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ORIGINAL ARTICLE

Differences 1in mortality characteristics in neonates with

Down’s syndrome

CL Cua, U Haque, S Santoro, L Nicholson and CH Backes

OBJECTIVE: Neonates with Down’s syndrome (nDS) may have multiple medical issues that place them at increased risk for
mortality during the newborn period. Goal of this study was to determine if there are differences in baseline characteristics, medical
complications or procedures performed during hospitalization between nDS who survived versus those who died during initial
hospitalization.

STUDY DESIGN: Data from 2000 to 2014 were reviewed using the Pediatric Health Information Systems (PHIS) database on all DS
patients admitted to the hospital < 30 days postnatal life. Baseline demographics, medical complications, procedures performed
and mortality were recorded. Patients were divided into nDS patients who were discharged alive (nDS-a) versus nDS patients who
died (nDS-d). Multivariate logistic analysis with odds ratios was performed to determine significant predictors of death. A P < 0.05
was considered significant.

RESULTS: A total of 5737 nDS were evaluated. Overall mortality was 7.5% (431/5737). nDS-d were more likely than nDS-a to have a
lower birth weight (1.0 (0.9 to 1.0)), presence of a diaphragmatic hernia (6.9 (1.9 to 25.1), or a cardiac diagnosis of a pulmonary
venous abnormality (6.8 (1.9 to 24.4)), Ebstein’s anomaly (3.2 (1.2 to 8.5)) or left-sided obstructive lesion (2.0 (1.3 to 3.0). nDS-d were
more likely to develop hydrops (5.7 (3.5 to 9.5)) and necrotizing enterocolitis (1.7 (1.2 to 2.6)). In addition, nDS-d had significantly
higher odds of requiring mechanical ventilation (20.7 (9.9 to 43.1)) or extracorporeal membrane oxygenation (8.7 (4.7 to 16.1)).
CONCLUSIONS: A number of characteristics, specifically certain cardiac diagnosis, place nDS at increased risk for mortality.
Furthermore, development of specific medical complications or need for particular procedures increases the odds for mortality in
nDS. Caregivers should be cognizant that they are taking care of a high-risk population nDS with an increased risk for mortality if

these variables are present.
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INTRODUCTION

Down’s syndrome (DS) is the most viable and common of all the
human trisomic syndromes.' DS occurs in ~ 1 in 733 live births in
the United States. Patients with DS have an increased risk for
multiple congenital abnormalities.>™ In addition, neonates with
DS (nDS) may be at an increased risk for physiologic abnormalities.
This may especially be true when dealing with delayed
extrauterine pulmonary vascular adaptation manifesting as
persistent pulmonary hypertension of the newborn in nDS.%” All
these abnormalities may place nDS at increased risk for mortality
during the newborn period.

Previous studies have investigated possible risk factors for
mortality in the nDS population. These risk factors include, but are
not limited to, ethnicity, prematurity, birth weight and presence of
cardiac disease.®'? In addition, development of medical compli-
cations or procedural variables during initial hospitalization has
been associated with increased mortality in this population.”>™"
Limited data exist in evaluating all these variables together to
determine overall risk factors for mortality in this complex
population.

The goal of this study was to determine whether there are
differences in baseline characteristics, development of medical
complications or procedures performed during hospitalization
between nDS who survived (nDS-a) versus those who died (nDS-d)
during their initial hospitalization.

METHODS

This retrospective study involved data from the Pediatric Health
Information Systems (PHIS) database of the Child Health Corporation of
America (Shawnee Mission, KS) using de-identified information. Institu-
tional Review Board (IRB) determined that this study did not fit the
definition of human subjects research under 45 CFR part 46.102(f);
therefore, IRB evaluation was waived.

PHIS database contains administrative, billing and record-review data,
including patient demographics (for example, gender, birth weight and
gestational age) as recorded in the patient chart, diagnoses, medications
and procedures, from 43 freestanding US children’s hospitals, which
account for 85% of all national freestanding children’s hospitals. To certify
comparability of charge-level data among institutions, including medica-
tions and procedures, Thompson-Reuters Healthcare (Ann Arbor, MI, USA),
the PHIS data processing partner, mapped each hospital’s daily charge
codes to a common classification system, the Clinical Transaction
Classification (CTC) codes.

International Classification of Diseases, Ninth Edition diagnostic codes
were used for identification purposes. The database was queried for all
unique patients < 30 days of age with the diagnosis of DS admitted to a
children’s hospital participating in the PHIS database from the time period
2000 to 2014. Patients with additional chromosomal abnormalities in
addition to DS were excluded.

