.
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cONCLUSIONS.

It can be concluded from this study that DDAVP is of value in the

elderly with nocturnal polyuria in the absence of obvious clinical

disease or outflow obstruction.

It can significantly decrease both nocturnal frequency and

nocturnal urinary volume most likely by a direct effect upon the

renal tubule.

It is associated with significant side effects, particularly those

related to fluid retention, and patients undergoing treatment should

be closely observed.

Estimation of weight, blood pressure, serum osmolality, urea and

electrolytes and particularly the onset of patient symptoms are early

indicators of DDAVP intolerance and should be closely monitored in

the initial treatment period.
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CHAPTER SEVEN

CONCLUSIONS
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Nocturnal urinary symptoms, and particularly nocturia, are common

in the elderly male with 71% of all men over the age of 60 years

getting up once or more each night on a regular basis. 40% of these

men will be up twice or more at night and increasing age is

associated with increasing nocturia.

Daytime frequency does not appear to increase with age and, if

anything, lessens after the 6th decade. Following a review of

medications, those patients taking diuretics for cardiac failure did

not suffer from nocturia to any greater extent than those who were

not, nor did those patients who were shown to be diabetic. Fluid

intake and time spent sleeping could not be shown to have any

significant influence upon night-time symptoms.

Comparing frequency volume charts collected by patients both with

and without nocturia revealed several differences. Patients with

nocturia twice or more produced significantly more of their total 24

hour urine overnight (41.4%) than did those without nocturia (29.6%).

They also appeared to have smaller functional bladder capacities (190

v 267m1s) than the patients without nocturia. This coupled with

their increased daytime frequency (6.8 v 6.0 times) would be in

keeping with the conventional theory that these patients have

nocturia because they have unstable bladders either because of

increased cerebral atherosclerosis or secondary to outflow tract

obstruction. This however does not account for why the patients

should produce more urine overnight and their nocturia probably

results from the combination of these two factors, with a large

component being due to the nocturnal polyuria.

Overnight urine volume is shown to increase with increasing age,
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irrespective of the presence of nocturia, rising to nearly 50% of the

total 24 hour output in the over 80 year olds.

Detailed analysis of the blood and urine of patients with

troublesome nocturnal symptoms, over a 48 hour period, allowed

several important observations to be made. Nocturnal polyuria has

been defined as an overnight urine volume (midnight to 8.O0arn) which

exceeds 33% of the total 24 hour volume and this was found in 18 of

the 34 patients examined. Results of electrolyte and hormone

analysis of this group were compared with patients not showing

nocturnal polyuria and also controls. It was found that this

excessive diuresis was associated with a profound natriuresis and

that the overnight urine in these patients tended to be the least

concentrated of all the urine that they produced over the 24 hours.

Patients with nocturnal polyuria were also found to have

significantly higher levels of Atrial Natriuretic Peptide, both

during the day and overnight, than either the non polyuria or control

groups. All other investigations, including renin, aldosterone and

arginine vasopressin estimation, failed to show a clinically

significant difference between the three groups. They confirmed the

presence of previously reported circadian rhythms in hormone

excretion as well as reactions to change in posture and

interdependence with ANP levels.

Urodynamic studies and flow rates showed that these patients were

a heterogeneous group with a distribution of diagnoses which would be

expected of men of this age. Obstruction and instability, though

present, was not any more common in these patients than in the

controls though the relatively small number made statistical
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comparison difficult.

In view of the well reported link between cardiac failure, atrial

filling pressure and ANP release, evidence of subclinical cardiac

failure was carefully assessed in these patients. Routine history

and examination had not shown any evidence of cardiac failure so

cardiothoracic ratio from the chest x-ray and ventricular ejection

fraction from echocardiography were compared for the three groups.

It appears that these indicators of cardiac failure are more

pronounced in patients with nocturnal polyuria indicating that they

do indeed suffer from a degree of subclinical cardiac failure which

would account for their higher levels of AN?.

The mechanism of increased AN? production in these patients is

complex bit may involve an accumulation of fluid in the dependent

limbs during the day which is then returned to the venous circulation

at night following lying flat in bed. This would cause distension of

the right atrium and give rise to an increase in plasma AK? which

would then produce a natriuresis and diuresis. This sazall decree of

failure would probably not be enough to stimulate increased renin,

angiotensin or aldosterone activity (which would together cause

retention of sodium and water, as would the decrease in glomerular

filtration rate seen in moderate to severe cardiac failure).

Instead, the higher overnight levels of AN? would merely suppress

renin, aldosterone and AV? levels, as was found in the study, which

then rose the next morning in response to the assumption of the

upright posture, associated with a fall in ANP levels.

The existence of ANP was first postulated over 20 years ago and,

having now been isolated, genetically coded and synthetically
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reproduced, it can be appreciated how this hormone can serve to

assist failing cardiac function in these elderly patients and

prevent fluid overload by its powerful diuretic and natriuretic

action.

