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ACUTE RENAL FAILURE 
SOME NEW THOUGHTS 

A CHANGING DISEASE 

Acute Renal Failure (ARF) is an interesting multi -faceted disease 
condition which has changed its clinical expression considerably 
during the last two decades. This change was neither spontaneous 
nor rapid. It was a gradual change induced by the development of 
man's destructive power due to more effective weapons on the one 
hand and an improvement in the healing power of the physician in the 
field, on the other. 

Medicine has learned to prevent certain conditions which have 
classically caused ARF. Severe or prolonged hypovolemic shock or 
dehydration, especially after blood or fluid loss following injury or an 
operative procedure are such examples. This is done by early and 
adequate replacement and by using drugs which would increase or 
maintain the renal blood flow. Medicine has also learned to treat ARF 
early when it is still in its incipient stages. This is done by the use of 
dopamine, an agent which increases renal blood flow by its dopami- 
nergic action on the renal arterioles, or by the single use of hypertonic 
mannitol which is also known to improve renal circulation during renal 
cortical ischemia and to improve renal function, provided that ARF is 
not already established. These procedures can prevent ARF from 
occuring, thus saving the patient from entering into genuine ARF 
(i.e. established acute tubular necrosis) with its much dreaded high 
mortality statistics. 

As expected, ARF is associated with wars! The Germans recognized 
it at the end of the first World War and named it 'Vasomotor Nephro- 
pathy', because of the lack of gross histological lesions in the kidneys 
(1). ARF was faced once more in World War II, but this time in the form 
of the so-called 'Crush Syndrome', a term coined by Bywaters (2) 
because it was often observed in patients who had large masses of their 
muscle crushed by debris of bombed buildings in the massive bom- 
bardments of London. In one study in World War II, 40% of the severely 
wounded developed ARF with a fatality rate of 90% among the severely 
oliguric ones (3). In another study, 18.6% of deaths from battle injuries 
in Army Hospitals had renal lesions (4). In this study, the term 
'Hemoglobinuric Nephrosis' was coined. In 1950 it was named Acute 
Tubular Necrosis (ATN) (5), because of the marked tubular damage 

1 



VOL iME 24, NO. 1 FEBRUARY 1983 

observed in the severe cases which came to necropsy. 
Teschan et al and Smith et al (3, 6) were impressed by this 
disease as an important cause of illness and death in initially 
surviving combat casualties and called it 'Post -traumatic 
Renal Insufficiency'. It was met during the Korean War in 
1951 in wounded soldiers, especially those who had lost 
blood and were in shock or hypotension with delayed fluid 
or blood replacement. It was there that a special 'Research 
Team' attempted early evacuation of the wounded and early 
dialysis by artificial kidneys placedat the Renal Insufficiency 
Centre' in Wonju, Korea, 25 miles south of the battle line. 
They clearly showed that they were able to decrease 
mortality from about 80%-90% to about 53% by dialysis, 
and that the majority of deaths in the wounded treated by 
dialysis was attributable to complications of the original 
injury rather than uremia or the renal insufficiency itself (6). 

Much has been learned about ARF in the war in Vietnam. 
Early evacuation and treatment by fluid and blood replace- 
ment together with definitive surgery prevented the deve- 
lopment of ARF in the milder cases. ARF was therefore 
seen only in the severely wounded, especially in soldiers 
with multiple injuries and more so after abdominal wounds 
.and surgery. Mostly a combination of several episodes 
rather than a single etiologic factor tended to precipitate 
ARF, both at the time of trauma and in the post -traumatic 
course (7). Early and frequent hemodialyses were dis- 
covered to reduce both morbidity and mortality (7) as was 
suggested earlier by Teschan et al (8). At this time and later 
in the Middle East conflicts in 1967 and 1973, it was 
observed that the severe injuries were associated with post - 
traumatic pulmonary insufficiency. 

Presently, ARF following blood loss and shock in coun- 
tries with well developed medical facilities has become rare. 
Its place was gradually taken by the ARF caused by 
nephrotoxins, such as aminoglycosides e.g. gentamicin 
given alone in high doses or in a combination with cephalo- 
sporins, or cytoxic drugs such as cis -platinum. In the 
present war in Lebanon, ARF was virtually absent on the 
Israeli side and occurred only in those with such severe 
multiple injuries that they can be considered to be a termi- 
nal event. This can be attributed to very early evacuation 
and intensive therapy given to the very badly wounded 
while still in the field. 

