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Background. Aprotinin was used frequently in chil-
ren undergoing congenital heart operations with the
im of reducing bleeding, until it was taken off the
arket after adult studies reported increased renal fail-

re and death. We evaluated the safety of aprotinin in a
arge multicenter cohort of children undergoing congen-
tal heart operations.

Methods. The Pediatric Health Information Systems
atabase was used to evaluate aprotinin in children

aged 0 to 18 years) undergoing congenital heart opera-
ions at 35 children’s hospitals from 2003 to 2007. Propen-
ity scores were constructed to account for potential con-
ounders of age, sex, race, prematurity, genetic syndrome,
ype of operation (Risk Adjustment in Congenital Heart
urgery-1 category), center, and center volume. Multivari-
ble analysis, adjusting for propensity score and individ-
al covariates was performed to evaluate in-hospital
ortality, postoperative renal failure requiring dialysis,

nd length of stay. Subanalysis was performed in the

igh-risk cohort undergoing reoperation.
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Results. The study included 30,372 patients (56% male)
ho were a median age of 7 months (interquartile range, 36
ays to 3.2 years). Overall, 44% received aprotinin. Multi-
ariable analysis found no difference in postoperative mor-
ality (odds ratio, 1.00; 95% confidence interval [CI], 0.99 to
.01), dialysis (odds ratio, 1.00; 95% CI, 0.99 to 1.01), or
ength of stay (least square mean difference, �0.44 days;
5% CI, �1.01 to 0.13) between aprotinin recipients and
onrecipients. No difference was found in mortality or
ialysis in patients undergoing reoperation. Aprotinin re-
ipients in the reoperation subgroup had significantly re-
uced length of stay (least square mean difference, �2.05
ays; 95% CI �3.29 to �0.81),
Conclusions. These data suggest aprotinin is not associ-

ted with increased mortality or dialysis in children under-
oing congenital heart operations and that further evalua-
ion of aprotinin in this population could be undertaken
ithout undue risk.

(Ann Thorac Surg 2010;90:14–21)

© 2010 by The Society of Thoracic Surgeons
protinin, an antifibrinolytic agent, was often used in
children undergoing congenital heart operations with

he aim of reducing intraoperative and postoperative bleed-
ng [1, 2]. Aprotinin also has antiinflammatory properties
hat may be beneficial in attenuating the inflammatory
esponse associated with cardiopulmonary bypass [3–5]. In
007, however, aprotinin was taken off the market after
tudies reported increased mortality and renal failure in
dults [5, 6]. As a result, aprotinin was also no longer

ccepted for publication Feb 24, 2010.

ddress correspondence to Dr Pasquali, Division of Cardiology, Depart-
ent of Pediatrics, Duke University Medical Center, Duke Clinical Re-
vailable to children undergoing congenital heart opera-
ions who are more prone to bleeding during and after
ardiac operations than adults [7]. Small single-center stud-
es have suggested that aprotinin may not be associated
ith adverse outcomes in children [8, 9]. Guzzetta and

olleagues [8] evaluated 200 neonates undergoing congen-
tal heart operations and found no difference in mortality or
enal failure in aprotinin recipients and nonrecipients.

Thus, given the potential benefits and perhaps more
avorable safety profile compared with adults, there is
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nterest in further study of aprotinin in children. Because
tudies to date have been limited in scope and size, a
ore comprehensive analysis of safety outcomes associ-

ted with aprotinin is necessary to determine whether
urther prospective study could be undertaken without
ndue risk.
The primary objective of this study was to evaluate

afety outcomes associated with aprotinin in a large mul-
icenter cohort of children undergoing congenital heart
perations. Also performed was a subanalysis by Risk
djustment in Congenital Heart Surgery, version 1

RACHS-1) category and in those undergoing reoperation.

aterial and Methods

he Children’s Hospital of Philadelphia Committees for
he Protection of Human Subjects approved this study
ith a waiver of informed consent.

