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Original Article

Association Between Down Syndrome and In-Hospital
Death Among Children Undergoing Surgery for
Congenital Heart Disease
A US Population-Based Study

Jacqueline M. Evans, MD, PhD; Madan Dharmar, MBBS, PhD; Erin Meierhenry, MS;
James P. Marcin, MD, MPH; Gary W. Raff, MD

Background—The prevalence of Down syndrome (DS)—affected births has increased during the past 30 years; moreover,
children with DS have a higher incidence of congenital heart disease compared with their peers. Whether children with
DS have better or worse outcomes after repair of congenital heart disease is unclear. We sought to identify differences
in in-hospital mortality after cardiac surgery in pediatric patients with and without DS using a large national database.

Methods and Results—Children aged <18 years who underwent surgical intervention for congenital heart disease were
identified using the Kids’ Inpatient Database (2000, 2003, 2006, and 2009). Patients were stratified using the Risk
Adjustment for Congenital Heart Surgery algorithm. A total of 4231 (8.2%) of the 51 309 patients studied had a diagnosis
of DS. In-hospital death for patients with DS was significantly lower than that for patients without DS overall (1.9%
versus 4.3%; P<0.05) as well as within risk categories 2 (1.0% versus 1.8%; P<0.05) and 3 (2.3% versus 5.1%; P<0.05).
Multivariable logistic regression showed a lower odds of death among children with DS (odds ratio=0.60; 95% confidence
interval, 0.47-0.76; P<0.05) after adjusting for Risk Adjustment for Congenital Heart Surgery risk category, premature

birth, major noncardiac structural anomaly, and age.

Conclusions—In this large national study, children with DS who underwent repair of congenital heart disease were more
likely to survive to discharge than children without DS. Future work is needed to better understand the factors underlying
these differences. (Circ Cardiovasc Qual Outcomes. 2014;7:445-452.)

Key Words: death m heart defects, congenital m pediatrics

Down syndrome (DS) affects 1 to 2 per 1000 live births'-
and is the most commonly occurring chromosomal
abnormality in live-born infants.* Despite increases in antena-
tal detection, the prevalence of babies born with DS has risen
by 25% during the past 30 years and parallels the increase in
advanced maternal age pregnancies.>® Forty to fifty percent of
children with DS have some form of congenital heart disease
(CHD)."™ Although the average life expectancy for children
born with DS has increased from 12 years in the 1940s to 60
years in current times, infant mortality for patients with DS
still remains 5x to 8x higher than that of the general popu-
lation.® The relatively greater infant mortality rate in the DS
population has been largely attributed to their having a higher
incidence of CHD*!%; however, there are limited data sug-
gesting that children with DS may actually have superior
outcomes after CHD repairs compared with their eugenic
counterparts.'"* Given the relative prevalence of patients
with both DS and CHD, additional information with regard
to expected cardiac surgical outcomes for this particular

population might provide parents and medical providers with
important guidance.

Congenital cardiac lesions in patients with DS are more
likely to be septal defects, commonly atrioventricular sep-
tal defects (AVSDs), rather than conotruncal lesions such as
transposition of the great arteries, coarctation of the aorta, and
truncus arteriosus.'*'® The vast majority of infants born with
an AVSD also have DS''-'*'7-2I: however, DS is not a known
risk factor for morbidity and mortality after biventricular
AVSD repair.">?? In fact, infants with DS tend to have bet-
ter outcomes after surgical repair of an AVSD compared with
infants without DS."-323 Surprisingly, little is known about
the outcomes of children with DS after surgical correction of
congenital cardiac defects other than an AVSD.* An enhanced
understanding of the association between DS and survival
across a broad spectrum of lesions may improve our ability to
optimize the care of these infants and children.

Large sources of data are required to confidently report
the association between DS and survival after repair of
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WHAT IS KNOWN

 Greater infant mortality rates for children with Down
syndrome (DS) are attributed to an increased inci-
dence of congenital heart disease.

* Large sources of data are required to explore the
association between DS and in-hospital mortality.

WHAT THE STUDY ADDS

* A large national database, the Kids’ Inpatient Data-
base, is used to compare outcomes after cardiac sur-
gery for children with and without DS.

* After multivariable logistic regression analysis con-
trolling for Risk Adjustment for Congenital Heart
Surgery (RACHS-1) risk category, premature birth,
presence of =1 major noncardiac structural anoma-
lies, and age, a diagnosis of DS is associated with
a lower odds of in-hospital death (odds ratio=0.60;
95% confidence interval, 0.47-0.76; P<0.05).

* That DS is associated with increased survival across
an extensive list of repairs rather than for only a few
select repairs is unexpected and warrants further
investigation.

congenital cardiac abnormalities. In the current study, we
use a large national database, the Kids’ Inpatient Database
(KID), to compare outcomes after cardiac surgery for
children with and without DS. The KID’s large sample
size enables analysis of both rare conditions such as DS
and uncommon treatments such as cardiac surgery.?>?¢
In-hospital mortality for patients with and without DS
was compared after stratifying complexity with the Risk
Adjustment for Congenital Heart Surgery (RACHS-1) tool.
In the final model, multivariable logistic regression was
used to test for the association between DS and in-hospital
death after CHD repair after adjusting for RACHS-1 risk
category, premature birth, major noncardiac structural
anomaly, and age.

