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Objective - To analyzetheimpact of acute renal failure
(ARF) ontheevolution of infants undergoing cardiac surgery.

Methods- We assessed 15 infantsundergoing cardiac
surgery who devel oped (ARF). Their demographic, clinical
and surgical data, and evolution were analyzed.

Results- Their mean agewas4.4+4.0 months (8 daysto
24 months). Twelveinfantsweremales, and 4 patientsalready
had ARF at surgery. Theprimary causeof ARF wasimmediate
acute cardiac dysfunctionin 10infants, cardiac dysfunction
associated with sepsisin 2 infants, and isolated sepsisin 3
infants. All children depended on mechanical ventilation
during their postoperative period, 14 infantsused vasoactive
drugs, and 11 had an infectious process associated with ARF.
Thirteen infantsrequired dialytic treatment. Eleven infants
developed oluguric ARF, and all had to undergo peritoneal
dialyss, of the4 patientswithnon-oliguric, 2requireddialyss,
the mainindication being hypervolemia. Of these 13 dialyzed
infants, 4 diedinthefirst 24 hoursbecause of theseverity of the
underlying cardiac disease (mean urealeve of 4920 mg/dl).
The mortality ratefor the entire group was60% , and it was
higher among the patientswith oliguria ARF (73% vs 25%,
p<0.001). Thecauseof deathwasacutecardiac dysfunctionin
6 infants (early type-1ARF) and sepsisin the 3 remaining
infants (latetype-2 ARF).

Conclusion - Themortality rate of ARF associated wi-
th cardiac surgery in infants was hight, being higher
among children with oliguria; peritoneal dialysiswasin-
dicated dueto clinically uncontrolled hypervolemia and
not to the uremic hypercatabolic state
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Acuterenal failureisacomplication diagnosedin pa-
tientsundergoing cardiac surgery. It occursin up to 9% of
the children undergoing thistype of intervention *7. In
most cases, acuterendl failureisaccompanied by either oli-
guriaor anuriaand isrelated to low output failure. Even
though acuterenal failuremay reverse spontaneously inthe
first 48 hoursafter surgery, it frequently resultsin hypervo-
lemiaand severeel ectrolytedisordersthat may causesigni-
ficant morbidity and even occasional mortality.

Thetreatment for acuterenal failureincludes, inadditi-
ontoseverefluid restriction and useof diuretics, removal of
fluidsthroughdialysisor hemofiltration, or both >7. Recent
evidence suggeststhat activefluid removal in patientswith
acuterenal failure and low cardiac output after cardiopul-
monary surgery may improve hemodynamic variables®®,
Several studies have emphasized, mainly in thelast few
years, the use of extracorporeal therapeuticsto treat these
children®22 Inour service, however, childrenwith acutere-
nal failurefollowing cardiac surgery areroutinely treated
withintermittent or continuousperitoneal dialysis, whichis
an effective and safe method that requires no advanced
technology.

The objective of the present study wasto review our
experiencewithinfantswith acuterenal failurefollowing he-
art surgery over thelast few years, emphasizing the outco-
me of theseinfants.

Met hods

Weretrospectively analyzed themedical reportsof all
15infants(age <24 months) with acuterenal failureassocia-
ted with heart surgery followed upintheNephrology Clinic
of the Hospital da Beneficéncia Portuguesa de Sao Paulo,
from January’ 95to December’ 96. All infantsstayed inthe
intensive care unit under the management of ateam of spe-
cialistsin pediatric cardiac surgery. Table| showsthecli-
nical dataof theseinfants. We observed demographic data
of the patients, characteristics of the heart di sease and sur-
gery, factorsthat could beimportant for the pathogenesi sof

AqBasCrdid, volune 75 (r° 4), 318321, 2000

318



Arq Bras Cardiol
volume 75, (n° 4), 2000

Romaéo Jr et al

Acute renal failure associated with cardiac surgery in infants

Table| —Clinical data of the patients studied
N Age Diagnosis Day of the Duration preU Udur outcome
12PD of the PD (mg/dl) (mg/dl)

