EFFECTS OF FOSTURE ON
RENAL SODIUM EXCRETION IN ORTHOSTATIC HYPOTENSION

by
f}anial . Bachman

A THESIS

Presented to the Department of Physiology
and the Graduate Division of the University of Oregon Medical School

in partial fulfillment
of the requirements for the degree of
Master of Secience

May 1952



AR ER S X

(Chairman, Opaduste

AEX N T EE]

Gouneil)



Dedicated to

LISE



ACKNOWLEDGUENTS

I wish to express my avpreciation to Dr.
W, Bs Youmans for his patient guidance and
many helpful suggestions throughout the
course of this work, to ¥iss Shirley Gull-
ixson and Hiss Betty Dornbusech for labora-
tory assistance, to Mrs. Kay Bittick for
artistic preparation of the graphs, and %o
lre. Uargaret Wolff for an excellent typing
and final assembling of the mamuseript.

D. M, B,



TARLE OF CONTENTS

mmm{:?xeﬁ PECHPBARBD RSB A ELER RO E P EIREOY
RE?IEW Gy THE LI‘I‘M AP HOER IR N RO AL
I. The Relation of CGlomsrular Filtration
and Tubular Reabsorption to Sodium
EXcretion cesséssnsevsrsnssebosnasaran h
A. Glomerular~tubular Inbalance cssess b
By Altered Tubular Heabsorption cssvse

IX+ Studies of Renal Funcion in Orthostatic
Hypotension seesasecvssnssusenvsnssnas li}l

EE?HUDS otdnu_rtafc9«tuuutiniao‘§»¢t@»c,«#oqtot 17
RESULTS ‘b.ofitﬂbiﬁhlttﬁ!l?l!Q*!O!?’Uiii‘t! 4 &
DISCUSSIOH SEBTEILRIILTEI ARSI RRUIR ISR IR RIS h&
SUMMART BrALEBT UM RLLEI SIS ITIRB ISR IRL LS hs
AT’PEKDKX .iﬁd"lf!'?C‘ﬁ'*.&ﬁ!.ﬁ"ﬁfﬂt&'!'%i‘ﬂ? hﬁ
BIBLIOGRAPHY susscvsvervussnsnsavesansovans 50



LIST OF TABLES

Teble I tyi;tii‘#ii&'iid'#!ii!iﬂ‘!ri't 22
T&bl@ Ix ‘90ﬂi%t'h!!l)iﬁ‘l’!ilC;fithﬂt 2h
Tahle III APEBEHEIE BB IRA S SO NA BRI IO R 26
Table IV hndqooaym;Qtn‘luttwﬂdlﬁtbtod"wl 28
Table ¥ 'Ui&t;i.v.t*#bﬁqﬁitit.i&i,ﬁ’ﬂl 3&
Table VI R e e ) 32

Table Vix 2 N Y XY YT ) ah



LIST OF FIGURBS

?im 1 -.“."A‘GQ‘Qﬁfﬁ*""Q"Q
Figuru 2 SEdshkoqasba ket hobene
Fig&rg 3 GorRRESSIAPISTIOIEN R B RN
FIRO® & sonseusincnrsonnsens
?ﬁgﬂfﬁ 5‘0¢ODOWl§01«tko?li&&0
Figars é sHaerssEaRSENI RN YY

Figars 7 PrAsEsRLeANRIIEHRERS

Figurs 8 CUBBEIBIcENIEt RS ESAD

23
25
27
29
1
33
35
37



INTRODUCTION

While e¢linieisns, in recent years, have become increasingly
impressed with the importance of sodium ion in disturbances a: fluid
and electrolyte balance in a variety of disesse states,{1~8) renal
physiologists have been focusing their attention upon the underlying
renal mechanisms influencing sodium™ exeretion. |

These mechanisms may be understood best in the light of the
current hypothesis explaining urine formabtion by the mammalian kidney:
1) An ultrafilirate of plasma is formed in Bowman's Capsule by filtra-
tion of water and non-protein sélutes of the blood through the semi-
permsable glomerular membrane. The concentration of any substance in
this filtrate is almost the same as 1ﬁsaconcentraﬁimﬂ.im the plagma.®¥
2} As the plasma filtrate flows from Dowman's Capsule through the
renal tubules, water and individual aalut&akgru gelectively reabsorbed
into the peritubular capillaries by both gimple diffusion and ty cell-
ular work. 3) Some substances, in addition, are actively secreted into
the urine by the cells of the remal tubules. This hypothesis of urine
formation rests fundamentally upon the experimental work of Richards,
Halker, and their associates, who, by means of micropipette punctures
of the renal tubules in amphibia and lower mammalia, withdrew sluplaa
of tubular urine and subjected these to chemical analysis.(10-12) 7¢
hag been assumed that the human kidney functions similarly.

* Hereafter, the term "sodium® is used to mean "sodium lon®,
#% The Donnan Equilibrium is thought to account for the concentration

differences.(9)



In terms of thlg hypothesis, investigations of the sontrol of sodium
exeretion by the mammalian kidney have proceeded with a view to deter-
mining the relative importance of glomerular filtration and tubulsr
reabgorption.

Rumerous experimental procedures have been devised to alter the
renal sodium excretion rate for the purpose of similtansously studying
changes in glomerular filtration and tubular reabsorption rates. In
the dog the following procedures have heen found to produce definite
changes in the rate of renal sodium exeretion: clamping the renal
artery;(14-17) clamping the rensl vein;(18-21) hemorrhage;(22) splanch-
nic nerve resection;(23-25) salt loading;(26-32) osmotic loadings(33,3L)
administration of mercurial diuretics;(35) administration of hormonsss(36~38)
and emotional stress.(37) In normal man changes in remsl sodium excretion
rate have been produced by: salt depletion;(iO,41) galt loading;(LO=L3)
osmotic loading;(hh,U5) quiet standing;(46-48) exercise;(L7) hemorrhage;(L?)
tipping on a tilt-table;{50) sdministration of mercurial diureties;(51)
administration of hormones;(52-54) and inflation of Wlood pressure cuffs
around the thighs.(55) In addition some of these procedures have been
carried out upon men in certain disease states,(7s56-61) 4is s result of
these experimente some students of remal physiclogy h;va favored glomer—
ular filtration rate as the more important factor in the control of sodium
excretion by the kidney, while others have favored tubular reabsorption.
These viewpoints will be discussed in the "Review of the Literature”.

In the present study it is demonstrated that in patients with ortho-
static hypotension,(62+7h) a disease characterized by a marked fall of



arterial blood pressure when the patient is in the upright pogition,
large changes in the renal sodium exeretion rate result from changes
in body posture. It has been possible to interpret these changes in
terms of alterations in the glomerular filtration and the tubular re-

abgorption of sodium,



REVIEH OF THE LITERATURE

I. The Relation of Glomerular Filtration and Tubular Reabsorption to
Sodium Exoretion » ‘ |

A review of the attempts to elucidate the mechanisms by which the
kidney regulates sodium exeretion is ponsidered necessary to an under-
standing of the interpretation placed upon the data reported in this
thesis. ;

‘Two major schools of thought have arlsen with respect o the
control of wtﬁmgmmﬁimn by the kidney: 1) the eoneept of glomerular-
tubular imbalance, sccording to which, changes in tubular resbsorption
are considered to be secondary to changes in the rate of glomerular
filtration, and 2) the concept that altered tubular reabsorption ocours
independently of changes in glomerular filtration rate.

