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Renal Hernodvnamic Studies in Acute Renal Failure

by Henry Y. M. Fung

ABSTRACT

The clinical syndrorne of acute renal failure generally refers to

the potentiatly reversible acute suppression of renal function which

occurs in a variety of clinical settings, particularly following hypoten-

sion, rnajor traurna, sepsis and the ingestion of nephrotoxins. The dis-

turbances in renal function persist long after alleviation of the precipita-

ting events, and the restoration of flow and function to other regíonal

vascular beds. It is now generally accepted that the severely depressed

renal function is secondary to a rnarkedly reduced glornerular filtration

rate presurnably due to a persistent decrease in renal cortical blood

flow.

Using the glycerol-induced acute renal failure rnodel in the rat,

we have demonstrated that the severity of functional irnpairment can be

reduced by alpha adrenergic blockade using phenoxybenzarnine, prior

renal denervation, and by prior renal denervation with chronic salt

loading. This irnplies that the syrnpathetic nervous system plays a

significant role in the developrnent of acute renal failure.

A new experimental rrrodel for the study of renal hernodynarnics

in acute renal failure has been developed in the dog. This involved the

prolonged infusion of noradrenaline directly into the renal artery and
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resulted in the production of unilateral acute renal failure. Systernic

equipressor infusions of noradrenaline given intravenously, angiotensin

II or vasopressin given into the renal artery did not result in sirnilar

functional irnpairrnent. This noradrenaline- induced rnodel was found

resernble the human lesion both histologically and in the evolution

hernodynarnic and functional changes. Intrarenal blood flow distri-

bution, as assessed by the Xunorrl33 washout technique, and, renal

renal arteríography, dernonstrated a general reduction in cortical

blood flow. Prior phenoxybenzarnine blockade prevented the develop-

rnent of noradrenaline-induced renal ischernia and renal failure. This

latter finding is consístent with the hypothesis that the initiation of

acute renal failure can be purely a vascular event.

Renal vascular responses to acetylcholine and volurne expansion

in the dog, and to phenoxybenza:rnine in both the dog and in rnan showed

sirnilar qualitative changes in acute renal failure as in norrnally func-

tioning kidneys. It is proposed that the persistent increase in renal

cortical vascular resistance seen in acute renal failure rnay be due to

a change in the physiologic character of the renal vasculature. Once

established, acute renal failure is probably an intrarenal event.
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INTRODUCTION



A. Staternent of the Problem

Acute renal failure in the hurnan is observed in a wide variety

of clinical settings, most often involving rnultiple contributing factors

such as salt depletion, hemorrhage, hemolysis, trauma or sepsis

(Merrill , L960; l97t). Irrespective of antecedent events, a fairly uni-

forrn pattern of renal irnpairment is recognized. This is characterized

by gross reduction in glomerular filtration to levels usually less than

5To of. norrnal (ButI et aI.1950; Sevitt, 1959; Jaeinke et al. L967). Total

renal blood flow is reduced to Ievels of 30 to 50To of norrnal (Walker

et al. 1963; Brun and Munck, 1964), and renal cortical blood flow is

proportionately Iess than other areas (HoLlenberg et aI. I96Ba; Hollen-

berg et at. 1970 and Ladefoged and'W-inkler, 1970). These hernodynamic

changes are associated with reduction or absence in aII modaLities of

renal excretory and regulatory function. Finally, these disturbances

persist long after alleviation of the precipitating events, and the restora-

tion of flow and function to other regional vascular beds. The associated

disturbances in body fluid horneostasis result in a clinical entity referred

to as acute renal failure.

It is now generaliy accepted that the above described intrarenal

events in established acute renal failure invoLve a persisting high resis-

tance to blood flow (HoIIenberg et ai. l96Ba). However, neither the

mechanisrns responsible for their production nor for their persistence

have yet been delineated. Several authors have comrnented on the
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f requent disparity between the rnarked depression of renal function and

the lack of concomittant structural abnormality (Brun and Munck, 1957;

sevitt, L959; Finckh, L962 and olsen and skjoldborg, L96T) and, have

suggested a significant functional elernent as being the basic derange-

rnent. So far, due to the cornplex clinical situations where acute renal

failure occttrsr atternpts to study the early events in clinical acute renal

failure have been largely unrewarding. Obviously, one wishes to avoid

such a cornplication and there aïe inevitably multiple unrneasured and

usually uncontrollable variables which harnper objective evaluation.

In addition, atternpts in the hurnan to reverse the dernonstrated changes

in renal hernodynamics once established have been urìsuccessful , and

a cause- effect relationship between these changes and the absence of

renal function rernains inferential .

Previous atternpts to produce an experirnental animal rnodel-

resernbling human acute renal failure have rnet with lirnited success.

Those rnost closeiy mimicking the functional and histologic changes of

the human counterpart have involved srnalI animals such as the rat.

These have included renal failure induced by the parenteral adminis-

tration of methemoglobin (Teschan and Lawson, 1966; and Ruiz- Guinazu

et a1. 1967), globin (Menefee et al. 1964 and Henry et aI. 1968),free

hemoglobin (Mason et aI . L963), dichrornate

uraniurn and heavy rnetal salts (Flanigan and

salts (Biber et al. I968),

Oken, 1965; and Biber et

Finckh, 1959; Carroll et algl-. t96B) and glycerol (Cameron et a!. L956;
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1965; and Oken et aI. 1966). Micropuncture data derived frorn such

small anirnal models has provided direct confirrnation that a failure of

glomerular LTltration is responsible for the virtual absence of renal

function, and further, that the reduced filtration rate is probably not

due to tubular obstruction by cast forrnation, or to back diffusion of

filtrate (Flanigan and Oken, 1965; Oken et gL. L966; Ruiz-Cuinazu et al.

1967; Thiel et el. 1967; Wilson et aL. 1967, 1969; Henry et aI. L968;

Biber et aL. 1968; Barenberg et eL. 1968; Oken et aL. 1970 and Flamen-

baurn et al. I97l). These rnodels have also provided data suggesting

a possibie role for the renin- angiotensin system in the genesis of the

lesion (McDonald et al. L969; Thiet et gL. 1970; and DiBona et al. L97L).

However, the procedures used to change renin activity rnay aiso produce

changes in sympathetic nervous systern activity and potentially intra-

cellular- extracellular ionic distribution as well, aII of which rnight be

expected to influence vascular reactivity and resistance to flow. In

addition, srnalL anirnal rnodels do not readily lend thernselves to the

study of ongoing hernodynamic events.

While a large anirnal rnodei such as the dog would obviate sorne

of these difficulties, previous attempts have rnet with lirnited success.

Studies of total renal blood flow during hernorrhagic hypotension have

shown a rise in resistance to flow which can be diminished by prior

denervation or modified by adrenergic agents during hernorrhage
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(Brandfonbrener and Geller, I95Z; Handley and Moyer, 1954; Hollenberg,

L965; GiII and Casper, L969; and Bell and Lister, I97O). UnfortunateLy,

with hernorrhagic hypotension, the dog either succumbs to the shock

producing procedure or survives without renal sequelae. The intra-

venous administration of vasoactive agents such as catecholarnines,

angiotensin, or hemoglobin has resulted in only transient depression

of renal function (Harrison et aL. 1947; Goldberg, L962; Hatcher et al.

196?; and Ruiz- Guinazu, L97I). Renal artery clarnping produces irrever-

sible cortical necrosis (Phillips and Harnilton, 1948; and Harnilton,Lg48).

In surnrnary, available evidence suggests that the prirnary dis-

turbance in acute renal failure is a gross reduction of glornerular

filtration. Studies to date have suggested that this is due to a rnain-

tained increase in vascular resistance, but have so far failed to define

rnechanisrns involved in production oï persistence of these phenomenon.

A rnajor barrier to the elucidation of pathogenesis has been the lack of

a suitable large anirnal rnodel and techniques which would permit close

study of developing intrarenal events unrnodified by factors taking place

elsewhere in the body as a result of the procedure used to induce the

renal lesion.

B. Choice of Experimental Model

To date, the rnost consistently reproducible models of acute

renal failure have employed dehydrated rats subjected to a variety of
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noxious stirnuli. Of these, the glycerol- rat model initially developed

by Oken and his colleagues (1966) has been rnost intensively studied.

In this rnodel, the histologic and functional changes observed following

the intramuscular injection of glycerol, as well as the propensity to

late recovery of function, closely rnirrors hurnan acute renal failure

(Thiel et aL. L966). In addition, the severity of the Iesion can be

titrated against the dose of glycerol. Unlike rnodels involving the

parenteral adrninistration of globin and its derivatives, dichrornate,

uraniurn or heavy rnetal salts, the initial renal insult following intra-

rrruscular glycerol resembles crush injuries in rnan. Although this

rnodel does not lend itself to direct measurernent of renal hemodynamics,

it is particularly suitable for studying the effects of the various pre-

treatrnent regirnes on the eventuaL outcorne of the lesion.

The wealth of hernodynamic data available in the dog, and the

size of the anirnal rnake it particularly suitable for studying the role of

renal blood flow in acute renal faiLure. Current studies in this Iabora-

tory have involved the developrnent of a dog rnodel of acute renal failure,

using the infusion of noradrenaline into a single renal artery. This

rnodel is reproducible, closely resernbles hurnan acute renal failure

functionally and histologically and obviates the difficuities of secondary

systemic effects by maintaining a norrnally functioning contralateral

kidney. It has been used for many of the studies reported in this thesis.
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Finally, extrapolations derived from hypotheses based on anirnal

experirnentation to the clinical situation has to be verified uitirnately

in the hurnan. For this reason, certain aspects of renal hernodynamics

in established hurnan acute renal failure are also included in this study.

C. Purpose and Scope of Studv

The purpose and scope of study can be summarized as follows:

t. To design a reproducible experirnental anírnal rnodel which

closely rnirnics known changes in renal function and hernodynamics

observed in human acute renal failure. AIso, with this model, it

should be possible to rnake renal hernodynamic rrleasurernents with

relative ease.

Z. To test the hypothesis that the initiation of acute renal

failure can be a purely vascular event.

3. To test the hypotheses that continuing participation of the

renin- angiotensin axis or the sympathetic nervous systern, alone or

in cornbination are involved in genesis of acute renal failure.

4. To deterrnine the renal vascular responses in acute renal

failure in the dog and to cornpare these responses to those seen in

hurnan acute renal failure.
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The clinical syndrome of acute renal failure generally refers to

the potentially reversible acute suppressión of renal function which

occurs in a variety of clinical settings, particularly following hypoten-

sion, rnajor traurna, sepsis and the ingestions of nephrotoxins. The

clinical and experirnental features of this syndrorne have been exten-

sively reviewed (MerrilI , L960, I97I; Franklin and Merrili, 1960; Brest

and Moyer, 1967; Muehrcke, L969). Characteristically, the clinical

'rnanifestations consist of an intitial period of oliguria and dirninished

glornerular filtration, rvith secondary biochernical changes of azoternia;

acid- base, electrolyte and water disturbances due to failure of excre-

tory function (BulI et al. 1950; Kiiey et al. t960). Recovery is generally

heralded by the onset of a diuretic phase associated with a progïessive

irnprovernent of glornerular filtration.

Clinícal interest in acute renal failure probably started during

\{orld War II. The renal histopathology and the clinical rnanifestations

of this Iesion were described independently by Bywaters and Beall (1941),

Lucke (L946) and Mallory $9a7). In his description of rrLower nephron

nephrosisrt, Lucke wrote: rrThe essential changes are selectively re-

stricted to the lower segrnents of the nephrons and cornprise focal

degeneration or necrosis, the presence of herne casts, secondary

inflarnrnatory reaction in the surrounding strorna and thrombosis of

thin walled veinsrr. The three rnechanisrns of renal injury, viz. , renal
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ischemia, protein tubular cast obstruction and renal cellular toxins

first proposed by the pioneer workers are still the subject of discussion

today and the pathogenesis of this entity rernains unknown.

Models for the studv of acgte renal f ailure

The complexity of the clinical settings ín which acute renal

f ailure occurs renders critical evaluation of pathogenetic rnechanisrns

difficult in rnan. Consequently, nurnerous experirnental rnodels of

acute renal failure have been developed. The rnodes of induction can

be classified into four categories: (I) ischernia, (2) toxins, (3) glycerol

and (4) vasoactive agents.

(1) Ischernia: Ischernia-induced renal dysfunction is a less than ideal

experirnental rnodel for acute renal failure. Harnilton et al. (L948),

Phillips and Harnilton (1948) and Moyer et aI. (1957) induced renal

ischernia in the dog by renal arterial clarnping. This resulted in varying

degrees of. azoterrtia roughly correlated with the duration of interruption

of blood flow. Recovery of renal function did not occur in urernic dogs.

Neither the ciinical course nor the histopathotogy corresponded to the

human lesion. Penner and Bernheirn (L940) reported cortical necrosis

in the dog following renal arterial clarnping. Davies (I970) reported

cortical necrosis following renal arterial clarnping in the rabbit.

Mueller (L967) produced urernia in rats by renal arterial occlusíon for

a T0 rninute period. This procedure was found to be associated with
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a 50a/o rnortality withín 3- 4 days post- induction. Surviving anirnals

showed elevated blood urea nitrogen and altered urinary excretion.

However, ultirnate return of renal function did not occuï. The histo-

pathology of the ischerníc lesion was that of diffuse cellular death of

cortical and rnedullary cells, resernbling acute cortical necrosis.

Production of renal failure by hernorrhagic shock in the dog has

also been relatively unsuccessful (Phi1lips et al. L946; Teschan and

Mason, L96I). The experimental anirnal generally succurnbed to the

shock procedure or recovered without renal functional impairrnent.

(Z) þins: Toxin- induced acute renal failure has been quite success-

ful in producing a histologic and functional lesion comparable to that

seen in the hurnan. The rnost comrnonly ernployed anirnal has been the

rat where parenteral adrninistration of the globin derivatives, such as

rnethernoglobin (Tschan and Lawson, 1966; Ruiz- Guinazu et gL. L967),

globin (Menefee et aI. 1964; Henry e! eL. 1968), and free hemoglobin

(Mason e1 aå. L963) have been used. Characteristically, the anirnals

showed hernoglobinuria, initial oliguria, elevated blood urea nitrogen,

histologically acute tubular necrosis and subsequent functional recovery.

The parenteral adrninistration of rnercuric chloride (Flanigan and Oken,

1966; Biber et aL. L968; DiBona et al.1970) and potassiurn dichromate

(Biber et al. 1968), have also resulted in sirnilar functional lesions

in the rat. Parenteral administration of rnercuric chloríde (Solomon
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et ¿. L97L) and uraniurn nitrate (Flarnenbaurn et al. 1971) in the clog

have been reported to produce renal lesions characteristic of acute

renal f ailure.

The intravenous adrninistration of free hemoglobin or rnethemo-

globin to larger animals such as the dog have rnet with less success

(Harrison et aI. 1947; conn et al. 1956; Go1dberg, L962). Depression

of renal function was less predictable and generally short-lived. No

chronic studies were perforrned to deterrnine if cornplete functíonal

recovery \Mas possible. Ruiz- Guinazu (I971) reported the successful

induction of acute renal failure in the dog by infusion of rnethernoglobin

directly into the renal artery. Acute renal failure was pïevented by

systernic phenoxybenzarnine pretreatrnent. The purposeful intravenous

infusion of free hernoglobin (Miller and McDonald, 1951) and distilled

water (Blackburn et aI. L954) to produce intravascular hernolysis in

rnan has been shown to be associated with transient decreases in GFR

and renal plasrna flow.

(3) Glvcerol: Glycerol- induced hernoglobinuric acute renal failure in

the rat has been used by nurnerous investigators, (Carneron and Fínckh,

L956; Finckh, 1959; Carroll .t s!. 1965; Oken et gL. L966; Thiel et ¿.

1966, 1967, L970; Wilson et al. 1967, L969; and McDonald et ¿. I9Z0).

The rnechanisrn by which parenteral glycerol causes acute renal failure

is poorly understood. Glycerol itself is not a nephrotoxic agent (Finckh,
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1959), and hernoglobinuria per se has been shown not to cause acute

renal failure in the rat (Carroll et aI. L965; Mason et a!. L963). Intra-

rnuscular adrninistration of glycerol causes rnuscle darnage, presurnably

due to the osrnotic effects of glycerol, resulting in a condition sirnilar

to severe crush injuries in the human. Carneron and Finckh (1956) have

shown that the degree of renal darnage was dependent on the total dose

rather than the concentration of glycerol used.

Both functional and histologic changes following the adrninistra-

tion of glycerol are rernarkably sirnilar to hurnan acute renal failure.

This rnodel is stil1 widely ernployed, particularly for the purpose of

assessing the effects of a variety of pretreatrnent regirnes.

(4) Vasoactive agents: Several vasoconstricting agents including

pitressin (Byrorn, 1937), adrenaline (Penner and Bernheirn, L940),

serotonin (Waugh and Pe arI, 1964) and angiotensin II (Byrorn, 1964)

have been reported to result in varying degrees of histologic renal

damage when adrninistered parenterally in the rat. The functional

aspects of these lesions have not been investigated in detail.

In the dog, prolonged infusion of adrenaline directly into the

left renal artery following contralateral nephrectomy has been shown by

Hatcher et al. (I962), to produce renal failure histologically similar to

the hurnan lesion. A srnall proportion of the anirnals recovered from

renaL failure after 7 days.
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Mechanisrns of oliguria in acute renal failure

The rnechanisrn whereby oliguria is produced in acute renal

failure has been a controversial issue. A rnajor reasolr for this un-

certainty has been the lack of suitable investigative techniques. Classi-

cal clearance rnethods were of little use in the presence of rnarked

oliguria. Most oi tfr" theories regarding the pathogenesis of clinical

and experirnental acute renal failure were originally derived frorn.

histologic data. These include: l. obstruction by tubular casts, 2.

increased intrarenal interstitial pressure due to edema with resuitant

cessation of filtration, and 3. increased back diffusion of glornerular

filtrate due to disruption of tubular cells leading to diminished urine

flow. Much of the controversy has been settled with the advent of new

rnethodology in studying experirnental acute renal failure. These con-

sisted of the application of rnicropuncture techniques and blood flow

measurernents independent of urine flow rates.

Go1d.berg (Ig6?,), Mason et aL. $963), and. Menefee et al. (1964')

proposed that the depressed glomerular filtration and oliguria were

due to tubular obstruction by casts resulting in an elevated intratubular

hydrostatic pressure resulting in cessation of glornerular filtration.

However, Oken et ¿. (1966) have found that the luminal casts observed

in vivo in glycerol- induced acute renal failure in the .rat frequently

could be w-ashed dor.vn the tubule with isotonic saline injected into the
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tubule at pressures equal to physiologic intra-tubular hydrostatic pres-

sures. Ruiz- Guinazu et al. (1967 ) reported that in rnethernoglobin-

induced renal failure in the rat, tubular collapse v/as present proxirnal

to tubular casts and that intratubular pressure proxirnal to the site of

rrobstruction'r was not elevated. In addition, tubular dilatation was

observed distal to cast forrnation. In the dog, Maillor:x "t "L. 0967)

reported the production of acute renal failure in states of renal hypo-

perfusion following the systemic adrninistration of 1ow rnolecular dex-

tran. It was suggested by these authors that tubular obstruction due to

precipitatíon of the filtered dextran molecules ín states of 1ow urine

flow was responsible for the renal shut- down. Diomi et al. (1970) have

been unable to confírm this finding.

Iversen and Brun (I951) noted the presence of interstitial ederna

in acute renal failure. Merrill (1960) proposed that an increase in intra-

renal tissue pressure due to interstitial ederna could result in a decrease

of glornerular filtration rate. However, the presence of interstitial

ederna was not in universal finding. De Wardener (1960) could not

demonstrate an increase in wedged renal venous pressure in experi-

rnental acute renal failure. In addition, renal decapsulation in clinical

acute renal failure was not associated with dramatic return of GFR

(Merril1, 1960). As well, the increase in intrarenal pressure must be

quite rnarked in order to produce cornplete cessation of filtration

(Collier, L97I).
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Oliver et al. (1951) ernployed rnicrodissection techniques in a

study of hurnan cases of acute renal failure. Glorneruli were found to

be intact. There was evidence of tubular cell disruption and apparent

loss of tubular basernent rnernbrane integrity in a patchy distribution

throughout the nephron often in association with intralurninal cast

formation. These findings weïe interpreted as supporting the theory

that the decreased urine flow rate was due to leakage of glornerular

filtrate proxirnal to the site of obstruction without necessitating con-

cornittant increases in intratubular pressures. This theory received

further support frorn the studies of Bank et gL. $967) and the rnicro-

puncture studies of SteinhauserÌ et 91. (I969) in rnercury- induced acute

renal failure in the rat. Considerable back- diffusion of intralurninal

dye was dernonstrated. Furtherrnore, Steinhausen and co-workers

showed that the intratubular adrninistration of inulin was absorbed into

the systernic circulation and subsequently excreted by the contralateral

kidney. llowever, DiBona et al. (t970) could not dernonstrate differences

between inulin and rnannitol clearances in rnercury poisoned rats. As

well, chronic saline loading partially protected these rats frorn rrteïcuïy

chloride-induced acute renal failure despite the presence of equally

severe histologic lesion. These authors concluded that the inulin

rrleakagerr reported by Steinhausen et al. could be due to artifactual

changes induced by the handling of the nephron during rnicropuncture.
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Ruiz- Guinazu et sL. 0967) have also reported prolonged intralurninal

retention of Lissarnine green injected by rnicropuncture into collapsed

tubules. Thus, the theory of back-diffusion cannot be entirely respon-

sible for the production of oliguria in experirnental acute renal failure.

Not all autopsy findings in acute renal failure show obvious

histologic Iesions. This disparity between the presence of altered

histologic appearances and the depression of renal function has led to

the postulate that the prirnary derangernent in acute renal failure could

be a functional event (Brun et gL. 1957; Sevitt, 1959; Finckh et ¿. 1962;

and OIsen, L967). "The rnajority of rnicropuncture data, (Flanigan and

Oken, 1965; Oken et al. 7966; Ruiz-Guinazu, L967; Thiel et a1. 1967,

I970; Wilson et aL. 1967, L969; Barenburg et gL. 1968) dernonstrating

a prirnary marked reduction in GFR, likely due to increased pre-

glornerular arteriolar resistance, tend to support this view.

Renal hemodvnarnic studies in acute renal failure

The developrnent of techniques for blood flow rneasurernents

which do not depend on urine collection has permitted studies of renal

blood flow in oligo- anuric situations. These include the use of inert

gas clearance (Thorburn et aL. 1963; Aukland, 1964), dye dilution curve

analysis (Krarner et al. 1960), and the rnicrosphere method (Katz et al.

