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Unrecognized in-hospital deterioration can result in 
tragic consequences for pediatric patients. The ma-
jority of deterioration events have antecedents such 
as increasingly abnormal vital signs and new concerns 

from nurses.1 Recent meta-analyses have shown that rapid re-
sponse systems (RRSs), which include trigger mechanisms such 
as a pediatric early warning score (PEWS), are associated with 
a reduced rate of arrests and in-hospital mortality.2,3 Cardio-
pulmonary arrest rates are useful metrics to judge the effec-
tiveness of the system to identify and respond to deteriorat-
ing adult patients; however, there are important challenges to 
their use as an outcome measure in pediatrics. Arrests, which 
have been relatively uncommon in pediatric patients, are now 
even less frequent since the adoption of a RRS in the majority 
of children’s hospitals.4,5 Several innovations in these systems 
will be context-dependent and hence best first evaluated in a 
single center, where arrests outside of the intensive care unit 
(ICU) may occur rarely. Identification of valid, more frequent 
proximal measures to arrests may better identify the risk fac-
tors for deterioration. This could potentially inform quality im-
provement efforts to mitigate clinical deterioration.

Bonafide et al. at the Children’s Hospital of Philadelphia de-
veloped and validated the critical deterioration event (CDE) 

metric, demonstrating that children who were transferred to 
the ICU and who received noninvasive ventilation, intuba-
tion, or vasopressor initiation within 12 hours of transfer had 
a >13-fold increased risk of in-hospital mortality.6 At Cincin-
nati Children’s Hospital Medical Center, an additional proxi-
mal outcome measure was developed for unrecognized clin-
ical deterioration, now termed emergency transfers (ETs).7-9  
An ET is defined as any patient transferred to the ICU where 
the patient received intubation, inotropes, or three or more 
fluid boluses in the first hour after arrival or before transfer.9 
Improvement science work that aimed at increasing clinician 
situation awareness was associated with a reduction in ETs,8 
but the association of ETs with mortality or other health-
care utilization outcomes is unknown. The objective of this 
study was to determine the predictive validity of an ET on in- 
hospital mortality, ICU length of stay (LOS), and overall  
hospital LOS.

METHODS
We conducted a case–control study at Cincinnati Children’s 
Hospital, a free-standing tertiary care children’s hospital. Our 
center has had an ICU-based RRS in place since 2005. In 2009, 
we eliminated the ICU consult such that each floor-to-ICU 
transfer is evaluated by the RRS. Nurses calculate a Monaghan 
PEWS every four hours on the majority of nursing units.

Patients of all ages cared for outside of the ICU at any point 
in their hospitalization from January 1, 2013, to July 31, 2017, 
were eligible for inclusion. There were no other exclusion  
criteria. The ICU included both the pediatric ICU and the car-
diac ICU.
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In-hospital arrests are uncommon in pediatrics, making 
it difficult to identify the risk factors for unrecognized 
deterioration and to determine the effectiveness of 
rapid response systems. An emergency transfer (ET) is a 
transfer from an acute care floor to an intensive care unit 
(ICU) where the patient received intubation, inotropes, 
or ≥3 fluid boluses in the first hour after arrival or before 
transfer. Improvement science work has reduced ETs,  
but ETs have not been validated against important  
health outcomes. This case–control study aimed to 

determine the predictive validity of an ET for outcomes 
in a free-standing children’s hospital. Controls were 
matched in terms of age, hospital unit, and time of year. 
Patients who experienced an ET had a significantly  
higher likelihood of in-hospital mortality (22% vs 9%), 
longer ICU length of stay (4.9 vs 2.2 days), and  
longer posttransfer length of stay (26.4 vs 14.7 days) 
compared with controls (P < .03 for each). Journal of 
Hospital Medicine 2019;14:482-485. Published online 
first June 7, 2019. © 2019 Society of Hospital Medicine
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Cases
We identified all ET cases from an existing situation awareness 
database in which each RRS call is entered by the hospital nurs-
ing supervisor, whose role includes responding to each RRS ac-
tivation. If the patient transfer meets the ET criteria, the nurse 
indicates this in the database. Each ET entry is later confirmed 
for assurance purposes by the nurse leader of the RRS com-
mittee (RG). For the purposes of this study, all records were 
again reviewed and validated using manual chart review in the 
electronic health record (Epic Systems, Verona, Wisconsin).

Controls
We identified nonemergent ICU transfers to serve as controls 
and matched those to ET in cases to limit the impact of con-
founders that may increase the likelihood of both an ET and a 
negative outcome such as ICU mortality. We identified up to 
three controls for each case from our database and matched 
in terms of age group (within five years of age), hospital unit 
before transfer, and time of year (within three months of ET). 
These variables were chosen to adjust for the impact of age, 
diversity of disease (as hospital units are generally organized 
by organ system of illness), and seasonality on outcomes.

Outcome Measures
Posttransfer LOS in the ICU, posttransfer hospital LOS, and 
in-hospital mortality were the primary outcome measures. Pa-
tient demographics, specific diagnoses, and number of medical 
conditions were a priori defined as covariates of interest. Data 
for each case and control were entered into a secure, web-
based Research Electronic Data Capture (REDCap) database.

Analysis
Descriptive data were summarized using counts and percent-
ages for categorical variables and medians and ranges for con-
tinuous variables due to nonnormal distributions. Chi-square 

test was used to compare in-hospital mortality between the 
ETs and the controls. The Wilcoxon rank-sum test was used 
to compare LOS between ETs and controls. All data analyses 
were performed using SAS version 9.4 (SAS Institute Inc., Cary, 
North Carolina).