Antenatal, perinatal and postnatal demographic data were recorded.
Subsequent medical diagnosis/complications and procedural variables
during hospitalization were also documented. Furthermore, overall
mortality for nDS population studies was detailed.
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Continuous variables are presented as means and s.d.’s, and dichot-
omous/categorical measures are presented as ‘n’s’. Univariate analysis
examined differences between the groups using t-tests for continuous
measures and x> tests with Fisher's exact tests for categorical measures
due to small cell sizes. All codes that were recorded for < 10 patients were
eliminated from analysis. Multivariate logistic analysis with odds ratios was
performed to determine significant predictors of death. P <0.05 was
considered significant. Statistics were performed using Stata S.E. 13.0 (Stata
Corporation, College Station, TX, USA).

RESULTS

A total of 5737 nDS patients (2505 males: 3210 females) were
admitted to a hospital participating in the PHIS database between
2000 and 2014. Gestational age was 36.8+2.8 weeks, and birth
weight was 2.7+0.8 kg. Median admit age was 1 day (0 to 30 days)
and median length of hospitalization was 18 days (1 to 582 days).
Overall mortality was 7.5% (431/5737).

On univariate analysis, nDS-d were more likely to have
oligohydramnios (21.7%) versus to not have oligohydramnios
(7.4%). nDS-d had a significantly lower gestational age and birth
weight than nDS-a. nDS-d were also admitted significantly earlier
to the hospital than nDS-a cohort. nDS-d had a significantly longer
hospital stay than the nDS-a had (38.0+£52.0 days vs
28.6+34.7 days, respectively). There were no other significant
differences between the two groups in perinatal factors (Table 1).

When evaluating baseline demographics, white race was
significantly less common in the nDS-d (6.2%) versus all the other
races combined (10.5%). nDS-d was more common in the ‘Other’
race category (11.0%) versus all the races combined (6.7%). There
was a trend for nDS-d to be black (10.7%) versus all other races
combined (6.9%) (P=0.06). nDS-d were less common in the New
England region (3.9%) versus all other regions combined (7.7%),
but more common in the Mountain region (11.4%) versus other
regions combined (7.3%). nDS-d were less likely to have
commercial insurance (6.4%) versus other payment codes (8.0%)
and more likely to have a Medicaid code (8.8%) versus other
payment codes (6.5%). No other significant differences between
the two groups in baseline demographics were noted (Table 2).

From a cardiac standpoint, nDS-d were significantly more likely
than not to have the diagnosis of complete transposition of the
great vessels (37.5 vs 7.5%, respectively), double outlet right
ventricle (17.7 vs 7.4%, respectively), Ebstein’s anomaly (29.4 vs
7.4%, respectively), left-sided obstructive lesion (14.9 vs 6.9%), or
pulmonary venous abnormality (26.1 vs 7.5%, respectively). There
were no other differences in cardiac diagnosis noted between the
two groups (Table 3).

nDS-d were more likely to have the medical diagnosis of
anomalies of the diaphragm (39.4 vs 7.4%, respectively), but less
likely to have the diagnosis of atresia or stenosis of the small
intestine (4.4 vs 8.1%, respectively) or Hirschsprung’s disease (2.3
vs 7.9%, respectively) than not have these medical conditions. In
addition, nDS-d were more likely to develop hydrops (51.6 vs
6.3%, respectively), intraventricular hemorrhage (IVH) grade | (24.1
vs 7.3%, respectively), IVH grade Il (29.6 vs 7.4%, respectively), IVH
grade lll (36.4 vs 7.5%, respectively), IVH grade IV (66.7 vs 7.4%,
respectively) and necrotizing enterocolitis (15.5 vs 7.0%, respec-
tively). Furthermore, nDS-d were more likely to undergo
extracorporeal membrane oxygenation (46.6 vs 6.6%, respec-
tively), mechanical ventilation (143 vs 0.5%, respectively), or
require total parental nutrition (10.3 vs 3.0%, respectively; Table 4).

