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background

ferent from those for ED admissions.
Children admitted from the operating
room had lower severity-adjusted mortal-
ity than ED admissions.

The current study systematically ana-
lyzes differences in clinical outcomes for
children directly admitted to tertiary
PICU care vs. those admitted from indi-
rect sources, including interhospital
transfer from other PICUs. The study
identifies characteristics that differenti-
ate PICU admissions according to the
sources of admission and illustrates the
use of hospital data to evaluate oppor-
tunities to reduce adverse PICU out-
comes for hospitalized children. The
study findings suggest that strategies
aimed at reduction of mortality at the
tertiary PICU would need to specifically
target transfer admissions from the
study hospital’s wards and from PICUs
of other hospitals.

We report higher severity-adjusted
mortality among ward admissions to the
PICU compared with ED admissions, al-
though fewer patients were admitted

from the wards than from the ED, oper-
ating rooms, or other hospitals overall.
Ward admissions to the PICU therefore
deserve focused attention geared toward
better understanding of pre-PICU care,
including its duration, the characteristics
of the patients, the intensity of care pro-
vided, clinical course, and the indications
for subsequent transfer to the PICU. Prior
studies in adult critically ill patients hos-
pitalized within tertiary care ICUs have
reported similar findings of higher mor-
tality for patients admitted from the ward
to the ICU when compared with directly
admitted patients (1, 2, 5, 15). Several
reasons have been proposed to explain
this occurrence, including delayed tim-
ing of admission to the ICU; certain pa-
tient characteristics, such as admitting
diagnoses; and progression of the original
condition that prompted initial admis-
sion to the ward (15, 16). It has also been
postulated that among certain patients,
transfer from the ward to the PICU might
be a marker for poor response or nonre-
sponse to clinical therapy, and resultant

poor outcomes, regardless of site of care
(1). In addition, a recent study reported a
significant association between the pre-
ICU LOS on the hospital ward and higher
mortality in the ICU (16). While the cur-
rent study was not able to investigate the
patients’ clinical course (including dura-
tion of hospitalization) before PICU ad-
mission, future studies are warranted to
elucidate patient-level and system factors
that contribute to increased mortality
risk for certain patients transferred from
the ward. Such factors might then be
targeted in mortality-reduction efforts
within the hospital.

Moreover, improved outcomes have
been associated with early identification
of critically ill adult patients on the wards
before physiologic deterioration and need
for emergent resuscitation and ICU ad-
mission (17–19). Such efforts might pre-
sumably be beneficial among ward pa-
tients in the current study cohort. Also,
improved understanding of the medical
decision making on the wards, particu-
larly as it relates to the process and tim-
ing of patient transfer to the PICU, might
be highly instructive in the efforts to re-
duce PICU mortality.

Similar to the findings of higher mor-
tality and increased LOS among interho-
spital transfer admissions compared with
ED admissions in the current study,
Combes et al. (4), in a study of critically
ill adults, reported higher severity of ill-
ness, mortality, and ICU LOS among in-
ter-ICU transfer admissions compared
with either direct admissions or non-ICU
transfer admissions. Unlike the Combes
study, which analyzed direct admissions
as a combination of ward admissions and
ED admissions, the current study ana-
lyzed ward admissions separate from ED
admissions to the PICU, to allow for in-
vestigation of differences in outcomes be-
tween homogeneous “source of admission”
groups. This methodologic approach of
separating admissions from the ward from
those originating in the ED allowed the
identification of significant differences in
patient characteristics and clinical out-
comes between ward and direct admissions
in the current study. Also, delineation of
direct admissions into ED and operating
room admissions allowed identification of
significant differences among these direct
sources of PICU admission that might not
have otherwise been observed.

Patients admitted from either the
ward or as transfers from other hospitals
had increased PICU LOS in comparison
with ED admissions. These findings are

Table 4. Multivariable linear regression analysis of length of stay in the pediatric intensive care unit
according to the sources of admission

Source of Admission
Increase in Length
of PICU Stay, Days

95% Confidence
Interval p

Emergency department Referent category — —
Operating room 0.4 �1.1 to 2.0 .58
Ward 3.6 2.6 to 4.6 �.01
Non-PICU transfer 1.8 0.8 to 2.7 �.01
Inter-PICU transfer 6.2 4.5 to 8.0 �.01

Emergency department, admission from the emergency department of the study hospital; oper-
ating room, admission from the operating rooms of the study hospital; ward, admission from the wards
of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the
referring hospitals.

Analysis adjusted for age, diagnoses, operative status, type of admission (elective vs. emergent), and
Pediatric Risk of Mortality III score.

