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Introduction
Hospital measurement programs have for long placed an 
emphasis on cost and quality metrics. In particular, the Triple 
Aim established goals that encompassed quality and cost 
measures along with overall population health which encour-
aged healthcare organizations to take more deliberate actions 
to provide both high quality and cost-effective care.1,2 More 
recently, CMS demonstrated its commitment to these goals 
by incorporating quality-associated measures into public 
reporting and value based programs.3,4 Two of the most 
important measures targeted by hospital programs are inpa-
tient mortality and inpatient length of stay (LOS) which 
reflects the time elapsed between a patient’s hospital admis-
sion and discharge.

In many instances, organizational efforts to improve mor-
tality and LOS metrics focus on improving the management of 
inpatient complications and associated failure to rescue 
events.5,6 “Failure to rescue” (FTR) is the inadequate response 
to medical complications and deterioration resulting in a 
potentially preventable death, and is a function of clinical care 
capabilities rather than intrinsic population or patient charac-
teristics such as diagnosis, acuity or complexity.7 It is generally 
accepted that FTR, and more broadly deterioration in routine 
care settings, often precedes cardiac arrest, unplanned care 
escalations, and unexpected death, thereby contributing to 
excess LOS and avoidable mortality.8-11

In consequence, efforts to detect and intervene on patients 
who are in the early stages of deterioration is core to many 
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quality improvement efforts.10 In practice this can take a 
range of forms with an increasingly common model being to 
implement small groups of clinicians as Rapid Response 
Teams (RRTs) in routine and intermediate care settings, 
often operating in conjunction with early warning score 
technologies.9,12-14

The unplanned transfer of a patient from a lower level of 
care, such as routine or intermediate care to the ICU (reflecting 
an escalation in care intensity that is not an expected part of the 
patient’s care plan at the time of hospital admission) can serve 
as a proxy for identifying patients who have followed a trajec-
tory of serious deterioration, in some cases due to preventable 
adverse events including human failures in monitoring 
patients.15-18 The concept of progressive clinical deterioration 
as an antecedent to unplanned ICU transfer10 is reinforced by 
work that has demonstrated how delays in transfer to ICU 
from lower levels of care are associated with increased mortal-
ity rates.8,19,20 Crucially, unplanned ICU transfer events can be 
programmatically defined and measured using patient transfer 
data, allowing robust analysis of associated outcomes. For this 
reason unplanned transfer to ICU is a common endpoint for 
predictive models attempting to provide early warning of 
patient deterioration.18,21-26

Prior studies have found that patients with unplanned 
transfer to ICU have both higher mortality and longer LOS 
compared to similar populations of patients without time in 
the ICU or who were admitted directly to the ICU from the 
Emergency Department (ED).27,28 However, some portion of 
unplanned transfers may stem from issues in initial triage or 
bed placement rather than being the sequelae of a deterioration 
event,28-31 which may help explain why unplanned transfers 
occurring shortly after admission have a less definite impact on 
patient outcomes. Analysis of transfers occurring within 
24 hours of presenting in the ED have been associated with 
higher mortality rates and longer ICU LOS but not with 
longer overall LOS,32 while other work studying delays in ICU 
transfers directly from the ED has not found a consistent rela-
tionship with inpatient mortality risk.33,34

In this work we seek to evaluate the role of patient deterio-
ration on mortality and LOS using unplanned transfer to 
ICU as a defining indicator of such deterioration. Prior work 
in this area either does not consider the timing of unplanned 
ICU escalation or else it focuses on transfers that occur within 
12 or 24 hours of admission. This work presents a compara-
tive analysis of unplanned transfers occurring within 12 hours, 
between 12 and 48 hours, and more than 48 hours following 
hospital admission. The population with an unplanned ICU 
transfer after more than 48 hours is of particular interest as 
there is a lower likelihood that the transfer is an artifact of 
either triage or initial placement challenges; in these later 
transfers there is a heightened probability that the escalation 
to ICU is indeed a causal result of progressive deterioration. 
This work aims to quantify differences in mortality and LOS 

between patients with later, largely deterioration-related, 
ICU transfers and comparable patients having earlier or no 
escalation to ICU.

Methods
Patient population and study design

This study comprised a quantitative retrospective analysis of 
patient data de-identified in accordance with 45 CFR 
164.502(d) and 45 CFR 164.514(a)-(b) for patients discharged 
between January 1, 2022 and December 31, 2023 from 15 hos-
pitals across five health systems in the United States. Hospitals 
represented different geographic regions of the United States 
(northeast, southeast, mid-west, and south) with diverse char-
acteristics, ranging from a 50-bed community hospital to a 
1500-bed academic medical center; all hospitals had desig-
nated ICUs.

Patient data were obtained from the electronic medical 
record (EMR) at each hospital, de-identified and aggregated 
for descriptive and statistical analyses. Hospital unit types and 
discharge dispositions were mapped to standardized values for 
analysis. Patients included in the study were 18 years of age or 
older at the time of hospital admission and were admitted to a 
routine or intermediate care unit. Patients who were missing a 
discharge disposition and patients without a Rothman Index 
(RI) score during their stay were excluded from the analysis. 
Additionally, patients with an overall LOS greater than 
105 days (the top 1% of LOS among patients with an ICU 
escalation) were excluded from the analysis to reduce outlier 
bias. Missing data for sex, race, ethnicity and admit type were 
mapped to an Unknown category for reporting.

An attrition diagram describing the study population is 
shown in Figure 1. All patients meeting the study criteria were 
included in the analysis. Analysis cohorts were identified based 
on whether the patient had an escalation in care to the ICU 
during their stay. To avoid incorporation of planned post-sur-
gical ICU transfers, any patient with a transfer to ICU from a 
surgery-associated location (eg, operating room or post-anes-
thesia care unit) was excluded. Cohorts were further segmented 
into escalations occurring less than 12 hours from admission, 
between 12 and 48 hours from admission, and more than 
48 hours from admission. Analyses were conducted separately 
for each of these transfer groups supporting generalizability of 
study findings. Operationally, unplanned transfers to ICU were 
defined as admission to a routine or intermediate care unit that 
were subsequently admitted to an ICU. Unit admission and 
discharge was identified using Admission, Discharge and 
Transfer (ADT) data from the EMR.