ata Source
ata for this multicenter retrospective cohort study were
btained from the Pediatric Health Information Systems
atabase, which contains resource utilization data from 39

reestanding, tertiary care children’s hospitals affiliated
ith the Child Health Corporation of America (Shawnee
ission, KS). Hospitals participating in the Pediatric
ealth Information Systems Database, which account for

0% of all tertiary care children’s hospitals, provide
ischarge data, including patient demographics, diag-
oses, and procedures. Billing data are also available
etailing medications, imaging studies, laboratory tests,
nd supplies charged to each patient. Data quality and
eliability are assured through a joint effort between
hild Health Corporation of America and participating
ospitals, including bimonthly coding consensus meet-

ngs, coding consistency reviews, and quarterly data
uality reports.

tudy Population
he study excluded 2 centers with an average annual
ongenital heart surgery volume of fewer than 50 cases
er year and 2 centers with wide deviation from other
enters in their practice pattern regarding postoperative
ialysis, a key outcome measure (likely related to routine
se of peritoneal dialysis in postoperative management
f fluid status in certain patient groups). Thus, 35 centers
ere included in the analysis. The study included chil-
ren aged 18 years old or younger discharged from these
enters between January 1, 2003, and December 31, 2007,
ho underwent congenital heart operations classified in

ny of the RACHS-1 categories [10]. The RACHS-1
ethod has been used extensively in risk stratification of

atients undergoing congenital heart operations, as pre-
iously described [10, 11]. The study excluded patients
ho did not require cardiopulmonary bypass (Interna-

ional Classification of Diseases, Ninth Revision [ICD-9]
rocedure code 39.61) in conjunction with their operation
nd those who received any other antifibrinolytic therapy

aminocaproic acid or tranexamic acid). r
ata Collection and Study Definitions
protinin recipients were defined as those who received

protinin on the day of operation. Other variables collected
ncluded patient age, sex, race/ethnicity, weight (for neo-
ates), prematurity (ICD-9 codes 765.0��765.3�), or any

ype of genetic syndrome or chromosomal abnormality
ICD-9 diagnosis codes 758.0–758.9, 553.3, 756.6–756.7,
59.7–759.9), and primary payer (private insurance, govern-
ent insurance, other). Center characteristics collected in-

luded region and average annual congenital heart surgery
olume (only operations included in the RACHS-1 catego-
ies) during the study period.

utcome Measures
he primary outcome was in-hospital mortality. Second-
ry outcomes included total and intensive care unit
ength of stay and postoperative renal failure requiring
eritoneal or hemodialysis (ICD-9 codes 39.95 or 54.98).

tatistical Analysis
tudy variables were summarized using frequencies and
ercentages for categoric variables and median and in-

erquartile range for continuous variables. Patient and
enter characteristics and unadjusted outcomes were
ompared between aprotinin recipients and nonrecipi-
nts using �2 and Wilcoxon rank sum tests. Similar to
revious studies, we combined RACHS-1 categories 5
nd 6 for analysis due to the small number of patients in
ACHS-1 category 5 [11]. Stratified analysis was per-

ormed to evaluate whether the effect of aprotinin on
utcome varied by RACHS-1 risk category. The distribu-
ion of aprotinin use by center was evaluated and com-
ared with center average annual volume of RACHS-1
lassified operations using the Spearman correlation.

Propensity scores were then constructed using multi-
ariable logistic regression to estimate the likelihood a
atient would receive aprotinin given an observed set of
aseline confounders [12]. Variables entered into the
odel included age, sex, race/ethnicity, prematurity,

enetic syndrome, RACHS-1 category, center, and aver-
ge annual center volume. Patient weight (for neonates)
as initially considered but was not included in the final
odel because it was highly collinear with prematurity.

he model’s C statistic was 0.78.
Multivariable analysis was performed to evaluate out-

omes independently associated with aprotinin, adjust-
ng for propensity score, each individual covariate, and
ithin-center clustering. Adjusting for both the propen-

ity score and individual covariates in modeling has been
ermed “doubly robust” in that if either the propensity
core adjustment or the confounding variable adjustment
s correct, the final estimate of the effect should be correct
13]. For dichotomous outcome variables, modeling con-
isted of logistic regression using the method of gener-
lized estimating equations. For continuous outcome
ariables, mixed-effect models were used, treating center
s a random effect. Analyses were performed both for the
verall cohort and stratified by RACHS-1 category. Odds

atios and 95% confidence intervals are reported for the
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eneralized estimating equations models, and difference
n least square means and 95% confidence intervals
omparing aprotinin recipients and nonrecipients from
he mixed-effects models.