Table 5. Multivariable logistic regression analysis of mortality in the pediatric intensive care unit
(PICU) according to the sources of admission

Source of Admission Odds of Mortality
95% Confidence

Interval p

Emergency department Referent category — —
Operating room 0.51 0.28–0.94 .03
Ward 1.65 1.08–2.51 .02
Non-PICU transfer 0.80 0.51–1.25 .33
Inter-PICU transfer 1.43 0.80–2.56 .23

Emergency department, admission from the emergency department of the study hospital; oper-
ating room, admission from the operating rooms of the study hospital; ward, admission from the wards
of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the
referring hospitals.

Analysis adjusted for age, diagnoses, operative status, type of admission (elective versus emergent),
and Pediatric Risk of Mortality III score.
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Do outcomes vary according to the source of admission to the
pediatric intensive care unit?*
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Studies among critically ill
adults have revealed variation
in outcomes of care according
to the source of admission to

the intensive care unit (ICU). Poorer out-
comes of higher ICU and hospital mortal-
ity, and longer ICU and hospital length of
stay (LOS), have been reported for pa-
tients transferred from either the wards
of the referral hospital (1–5) or other

hospitals (1–4, 6–11), when compared
with patients admitted directly from the
emergency department (ED), clinics, or
operating rooms. Persistence of this ad-
verse transfer effect has been reported
among critically ill adult patients in ter-
tiary care ICUs despite rigorous adjust-
ment for severity of illness and case mix
(2, 4). Concern regarding this significant
variation in severity-adjusted outcomes
according to the sources of admission to
tertiary ICU care has led investigators to
conclude that efforts to benchmark inter-
institutional ICU performance for adult
care should account for ICU transfer case
mix.

While prior analyses have revealed
that outcomes for the most severely ill
children might be better at tertiary care
pediatric ICUs (PICUs) than at nonter-
tiary PICUs (12), it is unknown if differ-
ences exist in clinical outcomes between
patients who are directly admitted to a
tertiary PICU from the operating rooms
and ED compared with those who are
transferred from indirect sources, such as
in-hospital wards and referring hospitals.

This study was conducted to test the hy-
pothesis that, similar to findings in
adults, severity-adjusted clinical out-
comes at a tertiary PICU would be worse
among in-hospital ward and interhospital
transfer admissions compared with chil-
dren admitted directly from the ED or
operating rooms.

MATERIALS AND METHODS

Study Design. This was a retrospective
analysis of admissions to a 16-bed medical-
surgical PICU and a 15-bed cardiac PICU at a
tertiary medical center.

Setting and Study Population. The study
used data collected prospectively within the
Pediatric Risk of Mortality (PRISM) III data-
base of a tertiary care university children’s
hospital from July 1, 1998, through June 30,
2004. The database contained diagnostic, lab-
oratory, physiologic, and demographic infor-
mation collected on patients within the first
24 hrs of PICU admission. Data on clinical
outcomes, including PICU survival and PICU
LOS, were also recorded in the database.

Most of the PICUs in the United States are
combined medical-surgical and cardiac PICUs
(13). To enhance the generalizability of the
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Objective: To examine associations between mortality, length
of stay, and the sources of admission to tertiary pediatric inten-
sive care.

Design: A retrospective analysis of prospectively collected
data.

Setting: A tertiary medical center with a 16-bed medical-
surgical intensive care unit and a 15-bed cardiac pediatric inten-
sive care unit (PICU).

Patients: All admissions from July 1, 1998, through June 30,
2004. Multivariable regression methods compared length of stay
and mortality between the sources of PICU admission, controlling
for multiple variables, including severity of illness.

Interventions: None.
Measurements and Main Results: Of 8,897 eligible admissions,

74% were directly from the study hospital’s emergency depart-
ment or operating rooms, while 26% were from indirect sources,
including the study hospital’s wards (11%) or interhospital trans-
fer from either non-PICU (12%) or PICU settings (3%). Compared

with emergency department admissions, ward admissions had
higher odds of mortality (odds ratio 1.65, 95% confidence interval
1.08–2.51), transfer admissions from non-PICU settings did not
have elevated odds of mortality (odds ratio 0.80, 95% confidence
interval 0.51–1.25), and inter-PICU transfer admissions had higher
odds of mortality (odds ratio 1.43, 95% confidence interval 0.80–
2.56), although not reaching statistical significance. Compared
with emergency department admissions, ward admissions stayed
almost 4 days longer in the PICU, while interhospital transfer
admissions from non-PICU and PICU settings stayed 2 and 6 days
longer, respectively.