L97I). The relative rnerits and lirnitations of these different rnethods

have been discussed (Thorburn et a1. 1963; Ladefoged,l966; Ladefoged
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and Pedersen, 1967; Katz et aL. l97L; Grunfield et aL. L971). The isotope

external counting clearance rnethod and the dye- dilution rnethod have

been used to rneasure renal blood flow in clinical acute renal failure.

'Walker et gt. (L963) using the indocyanine gïeen dilution rnethod,

and Brun et tL. (I955), by rnonitoring externally the rate of disappear-

ance of Kt85, have reported reductions in renal blood flow to 30-50T0

of norrnal values in acute renal failure. Studies of intrarenal blood

flow d,istribution, as assessed by the X.nor133 washout technique, have

revealed cortical hypoperfusion in acute renal failure of rnixed etiology

(Hollenberg et al. 1968, L970; Ladefoged and'Winkler, L970), clinical

and experimental renal allograft rejection (Truniger et al. 1965; Retik

et gL. L967a, L967b) and in the hepato-renal syndrorne (Epstein et al.

I970; Kew et aI. L97L). The concept of an intrarenal shunt proposed by

Trueta ut gt. (L947 ) has been rnodified to a re-distribution of intrarenal

blood flow. Cortical ischemia was universally present in all cases of

oliguria. In these studies, the degree of cortical ischernia was found

to be proportional to the degree of reduction in renal function. These

findings were substantiated by arteriographic studies which demon-

strated dirninished filling of cortical vessels.

There is now little doubt that acute renal failure is prirnarily

due to a sustained reduction in renal cortical blood flow. Hollenberg

et aL. (1968) proposed that it was unnecessaïy to postuiate tubular dis-
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ruption or obstruction as being irnportant mechanisms for the produc-

tion of oliguria. Based on the data of Gertz et eI. (1966), these authors

suggested that a reduction of cortical blood flow to 40To of. norrnal was

sufficient to account for cessation of glornerular filtration if the increase

in renal vascular resistance were rnainly pre-glomerul ar. However,

the rnediators of this increase in renal vascular resistance have not

been elucidated.
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Glvceroi Induced Acute Renal Failure in the RaL

Effect of Intramuscular Glvcerol on Renal Function in the Rat

Glycerol induced hornoglobinuria has been used with increasing

f requency by nurnerous investigators as a rneans of causing reversible

acute tubular necrosis in experimental anirnals. The histologic lesions

produced following intrarnuscular injections of glycerol in rats have

been well described (Thiel et sL. 1966). Although the exact mechanisrns

by which glycerol causes acute renal failure are still poorly under-

stood (CarrolI et al. I965), rnicropuncture studies have implicated

that a decrease in glornerular filtration, likely due to an increase in

preglomerular vascular resistance was involved in the pathogenesis

(Oken et aI . L966; Ruiz-Guinazu et al . 1967 and Thiel et al. L970).

Recently, Ayer and Coworkers (1971) reported renaL cortical ischernia

rneasuïed by a X.norl33 washout technique (Grandchamp et aI. L\TI)

in rats following intrarnuscular glycerol administration. This further

supported the thesis that a primary renovasoconstriction was respon-

sible for the observed functional Iesion.

However, glycerol itself is not toxic to tubular epitheliurn

(Finckh 1959). Hemoglobinuria per se has been shown not to cause

acute renal failure in the rat (Carroll et ai. 1965; Mason et 31. L963).

Sympathetic overactivity due to volurne depletion and pain has been

suggested as a possible mechanisrn responsible for the initial vaso-

constriction seen in the development of acute renal failure. Using the
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glycerol- rat rnodel, an attempt was made to study the contribution of

the syrnpathetic nervous system in the pathogenesis of acute renal

f ailure.

a. Methods:

A modification of the protocol initially described by Oken et al.

(L966) was used. Fernale, Long Evans rats, weighing ZOO-350 gms

were placed in individual rnetabolic cages 48 hours prior to experi-

rnentation. All rats were allowed free access to tap water and standard

laboratory chow pellets. Daily body weights and urine volurnes were

recorded.

Following 24 hours of water deprivation, ZSfo gLyceroL, diluted

in 0.9% satine, at a dose of l0 rnl/kg B. Wt. was injected into the

adductor rnuscles of the hind lirnbs in equally divided volumes under

tight ether anesthesia. The animals were allowed to recoveï, and

drinking water was allowed ad libiturn. Food was withheld frorn the

period 24 to 48 hours post- glycerol administration. During this

period, urine samples, free f rom contarnination by food particles,

were collected for subsequent analysis. Blood samples were obtained

by cardiac puncture under pentobarbital anesthesia at the end of the

urine collection period. Anirnals treated by intramuscular injections

of.0.9To saline were used as controls. The non-paired t-test was

employed for all statistical anaiysis. Blood and urine specirnens were
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analysed f or: (i) Osmolality: freezing point depression - Fiske Osrno-
rneter model Mark III;

(Z) Na* and K*: flarne photometer using lithium as
internal standard - Radiorneter FLM - 2;

(3) Creatinine: Colorirnetry - Picric Acid, Jaffe rnethod.

Þ. Results:

It has been previously reported frorn this laboratory (Mcl.ean

and Thornson, I970) that glycerol given in this rnanner was able to

produce acute hernoglobinuric renal failure with functional and histo-

logic Iesions sirnilar to those reported by Thiel and Coworkers (L966).

This was characterized by initiat oliguria and subsequent diuresis.

By the second day, i. e. 24 to 48 hours post- glycerol injection, consid-

erable renal irnpairment is evident in the glycerol treated group corn-

pared to the saline treated group as shown in Table I. The glycerol

treated anirnals shown a mean urine flow rate 2.8 tirnes that of the

saline treated group due to the onset of the diuretic phase. However,

endogenous creatinine clearances were considerably lower in the

glycerol treated group, with the correspondingly higher plasma

creatinine concentrations. OsrnoLar clearances and urine osrnolalities

were both significantly lower in the glycerol treated group, and rnean

% TRf'Na (To of. tubular rejection of filtered sodium) was increased,

indicating gros s tubular irnpairrnent.
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TABLE I

Effect of. 28To I.M. Glycerol on Renal Function
24 to 48 Hours Post-glycerol Administration

Saline Tre ated
(n= 10 )

Glvcerol Treated
(n=2O )

p Value

V (rnl/100 grnl24 hrs. )

Cç, (rnL/100 grnl24 lnrs.)

Co"rr, (rnl/Ioo grn/ z+ hr s. )

""ro 
(ml1100 grn/z+ hrs. )

Uo"rr, (rnOsrn/kg)

% rRFNa (%)

P ç, (rneTo)

3.5 +

500 +

lz.z +

-9.4 +

14i0 +

0.48 +

0.67 +

0. 5

5Z

0.7

0.8

180

0. 07

0.05

9.7 + I.3

60.9 + zr. 6

9.4+ L3

13.8 + Z. 4

426 + 22.5

39.48 + Lr. 49

5.65 + 0. 65

<0.0i

< 0. 001

<0.01

< 0. 001

< 0. 00I

< 0. 00t

< 0. 00i

Values are expressed as rnean + S. E.

Dose of.2BTo Glycerol = 10 ml/kg B.Wt.
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c. krg-.tÞ:

The observed functional changes following intrarnuscular

glycerol injection were consistent and reproducible. Light rnicros copy

revealed typical features of acute tubular necrosis (Mcl,ean and

Thornson, 1970). Renal function 24 to 48 hours post-glycerol injection

was used as control for subsequent experiments.

Z. Effect of Prior Unilateral Renal Denervation on Glvcerol Induced
Acute Renal Failure in the Rat

It has been well established by conventional and histochernical

fluorescence rnethods that the pregiomerular afferent arterioles are

richly innervated by syrnpathetic adrenergic nerve fibers (McKenna

and Angelakos, L968; Gosling, L969; Almgard et al. l97L). Also,

either direct or reflex stirnulation of renal nerves, has been shown to

produce a decrease in renal blood flow (Houck, 1951 and Block et al.

l95?b) with a pattern of intrarenal distribution quaiitatively sirnilar

to that seen in acute oliguric renal failure (Promeranz et aL. 1968).

Although prolonged syrnpathetic stirnulation alone was unable to

produce acute renal failure, it is ternpting to suggest that sympathetic

overactivity that occurs following glycerol administration rnay be

partiaiiy responsible for the reduction of renal blood flow during the

development of glycerol induced acute renal failure.

In an attempt to determine the significance of the syr^npathetic

nervous systern in the pathogenesis of glycerol induced acute renal
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f ailure, the effects of prior renal denervation were studied.

a. Methods:

The glycerol rnodel previously described was employed with

the following rnodification. Under light ether anesthesia, the left

kidney was denervated by rnechanical striping of the renal pedicle

through a left flank incision under a dissecting rnicroscope. Rats

'were allowed to recover for a minirnum of one week after surgery

before being subjected to experirnentation. Anirnals were sacrificed 48

hours post-glycerol injection and their renal function compared to a

control group of rats which received only the standard dose of. ZBTo

glycerol.

In addition, the renal function 48 hours post-glycerol injection

of 5 rats subjected to prior unilateral renal denervation and contra-

Iateral nephrectorny were coffrpared to 4 rats subjected to a sharn-

denervation procedure with contralateral nephrectorny.

Þ. Results:

Renal function 24 to 48 hours post- glycerol in the unilaterally

denervated group and the innervated controls are shown in Table II.

Body weights after dehydration in tlne Z groups were not significantly

different. However, rrÌean creatinine clearance and osmolar clearance

were significantly higher in the denervated group, with correspondingly

lower plasma creatinine concentration, and To TRFNa.



- ?4-

TABLE II

Effect of Prior Unilateral Renal Denervation on Glycerol-
induced Acute Renal Failure. Renal Function 24 lÃ 48

Hours Post- glycerol Adrninistration

Contro! Prior Denervation pJ-aiue_
(n= 20) (n= 8)

v (rnl/100 grnlZ4hrs.) 9.7 + 1.3 13.7 + 2.0 NS

Cç, (rnl/tO0 grnl? hrs.) 60.9 + 2I.6 150.4 + ZZ.3 <0.05

Co"rr, (rnl/t0O grn/Z+ hrs. ) 9.4 + l. 3 13.I I I. 0 a 0. 05

C*ZO (ml/I00 grn/z+ hrs.) I3.8 + 2.4 18.5 + 4.9 NS

U^^_ (mosrn/kg) 426.1 + zz.5 372.6 + 74.5 NS
os rn

% TRFNa (%) 39.48 + 11,49 5.83 t I.54 <0.05

P^ (rns7o) 5.65 + 0.65 2.67 + 0.45 < 0.05UT

Control = ZSTo glycerol (10 rnl/kg B. Wt. ).

Values are expressed as mean + S. E.

NS - Not Significant
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Urine osrnolality was not significantly different frorn the control

group. Mean urine osmolality actually was lower in the denervated

group. This rnight have been related to the slightly higher urine flow

rates in the latter group.

Table III shows the effect of. ZBTo I.M. glycerol on renal function

in the rats subjected to prior unilateral denervation or Sharn denerva-

tion with contralateral nephrectornies. AII measured pararneters of

renal function showed rnarked improvernents with prior denervation.

This is illustrated graphically in Figure l.

e. Adequacv of Denervation:

To deterrnine the success of denervation, renal catecholamine

contents were rneasured in 4 out of 12 randornly selected unilaterally

denervated rats. The rernaining 8 rats were subjected to intrarnuscu-

lar glycerol adrninistration. Renal catecholamine contents in the

rernaining 8 rats were deterrnined 48 hours post-glycerol adrninistra-

tion.

Results are shown in Table IV. No significant differences in

renal catecholarnine contents were observed before or aJter glycerol

treatrnent. Ten of the twelve denervated left kidneys contained no

rneasuïable catecholarnines. The rernaining 2 kidneys contained less

than IZTo of the catecholarnines contained in their contralateral inner-

vated control.
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P ç, mgo/"

Co* nl/100gn/24hrs.

Effect of. 28To glycerol on renal
renal denervation versus sham
contr alateral nephrectomie s.

C ç, nl/l00gn/24hrs.

function in the rat:
denervation with

Vø

H

% TRF ¡o

LEFT DENERVATION, RIGHT NEPHRECTOMY

LEFT SHAM DENERVATION, RIGHT NEPHRECTOMY

Figure 1:



TABLE III

Effect of Prior Denervation on Glycerol-ind.uced Acute Renal Failure. Renal
Function 24 to 48 Hours Post- glycerol Adrninistration

V (mtlto0 grn/24 :nrs.)

C", (rnL/100 grnl24 lnrs.)

Co"- (rnil100 grn/Z+ hrs. )

Crro (mtlioo grn/z+ hrs. )

Uo"rr, (mOsrn/kg)

% TRFNa (%)

e"" (rns%)

Left Denervation
Right Nephrectorny

(n= 5)

9.1 + 2.2

48I.0 + 136.4

13.5 + 3. 5

-4.4 + Z.g

t043.0 + 20t.8

0.36 + 0.zg

0.65 + 0.04

Left Sharn Denervation
Right Nephrectorny

(n=4)

6.8 + 3.r

56.14 + tr. g

5.6 + L.Z

I.Z5 + L.I6

638.0 +tr3. g

3.8 + t.0B

2.38 + 0.gz

p Value

NS

< 0.05

< 0.05

<0.0I

NS

< 0. 0i

<0.05

I

t\)\¡
I
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TABLE IV

Effect of Denervation on Renal Catecholarnine Content. Six
of the Eight Denervated Left Kidneys in the Post- glycerol

Group Showed No Detectable Catecholarnines

Left Kidney Right Kidney N p Value
(Denervated) (Innervated)

ug/grn ug/ grn

Before GIyceroI
Administration

0.085 + 0. 02I 4 < 0. 00I

After Glycerol 0.00ó + 0. 004 0.II8 + 0. 0I4 I < 0. 00I
Adrnini stration
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d. Cornments:

It is quite obvious that prior renal denervation offered consid-

erable protection against glycerol induced acute renal failure. The

better preserved renal function 24 to 48 hours post- glycerol adrninis-

tration rrlay represent either the production of a less severe lesion or

an earlier recovery, since the occurence of diuresis appeared sooner

than in the control group. It could be argued that the use of endogenous

creatinine clearances may not reflect accurately glornerular filtration

in the rat. In such cases, assurning a relatively constant daily produc-

tion of endogenous creatinine, plasma creatinine concentration rnay

actually be a better index of glornerular function. Nevertheless, the

use of endogenous creatinine clearance under these experirnental

conditions rnay be qualitatively acceptable. Although it is true that the

Tnore severe the tubular lesion, the greater rrLay be the extent of back

diffusion, but the quantity of tubular creatinine secretion would be

diminished as well. The two opposing effects on creatinine excretion

thus tend to minimize t]ne error introduced.

Protection against glycerol induced acute renal failure by prior

renal denervation is consistent in the thesis that the syrnpathetic nervous

systern plays a role in the pathogenesis of the lesion.

Endogenous creatinine clearances and plasrna creatinine con-

centrations in the unilateraJ.ly denervated rats (n = 4) were not signifi-
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cantly different from norrnal rats (n = zo). However, one rnust safe-

guard against the all- too- cornrnitting staternent of renal denervation

with depletion of catecholamines being identical to sympathectorny

alone, and thus conclude adrenergic rnediation was responsible for the

protection. Several lines of evidence have shown a relationship between

the syrnpathetic nervous systern, renal hernodynarnics and renal sodium

handling (Gill and Bantter, 1966; Schrier et al. L967 and. Bonjour et al.

1969). Renal renin content in d.enervated kidneys has been reported to

be sorne 40To of. innervated controls (Ueda et al . L967).

Renal nerve stirnulation or catecholarnine infusion results in

renin release (vander, 1965; Bunag et gL. L966b). In denervated. kidneys

renin release is irnpaired (Ueda et al. 1967). In addition, denervation

supersensitivity rnay occur and thus alter vascular srnooth rnuscle

reactivity. There rnay also be other unpredíctable changes in other

vasoactive systerns concerned. Renal histarnine content as shown in

Table V is increased with denervation.

Thus, it is difficult to attribute conclusively the protective

effect of chronic renal denervation due to hernodynamic irnprovernent

secondary to abolition of syrnpathetic overactivity. However, it does

support the postulate that renal denervation is partially responsible

for the observed protection frorn glycerol induced. acute renal failure

in the rat.
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TABLE V

Effect of Denervation on Renal Histamine Content

Left Kidney Right Kidney N p Value
(Denervated) (Innervated)

ug/ grr' :ug/grî

Before Glycerol 4.74 + 0.23 2.19 + 0.10 4 < 0. 005
.A.drninistration

After Glycerol 5.48 + 0.62 ?.42 + 0.28 8 < 0.001
Adrninistration
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Effect of Post- event Phenoxvbenzamine on Glvcerol- induged Acute
Renal Failure

Since prior renal denervation offered partial protection in

glycerol-induced acute renal failure, an attempt was rnade to determine

if syrnpathetic blockade by phenoxybenzarnine (PoB) after glycerol

adrninistration would also modify the functional lesion. Protection by

early post- event phenoxybenzamine blockade would support the thesis

that considerable syrnpathetic overactivity is present early in the

developrnent of the lesion and this adverse overactivity is at least

partly responsible for its pathogenesis.

a. Methods:

The sarne experirnental protocol previously described was used

with the following rnodification: Phenoxybenzarnine at a dose of

2.0 rng/ks B. i¡/t. was adrninistered intraperitoneally Z. 5 hours after

the adrninistration of intramuscular glyceroi. This dose of phenoxy-

benzarnine when given intraperitoneally has previously been shown

to be adequate in preventing systernic pïessor responses to intravenous

noradrenaline in the rat (McLean and Thornson, I970).

After the collection of. a 24- hour urine sample, animals weïe

sacrificed 48 hours after glycerol injection. Renal function of the

PoB treated group was compared to the non POB treated controls.
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Þ. Results:

Table VI shows parameters of renal function of the POB treated

rats cornpared to controls. POB treated rats show significantly higher

creatinine clearances, urine osmolality, and lower plasrna creatinine

concentrations as well as TITRFNa. Urine flow rates and osrnolar

clearances, however, did not differ significantly frorn non- POB treated

rats.

c. Cornrnents:

'W-e have shown that phenoxybenzarnine given 2. 5 hours after

glycerol injection can significantly reduce the severity of the resultant

functional impairrnent 2 days later. It cannot be stated conclusively this

is due to the alpha- adrenergic blocking activity alone. Phenoxybenzarnine

at higher doses is capable of blocking in vitro, and sometimes in vivo,

the agonistic effects of other vasoactive substances including histarnine,

5- hydroxytryptarnine, acetylcholine and perhaps even angiotensin II

(Nicker son, L949; Nickerson and Hollenberg, 1967). Phenoxybenzamine

'rnay conceivably also inhibit the release of renin. It is also difficult

to be certain how much of the phenoxybenzamine given intraperitoneally

reached the renal vasculature in presence of severe renal ischemia as

has been demonstrated by Ayers et al. (I97i). Furtherrnore, the

systernic adrninistration of the drug makes it impossible to distinguish

whether it is the systerrric consequences of generalized alpha- adrener-

gic blockade or if it is the direct effect on the renal vasculature that
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is significant in the production of the lesion.

However, the protective effect of post- event POB blockade and

prior renal denervation cornplirnent each other ín supporting the hypo-

thesis that the sympathetic nervous systern plays a signíficant role.
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TABLE VI

Effect of Intraperitoneal Phenoxybenzarnine Administered
2. 5 Hours Post- glycerol Injection. Renal Function at 24

to 48 Hours Post- glycerol Adrninistration

Control POB- Treated p Value
(n= Z0) 1 n= t9 )

ù (ml/r00 grnlz+ hrs. ) 9.7 L I.3 7.9 + 1.0 NS

C", (m1/100 grnlz4 hrs. ) 60.9 LZI.6 ?.21.8 + 80. 5 < 0.05

Co"rr, (mf/100 grn/24 hrs. ) 9.4 + 1.3 L3.7 + 1.9 NS

C*rO (rnt/100 grn/24 hrs. ) 13.8 + 2.4 3.8 + 1.8 < 0- 05

- Uo"rr,. (rnosrn/kg) 426.L + zz.5 638.8 + 83.8 < 0.05

% TRFNa (%) 39.48 + 11.49 8.04 1 3.89 NS

e6" (mc%) 5.65 + 0. 65 1.69 + 0.52 < 0. 0005

Control ?8To glycerol (I0 ml/kg B.\M't. ).

Values are expressed as rneans * S. E.

NS - Not Significant
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B. Noradrenalin- induced Acute Renal Failure in the Dog

The need for an experirnental rnodel of acute renal failure where

serial hernodynamic rneasure'rnents can be rnade and corretated with

renal function has been discussed (Section I). Experirnents on glycerol-

induced acute renal failure in the rat have implicated that the syrnpath-

etic nervous system plays a role in the developrnent of the lesion, and

that this could be a vascular-rnediated phenornenon.

To further substantiate this clairn, it is necessary to dernon-

strate that sustained syrnpathetic overactivity can produce acute renal

failure, and that this is associated with the pattern of change in renal

perfusion characteristic of acute renal failure.

Clinical circurnstances such as crush injuries, rnajor burns,

shock, hernorrhage, etc. unde" ionr"n acute oliguric renal f ailure

develops are generally associated with increased syrrrpathetic activity

and elevated circulating catecholarnine levels (BuIL et al. 1950; KiIey

et al. 1960 and MerriII, 1960). Although direct or indirect stirnulation

of renal nerves causes dirninished renal blood flow as well as a re-

distribution of blood flow characterized by relative cortical hypoper-

fusion sirnilar to the pattern seen in established acute renal failure

(Porneranz et al.. L968; Aukland, I968b), tolerance develops following

prolonged syrnpathetic stirnulation (Block et al . L952; Kubicek et al.

1954). The phenomenon of autoregulation appears to take oveï control

and renal failure does not develop.
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Catecholamines have been shown to have profound effects on the

renal vasculature. Adrenaline or noradrenaline, when adrninistered

intravenously or intra- arterially, cause s a decrea.se in total renal

blood fiow (Moyer and Handley, 1952; Spencer et aL. 1964; Aviado et al.

i958; and Langston et aI. L96Z) as well as a pattern of intrarenal distri-

bution of flow sirnilar to that of syrnpathetic stirnulation (Aukland, I968b;

Carriere, 1969). Less quantitative but rnore direct rnethods ernployed

including fluorescent studies (Moses, 1952) and arteriography (Abrams

et al. 1962; and Elkin and Meng, L963) have also demonstrated cortical

ischernia. Hatcher et aI. reported in I963 that adrenaline, when infused

directly into the renal artery could produce irreversible renal failure

in the dog. However, little is known regarding the renal hemodynamic

or functional aspects of this rnodel. Hollenberg (personal communica-

tions) also has found that prolonged intra- arterial infusion of noradrena-

line can cause acute renal failure in the dog, associated with poor renal

cortical perfusion. Thus, it appears that the agonistic properties of

noradrenaline, the neurotransrnitter of the adrenergic nervous systern,

rnay be utilized to circurnvent the probiem of tachyphylaxis following

sustained sympathetic stimulation.

