
Acute renal failure in 
cardiac surgical patients 

T h e onset of acute renal failure following any 
surgical procedure has a poor prognosis due not 
only to the loss of renal function, but also to other 

Donald G. V i d t , M . D . major complications including sepsis, gastrointes-
Cleveland Ohio t inal bleeding, and cardiac or pulmonary compli-

cations.1"3 

It is important that the cl inician be able to 
recognize those risk factors that may be related to 
the development of postoperative renal failure i f 
patient morbidity and mortality are to be mini -
mized. In view of the lethal nature of acute renal 
failure, the most effective treatment is directed 
toward careful selection of patients and prevention. 

Definition of acute renal failure 

Acute renal failure results when any process 
causes a rapid reduction in glomerular filtration 
rate ( G F R ) , often to a level that requires dialysis 
support. Acute loss of renal function is reflected by 
a progressive rise in serum creatinine and urea 
nitrogen concentrations. Acute renal failure may be 
characterized by a striking reduction in urine vol-
ume to levels < 400 m l / d l (oliguria) or occasionally 
to volumes < 100 m l / d l (anuria). Although acute 
renal failure is characteristically accompanied by 
low urine flow rates, nonoliguric renal failure may 
occasionally be seen with normal or even increased 
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urine flow. Other common synonyms 
used for acute renal failure include 
acute tubular necrosis, vasomotor ne-
phropathy, lower nephron nephrosis, or 
shock kidney. 

Cause of acute renal failure 

T h e principle causes of acute renal 
failure are listed in Table I. As wil l be 
noted, a large group of cl inical problems 
may be associated with the syndrome of 
acute renal failure. In approaching the 
patient with acute urinary suppression, 
historical features, cl inical observations, 
and a number of simple laboratory stud-
ies may be of considerable assistance in 
the differential diagnosis.4, s Immediate 
efforts should be directed toward de-
tecting those causes of acute renal fail-
ure that can be rapidly corrected with 
subsequent return of renal function. For 
this reason, it is helpful to classify the 
differential diagnosis of acute renal fail-
ure into several categories determined 
by the anatomic location of the lesion 

Table 1. Causes of acute renal failure 

Prerenal—decrease in effective renal blood flow 
Volume depletion (hemorrhage, vomiting, diar-

rhea, excessive diuretics) 
Relative volume reduction (congestive heart 

failure, sepsis, shock) 
Postrenal—obstruction 

Bilateral ureteral (stones, tumor, urates) 
Bladder outlet (stricture, BPH) 

Intrinsic renal disease 
Acute renal failure 
Bilateral cortical necrosis 
Acute glomerulonephritis 
Acute vasculitis 
Papillary necrosis 
Interstitial nephritis 
Malignant hypertension 
Hepatorenal syndrome 

Renovascular—bilateral vascular occlusion 
Arterial (thrombotic, embolic) 
Venous (thrombotic) 

BPH = benign prostatic hypertrophy. 
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responsible for the acute renal failure. 
Prerenal failure relates to a decrease in 
effective renal blood flow and may be 
due to absolute or relative volume de-
pletion. T h e diagnosis is suggested by a 
history of vomiting, diarrhea, or the use 
of diuretics and cl inical evidence of 
weight loss, decreased skin turgor, 
tachycardia, and postural hypotension. 
T h e urinalysis wil l usually show little to 
no protein, is highly concentrated and 
virtually free of sodium, reflecting intact 
renal tubular function. T h e urine sedi-
ment usually reveals little to nothing in 
the way of cells or other formed ele-
ments. 

Postrenal disorders relate to obstruc-
tion to urine flow. Symptoms suggestive 
of prostatism and the cl inical finding of 
a distended bladder provide valuable 
clues to diagnosis. Renal colic or gross 
hematuria may occur in patients with a 
renal calculus. T h e finding of anuria is 
strongly suggestive of urinary tract ob-
struction. Patients with partial urinary 
tract obstruction may have intermittent 
oliguria or may have polyuria, since 
elevations of intrarenal pressure impair 
tubular reabsorption and renal concen-
tration. 

