
C ardiac and aortic operations are associated with a
relatively high risk of acute renal failure, with an

incidence of this complication of approximately 2% to
15% and a mortality rate as high as 40% for those who
experience acute renal failure.1-4 Factors associated
with postoperative renal failure include advanced age,
preoperative left ventricular dysfunction, active bacter-
ial endocarditis, preexisting renal insufficiency, opera-
tions other than isolated coronary artery bypass grafting
(CABG) surgery, prolonged aortic crossclamp and/or
cardiopulmonary bypass (CPB) time, and low cardiac
output in the perioperative period.5-8

An association between atherosclerotic disease of the
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thoracic aorta and thrombotic and/or cholesterol
embolism to the brain or peripheral organs has long
been established,9-19 but until recently, atheroembolism
has been considered an infrequent postoperative com-
plication in patients undergoing cardiac surgery. We
and others have shown that an atherosclerotic ascend-
ing aorta is an independent predictor of postoperative
stroke in patients undergoing cardiac operations.20-24

However, the importance of an atherosclerotic aorta as
a predictor of postoperative renal dysfunction has not
been previously evaluated.

The primary end point of this study was to identify
predictors of postoperative renal dysfunction after car-
diac operations. The severity of ascending aorta ather-
osclerosis (by epiaortic ultrasound) at the time of the
operation was compared with preoperative and postop-
erative serum creatinine levels at days 1 and 6 after-
ward. Our hypothesis was that increasing severity of
atherosclerosis of the ascending aorta would be signif-
icantly and independently associated with postopera-
tive renal dysfunction.

Methods
Patient population. A total of 978 consecutive patients, 50

years old or older (mean, 68 years; range, 50-90 years), with
normal renal function (serum creatinine ≤ 1.5 mg/dL) who
were scheduled to undergo a heart operation were prospec-
tively evaluated. There were 593 men and 385 women who
underwent the following operative procedures: CABG, 685
patients (70%); CABG and valve surgery, 176 patients (18%);
isolated valve surgery, 49 patients (5%); valve surgery and
other procedures, 59 patients (6%); and miscellaneous car-
diac surgical procedures, 9 patients (1%). Postoperative renal
dysfunction was defined as an increase from baseline preop-
erative levels of 50% or more in the serum creatinine at post-
operative days 1 and 6. Patients with preoperative renal dys-

function (serum creatinine level > 1.5 mg/dL) were excluded
from the study because they comprised a small and heteroge-
nous group. This research was approved by the Institutional
Review Board at Washington University, and each patient
enrolled gave informed consent for participation.

Definition of variables analyzed. Demographic and his-
torical data were recorded as previously described20,23,24and
included age, sex, history of hypertension necessitating treat-
ment with antihypertensive medication, history of diabetes
mellitus (insulin or oral hypoglycemic therapy or a carbohy-
drate-restricted diet), history of smoking (yes/no), history of
peripheral vascular disease, and use of aspirin and/or war-
farin at the time of admission. Left ventricular function was
assessed angiographically in the right anterior oblique pro-
jection according to Coronary Artery Surgery Study crite-
ria25: a left ventricular score of 5 was normal, a score of 6 to
10 was mild left ventricular dysfunction, 11 to 15 was mod-
erate dysfunction, and more than 16 was severe dysfunction.
Another option was to evaluate left ventricular function on
the basis of left ventricular ejection fraction measured by
echocardiography. Left ventricular ejection fraction of more
than 55% (score of 5) was normal, 40% to 54% (score of 8)
was mild dysfunction, 25% to 39% (score of 12) was moder-
ate dysfunction, and less than 24% (score of 16) was severe
dysfunction. Extent of coronary artery disease was evaluated
as the number of major epicardial vessels with more than
50% obstruction or more. Carotid duplex scanning was per-
formed in all patients who were 65 years old or older and in
younger patients with carotid bruits or a history of transient
ischemic attack or stroke. Results of the carotid ultrasound
study were considered indicative of severe disease if a per-
cent diameter reduction of 75 or more was present in one or
both internal carotid arteries. The presence of anterior
myocardial infarction was evaluated by 12-lead electrocar-
diography (Q waves in V1-V3). Serum cholesterol level was
assessed as a continuous variable. Postoperative low output
state was defined as a cardiac index of less than 2 L/min per
square meter that persisted for a period greater than 24 hours
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Table I. Patient characteristics by severity of ascending aorta atherosclerosis