4. Glomerular-tubular Imbalance

The glmndm‘bubﬂardinﬁmlmw hypothesis had its origin, in part,
from clinical studies of patients with chronic congestive heart failurve,
In such patients Mokotoff, Ross and Leiter observed deorossed sodium
exoretion in the presence of subnormal mannitol clearance.(59) These
workers stated that the decressed sodium exeretion was esused by the
decreased glomerular filtration rate (@) in the presence of normal
tubular resbsorption. Merrill observed similer results in his patients;
and, while admitting the possibllity of other causal mechanisms, favored
the concept that the deereased glomerular filtration of sodium allowed
for more complete tubular reabsorption.(50) subjecting patients with
chronic congestive heart fallure %o mild exercise Merrill and Cargill
observed marked reduction in sodium excretion accompanying decreases



in GFR.(75) A & result of similar experiments Sinclair-Smith and
asgociates, although emphasizing the role of tubular reabsorption,

stated that in the advanced stages of cardiac decompensation, decreased
GFR eontributes to the decrsased sodium exeretion towing to e diminution
in the total amount of sodium which is filtered through the glomeruli”.(57)

Studying normal humsn subjects during quiet standing Epstein st al
found decreases in GFR, sodium exeretion, and in the frastion of filtered
sodium exereted.(46) when these subjects received, during quiet stand~
ing, intravenous infusions of hypertonic paline, sodium excrstion inw
creased in three subjects whose glomerular filtration rates either re-
mained the same or increased. Since serum sodium inereased in all cases,
the increased sodium exeretion in each of these three subjects was accome
panied by an increased filtered sodium load, In four subjects, in whom
GFR decreased during the infusions of hypertonie saline, sodinm exeretion
also decreased, These results are in accord with the glomerular-tubular
inbalance hypothesis.

Additional support for this point of view has arisen from experi-
mental procedures performed upon dogs. Shannon was among the first to
suggest glomerular-tubalar imbalance as an sxplanation for the increased
sodium excretion he cbserved in dogs with diabetes insipidus allowed to
cii'mk hypotorde saline soluﬁion ad &:(35) Rpfter several of thesze
episodes glomerular filtration is increased to such an extent that the
filtration of sodlum congiderably exceeds the reabsorptive capacity of
the proximal segment, and the sodium comeentration of the urine attains
that of the ingested fluidr.



6

Ladd and Raiss included large quantities of salt (i gn./kz.) in

the diets of normal dogs and observed marked inoreases in glomsrular
filtration rate accompamying the increased sodium excretion.(27)

- Selkurt and Poat found simmltansous inersesses in glomeralay filg-
ration rate and sodium exeretion during intravenous sodium loading of
normal dogs. They postulated that the greatly increased sodium excre-
tion ocourring early in the experiment was due to a spillage of the
excess filtered sodium into the urine, tubular reabsorption remaining
unchanged.(30) In a sinilar type of experiment Baldwin, Kshana, and
Clarke also found increased sodium exeretion occurring with simulta-~
neous increases in GFR.Gl) Although these workers preferred to empha-
sise the correlation between the increased serum sodimm and decreased
percentage of filtered load reabsorbed, since filtered sodium loads
increased simultanecusly with sodium exeretion, their results also
are consistent with the glomerular-tubular imbalance hypothesis.

Alterations in renal arterial and venous pressure in dogs have
been studied by several workers. Seliourt » Hall, and Spencer obtained
marked ipsilateral decreases in ¢reatinine clearance and sodium excre-
ticn by olamping the sorta above the left (and below the right) renal
artery.(18) fThey stated that despite almost complete tubular reabsorp-
tion, decreases in GFR produced further decreases in sodiunm exeretion,
Pitts and Duggan clamped the asorts above both renal arteries and found
similansous decreases in GFR and sodium excretion.(16) It was pogtu-
lated thaet the deoreased veloeity of flow of glomerular filtrate along
the renal btubule allowed for more complete tubulaer reabsorption, In
an agute experiment, Hall and Selkurt obtained elevations of renal
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venous pressure by clamping the renal vein.{21) Simaltansous decreases
in GFR and sodium exoretion oscurred. With chromie elevation of renal
venous pressure produced by inferior vena caval ligation Hwang and
associates observed with one exception that the changes in sodium excre~
tion tended o parallel the changes inm G¥R.(20)

From the experiments described above it is apparent that in a wide
variety of ecircumstances, both in men and in the dog, changes in sodium
exeretion are found to de accompanied by somewhat parallel changes in
glomerulay filtration rate. | Many have interpreted the changes in
godium exeretion as beixig due simply to an imbalance between the amount
of sodium filtered at the glomerulus and the amount reabsorbed by the
tubules. This point of view regards the change in glomerular filira-
tion rate as the primsry cause of the change in sodium excretion, with
tubular reabserption remaining unchanged.

By Altered Tubular Reabsorption

Host proponents of this second point of view imply that independent
changes in tubular mbserptign occur due to changes in the astivity of
the tubular transport mechanism for sodium, 4 few workers imply that
the changes in tubular reabsorption are dus to changes in other imtra-
renal mechanisms.{25,76) | '

- Using a single set of experimental messurements Berliner has
clearly demonstrated that depending on whether one ¢hooses to mean by
"tubular reabsorption” the absolute amount of godium r-&bsﬁrbad, the
amount reabsorbed per 100 ml. glomerular filtrate, or the per cent of
filtered load reabsorbed, "tubular reabsorption” may be interpreted as
ingreased, unchanged, or decreased, respectively.(13) This source of
confusion was first circumvented by Wesson et &l, who compared sodium
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excretion ab identiesl filtered sudium loads. They state, "So far as
W are aware, thls is the first direct demonstration that in reproducible
experinents in a normsl animal in which no identifiable variables are
alterad other than the volume of ektracellular fluid (and plasma}, bhat
at a constant filtersd load, the tubular reabsorption of sodium ean
undergo marked alteration”.{32) smith later emphasised that only
when different rates of sodium excretion occur at the same glomerular
filtration rate and at the same filtered load can changes in tubular
rea.bmrp‘tion rate be presumed to have coourred.(9) por the sake of
completeness il may be edded thet changes in tubular reabsorption are
also apparent when filtered sodium load and sodium excretion are chisng-
ing in opposite directions.

Scme experimenters who claim to have demonstrated tubular reabsorp-
tion varying independeatly of GFR have not measured filtered sodium
loads; hence, their work is not subject to strist interpretation.

Others who have measured filtered sodium loads may be regarded as having
obtained adequate proof of alteratiens in tubular reabgerption.