A controlled trial of the antidiuretic drug DDAVP objectively

improved nocturia as well nocturnal voided volumes in patients with

nocturnal polyuria. The initial rationale for this had been based on

work which showed lower overnight levels of AVP in patients with

increased nocturnal urine volumes. Although these overnight polyuria

patients also showed lack of increased overnight AVP levels, this was

probably due to an inhibitory effect of ANP rather than failure of

development of the normal circadian rhythm. DDAVP probably

supplements endogenous arginine vasopressin levels enough to cause

increased water retention and so decreased urine output over night.

Side effects were a problem however, with one patient withdrawn due

to hyponatraemia and hypo—osmolaemia and a further three complaining

of headaches and flu like symptoms, thought to be directly

attributable to the treatment. This meant that 4/19 patients had

problems with these side effects.

Side effects are clearly an important factor when the use of DDAVP

is being considered in the elderly and precautions must be taken to

detect hyponatraemia at the earliest opportunity. This can be

achieved by early and frequent follow up visits with review of

symptoms and side effects, as well as regular serum biochemistry and

osmolality estimations, which are all early indicators of fluid

retention.

Elderly patients are more at risk from side effects, particularly
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hyponatraemia, due to their higher circulating levels of ANP. This

will cause them to continue to lose sodium in the presence of DDAVP,

which itself will only counteract ANP's effect on tubular

reabsorption of water, causing further dilution of the already sodium

depleted serum.

Suggestions for Other Treatments and Further Research

Having shown that it is normal for older men to get up once or

more at night, greater attention should be paid to the symptom of

nocturia which occurs in the absence of symptomatic or urodynamically

proven outflow tract obstruction. Nocturia which is secondary to

nocturnal polyuria, does not respond well to the relief of outflow

obstruction and patients must be made aware of this before outflow

surgery (if they are shown to merit this on the basis of associated

obstruction.)

Much can be achieved by simple patient education of the aetiology

of their symptoms. Cutting down evening fluid intake, taking

diuretic type medication in the earlier part of the day and avoiding

diuretic beverages, such as tea, coffee and alcohol, before bedtime

should be advised. Measures such as sitting with the legs elevated

for 2-3 hours immediately before retiring should, in theory, produce

a marked diuresis. This would help clear most of the dependent

oedema prior to bedtime and so help relieve symptoms. This, itself,

could form the basis of a simple enough study (as shown by Guite et

al 1988) and data could be collected by patients at home using a

frequency volume chart, with controlled fluid intake being an

important prerequisite.

A further study which is long overdue involves the careful
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symptomatic scoring of nocturnal urinary symptoms pre and post

prostatectomy, with the collation of pre and post operative frequency

volume charts as well as flow data. This would be of great benefit

in assessing the clinical significance of surgery in patients with

predominantly irritative nocturnal symptoms.

A larger study of fluid balance recordings in older patients would

be invaluable for clarifying data, which is in many ways limited in

this study, particularly the association between functional bladder

capacity and the volume of urine produced overnight. A second study,

discussed in chapter six, which would supply extremely valuable

information would involve assessing the effects of posture upon ANP

levels in patients with nocturnal polyuria. This could be expanded to

study the effects of head out immersion in these patients as well as

48 hour plasma ANP levels comparing recumbency with normal upright

daily activities.

Further research must be aimed at a cure for this distressing

problem in the elderly. The way forward does not appear to be with

DDAVP (due to its fluid retentive side effects in this age group)

despite its statistical achievements in our study. The use of

diuretics early in the evening has been tried by several urologists

and reported by Pedersen and Johansen (1988). They used Bumetanide

1mg v placebo 4-6 hours before bedtime in 28 patients including 13

females. Nocturia decreased from an average of 1.97 with placebo to

1.43 times per night with treatment, (which was found to be

significant (P<O.O5) when figures were calculated over a 7 day

period). Two thirds of the males in their study had a history of

prostatic hypertrophy (average age of group 66.5 years) and these
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male patients failed to show a statistically significant improvement.

The authors were not able to recommend diuretics in the early evening

as a suitable treatment for nocturnal urinary symptoms. However,

these poor results may well have been influenced by the failure of

response of those patients with prostatic hypertrophy (who probably

should have been excluded in the first instance). A repeat study on

patients with pure nocturnal polyuria, using a loop diuretic 4-6

hours before retiring and comparing nocturnal volume and frequency to

a base line and placebo would be a valuable exercise.

It may be, however, that the way orwact	 trativ t1v

condition is not through the use of vasopressin analogues or

diuretics to reduce water load before retiring, but with the

production of a short acting ANP inhibitor which could suppress these

high ANP levels overnight and hence reduce natriuresis and diuresis.

Encouraging work in this field was reported by Northridge et al

(1989) who have succeeded in manufacturing an ANP peptidase

inhibitor. This will prolong the action of circulating ANP by

decreasing its rate of removal and breakdown and so potentially be of

benefit in the treatment of hypertension and refractory cardiac

failure.

Knowledge, to this extent, of the pharmaco-kinetics of this

polypeptide hormone, must open up the possibility of synthesising a

short acting, competitive inhibitor specific to ANP. This may be

able to afford some relief to the very large numbers of elderly

people, both male and female, who regularly suffer the disabling

consequences of disturbed sleep, as well as falls and nocturnal

urinary incontinence, secondary to their nocturnal polyuria.
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