Normal to mild Moderate Severe 
Variable (n = 813) (n = 124) (n = 41) P value

Gender, male (%) 61 59 56 .7
Age (y) 67 ± 9 71 ± 8 71 ± 9 <.001
Preop creatinine (mg/dL) 1.17 ± 0.20 1.18 ± 0.21 1.15 ± 0.19 .6
Postop creatinine, day 1 1.00 ± 0.79 1.14 ± 0.79 1.1 ± 0.42 .10

(mg/dL)
Postop creatinine, day 6 1.14 ± 0.79 1.22 ± 0.45 1.37 ± 0.91 .006

(mg/dL)
Postop low cardiac output (%) 10 16 22 .008
Preop LV function* 9.0 ± 3.8 8.9 ± 3.7 9.2 ± 4.5 .9
CPB time (min) 117 ± 41 125 ± 39 138 ± 46 .001
Aortic crossclamp time (min) 73 ± 29 77 ± 31 95 ± 36 <.0001

Values are given ± SD. LV, Left ventricular; CPB,cardiopulmonary bypass.
*Left ventricular wall motion score.



despite the use of inotropic drugs and/or intra-aortic balloon
counterpulsation. All data were collected prospectively by
one of the investigators who was blinded to the results of the
epiaortic ultrasound findings. 

Ultrasonic methods and analysis. Epiaortic ultrasound of
the ascending aorta was performed intraoperatively before
the institution of cardiopulmonary bypass, as previously
described.20,23,24 In brief, after induction of anesthesia, the
chest was opened, and the heart was suspended in a pericar-
dial cradle filled with sterile saline solution. A 7.0-MHz lin-
ear ultrasound transducer was inserted in a sterile sheath and
placed directly over the ascending aorta. Transverse and lon-
gitudinal images of the ascending aorta were obtained from
the aortic root to the proximal aortic arch; these were ana-
lyzed by an observer blinded to the clinical data. The images
were evaluated for the presence of atherosclerosis, which was
classified according to its severity as follows: (1) normal-to-
mild, (2) moderate, and (3) severe. Normal-to-mild athero-
sclerosis was defined as less than 3-mm intimal thickening

without intimal irregularities; moderate consisted of 3-5 mm
or more intimal thickening; severe atherosclerosis as 5 mm or
more intimal thickening and/or diffuse irregularities, large
protruding atheromatous debris or thrombi, extensive calcifi-
cation, and/or ulcerated plaques.

Statistics. Statistical analysis was performed by use of the
χ2 test or 2-tailed Fisher’s exact test when sample size was
too small for χ2 test. The best set of independent predictors of
an event was determined by stepwise logistic regression
analysis of all variables. Because only 1 patient had severe
atherosclerosis of the ascending aorta at postoperative day 1,
the variables moderate and severe atherosclerosis were com-
bined in the multivariate analysis for this analysis only.

Results

Of the 978 patients with normal preoperative renal
function, 15 (1.5%) developed postoperative renal dys-
function (ie, a 50% or more increase in serum creatinine
levels) at postoperative day 1. At postoperative day 6,
serum creatinine levels were available for 967 patients;
51 patients (5.3%) met the criteria for postoperative
renal dysfunction. Patient characteristics grouped by
severity of ascending aorta atherosclerosis are listed in
Table I. The preoperative serum creatinine level was
similar in all these groups at baseline (day 1) but was
significantly higher in the patients with moderate and
severe aortic atherosclerosis at postoperative day 6.