1 3m VSD+PS 1% PO# 05d* 15 Death
2 23d PDA+ADPT 1¢ PO 4d 71 46 Discharge
3 3m Tetr. of Fallot 4" PO 05d* 59 Death
4 3m PDA 11" PO 05d* 62 Death
5 8d LVH+PDA+ 1¢ PO 05d* 63 26 Death

ASD+VSD

6 29d PDA+ADPT 2 PO# 4d 29 23 Discharge
7 9Im ASD+A0S+PS 2" PO 24d 81 57 Death
8 2m PS 1% PO# 10d 83 56 Death
9 4m VsD 1% PO 33d 98 68 Discharge
10 18d LVH+PA+TA 16" PO 2d 126 96 Death
11 24m ASD+ADPT 5" PO *x 136 Discharge
12 5m AoC+VSD + ADPT+A0S 8" PO 12d 93 82 Death
13 10m PDA 2" PO 5d 150 132 Death
14 im ASD + AoC + PDA 2" PO *x 144 Discharge
15 19d LVH + PDA + ASD 2" pPO# 3d 93 81 Discharge
PD- peritonea 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 diaysis required; # ARF prior to surgery.

acuterenal failure, use of vasoactivedrugs, and mainly the
evolution after thediagnosisof acuterenal failurewiththe
clinical management adopted.

Acuterenal failurewasdiagnosed when serumlevels
of creatinineincreased 30% abovebasal values, areduction
in diuresiswas observed in the absence of apparent hypo-
volemia, andaclinical trigger wasevident.

Theindicationfor dialysisincluded one or moreof the
following conditions. anuriaor oliguria(<0.5mL/kg/hour) for
12 hoursor more; hyper-hydration or hypervolemia, or both
nonresponsiveto hydric restriction and use of diuretics (fu-
rosemide, 1-2 mg/kg/intravenous dose); hyperkalemia(se-
rum potassium>5.0mEg/L); andtheneed toinfusefluids(for
parenteral nutrition, for example) inthepresenceof diminished
renal function and amarkedly positive hydric balance. In-
fantsrequiring extrarenal clearance underwent peritoneal
dialysisaccording to an already described technique ** and
pediatric peritoneal catheterswereinstalled by percutaneous
(rigid catheters) or surgical (flexiblecatheters) via. Sessions
were performed according to themanual techniquewithins-
tallation of agraduated buret intheinfusion systemof smaller
infantsand using 30to 50mL/kg of acommercidly available
diaytic solution (glucose concentration of 1.5% and 4.25%)
at each change. Initially, changesinthebath occurred every
hour inthefirst 24 to 36 hours; with stabilization of the bio-
chemical findings(control of thehyperka emia, of themeta-
bolicacidosis, and of uremia) and control of thehyper-hydra-
tion of theinfant, theinterval between the changeswasin-
creased to 2 to 4 hours (some patients were kept in conti-
nuous peritoneal dialysisfor upto 33 days).

Quantitativedataare presented asmean + standard de-
viation. Differencesbetween qualitativedatawereanayzed
withtheFisher exact test with p<0.05 considered assignifi-
cant, and the statistical package | nStat (GraphPad Software
Inc, SanDiego, EUA) wasused.

Rsuts

Themean age of theinfantsstudied was4.4+4.0 mon-
ths, ranging from eight daysto 24 months. Twelve (80%) in-
fantswere males. Eleven (73%) patients devel oped acute
renal failurefollowing cardiac surgery, and 4 (27%) patients
aready had acuterenal failureprior tothesurgical procedu-
re(increasing serum creatininelevel s>30% of thebasal va
lue). No patient underwent dialysisor ultrafiltration during
the surgical procedure. Tablel showsclinical dataof the
patients.

The cause of acuterenal failurewasimmediate acute
cardiac dysfunction (low cardiac output and cardiogenic
shock) in 10 infants, cardiac dysfunction associated with
sepsisin 2 patients, and septic shock in 3infants. Fourteen
(93.3%) patients used vasoactive drugs, and 11 (73%) had
an infectious process associated with acute renal failure.
Eleveninfantshad renal failurewith concomitant oliguria
(diuresis<imL/kg/hour), and dl infantshad toundergo dia-
lysis; of the 4 other infantswho evolved with acute renal
failurewithout concomitant oliguria, half required dialysis,
the main indication being the presence of hypervolemia,
pulmonary congestion, and congestive heart failure.

