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® Background: Previous epidemiological data for pediatric patients with acute renal failure (ARF) predate current
intensive care unit (ICU) technology and practice, and do not reflect newer disease therapies for bone marrow,
hepatic, and cardiac transplantation and congenital heart disease surgery. Methods: We conducted a retrospective
review of 254 ARF episodes in 248 children discharged from a tertiary referral center, Texas Children’s Hospital
(Houston, TX), between January 1998 and June 2001 to update current pediatric ARF epidemiological characteristics.
Results: The most common causes of ARF were renal ischemia (21%), nephrotoxic medications (16%), and sepsis
(11%). Primary renal diseases accounted for only 17 cases (7%), and hemolytic uremic syndrome accounted for
only 3 cases. Overall ARF survival for the entire cohort was 176 of 254 patients (70%), whereas 110 of 185 patients
(60%) requiring ICU admission and 43 of 77 patients (56%) receiving renal replacement therapy survived. Conclu-
sion: These current pediatric ARF data show that pediatric ARF epidemiological characteristics have changed from
primary renal disease to renal involvement secondary to other systemic iliness. Longitudinal data from this cohort

are underway to determine the long-term sequelae of pediatric ARF. Am J Kidney Dis 45:96-101.
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REVIOUS ORIGINAL epidemiological data
for pediatric patients with acute renal fail-
ure (ARF) predate current intensive care unit
(ICU) technology and practice, and do not reflect
newer disease therapies for bone marrow, he-
patic, and cardiac transplantation and congenital
heart disease surgery'™ or span the periods when
these treatments were first applied to children.’
Most pediatric ARF reports in the 1990s consist
of review articles®® and focus on a specific
disease entity'®'® or only patients requiring re-
nal replacement therapy (RRT).'?* Many of
these articles cite burns and hemolytic uremic
syndrome as the most common causes leading to
ARF in children.

Because children with acute and chronic ill-
nesses recently receive more complex treatments
that can be associated with AREF, it is critical to
reevaluate the cause, incidence, and prognostic
factors for children with ARF to advance preven-
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tion strategies and implement appropriate support-
ive care. The aims of the current study are to
detail current pediatric ARF epidemiological char-
acteristics, assess the incidence and modality of
RRT use, describe the incidence of referral to
pediatric nephrologists, and determine the out-
come of pediatric ARF with respect to mortality
and persistence of chronic renal failure at our
center.

METHODS

We conducted a search of medical records for patients 21
years or younger with ARF listed as a diagnosis on either the
discharge or death summary after admission to Texas Chil-
dren’s Hospital, Houston, TX, from January 1998 to June
2001. Charts were screened for estimated corrected glomer-
ular filtration rate (GFR), and only patients with a GFR of 75
mL/min/1.73 m? or less were selected for additional analy-
sis. The Baylor College of Medicine Institutional Review
Board approved the study. The retrospective chart review
collected the following data: patient age and weight, primary
disease/condition leading to ARF, whether a renal biopsy
was performed, whether a pediatric renal service consult
was obtained, corrected estimated GFR (in milliliters per
minute per 1.73 m?) by means of the Schwartz formula,?
lowest GFR during the ARF course, GFR at the time of
pediatric renal service consult, RRT required, ICU care
required, inotropic medications required, ICU length of stay
(days), and renal function at time of hospital discharge.
Survival is defined as discharge from Texas Children’s
Hospital.

Primary Disease Definitions

Causes of ARF are numerous and may be multifactorial
for a particular patient. For purposes of the current study, the
primary ARF cause listed was that considered to be the most
important factor leading to renal dysfunction. For instance,
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Table 1. Clinical Variables for Pediatric Patients With ARF Stratified by Age

Age (no. of patients) GFR Survival ICU Stay/LOS RRT* Most Common ARF Cause
0-30d (62) 11.5+9.8 34 (56) 59 (97), 46 34 (58) Ischemic 16 (26)
1-12 mo (37) 18.4 =143 22 (59) 32 (86), 26 10 (32) Ischemic 13 (35)
1-5y (43) 32.9 = 201 36 (84) 30 (70), 21 8 (27) Ischemic 10 (23)
6-15y (83) 29.3 = 20.4 61 (73) 49 (59), 18 28 (57) Nephrotoxins 22 (26)
16-21y (29) 355 *17 23 (79) 15 (52), 23 8 (53) Nephrotoxins 6 (21)
Total (254) 35.2 £39.2 176 (70) 185 (73), 26 80 (43) Ischemic 45 (22)

NOTE. Values expressed as mean *+ SD or number (percent).