Claimg for altered tubular reabscrption of sodium have been obbained
from similar types of experimental studies as were employed by those
favoring the glomerular-tubular imbalance hypothesis. Farnsworth cbserved,
in patiente with congestive heart failure s that the average ratio of
sodiun clearance to etloride clearance was reduced with respeet to the
control average ratic for normal individuals; therefors he coneluded
that increased tubular resbscrption of sodium must have osourred in the
patients with cardiae disease.(60) Filtered sodium logds were not
measured. Briggs et al found in patients with conpestive heart failure



a correlation of restorstion of nompensation with inereased sodium
chloride excretion, increased FR, and increased venous oxygen content.
Omitting measurements of filtered sodium loads they concluded that in
cardiac decompensation lowered blood oxygen content is responsible for
inereased tubular reabsorption of sodium,(7) Bradley and Flake, while
adritting that the decreased OFR oecurring in congestive heart failure
mey play some part in sodium retention, believe that the major facter
is augmented sodium resbsorvtion.(6l) pour patients convaleseing from
severe congestive heart failure were found by Futehsr and Schrosder to
have impaired ability to excrete sodium and chloride when the serum
concentrations of both were slevated by intravemous infusions.(58) They
concluded that the impaired sodium exoretion was due to increased tubular
reabsorption, possibly on the basis of anozemia or ou the bagis of an
endocrine disturbance. Sinelair-Smith subjected patients with con=
gestive heart failure to mild exercise and, in at least one instance
(Experiment 10), found a significant fall in sodium exeretion with a
constant glomerular filtration rate.(57) |

Oreen et al, studying sodium excretion in patients with essentisl
hypertension, glamgrglonaphritis, arteriosclerctic hesmrt disesse, and
toxemia of pregnancy, under conditions of mannitel diuresis, observed
that ten-fold o fifty-fold variations in sodium output oceurred at
nearly identical rates of glomerular filtration.(56) singe the exper-
imental conditions ineluded wide variations in sodium intake and the
employment of an osmotic diuretie; and since no measurement of filtered
sodium loade was cbtained, no strict interpretation of the results is

possible,
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Orloff administered salt-poor albumin to three vatients with the
nephrotiec syndrome and to one patient with toxemia of pregnancy. In
each case lncreased urinary mrémm of water and salt ocourred with-
out consistent changes in GFR.(3)

The dats of Weston and associates, concerning a hypertensive human
subjeet under ﬂm influence of Dibenamine, reveal & dissociation of
sodium excretion from GPR.(2) At glomerular filtration rates of 51.3
and 55.7 cc./min. sodium exeretion was 0.133 and 0.017 m-sq./min.,
respectively. _

As a result of dlearance studies of brief duration Kattus and
asgoclates claim that, in normal individusls stending quietly, a
decrease In sad:ium excretion occurs without significant change in
glomerular fi‘.*.tmtiqn rate, However, inspection of the data graphed
reveals accompanying decreases in (¥R of a magnitude which may have
been significant.(L7) In further experiments, in which normel indi-
viduals were subjected to mild exercise, again it is cleimed that a
decrease in sodium exeretion occurred without significant change in
GFR. (U7) TInspection of these data also suggests that the decreases in
glomerular ﬁltmtién rate may have been si@ifielht » especlally in
view of the studies of normal individuals by White and Rolfe,(76) wno
dnmnstrata& 8% decreases in imulin clearance &ur:l.ng quiet standing
and 50% deereases during moderately aeveéa exercise. In spite of these
criticisms, it appears that in one of the experiments {Expsrizﬁeat 8},
the conclusion of Kattus et &l appears justified.

~ In addition to the above dats abt.ained from studies upon man
evidence foi' independent changes in tubular reabsorption has been
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obtained from experiments upon dogs. Blake, Wegria, Ward, and Frank
oclamped one renal artery and found reduced sodium excretion in the
homolateral kidney without a corresponding decrease in glomerular filt-
ration rate.(17) Since the base line of substances measured fell during
the oourse of the experiment, all functions measured were expressed as
the ratio to the corresponding functions of the contralateral kidney.
Small errors in the measurement of the urinary substances, therefore,
might result in large errors in the caleulated ratios.

Elake, Wegria, Keating, and Ward elevated the renal venous pressure
on one side to 300 mm. saline by clamping the rensl vein and claimed to
have found decresses in sodium sxcretion and urine flow without corre-
sponding decreases in OFR.(9) Iupuétion of the results of the only
experiment for which complete date are listed (Table I} reveals GFR
decreasing with deereasing sodium exeretion. The authors spparently
 do not consider the magnitude of the changes in (FR as significant, for
they concluded that an inerease in tubular reabsorption rate of sodium
had ocowrred. They rejected hormonal and nervous mechanisms as the basis
for the change and attributed the incressed tubnular reabsorption to an
intrarenal mechanism. In one of Hwang's experiments on the effects of
chronic venous pressure elevation accomplished by infericr vena caval
ligation, a decrease of 4O in OFR occurred with only a slight decrease
in sodium exeretion.{20) These workers suggest that other mechanisms
other than the change in glomerular filtration rate may be operative
in the renal handling of sodium. ‘ -

To wrmel humen subjects, previcusly malntained on a low salt ine
take Leaf, Couter, and Newburgh administered sodium chloride and sodium



12

cltrate. In some cases sodium excrebion inersased wilth no apparent
change in glomerular filtration rate; however, filtered sodium loads
were not meesured,(42) In salt depletion and salt loading experiments
on human subjects Wiggins et al found slight decreases and slight in-
- creases in glomerular filtration rate corresponding to proportionately
larger decreases and increases, respectively, in sodium excretion.{L0)
They atﬁributod the changes in sodium exeretion to changes in tubular
reabsorption. Since large changes in serun sodium ceccurred » the
omission of sodium load caleulations detracts from the strengbh of
their conelusion, |

In patients undergoing hypotonic saline and water diuresis while
blood pressure cuffs were inflated to congestive levels about the
thighs, Chalmers, Lewls and Pawan found approximately equal percentage
decreases in glomerular filtration rate and sodium exeretion (62% and
65% respectively).(55) wmnen the blood pressure cuffs were deflated,
glomerular filtration rate returned to within 90% of normal immediately,
tut sodium excretion did not return to normal levels for a much longer
pericd of time.

Huekins, in this laboratery, produced deecreases in glomerular filtra-
tion rate by subjecting dogs to rapid hemorrhage.(22) 1 gome éqaes hs
was eble to restore glomerular filtration rate %e control levels by re-
infusing the heparinized blood without cbtaining restoration of sodium
exoretion to control levels. Observing large variations in godium
excretion, apparently independent of glomerular filtration rate, he
concluded that thers was no simple causal relationship between the two
functions. Sodium filtered loads were not measured.
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Following unilste splanchnisctomy in dogs Kaplan and Rapoport
observed greater sodium excretion by the kidney on the operated side,
while glomernlar filtration rate increased only minimally or not at
ﬁlleiﬁ"ﬁ} They coneluded that the splanchnic nerve exerts an effsct
on the rensl tubule favoring sodium chloride reabsorption.

Infusing dlal-urethane-anssthetized dogs with saline solutions
varying in concentration from 0.86% to 309, Green and Farah(29) notea
that the increased sodium exoretion was not accompanied by consistent
changes in glomerular filtration rate. v

Duggan and Pitts have inferred that organic mercurical diuretics
depress the distal tubular reabsorption of sodium.(35)

In adrenalectomised dogs maintained on a high sodium chloride
lntake, desoxycorticosterone (DOC), and adremal cortical extract,
Roemmelt, Sartorius, and Pitts withheld DOC for four days and then
administered sither DOC or adrenal cortical extract.(38) Both pro-
duced 2 delayed decresse in sodium excretion in the face of a.n:vin-
creased glomerular filtration rate. Filtered sodium loads were not
measured.

