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Abstract Purpose: Children with
Down syndrome (DS) have several
genetic anomalies within chromo-
some 21 which may influence their
response to critical illness. We com-
pared the intensive care course and
outcome of children with DS versus
those without. Methods: Retrospec-
tive cohort study in four English
paediatric intensive care units (ICUs)
(2003–2009, n = 33,485). We exam-
ined, via a competing risks model,
whether risk (subhazard) for ICU
mortality differed for children with
DS, after adjusting for important
confounders. Results: DS patients
exhibited lower disease severity at
ICU admission but subsequently
required a higher proportion of car-
diovascular support, and similar renal
support to non-DS patients. Children
with DS (n = 1,278) had lower crude
mortality than those without (4.2
versus 6.2 %, p = 0.003). This was
not significant when expressed as

standardized mortality ratio: 0.83
[95 % confidence interval (CI)
0.63–1.09] versus 0.90 (95 % CI
0.86–0.94). However, the competing
risks model showed that mortality
risk was influenced by length of ICU
stay. At admission, DS patients
exhibited a subhazard for mortality of
0.63 (95 % CI 0.46–0.85), which
increased to 1.00 by day 10 of
admission, and continued rising
above that of non-DS children there-
after. Conclusions: Children with
DS require a higher proportion of
organ support than expected by dis-
ease severity at ICU admission. In
addition, the mortality risk for chil-
dren with DS is dependent upon
length of ICU stay. These findings
could reflect differences in case mix,
but are also compatible with different
response to critical illness in this
group.
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Introduction

Down syndrome (DS) is the most frequent chromosomal
abnormality, with incidence of approximately 1 in 800
live births [1]. Affected individuals suffer from greatly
increased risks of congenital heart disease and childhood

leukaemias [2], respiratory infections, and earlier onset of
age-related diseases including dementia [1, 3]. Median
life expectancy with DS has improved dramatically in
recent years, increasing from 25 to 49 years between
1983 and 1997 [4]. It is likely that this trend will continue,
as the risks of cardiac surgery in DS (the commonest
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comorbidity associated with death) now approximate that
of the general population [4], combined with a shift to
corrective rather than palliative operations [5, 6].

Despite these improvements, recent studies suggest
that, when critical illness develops, the clinical course of
children with DS is different from non-affected individ-
uals. Respiratory failure requiring mechanical ventilation
fulfils criteria for acute respiratory distress syndrome 12
times more frequently in DS children, yet exhibits lower
mortality [7]. The risk of death with sepsis with DS
increases by 30 % after adjustment for confounders [8].
Post-operative respiratory and infectious complications
are higher after certain types of cardiac surgery (repair of
ventricular and atrial septal defects, tetralogy of Fallot),
resulting in prolonged ICU stay [6]. However, these
studies have focussed exclusively on single disease enti-
ties (sepsis, acute respiratory failure, cardiac surgery); to
date, no study has examined whether children with DS
manifest a different course and outcome across the entire
spectrum of intensive care unit (ICU) admissions.

A key factor influencing ICU stay and mortality is
development of organ failure [9, 10]. Paediatric studies
show that multiple organ failure is the commonest cause of
death in the ICU, typically peaking at, or soon after,
admission [11]. Mortality risk is proportional to the number
of organs failing [9]. Recent theories have suggested that
multiple organ failure, rather than merely representing a
‘‘pre-terminal’’ state, may actually be an adaptive response
to limit cell death [12]. This ‘‘hibernation’’ reflects the
influence of immune, redox state and neuroendocrine
responses on mitochondrial function [13, 14]. Children
with DS have distinct immune [8], redox [15] and neuro-
endocrine [16] characteristics and therefore may exhibit
different thresholds for development and resolution of
organ failure (and hence mortality) during critical illness.

We have analyzed the clinical outcomes of a large,
contemporary (2003–2009) cohort of children with DS
(n = 1,278) admitted to UK Paediatric ICUs, and com-
pared these with children without DS (n = 32,207). We
hypothesized that DS patients would manifest a different
ICU course in terms of mortality and length of stay after
adjustment for admission diagnoses, mortality risk at
admission, age and organ-specific supportive therapies.
Furthermore, we wished to investigate whether mortality
risk alters with length of stay, as this may reflect differing
responses to organ failure.

Methods

As the study utilized national audit data, it was deemed,
under NHS research governance arrangements, to require
neither ethical approval nor informed patient consent
(written communication, Great Ormond Street Hospital
Research Ethics Committee).