Abbreviation: LOS, average length of ICU stay in days.

*Percentages reflect fraction of patients admitted to the ICU that required RRT.

patients with septic shock can experience ARF from hypoten-
sion leading to renal ischemia (acute tubular necrosis from
decreased renal perfusion) and nephrotoxic medications. In
these instances, sepsis was assigned as the primary ARF
cause. Patients with congenital heart disease can be more
susceptible to nephrotoxin-induced ARF; however, we de-
cided to list renal ischemia from congenital heart disease
surgery as the primary ARF cause in the current study.

Age Categories

Data were stratified by patient age at admission into the
following categories: neonates (1 through 30 days), infants
(31 days through 12 months), toddlers (1 year through 5
years), school age (6 years through 15 years), and adoles-
cents (16 years through 20 years). The school age range of 6
through 15 years was chosen because children in Harris
County are legally required to attend school through 15
years of age. Patients younger than 21 years were chosen to
study because the American Academy of Pediatrics defines
pediatric patients as younger than 21 years of chronological
age.

Statistical Analysis

All statistical analyses were performed using the Statis-
tica Software package, version 6.0 (StatSoft Inc, Tulsa, OK).
Some patients experienced more than 1 ARF episode during
the time course of study. Because we wanted to assess ARF
epidemiological characteristics, all descriptive statistics are
calculated using number of ARF episodes as the denomina-
tor, unless otherwise stated. Potential associations between
GFR and survival were evaluated by means of paired #-test.
Survival rates were compared between various groups by
using chi-square analysis. P less than 0.05 is considered
significant.

RESULTS
Epidemiological Characteristics

Hospital record review showed that 248 pedi-
atric patients aged 21 years or younger (138
males, 110 females; mean age, 6.47 = 6.5 years)
experienced 254 separate ARF episodes (range,
1 to 4 episodes) from January 1998 through June
2001.

Table 1 lists the age distribution of the studied
cohort. Of note, although the neonatal age range
is the shortest of all categories, neonates com-
prised the second largest age group (n = 62;
22%). Sex distribution was similar among the
different age categories. The ethnic distribution
of patients with ARF was similar to that of all
patients admitted to Texas Children’s Hospital
during the study period.

One hundred eighty-seven ARF episodes oc-
curred in patients with an underlying comorbid
condition; cardiac (43 patients), hematologic/
oncological (33 patients), urological (20 pa-
tients), renal (20 patients), genetic (19 patients),
prematurity (15 patients), and gastrointestinal/
liver transplantations (11 patients) were the most
common comorbid disease categories.

Primary Causes of Acute Renal Failure

The most common causes of ARF were ische-
mic (21%), nephrotoxic drugs (antibiotics, che-
motherapy, nonsteroidal anti-inflammatory medi-
cations; 16%), sepsis (11%), and unknown (11%).
Primary renal diseases accounted for only 17
cases (7%; acute glomerulonephritis [9 patients],
pyelonephritis [5 patients], and hemolytic ure-
mic syndrome [3 patients]). The most common
ARF causes for the entire study population and
for specific age ranges are listed in Table 1. Table
2 lists the most common ARF causes for patients
with different underlying systemic diseases, for
which ischemia and nephrotoxic medications
were the most common.