Finally, a subanalysis was performed in the subset of
he cohort undergoing reoperation. This analysis was
estricted to 24 centers that had submitted data annually
o the Pediatric Health Information Systems Database

able 1. Patient and Center Characteristics

ariablea Overall

atients 30372
ex
Male 16918 (55.7)
ge
�30 d 6944 (22.9)
31 d–1 y 10919 (36.0)
2–5 y 7861 (25.9)
6–12 y 2684 (8.8)
�12 y 1964 (6.5)
Median (IQR), y 0.6 (0.1, 3.2)

ace
Non-Hispanic white 15539 (53.7)
Non-Hispanic black 3761 (13.0)
Hispanic 5469 (18.9)
Asian 925 (3.2)
Other 3226 (11.2)

ACHS-1 level
1 2575 (8.5)
2 11059 (36.4)
3 11945 (39.3)
4 3211 (10.6)
5/6 1582 (5.2)
enetic abnormality
Yes 4594 (15.1)

rematurityb

Yes 1321 (4.4)
No 5789 (19.1)
Not applicable 23262 (76.6)

ayor
Government 12423 (40.9)
Private 11267 (37.1)
Other 6674 (22.0)

enter census group
Northeast 4255 (14.0)
South 9662 (31.8)
North central 8750 (28.8)
West 7705 (25.4)

enter volume
�150 1947 (6.4)
150–250 14503 (47.8)
251–350 4797 (15.8)
�350 9125 (30.0)

Data are presented as number (%) unless otherwise indicated; b In
QR � interquartile range; RACHS-1 � Risk Adjustment in Congenital He
ince 1999. Patients undergoing reoperation were defined
s those who had undergone previous RACHS-1–
lassified congenital heart operations from 1999 to 2007 at
he same institution. Adjusted and adjusted analyses
ere performed in this subpopulation, as outlined above.
All analyses were performed using SAS 9.2 software

SAS Institute, Cary, NC). We used the conservative
onferroni correction to account for multiple compari-

Aprotinin Aprotinin p Value

041 (56.1) 13331 (43.9)

347 (54.85) 7571 (56.8) �0.001

985 (23.4) 2959 (22.2) �0.001
401 (37.6) 4518 (33.9)
329 (25.4) 3532 (26.5)
390 (8.2) 1294 (9.7)
936 (5.5) 1028 (7.8)
0.5 (0.1, 3) 0.7 (0.2, 3.6) �0.001

568 (53.3) 6971 (54.3) �0.001
165 (13.5) 1596 (12.4)
866 (17.8) 2603 (20.3)
551 (3.4) 374 (2.9)
940 (12.1) 1286 (10.0)

878 (11.0) 697 (5.2) �0.001
330 (37.2) 4729 (35.5)
360 (37.3) 5585 (41.9)
650 (9.7) 1561 (11.7)
823 (4.8) 759 (5.7)

713 (15.9) 1881 (14.1) �0.001

786 (4.6) 535 (4.0) 0.03
258 (19.1) 2531 (19.0)
997 (76.3) 10265 (77.0)

711 (39.4) 5712 (42.9) �0.001
412 (37.6) 4855 (36.4)
915 (23.0) 2759 (20.7)

067 (18.0) 1188 (8.9) �0.001
419 (31.8) 4243 (31.8)
161 (24.4) 4589 (34.4)
394 (25.8) 3311 (24.8)

