
318

Romão Jr et al
Acute renal failure associated with cardiac surgery in infants

Arq Bras Cardiol
volume 75, (nº 4), 2000

Real e Benemérita Beneficência Portuguesa de São Paulo
Mailing address: João Egídio Romão Jr - Rua Maestro Cardim, 560/171 - 01322-
030 – São Paulo, SP, Brazil
English version by Stela Maris C. e Gandour

Objective - To analyze the impact of acute renal failure
(ARF) on the evolution of infants  undergoing cardiac surgery.

Methods - We assessed 15 infants undergoing cardiac
surgery who developed (ARF). Their demographic, clinical
and surgical data, and evolution were analyzed.

Results - Their mean age was 4.4±4.0 months (8 days to
24 months). Twelve infants were males,  and 4 patients already
had ARF at surgery. The primary cause of ARF was immediate
acute cardiac dysfunction in  10 infants, cardiac dysfunction
associated with sepsis in 2 infants, and isolated sepsis in 3
infants. All children  depended on mechanical ventilation
during their postoperative period, 14  infants used vasoactive
drugs, and 11 had an infectious process associated with ARF.
Thirteen  infants required dialytic treatment. Eleven  infants
developed oluguric ARF, and all had to undergo peritoneal
dialysis; of the 4 patients with non-oliguric, 2 required dialysis,
the main indication being hypervolemia. Of these 13 dialyzed
infants, 4 died in the first 24 hours because of the severity of the
underlying cardiac disease (mean urea level of 49±20 mg/dl).
The  mortality rate for the entire group was 60% , and it was
higher among the patients with oliguria ARF (73% vs 25%,
p<0.001). The cause of death was acute cardiac dysfunction in
6 infants (early type-1ARF) and sepsis in the 3 remaining
infants (late type-2 ARF).

Conclusion - The mortality rate of ARF associated wi-
th cardiac surgery in infants was hight, being higher
among children with oliguria; peritoneal dialysis was in-
dicated due to clinically uncontrolled hypervolemia and
not to the uremic hypercatabolic state
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Acute renal failure is a complication diagnosed in pa-
tients undergoing cardiac surgery. It occurs in up to 9% of
the children undergoing this type of intervention 1-7. In
most cases, acute renal failure is accompanied by either oli-
guria or anuria and is related to low output failure. Even
though acute renal failure may reverse spontaneously in the
first 48 hours after surgery, it frequently results in hypervo-
lemia and severe electrolyte disorders that may cause signi-
ficant morbidity and even occasional mortality.

The treatment for acute renal failure includes, in additi-
on to severe fluid restriction and use of diuretics, removal of
fluids through dialysis or hemofiltration, or both 5-7. Recent
evidence suggests that active fluid removal in patients with
acute renal failure and low cardiac output after cardiopul-
monary surgery may improve hemodynamic variables 8,9.
Several studies have emphasized, mainly in the last few
years, the use of extracorporeal therapeutics to treat these
children 8-12. In our service, however, children with acute re-
nal failure following cardiac surgery are routinely treated
with intermittent or continuous peritoneal dialysis, which is
an effective and safe method that requires no advanced
technology.

The objective of the present study was to review our
experience with infants with acute renal failure following he-
art surgery over the last few years, emphasizing the outco-
me of these infants.

Methods

We retrospectively analyzed the medical reports of all
15 infants (age <24 months) with acute renal failure associa-
ted with heart surgery followed up in the Nephrology Clinic
of the Hospital da Beneficência Portuguesa de São Paulo,
from January ’95 to December ’96. All infants stayed in the
intensive care unit under the management of a team of spe-
cialists in pediatric cardiac surgery. Table I shows the cli-
nical data of these infants. We observed demographic data
of the patients, characteristics of the heart disease and sur-
gery, factors that could be important for the pathogenesis of
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acute renal failure, use of vasoactive drugs, and mainly the
evolution after the diagnosis of acute renal failure with the
clinical management adopted.

Acute renal failure was diagnosed when serum levels
of creatinine increased 30% above basal values, a reduction
in diuresis was observed in the absence of apparent hypo-
volemia, and a clinical trigger was evident.

