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The present single-center cohort study was based on a

clinical intensive care unit database containing data on 1128

consecutive children undergoing their first operation for

congenital heart disease between 1993 and 2002 at Aarhus

University Hospital, Skejby, Denmark. A total of 130 (11.5%)

children developed postoperative acute renal failure (ARF)

managed with peritoneal dialysis (PD). Logistic regression

analysis was used to examine risk factors for complications

related to PD and to compare mortality between ARF and

non-ARF patients controlling for potential confounding

factors. A total of 43 complications related to PD were

registered in 27 (20.8%) patients. Major complications were

seen in eight (6.2%) patients, and only two (1.5%) patients

were switched to hemodialysis after peritonitis and

hemicolectomy due to bowel perforation. The main risk

factors for complications to PD were duration of PD, high

RACHS-1 score (Risk Adjusted Classification for Congenital

Heart Surgery), and hyperkalemia at initiation of PD. Overall,

in-hospital mortality was 6.8% (76/1128). Mortality of ARF

patients was 20.0% compared to 5.0% among non-ARF

patients (adjusted odds ratio¼ 1.91, 95% confidence

interval¼ 1.10–3.36). After stratification, ARF was strongly

associated with increased mortality in the subgroups of

patients with the lowest overall risk of dying (ageX1 year,

body weightX5 kg, RACHS-1 score o3, and no preoperative

cyanosis). For patients at high risk of dying (age o1 year,

body weight o5 kg, RACHS-1 scoreX3, cardiopulmonary

bypass timeX60 min, and preoperative cyanosis), the

association between ARF and mortality was substantially

weaker. In conclusion, postoperative ARF was associated with

increased mortality in children operated for congenital heart

disease. Major complications to PD were few, and our data

strongly support that PD is a simple, safe, feasible, and robust

dialysis modality for the management of ARF in children.
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Despite improvements in surgical procedures and intra- and
postoperative supportive care of children operated for
congenital heart disease, mortality due to postoperative
complications and multiorgan dysfunction including acute
renal failure (ARF) remains high.1–16 Complexity of the
underlying heart disease and surgical procedure (e.g.
RACHS-1 score (Risk Adjusted Classification for Congenital
Heart Surgery)),17,18 duration of cardiopulmonary bypass
(CPB), circulatory arrest, postoperative low cardiac output
syndrome, use of adrenaline and isoprenaline, and young age
have previously been shown to be associated with post-
operative ARF and mortality.4,17–19

The best choice of renal replacement modality for the
treatment of ARF remains controversial. So far, comparisons
between peritoneal dialysis (PD), intermittent hemodialysis,
and continuous renal replacement therapy have failed to
demonstrate significant superiority of any of the modalities
in terms of clinical outcome including mortality.20–25 This is
true for adult patients with ARF, but even more evident for
pediatric patients with ARF as the interpretation of the few
existing studies on this entity has been complicated by the
relatively small sample sizes and lack of adjustment for
important potential confounding factors.1–16 Very few data
exist on the prevalence of major complications to renal
replacement therapy in children operated for congenital heart
diseases, in particular of complications to PD, and on risk
factors for complications to PD among these patients.4,6,8,14

We took advantage of a large intensive care unit (ICU)
database containing prospectively collected data on all
consecutive children undergoing their first operation for
congenital heart diseases at our unit between 1993 and 2002
to (1) describe complications to PD following ARF, (2)
identify risk factors for complications to PD, and (3) examine
the association between ARF and mortality in this group of
patients.

RESULTS

Of 1128 children operated for congenital heart disease, 130
(11.5%) developed ARF requiring PD. Basic demographics
are shown in Table 1.
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Complications

A total of 43 complications related to PD were registered in
27 of 130 children with ARF (21%, median 1 complication
per patient, range 1–5) corresponding to 1 complication in
every 12 days on PD (Table 2). Minor complications such as
leakage and mechanical dysfunction accounted for the
majority of complications, leaving only eight (6.2%) patients
with severe complications such as hydrothorax, hemo-
peritoneum, bowel perforation, and peritonitis. Only two
patients were switched to hemodialysis after peritonitis and
hemicolectomy due to bowel perforation resulting in an
overall PD technique success rate of 98.5%. In one of these
patients, PD was re-established successfully after surgery.
Episodes of peritonitis were treated successfully with
antibiotics and the episodes with hydrothorax and hemoper-
itoneum resolved spontaneously.