Therefore, we atternpted to investigate the effects of prolonged

intra- arterial infusion of noradrenaline on renal hemodynarnics and

renal function in the dog. The developrnent of reproducible acute renal
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failure would therefore provide us with an experimental rnodel where

direct renal hernodynarnic rneasurernents can be made and correlated

with renal function. This would also allow us to investigate the possi-

bitity of a vascular- mediated Iesion.

t. General Methods

(i) Anirnal Preparation, Experirnental Setup and_GeneraI Procedure.

Mongrel dogs of either sex weighing12- 30 kg free from obvious

disease or rnalnutrition were used. Pregnant or Iactating animals

were rejected. The anirnals were housed in a constant ternperature

environment of approxirnately 68oF, and fed a standard laboratory

purina chow pellets. Free access to water was available at all times.

Food was withheld frorn anirnals 16- 20 hours prior to experirnent.

Under pentobarbitat anesthesia (33 mg/kg B.Wt. given I. V. ),

the animals were intubated with the appropriate size of cuffed McGill

endotracheal tubes and connected to a constant volurne ventilator. All

experirnents were carried out under controlled ventilation on roorn air,

with the environrnental ternperature approxirnately 68- 7OoF. Following

the irnplantation of a non- cannulating electromagnetic flow probe

(Statham, Type MDS), total renal biood flow of the right kidney was

rneasured by a Statharn square-wave electrornagnetic flowmeter, Model

5000. Electrornagnetically derived blood flows were calibrated fre-

quently throughout the course of study in vitro, using heparinized whole

blood and a segrnent of the colTrmon carotid artery in a saline bath.
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Electroníc-zero blood flow was checked frequently during each experi-

rnent, and checked against rnechanic aI- zero blood flow at the conclusion

of each experiment. Mean total renal blood flow was obtained by elec-

tronic integration.

All drugs to be administered intrarenally were given via a

polyvinyL catheter (O.D. = 0.046 in.; I. D. = 0.028 in. ) inserted into

the right renal artery. The patency of the catheter was ensured by

the constant infusion of 0.9T0 saline by a Harvard infusion-withdrawal

pump at a fixed rate of 0.I94 ml/min.

In acute experirnents, the left brachial artery was cannulated

and arterial blood pressure monitored throughout the experirrent using

a Statham PZ3A pressure transducer. Mechanical calibration of the

pressure transducer was carried out frequently during the course of

the entire study. The right internal jugular vein was cannulated and

the polyethylene catheter advanced to the right atrium. This cannula

served for blood sampling, central venous pressure ffronitoring and

intravenous fluid and drug adrninistration. Bipolar electrocardiogram

'was recorded throughout the experiment for the monitoring of cardiac

rhythm. Using a left flank incision, the left ureter was approached

retroperitoneally and cannulated for the collection of urine samples

using a PE90 polyethylene catheter. A sirnilar right flank incision

was used for approaching the right ureter for cannulation. AII ureteric

cannulae had a dead space of 1.0 ml, and were advanced to the level
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of the renal pelvis. The right renal artery was rnobilized and a poly-

vinyl catheter was inserted using a modified technique of Herd and

Barger (L96a). Total renal blood flow measurernents before and after

the catheterization of the renal artery were identical. The duration

of rnechanical handling of the right renal artery for this purpose was

usually Iess than 3 rninutes. Anirnals with double or rnultipie right

renal arteries or early bifurcations were rejected for experimentation.

AII experirnents were perforrned in the left decubitus position.

Thirty rninutes was allowed for stabilization after surgery,

followed by a i hour control period. Blood and urine sarnples were

obtained for conventional clearance studies. Noradrenaline at a dose

of 0.4-4.0 ug/kg/rnin, calcuLated as the weight of the base, was

infused intra- arterially to the right kidney via the polyvinyl catheter

using a Harvard constant infusion purnp. The infusion period Iasted

2 hours. The rate of infusion of noradrenaline was in rnultiples of

9.7 ug/rnin, and was the rate required to keep right total renal blocd

flow at zero. This generally resulted in considerable spilling over of

norad.renaline into the systernic circulation, resulting in systernic

hypertension during the 2 hour infusion period. Further increase in

the rate of noradrenaline infusion was always tirnited by the development

of cardiac arrhythmias.

In all acute experiments, urine sarnples in 2 hour blocks were

collected separately from both kidneys for conventional clearance
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studies. Blood samples were taken in the middle of each clearance

period for the d.eterrnination of plasrna creatinine concentration, Na+

and K* concentrations, osrnolality and hernatocrit. Urine samples

were analysed for creatinine concentration, Na* and K* concentrations

and osrnolality. Endogenous creatinine clearances (C6"), osrnolar

clearanc"" (Co"rrr), free water production (C¡¡2O), To tubular rejection

of filtered sodiurn toad (% TRFNa) were calculated by conventíonal

formulae. Statistical analyses used were as indicated in the individual

experirnents.

ïn chronic experiments, the procedures outlined above 'were

slightly rnodified. AII surgery was perforrned under sterile conditions.

Ureters were cannulated by teflon tip (No. l6) silastic cannulae, brought

out through individual stab wounds in the back, and connected to closed

draínage bags secured to the back of the anirnal. This allowed for

accurate collection of urine volume frorn separate kidneys f or the

entire duration of the experirnent. A chronic indwelling polyethylene

central venous pressure catheter was placed through a cut-down of the

right internal jugular vein for periodic blood specirnen sarnpling. The

catheter was filled with heparin to rnaintain patency and was protected

by a neck plaster cast. Following a Z hour infusion of noradrenaline,

the anirnals were allowed to recover and renal function was followed

at intervals. Renal hernodynarnics \Ã/ere assessed by th. X.norrl 33

washout rnethod (to be described iater) and by selective renal angio-

graphy.
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(ii) Intrarenal Blood Flow Distribution

Intrarenal blood flow distribution was assessed by a rnodified

X.rrorrl33 washout rnethod as described by Hollenberg et aI. (1968).

This consisted of a rapid intra- arterial injection of 0. 3 -0.7 millicurie

of Xenont33 dissolved in 0.5-I.0 ml of.0.9To sal.ine followed irnmediately

by 0.5-I.0 rnl of 0.9T0 saline

rnents, injection of X.nonl33

renal artery via the fernoral

under fluoroscopy.

into the renal artery. In chronic experi-

was done through a catheter placed in the

artery by standard angiographic techniques

The disappearance of radioactivity in the kidney v/as rnonitored

externally by a scintillation probe containing a Z-inch NaI crystal placed

over the kidney. The duration of counting was 3 minutes. The probe

output was led through a puLse height analyzer with a window setting of

70 to I20 Kev (High Voltage Supply = 1350 volts) to a digitai tirner-rate-

rneter and then either to a direct printer or a tape recorder for subse-

quent off- Iine digital print out. Optirnat settings for the pulse height

analyzer were checked each time before the experiment.

Based on the theories proposed by Kety (I951) and described in

detail by Thorburn et al. (1963), the rate of radioactivity washout from

the kidney is a complex function of renal b[ood flow and can be described
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in the norrnal canine kidney by the surn of four exponential functions:

- k:t -k+t
Are * Are

J.t

- ktt
A(t) = 4r. +

-k?t
AZ" +

'Where: A(t) = Total Activity at tirne t

A, = Initial Activity of cornpartrnentI

ki = Rate constant for compartment

f = Tirne

I

It has been shown that for the kidney under norrnal and certain

experirnental conditions, including drug induced ischernia and hemor-

rhagic hypotension, each individual exponential function corresponded

to a certain particular anatomic region within the kidney by autoradío-

graphy (Thorburn et aI . 1963; Carriere et al . 1966,197L; Carriere,1969;

Carriere and Friborg, 1969; and Fisher et a1 . I970). The advantages,

disadvantages and lirnitations of this rnethod of assessrnent of intra-

renal renal blood flow have been discussed by numerous authors

(Ladefoged, 1966; Ladefoged and Pedersen, 1967; Andersen and'Wise,

L969; and Gr{lnfield et aL. I97L). Briefly, there is good correlation

between blood flow obtained by electromagnetic flow rneters, direct

renal venous outflow and the inert gas desaturation method (Ladefoged

and Pedersen, 1967; Ladefoged and Fritjossan, I968; and BeIl and

Harper, l96B). Although it is irnpossible to identify individual cornpart-

rnents when the difference in their corresponding time constants is less
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than 3 tirnes (Dobson and \{'arner, L957; Riggs, L963), it is generally

agreed that in the norrnal kidney, the fast flowing component I repre-

sents cortical blood flow; corrr.ponent ïI, III and IV represent cortico-

rnedullary, inner rnedullary flow and flow through pericapsular and

perihilar fat respectively.

Frorn the slopes and intercepts of cornponents I, II and III + IV,

blood flow in rnt/tOO gm of tissue/rnin and percentage of total blood

flow can be cornputed. It has been shown by Rosen et al. (t968) that

3 minute-washout curves are suJficient to yield blood flow inforrnation

of the two faster flowing cornponents. This method of analysis was

used throughout the study. Mean renal blood flows where appiicable

were derived frorn the initial slopes of the cornposite washout curve

(Ingvar and Las sen, 1962). AII graphic analysis were carried out in

duplicate at different tirnes by the saffre individual (the author) frorn

coded original data in order to minirnize bias and variation. The rneans

of the two graphical analyses of the sarne data were used in statistical

analysis. Correction for the partition coefficient of Xenon between

blood and tissue due to variations in hematocrit were rnade according

to the equation suggested by Andersen and Ladefoged (I969).

All Xenorrl33 -."hout curves weïe recorded with the animals

under pentobarbital anesthesia.
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(iii) Selective Renal Angiographv

Renal angiography was perforrned in selected experirnents

under pentobarbital anesthesia in conjunction with X.nonl33 washout

studies. It has been shown by Hollenberg et al. (1968c) that contrast

agents such as sodiurn and methylglucamine diatrizoate had no appreci-

able effect on renal hernodynamics.

Arterial catheterization was carried out by an experienced

angiographer (I. M. ). Using the Setdinger technique or a direct fernoral

arterial cut down under fluoroscopic control, 5-10 ml of Renografin- 60R

(Meglurnine and sodiurn diatrizoate 60To) was injected rapidly into the

renal attery. SeriaI filrns were taken on a Schonander cut filrn changer.

Kidney size, presence, diarneter and regularity of filling of the renal

arterial vasculature were exarnined. The nephrograrn, transit tirne

and reflux of dye into the aorta were qualitatively assessed.

(iv) Plasrna Renin Activitv

Plasrna renin activity in selected experirnents in the dog were

'rneasured by a rnodified radioimmunoassay Haber rnethod (Haber et gt.

1965). Lower tirnit of sensitivíty by this rnethod is 0.3 ng Angiotensin

I generat ed/ rnl/hr .

Briefly, anti- angiotensin, produced in rabbits following admin-

istration of angiotensin-poly-L-lysine polyrner, was allowed to react

with labeled angiotensin. Upon addition of unlabeled angiotensin to
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this rnixture, sorne of the labeled angiotensin was displaced frorn the

cornplex and a quantitative relationship could be obtained between the

arnount of unlabeled angiotensin, and labeled angiotensin released frorn

the cornplex. Millirnicrogram. quantities of angiotensin could be deter-

rnined. Reproducibility \Mas appïoxirnately I5lo.

(v) Histologv

Renal tissues were (post-rnortern, or precutaneous needle

biopsy) fixed in either IOTo f.orrnalin or forrnyl sublimate and were pre-

pared for routine staining for Iight rnicroscopy. Independent interpre-

tation of histological abnorrnalities were docurnented independently by

two individuals (AET and GH) in addition to the author.
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Z. The Effect of Intra- arterial Infusion of Noradrenaline on Renal
Hemodvnamics and Renal Function: The Model

(i) Chronic Experirnents

These experirnents were designed to investigate the long terrn

effects of intra- arterial noradrenaline on renal hernodynarnics and

function in the dog, and, to determine whether prolonged intra-arterial

noradrenaline could produce a Iesion functionally and histologically

sirnilar to that seen in hurnan acute failure.

a. Methods:

The general procedure has been outlined in the previous section.

In this set of experirnents 6 mongrel dogs of either sex, weighing fronn

L3-27 kg were used. Following a 2 hour period of infusion of noradrena-

line into the right renal artery, the animals were allowed to recover

and their daily renal function followed. Twenty-four-hour urine samples

frorn separate kidneys were collected frorn closed drainage bags and

daily blood sarnples were taken via the chronic indwelling central

venous pressure catheter. At periodic intervals, depending the state

of recovery of. renal function, bilateral selective renal angiography as

well as assessrnent of intrarenal blood flow distribution, by the X.norrl33

washout technique, were carried out in most anirnals. Percutaneous

renal biopsies were performed in C- I and C- 8.

In anirnals C- 7 and C- 8, intra- arterial infusion of noradrenaline

was achieved by angiographic techniques as described; rather than by
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surgical exposure of the renal artery. Ail angiographic investigations

and Xenorrl33 *""hout studies for assessrnent of intrarenal blood flow

distribution were perforrned under pentobarbital anesthesia and strict

asepsis was observed.

Þ. Results:

AII anirnals showed zero total right renal blood flow as measured

by electrornagnetic flowrneters during the 2 hour period of noradrena-

line infusion. This was associated with systemic arterial hypertension.

Cornplete anuria was observed in ali cases in the infused kidney. A

surnrrrary of the changes in renal function post- noradrenaline infusion

is shown in Table VII. Terrnination of an experirnent was usually due

to the developrnent of technical cornplications such as dislodgernent or

anirnal- induced breakage of the ureteral cannulae rather than due to

infection or other illnesses. The duration of experirnents ranged frorn

3 to Z0 days. Foilowing noradrenaline infusion, ail animals showed

signs of unequivocal functionai acute renal failure in the infused kidney

as compared to its contralateral control. This was shown by the

developrnent of a variable period of oligo-anuria lasting from a few

hours to 3 days, rnarked depression of endogenous creatinine clearance,

poor concentrating ability, an increased %TRFNa and a high U¡/U¡.

ratio when compared to the contralateral kidney. Due to the different

rates of functional recovery in different animals, only the values ob-

tained one day post-noradrenaline infusion and those obtained when
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maxirnurn creatinine clearance had been achieved during recovery are

presented in TabIe VIï.

AII anirnals showed incornplete return of renaL function associ-

ated with return of urine flow rate. Sorne animals show a diuretic

phase. Althougln U /posrn ratios for the experirnental right kidney were

generally higher than one, they were lower than those of the contra-

lateral Ieft kidney at alI tirnes. Calculated values for free water clear-

ances per 100 rnl of glomerular filtrate of the experirnental organs

always exceeded those of the contralateral side. %fnf*" for the

characteristically high, 
".rd 

UK ratio character-
uN.

in hurnan acute renal failure. Figure 2 shows the

a typical chronic experiment, demonstrating the

initial oliguria, depressed endogenous ccr, hypo- osrnotic urine with

subs equent progre s sive irnprovernent.

Histological studies of autopsy or biopsied rnaterial by tight

rnicroscopy revealed variable tubular necrosis, debris and casts

within tubular lumena, and evidence of regeneïation (tubular epithelial

cell rnitoses). Glorneruli and arterioles showed no obvious histologic

changes. Scattered patchy areas of infarct and hernorrhage weïe

sornetimes seen. A typical histological picture is shown in Figure 3.

Selective renal angiography perforrned in 6 anirnals (C- 4, C- 5,

C-6, C-7, C-8, C-t) at various stages of renal failure dernonstrated

abnorrnalities in the right renal vasculature characterized by irregular
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outlines of first, second and third order vessels, dirninished penetra-

tion of RenografinR- 60 into the cortical region and poor or non-visualiz-

ation of the higher order vessels. The rnost rnarked disturbances in

angiographic appearance of the renal vasculature occured shortly after

the infusion of noradrenaline, and, these became Iess evident as renal

function subsequently irnproved. Figure 4 shows the serial right selec-

tive renal angiograrns of experiment C- 8. Prior to noradrenaline,

the renal vasculature appeared norrnal (Figure 4A). Twenty minutes

after completion of the Z hour noradrenaline infusion, there was no

visualization of the renal vasculature beyond the first rnaj or branches

(Figure 4B). Twenty-four hours post- noradrenaline infusion, renal

cortical vasculature was again visualized. By 19 days post- noradrena-

line infusion, the angiographic appearance was only slightty different

frorn control. Serial angiographic studies of the contralateral side

(not shown) remained within normal iirnits at all tirnes throughout the

study.

Intrarenal blood flow distribution post- noradrenaline infusion

as assessed by the X.rronl33 *a"ho.rt technique, showed a significant

decrease in the percentage of blood flowing to the first component C1

(outer cortex), with a reciprocal increase in percentage of blood flowing

to the second component CU as compared to the pre-infusion control.

Flow rates expressed in rnl/100 grn/rnin to these two compartments
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Figure 3: Histological appearance of right kidney in noradrenaline-
induced acute renal failure (Exp.C-B), I9 days post-infusion.
Patchy tubular necrosis and regeneration are evident. Debris
and casts are present within lumina. Glorneruli and vessels
do not show any obvious histologic change.
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20 mins. POST-NA 19 DAYS POST-NA

Figure 4: Angiographic appearance of right kidney in
noradrenaline- induced acute renal failure
(E*P. C- B).

4A - prior to noradrenaline infusion norrnal
angiograrn; 4B - Z0 rninutes post-infusion' no

contrast'rnaterialbeyondfirst'rnajorbranches;
4C - 24 hours, and 4D - 19 days post-infusion'
both showing sustained reduction in cortical
perfusion.

2¿ HRS. POST-NA

20 mins. POST-NA
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exhibited rnore variable changes. Mean renal blood flow was reduced

in all post-noradrenaline infused kidneys. The results of IRBD are

shown in Tabie VIII and a typical set of X"norl33 *ashout curves for

experirnent C- 8 is shown in Figure 5.

Urine cultures rernained sterile during the entire experirnental

period.

s. Cornrnents :

The foregoing chronic experirnents have dernonstrated that,

with infusion of noradrenaline directly into the renal artery for a 2 hour

period, one could induce unequivocal functional acute renal failure.

The course of this lesion was characterized by an initiaL period of

oligo- anuria, depres sed glornerular function, irnpaired tubular function,

and cortical underperfusion. Histologically, the lesion was that of

acute tubular necrosis rather than cortical necrosis and infarction.

Qualitative changes observed in this experimental model and the pro-

pensity to recoveï al'e remarkaì:ly similar to the acute renal failure

seen in rnan

It can be concluded that prolonged I. A. noradrenaline can induce

potentially reversible unilateral acute renal faiLure in the dog. The

animals showed no signs of ill health due to the norrna[y functioning

contralateral kidney. PIasma creatinine concentrations, osrnolality

and electroiytes were all within normal limits. No evidence of urinary



TABLE VIII
Effect of intra-arteriar r-nfusion of noradrenarine on IRBD in the dog:

. chronic experiments

Norrnal Values
(N=tt)

C- 4 (4 days Posr- NA)

C- 5 (8 days post- NA)

C- I (19 days posr-NA)

RBF rnL/ 700 grn/rnin

CI C' Mean

Mean (S. E. ) N=3

c-6

c-7

425. 3
(34.3)

( I day Post-NA)

( I day Posr- NA)

39r. 6

535. 5

671.r

Mean (S. E. ) N=5

96. 5
(4.2)

87. 0

95. 9

98.7

532.7
(80. 7

312.9
(26.2)

Rapid-flow components (Cr) coutd not be identified in Z of the 5 Xurrorrl3curves perforrned early (r-day) after noradrenarine infusion.Non-paired t test used for statistical analysis* P <0. 05 *ìk P <0.01 *¡krk p <0. 001
Results without p varnà"'=-No significant difference frorn norrnal.

130. 54

r39.7

IZ7. 1

CI

93. 9
(3.5)

459.0

' 160. g

75.6
(1. 8)

% RBr

cu

30. 5

36.5

26.7

19.8
(1 ,8)

1?.8. 5

t44.7

C+TTI IV

48.8

49.9

5?,. r

31.2**
(2.9)

4.7
(0. 4)

, )k*
143. T

(7.8)

19. 4

14.5

ZT. I

)k*ìk
50. 3
(1. 0)

38.4

87. 3

I g. 4 
t({<t'<

(2.0)

6r. 6

12. 7

washout

I

('l
o.
I
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EXP. C-8

Woshout - Control

% RBF

C¡ cn

85. I r0. g

Time (minutes)

- 19 doys post - NA

o/o RBF

cr c 
u

26- 7 52.1

Time (minutes)

IRBD in noradrenaline-induced r.rrr. renal
failure in the dog: chronic experiments.

Figure 5:
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tract infection was found. Thus, it appears that noradrenaline-induced

acute renal failure in the dog may prove to be a satisfactory model for

studying the role of vascular rnechanisrns in the pathogenesis and per-

sistence of the Iesion as outlined in Section I. The presence of an

intact contralateral kidney serves to minirnîze or prevent possible

contributions frorn secondary effects of irnpaired function per se.

(ii) Acute Experirnents

Since it was possible to induce acute renal failure by prolonged

intra- arterial infusÍon of noradrenaline, an attempt was rnade to

docurnent and investigate the hernodynarnic events leading to and

associated with the developrnent of acute renal failure and to investi-

gate renal function in early established renal failure.

a. Methods:

The general experirnental procedure is as described in Section

III, B. Nine rnongrel dogs of either sex, weighing 12-28 kgs were

used. As rnentioned before, the rate of infusion of noradrenaline was

the dose required to keep total renal blood flow to the right kidney at

zero as rneasured by an electrornagnetic flowrneter. Pentobarbital was

supplernented intravenously when necessary during the course of the

experirnent. Urine sarnples were collected separately from both kidneys

for a I hour control period, a 2 hour noradrenaline- infusion period and

2 hourly thereafter for 6 additional hours.
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L. Re sults :

The effects of intra- arterial infusion of noradrenaline on renal

hernodynamics are shown in Tables IX and X. As can be seen in Table

IX, during the infusion of noradrenaline to the right kidney, total right

renal biood was kept at zero while systernic arterial blood pressure

rose rnarkedly. Occasional cardiac irregularities, usually bigeminal

rhythrn'were noted. This either subsided spontaneously or with de-

creasing the rate of noradrenaline infusion. Systernic arterial blood

pressure returned to control values with cessation of noradrenaline

infusion. Right total renal blood flow rernained severely depressed.