The indication for dialysis included one or more of the
following conditions: anuria or oliguria (<0.5mL/kg/hour) for
12 hours or more; hyper-hydration or hypervolemia, or both
nonresponsive to hydric restriction and use of diuretics (fu-
rosemide, 1-2 mg/kg/intravenous dose); hyperkalemia (se-
rum potassium >5.0mEq/L); and the need to infuse fluids (for
parenteral nutrition, for example) in the presence of diminished
renal function and a markedly positive hydric balance. In-
fants requiring extrarenal clearance underwent peritoneal
dialysis according to an already described technique 13 and
pediatric peritoneal catheters were installed by percutaneous
(rigid catheters) or surgical (flexible catheters) via. Sessions
were performed according to the manual technique with ins-
tallation of a graduated buret in the infusion system of smaller
infants and using 30 to 50mL/kg of a commercially available
dialytic solution (glucose concentration of 1.5% and 4.25%)
at each change. Initially, changes in the bath occurred every
hour in the first 24 to 36 hours; with stabilization of the bio-
chemical findings (control of the hyperkalemia, of the meta-
bolic acidosis, and of uremia) and control of the hyper-hydra-
tion of the infant, the interval between the changes was in-
creased to 2 to 4 hours (some patients were kept in conti-
nuous peritoneal dialysis for up to 33 days).

Quantitative data are presented as mean ± standard de-
viation. Differences between qualitative data were analyzed
with the Fisher exact test with p<0.05 considered as signifi-
cant, and the statistical package InStat (GraphPad Software
Inc, San Diego, EUA) was used.

Results

The mean age of the infants studied was 4.4±4.0 mon-
ths, ranging from  eight days to 24 months. Twelve (80%) in-
fants were males. Eleven (73%) patients developed acute
renal failure following cardiac surgery, and 4 (27%) patients
already had acute renal failure prior to the surgical procedu-
re (increasing serum creatinine levels >30% of the basal va-
lue). No patient underwent dialysis or ultrafiltration during
the surgical procedure. Table I shows clinical data of the
patients.

The cause of acute renal failure was immediate acute
cardiac dysfunction (low cardiac output and cardiogenic
shock) in 10 infants, cardiac dysfunction associated with
sepsis in 2 patients, and septic shock in 3 infants. Fourteen
(93.3%) patients used vasoactive drugs, and 11 (73%) had
an infectious process associated with acute renal failure.
Eleven infants had renal failure with concomitant oliguria
(diuresis <1mL/kg/hour), and all infants had to undergo dia-
lysis; of the 4 other infants who evolved with acute renal
failure without concomitant oliguria, half required dialysis,
the main indication being the presence of hypervolemia,
pulmonary congestion, and congestive heart failure.

In the 13 (87%) infants requiring dialysis, peritoneal
dialysis with a flexible catheter was the most used method
(73% of the infants). The indication for dialysis was hyper-
volemia in 15 patients (associated with uremia in 5 infants),
in the presence of reduced diuresis and the necessity to use
fluid infusion. Dialysis was instituted between the first and
the 16th postoperative days (median = the 2nd day). In this
group of infants, the mean levels of urea and creatinine at
the moment of indication of the treatment were 85.7±44.4mg/
dL and 2.2±1.9mg/dL, respectively. Of these infants, 4 died
in the first hours of the treatment, not because of acute renal
failure but due to the severe underlying disease; their mean

Table I – Clinical data of the patients studied

N Age Diagnosis Day of the Duration preU Udur outcome
1ª PD of the PD (mg/dl) (mg/dl)

1 3 m VSD+PS 1st PO# 0.5 d * 15 Death
2 23 d PDA+ADPT 1st PO 4 d 71 46 Discharge
3 3 m Tetr. of Fallot 4th PO 0.5 d * 59 Death
4 3 m PDA 11th PO 0.5 d * 62 Death
5 8 d LVH+PDA+ 1st PO 0.5 d * 63 26 Death