282 (7.5) 665 (5.0) �0.001
306 (42.9) 7197 (54.0)
353 (13.8) 2444 (18.3)
100 (35.8) 3025 (22.7)

tes only.
No

17
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art Surgery, version 1.
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ons. Thus, a value of p � 0.01 was considered statistically
ignificant.

esults

atient Characteristics and Aprotinin Use
he study included 30,372 patients from 35 centers (Table
), of which 56% were male and median age was 7 months
interquartile range, 36 days to 3.2 years). Of these, 13,331
atients (44%) received aprotinin. Receipt of aprotinin was
ssociated with older age, higher RACHS-1 category, gov-
rnment insurance, and being treated at a center in the
orth Central United States. Those with a genetic syn-
rome or abnormality were less likely to receive aprotinin.
protinin use by center varied with a range of 0% to 89% of
atients per center receiving aprotinin (Fig 1). There was
ot a significant linear correlation between center volume
nd use of aprotinin (p � 0.2).

utcomes
nadjusted outcomes are reported in Table 2 (overall)

nd in the Appendix (stratified by RACHS-1 category).

able 2. Unadjusted Outcomes

utcomea Overall
No

Aprotinin Aprotinin p Value

ortality 964 (3.2) 532 (3.1) 432 (3.2) 0.558
ialysis 331 (1.1) 161 (0.9) 170 (1.3) 0.006
otal length of
stay, d

7 (4, 16) 7 (4, 16) 8 (4, 16) �0.001

CU length of
stay, d

3 (1, 7) 3 (1, 7) 3 (1, 8) �0.001

Data are displayed as number (%) for dichotomous variables and
edian (interquartile range) for continuous variables.
CU � intensive care unit.
C
s

djusted outcomes are reported in Table 3. Multivariable
nalysis revealed no difference in mortality, length of
tay, or dialysis among aprotinin recipients and nonre-
ipients (Table 3A). Results were similar in a stratified
nalysis by RACHS-1 category (Table 3B).
A subanalysis of 4234 patients undergoing reoperation

ound no difference in mortality or postoperative dialysis
Table 4). Aprotinin recipients had significantly reduced
ength of stay.

omment

n this large multicenter study of aprotinin in the pediatric
opulation, we evaluated the safety of aprotinin in children
ndergoing congenital heart operations. Contrary to the
dverse events associated with aprotinin in adults under-
oing cardiac procedures, aprotinin was not associated with

ncreased mortality or dialysis in this large cohort of
hildren.

Historically, most medications used in children have
ot been adequately studied, and treatment decisions are

Fig 1. Distribution of aprotinin use is shown
by center (bar). The average annual volume
of congenital heart operations is also shown
(circle).

able 3A. Adjusted Outcomes

utcome p Value

OR (95% CI)
ortality 1.00 (0.99 to 1.01) 0.447
ialysis 1.00 (0.99 to 1.01) 0.975

LSM Difference
Aprotinin—No Aprotinin

otal length of stay, d –0.44 (–1.01 to 0.13) 0.127
CU length of stay, d 0.18 (–0.15 to 0.51) 0.291
I � confidence interval; ICU � intensive care unit, LSM � least
quare means; OR � odds ratio.
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nstead based on extrapolation from adult data, clinical
xperience, or small observational studies [14]. Inade-
uate information on drug safety and efficacy may deny
hildren potential therapeutic benefits, place them at risk

able 3B. Adjusted Outcomes Stratified by Risk Adjustment
n Congenital Heart Surgery (version 1) Categories

ACHS-1 Category p Value

ategory 1 OR (95% CI)
Mortality 1.01 (0.99 to 1.02) 0.094
Dialysis 1.00 (0.99 to 1.01) 0.868

LSM Difference
Aprotinin—No Aprotinin

Total length of stay, d �1.09 (�3.30 to 1.13) 0.337
ICU length of stay, d �0.24 (�1.15 to 0.67) 0.602

ategory 2 OR (95% CI)
Mortality 1.00 (0.99, 1.01) 0.471
Dialysis 1.00 (0.99, 1.01 0.243