Data collection

Data on all paediatric ICU admissions from the four
largest units in the UK were collected prospectively over
a 7-year period between January 2003 and December
2009, representing approximately 30 % of national
admissions (typically 16,000 per year from 25 paediatric
ICUs). With the exception of the diagnosis of DS, all data
were derived from those supplied by individual paediatric
ICUs to the Paediatric Intensive Care Audit Network
(PICANET) [17]. PICANET collates a mandatory data-
base of demographic and clinical data on all UK
paediatric ICU admissions, which allows comparison of
individual ICU activity with national benchmarks. Diag-
nosis of DS was taken from individual ICU databases, and
cross-referenced to the PICANET dataset via a national
unique identification number (NHS number). Readmis-
sions were classed as separate episodes. The only
exclusion criterion was patient age C16 years. Length of
stay was given in calendar days; thus, if a patient stayed
\24 h, but crossed midnight, stay was recorded as
2 days.

Data verification

Data validation by the PICANET organization is via a
three-stage process, comprising: (a) quality assurance
processes at point of data entry, (b) central checks, fol-
lowing receipt of unit data, and (c) ICU validation visits.
Full details are contained elsewhere [18].

Statistical analysis

Intergroup comparisons utilized unpaired t-tests, Mann–
Whitney and Fisher’s exact tests as appropriate. Com-
peting risks regression was used to test the hypothesis that
patients with DS exhibit a different risk over time (sub-
hazard) than non-DS children for ICU mortality and
discharge [19]. The primary model utilized ICU mortality
as the event of interest, with discharge modelled as a
competing event. A second model evaluated the converse
(ICU discharge as outcome, death as competing event).
Functional form of continuous predictors was estimated
using a multivariable fractional polynomial approach
[20]. Post estimation tests included checking the follow-
ing: (a) proportionality assumption with log(-log) survival
probability versus log-time plots, (b) model fit with scaled
deviance residuals versus linear predictor plots, and
(c) influential points via dfitbetas and log-likelihood dis-
placement plots. Missing data (if present) were handled
via single imputation. All analyses utilized Stata v11
(StataCorp, Texas).

Within the competing risks regression models, we
adjusted for the following variables:
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(a) Down syndrome
(b) Primary admission diagnostic categories of cardiac,

respiratory, neurologic, gastrointestinal and oncologic
disease (as these were likely to be the major
categories in DS patients)

(c) Patient age
(d) Mortality risk at ICU admission, calculated via the

PIM2 score (see Table 1 footnote for full details) [21]
(e) Unit treatment effects across the four paediatric ICUs
(f) Time (year) effect
(g) Key organ-supportive therapies reflecting disease

severity. Therapies included: (1) inotropes, (2) ino-
trope and cardiopulmonary bypass interaction, and (3)
acute dialysis. Two other therapies, mechanical
ventilation and cardiopulmonary bypass, were already
included within the PIM2 score [21], and were thus
not ‘‘double-counted’’.

Results

A total of 34,029 admissions were screened, of which 544
were excluded due to age C16 years, leaving 33,485

admissions for final analysis. Patient demographics are
presented in Table 1. Down syndrome patients were
younger, had a greater proportion of cardiac disease as the
primary reason for admission, with slightly higher per-
centages of inotrope use and mechanical ventilation (both
likely reflecting the higher proportion of cardiac surgery).
Inspection of non-cardiac patients revealed a slightly
lower ventilation rate amongst DS group; however, the
higher proportion of inotrope use (cardiovascular support)
remained (34.2 versus 24.1 %, p \ 0.001), with a similar
proportion requiring renal support (3.1 versus 3.2 %).
This suggests that development of multiple organ failure
may have been more common in the DS group, and was
higher than expected by PIM2-derived mortality risk at
admission. Despite exhibiting a lower risk of mortality on
admission, DS patients stayed, on average, 1 day longer
in the ICU.