Crude and adjusted odds ratios for developing complica-
tions to PD are shown in Table 3. Older age, higher RACHS-1
score, hyperkalemia at initiation of PD, and duration of PD
were associated with an increased risk of complications.

Mortality

Overall in-hospital mortality was 6.8% (76/1128). Mortality
of ARF patients was 20.0% compared to 5.0% among non-
ARF patients (Table 4) corresponding to an adjusted odds
ratio of 1.91 (95% confidence interval¼ 1.10–3.36). Young
age (o1 year), low body weight (o5 kg), high RACHS-1
score (X3), long CPB time (X60 min), and preoperative
cyanosis but not calendar year-band and gender were also
independent risk factors for postoperative mortality (data
not shown) in this cohort of children.

After stratification (Table 4), ARF remained an indepen-
dent prognostic factor in the subgroups of patients with the
lowest overall risk of dying (ageX1 year, body weightX5 kg,
RACHS-1 score o3, and no preoperative cyanosis). For
patients with an overall high risk of dying (age o1 year, body
weight o5 kg, RACHS-1 scoreX3, CPB timeX60 min, and
preoperative cyanosis), the association between ARF and
mortality was substantially weaker.

Mortality among PD patients with complications to PD
was 14.8%, and 21.4% among PD patients without
complications.

DISCUSSION

In the present single-center prospective cohort study of 1128
consecutive children undergoing their first operation for
congenital heart disease between 1993 and 2002, we found
that postoperative ARF was associated with substantially
increased mortality. However, the overall increased mortality
masks two separate findings. In the subgroups of patients
with low overall risk of death, ARF was strongly associated
with increased mortality, whereas the association between
ARF and mortality was substantially weaker in the subgroups
of patients with high overall mortality.

Major complications to PD were few, and we found that
age, complexity of cardiac surgery, hyperkalemia at initiation

of PD and, as expected, time on PD were associated with an
increased risk of PD-related complications. The overall
mortality (6.8%), mortality among patients with ARF
(20%), and rate of severe complications to renal replacement
therapy (6.25%) in this study are generally lower than that
reported previously.1–16

Several factors must be considered when assessing the
validity of our findings. The study was based on prospectively
collected data on covariates and mortality from independent
registries reducing the risk of information and selection bias.
However, data on complications to PD therapy were collected

Table 1 | Basic demographics in patients with and without
ARF after surgery for congenital heart disease

Variable ARF Non-ARF

Gender, n (%) n=130 n=998
Boys 81 (62) 551 (55)
Girls 49 (38) 447 (45)

Age (years) n=130 n=998
Median 0.2 0.8
IQR 0; 0.6 0.2; 3.3

Body weight (kg) n=130 n=998
Mean 5.8 11.1
s.d. 4.0 10.4

RACHS-1, n (%) n=130 n=998
1 2 (2) 251 (25)
2 33 (25) 381 (38)
3 49 (38) 293 (30)
4 40 (31) 59 (6)
6 6 (5) 14 (1)

CPB time (min)a n=124 n=750
Mean 144 85
s.d. 64 49

ICU time (days)b n=130 n=968
Mean 16 4
s.d. 14 6

Cyanoses
No 50 (38) 735 (74)
Yes 80 (62) 263 (26)

Syndrome/chromosome
defect

No 106 (82) 874 (88)
Yes 24 (18) 124 (12)

Indication for starting
dialysis, n (%)

n=130

Anuria 83 (64)
Fluid overload 33 (25)
Hyperkalemia 14 (11)

Dialysis time (h) n=130
Mean 97
s.d. 119

ARF, acute renal failure; CPB, cardiopulmonary bypass; ICU, intensive care unit;
IQR, interquartile range; RACHS-1, Risk Adjusted Classification for Congenital
Heart Surgery; s.d., standard deviation.
aTwo hundred and fifty-four patients not on cardiopulmonar bypass were excluded.
bThirty patients who did not stay at the ICU after surgery were excluded.
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retrospectively by chart review and we cannot entirely
exclude the possibility that minor complications may have
been missed because they were not registered in the charts. In

contrast, major and clinically important complications were
most likely registered in the charts and we therefore believe
we have obtained a valid estimate of risk factors for clinically
important complications.