The rate of return towards control values showed considerable varia-

tion frorn anirnal to anirnal , and, by the end of 6 hours, mean total

renal blood flow was approxirnately 50To of. control; rnean right renal

vascular resistances was correspondingly elevated.

Intrarenal blood flow distribution, as assessed by X.norrl33

washout, following noradrenaline infusion is shown in Table X. While

the fast flow cornponent C1 was present during the control period, it

could not be identified up to 6 hours post-infusion. Mean RBF was

also reduced.

The effect of intra- arterial infusion of noradrenaLine on renal

function is shown in Table XI. The right kidney was anuric during nor-

adrenaline infusion in all experiments. In 4 out of ! experirnents, the
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right kidney remained cornpletely anuric for the subsequent 6 hour

period, although total renal blood flow had shown considerable recovery.

There was no statistícal difference in total renal blood ftow 6 hours

post-noradrenaline infusion between the anuric and the non- anuric

anirnals. Regardless of the urine flow rate, endogenous creatinine

clearances weïe al1 markedly depressed. As well, values for ToTRFNa,

Uo".rr, Uk/UNa'were atl typical of established acute renal failure. Left

renal function was only transiently affected by the infusion of noradrena-

Iine. These essential features are diagrarnaticalty shown in Figure 6.

Histoiogically, acute tubular necrosis was observed in the right

kidney. The rnicroscopic appearance of a typical experirnent (Exp. t03)

is shown in Figure 7.

c. Qnqlg.tlgt

These acute e><perirnents again demonstrated that intra- arterial

noradrenaline given over a Z hour period, could induce acute renal

failure. This was associated with very drarnatic vascular events, both

systernic and local. Evidence of gross irnpairment in function was

pre sent irnrn ediately following ce s s ation of noradrenaline infusion.

There was an associated renal hypoperfusion due to a persistence of

increased renal vascular resistance even in absence of continued exo-

genous noradrenaline. The increase in resistance resides rnainly in

the cortex. The post-noradrenaline depression in GFR and other
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rnodalities of function persisted in the presence of increases in total

renal blood flow which reached or exceeded 50To of. control during the

6 hour period of observation.

In the noradrenaline- dog rnodel, in contrast to the hurnan situa-

tion where precipitating events are frequently long continuing, the early

transient phase characterized by increased sodium reabsorptíon and

potential reversibility, was not documented.

The systernic effects of rnarkedly elevated arterial blood pres-

sure, the activation of the sympathetic nervous systern and other vaso-

active systerns due to the escape of noradrenaline into the systernic

circulation rnade it difficult to attribute the induction of acute renal

failure by noradrenaline purely due to its local effects on the kidney.

Syrnpathetic activation is a potent stimulus to the release of renin and

vasopressin (Vander, L965; Bunag et aI . L966a, 1966b). AIso prolonged

intravenous noradrenaline infusion has been shown to produce plasrna

volume depletion, shock (Sutter, 1963), and to accelerate the process

of vascular decompensation (Hollenberg, L965). Central venous hema-

tocrits, rn-easured at 2 hourly intervals in the present study, invariably

showed significant increases during and irnmediately after noradrenaline

infusion frorn values of. 40To to as high as 60fl0. There was a slow re-

turn towards control values by 6 hours. Even with these changes, the

contralateral kidney showed minimal or no irnpairment in function.



Right Kidney

RBF
(% Control)

Mean B. P.
(rnrn Hg)

RVR
(% Control)

TABLE ]X

Effect of Intra- arterial Infusion of Noradrenaline on
Renal Hernodynarnics in the Dog: Acute,Experirnents

N=9

Control

100

r2g. 4
(4.7)

100

>i: P < 0.05
)k>F P < 0.01

tF>F)k P< 0.001
Paired t test was used for statistical analysis.
Values expressed as Mean (S. E. )

Values without p Values attached = No significant difference frorn control.

NA Infusion

1 . g '*'to'

(r.4)

I 6g. g 
*'k

(9. i)

00

2 ldrs. Post-N.A'

s3. 9
(8.3)

r26.7
(ó.3)

zl7. s'i"i'
(40.0)

4 }{rs. Post-NA.

7 o . z'k'k'k
(4. 8)

tzz.2
(4.5)

140. 4
(15. 0)

6 Hrs. Post- NA

69. 6
(10. 1)

719. 4
(5. 4)

\L

131.7
(r o. 8)

I

o\
t\)

I



TABLE X

Effect of intra- arteriaL noradrenaline infusion on

IRBD in the dog: chronic s)<perirnents

N=6

% RBF

CI

cu

Control

cut + lv

74.4
(2.9)

zr. z
(2.8)

2 Hrs. Post-NA

4.3
(0.6)

Results e)<pressed as Mean (S. E.).
Paired t-test was used for statistical analysis.

60. 7l
(2.9)

p

39.3
(2. 1)

6 Hrs. Post-NA

< 0. 00I

28.5
(1. 5)

58. Z
(2.6)

p

r3.0
(0. ?)

<0.00I

<0.001

< 0. 001

l.l

:..

t.:
tl..

lr;
I

c¡.(,
I



TABLE XI

Effect of Intra- arterial Noradrenaline Infusion on
Renal Function in the Dog. Acute Experirnents

N=9

Right Kidney

V (mt/hr/kg)

ü (nier't)
V (Left)

No. of dogs re-
maining anuric

Control

t. r0
(0. l9)

0. 84
(0. r 8)

0

Righr
cct
(%, Control)

Left

NA Infusion

Uo"* (Right)

%"JL"rt
% TRr*"

***
0.03 "'

(0. 02)

o. 02***
(0. l2)

9

2 Hre. Poet-N.4.

100

100

tfttÈ*
0.32

(0. l5)

0.7 5

(0. 3r )

4

t. Lz

(0.07)

l. 33
(0.291

0. l1

(0.14)

o 
+**

103
(23.4)

4 Hre. Poet-N.{

Results expressed as mean (S. E. )
Paired t test was used for statistical analyeis.

* P <0.05
*t¡ P <0.01

¡¡r¡>l P <0,001
Values without p Valuee = No eignificant difference from cont¡ol.

o. oó**+

(0. 06)

0. 60
(0. 4r )

0.04*

(0.03)

**àt
0. 39

(0. r 8)

0.88
(0. 43)

4

3.6***
(1. 9)
98.0

(17. 8)

6 Hre. Poet-NA

*ri(
0.31

(0.10)

ll. g2+*
(5.0)

0. 19.

(0. 08)

***
0.47

(0.23)

0.90
(o. 471

4

tl4. ?***
(11. 7)
103.8

(r 5. 4)

rF*
o. 29

(0. lo)
àt*t9. 64

o.zl

0. l3

(0. oó)

lz.Tt},F*
(8. ?',)

90.7
(7. l4)

**
0. 30

(0. rr)
*tt5.2

(6. 3)

0. l7

(o. o8)

I

o.
È
I
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NA infusion

MEAN B. P.

mm Hg

TOTAL RBF

ml/min

v (RTGHT)

nl/Hr.

raìa _a

!
I

200

I

ccr (LEFT)

ml/min

TIME (HOURS )

EXP. I 02

Renal hemodynamics and renal function following
intra- arterial noradrenaline infusion in the dog.

Figure 6:



Figure 7:
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Histologic appearance of right kidney 6 hours
post- noradrenaline infusion (Exp. 103).
Glornerulus appears norrnal . Tubular necro-
sis and intralurninal debris can be seen.
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3. Effect of Intravenous Infusion of Noradrenaline

In an attempt to exclude, in so far as possible, non- renal

effects of the experirnental procedure, noradrenaline was given intra-

venously in the sarne dose to a further group of anirnals.

a. Methods:

The general procedure was as described in Section III, B with

the following rnodifications: Four mongrel dogs were used. Instead of

infusing noradrenaline into the right renal artery, 0.9T0 saline was

given at a rate of. 0.I94 ml/rnin. Noradrenaline, at a rate suJficient

to achieve the sarne level of systernic hypertension as observed during

the intrarenal artery adrninistration was given intravenously for a 2

hour period. Again, at this rate of infusion, the occasional occurence

of cardiac arrhythmias could be observed.

b. Results:

The effects of intravenous noradrenaline infusion for a Z hour

period in 4 anirnals are shown in Table XII. The rate of noradrenaline

infusion required to produce cornparable rises in systernic arterial

pressure was the sarne whether adrninistered into the renal artery or

given intravenously.

There 'was a t ransient increase in calculated renal vascular

resistance during intravenous noradrenaline infusion. At Z, 4 and 6

hours post- infusion, systernic arterial pressure, creatinine clearance,

total renal blood flow and calculated renal vascular resistance did not



TABLE XII

Effect of Intravenous Noradrenaline Infusion on
Renal Hernodynarnics and Renal Function in the Dog

N=4

Right Kidney Control

RBF
(% Control)

Mean B. P.
(mm Hg)

RVR
(% Control)

t00

It2.3
(8.3)

100

cc"
(% Controt)

I. V. N.A, I¡fueion

(% Control)

% TRFNa

Uo"- (Right)

U o"- (Left)

co"-
(% Control)

88. 0
(zr.3l

149.4 *
(z. t)

184.7
(43.6)

t00

t00

3.6
(t.l)
0.9s
(0.02)

I00

2 Hre. Poet-NA

83.8
(20.41

41 .9'
(t4.z',,

l. 68'È
(0. 64)

0.9?
(0. 0l )

33.6+
(t7 .2)

77. r

04. 3)

100.0
(t3.4)

4 Hre. Post-NA

Valuee are expressed ae mean (S. E. ).

Paired t test was uged for statiatical analyste.

* P <0.05

Values without p values attached = No eignificant difference from cor:trol,

124.2
(r9.2)

79.8
(r2.7')

98. I
(t 2. 9)

rt3.7
(9. ó)

97.6
(r7. r)

31.6*
(9, 3)

0.89*
(0.49)

0.95
(0.0ó)

38. I *
(r0. l)

ó Hrs. PosL NA

93.0
(r6.8)

l0 0.0
(10. z)

103.3
(13.0)

t52.9
(75. l)

44.4*
(9. zl

l.l?+
(0.32)

0.96
(0. 04)

47.9 *
(r1.3).

8s.8
(6.9)

?1.2
(2r. 3)

2.48
(t. I 9)

1.05
(0.05)

66.9
ltz. z)

I

o.
co
I

i
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differ significantiy frorn pre-infusion values. There was no evidence

of persisting renal ischernia or of acute renal failure.

c. Cornrnents:

It can be concluded that the effects of systemic noradrenaline

together with the operative procedure of renal arteriai catherization

could not be responsible for the production of noradrenaline-induced

acute renal failure in the dog.

4. Effect of Prior Phenoxvbenzamine .Blockade

Catecholamines have been known to have numerous poorly

defined non- alpha and non- beta adrenergic effects on the cell (Innes

and Nickerson, I970). Parenteral infusion of catecholamines has been

shown to result in myocardial lesions even when the coronary vascuLa-

ture was practically devoid of alpha- adrenergic receptors (Moss and

Schenk, I970). Since a variety of nephrotoxins are capable of producing

acute tubular necrosis in rnan and in experimental models, it is neces-

sary to deterrnine whether the induction of acute renal failure depends

on alpha- agonistic activity and its vascular consequences or on other

rnechanisms. An atternpt was made to study the effect of prior intra-

arterial phenoxybenzarnine followed by a Z hour infusion of noradrena-

line at the usual rate.
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Method:

The general procedure was as outlined in Section IIT, B with

the following rnodifications: Four rnongrel dogs of either sex, weighing

14-ZZ kg were used. Following stabilization and a 30 rninute control

period, a srnall bolus dose of noradrenaline was given intra- arterially

to dernonstrate the vasoconstricting effect of noradrenaline. Phenoxy-

benzarnine at a dose of 0.2 rnglkg B.lMt. (calculated as the base) was

then slowly infused directly into the right renal artery over l0-15 rnin-

utes by a Harvard infusion-withdrawal purnp. Noradrenaline was given

for a 2 hour period at a rate sufficient to produce the sarne proportion-

ate rise in systernic pressure as observed during the standard protocol.

Serial urine and blood sarnples were obtained for the first 6 hours post-

infusion.

b. Results:

Table XIII shows the effect of intra- arterial noradrenaline on

renal hemodynarnics and renal function in the kidney pre-treated with

phenoxybenzarnine. Following intra- arterial adrninistration of phenoxy-

benzamine (0.2 rng/kg B.Wt. ) to the right kidney, both urine flov,-rate

and ToTRFNa increased significantly without much change in endogenous

creatinine clearance, total renal blood flow, rnean B. P. and renal

vascular resistance. lMith subsequent intra- arterial noradrenaline

infusion to the right kidney, mean arterial B. P. rose significantly
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without concomittant increase in total right renal blood flow, indicating

a decrease in renal vascular resistance. Endogenous creatinine

clearance and urine flow rate showed slight transient decreases with

gradual return to control values by 6 hours post-NA infusion. No

oliguria or evidence of irnpairrnent of renal salt and water handling

were observed. A typical experiment is graphically shown in Figure 8.

Table XïV shows a corrrparison between the POB pretreated group

(n = 4) cornpared to the non-POB treated group (n = 9). It is quite

apparent the renal hennodynarnics and renal function during and 6 hours

post- noradrenaline infusion were well rnaintained in the POB pretreated

group. Figure 9 shows the histological appearance of a POB pretreated

kidney. Minirnal evidence of tubular necrosis was seen. However,

glorneruli and vessels showed no obvious histological lesions.

c. Cornrnents:

From the above data, one can conclude that prior alpha- adren-

ergic blockade of the renal vascular bed by intra- arterial adrninistra-

tion of phenoxybenzarnine at a dose of 0.2 rng/kg B. Wt. completely

prevented noradrenaline- induced renal ischernia and subsequent acute

renal failure. Both renal hemodynarnics and renal function were well

preserved in the POB pretreated group. This dose of phenoxybenzarnine

was insufficient to produce significant systemic syrnpathetic blockade.

No significant changes in man systemic B. P. and pulse rate were

observed pre- and post- POB administration. Noradrenaline was
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capable of producing a systemic pressor response in the POB pretreated

group cornparable to that seen in the non- POB treated group. Right

renal vascular resistance was increased during noradrenaline infusion

even in the POB pretreated kidney. A nurnber of explanations can be

offered. As rnentioned previously, prolonged noradrenaline infusion

can produce rnarked plasrna volume depletion and shock (Sutter, 1963).

A.ll anirnals showed significant increases in central venous hematocrit,

probably partly reflecting a decrease in circulating volume. Noradren-

aline infusion can also be responsible for the release of other vaso-

active substances, particularly renin, resulting in the generation of

angiotensin II (Vander, L965). Phenoxybenzarnine is known to be in-

effective in blocking the renal vascular effects of angiotensin II. This

could, in part, explain the increase in renal vascular resistance during

noradrenaline- induced hypertension. Since autoregulation is still

present in the denervated kidney and the kidney treated with syrnpathetic

blocking agents, the poorly-understood phenornenon of renal autoregula-

tion couid also be partly or entirely responsible.

The failure to induce functional acute renal failure in the kidney

blocked with POB implies that it is the alpha-agonistic properties of

noradrenaline, and likely their vascular effects following alpha receptor

activation, that are responsible for the production of renal failure in

this experimental rnodel and it is unlikely to be due to direct (cellular)



Right Kídney

TABLE XIII

Effect of Intra- arteriaL Noradrenaline Infusion on Renal Hernodynamics and
Renal Function in the Dog Pretreated with Intra- arterial Phenoxybenzamine

N=4

RBF
(% Control)

Mean B. P.
(rnrn Hg)

RVR
(To Control)

Control
(0. 5 hrs)

100

130. 0
(5.8)

100

CL̂T
(% Control)

v (nieht)
V (Left)

Post- POB
(1. 0 hrs)

103. 3

(3.3)

135.0
(2.9)

93.9
(6. i)

NA Infusion
(2. 0 hrs)

r00

1.24
(0. 3 5)

Values e:çpressed as Mean (S. E. )

Paired-t test used for statistical analysis.
>k P < 0.05
Values without p Values attached = No significant difference frorn control.

93.1
(5.0)

15t.7',
(11. 7)

118. g
(17. 3)

2 Hrs. Post- NA
(2. 0 hrs)

IA7 .5
(x3. 4)

1. 30
(0. 44)

98.4
(11. 1)

rz8. 3
(7 .2)

97 .3
(16. 8)

92.0
(r4.9)

1. 03
(0. 18)

4 Hrs. Post- NA
(2. 0 hrs)

97 .7
(7.e)

723. 3
(4.4)

92.9
(13. 5)

85.0
(10. 5)

t. 31
(0. 53)

I

-¡(,
I

1r9.0
(23. 0)

1. 19
(0. 56)



Righr Kidney

TABLE XIV

Renal Hemodynarnics and Renal Function
Following rntra- arterial nor Noradrenaline rnfusion:

Phenoxybenzamine pretreatment v.ersus contror

RBF
(% Control)

Mean B. p..
(mm Hg)

RVR

, 
(% Controt)

CÛT
(% Control)

Y fni*r")
V (Lefr)

Control

Control pOB p

r29.4 140.0
(4.7) (5. 8) NS

NA Infusion

Control pOB p

I l.s e3J
(r. 4) iu. ol <0. oo1

168.9 151.7g.t¡ er.z) NS

- I 18' 9. <0. oor(17 .3)

0 92.0
(o) (14. g) <o' oo l

0. 02 r. 03
(0.12) (0.18) <o' oo1

0.84 1. 24
(0. 18) (0. 35) NS

Values expressed as Mean (S. E. )Non- paired t - test was used. for statisticalControl = non-pOB pretreated dog, N=9.POB = POB pretreatment, N=4.

4 Hrs. Post-NA

Control POB p

70. z 97 .7(4.8) Q. Ð <0. 0z

122.2 123.3
(4. s) G. +f Ns

140.4 92. g
(15. o) (Ì 3.'5) NS

14.7 ltg. o
(r 1. ? ) tzi. õ) <0. ool

0.88 t. rg
(0. 43) to. itl NS

analysis.

I

-JA
I
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POB

+

NA infusion

MEAN B. P.

mm Hg

TOTAL RBF

ml/min

v (RTGHT)

nl/Hr.

c c, (RtGHT)

ml/min

c cr (LEFT)

ml/min

20
t0

4

EXP. 1203

T|ME ( HOURS

I
)

6

Renal hernodynarnics and renal function following
intra- arterial noradrenaline infusion in the dog pre-
treated with intra- arterial phenoxybenzamine.
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effects of noradrenaline per se. The presence of histologic tubular

darnage in the POB pretreated kidney supports the hypothesis that the

primary lesion jn a.crrte renal. faiJ.ure is a. recluction in glornerular

filtration rather than due to structural tubular darnage.

5. Effects of Int-r- arterial Infusion of Angiotensin II

The Renin- Angiotensin axis has been irnplicated in the patho-

genesis of acute oliguric renal failure by numerous authors (Sevitt,

L959; Schnerrnan e! aL. L966; and Brown et a1. L970). Plasrna renin

activity has been found to be elevated in clinical acute renal failure

(Tu, L965; Kohot and Kuska, L969; and Brown et al. 1970). Angiotensin

has been reported to cause renal vascular darnage (Byrorn, L964).

Furtherrnore, studies in glycerol- induced acute renal failure in the

rat have shown that chronic salt loading with suppression of renin

production resulted in a less severe lesion (Thiel et al. L970; McDonaId

et al. I970; and DiBona et al. t97l). Since noradrenaline infusions are

known to result in elevated plasrna renin- activity (vander, 1965), we

have atternpted to determine whether prolonged intra- arterial infusions

of angiotensin in Iarge doses can prod.uce acute renal failure as is in

the case with noradrenaline.

?. Methods:

The general procedure was as outlined in Section III, 2 (i) with

the foliowing rnodifications: Three rnongrel dogs of either sex, weigh-

ing l5- 25 kg were used. Following stabilization and a 60 rnin control
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period, angiotensin II amide (HypertensinR-CIBA) was infused directly

into the right renal artery f.or 45 min by a Harvard infusion-withdrawal

purnp at a dose of at least 7.5 wglmin/kg B.lMt. This dose is capable

of producing rnarked systernic hypertension initialiy, cornparable to

that seen in experirnents with noradrenaline inJusions. Urine and

blood sarnples were collected during control, and infusion periods, and

for 2 hours post- infusion.

Þ.Results:

Renal hernodynarnic and renal function data are shown in Table

XV. Intra- arterial infusion of angiotensin resulted in systernic hyper-

tension with an initial decrease in total renal blood flow, followed by

a subsequent but incornplete recovery for the rest of the infusion

period. In all anirnals, renal blood flow was relatively weII- rnaíntained.

Renal vascular resistance was rnoderately elevated during the infusion

period. Renal function dernonstrated only transient disturbances. A

rnarked diuresis was observed with high rates of infusion of angiotensin.

No functional or histological evidence of renal failure was observed at

the end of the experimental period.

c. Cornments:

Angiotensin is well known as a powerful vasoconstrictor.

Carriere and Friborg (1969) have shown that intra- arterial adrninistra-

tion of angiotensin resulted in a decrease in renal blood flow with



Right Kidney

RBF
(% Control)

Mean B. P.
(rnrn Hg)

RVR
(% Control)

V rnl/hr
(% Control)

C6, rnl/rnin
(% Control)

TABLE XV

Effect of Intra- arterial Angiotensin II on Renal
Hemodynamics and Renal Function in the Dog

N=4

Control Period

100

130.0
(i0.4)

100

100

100

Angiotensin Infusion

Results e>q)ressed as Mean + S. E.
NS = Not significant
'1. P < 0.05
Paired-t test was used for analysis.

77. Z'o

0. e)

1 63. 3'k
(19..7)

1g6. g';'

(31. 0

z5B. O'''
(65. 4

6s. 5
(14.3)

Z }lrs. Post- infusion

89. 3
(7 .7)

r20.0
(5.0)

104.9
(5. z)

1L4.6
(28.6)

g3.0{'
(8. 8)

4 Hrs. Post-infusion

100. 6
(7 .7)

176.7
(4.4)

90. 4
(4. z)

92. r
(36.1)

86. 0
(2.4)
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cortical ischernia in the dog. However, the drug was only infused for

15 rninutes in their study. Prolonged administration of angiotensin

results in tachyphylaxis (Bock and Gross, 1961). rn the present study,

tachyphylaxis in the renal vascular bed appeared after l5 rninutes and

additional increases ín rate of infusion failed to maintain initial reduc-

tion in renal blood flow. This is in agreernent with the findings of

ViliareaL et aI. (L964). A diuresis with increase in sodiurn excretion

was observed under our experirnental conditíons during angiotensin

infusion. This is in accord with the findings of other investigators

(reviewed by Bock et aI. t968).

It can be concluded that angiotensin, although present in high

concentrations in the renal circuit, cannot be singularly responsible

for the production of acute renal failure. However, this does not

negate its possible synergistic role in the noradrenaline-induced Iesion.