The overall unadjusted mortality rate was 6.15 %
(2,060 deaths). However, mortality risk increased in a
relatively linear fashion with length of stay for the entire
cohort. Figure 1 shows that approximately 20 % of
patients stayed in paediatric ICU for longer than 7 days;
for this group the unadjusted mortality was 10.5 %. In
comparison, for patients staying longer than 30 days

Table 1 Demographics

Down syndrome Not Down syndrome p

N 1,278 32,207
Age (months) 5.9 (3.0–18.0) 9.3 (1.3–49.8) \0.001
Male 54.0 % 57.0 % 0.07
Diagnostic groups \0.001
Cardiac 63.1 % 40.5 %
Respiratory 22.6 % 23.2 %
Neurology 1.1 % 8.9 %
Gastrointestinal 4.1 % 5.6 %
Sepsis 2.7 % 4.1 %
Trauma 0.1 % 3.3 %
Musculoskeletal 0.6 % 3.0 %
Oncology 0.9 % 2.1 %
Other 4.8 % 9.3 %
Mechanical ventilation (all patients) 84.9 % 82.5 % 0.03
Mechanical ventilation (non-cardiac) 76.8 % 80.5 % 0.03
Inotropes (all patients) 59.6 % 41.0 % \0.001
Inotropes (non-cardiac patients) 34.2 % 24.1 % \0.001
Dialysis (all patients) 2.8 % 3.3 % 0.34
Dialysis (non-cardiac patients) 3.1 % 3.2 % 1.0
PIM2 mortality riska 2.5 % (1.5–4.9) 3.2 % (1.5–7.4) \0.001
Died 4.2 % 6.2 % 0.003
Standardized mortality ratio (PIM2)b 0.83 (0.63–1.09) 0.90 (0.86–0.94)
LOS (days) 4 (2–7) 3 (2–6) \0.001

Numbers are given as percentages or median (first and third quar-
tiles), except for standardised mortality ratio, where brackets
represent 95 % confidence interval
a The PIM2 mortality risk is derived from a logistic transformation,
utilizing variables collected from point of first contact with the ICU
team until 1 h after ICU admission. These included: systolic blood
pressure, FiO2/PaO2, base deficit, use of mechanical ventilation,
cardiopulmonary resuscitation, admission status (elective/emer-
gency), recovery from surgical procedure, cardiopulmonary bypass,

pupillary response to light, and presence of any 1 of 14 designated
high- and low-risk diagnoses. Examples of high-risk diagnoses
include: hypoplastic left heart syndrome, malignancy; examples of
low-risk diagnoses include: asthma, bronchiolitis and diabetic
ketoacidosis
b Standardised mortality ratio was calculated using PIM2-derived
mortality risk, and represents R(observed deaths)/R(PIM2-derived
expected deaths). The numbers in parentheses represent 95 %
confidence intervals
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(2.1 % of the cohort), the risk of mortality doubled to
20 %. The unadjusted paediatric ICU mortality was 4.2 %
for patients with DS, and 6.2 % for others, giving a risk
ratio of 0.68 (95 % confidence interval (CI) 0.52–0.88,
p = 0.003). Standardized mortality ratios were not sig-
nificantly lower in the DS cohort (0.83, 95 % CI
0.63–1.09) than non-DS patients (0.90, 0.86–0.94).
Deaths occurred later among the DS group, as shown by
the cumulative incidence function mortality plots (Fig. 2).
By day 7, approximately three-quarters of non-DS deaths
had occurred, as compared with only half of DS deaths.

For the competing risk model with ICU death as the
primary outcome, the functional forms of PIM2 and age
were non-linear; the relationships of these two variables to
mortality are shown in Fig. 3. The slight decrease in sub-
hazard ratio for mortality for infants admitted at birth likely
represents a proportion of these admissions being elective
for patients with antenatal diagnoses (e.g. hypoplastic left
heart syndrome). The full competing risk model for death is
presented in Table 2. Inspection of the log(-log) survival
probability versus log-time plots (not shown) revealed that
the subhazard ratios for the diagnoses of DS, respiratory
oncology and gastrointestinal disease were not consistent
over time; thus all were included with time-varying covar-
iates, interacting with the natural log of time.

After covariate adjustment, the subhazard ratio for
death amongst the DS group differed from non-DS
patients (coefficients p = 0.04 and 0.04, Table 2); in
addition, the magnitude and direction of risk difference
changed with time. Figure 4 shows that DS patients were
at reduced risk of death on day 1 (subhazard ratio 0.63);
however, this increased over time such that the two
groups demonstrated equal risk by day 10 (although only
13 % of patients remained in the paediatric ICU at this
time, Fig. 1). After this time, DS patients exhibited
greater risk, with the lower 95 % confidence interval
crossing unity on day 43.

The competing risk model with paediatric ICU dis-
charge as the outcome revealed that, after covariate
adjustment, DS patients were not at an altered risk of
discharge at any given time: subhazard ratio 0.96
(0.90–1.01, p = 0.14).

