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Editorial

Contrast-induced Acute Renal Failure

Acute oligunic renal failure is an uncommon, but nec-

ognized complication of the use of iodinated radio-

graphic contrast media, and renewed attention has been

given to this problem with a succession of papers in

major medical journals [1-6]. These reports should re-

mind radiologists that, although modern contrast agents

are well tolerated by large numbers of patients, they are

not completely innocuous substances. Indeed, they may

induce occult renal injury with greaten frequency than is

commonly appreciated and this injury may be penma-

nent. How does this happen?

Although the exact pathogenetic mechanisms involved

in contrast-induced renal failure remain obscure, theo-

nies invoking a wide variety of factors have been pro-

posed. Killen and Lance [7] attributed the nephrotoxicity

of commonly used angiographic contrast media to a

direct effect on tubular epithelium. All gradations of

injury, from cloudy swelling to cellular dissolution, were

noted in tubular cells. However, the glomeruli were

spared.

Postlethwaite and Kelley [8] noted the considerable

unicosunic effect of iodinated contrast materials, espe-

cially cholecystographic agents, and postulated that

acute uric acid nephnopathy could account for occa-

sional cases of renal failure after their administration.

The unicosunic effect of these agents seemed to be

caused by enhancement of uric acid secretion by proxi-

mal and distal convoluted tubular cells. The theory is

supported by the observation that this effect is com-

pletely inhibited by prior administration of pynizinamide,

a drug believed to specifically and completely block the

tubular secretion of unate. The unicosunia produced by

contrast agents may be accompanied by precipitation of

unate in the tubular lumen, causing obstruction to the

flow of urine and possibly cellular injury.

Bendon et al. [9] suggested that contrast exposure

could induce precipitation of Tamm-Honsfall protein, a

natural constituent of urine, in normal patients. They

proposed that this mucoprotein is capable of forming a

viscid gel that can partially on totally block urine flow

through the tubules in the proper setting of dehydration,

relative oligunia, and specific urine protein and electro-

lyte concentration. Further investigation of this, and

other contrast-protein interactions, is needed to assess

its importance in the pathogenesis of transient renal

failure.

The hemodynamic changes following intravascular ad-

ministration of iodinated contrast media are of particular

interest. In peripheral vascular beds, a drop in peripheral

resistance and an effective increase in blood flow are
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observed. These phenomena are in large part related to

the osmolanity of the injected material [10, 11]. Sodium

content and pH of the contrast do not seem to be

significant in this regard. In the kidney, however, iodi-

nated contrast agents have consistently been shown to

decrease total renal blood flow in experimental animals

[1 2-14]. Some investigators [15, 16] have observed cren-

ation, spherocyte formation, and decreased pliability of

red blood cells in the presence of various contrast

materials and have related these phenomena to the

hypertonicity of these agents. They proposed that the

nonpliable erythnocytes, unable to pass through capillary

beds, cause sludging and therefore decreased flow in

the renal microcinculation. Studying the microcinculation

of the bat’s wing, Wiedeman [16] noted abnormal platelet

clumping and adherence of white blood cells to vessel

walls, and implied that direct endothelial damage was

also a significant factor.

One must of course consider the unique features of

renal circulation in any discussion of hemodynamic

changes induced by hypenosmolan substances such as

iodinated contrast media. Talner and Davidson [13]

found a decrease in renal extraction of p-aminohippunic

acid accompanied by a transient fall in renal blood flow,

after the administration of various contrast agents, hy-

pertonic saline, and mannitol directly into the renal

artery of dogs. Aortic and renal artery pressure did not

change significantly, and they suggested intranenal vas-

oconstniction as a possible explanation for these effects.

It would be attractive to implicate the macula densa and

j uxtaglomenulan apparatus here , since the juxtaglomen-

ulan apparatus is thought to play a major role in the

autoregulation of renal blood flow. It has been shown

that sodium content and osmolanity of tubular fluid can

influence glomenular filtration, presumably mediated by

macula densa cells. Whether a similar type of feedback

mechanism regulates renal blood flow after arteniog-

naphy remains to be determined.

The decrease in renal blood flow might alternatively

reflect a change in the complex system of regional blood

flow in the kidney. Four regions, each with different flow

characteristics, have been identified in acute expeni-

ments by autonadiognaphy. These are (1) cortex, (2) outer

medulla-inner cortex, (3) inner medulla, and (4) pen renal

and hilan fat. The rate of flow is most rapid in the cortical

compartment, which receives about 88% of the total

nutrient blood flow in the normal kidney [17]. Rerouting

of blood from the cortex to the medulla (Trueta shunting)

may occur in the end stages of such renal disorders as

collagen vascular diseases, malignant nephnosclenosis,
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chronic glomerulonephnitis, and also in transplant nejec-

tion. This is thought to indicate high resistance in the

renal cortex, leading to decreased perfusion in this

region with respect to the remainder of the kidney.