During these years cadaveric kidney transplantation 
became an accepted form of therapy. In this condition, ARF 
in the form of ATN is met frequently if the kidneys are taken 
rather late i.e. if they have been subjected to long periods of 
warm ischemia. Attempts at reducing the incidence of ARF 
in donor kidneys included many maneuvres amongst which 
there was the perfusion of the kidney with a solution con- 
taining phenoxybenzamine at the time of harvesting, which 
was later found to be of no value. Mannitol administered to 
the prospective donor is thought to improve the renal circu- 
lation. The most useful maneuvre is actually the reduction 
of the ischemia time, both warm and cold, to a minimum, 
Needless to say, the heart -beating cadavers kept on the 
respirator form a better group of kidney donors, with 
respect to ATN. 

Recently non -traumatic rhabdomyolysis has emerged 
as a more frequently reported clinical entity associated with 
ARF (9). 

PREVENTION AND THERAPEUTIC MEASURES 

The preventive measures which we have learned to apply 
are adequate hydration, early replacement of blood and 
fluid loss as well as the use of such drugs as may result in 
an increase in RBF, for example, small doses of dopamine. 
The use of mannitol as a single dose in the few patients who 
are caught at the incipient stage of their ARF, when the 
Urine/Plasma osmolality ratio was still above 1.0 (i.e. about 
1.2 to 1.4) proved to be very useful (10). The use of furose- 

mide in the early stages of ARF is debatable. Numerous 
authors do not agree that fuoresmide is able to prevent or 
even ameliorate ARF. It seems to be useful only in those 
whose ARF has a cardiogenic cause. In hypovolemia and in 
shock kidneys, furosemide may even result in further renal 
vasoconstriction. Injection of furosemide into the renal 
artery of patients with ARF, failed to improve renal function 
as assessed by urine output or serum creatinine during 4 
days following its injection (11). 

Recently certain therapeutic maneuvres were tried on 
humans to alleviate ARF in man. At the Chiba University 
Hospital in Japan, ATP.MgC12 was infused in patients with 
ARF in order to replenish intracellular ATP which is known 
to decrease considerably following ischemia (12). The 
syringe was surrounded with ice and the infusion was 
carried out gradually to prevent significant decreases in 
blood pressure. To achieve the same purpose different 
solutions of amino acids were given i.v, at different stages of 
ARF. Kopp and Thul (13) proposed that sodium bicarbo- 
nate, when administered in sufficient amounts to alkalinize 
the urine, accelerated recovery. These latter procedures still 
await further investigation and confirmation. 

ABOUT PATHOGENESIS: 

The pathogenesis of ARF was not easy to investigate in 
humans. Bull et al (5) using the Fick principle with PAH, 
came to the conclusion that during the oliguric phase, the 
RBF through the renal parenchyma was grossly reduced. 
They concluded that the oliguria of ARF is due to persisting 
renal ischemia. Soon it was found that this method is not 
acceptable, and a method independent of renal excretion 
and urine flow is needed. Conn et al (14), using nitrous 
oxide, found that a reasonable amount of RBF continues in 
ARF. Since the RBF is reduced only to about one third of 
normal in both the oliguric and the diuretic phases of ARF 
and since the amount of RBF is not inconsistent with 
considerable glomerular filtration, Munck (15) concluded 
that renal insufficiency in ARF cannot be due to ischemia 
alone. Hollenberg et al (16) studied 20 patients with ARF by 
the xenon washout technique. They found that the early 
rapid component in the xenon washout curve, which is 
supposed to represent cortical perfusion, is absent. They 
concluded that in ARF there is a preferential renal cortical 
ischemia. This was shown to occur in the hepatorenal 
syndrome in which, despite severe derangements of renal 
function, histological abnormalities are minimal (17, 18). 
Furthermore, kidneys taken from these patients and trans- 
planted, resume normal kidney function in the recipient 
(19). These observations show that most cases of ARF in the 
hepatorenal syndrome are functional in nature. This, to- 
gether with other studies of the renal circulation with 
indocyanine green and 51Cr EDTA (20) lend further sup- 
port to the findings that renal cortical ischemia is an 
important event in the development of decreased filtration 
in ARF. 

Recently, evidences for a reduction in the glomerular 
coefficient of filtration, Kf, were reported both in humans 
(21) as well as in experimental animals (22. 23). It was 
suggested that the reduction in Kf reflects a decrease in the 
total glomerular capillary filtering surface area as a result of 
mesangial cell contractility (23). 