Hiake has obtained evidence that emotional stress may produce
decreased sodium exeretion in the dog without associated change in
glomerular filtration rate.(39)

Turning now to a consideration of the experiments in which filtered
sodium loads have been measured one finds it apparent that very little
such data exist, and none of the experiments have involved human subjects.
It has been mentioned previously that Wesson &t al were the first to
demonstrate altered sodium exoretion at idemtical filtered loads.(32)
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Althwgh not discussed by the authors the pub&iahm data at Selkurt,
Hall, amd Spencer concerning their clamping of the aorte between the
renal arteries also diseloses sodium mmti:m varying independantly
of filtered sodium Iouh At filtered sedium loads of L.83 and L.89
millimols per mimte sodium exeretion was found to be 0.100 and 0.0k3
millimels per mimute, r&am@ivaly. (15) Fishman and associates ob-
served that in early chronie experimental pericarditis r:ttk effusion
in dogs aceiim mntion decreased in the presence of an increased
filtered sodium load, e}.wntad venous pressure ogourring as the only
other associated finding.(77) Their conclusion that inoreased tubular
resbsorplion of sodium had occurred is well wbstantiatad. Mudge,
Foulks, and Gilman, employing wrea diuresis in dogs, found that at
identical !‘iltereﬁ sodium loads, the prus-ﬁea of urea in the glomer-
ular filtrate greatly decreased sodium reabsorption by the babules.(78)
Thelr discussion demonsirates that aﬁ least under conditions of severe
osmotic diuresis with urea, it is unneceasary to postulate a hﬁmnal
oy nervous h&s:w for the change in tubular reabsorption.

It may be coneluded thet a review of the literature suggests that
both glomcmm;—tubu}.ar imbalance and independent changes in tubular
reabsorption are responsible for changes in renal sodium exeretion.
TI. studies of Renal Flmntipn in Orthostatic Hypotension

Bradbury and Eggleston, the firsi in this country to rgper’e elin-
ical im‘cstiaation‘ef patients with orthostatie hypotension,(68) ob-
served that their patients exereted about three times more urine at
night than during the day, which 13 & reversal of the normal night-to=
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day ratic. (79-83 T}my attributed the nocturnal @el"*uria m impmva&
kidney function at night caused by *’s}m increase in blood messmm 1n
ﬁw mmmbent neaitim. The gmater mw mf urine flow in ha re~
cumbent position in patients with orthostatic hypolension has been
confirmed Yy other workers,(65-7h) | |

 Results of the influence of postural change upon phenolsulfon-
phthalein exeretion in patients with orthostatic hypotension have been
conflicting: Bradbury and Zggleston found impairment of phenolsulfon~
phthalein excrstion in the standing posbure;(68) whereas, Christ and
Brown,(69) and, indspendently, Alvares and Roth,(70) found no impair-
mentt of phenvlsulfonphthalein excrstion in the erect posture.

Ghew, Allen, and Barker found no significant ehange in wrie acid
clearance in one of thelr patlents in the sitting posture as compared
with the recumbent posture.(71)

Studies on glomerular filtration rate and renal plasma flow in
patients with orthostatic hypotension have been done hy the use of ,
tilt-tables. Coreoran, Browning, and Page found marked decreases in
the inulln and diodrast clearances of g patient with orthostatic hypo-
tension tipped on & tilt-table to the 50° head-up position.(73} Mer-
rill reports marked decrsases in renal plasma flow and glomerular filt-
ration rate in one petient with crfhheataﬁc hypotension and in one
patient with a Smithwick a:rmpathwtar@‘, tipped to the 60° head-up pos-
ition on tilt-tables. However, Merrill ’S report mst be interpreted
in the light of his statement that in neither subject was any simul-

tansous fall in blood pressure observed.
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In summary, studies of remal function in patients with Qrthastatic
hypotension have béan confiﬁu& to mmrémnta of urine flow, phenol-
sulfonphthalein excretion, inulin ¢learance, diodrast eiaarlnm » and
urie acid elearance. No study of sodium exeretion in such patients
has besn found,
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METHODS

Studies of renal function were performed upon three patients
with orthostatic hypotension and upon one hypertensive patisnt undeyr
the influence of Dibenamine. Changes in renal funcition wers obtained
simply by requesting the patient either to assume a position of re-
cumbency in bed or to sit, stand quietly, or walk, In gensral, a
pericd of erect posture was interposed between two pericds of ree
cumbency, or a peried of recumbency was interposed between two periods
of upright posture. Arterial blood pressures, pulse rates, fluid in-
take and cutput, and the gemeral appearance of the patient were re-
mrdad-. Diets were unrestricted except for that zfeporbed in Experiment
6, in which the patient was fasting, and Exveriment 7, in which the
patient was on a "salt-free" diet (about 1.5 grams sodium chloride per
day). To assure an adequate urine output for urine volume measure-
ments the patients drank varying quantities of water at the beginning
of each study and throughout the course of the study. HNo intravenous
infusions were employed. Urine samples were collected without cathet~
srization, the patient standing or sitting to void. Blood samples were
withdrewn from an antecubital vein either at the midpoint of the urine
collection period or at the beginning and end of the urine collection
period.
_ The endogenous creatinine clearance was employed as a measure of
the changes in glomeruler filtration rate. Although endogenous creat-
inine clearance is usually slightly less than imulin clearance, evidence
is accumulating in the literature that this function is a reliadle meas-
ure of glomerular filtration rate.{84-87)
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Analytical Methods !
A, Determination of Sodium and Potassium. Sodium and potassium

ions were determined by means of a Rarclay Flame Photomoter with
lithiun ion employed as the internal standard.(88,89) The average
deviation of the sodium det;eminatfians was higher than usually re-
ported for such an instrument, averaging about 5%. Since the changes
in sodium exeretion were of the order of magnitude of 300% to 2000%,
the accuracy of the godium determinations was adequate for the purpose
at hand. The error was reduced by averaging mulitiple determinations.

B. Determination of Chlorides. Chlorides were determined by the
method of Volhard.(90)

C. Determination of Ammonia Nitrogen and Urea Nitrogen. Ammonia
nitrogen and urea nitrogen in urine samples were determined by an
aeration method described by West and Todd.(91)

D. Determination of Creatinine. Creatinine was determined in

urine and plasme by a modification of the method of Hare and Hare.(57)
This method allows for determination ¢f "true creatinine" and not total
"ereatinine chromogen', as was determined by some of the older methods.
The procedure is deseribed in details »

Urine samples were first tested with 20% trichloroacetic acid for
the presence of interfering protein. None was found in any of the
samples tested; had it been found, it would have had to be removed by
filtration or centrifugation. The appropriate urine dilution for the
creatinine determination was calculated from an empiricsl formula
devised by the writer: The Dilution {1:D) equals U/15,000 T in which
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U equals the total volume of the urine specimen, and T equals the
duration of the urine eollection peried, prrasaid in hours. The
urine was made up to approximately the calaulam‘ dilution in a volu=
mgtric flask. |

Protein-free plasms or serunm filtrates were prepared by adding
two parts of 20% trichloroacetic acid solution to three parts of a
123 dilution of plasma or serum. The mixture was well mixed and then
filtered. ‘