Recently, Tadavarthy et al. [18] reported temporary

Trueta shunting in normal kidneys during renal angiog-

raphy. The mechanism of this phenomenon and its

relevance to contrast-induced renal failure are unknown

and may warrant further investigation in connection with

the other hemodynamic effects of contrast agents.

One might question how this theoretical information

applies to the clinical situation. Specifically, can the high

risk patient be identified, and what prophylactic mea-

sures might be instituted to decrease the incidence of

acute oligunic renal failure after contrast studies? The

clinical profiles of patients who develop acute renal

failure following the administration of iodinated contrast

material would suggest that vascular factors are more

significant than any tubular cytotoxic effects. Diabetics

are at increased risk to develop acute oligunic renal

failure after receiving nadiocontrast agents, especially in

the presence of dehydration and azotemia [6, 19, 20]. In

this regard, it should be mentioned that while dehydra-

tion could accentuate any of the previously described

effects of contrast, adequate hydration does not seem to

necessarily protect against renal failure [2, 21 , 22].

All of the patients described by Diaz-Buxo et al. [23]

had been diabetic for a minimum of 6 years, and all had

clinical evidence of diabetic retinopathy, neunopathy,

and nephnopathy. Hankonen and Kjellstrand [24] studied

29 diabetic patients in whom excretory urography was

performed as a routine investigation of renal status and

not because of sudden changes in renal function. Exac-

erbation of preexisting renal insufficiency after pyelog-

raphy was noted in 76% of these patients, and in nine

patients there was irreversible deterioration of renal

function. The main risk factors seemed to be early-onset

diabetes and more severe degrees of renal insufficiency

before the study.

More recently, Van Zee et al. [4] noted an incidence of

acute oligunic renal failure of about 5% after excretory

urognaphy, in a group of high risk patients which in-

cluded diabetics and nondiabetics. This is to be com-

pared with an overall incidence of less than 1% in

unselected populations. Of the nondiabetic group, 14 of

15 had recognized renal disease due to hypertension

(five patients), glomerulonephnitis (three), hyd none-

phnosis (three), and gouty nephropathy, polycystic dis-

ease, and mild transplant rejection (one patient each). It

is noteworthy that all but two patients were well hydrated

at the time of unognaphy. These findings support an

impression that small vessel disease may significantly

predispose to contrast-induced renal failure. Tubular

epithelial cell toxicity in such compromised kidneys may

be a secondary and additive phenomenon rather than an

initiating event in renal failure in this setting. Although

intratubular contrast concentrations may actually be less

than normal, the period of exposure is prolonged and

each nephnon handles a larger fraction of the adminis-

tered dose. Direct tubular damage may therefore occur.

Urate nephropathy may also play some role, since many

patients are hyperunicemic due to underlying renal insuf-

ficiency. This nevertheless does not seem to be the

major determinant of contrast-induced renal failure,

since not all patients who develop this complication have

elevated serum uric acid prior to study.

The high incidence of acute renal failure in susceptible

groups of patients may be partially explained by the

relatively large doses of contrast used for drip infusion

unography and some angiognaphic examinations. Gnu-

skin et al. [12] observed that hematunia did not occur in

infants undergoing cardiac catheterization when the

dose of contrast did not exceed 3 mI/kg. Other investi-

gators [4, 21] have also postulated a dose-related effect,

but consistent dose-response relationships have not

been demonstrated to date either clinically on expeni-

mentally [3]. Further study of this question is needed,

but from the available data it is not unreasonable to

conclude that the maximum safe dose of contrast is

probably less than 5 mI/kg, and undoubtedly much less

in patients with underlying renovascular disease and/on

hyperunicemia.

In summary, clinical and experimental data seem to

identify the patient at high risk to develop contrast-

induced acute renal failure as having either or both of

the following: (1) small vessel renal disease, diabetic or

otherwise, and (2) hyperunicemia, either primary or sec-

ondany to underlying renal insufficiency. If possible,

alternatives to contrast examinations should be found

for such patients. However, if necessary diagnostic infor-

mation cannot be obtained other than by contrast exam-

ination, then doses of iodinated contrast media should

be kept to a minimum, and an adequate state of hydra-

tion should be maintained. The benefits of preserving

renal blood flow and controlling serum and urine uric

acid have yet to be ascertained by controlled clinical

trials.