This rnay be due to a difference in the susceptibility in the developrnent

of tachyphylaxis between the angiotensin receptor and the noradrenaline

receptor.

6. Effect of Intra- arterial Infusion of Vasopressin

High levels of circulating vasopressin are present folrowing

hemorrhage, shock etc. (Ginsburg and Brown, 1956; BeIeslin et ar.1967)

where acute renal failure is likely to develop. Circulating vasopressin

has been shown to be responsible for a considerable portion of the
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splanchnic vasoconstriction in the cat in hernorrhagic hypotension

(Greenway and stark, 1969; McNeiil et aL. r9T0). Byrorn (1937) reported

histological darnage to rat kidneys following repeated intraperitoneal

adrninistration of pitressin. Although its effects on renal water handling

are well known, the effects of vasopressin on the renal circulation are

still obscure. Aukland (1968a) reported no change in renal perfusion or

re- distríbution of intrarenal blood flow following intravenous adminis-

tration of vasopressin in the dog. However, wakirn et al. (1942) have

reported a decrease in renal blood flow. Intrarenal blood flow redistri-

bution has also been reported by Fischer et al. (1970) following intra-

arterial adrninistration of vasopressin. We have atternpted to deterrnine

whether intra- arterial adrninistration of vasopres sin would result ín

renal ischernia of an order of rnagnitude sirnilar to that produced by

noradrenaline, and whether it was capable of producing renal failure

with prolonged infusion.

a. Methods:

The general procedure was as outlined in Section III, B with

the following rnodifications: Four rnongrel dogs of either sex weighing

15-20 kg were used. Following stabilization, and a 60 minute control

period, vasopïessin (Pitre""irrR- Parke, Davis) at a rate of 5.0 uunits/

min/kg, was administered by a constant infusion-withdrawal purnp into

the right renal artery. This rate of infusíon was sufficient to produce
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a systernic pressor effect and cardiac arrhythrnias which consisted of

prolonged P-R intervals and supraventricular extrasystoles. Infusion

lasted 45 rninutes. Urine and blood sarnples were collected during the

control period, during infusion and for 4 hours post-infusion.

b. Re sults:

Despite increases ín systernic arterial blood pïessures, renal

blood flow showed littte change during the infusion period (Table XVI).

Calculated renal vascular resistance was increased. No significant

changes in glornerular filtration rate were observed during and follow-

ing infusion. Urine flow rate increased rnarkediy frorn both kidneys

during and followirg infusion of vasopressin. No evidence of renal

failure was observed 2 hours post-infusion.

9. Cornrnents:

Although the renal vascular effects of vasopressin are not

well-known, it is apparent that I. A. adrninistration of vasopressin in

the anesthetized dog did not produce drastic changes in renal blood

flow or function of the order of rnagnitude as that observed with nor-

adrenaline. The diuretic effects of ADH in the anesthetized. anirnals

have previously been reported (Brooks and pickford, l95B; McDonald

and de Wardener, 1965; and Martinez-Maldonado et al. IgZL). The

diuresis observed frorn the left kidney during infusion of vasopressin

into the right renal artery was due to the systernic effects of vaso-



Right Kidney

RBF
(% Control)

Mean B. P.
(rnrn Hg)

RVR
(To Control)

V rnl¡hr
(% Control)

C6' rnl/rnin
(% Control)

TABLE XVI

Effect of Intra- arterial Vasopressin on Renal Herno-
dynarnics and Renal Function in the Dog

N=4

Control Period

100

130.0
(5. z)

100

100

100

Results expressed as Mean + S. E.
NS = Not significant
)k P < 0.05

Vasopressin Infusíon

97 .7
(2.3)

r46. 7'k
(8. 8)

115.5
(s. 0)

133. Z'N

(51. 1)

L09.4
(1. 8)

Z llrs. Post- infusion

107. 3

(6. 0)

IZ5. 0
(5. 8)

89.9
(2.3)

304. g {'

(2r9. 6l

111. 3
(11. 3)

I
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pressin in the anesthetized dog. lMith 45 rninutes of vasopressin infusion,

considerable quantity of drug \Mas present in the animal. This explains

the diuresis even after infusion of vasopressin had stopped. The dosage

of vasopressin used was high enough to produce systernic pressor and.

cardiac effects and probably represents the ceiling dose possible in the

whole anirnal. It can be concluded that vasopressin cannot be singularly

responsible for the production of acute renal failure in the dog.

7 . Di s cus sion

The foregoing studies have dernonstrated that a 2 hour period

noradrenaline infusion, at a dosage sufficient to reduce total renal

blood flow to near zero during the period of infusion, results in the

production of a unilateral renal lesion showing the rnorphologic, herno-

dynamic and functional characteristics of hurnan acute renal failure.

This rnodel was shown to be readily reproducible. Norad.renaline pre-

surnably induces its effects via the vascular alpha-adrenergic receptors

in the renal circuit resulting in a sustained high resistance to blood flow

and disporportionate reduction in glornerular filtration.

In equi-pressor doses, acute renal failure could not be produced

by intravenous infusion of noradrenaline, or the intrarenal arterial

infusion of angiotensin II or vasopressin.
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Ç.
Failure

Although the pathogenesis of oliguria in acute renal failure is

still poorly understood, nurrl-erous lines of evidence have impiicated a

reduction in renal blood flow and glornerul ar f.iltration as being the

primary events (Flanigan and Oken, 1965; Ruiz- Guinazu "t "L. 196?;

Hollenberg et aI. 1968; and DiBona et aI. L97L). It was first postulated

by Goormaghtigh (1945, L947) that increased concentration of angioten-

sin forrned in the region of the glomerulus rnight reduce renal btood

flow, thereby precipitating acute renal failure. This theory has

been further supported by the work of Schnerrnann and Coworkers

Q966). Furtherrnore, chronic saline loading, pïe süm.ably associated

with renin suppression has been shown to be partially protective in

glycerol induced (McDonald et al. 1970; Thiet et gL. 1970) and rnercuric

chloride induced (DiBona et al. 1970) acute renal failure in the rat.

Previously, we have dernonstrated that prior renal denervation and

po st- event phenoxybenz arnine admini stration we re partially prote ctive

in the glycerol- rat rnodel. Since syrnpathetic discharge causes renin

release (Vander, 1965; Bunag et aL. t966b) an attempt was made to

deterrnine the effect of chronic saline loading on the subsequent develop-

rnent of the lesion and the cornbined effect of chronic saline loading

and prior denervation.
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t. Glvcerol- induced Acute Renal Failure in the Rat.

(i) Effect of Chronic Saline Loading

a. Methods:

The general experirnental protocol was as outlined in Section

IIr, A with the following rnodifications: Nine female Long Evans rats,

weighing approxirnately 300 grns were given 0.9T0 saline (ad libiturn)

in place of drinking water for at Ieast 4 weeks prior to experimentation.

Three days prior to dehydration (being part of the preparation for

glycerol injection), tap water for drinking was resurned. Renal func-

tion from the period 24 to 48 hours post-glycerol adrninistration was

cornpared to a water- drinking control group subjected to the sarne

dose of glycerol (ZBTo Glycerol, at 10 mg/kg).

Þ. Results:

Renal function for the period 24 to 48 hours post- glycerol

adrninistration for the saline- drinking group and the water- drinking

controls are shown in Table XVII. Body weights of both groups were

cornparable. In the saline loaded anirnals, mean creatinin" .låatan."

was higher, mean plasrna creatinine concentration lower, and free

water production and % tnf*. were lower than the control group.

However, these differences were not statistically significant.

e. Q-.r."t":

It has been shown that chronically increased dietary salt con-

tent resulted in suppression of both renin synthesis and release
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TÁ'BLE XVI]

Saline Loading on Glycerol- induced Acute Renal
Rat. Renal Function at 24 to 48 Elours Post-

glyce rol Adrnini str ation

Control
(n= 20)

Saline Drinking p Value
(n=9)

v (.r,f /rO 0 grn/24 inrs. )

C6' (rnt/Io0 grn/24 hrs. )

Co"rr, (rnl/I00 grn/z+ hrs. )

" nr' (rnf /i00 grnl24 hrs. )

Uo"- (rnOsrn/kg)

% TRFNa (%)

P6" (rnC%)

9.7 + r.3

60.9 + zL. 6

9.4 + 1.3

t3.8 + 2.4

4Z6J +22.5

39.5 + lI. 5

5.65 + 0. 65

7.7 L

84.8 +

8.0 +

10.6 +

42,0.5 +

28.9 +

4.78 +

t.7

39.0

r.8

3.5

4r. 6

8.4

8.78

NS

NS

NS

NS

NS

NS

NS

Control = water drinking rats (28T0 glycerol, 10 rnl/kg).

NS = Not Significant at 5To level.
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(vander, L965; Gross et aI. 1966b). Also, renal rehin depletion has

been reported with chronic salt loading (Gross et al. Lg64). on the

basis of these findings, it has been suggested that the reduction or

absence of renin- angiotensin activity accounted for the "protective

effect" of salt loading on the developrnent of acute renal failure in the

glycerol treated rat. It rnust be noted, however, that the effects of

chronic salt loading are rnany. We have found that the d.egree of renin

depletion is variable and incornplete. Anirnals given O.9To saline as

drinking water tend not to drink as rnuch for obvious ïeasons. This

lead to soffie degree of plasrna volurne reduction and hernoconcentration.

Mean hematocrit of l0 rats after 4 weeks oÍ.0.97o saline drinking was

5610 cornpared to a rnean hernatocrit of 4OTo in water drinking anirnals.

Because of this, tap water for drinking was resumed, for 3 days prior

to experirnentation. This rnaneuver resulted in a return of hernatocrit

to norrnal, but probably a lesser degree of renin depletion was also

achieved.

Chronic salt loading, associated with rnineralocorticoid func-

tion, rnay produce systernic h¡>ertension (Gross et al. L965; page and

Mccubbin, 1968; and Pickering, I96B) and changes in vascular srnooth

rnuscle reactivity (Friedrnan and Friedrnan, 1963). Less well- defined

relationships exist between increased salt intake and intrarenal blood

flow distribution (Earley and Friedler, 1965; Horster and Thurau, 196g;
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Abbrecht et 3L. 1969 and Mogil et aI . 1969). Hollenberg et al. (I970b,

I97L) reported an increase in renal cortical blood flow in norrnal sub-

jects on high salt diets. This pattern of intrarenal blood flow distribu-

tion was also seen in some hypertensive individuals with norrnal renal

function even on salt restricted diets (Hollenberg and Merrill , I970).

It is quite conceivable that ali these factors may influence the outcorne

of glycerol- induced acute renal failure, perhaps in an adverse manner,

counteracting the beneficial effects of renin- depletion. Chronic saline

loading may be a poor way to study the effects of renin depletion on

acute renal failure in this rnodel.

In surnrnary, we have been unable to show any significant

effect of prior saline Ioading alone on the changes in renal function

induced by I. M. glycerol in the rat. One might suspect, however,

t}:at a slight protective effect is present. This effect rnay be too srnall

for the experirnental method ernployed to detect.

(ii) Effect of Chronic Saline Loading and Prior Unilateral Renal
Denervation

Either renal denervation (Ueda et al . L967) or chronic salt

loading (Gross et al. 1964) has been shown to cause a reduction of

renal renin content. In addition, nurrrerous studies have demonstrated

directly or indirectly that a relationship exists between sodiurn homeos-

tasis , the syrnpathetic nervous system and renal function (Karnrn and

Levinsky, 1965; Gill and Bartter, 1966; Schrier et al . 1967; Rornero

et aI. 1968; Bonjour et aL. 1969; Hollenberg et al. 1970b, l97l; and
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Lackner and McKay, I97L). It is tempting to suggest that an interaction

exists between the sympathetic nervous systern and the renin- angioten-

sin systern in the pathogenesis of acute renal failure. In an atternpt

to investigate this possibility, the cornbined effects of chronic salt

Ioading and prior renal denervation on glycerol induced acute renal

failure in the rat were studied.

!. Methods:

The general experimental procedure was as outlined in Section

Iü, A with the following modifications: Ten fernale Long Evans rats,

weighing approxirnately 300 grns were used. Anirnals were given 0.9To

saline as drinking water ad libíturn for 3 weeks prior to denervation

of the Ieft kidney. At Ieast I week was allowed for recovery frorn

surgery. Tap-water for drinking was resurned 3 days prior to dehydra-

tion and subsequent glycerol injection. Renal function 24 to 48 hours

post- glycerol adrninistration was cornpared to a group of innervat ed

water- drinking controls given the sarne dosage of glycerol (28To glycerol,

10 rnllkg B.lMt. ).

Þ. Re sults :

Table XVIII shows the renal functional parameters in the uni-

laterally denervated saline- drinking group and the innervated water-

drinking control s 24 to 48 hours post- glycerol adrninistration.

Mean endogenous creatinine clearance, osrnolar clearance,
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urine osmolality show significantly higher values in the treated group.

Free water production, To TRFN'. and plasrna creatinine concentration

are significantly lower. These findings indicate less severe derange-

rnent in function in the unilaterally denervated, saline loaded group

as cornpared to the unrnodified control. In addition, when the uni-

laterally denervated saline loaded group lilas cornpared to the saline

drinking group, better preservation of renal function in the former

group was observed.

9. Cornrnents:

It is evident that while chronic saline loading alone was not

associated with significant protection against acute renal failure, it

rnay potentiate the protective effect of denervation. Whether the renin

angiotensin systern is necessarily involved is unclear.
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TA.BLE XV]TI

Effect of Chronic Saline Loading and Prior
ervation on Glycerol- induced Acute Renal

tion at 24 to 48 Hours Post-glycerol

Unilateral Renal Den-
Failure. Renal Func-
Adrnini s tr ation

Control

(n= 20)

Saline Drinking and
Unilat. Denervation

(n=9)

p Value

V (rnl/I0 0 grn/24 hrs . )

Cç, (rnI/ I0o grnl 24 hrs. )

Co"rr,. (rnl/tOO grn/24 hrs. )

C¡¡.ZO (rnl/I00 grn/Zq hrs. )

Uo".r, (rnOsrn/kg)

% TRFNa (%)

Pa, (rns%)

9.7 + r.3

60.9 LzL.6

9.4 + 1.3

13.8 + 2.4

426J !22.5

39.5 + It. 5

5.65 + 0. 65

6.3 + 1.3

515 .7 + 93. 5

L7 .Z + 1.3

-1.93 + 2.0

L0z9 + 154

1.7 + 0.4

0.85 + 0.25

NS

0.00I

0.00i

0.00r

0.00I

0.001

0.00r

Control = water drinking

NS = Not Significant

rats (Z8lo glycerol, l0 mI/kg).

at 5To leve1.
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(iii) General Cornments:

In the rat rnodel, it has been demonstrated by a nurnber of investi-

gators that nurnerous factors such as state of hydration (ThieL ut eL.

1966, 1967), osrnotic diuresis (Teschan and Lawson, 1966; WiIson et g!.

1967, L969), and state of sodiurn horneostasis (McDonald et al. L970;

DiBona et ¿. l97I), can favorably influence the severity of acute renal

failure. Atl of these rrprotectiverr manipulations necessitated gross

physiological readjüstrnent. This rnakes the rnechanism of protection

obscure. 'We have shown previously that prior renal denervation or

early post- event phenoxybenz arnine adrnini stration partially prote cted

against acute renal failure. This irnplies that the syrnpathetic nervous

systern plays a role in the production of the lesion. All of the factors

'rnentioned above shown to be protective involve reflex suppress.ion of

syrnpathetic overactivity either directly or indirectly. McGiff and Fasy

(1965) have reported that denervation abolished the renal vasoconstric-

tion produced by intravenous injection of angiotensin. While a rnulti-

factorial situation is generally involved in clinical acute renal failure,

it is conceivable that a final cornrnon pathway rnay involve the activation

of the adrenergic nervous systern as a significant contribution in the

rate lirniting process.

This is further demonstrated by the synergistic protective

effects of chronic saline loading and prior renal denervation. A
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graphical surnrnary of the pathogenetic factors studied in the glycerol-

rat model is shown in Figure 10. Plasrna creatinine concentration and

endogenot" ."."tinine clearance are chosen as parameters of glorneru-

lar function, and osmolar clearance and % TRFNa are chosen to be

indices of tubular irnpairrnent. It is apparent that, under the given

' experimental cond.itions, a trend of increasing effectiveness in protect-

ing against acute renal failure can be observed. The fact that prior

denervation with saline loading is rnore effective than denervation

alone further supports the irnpression that saline-loading itself rnay

be a biological significant rnanipulation.

One rnust safeguard against the assurnption of equating chronic

saline loading with renin- depletion. Protection experiments of these

types cannot establish a definitive pathogenetic role of renin- angioten-

sin in acute renal failure.
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2,. Ngradrenaline-induced Acute Renal Failure in the Dog.

Despite the popularity of the renin- angiotensin theory in the

pathogenesis of acute renal failure (Sevitt, 1959; Schnerrnann et al.

L966.and Brown et al. 1970), there is little direct evidence to substan-

tiate this clairn. Little angiotensin II is generated through one single

passage of the renal circulation (Ng and Vane, 1968). Prolonged intra-

venous infusions of angiotensin II do not produce acute tubular necrosis

(Sutter, 1963). In an attempt to evaluate the role of the renin- angio-

tensin axis in the production of acute renal failure, in the noradrenaline-

dog model,plasrna renin activity was deterrnined under several different

experirnental c onditions .

(i) Effect of Prolonged Infusions of I. V. Noradrenaline, I. A. Noradren-
aline, and ]. A. Vasopressin on Plasrna Renin Activitv

a. Methods:

Plasrna sarnples for the determination of renin activity (PRA)

were obtained frorn animals randomly selected from three groups of

experirnents detailed in Section III, B (during infusions of I. V. nora-

drenaline, I. .{. noradrenaline and I. A. vasopressin). Sarnples were

obtained during control periods, during infusions of test drug and at

? and 4 hours thereafter. tr'or cornparison, blood sarnples were also

obtained from 7 healthy conscious mongrel dogs fed a sirnilar diet.

Sarnples in these latter anirnals were obtained following 14 hours of

fasting, but with free access to drinking water.
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Re sults :

Table XIX shows the values f or plasrna renin activity (ng angio-

tensin II/rnl /rnín) in three gïoups of anirnals. It can be seen that

plasrna renin activity is rnarkedly elevated during intra- arterial infu-

sion of noradrenaline and for the remainder of the post- infusion period

following the developrnent of unilateral acute renal failure. Intravenous

infusions of noradrenaline at the sarne dosages showed cornparable

levels of increases in plasrna renin activity. These anirnals did not

develop acute renal failure. No significant change in plasrna renin

activity was observed during and after intra- arterial infusions of vaso-

pre s sin.

9. Cornrnents:

It can be assurned that when angiotensin was infused into the

renal artery at a rate sufficient to raise systernic blood pressure it was

probably also present in high concentrations in the renal circuit. This,

and the previous observation that renal failure did not develop with

intra- arterial angiotensin infusion do not lend support to the theory

that the renin- angiotensin systern is significantiy responsible for the

production of acute renal failure in this experirnental model. While

prolonged intravenous noradrenaline results in sirnilar magnitudes

of increases in P. R. A. as those in intrarenal noradrenaline, it can be

concluded from our results that rnarked elevation of plasrna renin



TABLE XIX

Effect of Intravenous Noradrenaline, Intra- arterial Noradrenaline andïntra- arterial vasopressin on plasrna Renin Activity in the Dog

Group I

I. A. Noradrenaline
(n=8)

Group II

I. V. Noradrenaline
(n=3)

Group III

I. A. Vasopreesin
(n=3)

Control During InJueion

8.9
(l. s)

Normal Values
(n=Z)

8.3
(0. z)

*
36. 3'

(13.8)

*r&
24.8 "
(2.7)

2 Hr e. Poet- infueion

Results expreeeed ae Mean (S, E. )
Paired-t teet wae ueed for etatieticar anaryeie within the eame group.* P<0.05 ** 1>< 0.Ol
valuee r¡¡ithout p values attached = No eignificant difference from control period.(Non-paired t teet was ueed for etatietical analysie between groups. Statieticaldifferences are presented in text. )
P. R. A. - meaaured in ng Angiotenain I generated/ml/min.

7.1
(2.0)

r&rk47.t '

o.7I

*
24.9'
(9. e)

6.4
(0. 1)

4 Hre. Post- infueion

t3.2
(3. 6',)

7.2
(1. 5)

*
26.9'
e. s)

t6.2
(3.3)

lI.5
(2.41

I

\o
co
I
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activity is not necessarily associated with the production of acute renal

failure. Vasopressin has been shown to be effective in inhibiting renin

release (Bunag et al. 1967; Tagawa et al. l97I). This explains the lack

of increase in plasrna renin activity during and following infusions of

vasopressin in the above experirnent.

(ii) Effect of Short-terrn Dietarv SaIt Supplernent on RenaL Hernodvna-
rnics and Plasrna Renin Activitv in Noradrenaline- induced Acute
Renal Failure

Chronic saline loading, associated with renin depletion, offers

partial protection in glycerol- induced acute renal failure (Henry et s!.

1968; McDonald et al. 1969; Thiel .t 3L. I97O; DíBona et 3L. l97I). In

an atternpt to delineate the individual effects of salt loading and renin

depletion on the outcorne of acute renal failure, the effect of intrarenal

artery infusion of noradrenaline on renal hernodynarnics and renal

function was studied in 5 rnongrel dogs on short-terrn dietary salt

supplernent.

a. Methods:

The general experirnental procedure was as outlined in Section

III, B with the following rnodifications: Five rnongrel dogs of either

sex, weighing L5-26 kg were used. Dietary salt supplernent in the forrn

of NaCI tablets approxirnately 0.1 gms/day/kg body weight were given

Í.or 7 days prior to experimentation. Renal hemodynarnics, renal

function and plasma renin activity were compared to a control group
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fed with standard laboratory chow pellets only.

Þ. Results:

Results are shown in..Table XX. Infusions of noradrenaline

directly into the renal artery always resulted in complete renal

ischernia and anuria during infusion in the standard rnodel. In con-

trast, anirnals who had received prior dietary salt supplernentation

rnaintained considerable renal blood flow. Cornplete ischernia could

not be achieved even with further increase in the rate of noradrenaline

infusion. Rates as high as 970 ug/rnin were used. Higher rates of

infusion were prevented by the developrnent of rnarked hypertension

(rnean B. P. up to 250 rnrn Hg) and cardiac arrhythmias (nodal tachy-

cardia, bigerninal rhythrn and rnultifocal ventricular premature con-

tractions). Despite considerable increase in renal vascular resistance,

urine output continued during the entire infusion period.

In addition, during the post- noradrenaline infusion period,

renal blood flow and creatinine clearance were higher in those anirnals

who received salt supplernent than in control anirnals. The sequence

of hernodynamic and functional events of a typical experirnent is

shown in Figure ll.