LSM Difference
Aprotinin—No Aprotinin

Total length of stay, d �0.23 (�1.02 to 0.57) 0.575
ICU length of stay, d 0.25 (–0.14, 0.63) 0.213

ategory 3 OR (95% CI)
Mortality 1.00 (0.99, 1.01) 0.465
Dialysis 1.00 (0.99, 1.01) 0.299

LSM Difference
Aprotinin—No Aprotinin

Total length of stay, d �0.40 (�1.28 to 0.49) 0.377
ICU length of stay, d 0.18 (�0.35 to 0.71) 0.505

ategory 4 OR (95% CI)
Mortality 0.99 (0.97, 1.01) 0.353
Dialysis 0.99 (0.97, 1.01) 0.335

LSM Difference
Aprotinin—No Aprotinin

Total length of stay, d �0.66 (�3.08 to 1.76) 0.593
ICU length of stay, d 0.23 (�1.29 to 1.75) 0.769

ategory 5/6 OR (95% CI)
Mortality 0.98 (0.93 to 1.03) 0.476
Dialysis 1.00 (0.97 to 1.03) 0.953

LSM Difference
Aprotinin—No Aprotinin

Total length of stay, d �1.18 (�4.87, 1.24) 0.244
ICU length of stay, d �1.78 (�4.03, 0.47) 0.121

I � confidence interval; ICU � intensive care unit, LSM � least
quare means; OR � odds ratio; RACHS-1 � Risk Adjustment in
ongenital Heart Surgery, version 1.
or adverse events, or result in treatment with ineffective
C
s

herapies. A growing body of evidence has highlighted
ome of the potential pitfalls of this approach; for exam-
le, many children with heart failure are treated with
arvedilol due to the beneficial effects demonstrated in
ultiple adult heart failure studies [15]. In a recent

andomized trial, however, carvedilol did not improve
eart failure outcomes in children and adolescents with
ymptomatic heart failure [16]. Another study found the
ptimal dose of clopidogrel in children with a cardiac
ondition at risk for arterial thrombosis was only one-fifth
f what would be given if extrapolating from adult data [17].
In the case of aprotinin, this antifibrinolytic agent was

sed frequently in children undergoing cardiac opera-
ions. Children are more prone to bleeding during and
fter cardiac interventions than adults as a result of
reater dilutional effects associated with the cardiopul-
onary bypass circuit due to smaller blood volumes,

mmaturity of the coagulation system, and association of
ongenital heart disease with coagulation abnormalities
18, 19]. Intraoperative and postoperative bleeding can be
ssociated with prolonged operative times, hemody-
amic instability, reoperation, and need for transfusion
f blood products, all of which may be associated with
rolonged length of stay and increased mortality risk

20]. Prolonged operative times and length of hospital
tay have also been shown to be associated with poor
eurodevelopmental outcomes [21, 22]. Although the risk
f viral transmission with blood product transfusion is low,
here can be other adverse effects such as allergic reaction,
ugmentation of the proinflammatory state that exists after
ardiopulmonary bypass, and allosensitization [7].

Results from our study confirm that aprotinin was used
ommonly, with nearly half of children undergoing con-
enital heart operations at 35 United States hospitals
eceiving aprotinin from 2003 to 2007. Aprotinin was
aken off the market in 2007 after the Blood Conservation
sing Antifibrinolytics in a Randomized Trial found

protinin was associated with increased mortality in a
andomized study of 2331 adults undergoing cardiac
perations [5]. This was primarily related to an increased
isk of death from cardiovascular causes. Observational
ata in adults undergoing cardiac operations also sug-
ested that aprotinin was associated with an increased
isk of renal failure requiring dialysis [6]. The mechanism