No data on postoperative severity of illness (e.g. Pediatric
Risk of Mortality II score) were available for analysis, and as
PD patients may have been more severely ill than non-PD
patients, we might have overestimated the association
between PD and mortality. However, part of the possible
confounding effect of severity of illness was accounted for by
adjustment for RACH-1 score, so the influence on our results
should be minor. Critically ill children with a suspected very
poor prognosis and ARF as part of multiple organ
dysfunction syndrome may not have been started on PD.
Defining ARF as renal dysfunction requiring PD might
therefore have led us to underestimate the number of patients
with ARF as well as underestimate the association between
mortality of ARF. Besides, reliable data on preoperative renal
insufficiency were not available in the present ICU database
and was, accordingly, not included in the multivariate logistic
regression model.

Despite being the largest study on this entity so far, the
low number of outcomes in some of the sub-analyses left
several of our risk estimates statistically imprecise, and they
should therefore be interpreted with caution. The low
number of complications was also the reason why we were
not able to examine the association between complications
to PD and mortality in a multivariate model. Overall,

Table 2 | Number of patients and episodes with mechanical
and/or infectious complications to peritoneal dialysis and
subsequent interventions in 130 children with acute renal
failure after surgery for congenital heart disease

Type of complications No. of patients No. of episodes

Total 27 43

Mechanical complications total 26 39
Leakage 14 16
Dysfunction 15 19
Hydrothorax 1 1
Hemoperitoneum 1 1
Bowel perforation 2 2

Infectious complications
Peritonitis 4 4

Interventions total 26 41
Suture at exit site 10 12
PD catheter replacement 20 24
Abdominal surgery 3 3
Switch to hemodialysis 2 2

PD, peritoneal dialysis.
One patient with leakage was treated with both PD catheter replacement and an
extra suture at exit site. One patient with bowel perforation had abdominal surgery
and was switched to hemodialysis. One patient with hemoperitoneum had both PD
catheter replacement and abdominal surgery. Hydrothorax resolved spontaneously.
Patients with acute peritonitis were treated with relevant antibiotics.

Table 3 | Crude and adjusted ORs for developing complications to PD in 130 children with acute renal failure after surgery for
congenital heart disease using logistic regression

Variable
No. of patients with complications

(% of patients on PD) Crude OR Adjusted OR

Gender
Girls 10 (20.4) 1 (ref.) 1
Boys 17 (21.0) 1.04 (0.43–2.49) 1.03 (0.40–2.68)

Age (years)
o1 20 (18.4) 1 (ref.) 1
X1 7 (33.3) 2.23 (0.80–6.23) 2.06 (0.56–7.58)

Weight (kg)
o5 11 (15.7) 1 (ref.) 1
X5 16 (26.7) 1.95 (0.82–4.62) 0.85 (0.27–2.71)

RACHS-1
1 and 2 8 (22.9) 1 (ref.) 1
3–6 19 (20.0) 0.84 (0.33–2.15) 1.96 (0.33–2.77)

Indication for starting PD
Anuria 17 (20.5) 1 (ref.) 1
Fluid overload 4 (12.1) 0.54 (0.67–1.73) 0.90 (0.25–3.22)
Hyperkalemia 6 (42.9) 2.91 (0.89–9.52) 3.58 (0.96–13.33)

PD time (h)
o49 6 (9.4) 1 (ref.) 1
4–144 10 (27.8) 3.72 (1.22–11.31) 3.48 (1.08–11.27)
X144 11 (36.8) 5.60 (1.82–17.18) 5.85 (1.70–20.07)

ORs, odds ratios; PD, peritoneal dialysis; RACHS-1, Risk Adjusted Classification for Congenital Heart Surgery.
Each variable is adjusted for all other variable in the table. Values in parenthesis indicate 95% confidence interval. RACHS-1=Risk Adjusted Classification for Congenital Heart
Surgery.
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however, complications to PD therapy were not associated
with increased mortality. Importantly, only two of 130
patients with ARF were switched to hemodialysis, giving an

overall PD technique success rate of 98.5%. Our study
population was restricted to children undergoing their first
operation for congenital heart diseases, and we can only

Table 4 | Crude and adjusted OR for in-hospital death in children with ARF or without ARF (non-ARF) after surgery for
congenital heart disease using logistic regression

Variable Number (%) Mortality (%) Crude OR (95% CI) Adjusted OR (95% CI) P-value (adjusted)

Overall
Non-ARF 998 (88.5) 5.0
ARF 130 (11.5) 20.0 4.74 (2.83– 7.94) 1.91 (1.10– 3.36) 0.025

Stratified by
Gender

Girls
Non-ARF 447 (90.1) 3.8 1 (ref.) 1
ARF 49 (9.9) 22.5 7.32 (3.20– 16.75) 3.27 (1.32–8.08) 0.010