The study protocol including ethical principles related to 
informed consent, permission, confidentiality and anonymity, 
data management and protection, and adherence to institu-
tional guidelines related to data access and protection was 
reviewed and approved by Pearl IRB (Indianapolis, IN) which 
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determined the study to be Exempt according to 45 CFR 
46.104(d)(4) Secondary Research Uses of Data or Specimens 
(IRB ID 2024-0253).

Study outcomes

Primary outcomes of interest included inpatient mortality rate 
and LOS. Secondary outcomes included the rate of hospice 
discharge and ICU LOS. All outcomes were calculated using 
ADT system data from the EMR. LOS was operationally 
defined as the difference in days (rounded to one decimal) 
between patient admission and discharge from the hospital. 
The operational definition for ICU LOS was the difference in 
days between patient admission and discharge from any ICU. 
If a patient had multiple admissions to the ICU during their 
stay the ICU LOS was summed across all ICU admissions. 
Patients without any time in the ICU during their stay, ICU 
LOS was calculated as 0 days.

Statistical analysis

Propensity matching was used to balance the size and charac-
teristics between comparison cohorts with and without ICU 
transfers, and to account for factors that could influence either 
the primary study outcomes or likelihood of ICU escala-
tion.35-37 Logistic regression techniques were used to identify 
the cumulative probability of transfer to ICU using patient age 
and sex, admission type, admitting unit type (routine or inter-
mediate care), and first RI during the visit (admit RI) as covari-
ates and were conducted separately for each health system and 
for each population subset (ie, for transfers occurring <12, 
12-48, and ⩾48 hours after admission). The RI is a machine-
learning based score of patient condition that has been shown 

to be well-calibrated across the spectrum of patient acuity and 
effective at stratifying patient risk.38-42 As such, the RI has been 
used in multiple peer-reviewed studies to control for patient 
acuity across populations.41,43,44

Cases with unplanned ICU transfers were matched to con-
trols for each health system based on these probabilities using 
a 1:1 Greedy matching algorithm.45 This algorithm attempts 
to match cases with the highest precision match first and con-
tinues to perform matches until no additional matches are 
found thereby minimizing the number of incomplete and inex-
act matches. For this analysis, Greedy matching was restricted 
to propensity scores that matched to six decimal places or more 
to ensure a high-quality match. Since patients with an 
unplanned transfer occurring within 12 to 48 hours of admis-
sion have an overall LOS of at least 12 hours, patients in this 
control group were also required to have a minimum LOS of 
12 hours. Similarly, control group patients for the cohort trans-
ferring to the ICU more than 48 hours into their stay were 
required to have a minimum LOS of 48 hours.

Post-match data were combined across all health systems 
for analysis. Study population demographics including patient 
characteristics (eg, sex, age, race, ethnicity), visit characteristics 
(eg, admit type, discharge status), and clinical features repre-
senting clinical status (eg, admit RI score), were compared 
across cohorts before and after the matching process to ensure 
that the matched sample accurately represents a balanced com-
parison between cohorts.

Counts and percentages were used to report and compare 
categorical outcomes across cohorts while mean and median 
values were used to compare continuous variables such as over-
all and ICU-specific LOS. Chi-square tests were used to ana-
lyze differences between cohorts for categorical variables. For 
continuous variables, ANOVA was used to analyze differences 
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Figure 1.  Attrition diagram.
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between cohorts with Kruskal–Wallis tests used for non-nor-
mal distributions.

We also sought to estimate the impact of ICU escalation on 
LOS and mortality using multivariable regression models. 
Specifically, a general linear regression model with negative 
binomial distribution was used for LOS and a logistic regres-
sion model for mortality. Model confounders included patient 
and visit characteristics as well as clinical features indicating 
severity of illness and physiological status.

All statistical tests were conducted using SAS version 9.4 
(TS1M5 MBCS3170; SAS Institute, Cary, NC). Alpha was 
set at .05 for tests of significance.

Subgroup analyses

Descriptive analysis showed variation in outcomes across the 
different admitting unit types (Table1). Given the much higher 
volume of patients admitted to routine units, primary univari-
ate analyses were stratified by admit unit type as a subgroup 
analysis to ensure results were consistent across both routine 
and intermediate care units.

Sensitivity analysis

Prior studies have evaluated quality, safety, and LOS measures 
associated with direct admission to the ICU from the ED.32,46-

48 To mitigate potential bias, in this work we additionally con-
ducted a sensitivity analysis to compare outcomes for patients 
with unplanned transfer to ICU with outcomes for patients 
admitted directly to ICU.

Similar to the primary analysis, propensity score matching 
with a 1:1 Greedy matching algorithm (requiring a match of 
six decimal places or more) was used to control for differences 
between cohorts. For this analysis matching variables included 
patient age and sex, type of admission, and the admit RI score. 

Comparative analyses included descriptive and bivariate statis-
tics (ANOVA/Kruskal–Wallis for continuous variables and 
chi-square tests for categorical variables).

Results
The study population was comprised of 387 949 adult inpa-
tients with an overall unplanned ICU transfer rate of 4.1% of 
which 48.8% occurred 48 hours or more after admission (Table 
1). Average total hospital LOS, ICU LOS, and mortality rates 
were greater for patients with transfers after 48 hours compared 
to patients with transfers less than 48 hours following admis-
sion (Table 1).

Table 2 reports the patient demographic, visit, and clinical 
characteristics of the study sub-populations prior to the match-
ing process. Patients with an ICU transfer tended to be older 
than those without an ICU transfer during their stay and 
patients with transfers later in their stay were older than 
patients transferred closer to the time of admission (P < .0001). 
Males were more likely to have an unplanned transfer to the 
ICU compared to females (P < .0001) across all transfer groups. 
ICU escalations had lower RI scores upon admission (reflect-
ing higher physiologic acuity) compared to those who did not 
transfer to the ICU (P < .0001). Admitting RI scores were 
higher in the patients with escalations of more than 48 hours 
(mean RI = 62) and between 12 and 48 hours (mean RI = 59) 
compared to those that escalated within the first 12 hours 
(mean RI = 53). Admission types varied between patients who 
had an escalation and those who did not and differed across the 
admission groups (P < .0001). The proportion of patients with 
elective admissions was lower in patients transferring 48 hours 
or more after admission (8.3%) than in patients transferring to 
ICU in less than 12 hours (33.93%), between 12 and 48 hours 
(12.5%), or without an escalation to ICU (21.5%). Additionally, 
emergency admission rates were much lower in patients esca-
lating to the ICU within the first 12 hours of admission.