able 4. Adjusted Outcomes in Subgroup Undergoing
eoperation

utcome p Value

OR (95% CI)
ortality 0.99 (0.98 to 1.01) 0.113
ialysis 1.00 (0.99 to 1.01) 0.929

LSM Difference
Aprotinin—No Aprotinin

otal length of stay, d �2.05 (�3.29 to �0.81) 0.001
CU length of stay, d �0.82 (�1.59 to �0.05) 0.037
I � confidence interval; ICU � intensive care unit, LSM � least
quare means; OR � odds ratio.
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or these adverse events was thought to be related to the
hrombotic potential of aprotinin and other renal effects,
ncluding interference in normal functioning of the prox-
mal tubule, bradykinin system, and renal artery vasore-
ctivity [23, 24].
In contrast, recent small single-center studies suggest

hat the adverse outcomes in adults treated with aproti-
in may not occur in pediatric patients. Guzzetta and
olleagues [8] evaluated 200 neonates undergoing con-
enital heart operations in an observational study and
ound that aprotinin was not significantly associated with
ostoperative serum creatinine levels or the need for
ialysis. Backer and colleagues [9] evaluated a more
eterogeneous group of 1251 children and adolescents
ndergoing congenital heart operations and found that
protinin was not associated with postoperative renal fail-
re, dialysis, or death compared with historical controls.
These previous studies were limited by small sample

ize, narrow scope, and the use of historical controls. Our
tudy confirms these results in a large, multicenter,
iverse group of patients undergoing congenital heart
perations. Interestingly, in addition to these observa-
ional studies, there have been several randomized trials
f aprotinin in children undergoing congenital heart
perations. Evaluation of safety was limited in these
mall trials, however, and a recent meta-analysis com-
ining results from 12 trials could not assess mortality
nd renal failure [1].
While the focus of this study was to assess safety

utcomes associated with aprotinin, multiple other anal-
ses have evaluated efficacy. Several adult trials have
hown that aprotinin is associated with decreased post-
perative bleeding and need for transfusion compared
ith placebo, and importantly, may be more effective

han other antifibrinolytic agents [2, 5]. A meta-analysis
f 12 pediatric trials found a significant reduction in
lood product transfusion associated with aprotinin [1].
owever, these trials were limited by important meth-

dologic concerns, including small sample size, hetero-
eneous patient population, lack of standardized trans-
usion protocols, and varying doses of aprotinin [1]. In
ddition, not all pediatric trials have demonstrated a
eneficial effect of aprotinin, and some studies have
uggested that aprotinin may be of benefit in only certain
ubgroups [25, 26]. Costello and colleagues [26] found
hat only the subgroup requiring reoperation had a
ignificant decrease in transfusions associated with apro-
inin in a small observational study of patients undergo-
ng congenital heart operations.

Although it was not the objective of this study to
valuate efficacy, we did observe that aprotinin was
ssociated with a significantly reduced length of stay in
he subgroup undergoing reoperation, which is likely at
he highest risk for bleeding. This effect was not seen in
ther subgroups evaluated. As opposed to other antifi-
rinolytic agents, aprotinin has also been shown to have
ntiinflammatory properties [3, 4]. Previous single-center
ediatric series have reported a reduction in inflamma-

ory markers in patients who receive aprotinin as well as

reduction in postoperative myocardial dysfunction and u
onotropic support [27, 28]. These properties, along with
he potential effect of aprotinin on bleeding, may have
ontributed to the decreased length of stay we observed
n the subgroup undergoing reoperation in our study.

imitations
his study is subject to the limitations of any observa-

ional investigation, including selection bias and the
otential effect of confounders. We performed a propen-
ity analysis to account for patient confounders and
djusted for propensity score as well as individual covari-
tes in our models. It is possible that there may be other
easured or unmeasured confounders affecting our

nalysis.
Our study is also subject to the limitations of the

atabase. The database does not contain information on
he dose of aprotinin, volume of blood product transfu-
ion, or postoperative chest tube output or bleeding. We
ere also unable to assess reoperation due to bleeding.
owever, these factors were unlikely to have affected our

valuation of safety, the primary objective of this study.
We were also not able to specifically assess outcomes