Conclusions: Outcomes of tertiary pediatric intensive care vary
significantly by source of admission. Strategies aimed at reduc-
tion of mortality at the tertiary PICU should target transfer ad-
missions from the hospital’s wards and from PICUs of other
hospitals. (Pediatr Crit Care Med 2008; 9:20–25)

KEY WORDS: child; pediatrics; intensive care; patient admission;
patient transfer; mortality
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most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.
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most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.
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most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.

22 Pediatr Crit Care Med 2008 Vol. 9, No. 1

most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.
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most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.
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most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.
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most likely to be admitted in elective
rather than emergent status.

Seventy percent of all admissions to
the PICU had either medical or cardiovas-
cular disease, 19% had noncardiovascular
surgical diagnoses, and trauma was the
diagnosis in 9% of the study population.
The predominant diagnoses for which pa-
tients were admitted to the PICU were
medical in nature across the various
sources of admission except the operating
room, from where children with cardio-
vascular or surgical diagnoses were most
often admitted (Table 2).

Comparison of PICU Outcomes by
Transfer Status. PICU outcomes varied
significantly by the source of admission
(Table 3). Three hundred seventy-six
(4.2%) children died. In comparison with
the ED admissions (3.7%), ward admis-
sions, non-PICU transfer admissions, and
inter-PICU admissions had higher unad-
justed mortality rates of 9.8%, 6.7%, and
12.7%, respectively. Conversely, admis-
sions from the operating rooms (2.2%)
had lower mortality rates than ED admis-
sions. Furthermore, in contrast to ED
admissions, mean PICU LOS was signifi-
cantly longer among operating room ad-

missions, ward admissions, non-PICU
transfer admissions, and inter-PICU ad-
missions (3.1 days vs. 4.0, 8.1, 6.2, and
11.1 days, p � .01), respectively.

In multivariate analyses, PICU LOS
was significantly longer among ward ad-
missions and interhospital transfer ad-
missions, compared with ED admissions,
after adjustment for multiple variables,
including severity of illness (Table 4). In
comparison with ED admissions, ward
admissions stayed in the PICU 3.6 days
(95% confidence interval [CI], 2.6–4.6)
longer, while non-PICU and inter-PICU
transfer admissions stayed 1.8 (95% CI,
0.8–2.7) and 6.2 (95% CI, 4.5–8.0) days
longer in the PICU, respectively. Operat-
ing room admissions stayed 0.4 (�1.1 to
2.0) fewer days in the PICU than ED ad-
missions, although this was not statisti-
cally significant.

Importantly, ward patients had near
two-fold higher odds of mortality (odds
ratio [OR], 1.65; 95% CI, 1.08–2.51) in
comparison with ED admissions, after ad-
justment for severity of illness and case
mix (Table 5). In contrast, operating
room admissions had lower severity-
adjusted odds of mortality (OR, 0.51; 95%

CI, 0.28–0.94). Patients who underwent
inter-PICU transfer had elevated odds of
mortality in comparison with the ED ad-
missions (OR, 1.43; 95% CI, 0.80–2.56),
although this was not statistically signif-
icant. Similarly, interhospital transfer ad-
missions from non-PICU settings had no
statistically significant difference in odds
of mortality in comparison with ED ad-
missions.

DISCUSSION

In this study to investigate outcomes
related to the source of admission of crit-
ically ill children to tertiary intensive
care, we report significant variation in
patient clinical outcomes according to
the source of admission. In comparison
with admissions from the ED, patients
admitted from the ward had greater se-
verity of illness, longer duration of PICU
stay, and higher odds of mortality after
adjustment for severity of illness. A sim-
ilar pattern of outcomes was observed for
patients admitted on transfer from either
the PICU or non-PICU settings of other
hospitals, although the severity-adjusted
odds of mortality was not statistically dif-

Table 2. Diagnostic categories of admissions according to the sources of admission

Diagnostic Category

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

Medical 71.3 15.0 68.2 65.3 70.9
Cardiovascular 2.2 46.5 24.3 24.3 19.4
Trauma 24.7 4.8 1.4 7.7 5.5
Surgical-general and

subspecialty
1.8 33.6 6.2 2.7 4.2

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals.

All values are percentages.