A variety of intrinsic renal diseases 
may be associated with acute reduction 
in renal function. Patients with primary 
glomerular diseases often have a history 
of hematuria and cl inical findings of 
hypertension and edema. Heavy pro-
teinuria and the finding of red blood 
cell casts on urinary sediment exami-
nation are characteristics of glomerular 
inflammation. Acute renal failure re-
sulting from renal hypoperfusion asso-
ciated with hemorrhage, trauma, and 
major surgical procedures represents a 
major cause of acute renal failure in 
cl inical practice. Together with a vari-
ety of nephrotoxic insults, e.g., antibi-
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otics, heme pigments, and contrast me-
dia, they make up the majority of epi-
sodes of acute tubular necrosis as a cause 
of acute renal failure. Although it is 
most unusual to see simultaneous acute 
vascular occlusion of arterial or venous 
blood supply to both kidneys, acute 
renal failure may occur following a vas-
cular accident in a patient with a soli-
tary kidney. 

A carefully performed urinalysis 
again may provide important clues to a 
differential diagnosis. W i t h acute tubu-
lar interstitial damage following is-
chemia or nephrotoxic injury, moderate 
to heavy proteinuria may be noted and 
the sediment typically contains many 
brownish, coarse granular casts. T h e 
urine sodium concentration is usually 
greater than 20 m E q / L and urine spe-
cific gravity or osmolality is character-
istically low. T h e typical urine findings 
in acute renal failure are summarized in 
Table 2. 

Clinical setting for acute renal failure 

T h e usual preparation of patients for 
major surgical procedures may in fact 
predispose the individual to the devel-
opment of acute renal failure in associ-
ation with or following the surgical 

event. Typica l ly , the patient is kept 
NPO for 8 to 12 hours or longer prior to 
surgery, serving as a significant antidi-
uretic stimulus to the patient with nor-
mal kidneys and resulting in significant 
decreases in urine output. T o this period 
of fluid restriction is superimposed pre-
operative narcotics or sedatives and fol-
lowed by the induction of anesthesia, all 
of which may serve as antidiuretic stim-
uli. T h e patient may be further predis-
posed to acute renal failure by intra-
operative insults such as prolonged hy-
potension, massive hemorrhage, trans-
fusion reactions, or manipulation of ma-
jor vessels and viscera during abdominal 
procedures. T h e administration of di-
agnostic contrast media or other ne-
phrotoxic drugs in the immediate pre-
operative or postoperative periods may 
further predispose the patient to an 
acute renal insult. 

Acute renal failure after cardiac 
operations 

Acute renal failure following cardiac 
surgery, although an infrequent event, 
is a highly lethal complication.1"3'6' 7 

Therapy for this postoperative compli-
cation, once it is confirmed, is far better 
directed toward its prevention rather 

Table 2. Ur ine findings in acute renal failure 

Urine Prerenal Renal Postrenal 

Specific gravity High (>1.015) Approx. 1.010 Approx. 1.010 
Osmolarity High (>450) 

(mOsm/L) Uosm/Posm >1.5 Uosm/Posm approx. Uosm/Posm approx. 
1.0 1.0 

Proteinuria Absent or minimal Moderate to heavy Absent or minimal 
Sediment Not remarkable Dirty brown casts Not remarkable 

in A T N 
Uncreat /Pcreat >40 < 4 0 < 4 0 
Sodium excretion < 1 0 >20 > 2 0 

A T N = acute tubular necrosis. 
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than to treatment. Table 3 lists some of 
the preoperative indicators that may as-
sist the physician in predicting those 
patients preoperatively who have a 
higher risk of acute renal failure follow-
ing cardiac operation. T h e cardiac pa-
tient with presenting features of one or 
more of these indicators warrants care-
ful preoperative evaluation of renal 
function, including a more quantitative 
assessment such as that provided by 24-
hour endogenous creatinine clearance or 
possibly a G F R determination. Patients 
with preoperative impairment in renal 
function are at a greater risk for the 
development of acute renal failure fol-
lowing cardiac operations.6, 8 In view of 
the extremely high mortality rate as a 
function of renal failure following car-
diac surgery, careful preoperative assess-
ment of renal function would indeed 
appear imperative in assessing individ-
ual patients as surgical risks. 

A careful urinalysis with sediment ex-
amination should be included, also a 
quantitative urine protein determina-
tion when indicated. T h e need for spe-
cial studies such as intravenous urogra-
phy or tomograms, determination of re-
sidual urine, cystoscopy, or even renal 
angiography is determined by the his-
tory, cl inical findings, and screening 
tests of renal function. 