Methods

Data Sources

Data were obtained from the KID for years 2000, 2003, 2006, and
2009. Developed by the Healthcare Cost and Utilization Project
through a federal, state, and industry partnership sponsored by
the Agency for Healthcare Research and Quality (https:/www.
hcup-us.ahrq.gov/kidoverview.jsp), the KID includes nationwide
samples of inpatient pediatric discharges. Hospital discharge
data are collected by designated state agencies and compiled by
Healthcare Cost and Utilization Project; 2784 hospitals from 27
states participated in 2000, 3438 hospitals from 36 states partici-
pated in 2003, 3739 hospitals from 38 states participated in 2006,
and 4121 hospitals from 44 states participated in 2009. Data sets
from each individual version of the KID contain a 10% random
sample of uncomplicated in-hospital births and an 80% sample of
complicated births and other pediatric discharges for patients aged
<20 years. Available information includes patient demographics,
admission characteristics, discharge status, and <15 procedure
codes categorized using International Classification of Disease,
Ninth Revision, Clinical Modification (ICD-9-CM) and Current
Procedural Terminology codes.

Study Design

The current study is a retrospective cohort analysis of US
population-based samples of pediatric hospital admissions during
which surgical repair of CHD was performed. Patients enter the co-
hort at the time of hospital admission and are followed until discharge
or in-hospital death, whichever occurs first.

Study Population

All patients aged <18 years with /CD-9-CM and Current Procedural
Terminology codes indicating surgical repair of CHD were consid-
ered for inclusion in this study. The final data set included only those
children for whom there were sufficient data to assign a specific
RACHS-1 risk category.”” Cardiac transplantation and catheter-based
interventions were excluded, as were newborns aged <30 days who
underwent ligation of a patent ductus arteriosus as their sole cardiac
procedure.

QOutcome

The primary outcome was in-hospital death after repair or surgical
palliation of CHD as determined by designations of patient discharge
status reported in the KID.

Risk Adjustment

The RACHS-1 method"** was used to adjust for differences in
patient mix when comparing in-hospital death. Surgical procedures
were assigned to 1 of 6 risk categories. Risk category 1 has the lowest
risk for in-hospital death, whereas risk category 6 has the highest risk.
Risk categories 5 and 6 were combined for reporting purposes be-
cause of the low numbers of patients in each of these groups. Patients
with >1 cardiac surgical procedure were placed in the category of the
highest risk procedure.

Statistical Analysis

KID data were pooled across the 4 years studied. Descriptive statis-
tics were expressed as percentages. Data from the KID were used to
compare patients with and without DS (/CD-9-CM code: 758.0) who
had undergone repair or palliation of CHD. Factors studied included
age at surgery (<30 days, 30 days to 1 year, and >1 year), sex, prema-
ture birth (/CD-9-CM codes: 765.0x and 765.1x), presence of a ma-
jor noncardiac structural anomaly (ICD-9-CM codes: 740.0, 740.1,
740.2,741.0,741.9,742.0, 742.1, 742.2,742.3, 742 .4, 742.5x, 742.9,
748.0, 748.2, 748.3, 748.4, 749.0x, 749.1x, 749.2x, 750.3, 751.1,
751.2,751.4,751.61, 753.0, 753.15, 753.2, 753.5, 756.6, and 756.7),
and race/ethnicity (white, black, Hispanic, Asian or Pacific Islander,
Native American, others, and not documented). All comparisons of
children with and without DS were performed using the ? test. A
multivariable logistic regression analysis was used to estimate the as-
sociation between in-hospital death and DS among children undergo-
ing surgical repair for CHD while adjusting for other covariates in the
model including RACHS-1 risk category, premature birth, the pres-
ence of 21 major noncardiac structural anomalies, and age. Data were
reported as odds ratios and 95% confidence intervals. All hypotheses
were tested at a 2-tailed 0.05 significance level and were performed
using Stata software (version 12).

Institutional Review Board Approval

The University of California Davis Health System Institutional
Review Board approved this study.

Results
A total of 51309 patients underwent surgery to correct CHD
during the 4 years studied (Table 1). Of these, 2114 (4.1%)
died while hospitalized. There was no difference in sex when
comparing survivors with nonsurvivors; there were, how-
ever, significant differences in age, RACHS-1 risk category,
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In-Hospital Death (n=2114) Discharged Alive (n=49195)

Table 1.  Characteristics of the Study Population
Characteristics, n (%) Overall (n=51309)
Sex

Males 27818 (54.2)

Females 23491 (45.8)
Age*

<30d 8784 (17.1)

30dto1y 12959 (25.3)

>1y 29566 (57.6)
RACHS-1 risk category*

1 10585 (20.6)

2 16859 (32.9)

3 16040 (31.3)

4 6118 (11.9)

5and 6 1707 (3.3)
Premature birth*

Yes 2958 (5.8)
Major noncardiac structural anomaly*

Yes 2647 (5.2)
Race*

White 21260 (41.4)

Black 4926 (9.6)

Hispanic 9815 (19.1)

Asian or Pacific Islander 1517 (3.0)

Native American 314 (0.6)

Other 3130 (6.1)

Not documented 10347 (20.2)

1145 (54.2) 26673 (54.2)
969 (45.8) 22522 (45.8)
1024 (48.4) 7760 (15.8)
300 (14.2) 12659 (25.7)
790 (37.4) 28776 (58.5)
203 (9.6) 10382 (21.1)
286 (13.5) 16573 (33.7)
756 (35.8) 15284 (31.1)
495 (23.4) 5623 (11.4)
374 (17.7) 1333 (2.7)
358 (16.9) 2600 (5.3)
197 (9.3) 2450 (5.0)
742 (35.1) 20518 (41.7)
266 (12.6) 4660 (9.5)
419 (19.9) 9396 (19.1)
46 (2.2) 1471 (3.0)
12 (0.6) 302 (0.6)
170 (8.0) 2960 (6.0)
459 (21.7) 9888 (20.1)

RACHS-1 indicates Risk Adjustment for Congenital Heart Surgery.