Mangery Heneghan

New York Hospital-Cornell Medical Center

New York, New York 10021

REFERENCES

1 . Carvallo A, Rakowski TA, Argy WP, Schreiner GE: Acute

renal failure following drip infusion pyelography. Am J Med

65:38-45, 1978
2. Shafi T, Chou 5, Porush J, Shapiro WB: Infusion intrave-

nous pyelography and renal function effects in patients

with chronic renal insufficiency. Arch Intern Med 138 : 1218-

1221, 1978

3. Swartz RD, Rubin JE, Leeming 6W, Silva P: Renal failure

following major angiography. Am J Med 65 :31-37, 1978

4. Van Zee BE, Hoy WE, Talley TE, Jaenike JR: Renal injury

associated with intravenous pyelography in nondiabetic

and diabetic patients. Ann Intern Med 89:51-54, 1978

5. Wagoner RD: Acute renal failure associated with contrast

agents.Arch Intern Med 138:353, 1978

6. Weinrauch LA, Robertson WS, DElia JA: Contrast media-

induced acute renal failure.JAMA 239:2018-2019, 1978

7. Killen D, Lance EM: Experimental appraisal of the agents

employed as angiocardiographic and aortographic contrast

media. II. Nephrotoxicity. Surgery 47:260-265, 1960

A
m

er
ic

an
 J

o
u
rn

al
 o

f 
R

o
en

tg
en

o
lo

g
y
 1

9
7
8
.1

3
1
:1

1
1
3
-1

1
1
5
.



EDITORIAL 1115

8. Postlethwaite AE, Kelley WN: Unicosunic effect of radiocon-

trast agents. Ann Intern Med 74 : 854-862, 1971
9. Berdon WE, Schwartz RH, Becker J, Baker DH: Tamm-

Horsfall proteinuria: its relationship to prolonged nephro-

gram in infants and children and to renal failure following

intravenous urography in adults with multiple myeloma.

Radiology 92 : 71 4-722, 1969

10. Krovetz U, Mitchell BM, Neumaster T: Hemodynamic ef-

fects of rapidly injected hypertonic solutions into the heart

and great vessels.Am HeartJ 74:453-462, 1967

1 1 . Sako Y: Hemodynamic changes during arteriography.

JAMA 183:253-261, 1963

12. Gruskin AB, Oetliker OH, Wolfish NM, Gootman NL, Bern-

stein J, Edelmann CM: Effects of angiography on renal

function and histology in infants and piglets. J Pediatr

76:44-48, 1970

13. Talner L, Davidson AJ: Effect of contrast media on renal

extraction of PAH. Invest Radio! 3 :301-309, 1968

14. Talner L, Davidson AJ: Renal hemodynamic effects of

contrast media. Invest Radio! 3 :310-317, 1968

15. Derrick JR, Brown RW, Livanec G, Bond TP, Guest NM:

Experimental effects of selective arteriography on the mi-

crocinculation . Am J Surg 1 1 6 : 71 2-714, 1968

16. Wiedeman MP: Vascular and intravascular responses to

various contrast media. Angiology 14 : 107-109, 1963

17. Thorburn GD, Kopald HH, Herd JA, Hollenberg M,

O’Morchoe CCC, Barger AC: Intrarenal distribution of nutri-

ent blood flow determined with krypton5 in the unanesthe-

tized dog . Circ Res 1 3 : 290-307, 1963
18. Tadavarthy SM, Castaneda W, Amplatz K: Redistribution of

renal blood flow caused by contrast media. Radiology

122:343-348, 1977

19. Krumlovsky FA, Simon N, Santhanam 5, DelGreco F, Roxe

D, Pomaranc MM: Acute renal failure association with

administration of radiographic contrast material. JAMA

239:125-127, 1978

20. Port FK, Wagoner RD, Fulton RE: Acute renal failure after

angiography. Mayo C!in Proc 121 :544-550, 1974

21 . Ansari Z, Baldwin DS: Acute renal failure due to radiocon-

trast agents. Nephron 17:28-40, 1976

22. Pillay VKG, Robbins PC, Schwartz FD, Kark RM: Acute

renal failure following intravenous urography in patients

with long-standing diabetes mellitus and azotemia. Radio!-

ogy 95:633-636, 1970

23. Diaz-Buxo JA, Wagoner RD, Hattery RR, Palumbo PJ: Acute

renal failure after excretory urography in diabetic patients.

Ann Intern Med 83 : 155-158, 1975

24. Harkonen 5, Kjellstrand CM: Exacerbation of diabetic renal

failure following intravenous pyelography. Am J Med

63:939-946, 1977

A
m

er
ic

an
 J

o
u
rn

al
 o

f 
R

o
en

tg
en

o
lo

g
y
 1

9
7
8
.1

3
1
:1

1
1
3
-1

1
1
5
.