Into 15.0 ml. centrifuge tubes were pipstted 5.00 ml. of each
of the following: distilled water; diluted urine unknown; proteln-
free plasma or serum filtrate unimown am:i creatinine standard solu-
t:!.w_as containing two, four, and eight micrograns of ereatinine per
ml., respectively. Duplicates wers prepared of the unknowns. After
edding 0.5 ml. of saturated aqueous oxalic acid solution and approxi-
mately LS mg. of Lloyd's Reagent (hydrated silica) to each tube, the
tubes were coversd with Parafilm and shaken vigorously at intervals
for a period of two minuies. The Parafilm was removed, and ﬁm tubes
were centrifuged at 2000 RPM for from thres to five minmutes. The
#upamtant was decanted; the tubes were inverted over a paper towel
to drain for five mimias. During the mm.m fresh alkaline picrate
solution was prepared by adding one part of 10% sodium lvdrb!ide to
five parts of V-O.Oh ¥ pleric acid and &il&iing the mixture with twelve
parts distilled water. Into each of the centrifuge tubes 10.0 ml, of
this solution were pipetted. The tubes wers covered with Parafilm and
shaken vigarm:.alﬁ' to break up the impacted sediment. They were then
allowed to stand in a rack for tem minutes with occasionsl shaking to
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allow for full color development. The Parafilm was removed. Followe
ing five mimtes of centrifugation at 2000 RPM the supernatent was
poured into Corex cuveties and the optical densities read a‘ﬁ 500
millinmicrons in & Beckman Model "B Spéutmp!mtomt&m

When the distilled water blank was set ab serc absorbance, the
optical densities of the ereatinine standard sclutions were found to
vary linearly withﬁemontratian; The concentrations of the unknown
creatinines were determined by proportion. Duplicate determinations
usually agreed within 2% and did not exceed 5%.
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RESULTS

Protocols of the individugl studies including tabular and grap;:ia
representation of results are presented below. A swmary of the rew
sults appsars on Page 38.

Data concerning fluid intake, urine ocutput, and urine speeific
gravity are listed in Tables I to VII.

In Figures 1 to 7 the postural varistions in urinary sodium exe
eretion are depicted graphically with the simltanesus variations in
either endogenous ereatinine clearance® or in urinary creatinine exe
eretion. In those cases in which serum gsodium was moasured the filtered
sodium load, which is equal tqthm product of the endogenous creabinine
¢learance and the serum godium,** is also shown.

In Figure 8 the simltaneous excretion rates of potassium, ammenia
nitrogen, and ures nitrogen are graphed with the postural changes in
the ersatinine and sodium excretion rates.

‘{i}'rmary chloride excretion rates were determined in all pases.
3ince the urinary excretion rate of chloride closely agreed in nA g
nitude and direction of change with that of sodium in all instances,

the data concerning chloride excretion are not presented.

* Zndogenous creatinine clearances are uncorreeted for body surface
area.,
#¥* Qorrection for the Donnan Equilibrium end for plasma water content

iz not applied,
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Protocols:

Experinent 1

HeBs, a patient in the U.3, Veterans Hospital, Portland, Oregon,
was diagnosed as having orthostatic hypotension. Detailed history is
not avallabdle, “

From 10230 p.m., June 8, 1950 to 7:30 a.m., June 9, 1950 the
patient wae recunbend. Most of this time was spent in glesp. From
7230 aum. to 3:30 pam., June 9, 1950 the patient was either in the
sitting or standing postures. Some time was spent in walking.

Diet and fluid intake were not regulated.

The data are ineluded in Table I and in Figure 1.

Table I
e POSITION URINE OUTPUT URINE SPECIFIC
GRAVITY
10:30 p.m. ,

to Recumbent 715 ml. 1.01%
7430 gone
?QBG - 9%, Y

to Upright 163 wl. 1.025

3130 puma



CREATININE EXCRETION
(MG./MIN.)

SODIUM EXCRETION
(M-Eq./7MIN.)

u.ooi
o.soi
0.80F
0.40}

0.20F

0.10
o.osj;
: o.oeg
. 0.04

0.02f

FIGURE |
PATIENT H.B
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JUNE 8-9, 1950

UPRIGHT

2 4 6 8 10 12 14 16
TIME (HRS.)

UPRIGHT

2 4 6 8 10 12 14 16

TIME (HRS.)
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| Experiment 2 4 | |

FuB., a patient in the U.8. Veterans Hospital, Portland, Oregon,
had idiopathic orthostatic hypotension. Detailed history and physical
findings are presented in Appendix I.

The patient remained recumbsnt from 10100 p.m., December L, 1950
until 6:00 a.m., December 5, 1950, For the nmext sixteen hours the
patient was in sither the sitting or standing positions. Some walking
was done.

Diet and fluid intake were unreétricm.

The data are presented in Table II and Figure 2.

Table IT
TINE POSITION URIRE OUTPUT URINE SPECIFIC
. GRAVITY
10:00 pem. '
o Recumbent 1510 ml, 1.008
6400 a.m.
68m B0l ‘
to Upright Ll md, 1.028
2100 Pelile
2:00 pum. _
. ' Tpright 302 ml. 1.031

10:00 p.n.
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FIGURE 2

PATIENT F.B. DEC. 4-5, 1950

1.00

0.80

0.60

(MG./ MIN.)

0.40

= UPRIGHT UPRIGHT

CREATININE EXCRET/ION

2 4 6 8 10 12 14 16 18 20 22 24
TIME (HRS))

0.30

0.25

0.20

]

0.18

0.10

(M-Eq./MIN

0.05
UPRIGHT UPRIGHT

SODIUM EXCRETION

2 4 6 8 10 12 14 16 18 20 22 24
TIME (HRS))
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BExperiment 3

The patient, F.B., the same as in Experiment 2, was hospitalimed
at the Multnomah County Hospital, Portland, Oregon from Jamuary 23,
1951 to Jamery 2L, 1951 with & diagnosis of orthostatic hypotension.

Details of history are presented in Appendix I. Average blood WWMu
when the patlent was in the recumbent position was 130/80; pulse, 6h.
The patient's blood pressure while standing was 95/80; pulse, 90, The

data ere presented in Table I and in Pipure 3.

TINE

?!15 Pelis
to '
10:05 Poille
10:0% p.n,
to
11‘05 Pellle
11:05 pam.
to
3395 Balle
3’&5 BeTle
to
?f(}s Sulle
7805 gum.
8“395 agmf
8105 a.m.
to
11!05 BaTle

11:0% a.m,.
‘o

3517 pQRXQ,

331? Pelis
o
7:00 pom.

Table III

POSITION WATER DRUNE URINE GUTEUT URINE SPECIFIC
. CRAVITY

Standing 800 ml, 175 ml. 1.010

Recumbent 385 ml, 1.001

Mnumbent 1905 ml. 1'003

Recumbent 285 mi. 1.013

Standing 500 ml. 22 ml.

Standing 25 ml.

Standing 500 ml. L5 =3, 1.028

Standing 800 ml. 85 ml, 1.027



ENDOGENOUS CREATININE
CLEARANCE (ML./MIN)

FILTERED SOoDIUM
LOAD (M-Eq./MIN.)