Much work has been done to elucidate the pathogenesis 
of the failure of filtration in the experimental animal espe- 
cially in the rat. The classical major mechanisms in the 
development and maintenance of this failure of filtration 
are: preglomerular vasoconstriction, tubular obstruction, 
tubular leakage and the specific glomerular membrane 
pathology leading to decrease in Kf (glomerular capillary 
ultrafiltration coefficient). 

The immense work of Oken et al (24), Flanigan and Oken 
(25) and Ayer et al (26) showed that at least in the early 
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phases of ARF, there is indeed cortical vasoconstriction 
which initiates a severe decrease in GFR, probably because 
of a lack in adequate filtration as a result of vasoconstric- 
tion. However, the intrarenal injection of vasodilators of all 
sorts including the alpha-adrenergic blocker phenoxy- 
benzamine, did not improve the GFR (27). Thurau et al tried 
to explain the mechanisms which maintain the low GFR in 
ARF differently. In short, they accuse the ischemia of the 
proximal renal tubule to cause a decrease in Na+ reabsorp- 
tion at the proximal tubule, resulting in a high concentration 
of NaCI at the distal tubule and the macula densa. High 
concentration of NaCI at the macula densa results in high 
intrarenal renin. This is taken to be responsible for the vaso- 
constriction. A vicious circle develops in which there is a 

continuing glomerular vasoconstriction, further ischemia 
and inability to reabsorb Na adequately, allowing more 
NaCI to reach the macula densa, and resulting in higher 
renin secretion and further vasoconstriction. Thus, the 
decreased GFR is maintained by this sodium chloride - 
sensitive tubulo-glomerular feedback mechanism at the 
level of the JGA (28, 29)., which is dependent on the intra - 
renal reninángiotensin system. This is thought by Thurau to 
be a protective mechanism, preventing tremendous losses 
of volume which would have occurred in the presence of in- 
adequate proximal tubular reabsorption. Thurau and 
Boyland even called it "acute renal success" (30). This 
mechanism was thought to be due to the activation of the 
renin-angiotensin system inside the kidneys. However, 
many attempts to interfere with the renin-angiotensin 
system within the kidneys (31, 32), including theadministra- 
tion of antibodies to renin did not improve or prevent the 
ARF. 

To justify the hypothesis that intrarenal renin and angio- 
tensin II formation are nevertheless the responsible agents 
for the glomerular vasoconstriction, Thurau and his group 
bring the following arguments: angiotensin II is located in 
high concentrations in the same cells of the JGA which also 
synthesize renin at the glomerular vascular pole. The major 
site of action of intrarenally formed angiotensin II may be 
intracellular. Cell membranes form a barrier for such sub- 
stances as antibodies, receptor blocking agents or con- 
verting enzyme inhibitors. These agents cannot reach the 
interior of the cell. Therefore, they cannot stop the vaso- 
constrictor action of the intracellular angiotensin II. Thus, it 
is not surprising that the use of these substances was 
unable to prevent ARF. 

Beta-adrenergic blockade by the administration of pro- 
pranolol brought about a significant amelioration of experi- 
mental ARF. This was observed in the ischemic type of ARF 
in the rat, following unilateral nephrectomy and renal artery 
clamping of the remaining kidney for 70 minutes (33, 34). 
A similar amelioration in ARF was obtained also by oxpre- 
nolol, metoprolol and practolol (35). The failure of function 
in this model of unilateral nephrectomy and renal artery 
obstruction was found to be due to tubular obstruction. 
The proximal intratubular pressure increased from a mean 
of 11.5+1.6mmHg to a mean of 31.2 + 5.3 mm Hg one to 
three hours after the renal artery occlusion, and total renal 
vascular resistance was doubled (36, 37). This was con- 
firmed by Tanner and Sophasan (38). Chevalier and Finn 
(39) also found that propranolol reduced the severity of the 
ischemic type of ARF. This was associated with a significant 
decrease in proximal intra -tubular pressure (to about 
18 mm Hg). The improvement of ARF is not due to hemo- 
dynamic changes nor to changes in the renin-angiotensin 
system as was shown by Solez et al (40). The significant 
improvement in inulin clearance in the propranolol treated 
rats occurred without commensurate increase in RBF and 
suggested attenuation of intratubular obstruction by the 
drug (40). They concluded that while the precise mode of 
action of propranolol is unclear it may involve metabolic 
effects in tubular cells resulting in less cellular damage. 