Table 1.  Admitting unit type and transfer timing for study population.

Population Percent of 
study population

Avg LOS Avg ICU LOS Mortality 
rate (%)

Discharge to hospice 
rate (%)

Admitting unit type

  Routine 344 053 79.0 6.0 0.2 1.5 2.3

  Intermediate care 43 896 10.1 6.7 0.5 4.1 3.9

  ICU 47 331 10.9 8.6 4.1 10.5 4.7

Hours from admission to ICU transfer

  <12 h 3051 19.2 9.8 4.8 9.1 2.8

  12-48 h 5092 32.0 11.7 5.0 15.2 5.9

  ⩾48 h 7776 48.8 22.5 6.3 25.0 7.8

Abbreviations: Avg, average; ICU, intensive care unit; LOS, length of stay.
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Table 2.  Population characteristics.

No transfer <12 h transfer 12-48 h transfer ⩾48 h transfer P-value

N 372 192 3042 5073 7642  

Sex

 F emale 57.87% 42.31% 46.05% 43.88% <.0001

  Male 42.12% 57.69% 53.93% 56.12%

  Unknown 0.01% 0.00% 0.02% 0.00%

Race

  American Indian 0.54% 0.53% 0.67% 0.43% <.0001

  Asian 2.78% 3.35% 3.21% 2.73%

  Black or African American 14.74% 12.00% 14.23% 13.73%

  Hawaiian or Pacific Islander 0.13% 0.26% 0.16% 0.21%

  Multi-racial 2.42% 1.31% 1.68% 1.77%

  Other 3.77% 4.70% 3.78% 3.74%

  Unknown 4.99% 5.10% 4.69% 4.21%

  White 70.63% 72.75% 71.58% 73.17%

Ethnicity

  Hispanic or Latino 12.88% 10.22% 9.70% 9.38% <.0001

  Non-Hispanic or Latino 84.17% 86.39% 87.80% 87.97%

  Unknown 2.95% 3.39% 2.50% 2.64%

Age at admission (years)

  18-29 9.67% 4.47% 4.06% 2.33% <.0001

  30-39 12.87% 7.13% 6.90% 4.25%

  40-49 8.97% 8.68% 7.51% 6.61%

  50-59 12.98% 15.02% 15.47% 14.88%

  60-69 18.02% 24.49% 23.87% 24.59%

  70-79 19.18% 24.95% 23.79% 27.74%

  80-89 13.67% 12.43% 14.84% 16.46%

  90+ 4.64% 2.83% 3.55% 3.14%

  Mean 59.6 63.1 64.1 66.5 <.0001

Admit type

  Elective 21.53% 33.93% 12.50% 8.30% <.0001

  Emergency 71.81% 59.63% 81.51% 85.24%

  Trauma 0.72% 2.79% 1.10% 0.80%

  Urgent 5.82% 3.55% 4.67% 5.47%

  Unknown 0.13% 0.10% 0.22% 0.20%

(continued)
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No transfer <12 h transfer 12-48 h transfer ⩾48 h transfer P-value

Discharge status

  Expired 1.10% 9.07% 15.26% 25.09% <.0001

  Home 64.46% 46.19% 35.30% 22.28%

  Home health 14.44% 21.66% 17.33% 15.51%

  Hospice 2.31% 2.79% 5.87% 7.89%

  Intermediate care 0.20% 0.00% 0.06% 0.17%

  Other 2.08% 2.27% 2.58% 1.50%

  Rehab 1.84% 2.79% 3.17% 3.72%

  Skilled nursing facility 12.28% 13.25% 16.60% 20.92%

  Transfer to another facility 1.30% 1.97% 3.82% 2.92%

Admit Rothman Index

  <20 0.64% 7.40% 5.11% 2.33% <.0001

  20-29 1.16% 9.96% 6.09% 4.34%

  30-39 2.68% 13.25% 8.89% 6.99%

  40-49 5.08% 14.92% 12.22% 11.54%

  50-59 8.78% 12.62% 14.29% 15.64%

  60-69 14.62% 14.30% 17.31% 19.14%

  70-79 20.78% 13.15% 17.29% 18.52%

  80+ 46.26% 14.40% 18.81% 21.50%

  Mean 74.5 52.8 58.9 62.4 <.0001

Admit unit type

  Intermediate care 10.83% 21.04% 26.34% 20.87% <.0001

  Routine care 89.17% 78.96% 73.66% 79.13%

Data are presented as Number/Total (N) (%) unless otherwise indicated.
Abbreviations: h, hour; transfer indicates an unplanned transfer to ICU.

The post-match population for patients escalating to the 
ICU within the first 12 hours of admission included two equal 
groups of 2943 patients which included 96.8% of all unplanned 
ICU transfers. Across systems the matching rate of patients 
with an escalation ranged from 92.9% to 98.8%. For patients 
with an ICU escalation between 12 and 48 hours the overall 
match rate was 99.2% resulting in two equal groups of 5032 
patients. Match rates ranged from 95.9% to 99.6% across 
health systems. Similarly, match rates were high in the patients 
escalating to the ICU more than 48 hours after admission. 
Across health systems the match rates ranged from 98.1% to 
99.9% to create two equal groups of 7607 patients. There were 
no statistically significant differences in the matching variables 
of patient age or sex, admit type, admitting unit type or 

admitting RI score in the post-match population across all 
study cohorts (Supplemental Table 1).

Univariate analysis of outcomes overall and by 
admitting unit

As shown in Table 3, patients with an unplanned ICU escala-
tion during their stay had a significantly higher mortality rate 
than those who did not. Differences between cohorts were 
greatest in patients transferring more than 48 hours into their 
stay (25.1% vs 1.9%, P < .0001) compared to those transferring 
12 to 48 hours (15.3% vs 3.7%, P < .0001) and less than 
12 hours (9.1% vs 5.4%, P < .0001). Rates of patients dis-
charged to hospice were significantly lower for patients esca-
lated within 12 hours (2.2% vs 5.2%, P < .0001) compared to 

Table 2. (continued)
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Table 3.  Post-match outcomes for unplanned transfers to ICU.