Table 5 presents the odds ratios and confidence intervals for the
multivariate logistic regression analysis. All variables with ade-
quate cases and not multi-collinear with the predictor measures
were included. Neonates with lower birth weight or lower age at
admission had higher odds of death. There was a trend for higher
odds of death if neonates had a gestational age less than
34 weeks (3.56 (0.82 to 15.43), P < 0.1), but no such findings were
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Table 1. Perinatal factors
nDS-a nDS-d  P-value
Polyhydramnios (n, %) 77,15 11, 2.6 0.08
Oligohydramnios (n, %) 36, 0.7 10,23 <0.01
Premature rupture of membranes 23,04 3,07 0.44
(n, %)
Cesarean section (n, %) 9,0.2 1,0.2 0.77
Breech delivery (n, %) 11, 0.2 0, 0.0 0.34
Gestational age (weeks) 36.8+2.8 34.2+3.9 <0.01
Birth weight (kg) 2.8+0.8 23+1.0 <0.01
Gender (M:F) 2321:2963 184:247 0.62
Admit age (days) 4.2+7.5 3.1+6.2 < 0.01

Abbreviations: F, female; His, Hispanic; M, male; nDS-a, neonatal Down'’s
syndrome alive; nDS-d, neonatal Down’s syndrome dead; nHS, not
Hispanic. Bold values indicate significant values.

Table 2. Baseline demographics

nDS-a nDS-d P-value

Ethnicity (nHis: His) 1955:1150 161:91 0.77
Race (overall) - - 0.01

White (n, %) 1447, 75.8 96, 64.0 < 0.01
Black (n,%) 167, 8.8 20, 13.3 0.06
Asian (n, %) 40, 2.1 4,27 0.64
American Indian (n, %) 13, 0.7 0, 0.0 0.31
Other (n, %) 242, 12.7 30, 20.0 0.01
Geographic location (overall) - - < 0.01
New England (n, %) 248, 4.7 10, 2.3 0.02
Middle Atlantic (n, %) 575, 10.9 31, 8.6 0.14
South Atlantic (n, %) 624, 11.8 61, 14.2 0.15
East North Central (n, %) 914, 17.3 61, 14.2 0.10
East South Central (n, %) 324, 6.1 30, 7.0 0.49
West North Central (n, %) 636, 12.0 45,104 0.33
West South Central (n, %) 689, 13.0 65, 15.1 0.23
Mountain (n, %) 325, 6.2 42,9.7 < 0.01
Pacific (n, %) 949, 18.0 80, 18.6 0.76
Payment code (overall) - - 0.01
Commercial (n, %) 1677, 32.1 114, 26.9 0.03
Medicaid/medicare (n, %) 2336, 44.7 224,52.8 < 0.01
Other government (n, %) 197, 3.8 11, 2.6 0.22
Other (n, %) 1011, 194 75,17.7 0.40

Abbreviations: His, Hispanic; nDS-a, neonatal Down’s syndrome alive; nDS-
d, neonatal Down’s syndrome dead; nHS, not Hispanic. Bold values indicate
significant values.

Table 3. Cardiac diagnosis
nDS-a (n, %) nDS-d (n, %) P-value
Atrial septal defect 109, 2.1 9, 2.1 0.97
Atrioventricular septa defects 1248, 23.6 106, 24.6 0.65
Complete transposition of 5, 0.1 3,07 < 0.01

the great vessels
Double outlet right ventricle 70, 1.3 15,35 < 0.01
Ebstein’s anomaly 24, 0.5 10, 2.3 < 0.01
Left-sided obstructive lesion 401, 7.6 70, 16.2 < 0.01
Ostium atrial septal defect 2641, 50.0 197, 45.7 0.09
Patent ductus arteriosus 3045, 57.6 256, 59.4 0.47
Pulmonary venous 17, 0.3 6,14 < 0.01
abnormality

Right sided obstructive lesion 143, 2.7 17, 3.9 0.13
Ventricular septal defect 1554, 29.4 144, 334 0.08

Abbreviations: nDS-a, neonatal Down’s syndrome alive; nDS-d, neonatal
Down’s syndrome dead. Bold values indicate significant values.
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Table 4. Other medical diagnosis, complications or procedures
nDS-a (n, %) nDS-d (n, %) P-value
Anomalies of the diaphragm 20, 0.4 13, 3.0 < 0.01
Atresia or stenosis of the small intestine 774, 14.7 36, 8.4 < 0.01
Hirschsprung’s disease 341, 6.5 8,19 < 0.01
Omphalocele 9,0.2 2, 0.5 0.18
Hydrops 74,14 79, 18.3 < 0.01
Intraventricular hemorrhage grade | 60, 1.1 19, 44 < 0.01
Intraventricular hemorrhage grade I 19, 0.4 8, 1.9 < 0.01
Intraventricular hemorrhage grade llI 7, 0.1 4,09 < 0.01
Intraventricular hemorrhage grade IV 6, 0.1 12,28 < 0.01
Necrotizing enterocolitis 321, 6.1 59, 13.7 <0.01
Periventricular leukomalacia 17, 0.3 2, 0.5 0.62
Extracorporeal membrane oxygenation 70, 1.3 61, 14.2 < 0.01
Mechanical ventilation 2514, 47.6 418, 97.0 < 0.01
Total parental nutrition 3201, 60.6 367, 85.2 < 0.01
Abbreviations: nDS-a, neonatal Down’s syndrome alive; nDS-d, neonatal Down'’s syndrome dead. Bold values indicate significant values.