Ischemia associated with congenital heart dis-
ease was the most common ARF cause in neo-
nates (17 of 62 cases), 9 of which were attributed
to hypoplastic left heart syndrome. Ischemia was
the most common ARF cause for infants and
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Table 2. ARF Causes for Patients With Underlying
Systemic Disease

Most Common Primary

Underlying Systemic Disease ARF Causes

Cardiac (n = 43) Ischemic (69%)
Nephrotoxins (7%)
Sepsis (7%)
Nephrotoxins (33%)
Malignancy (24%)
Sepsis (9%)
Ischemic (45%)
Nephrotoxins (27%)
Ischemic (27%)
Nephrotoxins (18%)
Sepsis (9%)

Hematology/oncology (n = 33)

Gastrointestinal (n = 11)

Any systemic disease (n = 187)

toddlers, whereas nephrotoxic medications were
the most common ARF cause for older children
and adolescents. ICU admission rates decreased
steadily with age from 97% in infants to 52% in
adolescents, whereas RRT provision rates for
patients in the ICU varied widely (17% to 58%)
by patient age.

The rate of no primary ARF cause identified in
the chart was greater for patients without (9 of 46
patients) versus with renal service involvement
(18 of 203 patients; P < 0.05); however, there
was no difference in GFRs between patients with
an unknown cause of ARF with or without renal
service involvement.

Survival

Overall ARF survival for the entire cohort and
for patients with underlying comorbid conditions
was 70%. Whereas the majority of patients in
each age group survived, patients older than 1
year showed significantly better survival than
neonates and infants (121 of 155 versus 56 of 99
patients; P < 0.0001).

One hundred sixty-seven of 254 patients had
nonoliguric renal failure (>1 mL/kg/h of urine
output). Patients with nonoliguric renal failure
had better survival (74%) versus patients with
oliguric renal failure (60%; P < 0.05). One
hundred ten of 185 patients (60%) requiring ICU
admission and 43 of 77 patients (56%) receiving
RRT survived. One hundred seventeen ICU pa-
tients were administered inotropic medications
for multiorgan system dysfunction, and only 40%
of these patients survived. Table 3 lists survival
rates stratified by primary ARF cause. Eleven of
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17 patients with congenital heart disease sur-
vived (65%). Four of 9 patients with hypoplastic
left heart syndrome survived.

Renal Service Involvement, Intensive Care Unit
Stay, and Renal Replacement Therapy

The Texas Children’s Hospital Renal Service
was primary in 29 cases (12%), consulted in 179
cases (71%), and not involved in 46 cases (18%).
Eighteen patients (7%) underwent renal biopsy
for a rapidly increasing serum creatinine level,
and all were determined to have a primary renal
cause of ARF. GFR for patients with renal biopsy
was 23.3 * 13.8 mL/min/1.73 m*. The GFR
nadir was lower for patients with (30 %= 29
mL/min/1.73 m?) versus without a renal consult
(58 = 62 mL/min/1.73 m?; P < 0.00005). Mean
patient age, weight, length of hospital stay, and
survival rates did not differ for patients with and
without renal consult.

One hundred eighty-five patients were treated
in the ICU setting; 146 of 185 ICU episodes
(79%) had renal service involvement. ICU stay
prevalence was greater for patients younger than
1 year versus older than 1 year (Table 1). Median
ICU stay was 21 days for survivors versus 17
days for nonsurvivors. ICU lengths of stay did
not differ significantly among age classifications,
although patients younger than 30 days averaged
2 to 3 weeks’ longer ICU stays than the rest of
the cohort (Table 1).

Seventy-seven of 185 ICU patients with ARF
episodes (42%) received RRT: 38 patients, peri-
toneal dialysis (PD); 17 patients, hemodialysis;
and 22 patients, continuous RRT (CRRT). Forty-
two percent of ICU patients with comorbid con-
ditions received RRT. Almost half the patients
receiving PD were immediately status post con-
genital heart surgery because it is our practice to

Table 3. Primary ARF Causes and Survival Rates

Causes of ARF Survival Rate (%)
Acute glomerulonephritis 100
Known renal disease 95
Neoplasm/bone marrow transplant 85
Ischemia 81
Nephrotoxic drugs 77
Congenital heart disease 65
Unknown causes 62
Sepsis 41
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initiate PD therapy for patients who have decreas-
ing urine output after corrective heart surgery.
RRT provision rates were no different for the
various patient age groups when patients under-
going congenital heart surgery were excluded
from analysis. Mean patient age for patients
receiving RRT was 5.5 = 6.7 years (range, 0 to
20 years; 28 patients, 0 through 30 days; 10
patients, 31 days through 12 months; 8 patients,
1 year through 5 years; 26 patients, 6 through
15 years; and 7 patients, 16 through 20 years of
age). Fifty-six percent of patients receiving RRT
survived. Survival for patients without congeni-
tal heart disease receiving RRT was 43%. The
percentage of patients requiring ICU stay or RRT
was no different between the younger and older
groups.