ASD+VSD
6 29 d PDA+ADPT 2nd PO# 4 d 29 23 Discharge
7 9 m ASD+AoS+PS 2nd PO 24 d 81 57 Death
8 2 m PS 1st PO# 10 d 83 56 Death
9 4 m VSD 1st PO 33 d 98 68 Discharge
10 18 d LVH+PA+TA 16th PO 2 d 126 96 Death
11 24 m ASD+ADPT 5th PO ** 136 Discharge
12 5 m AoC + VSD + ADPT+AoS 8th PO 12 d 93 82 Death
13 10 m PDA 2nd PO 5 d 150 132 Death
14 1 m ASD + AoC + PDA 2nd PO ** 144 Discharge
15 19 d LVH + PDA + ASD 2nd PO# 3 d 93 81 Discharge

PD- peritoneal dialysis; PreU- serum urea prior to dialysis; Udur- mean serum urea during peritoneal dialysis; VSD- ventricular septal defect; ASD- atrial septal
defect; OS- pulmonary stenosis; AoS- aortic stenosis; LVH- left ventricular hypoplasia; PA- pulmonary atresia; TA- tricuspid atresia; AoC- aortic coarctation;
ADPT- anomalous drainage of the pulmonary trunk; PDA- persistence of ductus arteriosus; PO- postoperative period; * death within the first 24 hours of peritoneal
dialysis; ** no dialysis required; # ARF prior to surgery.
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serum urea level at the beginning of dialysis was 49±20mg/
dL. The other 9 patients had at the beginning of the dialysis
a mean serum urea level of 86±44mg/dL. With dialysis, meta-
bolic acidosis, hyperkalemia, and hypervolemia could be
controlled in all infants in the first 12 to 24 hours of treatment,
and the mean serum level of urea was 75.7±33mg/dL during
the period when dialysis was maintained (up to the last
session of peritoneal dialysis or death). This showed the
efficacy of the extrarenal clearance procedure used. The
mean duration of dialysis was 6.8±10.5 days (median = 4
days), ranging from one-half day to 33 days; in seven
infants, the duration of continuous peritoneal dialysis
ranged from 4 to 33 days (mean = 13.1±11.2 days) and, in the
remaining, intermittent peritoneal dialysis was maintained
for 12 to 48 hours. No infant had peritonitis or any major
complication during the treatment, except one infant with
perforation of the urinary bladder caused by the rigid
catheter, which was corrected with repositioning of the
catheter.

We observed a mortality rate of 60% (9 deaths), which
was higher among the oliguric patients (73%) than among
the nonoliguric (25%) patients. Of the 12 infants developing
acute renal failure due to acute cardiac dysfunction in the
first 5 days after surgery (type-1 acute renal failure), half
died due to heart failure and cardiogenic shock. All infants
developing acute renal failure due to a systemic infectious
process after the 7th postoperative day (type-2 acute renal
failure) died because of sepsis and septic shock.

Discussion

The early postoperative period of heart surgery for
cardiac malformations in infants may be associated with
systemic circulatory failure and, consequently, with acute
renal failure. The incidence of acute renal failure in these in-
fants has been reported in up to 9% 1,4-8, and this associa-
tion has been related to high morbidity and mortality. Acute
renal failure in these patients usually has a multifactorial
character 2,4, and its more frequent manifestations are as fol-
lows: acute cardiac failure, reduction in diuresis, elevation in
the serum levels of urea and creatinine, and a very positive
hydric balance. When clinical and drug management can-
not reverse these manifestations, dialysis is mandatory. In
this situation, dialysis in children with acute renal failure is
required until the abnormalities are corrected, the cardiac
function improves, and the kidneys recover their normal
function, which happens a few days later. The objective in
most patients is to interrupt the cycle of hydric retention,
cardiac overload, and tissular edema (mainly pulmonary ede-
ma), which if not rapidly controlled may contribute to death. In
several studies 1-6,14, the frequency of dialysis ranged from
1.6% to 7.7% of the patients undergoing cardiotomy.