Table 5. Multivariate logistic analysis with significant odds ratios
Odds ratio (95% Cl)  P-value
Birth weight (kg) 1.000 (0.999-1.000) < 0.01
Admit age (days) 0.969 (0.944-0.995) < 0.05
Length of hospitalization (days) 0.991 (0.985-0.996) < 0.01
Ebstein’s anomaly 3.179 (1.185-8.528) < 0.05
Left-sided obstructive lesion 1.964 (1.298-2.971) < 0.01

Pulmonary venous abnormality 6.777 (1.879-24.442) < 0.01
Anomalies of the diaphragm 6.940 (1.916-25.137) < 0.01
Atresia or stenosis of the small 0.430 (0.280-0.661) < 0.01
intestine

Hirschsprung’s disease 0.409 (0.174-0.963) < 0.05
Hydrops 5.740 (3.485-9.453) < 0.01
Necrotizing enterocolitis 1.743 (1.171-2.594) < 0.01
Extracorporeal membrane 8.706 (4.717-16.068) < 0.01
oxygenation

Mechanical ventilation 20.686 (9.928-43.100) < 0.01

Abbreviation: Cl, confidence interval.

manifested with higher gestational ages. Shorter length of
hospitalization had a decreased risk for death. All of the baseline
demographics that were significant with univariate analysis were
no longer significant with multivariate analysis. Presence of the
cardiac diagnosis of Ebstein’s anomaly, left-sided obstructive
lesions, or pulmonary venous abnormality increased the odds of
death. Anomalies of the diaphragm also increased the odds of
death; however, there was less risk for death if atresia or stenosis
of the small intestine or Hirschsprung’s disease occurred. Finally,
development of hydrops or necrotizing enterocolitis or requiring
extracorporeal membrane oxygenation or mechanical ventilation
also increased the odds of death in this patient population.

DISCUSSION

nDS patients are at increased risk for mortality compared with that
in the general population. Previous studies have evaluated
differences between nDS-a and nDS-d cohorts and possible risk
factors for death in this population.®'2'*'6 This study identified
certain perinatal factors, specific cardiac diagnosis, other medical
conditions, complications and procedures that may place this

© 2017 Nature America, Inc.,, part of Springer Nature.

population at risk for mortality that has not been previously
analyzed.

Analogous to previous studies, perinatal factors that were
significantly different between the nDS-a and NDS-d included
gestational age and birth  weight with univariate
analysis.>'%'21%17 |n addition, presence of oligohydramnios and
older age at admission was more prevalent in the n-DSd. However,
on multivariate analysis, only lower birth weight and younger age
were risk factors for mortality. The lower birth weight may signify
that these patients are more vulnerable to mortality. The younger
age admission for the nDS-d is not necessarily surprising, as the
nDS-d group would likely have presented earlier with clinical
deterioration such as respiratory distress requiring transfer to a
children’s hospital for further treatment, whereas the nDS-a group
would have been transferred for non-urgent reasons. Gestational
age was not significantly associated with mortality, though there
was a trend for increased risk for mortality for those infants born
less than 34 weeks gestation, which is similar to a recent article.'?
It appears in this study that gestational age, though important, is
superseded by other risk factors for mortality.

There were racial differences between the two groups with nDS
white race having improved survival and nDS ‘other’ having worse
survival, but these variables were no longer significant in the
multivariate analysis. Previous studies have noted worse outcomes
on nDS infants that were identified as Hispanic or black;>'"'*"”
however, those studies involved an earlier time period and
spanned a longer time interval. It was noted in at least one study
that survival improved and racial disparities narrowed in nDs
during the more recent time period evaluated versus the earlier
time periods.’ The time interval examined in this study is recent
and it may hopefully be that racial disparities have continued to
improve over time. There were also differences in payment codes
between the two groups with commercial insurance payers
having improved survival and medicare/Medicaid payers having
worse survival on univariate analysis. These payment codes may
signify socioeconomic status and possibly access to advanced care
that may improve outcomes in the immediate postnatal period.
This may be less of an issue since PHIS data arises from tertiary
pediatric centers. That said, these variables were not significant on
multivariate analysis. Again, this may possibly be due to
improvements in care over time that make these variables less
important.