Univariate predictors of postoperative renal dys-
function. Historic risk factors known to be associated
with postoperative renal insufficiency were evaluated
by univariate analysis (Table II). More women than
men developed postoperative renal dysfunction at day
6. There was no difference in age between patients in
whom postoperative renal dysfunction developed and
those in whom it did not at day 1; at day 6, however,
patients in whom postoperative renal dysfunction
developed were significantly older than those in whom
it did not. There was no difference in terms of aortic
crossclamp time or CPB time between those in whom
postoperative renal dysfunction developed and those in
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Table II. Univariate predictors of postoperative renal
dysfunction

No renal Renal P
Variable dysfunction dysfunction value

Change from preop to postop day 1
Gender

Male, n (%) 583 (98.3) 10 (1.7) .6
Female, n (%) 380 (98.7) 5 (1.3)

Age (y) 68 ± 9 68 ± 10 .9
Aortic crossclamp time (min) 74 ± 30 91 ± 50 .4
CPB time (min) 118 ± 41 130 ± 52 .3
Preop LV function* 9 ± 4 10 ± 4 .7
Postop cardiac output

CI ≥ 2 L/min/m2, n (%) 859 (98.7) 11 (1.3) .05
CI < 2 L/min/m2, n (%) 104 (96.4) 4 (3.6)

Ascending aorta atherosclerosis
Normal to mild, n (%) 804 (98.9) 9 (1.1) .04
Moderate, n (%) 119 (96.0) 5 (4.0)
Severe, n (%) 40 (97.6) 1 (2.4)

Change from preop to postop day 6
Gender

Male, n (%) 567 (95.9) 24 (4.1) .03
Female, n (%) 349 (92.8) 27 (7.2)

Age (y) 67 ± 9 71 ± 7 .001
Aortic crossclamp time (min) 74 ± 29 77 ± 34 .5
CPB time (min) 117 ± 39 124 ± 48 .2
Preop LV function* 9 ± 4 10 ± 4 .01
Postop cardiac output

CI ≥ 2 L/min/m2, n (%) 835 (96.3) 32 (3.7) <.0001
CI < 2 L/min/m2, n (%) 81 (81.5) 19 (18.5)

Ascending aorta atherosclerosis
Normal to mild, n (%) 771 (95.9) 33 (4.1) <.0001
Moderate, n (%) 111 (91.0) 11 (9.0)
Severe, n (%) 34 (82.9) 7 (17.1) <.0001

Values are given ± SD.CPB, Cardiopulmonary bypass; LV, left ventricular;
CI, cardiac index.
*Left ventricular wall motion score.

Table III. Independent predictors of postoperative
renal dysfunction

OR CI (95%) Pvalue

Preop to postop day 1
Ascending aorta atherosclerosis 3.06 1.06-8.85 .04
Low postop cardiac output 2.25 0.79-8.40 .1

Preop to postop day 6
Low postop cardiac output 4.83 2.54-9.17 <.0001
Ascending aorta atherosclerosis 2.13 1.40-3.26 .0006
Preop LV function 1.48 1.04-2.11 .03

OR,Odds ratio; CI, confidence intervals; LV, left ventricular.



whom it did not. A higher preoperative wall motion
score index, indicative of left ventricular dysfunction,
was significantly associated with the development of
postoperative renal dysfunction at day 6. Patients with
moderate and severe atherosclerosis of the ascending
aorta had a significantly higher incidence of postopera-
tive renal dysfunction at both day 1 (P = .045) and day
6 (P < .0001). In addition, a postoperative low output
state was also a univariate predictor of postoperative
renal dysfunction on days 1 and 6.