*P<0.05.

premature birth, presence of major noncardiac anomalies, and
race. The percentage of patients for whom information with
regard to race and ethnicity was not documented was similar
for both groups.

Of the 513009 total patients who underwent surgery to cor-
rect CHD during the 4 years studied, 4231 (8.2%) had DS
(Table 2). When comparing patients with and without DS, we
found significant differences in sex, age, RACHS-1 risk cat-
egory, premature birth, presence of a major noncardiac anom-
aly, and race. The majority of patients with DS were female,
whereas the majority of patients both overall and within the
non-DS population were male. The majority of patients in
the DS population were in the 30 days to 1 year age group,
whereas the majority of children in the non-DS population
were in the >1 year age group. The majority of patients in both
groups were in RACHS-1 risk categories 1, 2, and 3; however,
there were differences in the distribution of patients with and
without DS within these 3 groups. For patients with DS, the
proportion of patients in risk categories 1, 2, and 3 increased
with increasing surgical complexity, whereas the distribution
for patients without DS within these same 3 risk categories
was more even. Patients with DS were less likely to have
been born prematurely but more likely to have a coexisting
major noncardiac structural anomaly. Finally, the majority of
patients in both categories were white.

As shown in Table 3, when measured across all 6 catego-
ries, in-hospital death was lower for patients with DS com-
pared with patients without DS (1.9% versus 4.3%; P<0.05).
In-hospital death was also significantly lower for patients with
DS within risk categories 2 (1.0% versus 1.8%; P<0.05) and 3
(2.3% versus 5.1%; P<0.05).

Separate analyses focused on the differences in in-hospital
mortality for individual repairs within risk categories 2 and
3. Of the 17 individual repairs in risk category 2 (Table 4),
the rate of in-hospital death for DS and non-DS populations
was significantly different for only 2 repairs: ventricular sep-
tal defect closure and placement of a bidirectional Glenn
(BDG) shunt. There was a decreased incidence of in-hospital
death among patients with DS who underwent ventricular
septal defect closure (0.3% versus 1.0%; P<0.05); however,
there was an increased incidence of in-hospital death among
patients with DS who underwent the BDG procedure (15.6%
versus 2.1%; P<0.05).

Of the 21 individual repairs in risk category 3 (Table 5), the
rate of in-hospital death for DS and non-DS populations was
significantly different for 4 repairs: placement of a systemic
to pulmonary artery shunt, repair of a transitional or complete
AVSD with or without mitral valve repair, mitral valvulo-
plasty, and annuloplasty. There was an increased incidence
of in-hospital mortality death among patients with DS who
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Overall (n=51309) Down Syndrome (n=4231) Non-Down Syndrome (n=47 078)

Table 2. Characteristics of the Down Syndrome Population
Characteristics, n (%)
Sex*
Males 27818 (54.2)
Females 23491 (45.8)
Age*
<30d 8784 (17.1)
30dtoly 12959 (25.3)
>1y 29566 (57.6)
RACHS-1 risk category*
1 10585 (20.6)
2 16859 (32.9)
3 16040 (31.3)
4 6118 (11.9)
5and 6 1707 (3.3)
Premature birth*
Yes 2958 (5.8)
Major noncardiac structural anomaly*
Yes 2647 (5.2)
Race*
White 21260 (41.4)
Black 4926 (9.6)
Hispanic 9815 (19.1)
Asian/Pacific Islander 1517 (3.0)
Native American 314(0.6)
Other 3130 (6.1)
Not documented 10347 (20.2)

1987 (47.0) 25831 (54.9)
2244 (53.0) 21247 (45.1)
208 (4.9) 8576 (18.2)
2203 (52.1) 10756 (22.9)
1820 (43.0) 27746 (58.9)
482 (11.4) 10103 (21.5)
1315 (31.1) 15544 (33.0)
2357 (55.7) 13683 (20.1)
68 (1.6) 6050 (12.9)
9(0.2) 1698 (3.6)
79(1.9) 2879 (6.1)
256 (6.0) 2391 (5.1)
1700 (40.2) 19560 (41.6)
397 (9.4) 4529 (9.6)
884 (20.9) 8931 (19.0)
92 (2.2) 1425 (3.0)
21(0.5) 293 (0.6)
228 (5.4) 2902 (6.2)
909 (21.5) 9438 (20.1)

RACHS-1 indicates Risk Adjustment for Congenital Heart Surgery.

*P<0.05.

underwent placement of a systemic to pulmonary artery shunt
(16.8% versus 10.8%; P<0.05), whereas there was a reduced
incidence of in-hospital death among patients with DS who
underwent repair of a transitional or complete AVSD with
or without mitral valve repair (1.4% versus 4.6%; P<0.05),
mitral valvuloplasty (0.8% versus 2.5%; P<0.05), and annulo-
plasty (0.0% versus 5.2%; P<0.05).

The negative association between DS and in-hospital death
was also seen in our multivariable logistic regression analysis

Table 3. In-Hospital Death (Mortality) Rates Stratified by
RACHS-1
Down Syndrome Non-Down Syndrome
(n=4231) (n=47078)
RACHS-1 category, n (%)
1 8(1.7) 195 (1.9)
2* 13 (1.0) 273(1.8)
3* 54 (2.3) 702 (5.1)
4 4(5.9) 491 (8.1)
5and 6 1(11.1) 373 (22.0)
RACHS-1 (1-6)* 80 (1.9) 2034 (4.3)

RACHS-1 indicates Risk Adjustment for Congenital Heart Surgery.
*P<0.05.