One demographic variable that was different between the two
groups was that nDS-d were more likely to live in the mountain
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region of the United States compared with all the other regions
combined. High altitude, in general, is a possible risk factor for
respiratory issues such as pulmonary hypertension in infants and
children with and without DS.'®%* Previous reports have also
documented an increased risk for persistent pulmonary hyperten-
sion in nDS patients that may be intrinsic to them.®”?* Combining
these two factors may conceivably explain the higher incidence of
nDS-d in this region likely due to respiratory compromise. The
lower incidence of nDS-d in the New England region was
unexpected, and no specific explanation at this time can be
made. Regardless, all these baseline demographic variables were
no longer risk factors with multivariate analysis.

Previous studies have noted that nDS have an increased risk for
death if there is a presence of a congenital heart disease,®™'"'*17
yet this is a very broad category in this population. These previous
studies did not specify a specific congenital heart disease that
placed this population at risk. There is an approximately 50%
incidence of congenital heart disease in the DS population.” In
general, cardiac defects in the DS population do not require
neonatal surgery with the most common lesions of atrioven-
tricular septal defects and ventricular septal defects being
repaired outside of the neonatal time period. On multivariate
analysis, only three congenital heart defects were noted to be
more prevalent in the nDS-d group: Ebstein’s anomaly,?* left-sided
obstructive lesions and pulmonary venous abnormalities. These
lesions have a spectrum of severity such that some of these
defects may present with significant cardiac compromise that may
require neonatal cardiac intervention. Again, PHIS data do not
document the severity of the cardiac diagnosis or the cause of
death, but it is not unreasonable to assume that these three
lesions were significant enough to cause some cardiac compro-
mise, eventually leading to death. The other cardiac defects
evaluated are less likely to cause neonatal compromise, regardless
of their severity and thus less likely to be a risk factor for mortality.

nDS-d patients had a higher incidence of diaphragmatic hernias
compared with the nDS-a patients. It was not surprising that
diaphragmatic hernias were more prevalent in the nDS-d.
Mortality in neonates with congenital diaphragmatic hernias is
high in general®® There was no reason to believe that a DS
diagnosis would be protective. Conversely, Hirschsprung’s disease
and atresia/stenosis of the small intestine was lower in the nDS-d
patients. There is a significantly increased risk for both diseases in
DS patients versus non-DS patients;>**° however, significant
morbidity such as death for these corrective procedures is
extremely low to non-existent.®*°*' This likely explains the
finding that these diseases were more prevalent in the nDS-d
group as it is unlikely that they would have died after their surgical
correction.

The development of hydrops or NEC was also noted to increase
the odds of death in this population. Again, it was not necessarily
unforeseen that hydrops was more prevalent in the nDS-d group.
The finding of hydrops likely just represented the overall unwell
status of these patients who died. The presence of NEC likewise
has been described previously as being more prevalent in nDS-d
compared with other groups.' Mortality for neonates who
develop NEC is relatively high, and the presence of DS would
only likely increase this risk.>>** Furthermore, the need for
mechanical ventilation or extracorporeal membrane oxygenation
inferred greater odds of death in this population. Once more,
these forms of support merely represent the general illness of the
nDS patient likely due to multiple medical conditions previously
deSCribed.2'4'7'8'13'14'34

There are multiple limitations to this study. First, this was a
retrospective study with all the inherent shortcomings of such a
design. Data were limited by what was available via the PHIS
database, which includes only children’s hospitals. As these
hospitals are usually not birth hospitals, nDS patients were
presumably transferred for specialized care, thus not all nDS
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patients would be represented in this data set. Severity of medical
conditions could not be ascertained. In addition, medical
conditions are not able to be temporally related to mortality,
thus cause and effect cannot be determined. As clinical
information is primarily from ICD-9 codes, nonbillable data are
likely to not be recorded. PHIS has a robust quality control
procedure; however, we cannot verify that diagnosis was made
and coded in a similar way across hospitals. The risk factors noted
are somewhat intuitive. This study, however, did not specifically
evaluate whether the presence of DS itself increased the risk for
overall morbidity or mortality compared with those neonates
without DS when controlling for other baseline variables. Only
further analysis of large databases will be able to answer that
question.

In conclusion, there are baseline characteristics, including
specific cardiac diagnosis, which place nDS at increased risk for
mortality. Furthermore, development of specific medical compli-
cations or need for particular procedures increases the odds for
mortality in nDS. Caregivers should be cognizant that they are
taking care of a high-risk population with an increased risk for
mortality if these variables are present.
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