SOOIUM EXCRETION
(M-Eq./MIN)
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FIGURE 3
PATIENT F.B. JAN. 23-24 195
125
l00F
75F
50F
ST, STANDING
o5}
2 4 6 8 10 12 14 16 18 20 22 24
TIME (HRS.)
20r
6k
12
sl - E
ST. STANDING
4L—
> 4 6 8 10 12 14 16 18 20 22 24
TIME (HRS.)
0.161
0.12F
0.08F
0.04f _] STANDING
ST. |

8 10 12 14 16 18 20 22 o4
TIME (HRS)
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Experiment h

This study of patient, P.B., about one year after Experiments
2 and 3, was done following a prelininary check of the patient's blood
pressure, which was 110/70 in the recumbent position and 60/L0 in the
standing position, despite his wearing elastie stoclkings.

The patient was nmot hospitalized but was instructed carefully
in the collection of urine samples at home,

Diet and finid intaks were unrestricted.

The patient remained recumbent from 7:45 p.m., December 15, 1951
to 6130 aum., December 16, 1951. He then arose and remained in the
upright position, eilther sitting or standing, from 6330 a.m. until
4100 pum., December 16, 1551,

The data are presented in Teble IV and in Figurs L.

Tabla IV
TIME POSITION URINE OUTPUT URINE SPECIFIC
QRAVITY

TshS pem. ‘

o Recumbant 1010 =1, 1,015
6230 a.m.
?31‘6 BaTe '

to ‘ Upright 310 md. 1.035

L:00 pem.



CREATININE EXCRETION

SODIUM EXCRETION

(MG. 7/ MIN.)

(M-Eq./MIN)

1.40

.20k

1.00

0.80

0.60

0.40

0.20

0.20

0.15

0.10

Q.09

FIGURE 4
PATIENT F.B.

DEC. 15 - 16,195I
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The gubjeet of this experiment, F.B., the same as in Experiments
2 to L, was studied in the Department of Physiology, University of

Oregon Medical School on Jamuary 3, 1952. His average bleod pressure
in the recumbent position was 160/90; pulse, 6Li. At the standing

position the patient's average blood pressure was 100/ 753 pulse, 80.
The patient ate breakfast at home prior to eoming to the laberatory.
Lanch was esaten in the school cafeteria, Dinner was refused. The

data are presented in Table 5 and in Pigure 5.

TINE

8315 s.m.
to
12153 p.m.
1?153 Pally
%o s
5:1}-} Palle
5¥1h Delile
to
6117 p.m.
6!1? Palle

to
8500 pame

Table V

POSITION  WATER DRUNK URINE OUTPUT

Recumbent 500 ml.

Stauding & 1000 =1,
walking

Reeumbent 250 ml,

Recumbent none

1860 ml.
9L ml.
192 ml.

9Lo ml,

URINE SPECIFIC
GRAVITY
1.008
1.021

1.007

1.003
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FIGURE 5

JAN. 3, 1952
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Experiment &

V.L.; 8 hypertensive, tuberculous patient, was studied ab the

University State Tuberculosis Hospital, Portland, Oregon on December

31, 1951, while under the influence of Dibenamine, administered as a

diagnostic test for possible pheochromocytoma. Additional details

are presented in Appendix I.

No food was sllowed for twelve hours prior to the test and for

the duration of the urine c¢ollection pericds.

Renal function studies were performed with the patient in the

recumbent position and in the partial sitting postm with the head,

nack, and trunk slevated 30° to L5° from the horizontal by means of

willows.

A more vertical sitting position was not employed due to the

patient becoming nauseated. The foot of the bed was elevated on shosk

blocks for a brief pericd (Table VI, "Jead-down 27 mimites®”).
The patient's blood pressure averaged 195/125 in the recumbent -

position; 160/110 in the partial sitting position.

The data are included in Table VI and in Pigure 6.

D

2‘55 Defls
to
5350 Peliis
5150 p.m.
to :
8‘55 pd‘fh
8355 Pellle
o
9350 Pelle
9!5@ ptm%

o
12306 a.m,.

POSITION

Reounbent

Sitting

Head-down
27 min,

Reeunbent

18 nin.
Recunbent

Table VI
WATER DRUNK URINE OUTPUT  URINE SPECIFIC
GRAVITY
1040 ml. 76 ml. 1.035
800 wi. 167 ml. 1.015
500 ml, 277 ml. 1.005
150 ml. 632 ml, 1.003



ENDOGENOUS CREATININE
CLEARANCE (ML./MIN.)

FILTERED SODIUM
LOAD (M-Eq./MIN)

SODIUM EXCRETION
(M-Eq. / MIN)

FIGURE 6
PATIENT V.L.

125

DEC. 31,

ook
75}
50}

_ SITTING
25}
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TIME (HRS)

SITTING
4 5 & T 8 9
TIME (HRS))
O.12r
0.10
0.08
0.06
0.04
SITTING
0.02
. ; L li
4 5 6 7 8 9

TIME (HRS))
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Experiment 7

H.G+ wag heospitalized at the Wultnomah County ?iaapim s Portland,
Oregon with dlagnoses of pernicious anemia and arthasﬁatic hypotension.
See Appendix for details. -

The patient had been on a "salt-free" diet (1.5 gm. WaCl/day) for
at least ten days prior to the remal function studies and was maintained
on the same diet for the duration of the studies.

She drank 200 ml. of water at tize beginning of the experiment and
then 100 ml. of water hourly until ifts conclusion.

During the upright period the patient sat in a wheelchair most M
the time., Two pericds of ambulation, each of twenty minutes duration,
were included in the upi-ight period.

Blood pressure while the patient was recumbent averaged 100/70;
pulge, 56. Blood pressure teken while the patient was in the sitting
position was not audlble--systolic impulse was palpated at the radial

artery at %0 m. of mergurys pulse, 72.
The data are presented in Table VII and in Figure 7,

Table VII
TIUE POSITICH WATER INTAKE URINE QUTPUT URINE SPECIFIC
' ORAVITY
8¢35 a.m. '
to Recumbent 1100 mle 13-&2 mle 1.002
11129 a.m.
11529 a.m. Sitting
to and 350 ml. 160 ml. 1.00k
2530 pam. Wallring
2430 pema
to Recumbent 35;(} e Miﬁ mle 1,000

5¢30 p.n.
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FIGURE 7
" PATIENT HG. APRIL 8,1952
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Figure 8

The data depleted in Figure § were obtained during the course
of Bipertanit 3. The measurements were nede similsensensly with those
shovm in Figure 3.

The exeretion rates of various substances are arranged in Figure 8
according to the mammer in which they are excreted by the kidney.

From top to bottom of Pigure 8 are preuntad: ammonia nitrogen,*
& substance which enters the urine mainly by tubular seeretion; potas-
aium, a substance which enters the urine both by %ubular gsecretion and
by glomerulsr filiration; ereatinine, a substance which enters the
urine solely by glomeraler filtrationy urea nitrogen,* a substance ‘wmfeh
enters the urine only by filtration, but which alge back-diffuses into
the peritubular capillaries at a rate dependent on the rate of urine
flow; and lastly, sodium, a substance, which in addition to entering
the urine solely by filtration and in addition to back-diffusing, 131
also reabsorbed actively by a tubular transport mechanism,

The relative effest of the decrsased glomerular fi}.tration rate
(about 50%), occurring during the finsl standing period, upon the
exeretion of these different substances is readily apparent: ammonia
nitrogen excretion is affected least; sodium, most of all,

*Ammonia ni%rogan is used to represent ammonium salts; urea nitrogen,

to represent ures.
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FIGURE 8

SIMULTANEOUS EXCRETION OF SUBSTANCES IN
URINE OF SUBJECT F.B. JAN.23-24, 195!
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Swmmary of Results. The renal exeretion of sodium was found to

decrease girikingly in ‘all of the patients with orthostatic hypotension
when they assvmed the upright posture after & period during which they
were recumbent. 4 marked percentage of decrease in sodium exeretion
while the patiemt was in the upright posture occurred even in Experiment
7, in which the patient was on a "salt~free" diet and excreting only
mimite quantities of sodium during the control peried. In 21l subjects,
with the exception of the hypertensive petient under the influence of
Ditenamine, the sodium excretion of the pat:h;xta in the upright posture
fell to less than 50% of the rate during recumbency.