(Table 6). When controlling for RACHS-1 risk category,
premature birth, presence of =1 major noncardiac structural
anomalies, and age, a diagnosis of DS was associated with a
lower odds of in-hospital death (odds ratio=0.60; 95% confi-
dence interval, 0.47-0.76; P<0.05).

Discussion

This is the largest and most contemporary examination
of in-hospital death among patients with DS after surgi-
cal repair of CHD. We examined outcomes from a large
population-based US sample using a well-validated risk
adjustment tool. A diagnosis of DS was associated with dif-
ferences in in-hospital mortality for the overall population, 2
RACHS-1 risk categories, and 6 specific repairs. The results
of multivariable logistic regression analyses indicate that the
lower observed rate of in-hospital death among patients with
DS persists even after adjusting for RACHS-1 risk category,
premature birth, presence of =1 major noncardiac structural
anomalies, and age.

Previous studies assessing the mortality of patients with
DS after cardiac surgery have included much smaller num-
bers and have not used risk stratification.!2!1-1319222330 T o
study using the 2000 version of the KID to examine the role
of sex as a risk factor for in-hospital mortality after pedi-
atric cardiac surgery, DS was 1 of 4 comorbidities used as
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Table 4. In-Hospital Death Rates for RACHS-1 Risk Category 2 Stratified by Specific Cardiac Procedure (n=16 859)

Down Syndrome

Non—Down Syndrome

RACHS-1 No. of Records In-Hospital Death, n (%) No. of Records In-Hospital Death, n (%)
VSD repair* 897 3(0.3) 5558 58 (1.0)
ASD and VSD repair 604 3(0.5) 2356 21(0.9)
Total repair of TOF 169 3(1.8) 2782 56 (2.0)
Glenn shunt* 45 7 (15.6) 2258 48 (2.1)
Coarctation repair, <30 d 44 1(2.3) 1439 54 (3.8)
Aortic valvuloplasty, >30 d 31 1(3.2) 1195 12 (1.0)
Pulmonary valve replacement 32 0(0.0) 971 11(1.1)
Pulmonary valvuloplasty 20 1(5.0) 757 15 (2.0)
Sub-AS resection 33 0(0.0) 669 1(0.2)
Repair of TAPVC, >30d 1 0(0.0) 617 24 (3.9)
RV infundibulectomy 28 0(0.0) 560 8(1.4)
ASD primum repair 94 0(0.0) 215 4(1.9)
VSD closure and pulmonary valvotomy/ 12 0(0.0 207 3(1.5)
infundibular resection

Pulmonary valvotomy 5 0(0.0 125 3(2.4)
Repair of AP window 2 0(0.0) 95 6 (6.3)
Repair of unspecified septal defect 6 0(0.0 88 3(3.4)
Aortic valvotomy 0 0(0.0) 32 0(0.0)

AP indicates aorticopulmonary; AS, aortic stenosis; ASD, atrial septal defect; RACHS-1, Risk Adjustment for Congenital Heart Surgery; RV, right
ventricular; TAPVC, total anomalous pulmonary venous connection; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.

*P<0.05.

independent, nonprocedural variables. The findings of this
study are consistent with our findings and demonstrate lower
odds of in-hospital mortality for patients with DS. Unlike the
current study, the authors did not include a direct compari-
son of in-hospital mortality between patients with and without
DS.% In contrast, a 2010 study using the Society of Thoracic
Surgeons (STS) Congenital Heart Surgery Database did not
identify differences in mortality between patients with and
without DS after specific 5 repairs: repair of atrial and ven-
tricular septal defects, AVSD repair, mitral valve repair, and
repair of tetralogy of Fallot. Unlike the STS study, the cur-
rent study compares in-hospital mortality for patient with
and without DS across an extensive list of surgical repairs for
using RACHS-1 risk stratification. Moreover, the STS data-
base study included only the first CHD repair for each admis-
sion and did not include subsequent CHD repairs. Finally, the
STS study also excluded 15290 patients with a genetic abnor-
mality other than DS.*

Differences in in-hospital mortality for patients with and
without DS may be explained, in part, by observed variations
in in-hospital death for 6 individual lesions: ventricular sep-
tal defect closure, placement of BDG shunt, placement of a
systemic to pulmonary artery shunt, repair of a transitional
or complete AVSD with or without mitral valve repair, mitral
valvuloplasty, and annuloplasty. It is possible that differences
in cardiac surgical outcomes for patients with and without
DS might be associated with subtle differences in cardiac
structure. In a prospective study of 147 consecutive children
undergoing AVSD repair, chromosomally normal children
were more likely to have a dysplastic atrioventricular valve;
moreover, having a dysplastic atrioventricular valve was a risk

factor for reoperation. Of note, even after controlling for the
presence of a dysplastic atrioventricular valve, a diagnosis of
DS was associated with a decreased 30-day mortality after
AVSD repair.!! In a similar study of 476 children undergoing
surgery for an AVSD, patients with DS had a lower incidence
of reoperation to repair the left-sided atrioventricular valve.'?
In a prospective study of 206 children undergoing cardiac
surgery, children without DS who underwent an AVSD repair
were more likely to require reoperation because of abnor-
malities of either the left-sided atrioventricular valve or the
left ventricular outflow tract.'® Finally, in small retrospective
study of 44 infants aged <1 year who underwent AVSD repair,
infants with DS had significantly larger preoperative aortic
valve diameters and left atrioventricular valve areas and sig-
nificantly fewer adverse outcomes.?