No 
transfer

Transfer 
<12 h

P value No 
transfer

Transfer 
12-48 h

P value No 
transfer

Transfer 
⩾48 h

P value

Overall

N 2943 2943 5032 5032 7607 7607  

In-hospital 
mortality rate

5.4% 9.1% <.0001 3.7% 15.3% <.0001 1.9% 25.1% <.0001

Discharge to 
hospice rate

5.2% 2.2% <.0001 5.4% 5.9% .299 4.1% 7.9% <.0001

Overall LOS 
(mean, days)

7.4 9.2 <.0001 7.2 11.2 <.0001 7.8 19.6 <.0001

Overall LOS 
(median, days)

5.1 6.1 <.0001 4.9 8.0 <.0001 5.3 14.7 <.0001

ICU LOS 
(mean, days)

0.1 4.4 <.0001 0.1 4.8 <.0001 0.1 5.8 <.0001

ICU LOS 
(median, days)

0.0 2.6 <.0001 0.0 2.9 <.0001 0.0 3.3 <.0001

Admitting unit type

N

 � Intermediate 
care

625 625 1326 1326 1577 1577  

  Routine 2318 2318 3706 3706 6030 6030  

In-hospital mortality rate

 � Intermediate 
care

6.2% 15.7% <.0001 5.1% 18.5% <.0001 2.5% 26.3% <.0001

  Routine 5.2% 7.4% .002 3.2% 14.1% <.0001 1.7% 24.8% <.0001

Discharge to hospice rate

 � Intermediate 
care

7.2% 4.8% .074 6.9% 6.2% .479 5.1% 6.6% .0697

  Routine 4.7% 2.3% <.0001 4.9% 5.8% .087 3.8% 8.2% <.0001

Overall LOS (mean, days)

 � Intermediate 
care

7.5 10.1 <.0001 7.6 11.1 <.0001 8.3 18.6 <.0001

  Routine 7.4 8.9 <.0001 7.1 11.2 <.0001 7.7 19.9 <.0001

Overall LOS (median, days)

 � Intermediate 
care

5.4 6.1 .002 5.2 7.8 <.0001 5.8 13.7 <.0001

  Routine 5.0 6.1 <.0001 4.8 8.0 <.0001 5.2 14.9 <.0001

ICU LOS (mean, days)

 � Intermediate 
care

0.1 5.1 <.0001 0.1 5.3 <.0001 0.1 6.1 <.0001

  Routine 0.1 4.2 <.0001 0.0 4.6 <.0001 0.0 5.7 <.0001

ICU LOS (median, days)

 � Intermediate 
care

0.0 2.9 <.0001 0.0 3.2 <.0001 0.0 3.6 <.0001

  Routine 0.0 2.4 <.0001 0.0 2.8 <.0001 0.0 3.3 <.0001

Data are presented as Number/Total (N) (%) unless otherwise indicated.
Abbreviations: ICU, intensive care unit; LOS, length of stay; Transfer, unplanned transfer to the ICU.
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those without an escalation. However, patients with an escala-
tion 48 hours or more into the stay had higher discharge to 
hospice rates (7.9% vs 4.1%, P < .0001) than their counterparts 
without an ICU escalation.

Overall and ICU specific LOS was significantly higher for 
patients with an ICU escalation (Table 3). Differences in 
overall hospital LOS were more profound in patients with an 
escalation occurring 48 hours or more into the stay (x̄  = 14.7 
vs 5.3, P < .0001) and occurring 12 to 48 hours into the stay 
(x̄  = 8.0 vs 4.9, P < .0001), however differences were still sig-
nificant for patients with 12 hours or less transfers (x̄  = 6.1 vs 
5.1, P < .0001).

Subgroup analyses revealed that differences in mortality 
rates were more pronounced in patients admitted to an inter-
mediate care unit than routine units. This difference in inter-
mediate care admissions was most evident among patients 
transferring to the ICU within 12 hours of admission—these 
patients had a 15.7% mortality rate compared to 6.2% for 
those who didn’t escalate care. Routine unit escalations within 
12 hours had a 7.4% mortality rate compared to 5.2% for 
patients without an escalation. However, in-hospital LOS 
differences were more evident for patients admitted to a rou-
tine unit, particularly for patients transferring 48 hours or 
more into their stay. In this population ICU escalations from 
routine care units had a median LOS of 14.9 days compared 
to 5.2 days for patients without an escalation. For patients 
with ICU escalations from an intermediate unit, escalations 
had a median 13.7 days LOS compared to their controls who 
had a 5.8 days LOS. All subgroup analysis results are provided 
in Table 3.

Multivariate results

In the multivariate analysis unplanned ICU escalations were 
associated with increased odds of mortality. Among the 
12-hour escalation cohort escalations were associated with 
87% increase in mortality (OR = 1.87, 95% CI = 1.51-2.31). 
The impact of an unplanned transfer on mortality odds 
increased to a 5-fold increase (OR = 5.21, 95% CI = 4.39-
6.19) in the 12-48 hour cohort and a nearly 19-fold increase 
(OR = 18.97, 95% CI = 15.91-22.62) in the 48 hour or greater 
cohort. Admission to an intermediate care unit was associated 
with a 31% increase in mortality odds (OR = 1.31, 95% 
CI = 1.03-1.66) in the 12-hour escalation cohort. Admission 
unit type was not significantly associated with mortality in 
the 12-48-hour or greater than 48-hour analysis cohorts. 
Compared to males, females in the greater than 48-hour 
cohort had higher odds of mortality (OR = 1.14, 95% 
CI = 1.02-1.26). All odds ratios are shown in Table 4. Note to 
address model convergence issues visits with Unknown 
admission types were excluded from this analysis and patients 
with Hawaiian or Pacific Islander race were combined with 
the Other race category.