Plasma renin activity in the two groups of animals did not

differ significantly during control period, infusion of noradrenaline

or during post- infusion.



Right

Kidney

RBF
(% Control)

Mean B. P.
(mm Hg)

RVR
(% Control)

v
(% Controt)

c^
(7å'ðont.ot)

TABLE XX

Renal Hemodynamica, Renal Function and plagma Renin Activity
I.ollowing Intra- arteriar Noradrenaline rnfueion Ín the Dog:

Dietary Salt Supple.rr.rrt V"""rrs Cont¡ol

Control Period

Control Salt

100 t00

lzg.4 lz8. g r

¿;;; i' ä; NS

100 100

t00 100

100 100

P. R. A.
(nglml/min)

p

NA Infusion

Control Salt p

2.0 zz.8
(r.4) (1s. l) <0.05

tó8.9 r58.8 NS
(9. t¡ (8.3)

8-.9 l5.o 
Ns(r. s) (4. 8) ¿

N=8 N=4 l

Cont¡ol = Normal diet (N=p)
Salt = Dietary salt supplement 0. I gm NaCI/day/kg (N=5)Results expressed as Mean (S. E. ).Non-paired t test used fo¡ statistical analyeis.
Plasma Renin Activity (p. R. A. ) in z norrnar doge = 13. rg + 3.56 ng Angiotenein I/mt/min.

2 Hre. Post-NA

Control Salt p

2.27 19.5
(2. tz) (4. gl <o' ol

0 18.4- îí.'it <o. or 
I

53.9 53.4
(s. 3) l;. ;r NS

t26.7 130.0
(ó. 3) Q.;; Ns

217.5 zz?
(40. o) (4r s) NS

21. I ZZ.4
(r3.0) (8.71 NS

ii.'r, ?!;.',, <0.05

36.3 64.?,
(13. 8) (13. 3) NS

N=8 N=4

6 Hre. Poet-NA

Control Salt p

åi i, llo'.0,, Ns

ill;i i:::, Ns

iíi ;, iíf ;, Ns

ií;.", i: :, Ns

ii?;i' iJ ,1 <o oz

47. | 69.8 re.7') (r4. z) NS

N=8 N=4

?: :, i,'; 

", 
Ns

N=8 N=4

I

o
I
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NA infusion
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Figure 11: Renal hernodynamics and renar function following
intra- arterial noradrenaline ínfusion in the dog
pretreated with dietary salt supplernentation.
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Histological appearance of right kidney 6 hours post_
noradrenaline infusion in anirnal on dietary salt
supplernent (E><p. 15- T - T I) .

Marked intralurninal cellular desquarnation can be
seen. Glornerulus appears norrnal.

Figure 12:
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cr Cornments:

Dietary sodiurn has been shown to rnodify renin release by

noradrenaline (Bunag .t a,L. 1966). Short-terrn dietary salt supplernen-

tation in the above experirnent did not significantly suppress the in-

crease in plasrna renin activity following the infusion of noradrenaline.

P.R. A. was rnarkedly elevated in both the pretreated group and the

controls. However, a remarkable qualitative difference in herno-

dynarnic response to noradrenaline challenge was observed. The

absence of cornplete ischernia in the salt supplemented gïoup probably

explains the lack of developrnent of anuria and better post-event renal

function.

Even with high intrarenal concentrations of noradrenaline and

rnarkedly elevated plasma renin activity, a dilference in vascular

responsiveness to the sarne insult was observed in the two groups of

anirnals. This altered responsiveness \Ãi as apparently sufficientiy

potent to resist the otherwise over- riding vascular insult of noradren-

aline infusion. Thus, although the rnechanisrn of the protective effect

of salt-loading in unclear, it does not necessarily depend on its renin-

depleting effects.
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3. Discussion

The renin- angiotensin systern has been proposed as being the

rnechanisln responsible for the abnorrnal increase in renal vascular

resistance in acute renal failure. However, rnuch of the evidence

used to support this clairn is indirect.

Plasrna renin activity and plasffra angiotensin levels have been

reported to be elevated in acute renal failure in rnan (Tu, 1965; Massani

et al. L966; Kohot and Kuska, L969; Brown et aL. 1970). Hernorrhage,

h¡>otension, shock, bacterial toxins, surgical stress and renal artery

occlusion have been shown to be potent stirnuli for the release of renín

(Vander, 1965; Brown et aI. 1966; McKenzie et al. L967; Vaughn et al.

1967). These are also situations where acute renal failure is most

likely to occur (Merrilt 1960, I97L). Goorrnaghtigh was the first to

propose that an increase in angiotensin rnight reduce renal btood fIow,

thereby precipitating acute renal failure (Goorrnaghtigh 1947). Other

authors (Sevitt, 1959; Finckh,l962; Schnerrnann et al. L966; Henry et aI.

1968 and Brown et aL. L970) have also proposed a sirnilar role for the

renin- angiotensin systern. AII of these theories represented variations

of the sarne therne. The central issue involved a positive feedback

rnechanism u'here the RBF- lowering and GFR- reducing effects of

angiotensin resulted in further release of renin. This postulate was

further supported by the finding that the superficial cortex contained
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the highest concentration of renin, less so in the juxtamedullary cortex,

and absent in the rnedulla and the aglornerular subcapsular cortex

(Cook, L957; Cook and Pickering, 1959). This distribution of renin is

sirnilar to the distribution of structural darnage in acute tubular necro-

sis (Brown et a1. 1965). Also, chronic salt loading, associated with

renin depletion offers partial protection in experimental acute renal

failure (Henry et al. 1968; McDonald et al. 1969; Thiel et aL. 1970;

DiBona et gL. l97L). However, several observations do not support

the proposal that renin- angiotensin plays a significant role in the

pathogenesis and rnaintenance of acute renal failure. Plasrna renin

activity is often, but not always elevated in patients with acute renal

failure (Brown et al. L970; Kohot and Kuska, L969; McKenzie, l97l).

Sirnilar degree of increases are seen in situations such as rnalignant

hypertension,which are not associated with the developrnent of acute

renal failure (Tu, 1965). Intravenous infusions of angiotensin even for

prolonged periods of up to 2 hours d.o not result in acute renal failure

(Nickerson and Sutter , 1964). It has been argued that plasrna angio-

tensin concentrations tend to underestimate intrarenal concentrations

of angiotensin (Brown et al. 1970). However, I. V. infusions of high

doses of angiotensin results in the rapid development of tachyphalaxis

in both man and the experirnental anirnal (Day et ¿. 1965). Infusions

of angiotensin in lower doses directly into the renal artery have re-
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sulted in rnoderate reduction of renal blood flow without oliguria in the

dog (carriere and Friborg, 1969). with higher intra- arterial doses,

we have been unable to produce acute renal failure due to the develop-

rnent of tachyphylaxis (Section III, experirnent 5).

Although the rnechanisrn of tachyphyla:<is to angiotensin is

poorly understood, the ease with which angiotensin induces tachy-

phylaxis is well known (Gross et al. 1968). It is difficutt to conceive

of a theory requiring on the one hand the presence of high local concen-

trations of angiotensin, and the absence of tachyphylaxis on the other.

As well, the proposed positive feedback rnechanisrn cannot explain the

reversibility of the Iesion. The relatively short transitional period

between oliguria and diuresis in acute renal failure necessitates the

sudden developrnent of an escape phenornenon, usually occuring at a

tirne when plasrna renin activity is close to norrnal , or an alternative

hypothesis.

'W'e have dernonstrated an altered renal response to prolonged

intra- arterial infusions of noradrenaline in dogs pretreated with short-

terrn dietary salt supplernent. The finding that plasma renin activity

was as rnarkedly elevated as in dogs on norrnal diets during the experi-

rnental period would suggest a different protective mechanism other

than renin depletion in acute renaL failure and suggests that renin is

not necessarily involved.
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The interaction between noradrenaline and angiotensin is more

cornplex. Liebau et al. (L966) showed that angiotensin tachyphylaxis

in rat aortic strips could be reversed with the addition of noradrenaline

in the bath. Strips frorn anirnals pretreated with reserpine showed

rapid developrnent of tachyphylaxis. However, no cross tachyphylaxis

could be dernonstrated between angiotensin and noradrenaline (Gross

et e!. 196I). This, together with our finding that in the rat, chronic

saline drinking with renin depletion plus prior denervation offer rrtore

protection than denervation alone suggest that a possible significant

interaction exists between the adrenergic nervous systern and the renin-

angiotensin systern in the genesis of acute renal failure (Fung et al.

IgTO). Intravenous infusion of angiotensin has been reported to be

capable of suppressing the release of renin secondary to potent stirnuli

such as hypotension, aortic and renal artery constriction (Vander et aI.

L965; De Charnptain et al. 1966). The existence of such a positive feed-

back rnechanisrn would rnean that high plasrna angiotensin levels are

unable to suppress renin release, and therefore, a prirnary defect in

the control of renin release would have to be postulated.

Thus, the unitarian theory as proposed by Brown et aL. (1970)

that renin- angiotensin is largely responsible for the initiation and the

'maintenance of acute renal failure cannot explain many important

features of this Iesion. More definitive progress will possibly be rnade

with the development of an effective and specific angiotensin blocking

agent.



_ 109_

D. Renal Vascular Responses in Acute Renal Failure.

The reduction in total renal blood flow to one third of normal in

itself is not sufficient to explain the severely depressed renal function

in acute renal failure. Cornparable total renal blood flows occur in

patients with chronic renal failure where the level of renal function is

cornpatible with life (Hollenberg .t qL. 1968a). It has been dernonstrated

that rnaldistribution of intrarenal blood flow occurs in established acute

renal failure (Hollenberg et aI. 1968a, I970), the hepatorenal syndrorne

(Epstein et aL. L970; Kew et aL. I97I) and, renal allograft rejection

(Lewis et aI. 1967; Retik, 1967, 1968 and Rosen et gL. 1968) where the

degree of cortical ischemia was correlated with the decrease in renal

function. Although the nature of this increase in renal cortical vascular

resistance is still unknown, it is quite possible that different rnechan-

isrns are responsible for each of the different conditions. The presence

of abnorrnal rnediators has been postulated as an explanation in acute

renal failure (Hollenberg et al. 1968). However, atternpts to identífy

the rnediators responsible have generally been met with little success.

Vasoactive agents, particularly adrenaline and noradrenaline

can produce profound cortical ischemia (Block .t + 1952; Moses,.L95Z;

Carriere , L969; and Epstein et al. 1970b). Clinical evidence of enhanced

adrenergic activity is frequently seen with the development of clinical

acute renal failure. In addition, our findings suggest that the syrn-
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pathetic nervous systern may be important in the pathogenesis of the

lesion (Section III, A). Therefore, atternpts 'were made to determine

the effect of direct infusion of phenoxybenzarnine into the renal artery

on renal hemodynarnics in established acute renal failure both in the

dog and in rnan. As well, the renal vascular responses to intrarenal

acetylcholine and acute volurne expansion were also studied. The

patterns of vascular responses \Ã/ere compared to that seen in the

norrnal kidney. These studies rnay help to clarify the nature of some

aspects of the disturbances in blood flow encountered in acute renal

f ailure.

1. Noradrenaline- induced Acute Renal Failure in the Dog.

(i) Renal Vascular Responses to Acetvlcholine

Acetylcholine when infused intra- arterially into the renal artery

has been shown to produce dose- related increases in total renal blood

flow in the normal dog (Vander, 1964; Pilkington et al. 1965; McGiff and

Burns, 1967; Willis, L968; Aukland and Logning, L970; Carriere et al.

l97l and DiSaIvo and Fell , L97I) and in norrnal man (Rashid et al. I970;

Freed et al. 1968). The dose- response curve can be shifted to the

right by atropine. Although acetylcholine has been shown to be effective

in increasing renal biood flow in allograft rejection in dogs (Hollenberg

et e!. i968b), inforrnation regarding its effects in established acute

renal failure is lacking. An atternpt therefore has been rnade to deter-

rnine the effect of acetylcholine on renal hemodynamics and renal func-
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tion in established acute renal failure induced by noradrenaline in the dog.

?. Methods:

Five rnongrel dogs of either sex were used. The general experi-

rnental procedure was as outlined in Section III, B, with the following

rnodifications: Prior to induction of acute renal failure by noradrena-

line, acetylcholine hydrochloride was in-fused into the right kidney at

rates in multiple incrernents of 48.5 ug/rnin calculated as weight of

the base until a rnaximum response in total renal blood flow was ob-

tained. At 2 and 6 hours post-noradrenaline infusion, graded rates of

acetylcholine infusion were repeated. Urine sarnples were collected

for clearance studies during infusion of acetylcholine.

The effect of intrarenal acetylcholine infusion on renal herno-

dynarnics was also studied in one of the chronic experirnental animals

(Section III, B Dog C- 5) by selective renal angiography and X.rro.rl33

washout 8 days post- noradrenaline infusion.

b. Results:

Infusions of acetylcholine into the right renal artery resulted

in marked increases in total renal blood flow in a dose- related fashion.

Maximurn increases in renal blood fIow, expressed as a percentage of

renal blood flow immediately prior to acetylcholine infusion, are shown

in Table XXI. No significant differences could. be observed in the con-

trol period, and at 2 hours or 6 hours post-noradrenaline infusion.



TABLE XXI

Effect of Acetylcholine on Renal Blood FLow

in Noradrenaline- induced Acute Renal Failure
in the Dog

Max. RBf'
(To Pre- .A.ch RBf)

Mean B. P.
(mrn Hg)

Control Period

195. 5
(10.9)

NS = Not significant
Non- paired t test used for statistical analysis

6 Hours Post-NA .p value
Infus ion

135.0
(7 .4)

r88.1
(16. r)

r33.I
(6. z)

NS

NS

I

N
I
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Both urine flow rates and sodium excretion increased during acetylcho-

line infusion. However, no significant changes in endogenous creatinine

clearance were observed.

The renal vascular response to I. A. acetylcholine in a typical

experiment is shown in Figure 13. All experirnental animals dernon-

strated qualitatively sirnilar vascular responses. The dose- response

curve of % change in RBF versus log-dose of intra-arterial acetylcholine

is shifted to the right with the development of acute renal failure although

qualitatively responses were identical to that seen in the norrnal kidney.

Concornittant I. A. infusion of atropine at a rate of. 4.85 ug/rnin greatly

attenuated or cornpietely abolished the vasodilating effects of acetyl-

choIine.

The results of the renal vascular response to a 5 rninute-infusion

of acetylcholine al a rate of. L97 ug/min in an anirnal I days post-nor-

adrenaline infusion aïe shown in Table XXII. There was no significant

difference in the fractional increase in rnean renal blood flow and

pattern of distribution between the normal left kidney and the diseased

right kidney. Figures 14 and 15 dernonstrate the abnormal angiographic

appearance of the right kidney and the norrnal appearance of the left

kidney before and after intra- arterial acetylcholine infusion. An increase

in calibre of all renal vessels visualized occurred with acetylcholine

infusion.
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I'igure 13: Effect of acetylcholine on renal blood flow in nor-
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AFTER ACh

8 DAYS POST-NA

EX P. C-5

Angiographíc appearance of right kidney before
and after acetylcholine in noradrenalíne- induced
acute renal failure (E*p.C- 5).
Dirninished cortical perfusion of the right kidney
I days post-noradrenaline infusion was evident
both before and aJter acetylcholine despite the
rnarked increase in calibre of the rnore proxirnal
branches of the right renal artery.

BEFORE AC h
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BEFORE ACh AFTER AC h

8 DAYS POST-NA

EX P. C-5

tr'igure 15: Angiographic appearance of norrnally functioning left
kidney before and after acetylcholine (Exp. C- 5).
Norrnal renal vasculature before acetylcholine; rnarked
increases in calibre of rnore pro:<irnal vessels following
acetyl choline in-fus ion.



TABLE XXII

Effect of Acetylcholine on rRBD in Noradrenaline- induced
Acute Renal Failure (experirnent C- 5)

Lef.t
Before ACh

After ACh

Right

RBF rnL/700 grnlmin

Before ACh

After ACh

ct

392.0

522.5

crt

535. 5

850.1

104.0

t88. Z

Mean

95.9

153.3

2r8.5

375. Z

cr

r39.7

240.0

% n¡r

64.0

70.0

crt

36. 5

32..0

25. 0

26. 0

cut + rv

i1.0

4.0

49.9

45. Z

74.5

22.8

I

{
I
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c Cornrnents:

The renal vasodilating properties of acetylcholine have been

well docurnented. Angiographic appearance of the renal vasculature

following intra- arterial acetylcholine, as shown in Figures i4 and I5,

is consistent with the findings of Freed et al. (Lg6g). It is apparent

that in established noradrenaline- induced acute renal failure in the

dog, the renal vasculature responds in a fashion qualitatively sirnilar

to that seen in the norrnal kidney. Atropine was able to block the re-

sponse to acetylcholine both before and aJter noradrenaline infusion.

This confirrns the observations previously reported by other investi-

gators in norrnal dogs (Vander, 1965; McGiff and Burns, L967 and

DiSalvo and Fell, I97L). No increase in endogenous creatinine clear-

arìces were observed during vasodilatation. One of the explanations

offered is that a proportionate decrease in post- glornerular resistance

relative to pre- glornerular resistance occurs with acetylcholine infu-

sion (Carriere et gL. I97L). Although no tachyphylaxis to acetylcholine

was observed during the period of infusion, the vasodilating effects were

relatively short-Iived and returned to pre-infusion values with the

cessation of infusion.

In surnrnary, the present studies showed that in established

acute renal failure, intra-arterial acetylcholine is still capable of

increasing renal blood flow. The inability to achieve a complete hemo-

dynarnic recovery is consistent with the theory that abnorrnal rnediators
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are present and acting as physiological antagonists, or that only a por-

tion of the renal vascular bed is available for such manipulation or that

there is an alteration in the base-line reactivity of the vascular srnooth

rnuscle. This situation is in contrast to that seen in early renal allo-

gtaft rejection in the dog where I. A. acetylcholine could achieve the

sarne rnaxirnurn renal blood flow before rejection set in (Holtenberg

"t "L. 1968b).

(ii) Renal VascJ-rlar Responses to Phenoxvbenzarnine

The pattern of intrarenal vascular response to catecholarnine

infusion (carriere, 1969; and Epstein et at. r97ob) or to hernorrhagic

h¡rotension (carriere et al. L966; Beli and Harper, Lg68) has been

found to be qualitatively sirnilar to that seen in established renal failure

(HoIlenberg et al. L968a, 1970). Schnerrrlann et aI. (Ig66) suggested

that renal ischernia resulted in the continued Iocal activation of the renin-

angiotensin systern. The initiating event which causes the renal ischernia,

whether it be shock and syrnpathetic nervous system overactivity

(Hollenberg, 1965), the direct vascular effects of toxins (Oliver, I953)

or the vascular effects of an irnrnunologic process (Hollenberg et al.

I968b), could be responsible for the subsequent sustained cortical

ischernia. This is consistent with our finding that prior renal d.enerva-

tion protected the rat from acute renal failure. However, it is uncer-

tain as to when the sympathetic influences fail to be rate-Iimiting. The
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tirne of post- event phenoxybenzarnine blockade in determining eventual

renal responses in hemorrhagic shock is critical (Hollenberg , 1965).

W'e have dernonstrated that intra-peritoneal administration of phenoxy-

benzarnine 2. 5 hours post- glycerol injection partially protects the rat

from acute renal failure (Section III, A). However, the duration of

renal insult following glycerol injection as reflected by the occurence

of hernoglobinuria rnay last up to l2 hours. Therefore, atternpts were

rnade to deterrnine the qualitative contribution of adrenergic influences

in established acute renal failure in the dog.

Methods:

Five rnongrel dogs of either sex, weighing 15-30 kg were used.

The experirnental procedure was as outlined in Section III, B with the

following rnodifications: Phenoxybenzarnine at doses oÍ. 0.2 rng/kg B. Vf t.

(calculated as the base) was infused directly into the right renal artery

over l0 rnin by a constant infusion purnp 6 hours post-noradrenaline

infusion. At this tirne, rnean total renal blood flow was usually 40%

of control. Adequacy of adrenergic blockade was assessed by the

renal vasocorlstrictor response to brief intra- arterial noradrenaline

before POB and a cornplete lack of vasoconstriction in the presence

of systernic rise in arterial blood pressure after POB. Renal

function and total renal blood flow of the right kidney '\Ä/ere rneasured

for 30 rninutes post- POB blockade. These were cornpared to the
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corresponding parameters in 12 non- POB treated controls (Section III,

B, Z (ií)). The effect of intrarenal phenoxybenzamine infusion on renal

hernodynarnics was also studied in one of the chronic experiTnental

anirnals (section IIr, B Dog c-6) by selective renal angiography and

X.norrl33 washout 24 hours post- noradrenaline infusion.

Þ. Results:

Results are shown in Table XXIII. Intra- arte rial adrnini str ation

of phenoxybenzarnine was not associated with statistically significant

changes in renal hemodynarnics and renal function 6 hours post-infusion

of noradrenaline when cornpared to non-PoB treated controls. Mean

B. P. rernained unchanged during the experirnental period.

rn experirnent c- 6, 24 hours post-noradrenaline infusion to

the right kidney, phenoxybenzarnine at a dose of 0.2 rng/kg was infused

over 10 rninutes into left and right kidneys. Selective renal arterio-

graphy and. Xenotl33 *""hout studies were performed before and after

the adrninistration of phenoxybenzarnine. Figures 16 and 17 dernonstrate

the renal angiographic appearances of experirnent C- 6 before and after

phenoxybenzarnine. The right renal vasculature showed considerable

dirninished cortical perfusion. Following the adrninistration of phenoxy-

benzarnine, increase in vessel calibre down to the interlobar level was

observed. No increase in cortical perfusion could be appreciated. The

norrnally functioning left kidney showed normal angiographic appearances



TABLE XXIil

Effect of Phenoxybenzamine on Rénal Blood FIow in Noradrenaline-
induced Acute Renal Failure in the Dog

RBT'
(% Control)

B. P.
(rnrn Hg)

Y (To Controi)

Non- treated Controls
N=9

C^
(7f;ðontrol)

0.01 t 0.01

t.5 + 0.gz

21.57 + 4.6r

6.4 + 1.1

Results shown are Mean (S. E. ) of the absolute values of the differences
between the period 4-6 hours and 6.0-6.5 hours post-NA infusion in
non- PoB pretreated controls and in PoB pretreated anirnals.
Non-paired t test was used for statistical analysis.

Phenoxyb enz amine- tr eated
N=4

0.00 + 0. 01

0. 8 ! 0.32

23.22 ! 6.6

4.2 + 1.4

p Values

NS

NS

NS

NS

I

N)
t\)
I
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both before and after phenoxybenzarnine. Sirnilar to the right kidney,

dilatation can be seen in the rnore proximal branches of the left renal

attery following phenoxybenzarnine. Both nephrograrn phases rernained.

unchanged.