Inthe 13 (87%) infantsrequiring dialysis, peritoneal
dialysiswith aflexible catheter wasthe most used method
(73% of theinfants). Theindicationfor dialysiswashyper-
volemiain 15 patients(associated with uremiain 5infants),
inthe presence of reduced diuresisand the necessity to use
fluidinfusion. Dialysiswasingtituted betweenthefirst and
the 16" postoperative days (median = the 2™ day). In this
group of infants, the mean levels of ureaand creatinine at
themoment of indication of thetreatment were85.7+44.4mg/
dL and2.2+1.9mg/dL, respectively. Of theseinfants, 4 died
inthefirst hoursof thetreatment, not because of acuterena
failurebut duetothe severeunderlying disease; their mean
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serumurealevel at thebeginning of dialysiswas49+20mg/
dL. Theother 9 patientshad at thebeginning of thediaysis
ameanserumurealevel of 86:44mg/dL. Withdiadysis, meta-
bolic acidosis, hyperkalemia, and hypervolemiacould be
controlledinall infantsinthefirst 12to 24 hoursof treatment,
andthemean serumleve of ureawas 75.7+33mg/dL during
the period when dialysis was maintained (up to the last
session of peritoneal dialysisor death). This showed the
efficacy of the extrarenal clearance procedure used. The
mean duration of dialysiswas 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 from4to 33 days(mean=13.1+11.2days) and, inthe
remaining, intermittent peritoneal dialysiswasmaintained
for 12 to 48 hours. No infant had peritonitis or any major
complication during the treatment, except oneinfant with
perforation of the urinary bladder caused by therigid
catheter, which was corrected with repositioning of the
catheter.

Weobserved amortality rate of 60% (9 deaths), which
was higher among the oliguric patients (73%) than among
thenonoliguric (25%) patients. Of the 12 infantsdevel oping
acute renal failure dueto acute cardiac dysfunction in the
first 5 days after surgery (type-1 acuterena failure), half
died dueto heart failureand cardiogenic shock. All infants
developing acuterenal failure dueto asystemicinfectious
process after the 7™ postoperative day (type-2 acute renal
failure) died because of sepsisand septic shock.

D scussi on

The early postoperative period of heart surgery for
cardiac malformationsin infants may be associated with
systemic circulatory failure and, consequently, with acute
renal failure. Theincidenceof acuterenal failureinthesein-
fants has been reported in up to 9% 48, and this associa-
tion hasbeen related to high morbidity and mortality. Acute
renal failurein these patients usually hasamultifactorial
character 24, and itsmorefrequent manifestationsareasfol-
lows: acutecardiacfailure, reductionindiuresis, elevationin
theserum levelsof ureaand creatinine, and avery positive
hydric balance. When clinical and drug management can-
not reverse these manifestations, dialysisismandatory. In
thissituation, dialysisinchildrenwithacuterenal failureis
required until the abnormalities are corrected, the cardiac
function improves, and the kidneys recover their normal
function, which happensafew dayslater. The objectivein
most patientsisto interrupt the cycle of hydric retention,
cardiacoverload, andtissular edema(mainly pulmonary ede-
ma), whichif not rapidly controlled may contributetodesth. In
several studies 5, the frequency of dialysisranged from
1.6%t07.7% of the pati entsundergoing cardiotomy.