Patients with an unplanned ICU escalation were predicted 
to have a 21% longer LOS for escalations occurring in the first 
12 hours (IRR = 1.21, 95% CI = 1.16-1.26), a 58% longer LOS 
for escalations occurring 12-48 hours (IRR = 1.58, 95% 
CI = 1.53-1.63), and more than a 2-fold increase (IRR = 2.54, 
95% CI = 2.48-2.60) for escalations occurring after 48 hours of 
admission. Consistent across all three cohorts, increased patient 
acuity at admission, as measured by the RI, was associated with 
a longer LOS. In terms of patient demographics, females were 
predicted to have a 4-5% shorter average LOS than males 
across all three cohorts. Black or African American patients 
were predicted to have longer average LOS for the greater than 
48 hour (IRR = 1.16, 95% CI = 1.12-1.20), 12-48 hour 
(IRR = 1.15, 95% CI = 1.10-1.20) and less than 12 hour 
(IRR = 1.11, 95% CI = 1.04-1.18) cohorts compared to White 
patients. Incident rate ratios for LOS analyses are shown in 
Table 5.

Sensitivity analysis comparing ICU transfers to 
direct ICU admits

The sensitivity analysis included 15 757 patients admitted to a 
routine or intermediate care unit who had an unplanned ICU 
escalation during their stay and 47 331 patients directly admit-
ted to the ICU. Matching rates for patients escalated to the 
ICU ranged from 96.7% to 98.7% across the three analysis 
cohorts. There were no statistically significant differences in 
patient age or sex, admit type, or admitting RI score in the 
post-match population in any of the post-match cohorts. 
Supplemental Tables 2 and 3 report the patient demographic, 
visit, and clinical characteristics of the study population prior 
to and after the matching process.

Table 6 shows the post-match univariate comparisons 
between cohorts for the sensitivity analysis. Mortality rates 
were significantly higher for patients escalating to the ICU in 
the 12-48 hour (15.3% vs 7.6%, P < .0001) and greater than 
48 hour (25.1% vs 5.1%, P < .0001) cohorts compared to 
patients who were directly admitted to the ICU. No signifi-
cant differences were found in mortality between direct ICU 
admissions and those admitted to a lower level of care and 
escalated to the ICU within 12 hours. Median LOS was 
higher in patients with care escalations across all cohorts. 
However, these differences were more pronounced in patients 
with escalations occurring later in their stay. Specifically, 
patients escalating 48 hours or more had 8.9 day longer 
median LOS (14.7 vs 5.8 days, P < .0001) compared to their 
direct ICU admit controls, while patients escalating to the 
ICU within 12 hours had a 0.8 day longer median LOS (6.1 
vs 5.3 days, P < .0001).

Discussion
Quantifying the success of programs aimed at identifying and 
intervening on deteriorating patients in terms of reductions in 
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avoidable mortality and LOS is not straightforward. Causal 
interplay between mortality and LOS can be hard to disentan-
gle and some organizations perform well in one area and poorly 
in the other.6,49,50 Raw mortality rates do not distinguish avoid-
able mortality or FTR events, and LOS may vary by condition 
or complication. Further complicating matters is the lack of a 
consensus definition of deterioration (much less a definitive 

measure of potentially preventable deterioration) that can be 
used to assess the prevalence of serious deterioration events.5

Impact of transfer timing on mortality and LOS

Our analysis shows a large and significant increase in mortality 
rates and LOS associated with patients who experience an 

Table 4. L ogistic regression estimating in-hospital mortality.

Parameter Value Reference <12 h transfer 12-48 h transfer ⩾48 h transfer

Odds ratio P value Odds ratio P value Odds ratio P value

Mortality

Transfer Yes No 1.87 <.0001 5.21 <.0001 18.97 <.0001

Sex Female Male 0.94 .597 0.97 .7001 1.14 .0155

Age 30-39 18-29 1.62 .0132 1.44 .0002 3.61 .0165

Age 40-49 18-29 2.16 .0322 2.49 .2249 5.26 .8241

Age 50-59 18-29 4.39 .3099 2.83 .6025 5.53 .3731

Age 60-69 18-29 5.65 .0021 4.01 .0012 6.88 <.0001

Age 70-79 18-29 6.98 <.0001 4.91 <.0001 8.86 <.0001

Age 80-89 18-29 7.53 <.0001 5.73 <.0001 9.06 <.0001

Age 90+ 18-29 7.64 .0039 5.68 <.0001 8.26 .0002

Race American Indian White 0.81 .5862 3.44 .0049 0.75 .2594

Race Asian White 2.00 .0346 1.78 .23 1.23 .8989

Race Black or African 
American

White 1.09 .7648 0.89 <.0001 1.32 .3598

Race Multi-racial White 1.53 .4925 2.07 .1291 2.03 .0036

Race Other White 0.71 .1068 0.97 .0362 1.14 .6838

Race Unknown White 1.42 .381 1.21 .2648 1.31 .5318

Admit type Emergency Elective 1.46 .8553 1.17 .0777 1.47 .0044

Admit type Trauma Elective 0.95 .315 0.41 .0478 0.62 .0537

Admit type Urgent Elective 2.93 .0026 1.39 .031 1.53 .011

Admit unit type Intermediate care Routine 1.31 .0281 1.15 .0909 0.94 .3541

Admit RI <20 80+ 18.68 <.0001 22.49 <.0001 4.44 <.0001

Admit RI 20-29 80+ 9.03 <.0001 9.27 <.0001 4.02 <.0001

Admit RI 30-39 80+ 5.47 .0001 5.92 .0261 3.02 .0032

Admit RI 40-49 80+ 4.33 .0526 5.83 .018 2.62 .1343

Admit RI 50-59 80+ 2.22 .0139 4.71 .9193 2.17 .1457

Admit RI 60-69 80+ 1.78 .0003 3.08 <.0001 2.04 .0105

Admit RI 70-79 80+ 1.10 <.0001 2.49 <.0001 1.60 <.0001

Abbreviations: RI, Rothman Index; Transfer, unplanned transfer to the ICU.
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Table 5.  Negative binomial regression model estimating overall and ICU length of stay.