ssociated with aprotinin in the subgroup requiring deep
ypothermic circulatory arrest. Previous adult studies
ave suggested that the use of aprotinin in patients
here circulatory arrest is required during the operation
ay exacerbate any renal toxicity, whereas other studies

ave not [29, 30]. The use of circulatory arrest is not
aptured in the Pediatric Health Information Systems
atabase; however, many of the operations in RACHS-1

ategories 5 and 6 require circulatory arrest, and we did
ot find any difference in dialysis or postoperative mor-

ality in this subgroup in stratified analysis.
Regarding our analysis of renal failure, the database

oes not contain laboratory information such as creati-
ine levels. Thus, we may have underestimated the effect
f aprotinin on milder degrees of renal dysfunction not
equiring dialysis. In addition, we were limited in our
ubanalysis of patients undergoing reoperation to evalu-
ting patients undergoing reoperation at the same insti-
ution; therefore, we may not have captured all patients
ndergoing reoperation.
Finally, there are limited data regarding the accuracy of

oding of congenital heart operation in administrative
ata sets. Random coding errors may be mitigated by the
se of large data sets and groupings of procedures, as in

his study. The similarities between overall outcomes of
atients undergoing congenital heart operations in our
ata set compared with other large clinical data sets
upport the validity of our data [31].

onclusions
his large multicenter analysis of aprotinin in the pedi-
tric population shows that contrary to studies of adult
atients undergoing cardiac surgery, aprotinin was not
ssociated with increased mortality or renal failure re-
uiring dialysis in children undergoing congenital heart
perations. These data suggest further evaluation of
protinin in this population could be undertaken without

ndue risk.
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nadjusted Outcomes Stratified by Risk Adjustment in Congenital Heart Surgery (version 1) Category

ACHS-1 Category Overall No Aprotinin Aprotinin p Value

ategory 1
Mortality 20 (0.78) 8 (0.4) 12 (1.7) �0.001
Dialysis 4 (0.2) 2 (0.1) 2 (0.3) 0.302
Total length of stay, d 3 (3, 5) 3 (3, 5) 4 (3, 5) �0.001
ICU length of stay, d 1 (1, 3) 1 (1, 2) 2 (1, 3) 0.205

ategory 2
Mortality 124 (1.1) 77 (1.2) 47 (1.0) 0.272
Dialysis 33 (0.3) 20 (0.3) 13 (0.3) 0.695
Total length of stay, d 5 (4, 10) 6 (4, 10) 5 (4, 9) 0.250
ICU length of stay, d 3 (1, 5) 3 (1, 5) 3 (1, 5) 0.079

ategory 3
Mortality 318 (2.7) 190 (3.0) 128 (2.3) 0.019
Dialysis 126 (1.1) 60 (0.9) 66 (1.2) 0.203
Total length of stay, d 9 (5, 17) 9 (5, 18) 8 (5, 16) 0.002
ICU length of stay, d 4 (2, 8) 4 (2, 8) 4 (2, 7) 0.014

ategory 4
Mortality 237 (7.4) 118 (7.2) 119 (7.6) 0.609
Dialysis 83 (2.6) 41 (2.5) 42 (2.7) 0.714
Total length of stay, d 15 (9, 28) 16 (9, 28) 15 (8, 28) 0.106
ICU length of stay, d 7 (2, 13) 6 (2, 13) 7 (2, 14) 0.054

ategory 5/6
Mortality 265 (16.8) 139 (16.9) 126 (16.6) 0.878
Dialysis 85 (5.37) 38 (4.62) 47 (6.19) 0.165
ICU length of stay, d 26 (17, 43) 26 (17, 45) 26 (17, 43) 0.455
ICU length of stay, d 13 (6, 24) 13 (6, 25) 13 (6, 24) 0.945

ata are displayed as number (%) for dichotomous variables and median (interquartile range) for continuous variables.

CU � intensive care unit; RACHS-1 � Risk Adjustment in Congenital Heart Surgery (version 1).
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