Renal Function at Time of Hospital Discharge

One hundred sixteen of 176 survivors (66%)
recovered renal function completely, 26 survi-
vors (15%) had improved renal function, 24
survivors (14%) developed chronic renal failure,
and 11 survivors (5%) were discharged requiring
RRT. Forty-three patients who required renal
RRT survived; at the time of discharge, 28 pa-
tients regained normal renal function, 4 patients
had chronic renal failure, and 11 patients re-
quired RRT. Six of 11 patients sent home requir-
ing RRT had primary renal disease: obstructive
uropathy, membranoproliferative glomerulone-
phritis, focal segmental glomerulosclerosis, pos-
terior urethral valves, dysplastic kidneys, and
renal neoplasm.

DISCUSSION

Previous pediatric ARF series reported data
collected before the advent of recent technologi-
cal advancements in pediatric intensive care,
congenital heart surgery, and pediatric oncology
and bone marrow transplantation. Because re-
cent pediatric ARF epidemiological reports were
lacking, we performed a large retrospective re-
view detailing primary causes, treatment modali-
ties and services, and outcomes for pediatric
patients diagnosed with ARF at our urban tertiary-
care children’s hospital during a 3.5-year period.

Our data show that, as opposed to previous
reports from the 1980s, pediatric ARF in the
present day most often occurs as morbidity asso-
ciated with other systemic illness, rather than
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primary renal disease. Systemic diseases led to
ARF in children from either nephrotoxic medica-
tion use in their treatment or multiorgan dysfunc-
tion syndrome, in which patients with sepsis,
liver failure, or respiratory failure developed
hypotension-induced renal ischemia. In our cur-
rent series, primary renal disease comprised only
7% of ARF cases. Interestingly, survival and
RRT provision rates were the same for this ARF
cohort regardless of the presence or absence of
an underlying comorbid condition.

We recognize that the retrospective method
used in the current study has some limitations.
Because there are no established criteria for
pediatric renal service consultation, ICU admis-
sion, or RRT, incidences of these variables in
patients with ARF may pertain to only our insti-
tution. The decision to include only patients with
an estimated GFR of 75 mL/min/1.73 m” or less
by Schwartz formula might have led to the exclu-
sion of some patients with ARF; the Schwartz
formula can overestimate GFR because it reflects
tubular secretion of creatinine in addition to
creatinine filtration. Although we realize that no
GFR estimation formula has been validated for
pediatric or adult patients with ARF, we opted to
use the most widely used pediatric formula in-
stead of serum creatinine level change as an ARF
indicator because normal serum creatinine con-
centrations vary with age, sex, and patient size.
Recent multidimensional ARF criteria, termed
the Risk, Injury, Failure, Loss, and End-Stage
Renal Disease (RIFLE) criteria, using serum
creatinine level, GFR estimation, and urine out-
put recently have been devised, but not yet
validated, by a consensus conference for adult
patients with ARF.?® We plan to examine a pedi-
atric-modified version of the RIFLE criteria in a
prospective cohort of patients soon. Our decision
to cite a primary ARF cause for each episode can
be criticized because some patients, especially
those who are critically ill, often are exposed to a
number of conditions that can lead to ARF.
However, through careful review of a patient’s
record, one usually can identify the initial insult
leading to ARF. It is concerning to find that a
primary ARF cause was not cited in the medical
record for 11% of patients with ARF. That the
rate of unknown ARF causes was significantly
greater for patients without renal service involve-
ment, whereas GFRs were similar for cases with
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unknown ARF cause with or without renal ser-
vice involvement, suggests that some children
with significant ARF are being managed without
the input of a pediatric nephrologist. Additional
study is required to determine whether such
patients are at increased morbidity risk, includ-
ing extended hospital stay or unnecessary or
inadequate evaluation.