Table XXIV shows rrr.ean RBF and IRBD before and after phenoxy-

benzarnine as assessed by Xenonl33 *"shoot. No changes were present

before and after phenoxybenzamine in both kidneys. Despite the in-

crease in calibre of the rrrore proxirnal vessels, rnean RBF rernained

Iow post-phenoxybenzarnine adrninistration. The fast-flowing component

C1 rernained unidentifiable.

q.Ço--ç"!g:

Unlike the glyceroL- rat rnodel, the duration of renal insuLt in

the noradrenaline-dog rnodel is rnore sharply dernarcated. The direct

pharrnacologic effect of noradrenaline is probably over within a few

rninutes after noradrenaline infusion has been stopped as evidenced by

the rapid return of the elevated systernic blood pressure, seen during

infusion, to control values. This feature rnakes the noradrenaiine- dog

rnodel particularly suitable for studying adrenergic influences during

the persistent renal vasoconstriction seen in established acute renal

f ailure

Intra- arterial phenoxybenzarnine given at a dose of. 0.2 rng/kg

B.Wt. was sufficient to block the renal vascular effects of exogenous

noradrenaline, but not high enough to produce significant changes in
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systernic hernodynarnics. Íhis do"e has been shown to be adequate in

completely preventing the adverse effects of prolonged l. A. noradrena-

line infusion (Section III, B. Exp.4). The lack of effect of intra- arterial

phenoxybenzarnine at this dosage on renal hemodynarnics in the post-

noradrenaline infusion period is consistent with the theory that adrener-

gic influences are not significantly involved in the persistent renal

cortical ischernia seen in established acute renal f ailure.

In Dog C-6, 24 lno:urs post-noradrenaline infusion, angiography

showed an increase in calíbre of the rnore proxi.rnal branches of the

right artery with phenoxybenzamine blockade. However, no change in

calibre of higher order vessels or the nephrograrn was observed. These

findings were supported by the X.rronl33 washout data where no obvious

changes in rnean renal blood flow or redistribution of intrarenal blood

flow rvere docurnented. This is consistent with the hypothesis that the

increase in renal vascular resistance is at the level of the preglorneru-

lar vessels. The increase in large vessel calibre with phenoxybenz-

arnine blockade suggests that considerable adrenergic vascular tone

existed in vessels of this size at the tirne of experirnentation. This

was likely a function of the experimental conditions at the tirne since

the contralateraL norrnally functioning left kidney demonstrated qualita-

tively the sarne response.

On the basis of the above experirnents, it can be stated that
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BEFORE POB AFTER POB

Figure 17:

24 HRS. POST-NA

EXP. C-ó

Angiographic appearance of norrnally function-
ing left kidney before and a^fter phenoxybenz-
arnine (Exp. C-6).
Norrnal renal vasculature can be observed before
the adrninistration of phenoxybenzarnine. The
rnore proxirnal branches of the left renal artery
showed increase in calibre following phenoxybenz-
arnine adrnini str ation.



T¿.BLE XXTV

Effect of Phenoxybenzamine on IRBD in Noradrenaline- induced
Acute Renal Failure in the Dog (experirnent C- 6)

Before POB
Left Kidney

AJter POB

Befcre POB
Right Kidney

After POB

RBF rnt/tOO grn/rnin

cr

714.0

845. 5

crt

100. 4

89. Z

Me an

459.0

440.0

459.0

535. 5

cr

728.5

110.8

% ner

75.0

76.0

cn

I8. 0

8.5

l^ -L"IIT . IV

38. 4

38.2

7.0

15.5

6r. 6

61. I

I

N\¡
¡
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both the normal kidney and the hypoperfused kidney with depressed

renal function 24 hours post- noradrenaline infusion demonstrated

sirnilar adrenergic vascular responses, viz., vasoconstriction to

noradrenaline and Iittle change with phenoxybenzarnine blockade.

(iii) Effect of Acute Volume Expansion

Prolonged infusions of noradrenaline cause plasrna volurne

depletion (Sutter 1962). Despite generous intravenous fluid replacernent

(Sectíon III, B, (i)) central venous hernatocrit rose considerably during

the infusion period with gradual return to control values. It is appreci-

ated that at least part of the dirninished renal blood flow observed even

at 6 hours post-noradrenaline infusion rnight be due to the effect of

plasrna volume depietion. In this experirnental situation, an atternpt

was made to assess the effect of acute volume expansion on renal blood

flow.

a. Methods:

Five rnongrel dogs of either sex were used. The experirnental

procedure was as outlined in Section IIl, B with the following rnodifica-

tions: Acute volume expansion rvas accomplished by intravenous adrnin-

istration of 0.9T0 saline at a rate of. 25 rnl/kg B.Wt. given over 30

rninutes at 6 hours post- noradrenaline infusion. Renal hernodynarnics

and function during the period of volurne expansion was compared to

l2 non- treated controls.
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Results:

Results are shown in Table XXV. Acute volurne expansion was

associated with significant but variable increases in total renal blood

flow and urine flow rates in aII animals. Systernic blood pressure re-

rnained unchanged. Minor but non- significant increases in creatinine

clearances were observed.

c. Cornrnents :

As expected, in the hypovolernic anirnal , acute volurne expansion

was associated with definite increases in total renal blood flow without

significant change s in blood pre s sure. Again, the renal vas cular re-

sponse was appropriate for the stirnulus.

The rninor irnprovernent in GFR observed together with the fact

that increase in urine flow rates occurred in 4 out of 5 cases suggests

that the renal vasoconstriction was not hornogenous. A srnall percentage

of the nephrons sornehow escape the darnaging effect of the insult and

pre- glornerular resistance relative to post- glornerular resistance was

low enough that filtration pressure was rnaintained. This implies a

patchy distribution of the I'functiona|r lesion. Such a phenornenon would

support the speculation tt'at a differential response of the vascular

srnooth rnuscle to the insult exists, probably in a gaussian fashion.



TABLE XXV

Effect of volurne Expansion on Renal Blood FIow in Noradrenaline-
induced Acute Renal Failure in the Dog

RBr.
(% Control)

B. P.
(rnrn Hg)

v
(To

Non- treated Controls
N=9

Control)

C^
(7f,ðontrot)

0.01 + 0.01

1.5 + 0.92

Results are exPressed as Mean (S. E. ) of the differences between the period
4-6 h.ours and 6.0-6.5 hours post-N.A infusion in non-treated controls and in
anirnals receiving acute volurne expansion.
Non-paired t test was used for statistical analysis.

21.57 + 0.61

Acute Volurne Expansion
N=4

6.4 + 1.1

73. Z + 5.3

0.0 + t.4

272.5 + 107.5

5.4+ 0.4

p Value

<0.001

NS

<0.001

NS

I

(,
O
I
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(iv) Discussion

The foregoing studies showed that in established acute renal

failure, the renal vascular bed, although functioning at an abnormally

low base-line, is capable of responding to pharmacologic and physio-

logic stimuli in an appropriate fashion, qualitatively sirnilar to the

behavior of the norrnal kidney. This irnplies the qualitative intactness

of the effector rnechanisrn, and in particular, the cholinergic and

adrenergic rnechani"*". The inability to achieve cornplete return of

renal blood flow to control by acetylcholine while norad.renaline was

able to decrease renal blood flow (just before poB blockade 6 hours

post-noradrenaline infusion) rnay be explained by either a decrease in

available receptors (drug unable to reach receptor site due to already

existing rnarked vasoconstriction) or a decrease in 'rintrinsic activity"

of the vascular srnooth muscle to dilate but not to contract, or a corn-

bination of the above. The possibility of physiological antagonisrn by

other mediators cannot be ruled out.
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2. Earlv Acute Oliguric Renal Failure in Men.

(i) Renal Vascular Responses to Intra- arterial Phenoxvbenzarnine
Biockade

Enhanced adrenergic activity in clinical shock of rnixed

etiology has been implicated as being an irnportant factor for the

production of oliguria and ren.al failure (Thornson, 1965). However,

information is lacking regarding the contribution of the adrenergic

nervous system in the persístent renal vagoconstriction once acute

renal failure is well established. 'We atternpted to deterrnine the

effect of intrarenal phenoxybenzamine blockade on renal hemodynarnics

in established acute oliguric renal faiiure in the presence of stable

systernic hernodynarnics in man.

a. Choice of Patients

Patients with unequivocal clinical evidence of acute oliguric

renal failure were chosen for this study. The criteria of established

acute renal failure includes: oliguria, with urine flow rates of less

than 30 rnl/hr for a rninirnurn of ten hours; urinary sodiurn concentra-

tion greater than 50 rnEq/I in presence of oliguria; azoternia and Iack

of renal respor¡se to volurne expansion.

Four cases of acute oliguric renal failure (ages 43-78) were

studied. In addition, one case of acute oliguric post renal allograft

transplant due to graft rejection and one case of normal renal function



Patient

G. L.
1MGH 203635

E. G.'wGH 354046

J. B.
wcH 308048

r. c.
\ü.cH 282623

Agu So.s<

TABLB XXVI

Clinical Background of Patients Studied

78 rnale

74

Clinical Diagno sis

rnale

48

perforated sigmoid colon,
sepsis, pulrnonary ernbolisrn,
ac.ute renal failure.

D. R.
wcH 184326

D. K.
WGH ZLL678

rnaIe

43

first and second degree
body burns, pneurnonia,
acute renal f ailure

f ernale

first and second degree
body burns, shock, acute
renal failure.

septic shock, pseudornonas
pneurrl.orìia, peritonitis,
infarction of terrninal iIeum,
acute renal failure.

z6

54

Duration of
Oliguria

before study

rnale

f ernale

24 lnrs

BUN (rng|o) at tirne
of POB Blockade

renal allograft rejection
26 days post- transplant.

Iabile hypertension,
Investigation for pheo-
chrornocytorna.

3 days ll

u)
(¡)
I

a

I

l:
t,

:.,

12 hrs

68

U¡. rnEq/l
before study

30 hrs

100 63

40 55

36 hrs

56

94 88

68
(on dialysis)

B

80
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were studied for cornparison. Clinicai background for the various cases

are surnffrarized in Table XXVI.

b. Methods

rn all patients studied, indwelling Foley catheters had been

inserted. When the clinical diagnosis of estabiished acute renal failure

was rnade, and in the presence of stable systemic hernodynamics,

selective renal arteriography was perforrned using the Seldinger

technique under fluoroscopy. The renal vasculature was assessed by

arteriography qualitatively and renal hernodynarnics by the X.norrl33

washout rnethod. These were repeated following the intra- arterial

adrninistr ation of Dibenz ytineR (Phenoxybenz amine hydro chloride- SKF)

at a dose of.0.z rng/kg B. wt. given over a t0-15 rninute period by a

Harvard constant infusion- withdrawal purnp. The adequacy of phenoxy-

benzarnine blockade was not tested by assessing post- infusion vascular

responses to adrenaline due to the clinical circurnstances. This dose

of phenoxybenzamine, however, when given as a continuous slow in-

fusion, has been shown to be effective in blocking the rnarked vaso-

constricting effects of I6 ug bolus of intra- arterial adrenaline in

patient D. K. whose renal function was norrnal .

Angiographic appearances were assessed by two experienced

radiologists one of whorn was not involved in the study. Analysis of

the Xenonl33 *."hout data has been discussed in section III, B. Data

thus obtained are compared to values obtained from human subjects



.135-

with norrnal renal function (n = l6) at the Winnipeg General Hospital.

Systernic arterial blood pressure and pulse rates were rnonitored

throughout the entire experirnental procedure. No significant changes

in these pararneters \Ä/ere noted before, during and imrnediately after

the adrninistration of phenoxybenzarnine. Renal function was closely

followed foilowing blockade. one patient (patient I. c.) received

systernic phenoxybenzarnine as an adjunct in shock therapy.

c. Results

Renal hernodynarnic data before and. after the adrninistration of

intra- arterial phenoxybenzarnine are shown in Tables XXVil and XXVII

and in Figure t8 cortical ischemia was present in all cases of

established acute renal failure and in renal allograft rejection. The

fast fiowing cornponent C1 seen in norrnal kidneys is no longer separable

frorn the norrnally sloweï component c1¡, by graphicai analysis. selec-

tive renal arteriograms showed poor cortical perfusion and extremely

faint or absent nephrograffÌs. No significant differences in intrarenal

blood distribution or rnean renal blood flow could be demonstrated by

the Xeno.rl33 *t"hout method po st- phenoxybenz arnine adrnini stration.

All Xenorrl33 *."hout tests carried out weïe technically satisfactory.

A typical washout curve is shown in Figure l9 (patient E. G. ). Foilow_

ing infra- arterial phenoxybenzamine, the more proxirnal branches of

the renal arteries showed rnarked diiatation in all cases of acute renal

failure angiographically.



TABLE XXVII

Effect of Phenoxybenzarrtine on IRBD in Acute
Renal Failure in Man

G. L.
Before POB

After POB

Before POB

After POB

Before POB

After POB

E. G.

RBF rnl/100 grn/ rnin

cI

J. B.

668. 3

477 .4

cu

Norrnal Values (WGH)
N=9

83. 5

( (. (

98.4

99. I

88.8

77 .5

Mea.n

92.8

r04.4

94. Z

96.9

60. 4

53.0

C1

417. I
(11.3)

% nnr

9.5

16. 6

115.9
(11.7)

cn

48. 9

58. Z

a. J-"rrr ' 1y

72.7

78.4

77. Z

71.7

318. Z

(13. 2)

51.0

25. 0

27.3

zt. 6

zz.8

28.9

72.4
(z. t)

I

(¡)
o.
I

18. 1

(2.5)
9.5

(1. 3)



TABLE XXVilI

Effect of Phenoxybenzamirie on IRBD in Renal Allograft
Rejection and in Normal Renal Function in Man

Before POB
D. R.
(Re jection)

After POB

Before POB
Ð. K.
(Norrnal)

" After POB

RBI' rnll100 Ern/rnin

cr

Norrnal Values (WGH)
N=9

L26. 4

Lr4. g

cn

398. 1

354.0

Me an

99.8

88. 2

zL3. I

205. 5

59.0

65.7

417 .7
(11. 3)

cr

115.9
(11. 7)

% nnr

77 .0

7 8.2

cu

3r8.2
(13. z)

l'- -L"rrr ' rv

65. 4

64.0

23. 0

?1. I

17.8

15. 0

16. I

21.0

7?,.4
(z. r)

18. 1

(2. 5',)

I

(¡)\¡
I

9.5
(1. 3)
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No changes in calibre of higher order vessels could be seen.

Nephrograrn rernained poor. A typical exarnple of the angiographic

appearance before and after POB administration is shown in Figure

17 (Patient E. G. ). No irnprovernent of renal function occurred. foilow-

ing POB treatrnent.
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XENON 
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wAsHouT CURVE (E.G.)l00K
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o

BEFORE POB

AFTER POB

þ;

Figure 18:

"aa

cr*il

T|ME ( MTNUTES)

Effect of phenoxybenzamine on IRBD in acute
renal failure in man (Subject E.G. ).
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AFTER POB

E.G. W.G.H. 3540Á6

Figure 19: Angiographic appearance of right kidney before
and after phenoxybenzarrtíne in acute renal failure
in rnan (Subject E. G. ). Dirninished cortical per-
fusion, typically seen in acute renal failure, is
evident both before and a-fter phenoxybenzarnine
adrninistration despite rnarked dilatation of the
proxirnal branches of the right renal artery.
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Discus sion

Renal cortical ischernia was present in all of the four cases

studied where acute renal failure was well established. This is

supported by the angiographic findings described and by the absence

of a fast flow cornponent c1 on xurrorl33 *"shoot. At a tirne when

systernic hernodynarnics were stable, the intra- arterial adrninistration

of phenoxybenzarnine at a dose low enough not to alter systemic blood

pressure resulted in dilatation of the more proximal branches of the

renal artery but not in vessels beyond the arcuate level. No concomi-

tant irnprovement in Xenonl33 *""hout curves \Ã/ere seen. This pattern

of response, namely: diiatation of rnore proxirnal vessels and lack of

response in srnaller vessels is strikingty sirnilar to that seen in the

acute renal failure kidney in the dog and in the norrnal kidney in both

the dog and in rnan.

The dose of phenoxyhenza.mine userf has been demonstrated to

be adequate in preventing the vascular effects of subsequent intra-

arterial noradrenaline at very high doses in the dog (Section III, Exp.z

(ii)) and in one case in the normal hurnan. The use of bolus injections

of intra- arte-ri.al noradrenaline or ad.renaline for the assessrnent of

adequacy of alpha adrenergic blockade cannot be used in oliguria for

obvious ethical reasons. However, it is likety that a considerable

degree of alpha blockade was achieved.
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The richness of adrenergic fibers innervating the preglomerular

arteries (McKenna and Angelakos, I9óB) would suggest that if adrener-

gic infiuences are significantly responsible for the renal vasoconstric-

tion, this would be the like1y site of action. The lack of irnprovement

in renal hernodynarnics following the adrninistration of phenoxybenzarnine

supports the theory that adrenergic rnediation is not responsible for

the cortical ischernia in established acute renal failure. The angio-

graphic observation that the larger branches of the renal artery dilated

following the phenoxybenzarnine treatrnent implies the presence of sorne

sympathetic tone in these 1{indkessel vessels and that the dose used

did produce a pharrnacologic effect.

It has been suggested by Hollenberg et al. (t96Bb) that the

ischernia in early rejection rnay be a reversible phenornenon. Since

adrenergic denervation is cornplete in the transplanted kidney (Alrngard

et al. I97I), the lack of dilatation even in larger vessels in oliguria due

to allograft rejection post- POB is consistent with the theory that the

adrenergic influences plays little part in the ischernia observed. The

fact that acute tubular necrosis occurs post- renal transplantation is

also consistent with our suggestion that the adrenergic nervous system

is not responsible for the persistent renal vasoconstriction in established

renal failure. However, it is interesting to note that again the diseased

kidney and the norrnal kidney responded in a similar way.



SECTION IV

GENERAL DISCUSSION AND CONCLUSTONS
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The present study has shown that a 2 hour infusion of noradrena-

line, directly into one renal artery of a dog, can result in a lesion

closely resernbling that seen in human cases of acute renal failure of

varied etiology. In this rnodel, only the renal effects of noradrenaline

infusion were persistent beyond the period of infusion. The presence

of a norrnally functioning contralateral kidney permitted the sequential

study of intrarenal events essentially unrnodified by the systernic con-

sequences of renal failure per se. In this rnodel it was found neces-

sary to have aknost co.rnplete cessation of renal blood flow during

the infusion of noradrenaline in order to induce renal failure. 'When

renal blood flow was preserved, by prior alpha adrenergic blockade

with phenoxybenzarnine, the characteristic changes ín intrarenal

hernodynarnics and in function were not seen. These findings support

the proposal that the induction of acute renal failure can be a purely

vascular event.

The irnportance or ine syrnpathetic nervous systern and its

relationship to chronic salt loadíng, in the development of acute renal

failure, were shown by the experirnents using the glycerol-induced

rat model. The findings of these studies are in general agreernent

with those of other authors, both in hurnans and in other animal rnodels.

Powers et al. (I957) dernonstrated that prior renal d.enervation or

ganglionic blockade in rnan decreased the renal damage due to cross-
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aortic clamping in aneurysectornies. Ruiz- Guinazu (I97L') reported that

prior systernic alpha adrenergic blockade by phenoxybenzarnine pre-

vented the developrnent of acute renal failure following the adrninistra-

tion of rnethernoglobin directly into the renal artery in the dog. Systernic

and intra- arterial adrninistrations of phenoxybenzarmne before harvest

of cadaveric donor kidneys were found to be associated with a reduced

incidence of imrnediate post-transplant acute tubular necrosis (Thomson,

personal cornrnunication). The richness of adrenergic innervation

(McKenna and Angelakos, 1968) and the lack of resting syrnpathetic tone

(Srnith et al. L939) in the kidney render the renal circulation particu-

larly vulnerable to situations of prolonged stress. Other vasoactive

systerns, €.9. the renin-angiotensin axis; and other ttprotectivett pre-

treatrnent rnanuevers, e. g. prior volurne expansion, chronic salt

loading, etc., may play only a perrnissive role in the developrnent of

acute renal failure. These findings strongly support the theory that

activation of the syrnpathetic nervous systern was an irnportant step

in the initial developrnent of acute renal failure. 'Whether the sympath-

etic nervous systern is equally irnportant in the initial production of

acute renal failure due to nephrotoxins is unclear. A vascular phen-

ornenon may also be responsible. The two recently describe¿ tolin-

induced acute renal failure rnodels in the dog, involving the use of

ûlercury chloride (Solornon et gt. 1971) and uranyl nitrate (f'Iamenbaun
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et ¿. L97L), have been dernonstrated to be associated with cortical

ischernia sirnilar to the vascular changes found in the noradrenaline-

dog model and in hurnan cases. These rnodels rnayprove to be useful

for the study of syrnpathetic involvernent in nephrotoxin- induced acute

renal failure

The cause of the persistent cortical ischernia in acute renal

failure is still open to speculation. We have demonstrated that alpha

adrenergic blockade with phenoxybenzarnine in established acute renal

failure in the dog and in rnan was not associated vrith irnprovernent of

intrarenal hernodynarnics and GFR. This, together with the occurence

of acute renal failure in renal transplants (Alrngard et u.i. ,rrr) strongly

suggests that the increased renal vascular resistance in both innervated

and transplanted kidneys in established acute renal failure could not be

due to a persistence of the elevated syrnpathetic tone. Moreover, it

is difficult to envision a unilateral increase in syrnpathetic activity

being responsible for the rnaintenance of unilateral renal failure in the

noradrenaline- dog rnodel.

The theory first advanced by Goorrnaghtigh (1945, 1947) and sub-

sequeritly rnodified by others (Sevitt, 1959; Finckh, 1962; Schnermann

et al. 1966; Henry ut 3L. 1968; Brown et gL. L}TO), proposed thaùhe

renin- angiotensin systern 'was responsible for the persistence of renal

ischernia. However, hypoxemia per se has not been shown to be a
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stirnulus for renin release (Skinner et "L- L963) and the decrease in

renal blood flow observed in the dog after breathing an h¡>oxic gaseous

rnixture has been found to be abolished by renal denervation (Korner,

L963). These findings do not support the thesis that the persistant

intrarenal release of renin was secondary to hypoxia in established

acute renal failure. The likelihood of the renin- angiotensin systern

being responsible for the rnaintenance of renal vasoconstriction has

been critically discussed in Section III.