Another possible explanation as to why children with DS
fare better than their peers is that children with DS may be
more resistant to oxidative stress associated with ischemia
reperfusion injury and cardiopulmonary bypass. Blood lev-
els of the antioxidant enzymes superoxide dismutase, cata-
lase, and glutathione reductase have recently been shown to
be 47.2%, 24.7%, and 49.6% greater in healthy children and
teenagers with DS as compared with healthy age-matched
chromosomally normal controls.’!

There are risk factors that would be expected to be asso-
ciated with less favorable outcomes for children with DS
who undergo cardiac surgical repairs. The latter include their
increased likelihood of having cervical spine instability and
airway abnormalities, including subglottic stenosis, laryngo-
malacia, tracheomalacia, tracheal bronchus, and bronchoma-
lacia.*>% Because of their increased incidence of postoperative
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Table 5. In-Hospital Death for RACHS-1 Risk Category 3 Stratified by Specific Cardiac Procedure (n=16 040)

Down Syndrome

Non—-Down Syndrome

RACHS-1 No. of Records In-Hospital Death, n (%) No. of Records In-Hospital Death, n (%)
Systemic to PA shunt* 113 19 (16.8) 3150 340 (10.8)
Repair of transitional or complete AVC with/ 1672 23(1.4) 1427 65 (4.6)
without MVR*

Fontan procedure 14 0(0.0) 2520 58 (2.3)
Mitral valvuloplasty* 386 3(0.8) 1100 27 (2.5)
RV to PA conduit 35 2(5.7) 1337 57 (4.3)
Tricuspid valvuloplasty 152 2(1.3) 879 28 (3.2)
Aortic valve replacement 12 0(0.0) 950 32(3.4)
Arterial switch operation 1 0(0.0) 729 36 (4.9
Pulmonary artery band 63 5(7.9) 444 32(7.2)
Repair of coarctation and VSD 19 2(10.5) 455 32(7.0)
Annuloplasty* 76 0(0.0) 387 20 (5.2)
Ross procedure 6 0(0.0) 442 20 (4.5)
Repair of TOF with RV to PA conduit 27 2(7.4) 345 12 (3.5)
Atrial switch operation 4 0(0.0) 352 9(2.6)
Mitral valve replacement 31 2(6.5) 289 24 (8.3)
Repair of TOF with pulmonary atresia 10 1(10.) 175 11 (6.3)
TV reposition for Ebstein anomaly, >30 d 1 0(0.0) 111 3(2.7)
Tricuspid valve replacement 4 0(0.0) 99 2(2.0)
Repair of cor triatriatum 3 0(0.0) 48 2(4.2)
Mitral valvotomy 2 0(0.0) 2 0(0.0)
Tricuspid valvotomy 0 0(0.0) 4 0(0.0)

AVC indicates atrioventricular canal; MVR, mitral valve repair; PA, pulmonary artery; RACHS-1, Risk Adjustment for Congenital Heart Surgery; RV, right ventricle; TOF,

tetralogy of Fallot; TV, tricuspid valve; and VSD, ventricular septal defect.
*P<0.05.

airway obstruction, children with DS tend to experience
delays in extubation and sometimes require reintubation.**
For this reason, children with DS would be expected to have
worse outcomes after operations for which passive pulmonary
blood flow and early extubation are essential. Children with
DS also have increased pulmonary reactivity compared with
their non-DS counterparts'>*; thus, they would be expected to
have worse outcomes after operations in which the postopera-
tive physiology is dependent on having low pulmonary vascu-
lar resistance. Finally, there are limited data suggesting that
patients with DS have an increased incidence of pulmonary
vein stenosis, a rare and often fatal risk factor for pulmonary
hypertension.* Future studies are needed to further investi-
gate other underlying causes behind the observed differences
in in-hospital mortality between patients with and without DS.

It is difficult to draw conclusions with regard to the associa-
tion between DS and outcome after the 3-staged single-ventricle
repairs, the Norwood palliation, the BDG shunt, and the Fontan
operation. Patients with DS and single-ventricle anatomy are
almost exclusively patients with an unbalanced AVSD and
either right or left ventricular hypoplasia. Survival after these
repairs, especially the BDG and Fontan surgeries, is highly
dependent on having low transpulmonary pressures. As men-
tioned previously, patients with DS have an increased incidence
of elevated pulmonary vascular resistance and are therefore at
increased risk for postoperative mortality.'>* The number of

patients with DS who undergo these repairs is extremely small;
however, the current study provides preliminary information
that may lay the groundwork for future investigations.

As shown in our analysis of specific lesions within
RACHS-1 risk category 3 (Table 5), in-hospital mortality for
patients with DS who underwent placement of a systemic
to pulmonary shunt, a major component of the Norwood
single-ventricle palliation, was significantly greater than that
for patients without DS (16.8% versus 10%; P<0.05).