Multivariate predictors of postoperative renal
dysfunction. A multiple logistic regression model
showed that atherosclerosis of the ascending aorta (P <
.04) was the only independent predictor of postopera-
tive renal dysfunction at day 1; and postoperative low
cardiac output (P < .0001), atherosclerosis of the
ascending aorta (P = .0006), and left ventricular dys-
function (P = .028) were independent predictors of
postoperative renal dysfunction at day 6 after the car-
diac operation (Table III). There was a 5-fold increase
in the risk of postoperative renal insufficiency in those
with postoperative low cardiac output and a 2-fold
increase in the risk of postoperative renal insufficiency
in patients with significant atherosclerosis of the
ascending aorta at postoperative day 6. In those with
preoperative left ventricular dysfunction, the odds ratio
obtained by comparing the patients in the 75th per-
centile with those in the 50th percentile showed a mod-
est increased risk for the development of postoperative
renal dysfunction. 

Discussion
In this prospective study, we evaluated variables that

have traditionally been associated with renal dysfunc-
tion in 978 consecutive patients with normal preopera-
tive renal function who were undergoing a cardiac
operation. We also assessed the severity of atheroscle-
rosis of the ascending aorta and determined its rela-
tionship to postoperative renal dysfunction. We found
that, in addition to traditional variables such as low
postoperative cardiac output and decreased preopera-
tive left ventricular function, atherosclerosis of the
ascending aorta was an independent predictor of post-
operative renal dysfunction.

Acute renal failure and/or dysfunction is defined as a
significant reduction in glomerular filtration rate that
occurs over a period of 2 weeks or less,1 but the defini-
tion of postoperative renal failure varies from study to
study. Although some define renal failure as an increase
in the serum creatinine level of 0.5 mg/dL or more, an
increase of more than 50% over the baseline creatinine
value, or a decrease in the calculated creatinine clear-

ance of more than 50%, others use definitions such as
a serum creatinine level of 2.5 mg/dL or more or a
decrease in renal function that results in a need for dial-
ysis.2-8,26Serum creatinine levels and blood urea nitro-
gen are widely used tests of renal function. Because
both creatinine and urea are filtered by the glomerulus,
the blood levels of either can be used as indexes of
glomerular filtration rate (GFR), but creatinine is a
more reliable index because it is not dependent on the
urine flow rate or the nitrogen balance. Because there
is a predictable relationship between GFR and serum
creatinine, for every 50% decrease in GFR there is a
doubling of the serum creatinine concentration.27 In the
present study, postoperative renal dysfunction was
defined as an increase in serum creatinine level of 50%
or more from preoperative values, a criterion that
appears justified on the basis of the relationship
between serum creatinine and GFR.

In patients who are undergoing cardiac operation, the
perioperative period is characterized by a multitude of
potentially adverse effects that can contribute to renal
failure. Factors identified by most studies include ad-
vanced age, preoperative left ventricular dysfunction,
active bacterial endocarditis, pre-existing renal insuffi-
ciency, performance of an operation other than isolated
CABG, prolonged aortic crossclamp and/or CPB time,
and perioperative low cardiac output.5-8 Other poten-
tially detrimental factors include fluid shifts, hormonal
alterations, hemodynamic changes, exposure to toxins
such as contrast dyes, and use of medications such as
antibiotics and antihypertensive drugs (ie, angiotensin-
converting enzyme inhibitors). Our study identifies ath-
erosclerosis of the ascending aorta as the only indepen-
dent predictor of postoperative renal dysfunction at day
1 and a more powerful independent predictor at post-
operative day 6 than any of these previously identified
factors except low postoperative cardiac output.

Atheroembolism was first reported as a clinical entity
in 1945 by Flory,13 who described organized choles-
terol crystals in small arterioles in 9 patients with
advanced aortic atherosclerosis. Histopathologic stud-
ies show that 1 to 2 days after the injection of athero-
matous material, needle-shaped crystals surrounded by
leukocytes are found in the lumen of small-to-medium
arterioles. This is followed by an inflammatory reac-
tion and endothelial overgrowth in 7 to 10 days.16