Parameter Value Reference <12 h transfer 12-48 h transfer ⩾48 h transfer

IRR (95% CI) IRR (95% CI) IRR (95% CI)

Overall LOS

Intercept 4.00 (3.53-4.53) 3.59 (3.27-3.96) 5.7 (5.23-6.2)

Transfer Yes No 1.21 (1.16-1.26) 1.58 (1.53-1.63) 2.54 (2.48-2.60)

Sex Female Male 0.95 (0.91-0.99) 0.96 (0.93-0.99) 0.96 (0.94-0.98)

Age 30-39 18-29 0.87 (0.76-0.99) 1.13 (1.03-1.25) 1.11 (1.01-1.22)

Age 40-49 18-29 0.98 (0.87-1.11) 1.18 (1.07-1.29) 1.13 (1.04-1.23)

Age 50-59 18-29 0.92 (0.82-1.03) 1.25 (1.14-1.36) 1.20 (1.11-1.30)

Age 60-69 18-29 0.97 (0.87-1.09) 1.24 (1.14-1.35) 1.14 (1.06-1.24)

Age 70-79 18-29 0.92 (0.82-1.03) 1.20 (1.10-1.31) 1.09 (1.01-1.18)

Age 80-89 18-29 0.82 (0.72-0.92) 1.09 (0.99-1.19) 1.00 (0.92-1.08)

Age 90+ 18-29 0.77 (0.65-0.90) 0.88 (0.78-0.98) 0.83 (0.75-0.92)

Race American Indian White 1.23 (0.93-1.63) 1.17 (0.97-1.42) 0.92 (0.78-1.09)

Race Asian White 1.00 (0.89-1.13) 0.99 (0.90-1.08) 1.00 (0.93-1.07)

Race Black or African 
American

White 1.11 (1.04-1.18) 1.15 (1.10-1.20) 1.16 (1.12-1.20)

Race Hawaiian or Pacific 
Islander

White 1.18 (0.75-1.86) 0.72 (0.43-1.18) 0.81 (0.59-1.11)

Race Multi-racial White 0.99 (0.83-1.18) 1.01 (0.89-1.14) 1.08 (0.99-1.18)

Race Other White 1.14 (1.03-1.26) 1.05 (0.97-1.14) 1.10 (1.03-1.16)

Race Unknown White 1.11 (1.01-1.23) 1.10 (1.03-1.18) 1.08 (1.02-1.14)

Admit type Emergency Elective 1.29 (1.23-1.35) 1.19 (1.13-1.25) 0.99 (0.95-1.03)

Admit type Trauma Elective 1.47 (1.25-1.72) 1.31 (1.12-1.53) 0.86 (0.75-0.98)

Admit type Unknown Elective 1.20 (0.40-3.59) 1.47 (0.98-2.20) 2.34 (1.71-3.19)

Admit type Urgent Elective 1.53 (1.35-1.73) 1.42 (1.31-1.55) 1.17 (1.10-1.24)

Admit unit type Intermediate care Routine 0.96 (0.91-1.02) 0.96 (0.93-0.99) 0.92 (0.90-0.95)

Admit RI <20 80+ 2.41 (2.19-2.66) 1.90 (1.76-2.05) 1.69 (1.56-1.83)

Admit RI 20-29 80+ 2.20 (2.01-2.40) 1.78 (1.66-1.91) 1.66 (1.57-1.76)

Admit RI 30-39 80+ 2.10 (1.94-2.27) 1.81 (1.70-1.92) 1.48 (1.41-1.56)

Admit RI 40-49 80+ 2.01 (1.86-2.17) 1.65 (1.56-1.75) 1.46 (1.40-1.52)

Admit RI 50-59 80+ 1.81 (1.67-1.96) 1.56 (1.48-1.65) 1.34 (1.29-1.39)

Admit RI 60-69 80+ 1.45 (1.34-1.56) 1.44 (1.37-1.52) 1.23 (1.19-1.27)

Admit RI 70-79 80+ 1.23 (1.13-1.33) 1.27 (1.21-1.34) 1.14 (1.10-1.18)

ICU LOS

Intercept 0.04 (0.03-0.05) 0.03 (0.03-0.04) 0.04 (0.04-0.05)

Transfer Yes No 78.09 (66.67-91.49) 76.39 (68.05-85.76) 113.74 (102.5-126.2)

Sex Female Male 0.92 (0.86-0.99) 0.96 (0.91-1.01) 0.91 (0.87-0.95)

(continued)



Belk et al	 11

Parameter Value Reference <12 h transfer 12-48 h transfer ⩾48 h transfer

IRR (95% CI) IRR (95% CI) IRR (95% CI)

Age 30-39 18-29 0.64 (0.52-0.80) 1.32 (1.11-1.58) 1.22 (1.01-1.46)

Age 40-49 18-29 0.61 (0.49-0.75) 1.31 (1.10-1.55) 1.36 (1.14-1.61)

Age 50-59 18-29 0.66 (0.54-0.80) 1.31 (1.12-1.54) 1.43 (1.21-1.68)

Age 60-69 18-29 0.64 (0.53-0.77) 1.33 (1.14-1.55) 1.37 (1.17-1.61)

Age 70-79 18-29 0.69 (0.57-0.83) 1.28 (1.10-1.50) 1.34 (1.14-1.57)

Age 80-89 18-29 0.58 (0.48-0.72) 1.04 (0.88-1.21) 1.05 (0.90-1.24)

Age 90+ 18-29 0.36 (0.27-0.48) 0.79 (0.64-0.97) 0.93 (0.76-1.14)

Race American Indian White 3.16 (2.12-4.70) 1.18 (0.85-1.63) 0.60 (0.41-0.87)

Race Asian White 0.94 (0.77-1.14) 0.96 (0.82-1.13) 1.17 (1.01-1.34)

Race Black or African 
American

White 1.08 (0.97-1.20) 1.09 (1.01-1.18) 1.28 (1.20-1.37)

Race Hawaiian or Pacific 
Islander

White 0.86 (0.43-1.71) 0.64 (0.31-1.36) 0.85 (0.51-1.41)

Race Multi-racial White 0.76 (0.56-1.03) 1.01 (0.82-1.25) 1.09 (0.92-1.29)

Race Other White 1.18 (1.01-1.39) 1.25 (1.08-1.45) 1.16 (1.03-1.30)

Race Unknown White 0.88 (0.75-1.03) 1.28 (1.12-1.47) 1.15 (1.03-1.29)