Not surprisingly, patients with sepsis and mul-
tiorgan system dysfunction (inferred by provi-
sion of inotropic support in the ICU) had lower
survival rates than those with uncomplicated
ischemia. Survival rates for septic patients and
those administered inotropes in our series (40%)
are similar to those reported in previous recent
pediatric series®>** assessing survival in criti-
cally ill children who receive CRRT. In addition,
patients younger than 1 year had lower survival
than older children across all primary cause
categories, which supports data from a recent
study?’ of pediatric patients weighing less than
10 kg receiving CRRT that showed worse sur-
vival rates for patients weighing less than com-
pared with greater than 3 kg.

The relatively high percentage of patients re-
ceiving PD compared with hemodialysis or CRRT
in our series results from our center’s practice of
using PD early in the postoperative course after
congenital heart surgery to assist with fluid man-
agement”®?°; PD rarely was used for RRT for
other patients because it is our center’s prefer-
ence to use CRRT for critically ill patients with
ARF to more precisely control their ultrafiltra-
tion volumes.

The vast majority (95%) of surviving patients,
including those requiring an ICU stay, com-
pletely or partially recovered renal function at
the time of hospital discharge, a renal function
recovery rate similar to that in an adult ARF
outcome study.’® Interestingly, the majority of
children in the current study requiring long-term
RRT at the time of hospital discharge had a
primary renal cause for their ARF episode.

Although our data show a good immediate
renal prognosis for most patients, no data exist to
describe potential long-term sequelae, including
hypertension and the development of proteinuria
or chronic renal failure for pediatric patients who
survive an ARF episode to hospital discharge.
We plan to follow up the current patient cohort
for hypertension, urine microalbumin and pro-
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tein excretion, and renal function to determine
whether children who experience an ARF epi-
sode are at risk for long-term renal complica-
tions.

REFERENCES

1. Counahan R, Cameron JS, Ogg CS, et al: Presentation,
management, complications, and outcome of acute renal
failure in childhood: Five years’ experience. Br Med J
1:599-602, 1977

2. Book K, Ohgqvist G, Bjork VO, Lundberg S, Settergren
G: Peritoneal dialysis in infants and children after open heart
surgery. Scand J Thorac Cardiovasc Surg 16:229-233, 1982

3. Rigden SP, Barratt TM, Dillon MJ, De Leval M, Stark
J: Acute renal failure complicating cardiopulmonary bypass
surgery. Arch Dis Child 57:425-430, 1982

4. Weiss RA, Spitzer A: Renal failure in childhood.
Compr Ther 9:31-40, 1983

5. Williams DM, Sreedhar SS, Mickell JJ, Chan JC:
Acute kidney failure: A pediatric experience over 20 years.
Arch Pediatr Adolesc Med 156:893-900, 2002

6. Andreoli SP: Acute renal failure. Curr Opin Pediatr
14:183-188, 2002

7. Stewart CL, Barnett R: Acute renal failure in infants,
children and adults. Crit Care Clin 13:575-590, 1997

8. Mendley SR, Langman CB: Acute renal failure in the
pediatric patient. Adv Ren Replace Ther 4:93-101, 1997

9. Filler G: Acute renal failure in children: Aetiology and
management. Paediatr Drugs 3:783-792, 2001

10. O’Brien KL, Selanikio JD, Hecdivert C, et al: Epi-
demic of pediatric deaths from acute renal failure caused by
diethylene glycol poisoning. Acute Renal Failure Investiga-
tion Team. JAMA 279:1175-1180, 1998

11. Kist-van Holthe tot Echten JE, Goedvolk CA, Door-
naar MB, et al: Acute renal insufficiency and renal replace-
ment therapy after pediatric cardiopulmonary bypass sur-
gery. Pediatr Cardiol 22:321-326, 2001

12. Trachtman H, Christen E: Pathogenesis, treatment,
and therapeutic trials in hemolytic uremic syndrome. Curr
Opin Pediatr 11:162-168, 1999

13. Picca S, Principato F, Mazzera E, et al: Risks of acute
renal failure after cardiopulmonary bypass surgery in chil-
dren: A retrospective 10-year case-control study. Nephrol
Dial Transplant 10:630-636, 1995