RESULTS
A total of 45 ETs were identified, and 110 controls were 
matched. Patient demographics were similar among all cases 
and controls (P > .05). Patients with ETs had a median age of 
seven years (interquartile range: 3-18 years), and 51% of them 
were males. The majority of patients among our examined 
cases were white (68%) and non-Hispanic (93%). There was no 
statistical difference in insurance between the ETs and the con-
trols. When evaluating the hospital unit before the transfer, ETs 
occurred most commonly in the Cardiology (22%), Hematolo-
gy/Oncology (22%), and Neuroscience (16%) units.

ETs stayed longer in the ICU than non-ETs [median of  
4.9 days vs 2.2 days, P = .001; Figure (A)]. Similarly, ET cases 
had a significantly longer posttransfer hospital LOS [median of 
35 days vs 21 days, P = .001; Figure (B)]. ETs had a 22% in-hos-
pital mortality rate, compared with 9% in-hospital mortality in 
the matched controls (P = .02; Table).

DISCUSSION
Children who experienced an ET had a significantly longer 
ICU LOS, a longer posttransfer LOS, and a higher in-hospital 
mortality than the matched controls who were also transferred 
to the ICU. Researchers and improvement science teams at 
multiple hospitals have demonstrated that interventions tar-
geting improved situation awareness can reduce ETs; we have 
demonstrated that reducing ETs may reduce subsequent ad-
verse outcomes.8,10

These findings provide additional support for the use of 
the ET metric in children’s hospitals as a proximal measure for 

FIG. (A) ICU length of stay. ET cases had a median posttransfer ICU length of stay of 4.9 days. Controls had a median posttransfer ICU length of stay of 2.2 days  
(P = .001). (B) Hospital length of stay. ET cases had a median posttransfer hospital length of stay of 26.4 days versus controls with 14.7 days (P = .001).

Abbreviations: ET, emergency transfer; ICU, intensive care unit.
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significant clinical deterioration. We found mortality rates that 
were overall high for a children’s hospital (22% in ET cases and 
9% among controls) compared with a national average mor-
tality rate of 2.3% in pediatric ICUs.11 This is likely due to the 
study sample containing a significant proportion of children 
with medical complexity.

Aoki et al. recently demonstrated that ETs, compared with 
non-ETs, were associated with longer LOS and higher mortality 
in a bivariate analysis.12 In our study, we found similar results 
with the important addition that these findings were robust 
when ETs were compared with matched controls who were 
likely at a higher risk of poor outcomes than ICU transfers in 
general. In addition, we demonstrated that ETs were associat-
ed with adverse outcomes in a United States children’s hospital 
with a mature, long-standing RRS process. As ETs are consid-
erably more common than cardiac and respiratory arrests, use 
of the ET metric in children’s hospitals may enable more rapid 
learning and systems improvement implementations. We also 
found that most of the children with ETs present from units that 
care for children with substantial medical complexity, includ-
ing Cardiology, Hematology/Oncology, and Neurosciences. 
Future work should continue to examine the relationship be-
tween medical complexity and ET risk.

The ET metric is complementary to the CDE measure de-
veloped by Bonafide et al. Both metrics capture potential 
events of unrecognized clinical deterioration, and both offer 
researchers the opportunity to better understand and improve 
their RRSs. Both ETs and CDEs are more common than arrests, 
and CDEs are more common than ETs. ETs, which by defini-
tion occur in the first hour of ICU care, are likely a more spe-
cific measure of unrecognized clinical deterioration. CDEs will 
capture therapies that may have been started up to 12 hours 
after transfer and thus are possibly more sensitive to identify 
unrecognized clinical deterioration. However, CDEs also may 
encompass some patients who arrived at the ICU after prompt 
recognition and then had a subacute deterioration in the ICU.

The maturity of the RRS and the bandwidth of teams to 
collect data may inform which metric(s) are best for individu-
al centers. As ETs are less common and likely more specific 
to unrecognized clinical deterioration, they might be the first 
tracked as a center improves its RRS through QI methods. Al-
ternatively, CDEs may be a useful metric for centers where un-
recognized clinical deterioration is less common or in research 
studies where this more common outcome would lead to more 
power to detect the effect of interventions to improve care.

Our study had several limitations. Data collection was con-
fined to one tertiary care children’s hospital with a high burden 
of complex cardiac and oncology care. The results may not 
generalize well to children hospitalized in smaller or commu-
nity hospitals or in hospitals without a mature RRS. There is 
also the possibility of misclassification of covariates and out-
comes, but any misclassification would likely be nondifferential 
and bias toward the null. Matching was not possible based on 
exact diagnosis, and the unit is a good but imperfect proxy 
for diagnosis grouping. At our center, overflow of patients into 
the Cardiology and Hematology/Oncology units is uncom-
mon, mitigating this partially, although residual confounding 
may remain. The finding that ETs are associated with adverse 
outcomes does not necessarily mean that these events were 
preventable; however, it is important and encouraging that the 
rate of ETs has been reduced at two centers using improve-
ment science interventions.8,10

CONCLUSION
Patients who experienced an ET had a significantly higher like-
lihood of in-hospital mortality, spent more time in the ICU, and 
had a longer hospital LOS posttransfer than matched controls. 
The use of the ET metric in children’s hospitals would allow 
for further analysis of such patients in hopes of identifying 
clinical characteristics that serve as predictors of deteriora-
tion. This may facilitate better risk stratification in the clinical 
system as well as enable more rapid learning and systems im-
provements targeted toward preventing unrecognized clinical  
deterioration.
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