Decreases in glomerular filtration rate and filtered sodium load
were observed to accompany the decreased sodium exereticn rate induced
by the upright posture. Relatively small percentage decreases in
glomeruler filtration rate or filtered sodium load were accompanied by
relatively large decreases in sodium exeretion rate.

In three experiments, 3, 5, and 6, filtered sodium load and urinary
sodium excretion were found to change simulbanecusly in oprosite direc-
tions. A similar result is suggested by Experiment ki, in which urinary
sodium excretion decreased while wrinary ereatinine excretion increased.

In Experiment 5 restoration of the glomerular filtration rate and
filtered sodium load to the levels obtained whils the patient was in
the recumbent position ocourred without restoration of urinary sodium
excretion. A similar result is suggested by Experiment 2, in which
urinary creatinine excretion returned to the value pbtui'ned during the
period of recumbénay, while urinary sodium excretion remained depressed.
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On the other hand, in Experiment 7, urinary sodium exeretion
returned to the value obtained while the patient was recumbent in
spite of the fallure of the filtered sodium load to return to the
level observed during recumbency,

In Experiment 3, Pigure 3, during hour 12, a decrease in godium
excretion is seen to accompany a decrease in the endogencus creatinins
clearance. During hour 13 a further decrease in sodium excretion
ocours in the face of an unchanged glomerular filtration rate and
filtered sodium.load., While it is possible that the urine sample of
hour 12 may have been contaminated with sodium from the urine of
hours 8 to 12, inspection of Figure 8, conscerning the same experiment,

reveals no corresponding trend in the excretion of ammonia nitrogen

or potassium,
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DIsCussion

In patiente with orthostatic hypotension renal sodium excretion
decresses markedly when the subject sssumes the standing posture.
The decreased sodium excretion in the upright posture is accompanied
by large decromses in glomerular filtration rate and filtered sodium
load. This is in contrast to the situation in the normal individual
in the upright posture, in whom, at most, only minor decreases in
sodinm exeretion and glomerular filtration of sodium may oceur.(h?)

That glomernlar-tubuler imbalance plays a role in the dscreased
sodium excretion is indicated by the results of Experiment 3 shown in
Figures 3 and 8. Ammomia nitrogen and potassium, substances excreted
by tubular aee:refhian,_ are little affected by the decrease in glomer-
ular filtration rate oceurring during the second stending period.
Creatinine, a substance which is exereted only by glomerular filtra-
tion, is decreased proportionately to the filtration rate. In the
case of urea, a substance not resbsorbed by an active process, the
greater percentage decrease in urea excretion as compared with the
percentage decrease in glomeruler filtration rate constitutes svidence
for glomerular-tubular imbalance. Sodium, like ures, is also a freely-
diffusible substance. Therefore, glomernlar-tubular imbalance may also
account, in part, for the greater percentage decrease in sodium excre-
tion as compared with the percentage decrsage in filtered sodium load.
The finding of a greater percentage decresse in the excretion of
sodium sz compared with uree may be explained by the supposition that
the active cellular iransport mechanism for sodium is also contributing
te the glomerular-tubular imbalance.



1

In the present study it is demonstrated thal, in man, alterations
in the tubular reabsorption of sodium may oeccur indspendsntly of chanpes
in filtered sodium load. In Experiment 3, Figure 3, during the re-
cunbent peried, sodiun exscretion ie sesn to increase whils filtex;sd
sodiwm load is decreasing. During the eaxly part of the second period
of standing, & marked decrease in sodium exeretion occurs in the face
of an unchanged filtered sodium load., During the last period of stand-
ing, sodium load tends to be restorsd towards control values without
an accompanying increase in sodium excretion. In Experiment 6, Figure &,
during hour 6, sodium excretion increased in spite of a decreasing fil-
tered sodium load. In Experiment 7, Figure 7, filtered sodium load re-
mains below the level observed during the last recumbent period, while
sodium excretion returns to above the control level.

The results suggest that changes in sodium exeretion which are due
to glomerular-tubular imbalance occur rapidly, whereas the adjustments
in tubular reabsorption cscurring independently of changes in filtered
sodium load oceur more slowly. During the recumbent period in Bxperiw
ment 3, Pigure 3, an irmediate i‘iﬁn in filtered sodium load is accom=-
panied by & gradual incresse in sodium exeretion. In the same experi-
ment a sudden decrease in filtered sodium load is accompanied by a
similtangous deerease in sodium exeretiony however, a further decrease
in sodium exeretion occurs with the passage of time, in spite of no
further change in filtered sodium load.

The mechanism for the changes in tubular reabsorption ceecurring
independently of changes in glomerular filtration rate and filtered
sodium load remains unknown. Possible mechanisms would include
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nervous and hormonal influences, and, pessibly in sddition, changes in
intrarenal pressure relationships. The pressure gradient betwean the
glomerulus and the peritubuler capillary bed, as affected particularly
by alterations in the tomus of the efferent arteriocle, may be antiei-
pated to be of importance. This idea is in agreement with the con-
clusions of Kaplen, Fomon, and Rapoport.(25).

The present work suggests thal in normal man a sudden large
e%aere@s& in glomeruler filtration rate and filtered sodium load from
any cause may vasult in greatly decreased sodium excretion. Later
adjustments in tubular reabsorpbion; occurring independently of glome
erular filtration rate and filtered sodium load, may tend either %o
restore or to decrease sodium exeretion further depending upon variables
not yet clearly idemtified.
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SUMMARY

The relabive importance of the glomerular filtration and the
tubular reabsorption of sodium upon sodium excretion by the kidney
recenily has been the subject of many investigetions in both man and
experimental animals. Some wrkers have demonmstrated that changes in
renal sodium excrstion are frequently aceompanied by somewhat parallel
thanges in glomerular filtration rete. Others have revorted changes
in sodium exeretion occcurring independently of changes in glomerular
filtration rete. Two schools of thought concerning the mechanism by
which the kidney regulates sodium exeretion have developed: 1) the
concept of glomerular-tubular imbalance, according to which changes in
the tubular mabéerptian of sodium are comsidersd secondary te changes
in glomerular filtration rate, and 2) the concept of tubular reabsorp-
tion varying independently of glomerular filtration rate.

To prove the oosurrence of changes in the tubular reabgsorption
of sodium it is necessary to demonstrate different rates of sodium
excretion at the same filtered sodium load or to show that sodium ex-
cretion and filtered sodium load are changing in opposite directions.
Host investipgators claiming to have demonstrated altered tubular re-
abgorption of godium have not measured filtered sodium load.