In our analysis of specific lesions within RACHS-1 risk
category 2 (Table 4), in-hospital mortality for patients with
DS who underwent placement of a BDG shunt was signifi-
cantly greater than that for patients without DS (15.6% versus
2.1%; P<0.05). In a 2008 study by Wada et al,’” 263 patients
underwent the BDG procedure, 6 of whom had DS. All 6
patients had an unbalanced AVSD with right or left ventric-
ular dominance. There were no operative deaths in patients
with DS who underwent BDG surgery; however, 1 patient
required takedown of the BDG shunt. Only 2 of the remaining
5 patients went on to have Fontan surgery, 1 of whom died
from acute cardiac insufficiency associated with pulmonary
hypertension. The remaining 3 patients were not thought to
be suitable candidates for Fontan surgery because of severe
atrioventricular regurgitation and pulmonary hypertension.*’

In a 2010 study, Gupta-Malhotra et al*® reported increased
in-hospital mortality for children with DS who underwent the
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Table 6. Multivariable Logistic Regression Analyses of In-
Hospital Death (n=51 309)

Variable Odds Ratio  95% Confidence Interval P Value
Down syndrome
No Ref
Yes 0.6 0.47-0.76 <0.05
RACHS-1 risk category
1 Ref
2 0.92 0.76-1.11 0.4
3 2.45 2.07-2.89 <0.05
4 3.25 2.70-3.92 <0.05
5and 6 8.96 7.29-11.00 <0.05
Premature birth
No Ref
Yes 3.29 2.88-3.77 <0.05
Major noncardiac
structural anomaly
No Ref
Yes 1.44 1.22-1.68 <0.05
Age
<30d Ref
30dto1y 0.43 0.37-0.50 <0.05
>1y 0.42 0.37-0.46 <0.05

RACHS-1 indicates Risk Adjustment for Congenital Heart Surgery.

Fontan operation (35%; n=17) compared with children without
DS (10%; 204). A 1998 report by Campbell et al** examined 533
children who underwent Fontan surgery, 4 of whom carried a
diagnosis of DS. Three of the children with DS survived, and 1
died of endocarditis.* In a 2013 study, Furukawa et al* identi-
fied 8 patients with DS of a total of 235 patients who had under-
gone Fontan surgery. Mortality was greater in the DS group
(1/8 patients, 12.5%) compared with the non-DS group (5/227
patients, 2.2%).* The general consensus is that children with DS
who are not suitable candidates for 1.5- or 2-ventricle repairs
may be considered for BDG and Fontan procedures; however,
they are at increased risk relative to their peers, and therefore
their caretakers must be counseled accordingly.

The current study describes significant differences in out-
come between children with and without DS who underwent
placement of either systemic to pulmonary or BDG shunts. The
lack of a significant difference in in-hospital mortality between
patients with and without DS who underwent Fontan surgery
in the current study may be attributable to insufficient num-
bers of patients. We and others have been unable to adequately
assess in-hospital mortality for this group of patients because
there are insufficient numbers to make any firm conclusions.

The KID is the only all-payer inpatient care database for
children in the United States. It includes a sample of pediatric
discharges from 2500 to 4000 US hospitals and 2 to 3 mil-
lion unweighted hospital discharges per year. Results of the
current study are subject to the limitations of administrative
databases including their disposition to misclassification. The
latter would not be expected to favor patients with DS versus
patients without DS, thus minimizing its impact on our con-
clusions. The inability to access other clinical data that may
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or may not impact in-hospital death may also confound our
findings. Adjustment for RACHS-1 risk category, premature
birth, major noncardiac structural anomalies, and age reduce
the influence of other comorbidities

RACHS-1 risk stratification is a well-validated approach in
the analysis of KID data relating to CHD subsets.?0284041 The
current study includes a comprehensive list of surgical repairs.
Existing reports do not use RACHS-1 risk stratification,
include smaller numbers of patients, and focus on survival
after a limited number of repairs.!??® That DS is associated
with increased survival across an extensive list of repairs
rather than for only a few select repairs is unexpected. More
work is required to further explore the mechanisms underlying
this advantage.

Disclosures
None.

References

1. Irving CA, Chaudhari MP. Cardiovascular abnormalities in Down’s syn-
drome: spectrum, management and survival over 22 years. Arch Dis Child.
2012:;97:326-330.

2. Weijerman ME, van Furth AM, Vonk Noordegraaf A, van Wouwe JP,
Broers CJ, Gemke RJ. Prevalence, neonatal characteristics, and first-year
mortality of Down syndrome: a national study. J Pediatr. 2008;152:15-19.

3. Bittles AH, Bower C, Hussain R, Glasson EJ. The four ages of Down syn-
drome. Eur J Public Health. 2007;17:221-225.

4. Tennant PW, Pearce MS, Bythell M, Rankin J. 20-year survival of chil-
dren born with congenital anomalies: a population-based study. Lancet.
2010;375:649-656.

5. Loane M, Morris JK, Addor MC, Arriola L, Budd J, Doray B, Garne E,
Gatt M, Haeusler M, Khoshnood B, Klungsgyr Melve K, Latos-Bielenska
A, McDonnell B, Mullaney C, O’Mahony M, Queisser-Wahrendorf A,
Rankin J, Rissmann A, Rounding C, Salvador J, Tucker D, Wellesley D,
Yevtushok L, Dolk H. Twenty-year trends in the prevalence of Down syn-
drome and other trisomies in Europe: impact of maternal age and prenatal
screening. Eur J Hum Genet. 2013;21:27-33.

6. Shin M, Besser LM, Kucik JE, Lu C, Siffel C, Correa A; Congenital
Anomaly Multistate Prevalence and Survival Collaborative. Prevalence
of Down syndrome among children and adolescents in 10 regions of the
United States. Pediatrics. 2009;124:1565-1571.

7. Freeman SB, Taft LF, Dooley KJ, Allran K, Sherman SL, Hassold TJ,
Khoury MJ, Saker DM. Population-based study of congenital heart de-
fects in Down syndrome. Am J Med Genet. 1998;80:213-217.