Discussion

The primary finding from this study is that children with
DS requiring ICU admission manifest a time-dependent,
differential mortality risk compared with non-DS chil-
dren. Overall mortality was significantly lower with DS
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Fig. 1 Proportion of patients
staying in the ICU and mortality
by length of stay

Fig. 2 Cumulative incidence for mortality. Although DS group had
lower overall mortality, deaths tended to occur later than for non-
DS patients; For example, by day 7, approximately three-quarters
of non-DS deaths had occurred, as compared with only half of DS
deaths
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but not when adjusted for admission severity of illness.
However, early in the course of ICU admission, DS
children have a considerably lower risk (subhazard) of

mortality, being approximately two-thirds that of non-DS
children on day 1. This is despite a greater requirement
for organ support. However, with prolonged ICU stay, DS
mortality subhazard increases, overtaking non-DS
patients by day 10, and continues to increase thereafter.
This cannot be explained by admission diagnostic cate-
gory, calculated mortality risk at admission or differences
in use of organ-specific supportive therapies, as all were
adjusted for in the model.

One possibility may be due to differences in the mode
of death. The majority of paediatric ICU deaths involve
withdrawal or limitation of supportive therapies [22];
thus, the threshold for withdrawal may have been lower
for children with DS, particularly with prolonged admis-
sion episodes. A second reason may lie in differences in
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Fig. 3 Non-linear relationship between PIM2 mortality risk, age and subhazard ratio for death. Hazard ratios are expressed relative to
centred values for PIM2 (10 %) and age (12 months)

Table 2 Competing risks regression model with ICU death as
outcome, and ICU discharge as competing event (n = 33,485,
deaths = 2,060)

Subhazard

Ratio (95 % CI) p [ |z|

Down syndrome 0.63 (0.41, 0.98) 0.04
Down synd 9 ln(time) 1.22 (1.01, 1.50) 0.04
Admission diagnoses
Cardiac 0.61 (0.53, 0.70) \0.001
Respiratory 0.37 (0.29, 0.47) \0.001
Respiratory 9 ln(time) 1.55 (1.40, 1.72) \0.001

Neurology 1.19 (1.01, 1.40) 0.04
Gastro 1.55 (1.20, 1.99) 0.001
Gastro 9 ln(time) 0.86 (0.75, 0.99) 0.04
Oncology 0.77 (0.49, 1.19) 0.24
Oncology 9 ln(time) 1.47 (1.21, 1.78) \0.001
Age/year
Age frac poly A 1.002 (1.001, 1.003) \0.001
Age frac poly B 1.0003 (1.0001, 1.0004) \0.001
Study year 0.97 (0.95, 0.99) 0.005

Paediatric ICU
Unit 2 0.99 (0.86, 1.15) 0.96
Unit 3 1.27 (1.13, 1.43) \0.001
Unit 4 1.51 (1.31, 1.73) \0.001

Mortality risk at admission
PIM2 frac poly A 1.88 (1.76, 1.99) \0.001
PIM2 frac poly B 1.02 (1.01, 1.02) \0.001

Therapies
Inotropes 3.48 (3.06, 3.95) \0.001
Inotropes 9 bypass 0.50 (0.41, 0.60) \0.001

Dialysis 2.47 (2.16, 2.82) \0.001

Subhazard ratios for PIM2 and age are given as ‘‘A’’ and ‘‘B’’ to
reflect the two powers derived from the fractional polynomial
analysis. The powers were (0, 2) for PIM2, and (-1, -1) for age.
Paediatric ICU subhazard ratios are those compared with the ref-
erence ICU (unit 1)
Frac poly fractional polynomial, bypass cardiopulmonary bypass
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Fig. 4 Adjusted subhazard ratio for death for DS, compared with
non-DS patients. Dotted lines represent 95 % confidence interval
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diagnoses that were not highlighted by the organ-based
categorization used in this study (cardiac, respiratory
etc.). However, this is less likely, for two reasons. First,
14 key high- and low-risk specific diagnoses are
accounted for within the PIM2 score [21]. Second, we
adjusted for time effects of diagnostic category where
appropriate. For respiratory disease, this meant that risk
was lower early on in the admission (perhaps accounting
for lower-risk respiratory diagnoses, such as bronchiolitis
and asthma, which are less likely to result in mortality or
prolonged stay), and increased with longer stay (where
higher-risk diagnoses such as severe pulmonary infection
and major tracheobronchial abnormalities are likely to
predominate). A similar adjustment was also made for
gastroenterology and oncology admissions. However, it
must be noted that adjusting for time effect based on
diagnostic category may also be influenced by disease
severity per se, in that for example, a patient with bron-
chiolitis who is still in paediatric intensive care unit
(PICU) on day 14 is unlikely to have the same disease
severity (and risk of death) as a patient who is discharged
on day 2. A third reason for the apparent time-dependent
mortality difference with DS may have been due to
important comorbidities not recorded within the PICA-
NET database.