Admit type Emergency Elective 1.24 (1.15-1.34) 1.03 (0.95-1.12) 0.80 (0.73-0.87)

Admit type Trauma Elective 1.42 (1.10-1.84) 1.02 (0.77-1.35) 0.61 (0.46-0.81)

Admit type Unknown Elective 0.42 (0.05-3.42) 2.02 (1.04-3.92) 1.07 (0.57-2.01)

Admit type Urgent Elective 1.81 (1.48-2.22) 1.71 (1.45-2.03) 0.92 (0.81-1.04)

Admit unit type Intermediate care Routine 1.06 (0.98-1.15) 1.17 (1.10-1.24) 1.08 (1.02-1.14)

Admit RI <20 80+ 3.57 (3.06-4.16) 1.81 (1.58-2.08) 1.30 (1.11-1.52)

Admit RI 20-29 80+ 2.47 (2.13-2.86) 1.65 (1.45-1.87) 1.33 (1.18-1.51)

Admit RI 30-39 80+ 2.13 (1.87-2.44) 1.89 (1.68-2.12) 1.34 (1.21-1.48)

Admit RI 40-49 80+ 2.20 (1.94-2.51) 1.51 (1.36-1.67) 1.09 (1.00-1.18)

Admit RI 50-59 80+ 1.59 (1.39-1.83) 1.50 (1.36-1.66) 1.06 (0.98-1.14)

Admit RI 60-69 80+ 1.33 (1.17-1.52) 1.42 (1.29-1.55) 1.02 (0.95-1.09)

Admit RI 70-79 80+ 1.30 (1.13-1.49) 1.37 (1.25-1.51) 0.98 (0.91-1.06)

Abbreviations: ICU, intensive care unit; IRR, incidence rate ratio; LOS, length of stay; RI, Rothman Index; Transfer, unplanned transfer to the ICU.
Bold represents statistically significant at P < .05.

unplanned ICU transfer, whether occurring shortly after 
admission (within 12 hours), within 12-48 hours following 
admission, or anytime thereafter. Our findings lend credence to 
the common-sense notion that an inability to identify or miti-
gate patient deterioration before it has seriously progressed 
increases the risk of adverse outcomes. While our findings cor-
roborate previous work27 showing that unplanned ICU 

transfers within 12 or 24 hours of admission are associated with 
higher mortality and longer LOS, we additionally find that 
unplanned transfers occurring more than 48 hours into the 
patient stay are associated with meaningfully worse outcomes 
than unplanned transfers occurring earlier in the stay. This is 
particularly important given that approximately half of all 
unplanned transfers in our dataset occurred more than 48 hours 

Table 5. (continued)
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into the patient’s hospitalization; a finding consistent with 
other work in this area.28 We surmise that these later transfers 
have a high probability of arising from serious progressive 
deterioration as opposed to being a function of incorrect triage 
or initial bed placement challenges, both of which are more 
likely to drive ICU transfer events earlier in the patient stay. 
This is further supported by the finding that patients with ICU 
transfers more than 48 hours into their stay have substantially 
higher RI acuity scores on admission than patients with ICU 
transfers in the first 12 hours post-admission, suggesting that 
these later transfer cases were not misplaced at admission but 
progressed from comparatively low acuity to critical acuity in 
the course of their stay.

The significantly greater mortality and LOS seen among 
patients with unplanned transfers occurring more than 48 hours 
post-admission may reflect both the sequelae of serious dete-
rioration but also, in some instances, the results of serious dete-
rioration exacerbated by a delay in recognition or response. 
Unfortunately, in this work it is not possible to ascertain the 
timeliness of ICU transfers. We cannot distinguish transfers 
that occurred promptly upon the earliest signs of serious dete-
rioration from those that followed significant delays in the 
identification of deterioration, or that followed a period of 
unsuccessful interventional activity. Nor can this analysis 
account for delays due to the lack of bed availability. Numerous 
prior studies have evaluated the operational obstacles and inef-
ficiencies that cause delays in escalation from inpatient units to 
the ICU and found worse outcomes associated with these 
delays, including higher mortality rates and longer LOS.8,20,51-53 
Thus, the larger impact on LOS and mortality associated with 
unplanned transfers more than 48 hours following admission 
may be a function of both the proportion of transfers arising 

from post-admission deterioration as well as potentially greater 
delays in addressing such deterioration, as earlier transfers 
impose an upper bound on delays in escalation of care (ie, 
transfers within 12 hours of admission cannot have been 
delayed by more than 12 hours).

In the matched cohort analysis of patients with unplanned 
transfers to patients with direct admission to ICU, we see that 
in the <12 hour timeframe there is no significant difference in 
rates of mortality and hospice discharge, which stands in con-
trast to the latter two escalation timeframes. The lack of mor-
tality differences between direct ICU admits and early 
unplanned transfers supports the thesis that many unplanned 
transfers in the first 12 hours post-admission reflect patients 
who should have been admitted directly to ICU, or alterna-
tively, reflects care escalations occurring with minimal delay 
following the onset of deterioration.

Influence of demographic characteristics

We found it interesting to consider the findings in terms of 
different patient characteristics. While we matched our analy-
sis cohorts on several health equity dimensions, including sex 
and age, we had insufficient patient volume to match across 
race categories. However, we see that the proportion of patients 
in each race category is comparable between each set of 
matched cohorts and similar to the proportions reported in the 
raw pre-matched populations. Notably, regression analyses 
revealed a statistically significant increase in hospital LOS 
among Black patients relative to White patients over all three 
escalation timeframes. This raises interesting questions about 
potential disparities with respect to care plans and discharge 
management in this population.

Table 6.  Post-match outcomes for ICU transfers compared to direct ICU admissions.