Table 3. Preoperative indications for 
A R F after cardiac operation 

Older patients 
Poor preoperative hemodynamics 
Bonafide cardiovascular emergency 
History of previous cardiac operation 
Preoperative renal dysfunction 
Duration of cardiopulmonary bypass (total t ime 

of operation, t ime of aortic crossclamping) 
Blood pressure at termination of operation 
Type of operation (valve, congenital, coronary 

artery bypass) 
Preoperative diuretic requirements 

A R F = acute renal failure. 
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Prevention of acute renal failure 

It is far more desirable to take steps 
to prevent acute renal failure rather 
than to attempt the management of 
established cases. Several simple guide-
lines may be followed. Every attempt 
should be made to prevent preoperative 
volume depletion or dehydration. A nor-
mal effective circulating blood volume 
and a high urine flow rate at the time 
of surgery may in fact help minimize 
the risk of acute renal ischemia and 
subsequent acute renal failure. R a p i d 
correction of volume deficits or hypoten-
sion or both during surgery should be 
accomplished. As noted earlier, careful 
preoperative evaluation of renal func-
tion is desirable to identify the higher 
risk patient. Every attempt should be 
made to avoid or minimize the use of 
potential nephrotoxic drugs before or 
immediately following surgery. Early, 
aggressive treatment of infection is man-
datory because this surgical complica-
tion represents the leading cause of 
death in patients in whom acute renal 
failure develops following surgical pro-
cedures. 

Management of acute renal failure 

Fluid balance. F l u i d intake should be 
restricted to match insensible losses, 
renal losses, and other extrarenal losses 
of fluid. Although careful daily weights 
should be obtained, the best guide for 
determining fluid restriction is a daily 
weight loss of approximately 0.5 kg. 
T h i s degree of weight loss must be en-
couraged during the oliguric phase of 
acute renal failure if an increase in total 
body water is to be avoided. 

Electrolytes. Sodium and potassium 
intake should be restricted to approxi-
mate calculated losses. Hyperkalemia 
represents an early complication in the 
postsurgical patient with acute renal 
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failure and may be lethal i f not recog-
nized and treated early. Electrocardi-
ograms and careful monitoring of serum 
potassium concentrations are indicated. 
T h e administration of hypertonic glu-
cose intravenously or the ion exchange 
resin, sodium polystyrene sulfonate 
(Kayexalate) may be administered or-
ally or by retention enema. Hyperkale-
mia represents an early indication for 
dialysis. 

Acid base balance. T h e patient must 
be monitored carefully for the develop-
ment of symptomatic metabolic aci-
dosis. 

Nutrition. Nutrition is provided by 
administering at least 100 g of glucose 
per day to minimize protein catabolism, 
and protein intake is restricted. Calories 
are preferably given by mouth if the 
patient's condition allows oral intake. 
Hypertonic glucose ( 1 0 % to 15%) can be 
given intravenously i f the patient is un-
able to eat. Recent experience with in-
travenous hyperalimentation util izing 
essential amino acid and hypertonic glu-
cose has suggested that mortality may 
be reduced in postoperative patients 
with acute renal failure by the admin-
istration of these solutions. Hyperal i -
mentation is particularly appropriate 
for the patient who is in a poor state of 
nutrition preoperatively or if the patient 
is unable to take nourishment orally for 
periods exceeding 5 to 7 days. 

Hypercalcemia and hyperphospha-
temia. These disorders do not usually 
require specific therapy. In an occa-
sional patient in whom neuromuscular 
irritability develops, intravenous cal-
c ium supplements may be administered 
as a therapeutic trial. 

Medications. T h e dosage of medica-
tions excreted by the kidney will require 
careful adjustment. I f acute renal failure 
develops while the patient is in the hos-
pital, the record should be screened 

carefully for evidence of current admin-
istration of potentially nephrotoxic 
drugs, which should be promptly dis-
continued. 

Prevention of infection. Infection is 
the leading cause of death in acute renal 
failure. Exquisite care must be given to 
urinary catheters, endotracheal tubes, 
intravenous lines, and other equipment 
to minimize the risk of infection and 
potential sepsis. 

Dialysis. Dialysis is indicated to con-
trol uremia, electrolyte disorders or se-
vere acidosis, or volume overload in 
acute renal failure. Earlier, prophylactic 
dialysis is indicated in postoperative pa-
tients with acute renal failure, since hy-
percatabolism increases the risk of early 
hyperkalemia and other electrolyte dis-
turbances, and is associated with rapid 
increments in urea nitrogen and creati-
nine concentrations. Depending upon 
the surgical procedure preceding the 
acute renal failure, indications for he-
modialysis versus peritoneal dialysis 
may be considered. 
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