The use of peritoneal dialysisin children with acute
renal failurefollowing cardiac surgery hasprovedtobean
effectiveand safemethod of easy installation, requiring no
special infrastructureand no specially or complexly trained
staff (nothing different from that already existing in any
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intensive care unit) 12461415 The use of rigid catheters
resultad in agood evolution in our patients maintained in
peritoneal dialysisfor ashort-term period. On the other
hand, their use for long periods (continuous peritoneal
diaysis) wasassoci ated with ahigher incidence of peritoni-
tis131617 Therefore, inthemajority of thepatientsweadvise
thesurgical insertion of aflexibleperitoneal catheter (Ten-
ckhoff catheter) under direct visualization. Thisinstallation
may even take place during cardiac surgery ¢, and the ca-
theter may be used for several dayswithtotal safety **. For
those catheters surgically placed, we observed no signifi-
cant hemorrhages, infection at thesite of catheter insertion,
or troublesomeleaking, even though problems of obstruc-
tion or drainage requiring catheter replacement have been
described intheliterature. Kholi et al *°* and Hanson et a
showed only one and two cases, respectively, of catheter
malfunctioning. They also had no mechanical complica-
tionsinthechildren studied (31 and 22 children, respective-
ly). Lattout et al 2 and Reznik et al 2 reported complications
incatheter functioningin around 30% of the cathetersinser-
tedintheir pediatric patients.

Several authorshavereported that peritoneal dialysis
may not beeffectiveinremovingfluidsor nitrogendebrisin
hypercatabolic patientsand a so that the competence of the
peritoneal membranemay beimpairedin patientsin shock 1°.
These facts may be challenged either by clinical demons-
tration of thisor by other studies®2*514, or by datashowing
that in patientsin shock peritoneal blood perfusionisnot
reduced enoughtoimpair theefficacy of dialysisZ.

The simplicity of peritoneal dialysisisin contrast to
thecomplexity of thetechniquesof extracorporeal clearance
inchildren, which requirehighly speciaized andtrained per-
sonnel and the use of specific and expensive material and
equipment. Inaddition, childrenhaveaproportionaly larger
peritoneal surfacethan adultsdo (peritoneal surfaceof chil-
dren per unit of weight istwicethat of adults) . Therefore,
peritoneal dialysisin children has half the efficacy when
compared with hemodialysis; inadults, however, thisdiffe-
renceis20% %. Considering theevolution of childrenwith
acuterenal failureand cardiac surgery, several studieshave
reported the use of extracorporeal dialysis[continuousar-
teriovenous hemofiltration (CAV H) and continuousveno-
venoushemofiltration (CVVH)] #9112, All thesestudiesha-
veshownahighmortality rate, but early and aggressiveuse
of extracorporeal dialysishasbeenrelated to alessletha
prognosis, likethat reported for peritoneal dialysis®.

The mortality ratein children with acuterenal failure
following heart surgery hasbeen reported ranging from 10%
to 90% 6101220 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 studiesre-
ported mortality above 70% in children undergoing heart
surgery and requiring dialysis, showing that dialysis could
not benefit the evol ution of these patients. Thishasresulted
inacertain reluctanceto indicate and start dialysis**. More
recent studieshavereported muchlower mortality rates(even
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bel ow 50%) in children undergoing dialysis soon after sur-
gery and in amoreintense manner %, The notion of early
dialysisiscorroborated by data showing that dialysisen-
hancesrenal perfusion and decreases hydric overload,
mainly in patientswithright heart failure, inwhomaperi-
toneal catheter wasinstalled during surgery %. In the
presence of oliguriaresistant to diureticsin the early
postoperative period, the peritoneal dialysis system
should beinstalledimmediately. Itisworth emphasizing
that evenininfantswith clinical acuterenal failure, the
mortality rate hasbeen reported ashigh, reaching values
around 35%- 40% %.

Finally, wewouldliketo stressthat acuterenal failure
related to heart surgery in children, like that reported in
adults, hastwo well-defined characteristics asfollows: &)
typelacuterend failure- theacuterenal failureoccursinthe
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early postoperativeperiod, withinthefirst 5 daysfollowing
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
acuterenal failure occursafter the 7" day of the postopera-
tive period, issecondary to severeinfections, and sepsisis
themajor cause of deathinthese children 3,

Inconclusion, acuterend failureininfantsundergoing
heart surgery isacritical situation inwhich most patients
requiredialysis. Inour study, all patientsunderwent perito-
neal dialysis, mainly because of clinically uncontrolled
hypervolemiaand not because of the uremic hypercatabolic
status. Even though peritoneal dialysiswas effective and
begun early, themortality ratewashigh (60%) andwasrela
ted to the severe hemodynamic disorder present aggrava-
ted by acuterena failure.
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