8. Wells GL, Barker SE, Finley SC, Colvin EV, Finley WH. Congenital heart
disease in infants with Down’s syndrome. South Med J. 1994;87:724-727.

9. Marino B. Congenital heart disease in patients with Down’s syndrome:
anatomic and genetic aspects. Biomed Pharmacother. 1993:47:197-200.

10. de Rubens Figueroa J, del Pozzo Magafia B, Pablos Hach JL, Calderén
Jiménez C, Castrején Urbina R. [Heart malformations in children with
Down syndrome]. Rev Esp Cardiol. 2003;56:894—899.

11. Al-Hay AA, MacNeill SJ, Yacoub M, Shore DF, Shinebourne EA.
Complete atrioventricular septal defect, Down syndrome, and surgical
outcome: risk factors. Ann Thorac Surg. 2003;75:412-421.

12. Lange R, Guenther T, Busch R, Hess J, Schreiber C. The presence of
Down syndrome is not a risk factor in complete atrioventricular septal
defect repair. J Thorac Cardiovasc Surg. 2007;134:304-310.

13. Formigari R, Di Donato RM, Gargiulo G, Di Carlo D, Feltri C, Picchio
FM, Marino B. Better surgical prognosis for patients with complete
atrioventricular septal defect and Down’s syndrome. Ann Thorac Surg.
2004;78:666—-672; discussion 672.

14. Song MS, Hu A, Dyamenahalli U, Dyhamenahali U, Chitayat D, Winsor
EJ, Ryan G, Smallhorn J, Barrett J, Yoo SJ, Hornberger LK. Extracardiac
lesions and chromosomal abnormalities associated with major fetal heart
defects: comparison of intrauterine, postnatal and postmortem diagnoses.
Ultrasound Obstet Gynecol. 2009;33:552-559.

15. Frid C, Drott P, Lundell B, Rasmussen F, Annerén G. Mortality in Down’s
syndrome in relation to congenital malformations. J Intellect Disabil Res.
1999:43(pt 3):234-241.

Downloaded from http://circoutcomes.ahgjournals.org/ at CONS CALIFORNIA DIG LIB on January 21, 2016


http://circoutcomes.ahajournals.org/

452

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Circ Cardiovasc Qual Outcomes May 2014

Freeman SB, Bean LH, Allen EG, Tinker SW, Locke AE, Druschel C,
Hobbs CA, Romitti PA, Royle MH, Torfs CP, Dooley KJ, Sherman SL.
Ethnicity, sex, and the incidence of congenital heart defects: a report from
the National Down Syndrome Project. Genet Med. 2008;10:173-180.
Alexi-Meskishvili V, Ishino K, Dihnert I, Uhlemann F, Weng Y, Lange PE,
Hetzer R. Correction of complete atrioventricular septal defects with the
double-patch technique and cleft closure. Ann Thorac Surg. 1996;62:519—
524; discussion 524.

Giinther T, Mazzitelli D, Haehnel CJ, Holper K, Sebening F, Meisner
H. Long-term results after repair of complete atrioventricular septal
defects: analysis of risk factors. Ann Thorac Surg. 1998;65:754-759;
discussion 759.

Masuda M, Kado H, Tanoue Y, Fukae K, Onzuka T, Shiokawa Y, Shirota
T, Yasui H. Does Down syndrome affect the long-term results of complete
atrioventricular septal defect when the defect is repaired during the first
year of life? Eur J Cardiothorac Surg. 2005;27:405-409.

Morris CD, Magilke D, Reller M. Down’s syndrome affects results of
surgical correction of complete atrioventricular canal. Pediatr Cardiol.
1992;13:80-84.

Tweddell JS, Litwin SB, Berger S, Friedberg DZ, Thomas JP, Frommelt
PC, Frommelt MA, Pelech AN, Lewis DA, Fedderly RT, Mussatto KA,
Kessel MW. Twenty-year experience with repair of complete atrioven-
tricular septal defects. Ann Thorac Surg. 1996;62:419-424.

Atz AM, Hawkins JA, Lu M, Cohen MS, Colan SD, Jaggers J, Lacro
RV, McCrindle BW, Margossian R, Mosca RS, Sleeper LA, Minich LL;
Pediatric Heart Network Investigators. Surgical management of complete
atrioventricular septal defect: associations with surgical technique, age,
and trisomy 21. J Thorac Cardiovasc Surg. 2011;141:1371-1379.

Minich LL, Tani LY, Pagotto LT, Hawkins JA, McGough EC, Shaddy
RE. Size of ventricular structures influences surgical outcome in Down
syndrome infants with atrioventricular septal defect. Am J Cardiol.
1998;81:1062—-1065.

Fudge JC Jr, Li S, Jaggers J, O’Brien SM, Peterson ED, Jacobs JP, Welke
KF, Jacobs ML, Li JS, Pasquali SK. Congenital heart surgery outcomes
in Down syndrome: analysis of a national clinical database. Pediatrics.
2010;126:315-322.

Seifert HA, Howard DL, Silber JH, Jobes DR. Female gender increas-
es the risk of death during hospitalization for pediatric cardiac surgery.
J Thorac Cardiovasc Surg. 2007;133:668-675.

Marelli A, Gauvreau K, Landzberg M, Jenkins K. Sex differences in mortal-
ity in children undergoing congenital heart disease surgery: a United States
population-based study. Circulation. 2010;122(11 suppl):S234-S240.
Jenkins KJ, Gauvreau K, Newburger JW, Spray TL, Moller JH, lezzoni
LI. Consensus-based method for risk adjustment for surgery for congenital
heart disease. J Thorac Cardiovasc Surg. 2002;123:110-118.