Table 3. Unadjusted length of stay and mortality according to the sources of admission

Outcomes

Sources of Admission

Emergency Department
n � 1,949

Operating Room
n � 4,596

Ward
n � 1,010

Non-PICU Transfer
n � 1,105

Inter-PICU Transfer
n � 237

PICU length of stay
Mean (SD) 3.1 (9.7) 4.0 (10.1) 8.1 (18.9) 6.2 (17.7) 11.1 (14.6)a

Median (IQR) 1 (1–3) 2 (1–4) 3 (1–9) 2 (1–7) 7 (2–13)a

PICU mortality, % 3.7 2.2 9.8 6.7 12.7a

Emergency department, admission from the emergency department of the study hospital; operating room, admission from the operating rooms of the
study hospital; ward, admission from the wards of the study hospital; non-PICU transfer, admission from the wards and emergency department of the
referring hospitals; inter-PICU transfer, admission from the pediatric intensive care units of the referring hospitals; IQR, interquartile range.

a Statistically significant comparison (p � .05). Chi-square and Kruskal-Wallis tests were used for bivariate comparisons. Analysis of variance was used
for comparison of mean PICU length of stay.
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Rapid Response Teams

A Systematic Review and Meta-analysis

Paul S. Chan, MD, MSc; Renuka Jain, MD; Brahmajee K. Nallmothu, MD, MPH;
Robert A. Berg, MD; Comilla Sasson, MD, MS

Background: Although rapid response teams (RRTs)
increasingly have been adopted by hospitals, their effec-
tiveness in reducing hospital mortality remains uncer-
tain. We conducted a meta-analysis to assess the effect
of RRTs on reducing cardiopulmonary arrest and hos-
pital mortality rates.

Methods: We conducted a systematic review of studies
published from January 1, 1950, through November 31,
2008, using PubMed, EMBASE, Web of Knowledge,
CINAHL, and all Evidence-Based Medicine Reviews. Ran-
domized clinical trials and prospective studies of RRTs
that reported data on changes in the primary outcome
of hospital mortality or the secondary outcome of car-
diopulmonary arrest cases were included.

Results: Eighteen studies from 17 publications (with 1
treatedas2separatestudies)wereidentified, involvingnearly
1.3 million hospital admissions. Implementation of an RRT
in adults was associated with a 33.8% reduction in rates of

cardiopulmonaryarrestoutsidethe intensivecareunit(ICU)
(relative risk[RR],0.66;95%confidence interval [CI],0.54-
0.80) but was not associated with lower hospital mortality
rates (RR, 0.96; 95% CI, 0.84-1.09). In children, imple-
mentation of an RRT was associated with a 37.7% reduc-
tion inratesof cardiopulmonaryarrestoutside the ICU(RR,
0.62; 95% CI, 0.46-0.84) and a 21.4% reduction in hospi-
talmortality rates (RR,0.79;95%CI,0.63-0.98).Thepooled
mortality estimate in children, however, was not robust to
sensitivityanalyses.Moreover, studies frequently foundevi-
dence that deaths were prevented out of proportion to re-
ductions in cases of cardiopulmonary arrest, raising ques-
tions about mechanisms of improvement.

Conclusion: Although RRTs have broad appeal, robust
evidence to support their effectiveness in reducing hos-
pital mortality is lacking.

Arch Intern Med. 2010;170(1):18-26

C ASES OF IN-HOSPITAL CAR-
diopulmonary arrest are
common and are associ-
ated with low rates of sur-
vival.1 Previous studies2,3

have found that hospital patients often ex-
hibit signs of physiologic deterioration in
the hours before cardiopulmonary arrest
occurs. Because early detection of these
warning signs may provide an opportu-
nity for the prevention of cardiopulmo-
nary arrest and its attendant mortality, the
use of a rapid response team (RRT) has
been promoted as a means of reduction of
in-hospital mortality.

An RRT is typically a multidiscipli-
nary team of medical, nursing, and respi-
ratory therapy staff charged with the
prompt evaluation, triage, and treatment
of patients with signs of clinical deterio-
ration not treated in the intensive care unit

(ICU).4 Independent of the primary phy-
sicians who care for the patient, members
of the RRT can order critical laboratory and
imaging studies and medications, trans-
fer patients to higher levels of monitoring
and care, and discuss end-of-life care with
patients. The development of RRTs has
grown in parallel with an increasing in-
terest in improvement of hospital quality
and outcomes. In fact, the Institute for
Healthcare Improvement’s 100 000 Lives
Campaign5 has recommended that hospi-
tals implement RRTs as 1 of 6 strategies
to reduce preventable in-hospital deaths.
As a result, hundreds of hospitals have
implemented these teams as part of their
quality improvement initiatives.