Boys
Non-ARF 551 (87.2) 6 1 (ref.) 1
ARF 81 (12.8) 18.5 3.57 (1.84– 6.92) 1.33 (0.63–2.79) 0.450

Age (years)
o1

Non-ARF 535 (83.1) 7.9 1 (ref.) 1
ARF 109 (16.9) 20.2 2.97 (1.69– 5.22) 1.72 (0.94–3.15) 0.177

X1
Non-ARF 463 (95.7) 1.7 1 (ref.) 1
ARF 21 (4.3) 19.1 13.38 (3.67– 48.82) 3.89 (0.80–18.87) 0.022

Body weight (kg)
o5

Non-ARF 319 (82.0) 11.0 1 (ref.) 1
ARF 70 (18.0) 21.4 2.21 (1.13– 4.33) 1.30 (0.63–2.69) 0.474

X5
Non-ARF 679 (93.2) 2.2 1 (ref.) 1
ARF 60 (6.8) 18.3 9.94 (4.33– 22.80) 3.82 (1.54–9.45) 0.004

RACHS-1
1 and 2

Non-ARF 632 (94.8) 2.1 1 (ref.) 1
ARF 35 (5.2) 17.1 9.85 (3.49– 27.78) 5.01 (1.55–16.61) 0.007

3–6
Non-ARF 366 (79.4) 10.1 1 (ref.) 1
ARF 95 (20.6) 21.1 2.37 (1.30– 4.32) 1.47 (0.78–2.78) 0.239

CPB time (min)
o60

Non-ARF 520 (97.9) 1.5 1 (ref.) 1
ARF 11 (2.1) 18.2 14.22 (2.64– 76.60) 8.31 (1.30– 54.92) 0.028

X60
Non-ARF 478 (80.1) 12.4 1 (ref.) 1
ARF 119 (19.9) 21.2 2.62 (1.52– 4.54) 1.73 (0.96– 3.12) 0.068

Calendar year
1993–1997

Non-ARF 503 (87.0) 4.8 1 (ref.) 1
ARF 75 (13.0) 18.7 4.58 (2.25– 9.33) 1.72 (0.77– 3.81) 0.185

1998–2002
Non-ARF 495 (90.0) 5.3 1 (ref.) 1
ARF 55 (10.0) 21.8 5.03 (2.37– 10.68) 2.01 (0.89– 4.57) 0.095

Cyanosis
No

Non-ARF 735 (93.6) 2.7 1 (ref.) 1
ARF 50 (6.4) 22.0 10.08 (4.52– 22.51) 4.55 (1.86– 11.11) 0.001

Yes
Non-ARF 263 (76.7) 11.4 1 (ref.) 1
ARF 80 (23.3) 18.8 1.79 (0.91– 3.53) 1.10 (0.53– 2.26) 0.800

ARF, acute renal failure; CI, confidence interval; CPB, cardiopulmonary bypass; OR, odds ratio; RACHS-1, Risk Adjusted Classification for Congenital Heart Surgery.
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speculate on whether our findings can be generalized to other
groups of patients with ARF.

The best choice of renal replacement modality for the
treatment of ARF remains controversial. So far, comparisons
between PD, intermittent hemodialysis, and continuous renal
replacement therapy have failed to demonstrate significant
superiority of any of the modalities in terms of clinical
outcome, including mortality. In a very recent study on
children with ARF after cardiac surgery managed with
continuous renal replacement therapy,16 the overall mortality
and rate of complications to dialysis was much higher than
reported in this study.

Our data strongly support that PD is a simple, safe,
feasible, and robust dialysis modality for the management of
ARF in children after surgery for congenital heart disease.

Due to low costs and technical simplicity, this PD
modality can also easily be adapted in third world developing
countries with limited technology and resources available.

In conclusion, we found that ARF among children
operated for congenital heart diseases was associated with
substantially increased mortality. Treatment of ARF was
associated with few complications and the vast majority of
ARF patients could be treated successfully with PD.

MATERIALS AND METHODS
Study population
The present single-center prospective cohort study was conducted
using data from a clinical ICU database containing pre-, intra-, and
postoperative data on all consecutive children (age 15.6 years or
younger), who had surgery for congenital heart disease in the period
from August 1993 to December 2002 at Aarhus University Hospital,
Skejby, Denmark. The database contained data on 1389 consecutive
surgical procedures. Only first time procedures were included,
leaving 1187 surgical procedures in 1187 patients for further analysis
(130 patients had two surgical procedures, 30 had three procedures,
and four had four procedures within the study period). The
operations were categorized according to the RACHS-1 scoring
system.17,18 Another 56 patients (ligation of persistent ductus
arteriosus in premature babies and heart transplantations) were
excluded as they could not be categorized according to this
classification system. Yet another two patients were excluded due
to preoperative renal dysfunction requiring dialysis and one because
the patient had a dialysis catheter placed, which was never used for
dialysis leaving a total of 1128 patients for further analysis.