Ho prior studies of sodium exeretion in orthostatie hypotension
have been reported. In the present study the effect of posture upon
renal sodlum exeretion in orthostatie lm:éi:ensfian has been observed,
filtered sodium loads have been measured, and the changes in sodium
exoretion have besn interpreted in terms of alterations in the glom-
erular filtration and tubular reabsorption of sodium.
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Three patients with orthostatic hypotension and one hypertensive
patient under the influence of Dibenamine assumed the recumbent and
upright poatugea for varylng pericds of time. No intravenous ;nmaiom
wers emplayud s but the patients were given moderate quantities of water
to drink. The total urine output fer cach period was collscted and
saved separately. Venous blood samples were withdrawn either at the
middle of each urine collestion period or at the beginning and end
of each period. Urine samples were analyzed for sodium, r:hlor:i&e s and |
creatinine. In one experiment the urine was also analysed for potassium,
urea nitrogen, and ammonia nitrogen. Serum or plasma samples were ana-
lyzed for sodium and cmatinine.‘ $oditm: a.n.d‘ potassium were determined
by means of & Barclay flame photam-ter with lithium ion serving as the
internal standard. "True matir!inn“ was determined by the method of
Hare and Hare.(87) Chlorides were deternined by the method of Volhard,(%0)
Urea nitrogen and ammonia nitrogen were determined by the asration method
of West and Todd,(91) The endogenous crestinine clearante was used as a
maﬂﬁn of the glomerular vﬁl&r&ti&;& rate, Filtered sodium loads were
caleulated as the product of the glomerular filtration rate and the
serum sodium concentr#tion. ‘ ‘

Large desreases in the rates of urinary sodium excretion and in
glomerular filtration oeccurred when patients with orthostatic hypotension
were in the upright posture. Whem they returned to the recumbent posture,
sodium excretion was not restored immediately in spite of the immediate
increases in filtered sodlum load. Other examples of sodium exeretion
varying independently of filtered sodium load were observed. Thus, proof
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was obialned of altered tubular resbsorpiion of sodlum oceurring in
MAan . ,

It was concluded that the decreased sodium exeretion found to
cecur in patients with orthostatic hypotemsion when in the upright
posture is partly dus to the decrsaesed load of scdium filtered and
partly due to changes in tubular reabsorption that are independent
of filtered sodium load.



AFPENDIX
Case Histories

F.B.

F.B. was & 65-year old white male meat-cutter of (erman descent
who, during the years of 1946 ¢o 1548, noticed occasionsl eplsodes
of "light-headedness® and a feeling as though he were going to faint.
In June 1948 and in May 1950 he emperienced episodes of syncope while
in the stw:ﬁng position. The symptoms usually ocourred in the moraing
at gbout 10100 awm. He was hospitalised in the 7.8, Veterans Hespital
from October 18, 1950 to December 23, 1550 where the diagnosis of ortho-
static hypotension was made. Treatment comsisted of supplying the
patient with a tightly fitting elastie abdominal bdbinder and elastic
stockings. Since wearing these hls symptoms were ralievadpntimlm
He was admitied to Multnomsh County Hospital on Jamuary 23, 1951 for
renal function studies. Review of systems disclosed that the patiemt
tired easily at work and had nocturia three %o five times per night.
Pagt history, family history and social hisztory were all non-contribuw
torys Physical examinstion: Temperature $7.0° F.; Bloed pressure 1L0/90,
rémmxbant; 100/80 standing; Respiration 16j pulse 6k reg. General appear-
ancet SSwyear old, well-nourished, well-developed, white, male, appear-
ing younger than his ages vight pupil 3 mm. in diameter; left, 2 mm.
S1light increass in tortuosidy of retinal arterioles. Pale conjunctivae
and oral rueous membranes. Truchterbrust. ¥Fine and medium resonant v
rales in laft base,. Frostate slightly enlarged but of normal shape and
consistency. Varicose veins on lower :xtremiﬁi&s.‘ The remainder of
the complete examination was normal. A survey chest film was reported

Hglﬁi?& .
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» V.l

¥.L. was a L2-vear old, white male truck driver, who entered
the Hnivga-aity State Tubgrculogis Hospltal for the second time on
December 10, 1951 with a diagndsis of far-advanced bilateral pulmon-
ary tuberculosis with bllatersl therapeutiec pnsumothorax. Past
history included four prior hospitalisations for pulmonary tabercu-
losis, On physical exeminstion, admission blood pressure was found
to be 180/130. Subsequent blood pressure readings taken at differ-
ent times during the day for a pericd of oms week ranged from 160/116
to 210/150. A& blood pressure reading during his first admission had
been 150/100. Dilution and soncentration test, performed December 1k,
1951, disclosed dilution to 1,001 and concentration to 1.031. Intra-
venous pyelograms rovealed fio sbnormality. EEKC was normal. A Dibena-
mine test for detection of pheochromocytoma was performed on Jamuary L,
1952. There was no fall of blood pressure while the patlent remained
in the supine position., Clinical diagnosis was essential hypertension.
On Febmary 16, 1952, in sddition to a decortication of the right lung
with resection of the apical and posterlor segments, the patient had
en ipsilaterel sympathestomy from the second thoraeic to first lumbar
ganglia. The sympathetic chain and splanchnic nerves were removed.
Plood pressure on May 13, 1952, three wmonths postoperatively, averaged
160/105.
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HoGs

HoGo. was a 73-year old, white female of Swedish descent, who in
spite of treatmemt of her pernicious amemis with Vitamin Byg, com=
plainted of severe dizziness in the standing position. In the oute
patient clinie on March 12, 1952, her blood pressure when she was
standing was found to be 60/L0; recumbenmt blood pressure was 110/70.

She was admitted to Multnomah County Hospital on March 25, 1952, She
related a history of repeated episodes of "1ight-headedness” followed
by syncope since she was 2L years of age. The syncope always poourred
while she was in the standing position and could be prevented by sitting
down. In 1945, the character of the episodes changed. She would not
lose conseiousness, but everything would look "woozy", she would get a
weak feeling in her legs and would fall to t;xe ground. 8&inee treatment
with Vitamin Bya, the symptoms scemed to havs decressed somewhst, Past
history :'mcludad hgap&taiimtian in May 1951 for acute chest pain, rapid
pulse, hypotension, pulmonary edems, and rapid sedimentation rate. EKG
was non-contributory at the time but one month later revealed a non-
speocific abnormal tracing suggestive 9f old posterior wall infarction.
Physical examination: undernourished, alert T3<year old female.

Blood pressure 116/62 recumbent; 1086/62 standing, Pulse 60, reg.

Resp. 20, Temp, 97.8'F. Rt. pupil L mm. in dimmeter; left, 6 mm. Bi-
lateral cataracts. Tongue more smooth than normel. Left heart border
at mid-clavicular line. Soft systolic apical blowing murmur. Sharp,
slightly tender liver edge palpated 7 em. below right cosial nargin.
Romberg test was posilive. Loss of vibratory sense on right to iliae
crest, and also much reduced on left. Position sense impsired. Labora-
tory: 13.3 gn, hemoglobin. RBC L7 million, WBC 7,700, 34% gramlecytes,
k5% lymphocytes, 13% monocytes, L# cosinophils. Sedimentation rate /11,
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Chest X-rey revealed heart to be of normal size. RKG suggested in-
complete A~V block, borderline.
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