Although the use of RRTs has broad
appeal, previous studies6-8 have been lim-
ited and have reported mixed results,
and individual studies have often not
been adequately powered to examine the
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a time revealed no study whose
removal would have meaningfully
changed the pooled mortality
estimate. Finally, pooled mortality
est imates were not dif ferent
between studies characterized as
high vs low quality, studies with
high vs low rates of RRT activation,
or s tud ies tha t exc luded or
included patients with a DNR des-
ignation (eFigure 2).

Among the 4 pediatric RRT
studies, 2 studies35,37 reported a
significant reduction in mortality,
whereas 2 others14,36 found no effect.
Implementation of an RRT was as-
sociated with lower hospital mor-
tality rates in pediatric patients
(pooled RR, 0.79; 95% CI, 0.63-
0.98) (Figure 3), but significant
heterogene i ty was observed
(I2=66.0%, P=.03). Importantly, the
pooled mortality estimate was sen-
sitive to omission of any 3 of the 4
individual studies35-37 (ie, would re-
sult in no association with hospital
mortality when omitted), which sug-
gests that the association of RRT
implementation with lower mortal-
ity rates in pediatric hospitals was not
robust (eFigure 3). Lastly, when data
from adult and pediatric studies were
aggregated, implementation of RRTs
was not associated with lower hos-
pitalmortality rates (pooledRR,0.92;
95% CI, 0.82-1.04) (Figure 3).

Mechanistic Plausibility

For the 5 studies27,28,34,35,37 that re-
ported lower mortality rates after
implementation of an RRT, we ex-
amined the extent to which this was
owing to the interventions of the RRT
with regard to cardiopulmonary ar-
rest. One study34 did not report on
rates of cardiopulmonary arrest. In
the 4 remaining studies,27,28,35,37 the
number of fewer deaths observed af-
ter RRT implementation exceeded by
1.4-fold to more than 100-fold the
number of cases of cardiopulmo-
nary arrest averted (Table 2). For
the 2 studies28,37 that also reported
case-fatality rates of cardiopulmo-
nary arrest before and after interven-
tion, the number of averted deaths at-
tributable to the RRT intervention
(determined from the lower rate of
and improved survival from cardio-
pulmonary arrest) could not ac-
count for the actual number of fewer

deaths observed during the postinter-
vention period (Table 3). This was
particularly the case for the study37

with the greatest weight in the pooled
mortality estimate in children, in
which 10 deaths were prevented
through the direct interventions of
the RRT on cardiopulmonary ar-
rest, whereas 214 fewer deaths were
reported in the postintervention pe-
riod. For the other 2 studies,27,35 we
similarly found that even if we as-
sumed a best-case scenario (100%
case-fatality rate before interven-
tion and 0% case-fatality rate after in-
tervention), the number of pre-
vented deaths attributable to the RRT
intervention could not account for
the actual number of fewer deaths re-
ported during the postintervention
period (Table 3).

COMMENT

This systematic review found that
implementation of RRTs was associ-
ated with substantial reductions in
non-ICU–treated cardiopulmonary
arrest rates of 33.8% in adults. How-
ever, these reductions were not asso-
ciatedwithloweroverallhospitalmor-
tality rates in this group of patients.
Notably, the effect of RRT implemen-
tation on hospital mortality in adults
has shifted toward the null during the
past decade, which raises questions
about the effective dissemination of
relevant information about RRTs or
the possibility of initial publication
bias. In children, implementation of

an RRT intervention was associated
with a pooled reduction in non-ICU–
treated cardiopulmonary arrest rates
of 37.7% and an overall 21.4% reduc-
tion in hospital mortality, but this lat-
ter finding was not robust to sensi-
tivity analyses.

In the adult and pediatric stud-
ies that reported lower hospital
mortality rates after RRT imple-
mentation, we also found a discon-
nect between these improvements
and lower rates of or improved sur-
vival from cardiopulmonary arrest
(see Tables 2 and 3). It is likely that
the mortality benefit associated
with the RRT intervention was
overestimated in these studies. The
excess deaths prevented may have
been owing to the overall improve-
ment in hospital care quality from
RRT training and education,
unmeasured secular trends, other
quality improvement initiatives
during the intervention period, or
residual confounding (eg, inad-
equate control for case mix and
preintervention time trends). Col-
lectively, the findings from this
review raise questions about the
effectiveness and generalizability of
RRT implementation, given the
lack of a sustained, robust, and
plausible mortality benefit.