14. Tonshoff B, Sammet A, Sanden I, Mehls O, Waldherr
R, Scharer K: Outcome and prognostic determinants in the
hemolytic uremic syndrome of children. Nephron 68:63-70,
1994

15. Wong W, McCall E, Anderson B, Segedin E, Morris
M: Acute renal failure in the paediatric intensive care unit. N
Z Med J 109:459-461, 1996

16. Smoyer WE, McAdams C, Kaplan BS, Sherbotie JR:
Determinants of survival in pediatric continuous hemofiltra-
tion. J Am Soc Nephrol 6:1401-1409, 1995

17. Zobel G, Ring E, Rodl S: Prognosis in pediatric
patients with multiple organ system failure and continuous
extracorporeal renal support. Contrib Nephrol 116:163-168,
1995



PEDIATRIC ARF EPIDEMIOLOGY

18. Klee KM, Greenleaf K, Fouser L, Watkins SL: Con-
tinuous venovenous hemofiltration with and without dialysis
in pediatric patients. ANNA J 23:35-39, 1996

19. Maxvold NJ, Smoyer WE, Gardner JJ, Bunchman
TE: Management of acute renal failure in the pediatric
patient: Hemofiltration versus hemodialysis. Am J Kidney
Dis 30:S84-S88, 1997 (suppl 4)

20. Parekh RS, Bunchman TE: Dialysis support in the
pediatric intensive care unit. Adv Ren Replace Ther 3:326-
336, 1996

21. Warady BA, Bunchman T: Dialysis therapy for chil-
dren with acute renal failure: Survey results. Pediatr Nephrol
15:11-13, 2000

22. Goldstein SL, Currier H, Graf C, Cosio CC, Brewer
ED, Sachdeva R: Outcome in children receiving continuous
venovenous hemofiltration. Pediatrics 107:1309-1312, 2001

23. Flynn JT: Choice of dialysis modality for manage-
ment of pediatric acute renal failure. Pediatr Nephrol 17:61-
69,2002

24. Bunchman TE, McBryde KD, Mottes TE, Gardner JJ,
Maxvold NJ, Brophy PD: Pediatric acute renal failure:
Outcome by modality and disease. Pediatr Nephrol 16:1067-
1071, 2001

101

25. Schwartz GJ, Brion LP, Spitzer A: The use of plasma
creatinine concentration for estimating glomerular filtration
rate in infants, children, and adolescents. Pediatr Clin North
Am 34:571-590, 1987

26. Bellomo R, Ronco C, Kellum JA, Mehta RL, Pa-
levsky P: Acute renal failure—Definition, outcome mea-
sures, animal models, fluid therapy and information technol-
ogy needs: The Second International Consensus Conference
of the Acute Dialysis Quality Initiative (ADQI) Group. Crit
Care 8:R204-R212, 2004

27. Symons JM, Brophy PD, Gregory MJ, et al: Continu-
ous renal replacement therapy in children up to 10 kg. Am J
Kidney Dis 41:984-989, 2003

28. Sorof JM, Stromberg D, Brewer ED, Feltes TF, Fraser
CD Ir: Early initiation of peritoneal dialysis after surgical
repair of congenital heart disease. Pediatr Nephrol 13:641-
645, 1999

29. Goldstein SL: Overview of pediatric renal replace-
ment therapy in acute renal failure. Artif Organs 27:781-785,
2003

30. Liano F, Pascual J: Epidemiology of acute renal
failure: A prospective, multicenter, community-based study.
Madrid Acute Renal Failure Study Group. Kidney Int 50:811-
818, 1996



	Pediatric ARF Epidemiology at a Tertiary Care Center From 1999 to 2001
	METHODS
	Primary Disease Definitions
	Age Categories
	Statistical Analysis

	RESULTS
	Epidemiological Characteristics
	Primary Causes of Acute Renal Failure
	Survival
	Renal Service Involvement, Intensive Care Unit Stay, and Renal Replacement Therapy
	Renal Function at Time of Hospital Discharge

	DISCUSSION
	REFERENCES