Atheroembolic renal disease is an increasingly recog-
nized clinical entity that has been described to occur
after aortic angiography and/or aortic operations. In
their original description of autopsy results in 22
patients who died after abdominal aortic surgery,
Thurlbeck and Castleman16 found evidence of athero-
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emboli in 77%; and among 8 patients with severe
embolization, 4 died from uremia 4 to 22 days after the
operation. More recently, Thadhani and colleagues28

reviewed case histories of 52 patients with biopsy-
proven atheroembolic renal failure after invasive proce-
dures. The decline in renal function started immediate-
ly after the procedure and peaked 3 to 8 weeks later; 23
patients underwent dialysis within 6 months of the
invasive procedure. Thus atheroembolic renal disease,
as depicted in the literature, appears to be a progressive
process associated with high morbidity and mortality.
Unfortunately, because most of the case reports empha-
size the histologic aspect of the disease, the true preva-
lence and course of the disease is not well defined.
Specifically, there are no prospective studies looking at
the incidence of procedure-related atheroembolic renal
dysfunction. The postulated mechanism of injury lead-
ing to atheroembolic renal failure involves multiple,
repetitive atheroembolic events leading to renal dys-
function initially, but ultimately resulting in chronic
renal failure. We postulate that postoperative renal dys-
function associated with a cardiac operation is also
multifactorial, involving repetitive injury to the kidneys
from angiography, contrast dye, left ventricular dys-
function, hypotension, and atheroembolism. However,
this injury stops in most patients shortly after the car-
diac operation, so that the renal dysfunction does not
continue to progress.

An atherosclerotic thoracic aorta has been recog-
nized for years as a probable contributor to neurologic
events (ie, transient ischemic attacks or stroke),9-12

peripheral embolism,13-15 and renal failure.16-17 In par-
ticular, the problem of intraoperative atheroembolism
during a cardiac operation has become increasingly
recognized.20-24 Results from previous studies by our
group have shown that atherosclerosis of the ascending
aorta increases with increasing age of the patient, from
9.6% in the sixth decade to 32.6% in the ninth decade
of life. Blauth and colleagues29 showed that a signifi-
cant percentage of patients who died after a cardiac
operation had evidence of atheroembolism, with more
than 65% of them showing evidence of multiple embol-
ic sites, the most common of which were in the brain
(16%), the spleen (11%), the kidneys (10%), and the
pancreas (7%). These investigators found a high corre-
lation between atheroemboli and severe atherosclerosis
of the ascending aorta. Even though a cause and effect
between atherosclerosis of the aorta and postoperative
renal dysfunction has not been definitively shown in
the present study, the univariate analysis of data col-
lected at day 6 (Table II) shows a statistically signifi-
cant increase in the incidence of postoperative renal

dysfunction as the severity of ascending aorta athero-
sclerosis increases from normal-mild (4.1%) to moder-
ate (9.0%) to severe (17.1%).

Although a large number of patients without signifi-
cant atherosclerosis had postoperative renal dysfunc-
tion, in this patient population, a number of other fac-
tors may have been playing a role. A large number of
these patients were elderly patients, and the elderly
have a lower GFR that may be a contributor to renal
failure. In addition they are particularly susceptible to
prerenal azotemia because of their predisposition to
hypovolemia and their high prevalence of atheroscle-
rotic disease of the renal arteries.30 Therefore the pre-
cise mechanisms by which an atherosclerotic thoracic
aorta predisposes to postoperative renal dysfunction
remains to be defined.

Conclusions
Atherosclerosis of the ascending aorta is an indepen-

dent predictor of postoperative renal dysfunction after
a cardiac operation. Possible mechanisms remain spec-
ulative, but it may be that atheroembolism to the kid-
neys occurs in the perioperative period (ie, during sur-
gical manipulation of an atherosclerotic aorta) or that
aortic disease represents a marker for widespread ath-
erosclerosis. The predictive value of aortic atheroscle-
rosis with regard to the development of postoperative
renal insufficiency and the value of preventive strate-
gies remains to be defined in prospective trials.

We thank Steven B. Miller, MD, from the Nephrology
Division at Washington University, for careful review of the
manuscript.
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