Our meta-analysis significantly ex-
tends the findings of previous stud-
ies (including meta-analyses) in sev-
eral ways. First, this is the most
contemporary systematic review of
the literature to assess the effect of an

0.7 0.8 0.9 1.0 1.1

Cumulative Pooled RR (95% CI)

Study

Bristow et al (hospital 1 vs 2)20

Bristow et al (hospital 1 vs 3)20

Buist et al28

Bellomo et al27

Priestley et al34

Kenward et al33

Hillman et al31

Dacey et al13

Jones et al32

Chan et al9

Baxter et al12

Figure 4. Cumulative pooled estimate for hospital mortality after rapid response team (RRT)
implementation in adults. The cumulative effect of each additional study on the pooled mortality estimate
in adults is depicted. Because of significant findings in earlier studies, there was a suggestion that RRTs
may reduce hospital mortality rates. After inclusion of recent adult studies, however, implementation of
RRTs was not found to be associated with lower hospital mortality rates. Dotted vertical line denotes the
overall pooled mortality estimate in adults. CI indicates confidence interval; RR, relative risk.
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Bedside Paediatric Early Warning System

1	
	

validated score 
to quantify severity of illness & risk of deterioration

2 documentation record 
representation, score calculation & decision support

3 score matched recommendations
a safety-net that describes reasonable care

4 implementation program
educator-designed, frontline expert tested

BedsidePEWS
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Multicentre validation of the bedside paediatric
early warning system score: a severity of illness
score to detect evolving critical illness in
hospitalised children
Christopher S Parshuram1,2,3,4,5,6,7,8,9*, Heather P Duncan9, Ari R Joffe10,11, Catherine A Farrell12, Jacques R Lacroix12,
Kristen L Middaugh2,3, James S Hutchison1,3,4,6,7,13, David Wensley14, Nadeene Blanchard2,3, Joseph Beyene2,15,16

and Patricia C Parkin2,3,4,5

Abstract

Introduction: The timely provision of critical care to hospitalised patients at risk for cardiopulmonary arrest is
contingent upon identification and referral by frontline providers. Current approaches require improvement. In a
single-centre study, we developed the Bedside Paediatric Early Warning System (Bedside PEWS) score to identify
patients at risk. The objective of this study was to validate the Bedside PEWS score in a large patient population at
multiple hospitals.

Methods: We performed an international, multicentre, case-control study of children admitted to hospital inpatient
units with no limitations on care. Case patients had experienced a clinical deterioration event involving either an
immediate call to a resuscitation team or urgent admission to a paediatric intensive care unit. Control patients had
no events. The scores ranged from 0 to 26 and were assessed in the 24 hours prior to the clinical deterioration
event. Score performance was assessed using the area under the receiver operating characteristic (AUCROC) curve
by comparison with the retrospective rating of nurses and the temporal progression of scores in case patients.

Results: A total of 2,074 patients were evaluated at 4 participating hospitals. The median (interquartile range)
maximum Bedside PEWS scores for the 12 hours ending 1 hour before the clinical deterioration event were 8 (5 to
12) in case patients and 2 (1 to 4) in control patients (P < 0.0001). The AUCROC curve (95% confidence interval)
was 0.87 (0.85 to 0.89). In case patients, mean scores were 5.3 at 20 to 24 hours and 8.4 at 0 to 4 hours before the
event (P < 0.0001). The AUCROC curve (95% CI) of the retrospective nurse ratings was 0.83 (0.81 to 0.86). This was
significantly lower than that of the Bedside PEWS score (P < 0.0001).

Conclusions: The Bedside PEWS score identified children at risk for cardiopulmonary arrest. Scores were elevated
and continued to increase in the 24 hours before the clinical deterioration event. Prospective clinical evaluation is
needed to determine whether this score will improve the quality of care and patient outcomes.

Introduction
Timely application of critical care improves patient out-
comes [1-4] but depends upon early identification of
patients at risk [5,6]. Late recognition resulting in cardi-
opulmonary arrest occurs in 0.1 to 20 of 1,000 children

admitted to hospital inpatient units [7-9] and is asso-
ciated with poor survival [10] and significant morbidity
in survivors [8,11-15].
Systems that distinguish patients at risk for near and

actual cardiac arrest from other low-risk, ‘well’ hospita-
lised patients will minimise false-alarm calls to critical
care teams while identifying patients at risk. To date,
few identification systems have undergone methodologi-
cally rigorous development and evaluation [6,16-18].
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Care Recommendations
Bedside PEWS Score® Recommendations
value

or 

other

charting in ‘value section” of   
BPEWS record

 
or

other significant 
deterioration

immediate 
consider
  CPR
  Monitoring
  ICU consult

if patient stays on 
ward formalize a 
customized plan

1 Initial recommendations are intended to be applied when a patient either has their 
initial Bedside PEWS score calculated on admission to the hospital ward, or when 
the patients condition is changing as indicated by an increase or decrease in the 
category of their Bedside PEWS score.