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

Jenkins KJ, Gauvreau K. Center-specific differences in mortality: pre-
liminary analyses using the Risk Adjustment in Congenital Heart Surgery
(RACHS-1) method. J Thorac Cardiovasc Surg. 2002;124:97-104.
Jacobs JP, Jacobs ML, Lacour-Gayet FG, Jenkins KJ, Gauvreau K, Bacha
E, Maruszewski B, Clarke DR, Tchervenkov CI, Gaynor JW, Spray TL,
Stellin G, O’Bien SM, Elliott MJ, Mavroudis C. Stratification of com-
plexity improves the utility and accuracy of outcomes analysis in a
Multi-Institutional Congenital Heart Surgery Database: Application of the
Risk Adjustment in Congenital Heart Surgery (RACHS-1) and Aristotle
Systems in the Society of Thoracic Surgeons (STS) Congenital Heart
Surgery Database. Pediatr Cardiol. 2009;30:1117-1130.

Campbell RM, Adatia I, Gow RM, Webb GD, Williams WG, Freedom
RM. Total cavopulmonary anastomosis (Fontan) in children with Down’s
syndrome. Ann Thorac Surg. 1998;66:523-526.

Garlet TR, Parisotto EB, de Medeiros Gda S, Pereira LC, Moreira EA,
Dalmarco EM, Dalmarco JB, Wilhelm Filho D. Systemic oxidative stress
in children and teenagers with Down syndrome. Life Sci. 2013;93:558-563.
Shott SR. Down syndrome: common otolaryngologic manifestations.
Am J Med Genet C Semin Med Genet. 2006;142C:131-140.

Bertrand P, Navarro H, Caussade S, Holmgren N, Sdnchez I. Airway
anomalies in children with Down syndrome: endoscopic findings. Pediatr
Pulmonol. 2003;36:137-141.

Harrison AM, Cox AC, Davis S, Piedmonte M, Drummond-Webb JJ, Mee
RB. Failed extubation after cardiac surgery in young children: prevalence,
pathogenesis, and risk factors. Pediatr Crit Care Med. 2002;3:148—152.
D’Alto M, Mahadevan VS. Pulmonary arterial hypertension associated
with congenital heart disease. Eur Respir Rev. 2012;21:328-337.

. Gowda S, Bhat D, Feng Z, Chang CH, Ross RD. Pulmonary vein stenosis with

Down syndrome: a rare and frequently fatal cause of pulmonary hypertension
in infants and children. Congenit Heart Dis. 2013. DOI: 10.1111/chd.12088.
Wada N, Takahashi Y, Ando M, Park IS, Sasaki T. Single ventricle repair in chil-
dren with Down’s syndrome. Gen Thorac Cardiovasc Surg. 2008;56:104-108.
Gupta-Malhotra M, Larson VE, Rosengart RM, Guo H, Moller JH.
Mortality after total cavopulmonary connection in children with the down
syndrome. Am J Cardiol. 2010;105:865-868.

Furukawa T, Park IS, Yoshikawa T, Nishimura T, Takahashic Y, Ando M,
Wada N. Outcome of univentricular repair in patients with Down syn-
drome. J Thoracic Cardiovasc Surg. 2013;146:1349-1352.

Hickey PA, Gauvreau K, Jenkins K, Fawcett J, Hayman L. Statewide and
national impact of California’s Staffing Law on pediatric cardiac surgery
outcomes. J Nurs Adm. 2011;41:218-225.

Welke KF, Diggs BS, Karamlou T, Ungerleider RM. Comparison of pe-
diatric cardiac surgical mortality rates from national administrative data
to contemporary clinical standards. Ann Thorac Surg. 2009;87:216-222;
discussion 222.

Downloaded from http://circoutcomes.ahgjournals.org/ at CONS CALIFORNIA DIG LIB on January 21, 2016


http://circoutcomes.ahajournals.org/

Circulation {pa";z;‘;a"

Cardiovascular Quality and Outcomes Associatione

Association Between Down Syndrome and In-Hospital Death Among Children Undergoing
Surgery for Congenital Heart Disease: A US Population-Based Study
Jacqueline M. Evans, Madan Dharmar, Erin Meierhenry, James P. Marcin and Gary W. Raff

Circ Cardiovasc Qual Outcomes. 2014;7:445-452; originally published online April 22, 2014;

doi: 10.1161/CIRCOUTCOMES.113.000764
Circulation: Cardiovascular Quality and Outcomes is published by the American Heart Association, 7272
Greenville Avenue, Dallas, TX 75231
Copyright © 2014 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-7705. Online ISSN: 1941-7713

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circoutcomes.ahgj ournal s.org/content/7/3/445

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Cardiovascular Quality and Outcomes can be obtained via RightsLink, a service of the
Copyright Clearance Center, not the Editorial Office. Once the online version of the published article for
which permission is being requested is located, click Request Permissions in the middle column of the Web
page under Services. Further information about this process is available in the Permissions and Rights
Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation: Cardiovascular Quality and Outcomesis online
at:
http://circoutcomes.ahajournal s.org//subscriptions/

Downloaded from http://circoutcomes.ahajournals.org/ at CONS CALIFORNIA DIG LIB on January 21, 2016



http://circoutcomes.ahajournals.org/content/7/3/445
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circoutcomes.ahajournals.org//subscriptions/
http://circoutcomes.ahajournals.org/