Direct admit 
to ICU

<12 h 
transfer

P value Direct 
admit 
to ICU

12-48 h 
transfer

P value Direct 
admit to 
ICU

⩾48 h 
transfer

P value

Overall

N 2941 2941 5001 5001 7544 7544  

In-hospital 
mortality rate

8.1% 9.4% .0873 7.6% 15.3% <.0001 5.1% 25.1% <.0001

Discharge to 
hospice rate

3.7% 2.9% .0686 4.1% 5.9% <.0001 3.7% 8.0% <.0001

Overall LOS 
(mean, days)

8.4 9.3 .0006 8.0 11.2 <.0001 8.6 19.6 <.0001

Overall LOS 
(median, days)

5.3 6.1 <.0001 5.0 8.0 <.0001 5.8 14.7 <.0001

ICU LOS 
(mean, days)

3.9 4.5 <.0001 3.7 4.8 <.0001 4.0 5.8 <.0001

ICU LOS 
(median, days)

2.1 2.6 <.0001 2.2 2.9 <.0001 2.5 3.3 <.0001

Abbreviations: h, hour; ICU, intensive care unit; LOS, length of stay; Transfer, unplanned transfer to the ICU.
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Pre-match data indicates that across all timeframes ana-
lyzed proportionally more males had unplanned transfers than 
females. Similarly, being female served as a protective advan-
tage in the LOS regression analysis across all timeframes but 
resulted in higher risk for mortality in the patient cohort 
matched for 48 hour or later transfers. This finding may be an 
artifact of including labor and delivery patients in the study 
dataset since these patients are not intrinsically medically com-
promised and are less likely to have unplanned ICU transfers 
or protracted hospital stays relative to patients who are admit-
ted for pathological reasons. Without further analysis we can 
only speculate if there might also be social-factor considera-
tions influencing this difference.

Not surprisingly, we see from the regression analysis a con-
sistent increase in mortality risk for higher age groups within 
each analysis time frame. However, we also note a tendency for 
age greater than 90 to imply a statistically significant reduction 
in LOS across all three transfer timeframes; an anomaly we 
attribute to goals of care in this much older population reduc-
ing the probability of ICU treatment.

Influence of patient acuity

Regression analyses show that mortality risk increases mono-
tonically for patients with lower admitting RI scores for each of 
the three time frames, consistent with other research compar-
ing RI to mortality risk.54,55 We also see that the importance of 
the admitting RI acuity score to mortality risk is greater in the 
populations transferring closer to admission than in the patient 
transferring after more than 48 hours. This observation is com-
plicated by the fact that the higher mortality risk associated 
with lower admit RI scores will result in population attrition 
altering the composition of the population remaining eligible 
for analysis more than 48 hours after admission. In contrast, the 
consistent decrease in the importance of the admitting RI on 
LOS as the analysis timeframes are further from the point of 
admission is quite clear-cut.

Study strengths

Our study has a number of strengths, including a large and 
diverse population of patients, and multiple analytical 
approaches including descriptive analysis of matched cohorts 
and multivariate regression to confirm the impact of 
unplanned ICU transfer on patient mortality and LOS. The 
diversity of our study data and our analytical approach sug-
gest that our findings regarding the impact of deterioration-
associated unplanned transfers at hospitals can be generalized 
to most US hospitals. Another key component of this work is 
our use of the RI acuity score to ensure patients of similar 
physiologic acuity were matched between our study cohorts. 
Notwithstanding the numerous factors that influence a deci-
sion to transfer a patient to ICU, severity of patient condition 
is usually a core consideration.56

Study limitations

Our study also has limitations. As previously noted, we could 
not evaluate the timeliness of patient transfer to the ICU, nor 
could we ascertain the actual motivation for each transfer, such 
as hospital bed capacity constraints. We also did not have diag-
nosis details available in our data to support matching or sub-
population analysis on the basis of diagnostic groups or 
comorbidities. We would encourage future analyses to include 
risk-stratification that also incorporates the primary reason for 
treatment and comorbidities. Furthermore, our programmatic 
definition of unplanned transfer is susceptible to errors or 
omissions in ADT data—for example, if a patient went from 
an acute care floor to the operating room followed directly by a 
planned ICU admission, it is possible in some instances our 
data would not reflect the surgical procedure leading us to 
incorrectly classify a (potentially high risk) case as an unplanned 
transfer to ICU. Our data also lack indications of which 
patients were restricted to comfort care measures, had do-not-
resuscitate orders, or other advanced directives which may have 
influenced their course of care and affected LOS or mortality.

As with any retrospective analysis, the potential exists for 
the unintentional introduction of bias through population 
selection or an inability to control for biasing factors. Our 
approach of using matched cohorts mitigates this risk but 
cannot eliminate it completely; in some instances propensity 
scoring may exacerbate underlying imbalances in the data.57 
The use of matching excludes certain observations, which 
may reduce the information available about the diversity 
within the control population. However, post hoc analyses of 
the full control population yielded results consistent with 
those presented here. The matched population was prior-
itized to mitigate potential selection bias and minimize the 
risk of overestimating the effect of the study variable in the 
over-represented group. Our grouping of transfer events into 
defined time ranges may obscure or amplify subtle differ-
ences—for example patients transferred a few minutes apart 
on either side of our 12 and 48 hour cut-points may be more 
similar than the aggregate differences between these groups 
suggest. However, our approach is consistent with recent 
prior work in this area and aids with clinical interpretability. 
Additionally, the study utilized a retrospective observational 
patient population and did not employ power analyses to 
determine sample size which could limit the statistical power 
to detect smaller effect sizes. Finally, future work may benefit 
from examining in greater depth additional health equity 
dimensions to either tease-out or rule-out potential dispari-
ties in care related to the occurrence of unplanned transfers as 
well as associated outcomes.

Conclusion
Although previous studies have evaluated the connection 
between unplanned ICU transfers and inpatient mortality and 
LOS, this is the first work to rigorously examine outcomes 
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between matched cohorts of patients over multiple transfer 
time windows. Comparing multiple transfer windows eluci-
dates the connection between serious clinical deterioration and 
escalation to ICU, especially for patients having an unplanned 
transfer more than 48 hours post-admission—a group that 
reflects around half of all unplanned ICU transfers. The sub-
stantially elevated LOS and mortality associated with 
unplanned ICU transfers can inform quality improvement pro-
grams tasked with improving those same measures, while new 
insight into outcomes based on transfer timing has a concomi-
tant implication for how organizations understand and prior-
itize timely and effective intervention on deteriorating patients 
outside the ICU. Specifically, this work demonstrates that 
organizations seeking to reduce both avoidable mortality and 
LOS metrics would benefit by implementing programs aimed 
at more timely identification and pro-active management of 
ward-level patient deterioration.
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