The use of peritoneal dialysis in children with acute
renal failure following cardiac surgery has proved to be an
effective and safe method of easy installation, requiring no
special infrastructure and no specially or complexly trained
staff (nothing different from that already existing in any

intensive care unit) 1,2,4,6,14,15. The use of rigid catheters
resultad in a good evolution in our patients maintained in
peritoneal dialysis for a short-term period. On the other
hand, their use for long periods (continuous peritoneal
dialysis) was associated with a higher incidence of peritoni-
tis 13,16,17. Therefore, in the majority of the patients we advise
the surgical insertion of a flexible peritoneal catheter (Ten-
ckhoff catheter) under direct visualization. This installation
may even take place during cardiac surgery 18, and the ca-
theter may be used for several days with total safety 13. For
those catheters surgically placed, we observed no signifi-
cant hemorrhages, infection at the site of catheter insertion,
or troublesome leaking, even though problems of obstruc-
tion or drainage requiring catheter replacement have been
described in the literature. Kholi et al 19 and Hanson et al 20

showed only one and two cases, respectively, of catheter
malfunctioning. They also had no mechanical complica-
tions in the children studied (31 and 22 children, respective-
ly). Lattout et al 21 and Reznik et al 22 reported complications
in catheter functioning in around 30% of the catheters inser-
ted in their pediatric patients.

Several authors have reported that peritoneal dialysis
may not be effective in removing fluids or nitrogen debris in
hypercatabolic patients and also that the competence of the
peritoneal membrane may be impaired in patients in shock 10.
These facts may be challenged either by clinical demons-
tration of this or by other studies 1,2,4,6,14, or by data showing
that in patients in shock peritoneal blood perfusion is not
reduced enough to impair the efficacy of dialysis 23.

The simplicity of peritoneal dialysis is in contrast to
the complexity of the techniques of extracorporeal clearance
in children, which require highly specialized and trained per-
sonnel and the use of specific and expensive material and
equipment. In addition, children have a proportionally larger
peritoneal surface than adults do (peritoneal surface of chil-
dren per unit of weight is twice that of adults) 24. Therefore,
peritoneal dialysis in children has half the efficacy when
compared with hemodialysis; in adults, however, this diffe-
rence is 20% 25. Considering the evolution of children with
acute renal failure and cardiac surgery, several studies have
reported the use of extracorporeal dialysis [continuous ar-
teriovenous hemofiltration (CAVH) and continuous veno-
venous hemofiltration (CVVH)] 8,9,11,12. All these studies ha-
ve shown a high mortality rate, but early and aggressive use
of extracorporeal dialysis has been related to a less lethal
prognosis, like that reported for peritoneal dialysis 12.

The mortality rate in children with acute renal failure
following heart surgery has been reported ranging from 10%
to 90% 1-6,10,12,20, and our data confirm these values. This
prognosis has been most determined by the underlying di-
sease, intercurrent infections, and hemodynamic changes
than by the dialytic method employed. Former studies re-
ported mortality above 70% in children undergoing heart
surgery and requiring dialysis, showing that dialysis could
not benefit the evolution of these patients. This has resulted
in a certain reluctance to indicate and start dialysis 10. More
recent studies have reported much lower mortality rates (even
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below 50%) in children undergoing dialysis soon after sur-
gery and in a more intense manner 26-28. The notion of early
dialysis is corroborated by data showing that dialysis en-
hances renal perfusion and decreases hydric overload,
mainly in patients with right heart failure, in whom a peri-
toneal catheter was installed during surgery 26. In the
presence of oliguria resistant to diuretics in the early
postoperative period, the peritoneal dialysis system
should be installed immediately. It is worth emphasizing
that even in infants with clinical acute renal failure, the
mortality rate has been reported as high, reaching values
around 35% - 40% 29.

Finally, we would like to stress that acute renal failure
related to heart surgery in children, like that reported in
adults, has two well-defined characteristics as follows: a)
type 1 acute renal failure - the acute renal failure occurs in the

early postoperative period, within the first 5 days following
the primary surgical procedure, and is secondary to acute
heart failure, the cardiogenic shock being the major factor
for the patient’s death; b) type 2 acute renal failure – the
acute renal failure occurs after the 7th day of the postopera-
tive period, is secondary to severe infections, and sepsis is
the major cause of death in these children 30,31.

In conclusion, acute renal failure in infants undergoing
heart surgery is a critical situation in which most patients
require dialysis. In our study, all patients underwent perito-
neal dialysis, mainly because of clinically uncontrolled
hypervolemia and not because of the uremic hypercatabolic
status. Even though peritoneal dialysis was effective and
begun early, the mortality rate was high (60%) and was rela-
ted to the severe hemodynamic disorder present aggrava-
ted by acute renal failure.
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