2 Subsequent recommendations are intended to assist level of care decision-making 
for children who after review have a BPEWS score remaining in the same category 
and who are continue to be cared in a hospital ward.

3 ICU Consultation includes referral to a Medical Emergency Team or other “ICU 
Outreach” service.  These items are recommendations to be applied at the discretion 
of the frontline health care professionals providing patient care.  They are intended to 
augment clinical judgement, not replace it.
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design

R
Standard CareStandard Care

BedsidePEWS implementedStandard Care
ru

n 
in

Control

Intervention
26 weeks 52 weeks

hospitals randomized 1 : 1 ratio
concealment until week one
analyses account for clustering, baseline rates, volume

eligible  	 Hospital with PICU 
				    >200 hospital admissions /year 
				    willing to be randomized 
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		  all-cause hospital mortality
		  objective in an inherently unblinded study 
		  is independent of care limitations (DNR) 

		  estimated 5/1000 patient discharges
			   >>> power 80% alpha 0.05 for ARR 0.1%

 
 

primary outcome
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late ICU admission
main secondary outcome

1Early none of the below  

2Pos. Press. V unplanned bag mask, 
CPAP or BIPAP  <12 h before

3 Intubation intubation <12 h before or
<1 h after

4Circulatory >60 ml /kg  or inotropes 
or pressors <12 h before

5Circ.& Resp. Circulatory intervention 
and Intubation 

<12 h before or
<1 h after (ETT)

6CPR/ECMO cardiac massage or ECMO <12 h before or
<1 h after

7Death irrespective of other 
interventions no ICU admission
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resuscitation intensity
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369 patients 
urgent ICU transfer 
from inpatient ward
5 deaths before transfer

15% overall mortality 
22% ‘Late’ ICU admission 
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	 1 late ICU admission 
	 2 severity of clinical deterioration
	 3 potentially preventable cardiac arrest
	 4 unplanned hospital readmission
	 5 unplanned PICU readmission

urgent ICU admission
	 6 PIM score (predicted mortality)
	 7 PICU mortality  
	 8 PELOD score day1 & all PICU
	 9 VFD first ICU admission

secondary outcomes



Christopher S Parshuram MB.ChB. D.Phil.
Physician: Critical Care Medicine 
Scientist: Child Health Evaluative Sciences 
Hospital for Sick Children 
Professor: University of Toronto 

Ontario, Canada.

Center for Safety Research team
S Ferri, A Kamath, N Shahid, J Grillo, S Singh, S Ashley, N Tackey, 
M Van Huyse, O Ferri, K Middaugh, Y Kwon, H Frndova.  

EPOCH Executive Steering Committee

operations

C Parshuram
K Dryden-Palmer
C Farrell
R Gottesman
M Gray
M Helfaer
E (B) Hunt 

J Hutchison
A Joffe
J LaCroix 
V Nadkarni
P Parkin
D Wensley 
A Willan 



Christopher S Parshuram MB.ChB. D.Phil.
Physician: Critical Care Medicine 
Scientist: Child Health Evaluative Sciences 
Hospital for Sick Children 
Professor: University of Toronto 

Ontario, Canada.

oversight processes
1		 dual study oversight: 
		  Executive Steering Committee  
		  Canadian Critical Care Trials Group 
2		 delegated randomization 
3 	 data safety & monitoring board
4		 site data confirmation & sign off 

5 	 independent statistician review
6		 writing committee 
7		 independent pre-submission review
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results

21 hospitals | 3 continents | 3 languages | 21 cultures
							     
									         Jan 2011 -2015 Sept. 
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all control BedsidePEWS
Hospitals

Sites 21 11 10

Rapid Response Team 9 4 5

>200 Beds 3 1 2

Staffed Beds 2085 1148 937

Patients

*Hospital Discharges 144,539 94,366 50,173

*Ward Patient Days 559,443 307,584 251,859

*ICU Days 15,961 9,293 6,668

		  				    * post-randomization period

the participants



Christopher S Parshuram MB.ChB. D.Phil.
Physician: Critical Care Medicine 
Scientist: Child Health Evaluative Sciences 
Hospital for Sick Children 
Professor: University of Toronto 

Ontario, Canada.

mortality outcomes
mortality outcome control BedsidePEWS Odds or Rate

Ratio (95% CI) p

all-cause hospital
N (/1000 hospital discharges) 147  (1.56) 97  (1.93) 1.003 (0.77-1.32) 0.98