Other oliguric states, e.g. renal allograft rejection and the

hepato- renal syndrorne, are also characterized by reduced renal blood

flow predominantly involving the outer cortex. A nurnber of irnportant

features serve to distinguish these oliguric disorders frorn classic

acute renal failure. Although it has been suggested that a potentially

reversible vascular phase exists early in allograft rejection (Ho1len-

berg et al. 1968b), precisely how this is related to ongoing irnrnunologic

events is unknown. Although it has been demonstrated that prior phen-

oxybenzarnine blockade could prevent the Schwartzn\an reaction

(Muller- Bergaus and McKay, L967; Muller- Bergaus et gf . Lg67), inhibit

the activation of Hageman factor (McKay et ¿. t9?0), it would be

erroneous to imply tinat the alpha adrenergic rnediator was respìnsible

and that phenoxybenzamine can influence graft rejection.

In the hepato- renal syndrome, an unstable pattern of cortical
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ischernia has been demonstrated by the xenorrl33 *""hout technique

(Epstein et al. 1970). This 'rinstability't of the Xeno.rl33 *r"hout curve

in the rnost oliguric cases, has been attributed to the presence of sorne

abnormal rnediator being responsible for the observed cortical ischernia.

The inability of vasodilating agents, including phentolarnine and acetyl-

choline to irnprove ¡tood flow suggest respectively a lack of sympath-

etic component in the observed vasoconstriction and the possibility of.

rnarked physiologic antagonisrn. Both of the above oliguric states have

one feature in cornrnon. This is the continued presence of the initiating

insult. Rernoval of the triggering events, e. g. by treatrnent of rejec-

tion, or the transplantation of the kidneys frorn patients with hepato-

renal syndrorne to recipients with norrnally functioning livers would

result in prompt irnprovernent in intrarenal hernodynarnics and function.

In contrast, acute renal failure is characterized by the persis-

tence of depressed function and disturbances in intrarenal hernodynamics

when the initial insulting event has long ceased to be present. Based on
i.¡

the rapidly increasing body of knowledge regarding vasoactive sub-

stances and the intrarenal circulation (reviews by: Hatch and Johnson,

1969; Barger, I97L; Grunfield .t 3L. 1971; Thurau and Levine, lgTL),

ernphasis of current speculations on the nature of the persistent renal

vasoconstriction has been directed towards the. continued local release

of some vasoconstrictor. Sweet et gL. (Lg7I) reported. the presence of
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a substance enhancing vascular responsiveness to catecholamines follow-

ing acute renal ischernia. Hinshaw (1971) reported altered patterns of

autoregulation during shock and renal ischernia. However, all of these

observations were rnade in acute experirnental conditions. Several other

findings tend to cast sorne doubt on this explanation. The oliguric phase

in acute renal failure rnay last weeks. The lack of developrnent of tachy-

phylaxis to the postulated rnediators, the short transitional period between

the oliguric and diuretic phases, and the stability of the pattern of intra-

renal blood flow distribution reflected by reproducibility of X.nonl33

washout curves over a period of several days, would argue against the

presence of rnediators being responsible for the rnaintenance of cortical

ischernia. In addition, in the absence of the inítial insulting stirnulus,

a positive feedback rnechanisrn would have to be postulated. This theory

does not explain the high potential for eventual functional recoveïy.

In contrast to renal vascular responses seen in canine allograft

rejection (Hollenberg et 91. 1968b) or in the hepato-renal syndrorne

(Epstein et al. L97L), we have dernonstrated that the vascular responses

to acetylcholine and phenoxybenzarnine are qualitatively similar in both

the diseased kidney and the norrnal kidney. The identical rnaxirnurn frac-

tional increases in renal blood flow in both kidneys, and in the absence

of gross structural lesions involving the glorneruli and the vasculature,

are consistent with the theory that a persistent change in vascular re-
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activity is present in established acute renal failure. The maintenance

of a high pre- glornerular resistance rnay be due to a long lasting but

reversible alteration of resting tone of the vasculature involved. This

is reflected by a decrease in ttintrinsic activitytr of the vasculature to

dilate in response to the adrninistration of acetylcholine. This hypothe-

sis would imply a post- receptor change in acute renal failure induced

by the insult. One can only speculate on the nature of this change. It

rnight involve subtle cell- rnembrane changes or a change in the contrac-

tile rnechanisrn, the recovery of which would be associated with the

irnprovernent of intrarenal hernodynarnic s .

In surnrnary:

l. A reproducible rnodel for the study of renal hernodynarnícs

in acute renal failure has been developed in the dog by prolonged infusion

of noradrenaline directly into the renal artery.

Z. The developrnent of acute renal failure could be a purely

vascular event.

3. The syrnpathetic nervous systern probably plays an irnportant

role in the initiation of acute renal failure.

4. Activation of the renin- angiotensin systern cannot be singu-

larly responsible for the developrnent of acute renal failure. The pro-

tective effects of salt loading could not be equated to the effects of

renin depletion.
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5, Enhanced syrnpathetic overactivity cannot be responsible for

the persistence of renal vasoconstrictíon in established acute renal

f ailure.

6. The renal vascular responses to acetylcholine and to phenoxy-

benzarnine in acute renal failure are qualitatively sirnilar in the diseased

and in the normal kidney.
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CASE SUMMARIES

Mr. G. L.
wGH 203635

This 78 year old white rnale was adrnitted to the Winnipeg

General Hospital on 3rd Dec., I97l with a three-week history of inter-

rnittent abdorninal pain. On evening of adrnission, patient vomited

large arnounts of foul srnelling dark fluid folLowing a severe bout of

lower abdorninal pain after having eaten supper.

rnelena, bloody stools and hernaternesis. There

peptic ulcer. He had arthritis for over 30 years

treated with Entroph.nR a.rd Darvor,.R.

Patient denied

\Ã/as no history of

and this had been

Physical exarnination and subsequent investigations on day of

adrnis sion revealed generalized abdorninal tenderness and guarding.

Hernoglobin was 8.5 grns%; WBC 9.000; with a B. P. I4O/89: regular

pulse 124/rnin. BUN on admission was 29 rng|o. Urine sedirnent was

essentially negative. There was free air under the right diaphragrn.

Laparotorny was perforrned on the sarne day. There was about 600 rnl

of purulent peritoneal fluid present. The transverse colon was dilated.

The descending and sigmoid colon was grossly edernatous and acutely

inflamed. A diagnosis of perforated sigrnoid colon secondary to diver-

ticulitis was rnade and a transverse colostomy was performed. Paren-

teral Kanarnycin and Arnpicillin was started

Post- operatively, the patient irnproved to the point of taking
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oral fluids. On 7th Dec. , L97L, 4 days post- operatively, the patient

developed sudden chills, tachycardia and hyperventilation. On 8th

Dec. , 1971, he becarne very restless, confused, hypotensive, oliguric

and deveioped a pleural rub. The diagnosis of pulrnonary ernbolisrn

was made and was confirmed by lung scan. Heparinization was

started. The patient rernained oliguric despite irnprovernent of

systernic hernodynarnics. BUN rose frorn 35 rngTo on 7th Dec., l97l

to 68 rngTo by 9th Dec. , L97L. Plasrna creatinine concentration was

L.0 rngflo on day of adrnission, was 2.5 rngflo on 8th Dec., L971, and

4.4 rng6o on 9th Dec., lg7L. Urine output was I0- 20 rnL/hr withurine

sodiurn concentrations 35-56 mEq/i. A tentative di.grro"i" of acute

renal failure due to hypotension and sepsis was made.

Selective renal angiography was perforrned and intrarenal

hernodynarnics were assessed by the Xenorrl33 *""hout technique

before and after the administration of phenoxybenzarnine. Arterio-

graphy dernonstrated diffusely narrowed intrarenal branches of the

renal artery. There was poor perfusion of the renal parenchyrna

distal to the interlobar level. Following intra- arterial administration

of 15 mg of POB over l0 rninutes into the right renal artery, there was

a considerable increase in the calibre of all renal arteries particularly

those in the periphery. There was however, no apparent change in

the nephrogram. IRBD by the X".ronl33 washout technique did not show

any change.
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The patient rernained stable hernodynarnically throughout the

procedure except for the developrnent of a sinus tachycardia of 100-lI0/

rninute. No evidence of irnprovernent of urine output or renal function

was evident following intra- arterial phenoxybenzarnlne blockade.

Seven hours post- angiography, patient suddenly developed

respiratory distress, cyanosis and suffered a cardiac arrest. He

died 6 days aJter hospitat adrnission.

Mr. E. G.
lM GH 354046

This 74 year old white rnale who sustained 5BTo f.irst and second

degree burns during a propane gas explosion was transferred frorn a

peripheral hospital to the Winnipeg General Hospital on Zlst Oct., 1971.

He arrived in \,V'innipeg after a 6 hour-arnbulance journey during which

he did not receive any intravenous fluid. He was in clinical shock

on arrival. He responded quickly to intravenous albumin- saline

resuscitation and was adrnitted to plastic surgery for the initiat care

of burns. Initial care was relatively uneventful. The patient was

treated with topical gentamycin crearyl which produced plasma gentarny-

cin levels as high as 4.7 rng/ml at one tirne. BUN was noted to be

elevated by the twelfth hospital day and gentamycin was stopped.

On 5th Nov. , l97t there was increasing sputum and RLL rales

and intravenous carbenicillin was started. There was progressive

pulmonary and renal functional deterioration and by l5th Nov. , 25 days
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after hospital adrnission, the patient developed right sided pneurnonia

and azoternia. BUN was 100 rngTo. The patient was hypotensive, rnori-

bund, and required intensive care and endotracheal intubation.

Despite improvernent of systernic hemodynarnics, stabilization

of arterial blood pressure, and irnprovernent of hypoxernia by respira-

tory support, renal function continued to deteriorate and by Z1tln Nov. ,

1971 BUN was I72 rngTo with a serurn creatinine 9.5 rng%o. Urine output

rernained in the range of. 20 rnl/hr with a urinary sodiurn concentration

of 63- I55 rnEq/l.

The cause of acute renal failure developing over a period of 10

days was obscure. The possibility of gentamycin nephrotoxicity v/as

considered. Selective renal angiography was performed on 19th Nov. ,

1971 and renal vasculature \Ã/as assessed angiographicatly as well as

by the XunorlSS washout rnethod, both before and. after the intra-

arterial adrninistration of phenoxybenzarnine. Extrernely poor per-

fusion of the renal parenchyrna was observed both before and after

phenoxybenzarnine blockade. Phenoxybenzarnine did not result in

appreciable improvement in cortical perfusion despite a rnarked in-

crease in the calibre of the rnore proximal vessels. X"rronl33 washout

studies show sirnilar IRBD before and after POB. Creatinine clear-

ance and urine flow rates showed no significant irnprovernent following

blockade.

On Zlst Nov. , I97I, during the insertion of a central venous



- r80-

pressure catheter through the internal jugular vein for purposes of

hyperalimentation, the patient suffered a cardiac arrest. Resuscitation

'was unsuccessful. The patient died 30 days aJter adrnission to the

ho spital .

Mr. J. B.
lMGH 308O4B

This 48 year old white rnale, after the consurnption of a consid-

erable quantity of alcohol, feII asleep while srnoking in bed on the 29th

Oct., I97L. He suffered 60To second and third degree body burns and

was brought to the W-innipeg General Hospital 1- Z hours after the acci-

dent. on arrival, the patient was hypotensive, with a blood pressure

oÍ 80/50 mrn Hg, and was in shock. Initial resuscitation by intravenous

crystalloid, alburnin and fresh frozen plasrna was associated with

clinical irnprovernent and a rise in urine flow to levels of 200 rnl/hr.

Because of associated hernoglobinuria, rnannitol 25 rng intravenously

was given.

The patient was admitted to the plastic surgery service for the

initial care of body burns. His respiratory and renal status, deterior-

ated over the next 5 hours. Urine output decreased to less than 35 rnl/hr

and becarne unresponsive to repeated rnannitol adrninistration. Urinary

sodiurn concentration rneasured at this tirne was 55 mEq/1. A clinical

diagnosis of acute renal failure was rnade. Further volume expansion

was not accompanied by a concornittant increase in urine output.
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At this tirne, selective renal angiography was perforrned

which dernonstrated extrernely poor renal cortical perfusion. FoIIow-

ing the intra- arterial adrninistration oÍ. Z0 rng of phenoxybenzarnine

over l5 rninutes to the right kidney, the rnore proxirnal branches of

the renal artery showed increases in diarneter. Renal cortical per-

fusion rernained poor. Pre- and post-phenoxybenzarnine X.rrorrl 33

washout sfudies dernonstrated findings sirnilar to selective angio-

graphy. Intra- arterial phenoxybenzarnine was also adrninistered

to the left kidney. No irnprove,nent of renal function was observed

foltowing renal phenoxybenzarnine blockade.

General condition of the patient irnproved with intensive

respiratory care. However, 7 hours after transfer to the intensive

care unit, the patient aspirated and died of a cardiopulrnonary arrest,

20 hours following adrnission. Resuscitation was unsuccessful.

Diagnosis: extensive body burns, pulrnonary aspiration and acute

renal f ailure.
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Mrs. I. C.
wGH 282623

This 43 year old white fernale, P viii G viii, was apparenily

well until May, 1970 when she first noticed swelling of both feet and

petechial hernorrhagqs over lower lirnbs. Investigation in local hospital

raised the possibitity of Henoch- Sch6nlein Purpura. Laboratory findings

included: Hb 9.9 grnsTo; WBC 4,300/^rr'3; platelets 326,OOO/r,,rn3i

reticulocyte count l.8To; ESR 85 rnm/hr; serurrr. Fe 62 rng%o; TLFC szz

rngø/o; BUN 20 rngTo; norrnal urinalysis sGoT 38 units; LAD 80 units.

Bone rnarr'ow aspirate showed norrnoblastic hypocellularity of the

erythroid series with distortion of chrornatin structures.

In JuIy, 1970 patient developed exertional dyspnea, orthopnea

and signs of congestive heart failure. Again nurn-erous petechiae over

Iower extrernities were noted. She was readrnitted to the local hospital.

on lZth sept. , Lg70 she developed rnarked hypotension and dyspnea,

hernotypsis and pulrnonary ederna. She was given digoxin and furosernide.

Urinalysis showed trace of alburnin, and the pïesence of granular casts

and pus cells. On ISth Sept., L970 patient showed sudden rnarked clini-

cal deterioration. She developed generalized abdorninal pain, congestive

heart failure and oliguria. Laboratory findings were: Hb lz.r grni/o;

wBC i6,800/rnm3; ESR L4 rnrn/hr; BUN 46 rng{lo. she was transferred

to Winnipeg General Hospital on lgth Sept., r970. By this tirne, patient
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had been anuric f.ot 24 hours. Total urine output was only 5 rnl.

On admission, patient cornplained of marked breathlessness

at rest, generalized abdorninal pain and vorniting. Physical exarnina-

tion revealed evidence of congestive heart failure and a distended and

diffusely tender abdomen with guarding in RLQ. Bowel sounds were

absent. Rectal exarnination was norrnal . Numerous petechiae were

noted in lower extrernities, but no ederna was present. B. p. .was

r20/85 rnm Hg and pulse was LZB/rnín, regular. BUN was 94 rngTo.

A diagnosis of congestive heart failure with rnesenteric ischernia was

considered. Patient continued to be oligo- anuric. Urine sodiurn

concentration at this tirne was 88 rnEq/i.

Superior rnesenteric angiogram dernonstrated general narrowing

and attenuation of the superior rnesenteric artery and all of its branches.

No vascular occlusion was present. Selective left and right renal

angiography was also perforrned before and after the administration

of 5 mg of phenoxybenzamine given by slow infusion over l0 minutes

directly into the Ieft renal artery. Before the adrninistration of phen-

oxybenzamine, the left renal artery was rnoderately narrowed and the

proxirnal portions of the segrnental vessels irregular areas of narrow-

ing, and the nephrograrn was exceptionally faint. Post-phenoxybenz-

amine angiogram showed rnarked increase in size of virtualty aII

orders of the renal arteries. The nephrogram. rernained. faint and

there was no improvernent in renal cortical parenchymai perfusion.
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In view of the changes in renal vasculature following phenoxy-

benzarnine and the presence of general poor peripheral perfusion, the

patient was blocked systernicarly (2 rng/kg PoB). No irnprovernent in

renal function was evid.ent, and she continued to deteriorate. Oliguria

persisted. On 20th Sept., L970, BUN was 138 rng%o, and plasrna creatin-

ine 5.7 rng%o. Her abdornen becarne increasingly tend.er and rigid.

During the insertion of a cordis catheter for peritoneal dialysis, large

quantity of fecal- srnelling fluid in the peritoneal cavity was noted. Sub-

sequent culture revealed a growth of alpha Streptococcus fecalis 2*,

clostridiurn welchii Z+ and three other clostridiurn species, none of

which were CI tetani.

LaparotorrLy $/as perforrned on 2lst Sept. , I970. Infarction of

terrninal ileurn was found and five feet of the terrninal ileurn was re-

sected. Her post- operative condition rernained pooï. The patient

was treated with Kanamycin and required the addition of isoproterenol

to rnaintain blood pressure. She developed staphytoccocal septicernia

with LLL and RUL infiLtrate on 23rd sept. , L970 and cephalothin was

started. Culture frorn tracheostorny site grew Pseud.omonas pyo cyanae,

resistant to Kanamycin and cephalosporins. Renal function showed no

improvernent. Peritoneal dialysis was found ineffective and it was

changed to hemodialysis. Plasrna creatinine varied between 5 and

7 rng%o.
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On 24 th Sept. , 1970, patient deteriorated markedly. She de-

veloped severe congestive heart failure, pulrnonary ederna and hypo-

tension. She suffered a cardiac arrest and was successfully resusci-

tated. On ãth Sept. , I970, she suffered numerous cardiac arrests.

Resuscitation was unsucces sful. Patient died on the 6th hospital day.

Post- rnortern findings showed rnyelomatosis, pulmonary arter-

itis secondary to pseudom-onas pneurrronia of LLL and RUL, peritonitis.

Kidneys appeared sornewhat pale and showed rnild degenerative tubular

changes were present consistent with acute renal failure.

Mr. D. R.
\M GH 184326

This 26 year old white male developed chitdhood nephrosis at

the age of 2 years. Progressive deterioration of renal function occurred

since that time, finally requiring interrnittant hernodialysis in 1968.

Bilateral nephrectornies were perforrned in 1970 for the control of

hypertension.

In February, I97I the patient received a renal cadaveric trans-

plant which was rejected over a period of 2 rnonths. Maintenance hemo-

dialysis was re- instituted.

On the 9th Feb. , I97 2 a two antigen misrnatch cadaveric kidney

was transplanted. The operative procedure took approximately 7 hours

due to a 360o rotation in the ureter and re-implantation was necessary.
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However, the transplanted kidney put out urine within 30 rninutes of

vascular anastornosis and continued to put out approxirnately 400 rnl/hr

of urine for the subsequent 4 hours when urine output suddenly stopped.

The patient was returned to the operating roorn and obstruction of the

lower end of the ureter was relieved surgically. Urine output irnrned-

iately following the second procedure was adequate.

The patient developed oliguria and evidence of rejection over

the next five days. This was treated with high doses of steroids.

Renal function gradually returned to irnrnediate post- transplant levels

over the ensuing 7 days. However, hernodialysis was. necessary during

the period of oliguria.

On the 28th Feb. , 1971, l9 days post- transplant, the patient

started to show a decrease in urine output and early signs of rejec-

tion. Endogenous creatinine clearance was 49 rnl/min. A treatrnent

regime consisting of high doses of steroids and local radiotherapy was

started. Renal function progressively deteriorated and on the 5th of

March, 1972, 20 days post- transplant, the patient developed rnarked

oliguria. Urine output averaged 10 rnl/hr. Endogenous creatinine

clearance was 7 rnl/rnin for that day. BUN was 94 rngTo. Hemo-
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dialysis had to be re- started.

Renal arteriography perforrned at this tirne dernonstrated. an

increase in kidney size. AIi proxirnal branches of the renal artery

appeared norrnal . However, the arcuate and interlobar vessels

appeared to be sornewhat stretched. Higher order vessels appeared

to be attenuated and showed slight irregularity. No nephrogïaffr. could

be dernonstrated. Intrarenat blood flow distribution as assessed by

the Xenonl33 v/ashout test failed to d.ernonstrate a fast flowing co,nponent

cr. Mean renal blood flow was dirninished to approximately r/3 of.

norrnal values. Following the intra- arterial adrninistration of 15 rng

of DibenzylineR- sKF (Phenoxybenzarnine hydrochloride), angiography

and the Xenon washout test was repeated. No significant difference on

the angiographic appearance oï the xenon washout curve could be

dernonstrated.

Oliguria persisted post- phenoxybenzarnine adrninistration to as

low as 90 rnl/day on the 7t]n of. March, rg7l. .A' course of ALG was

started and urine output rose to 400 .rnl/day within 4 days of ,A'LG treat_

'rnent. Allograft rejection was ternporarily und.er control.
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Mrs. D. K.
Vf GH ZLL678

This 54 year old white fernale was adrnitted to the winnipeg

General Hospital on 14th Nov. , I97I for investigation of paroxysrnal

explosive vorniting of one week duration. she had a Bilroth II

procedure perforrned in 1965 f.or peptic disease. A clinical diagnosis

of afferent loop syndrorne was rnade.

During her hospital stay,

a relatively labile B. P. ranging

showed grade ii/ív hypertensive vascular changes. There was no

evidence of renal disease. Endogenous c6,. was 83 rnt /rnin. The

diagnosis of pheochrornocytorna was considered. Biochernical tests

including plasrna catecholarnine concentrations and. 24 hour urine for

catecholarnines were within norrnal ranges. However, the patient

showed an equivocal cold pressor test and a positive glucagon test.

Arteriogr aphy was pe rforrned f ollowing systemic phenoxybenzarnine

(1.5 rng/kg B. Wt. ). No turnor'was seen in any intra-abdorninal site.

The diagnosis of pheochrornocytorna was ternporarily abandoned.

During arteriography the opportunity was utilized for investiga-

tion of the renal vasculature. X.^on133 washout studies were carried.

out approximately 16 hours after systernic phenoxybenzarnine (I.5 rng/kg)

followed by further intra- arterial adrninistration of phenoxybenzarnine

to the right kidney (10 rng PoB given over l0 rninutes). The last dose

she was noted to be hypertensive with

200-2401100 - 130 mm Hg. Fundi
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of POB given intra- arterially was sufficient to block the vasoconstrictor

response to an I. .A.. bolus of adrenaline (16 rrg).

Angiographic appearance dernonstrated. normal vasculature before

phenoxybenzarnine blockade. Results of Xenonl33 *."hout studies are

shown in Table XXVII.

Patient was discharged and was readrnitted again in January,

I972 f-or surgery. The Biilroth II v/as converted to a Billroth I proce-

dure. She was discharged in good condition.