A fourth, and perhaps more intriguing, explanation
may be an abnormal response to critical illness among
children with DS, in particular the development and res-
olution of organ failure. Failure of cellular oxygen
delivery is an early precipitant of organ failure, and
ongoing organ dysfunction may arise from an adaptive
response to sublethal oxygen deprivation and particularly
altered redox status rather than cell death [12, 23, 24]. This
adaptation is mediated at the level of the mitochondrion
and has been described as ‘‘hibernation’’ or ‘‘aestivation’’.
When the threat subsides, mitochondrial biogenesis is
associated with organ recovery [25]. DS patients have
important differences in susceptibility to oxidative stress
[15]. Most DS patients have complete trisomy of chro-
mosome 21, whereby 21q22.1 encodes the soluble form of
superoxide dismutase 1, a key antioxidant molecule. The
ratio of superoxide dismutase 1 to catalase plus glutathi-
one peroxidase is increased in DS, which has been
reported to induce an oxidative stress positive feedback
[15, 26]. Oxidative stress is associated with inhibition of
mitochondrial respiration [27]. Other abnormalities within
the duplicated chromosome 21 (specifically, in the Down
syndrome critical region gene 1 short variant), may also
influence the mitochondrial response to stress, via calci-
neurin inhibition and downstream transcription factors
[28, 29]. An animal model has recently shown that
abnormalities in this area result in dramatic augmentation
of the inflammatory response to sepsis [30].

This hibernation hypothesis predicts a complex rela-
tionship between severity of organ dysfunction and
outcome: patients who are able to trigger a prompt

hibernation response will tend to avoid death early in an
episode of critical illness, though at a cost of a greater
requirement for early organ support. Eventual survival
will be determined by the capacity for mitochondrial
recovery once the initial threat (infection, trauma, surgery
etc.) has passed. In this view, early protection may carry a
cost of lower likelihood of organ failure recovery. This is
consistent with our data, in that DS children: (a) required
a higher proportion of cardiovascular and renal support
than suggested by disease severity at admission (PIM2),
(b) stayed in the ICU longer, and (c) manifested a mor-
tality rate that increased above that of non-DS patients
with prolonged ICU stay. Other studies are also consistent
with this, including: the increased severity of respiratory
failure in DS with a paradoxical improved survival, and
high rates of complications but no increase in mortality
after cardiac surgery [6, 7]. The reported excess mortality
for DS children with sepsis [8] appears in the context of
long hospital stays without information about the time to
death during the sepsis episode.

The observations we present are consistent with DS
cases triggering hibernation more readily than non-DS
cases, followed by failure of resolution. However, given
the limitations of the dataset, we are not able to test the
predictions of this hypothesis further, in that we know
neither the severity of organ failure nor the length of time
of organ support (but can only extrapolate from length of
stay). As stated previously, the inability to adjust for
potentially important comorbidity (e.g. other chromo-
somal defects) also represents an important limitation.
However, this will be addressed in a future study, as
PICANET has recently expanded to contain more detail
on organ support, in terms of both type and duration.

In addition to testing our primary hypothesis, this
study has provided valuable epidemiological data con-
cerning children with DS admitted to the ICU. Although
accounting for 1 in 800 live births, DS children accounted
for 1 in 26 ICU admissions, meaning that a child with DS
was approximately 30 times more likely to require ICU
admission during childhood, with a caveat that this cal-
culation does not take multiple admissions into account.
By far the commonest (63 %) reason for admission was
cardiac disease. Despite this, the standardized ICU mor-
tality rates were similar to non-DS children, after
adjustment for mortality risk at admission (0.83 versus
0.90, Table 1). However, our study has highlighted that
this risk is not uniform, but varies with length of ICU
stay. Understanding this relationship may be useful for
balancing risk versus benefit and timing of novel therapies
for DS patients.
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