+do not resuscitate
N (/1000 hospital discharges) 100  (0.84) 55  (1.09) 1.041 (0.75-1.45) 0.81

 after urgent ICU
N (/100 urgent ICU discharges) 73  (6.2%) 43 (5.2%) 0.81 (0.57-1.15) 0.24

predicted urgent ICU
N (/100 urgent ICU discharges) 58  (4.9%) 46 (5.4%) -- --

			   all-cause hospital mortality was <40% of rate anticipated before study. 
			   we sought a difference of 1/1000 hospital discharges: mortality was similar 
			   observed > predicted mortality after Urgent ICU admission in control hospitals 
			   1.3% higher in control hospitals vs 0.2% lower in BedsidePEWS hospitals
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timeliness of ICU
ICU admission control BedsidePEWS Rate Ratio 

(95% CI) p

late ICU
N (/1000 hospital days) 259  (0.842) 127 (0.504) 0.763 (0.61-0.95) 0.0164

urgent ICU admission
N (/1000 hospital days) 1178  (3.83) 828  (3.29) 0.973 (0.88-1.07) 0.55

*cardiac arrests
N (/1000 hospital days) 32  (0.104) 27  (0.107) 1.001 (0.60-1.69) 0.97

pot. preventable arrest
N ( /1000 hospital days) 29  (0.094) 21  (0.083) 0.875 (0.50-1.54) 0.64

			 
			   similar rate of urgent ICU admission. 
			   infrequent cardiac arrest ~1/10000 hospital days
			   less late ICU admission with BedsidePEWS 
			   16% of urgent admissions with BedsidePEWS vs 24% in control hospitals
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& early ICU

most deteriorating children admitted to ICU had no major ICU intervention 
cardiac arrest & death before transfer were uncommon & similar rates
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care processes
process outcome control BedsidePEWS Rate Ratio (95%CI) p

resuscitation team call  
 N ( /1000 patient days)  179   (0.58) 126   (0.50) 0.97 (0.77-1.23) 0.82

ICU/RRT consultation
N ( /1000 patient days) 1694 (5.51) 1015 (4.03) 1.050 (0.965-1.142) 0.26

‘stat’ call
N ( /1000 patient days) 1157 (3.76) 1727 (6.86) 1.170 (1.085-1.261) <0.0001

heart rate
measurements /24 hours 6.45 7.40 0.49 (0.09-0.89) 0.027

systolic blood pressure
measurements /24 hours 3.58 5.05 0.96 (0.62-1.29) <0.0001

	

			   similar ‘code-blue’ & ICU consult calls
			   better documentation 
			   more ‘we need the Dr. now’ with BedsidePEWS 

adjusted mean difference
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resource utilization
resource outcome control BedsidePEWS Odds Ratio 

(95% CI) p

ICU days
N (% of hospital days) 9293 (2.93%) 6668 (2.58%) -- --

ventilation days
/1000 ICU days 267 264 23 0.42

ECMO use
% urgent ICU admit 1.61% 1.09% 0.30 (0.12-0.75) 0.01

HFOV use
% urgent ICU admit 2.89% 3.26% 0.52 (0.24-1.10) 0.09

technology-days
/1000 ICU days 302 304 -29 (-93-35) 0.39

			   similar ICU resource utilization
			   suggestion less ‘advanced’ technology use with BedsidePEWS 

adjusted mean difference

adjusted mean difference
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BedsidePEWS vs usual care:

1 similar hospital mortality
	 40% initially anticipated rate ->power vs. no difference
	 zero assymptote... more controlled end of life ?  

2 decreased late ICU admission
	 main secondary, prev. original main outcome
	 but similar cardiac arrest / death before ICU (n=8) 

3 changed processes of care
	 more vital signs taken, same resuscitation team calls

4 similar ICU resource utilization  

interpretation
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larger academic hospital focus 
	 unclear generalizablity to community hospitals
	 no US hospitals  

major events were infrequent 
	 primary outcome in retrospect perhaps not ideal
	 smaller regional hospitals had zero mortality
	 69 cardiac arrests ... many judged as preventable

culture change challenging  
	 adherence needs review - physican & nurse actions

more data and analyses to complete
	 main work + planned sub-studies 

limitation
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questions addressed
in our first look @ 36,000 data forms

Does the BedsidePEWS...

Yes improve early detection of critical illness
No reduce mortality

Yes/No improve processes of care & 
Yes not increase healthcare resources
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