An important point to keep in mind is the fact that in ARF, 
the RBF returns almost to normal in the ischemic models 
and is not very low in other models while the severely de- 
creased GFR is maintained (22, 41, 42). Alpha-adrenergic 
blockers or other vasodilators were unable to reverse the 
filtration failure. Furthermore, there are theraputic maneu- 
vres which are able to improve ARF which cannot be related 
to hemodynamic changes. In the nephrotoxicity models of 
ARF the primary lesion is at the tubular cell level while the 
renal vasoconstriction is a secondary phenomenon. All 
these point to the importance of renal tubular cell injury as 
an initiator of the pathological events which may lead to 
whole kidney failure. 

One of the major functions of the renal tubular cell is the 
reabsorption of sodium, which is the driving force for the 
reabsorption of water and other filtered substances. There 
is a direct relationship between oxygen consumption and 
sodium reabsorption. This is an energy requiring process 
which is supplied by chemically bound energy in the form 
of ATP and the ATP -hydrolyzing enzyme Na.K.ATPhase. 
Mitrochondrial structure and function are essential for the 
formation of cellular energy. The tubular -cell membrane 
damage following ischemia or nephrotoxicity will alter 
mitrochondrial function. As a consequence, tubular insuffi- 
ciency occurs. The sequence of plasma -cell -membrane 
injury and dysfunction (permeability changes and active 
transport mechanisms) and the mitochondrial insult (cellu- 
lar energy supply) is not known. There are evidences that 
the proximal tubular cells are preferentially affected. In 
contrast, the distal tubular cells can maintain integrity and 
function for a longer period of time (43). 

The study of ATP depletion in ischemic tissue in vivo was 
recently advanced by the use of nuclear magnetic resonan- 
ce i.e. 31P NMR (44-46). The severe depletion of intracellu- 
lar ATP following ischemia is taken to be as a result of mito- 
chondrial dysfunction. This occurs in both the ischemic and 
the nephrotoxic models of ARF (47-49). The infusion of 
ATP.MgC12 after the release of the clamps following 
bilateral renal artery occulsion, prevented the development 
of kidney failure almost completely. This protection did not 
occur after the infusion of MgC12 alone or ADP or AMP. 
MgC12. The authors conclude that this protection is not 
due to the vasodilatory effect of ATP. MgC12, but is most 
probably dye to the fact that the infused ATP has crossed 
the cell membranes to provide high-energy phosphate 
which promotes tubular -cell healing (50). 

The favorable results obtained in accelerating the re- 
covery of ARF with the administration of ATP. MgC12 as a 
cellular energy supply procedure, favors the pathogenetic 
importance of this mechanism. 

In our laboratory we have studied cellular responses to 
ischemia following uninephretomy and contralateral renal 
artery clamping for 70 minutes in rats. A significant rise in 
cAMP was observed during the first 2 minutes of ischemia. 
The administration of propranolol did not influence this rise 
in cAMP. Later during the ischemia, the cAMP decreased 
to about 60-80 percent of the pre-ischemic levels and 
returned to normal after only 30 minutes of declamping and 
reflow. Renal tubular beta adrenergic receptors as deter- 
mined by direct tissue binding were not altered by the 
ischemia. Thus it is unlikely that this is a result of beta 
adrenergic agonistic effect (51). 

Elevated cellular cAMP were linked with augmented 
Ca++ influx into the cell via the slow voltage -sensitive 
channels (52). High intracellular Ca++ was indeed found in 
ARF and the administration of the calcium blocker vera- 
pamil improved ARF (53). - 

Different humoral and vasoactive substances were 
found to modulate glomerular ultrafiltration coefficient. 
Some of these stimulate glomerular cyclic nucleotide 
formation.-Dibutyryl cyclic AMP was found to reduce 
Kf(23). However, dibutyryl cyclic AMP promotes intrarenal 
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angiotensin II formation (54) which was found to act on 
specific mesangial cell receptors to produce mesangial 
cell contraction and a decrease in glomerular capillary 
filtration surface area (53). 

Other biochemical cellular events were described in 
ARF. Molecular defect in maleic acid (55), decreased 
protein synthesis following fungal toxins such as Amanitin 
(56), peroxidation of membrane lipids and important 
diminution of the total renal glutathione content (49) and 
important changes in tissue phospholipid content during 
toxicity (57). 

CONCLUDING REMARKS 

In summary, recent data indicate that following different 
etiological insults which cause ARF, important cell - 
membrane and intracellular pathobiochemical events will 
determine cell function and survival. Different tubular 
functions will be altered and different tubulo-glomerular 
feedback mechanisms will determine the degree of failure 
of filtration and eventually the resultant clinical picture of 
whole kidney failure. Therefore, the therapeutic approach 
should aim at making the renal cells more resistant to the 
disturbances in cell energy supply and should attempt to 
offer the background for accelerated cellular recovery. 
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