Postoperative ARF was defined as need for dialysis after surgery.
Indications for commencing PD were anuria or oliguria (urinary
output o1 ml kg�1 h�1) for more than 2 to 3 h, hyperkalemia
(serum potassium 45.5 mmol l�1) or severe fluid overload (clinical
judgement).

Ethics
This study was approved by the Danish Data Protection Agency. As
the study was entirely observational, approval by the Ethical
Committee was not requested.

Peritoneal dialysis
In patients with ARF, a standard coiled, double-cuffed Tenckhoff PD
catheter was inserted by open surgery (midline insertion above

umbilicus) under general anesthesia and without using prophylactic
antibiotics. The PD catheter was tunnelled subcutaneously for
2–3 cm laterally to the exit site and both cuffs were left outside the
body. Stay sutures were placed around the catheter at the exit site.
The midline incision was closed in layers using absorbable sutures
(Figure 1).

Commercially available PD fluids were used throughout.
Installation of PD fluids was carried out using a simple, mechanical,
low-tech, and closed system consisting of an infusion pump
connected to a blood heater prewarming the PD fluid to 371C. If
the desired volume of the dwell exceeded the capacity of the infusion
pump, two or more pumps were used in parallel. After the dwell, the
PD fluid was drained mechanically into a urine-collecting device
allowing exact determination of the drained volume. A detailed fluid
balance was calculated every hour.

Standard initial prescription consisted of 10–10–10 cycles: 10 min
for installation of fluid and 10 min dwell time followed by 10 min of
drainage. If needed to achieve adequate dialysis, the dwell volume
was gradually increased to a maximum of 1200 ml m�2 body surface
area and the cycles were individualized (e.g. 10–20–10 or 10–30–10).
Fluid overload was eliminated by diuretics in non-oliguric patients
and/or the use of hypertonic PD fluids (2.5% dextrose) in anuric
patients. Hypokalemia was treated by adding a maximum of
6 mmol l�1 potassium to the PD fluid.

Complications related to PD
Data on complications related to PD were collected retrospectively
from patients’ files; mechanical complications recorded were:
leakage along the PD catheter, dysfunction of the PD catheter
(displacement and/or slow or insufficient drainage), hydrothorax,
hemoperitoneum, and bowel perforation. Peritonitis was the only
infectious complication recorded. Data on peritonitis were validated
by linking clinical data from the PD patients with all registered
bacterial cultures at the Department of Microbiology at our
hospital.

Covariates
From the ICU database we obtained data on the following covariates
potentially associated with both risk and prognosis of ARF: (a)

a

b

c

d

Figure 1 | Set up for postoperative treatment of a child at the ICU
with multiple organ dysfunction including ARF managed with PD
after surgery for congenital heart disease. (a) PD fluid bag;
(b) infusion pump; (c) blood heater; (d) urine-collecting device for
measurement of drained volume of PD fluid.
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preoperative risk factors—gender, age (years), body weight (kg), and
preoperative presence of cyanosis and congenital syndromes or
chromosomal defects; (b) intraoperative risk factors—CPB time
(min); and (c) postoperative risk factors—need for dialysis (yes/no),
duration of dialysis (h), and in hospital mortality.

Statistics
We first obtained contingency tables for the main study variables
and outcomes and then used logistic regression analyses to compute
odds ratios, as a measure of relative risk for complications to PD. We
included the following risk factors in the analysis: gender, age group
(o1 year (reference group), X1 year), body weight (45 kg
(reference group), 45 kg), RACHS score group (1, 2 (reference
group) vs 3–6), indication for starting PD (anuria (reference group),
fluid overload, hyperkalemia, duration of PD (o49 h (reference),
4–144, X144) in the final model.

In the analysis of the association between ARF and mortality, we
also fitted multiple logistic regression models to compute adjusted
odds ratios controlling for gender, age group, body weight, RACHS
score, CPB time, calendar year band, and preoperative cyanosis. We
also stratified the analysis on the above-mentioned variables. In the
stratified analyses we controlled for the same covariates as
mentioned above except for the variable stratified by.
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