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Delay in ICU transfer is protective against ICU
readmission in trauma patients: a naturally
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ABSTRACT

Background Unplanned intensive care unit (ICU)
readmission—ICU bounce back (ICUbb)—is associated
with worse outcomes. Patients not requiring organ
system support or intensive nursing are deemed ‘ICU
discharge ready’ and transfer orders are placed. However,
actual transfer only occurs when an appropriate, non-
ICU bed is available. This is dependent on inherent
system inefficiencies resulting in a naturally controlled
experiment between when patients actually transfer:
Early (<24 hours) or Delayed (>24 hours) transfers,
after order placement. This study leverages that natural
experiment to determine if additional ICU time is
protective against ICUbb. We hypothesize that Delayed
transfer is protective against ICUbb.

Methods Using a retrospective, cohort design, we
queried a trauma research repository and electronic
medical record during a 10-year period to capture
traumatized patients admitted to the ICU. Patients
were categorized into Early (<24 hours) or Unintended-
Delayed (>24 hours) groups based on actual transfer
time after order placement. Patient characteristics (age,
Charlson Comorbidity Index (CCl)) and Injury Severity
Score (ISS) were analyzed. Univariate and multivariate
analyses were performed to compare ICUbb rates among
Early and Unintended-Delayed groups.

Results Of the 2004 patients who met the criteria,
1690 fell into the Early group, and 314 fell into the
Delayed. The Early group was younger (mean age 52+23
vs. 5522 years), had fewer comorbidities (median CCl
score 1 (0, 3) vs. 2 (1, 3)), and was less injured (median
ISS 17 (10-22) vs. 17 (13-25)), all p<0.05. Overall,
113 (5.6%) patients experienced ICUbb: Early 109
(6.5%) versus Unintended-Delay 4 (1.3%), p<0.05. By
regression analysis, age, CCl, and ISS were independently
associated with ICUbb while Delayed transfer was
protective.

Discussion Despite higher age, CCl score, and ISS, the
Unintended-Delayed group experienced fewer ICUbb.
After controlling for age, CCl and ISS, Delayed transfer
reduced ICUbb risk by 78%. Specific care elements
affording this protection remain to be elucidated.
Level of evidence Level lll.

Study type Therapeutic study.

BACKGROUND

Unplanned intensive care unit (ICU) readmission
after ICU discharge—that is, ICU bounce back
(ICUbb)—is associated with worse outcomes,
including higher mortality.'” It is not the ICUbb

,' Stas Amato,' Peter Callas,? Lloyd Patashnick,' Tim H Lee,’

per se that is responsible for worse outcomes, rather
ICUbb serves as a marker of clinical deterioration
post-ICU discharge, and it is this clinical deterio-
ration necessitating ICUbb that is responsible for
the worse outcomes. This leads to the question of
whether aggressive care provided in the immediate
post-ICU discharge period could reduce rates of
clinical deterioration, thus ICUbb, and ultimately
improve clinical outcomes.

Research addressing this question is limited.
Most studies focus on the role of a ‘step-down’
or ‘intermediate care’ unit for patients imme-
diately post-ICU discharge prior to transition
to ‘floor’ status.®' These studies demonstrate
mixed results, varying from modest improvement
of,”!* no improvement in,''"** ¥ and even wors-
ening of outcomes,” and many show increased
cost.® 117 The majority of these studies, however,
were performed on medical patients or mixed
medical/surgical population with low incidence of
trauma patients.””'0 12 14716 19 Of the larger studies
that included surgical ICU patients, some focused
on perioperative ICU care for elective surgical
patients,'® and others excluded ICUs caring for
trauma patients.'” There have been two studies that
have focused on unplanned ICU admissions among
trauma patients. Rubano ez a/* included all patients
with unplanned ICU admissions whereas Fakhry
et al’ focused exclusively on ICU readmissions
or bounce backs (bb). Both those studies demon-
strated that total burden of injury and specific
injury patterns play a significant role in unplanned
ICU admissions, including bb. No large-scale study,
to our knowledge, has focused on evaluating the
impact of post-ICU discharge care on ICUbb rates
and clinical outcomes among trauma patients. The
current study, using an innovative design that lever-
ages the inefficiency of the ICU discharge process,
aims at answering whether aggressive care in the
immediate post-ICU discharge period can reduce
the rates of ICUbb and improve clinical outcomes.

Patients not requiring organ system support
or intensive nursing are deemed ‘ICU discharge
ready’ and transfer orders are placed. However,
actual ICU discharge or transfer occurs only when
an appropriate, non-ICU, staffed bed is available.
This results in a naturally controlled experiment
between Early (discharged <24 hours) and Delayed
(discharged >24 hours) patients after ICU discharge
order placement. To evaluate the impact of care
immediately after ICU discharge, we compared the
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ICUDD rates of the Early and Delayed groups. We hypothesize
that ICUbb rates will be lower in the Delayed group.

METHODS

This is a single-center, retrospective, cohort study performed at
the University of Vermont. The University of Vermont Medical
Center is an academic, rural, American College of Surgeons-
verified Level I Trauma Center serving a population of approx-
imately 1 million in the surrounding rural and suburban areas
encompassing most of Vermont and northeastern New York.
Trauma patients requiring ICU-level care are admitted to an
open surgical ICU and, once deemed ready for ICU discharge,
are transferred to the floor. The decision for admission to and
discharge from the ICU is made by the attending surgeon. While
protocols aid in decision-making, the patient’s disposition is
chosen by the attending surgeon based on clinical assessment of
the patient. There is no intermediate care or step-down unit.

All injured patients presenting to the emergency department
(ED) and admitted to the hospital during the 10-year study
period ending March 2018 were identified from the Trauma
Research Repository (Digital Innovation, V5-Forest Hill, Mary-
land). Clinical data of these patients were obtained from the
repository and Jeffords Institute for Quality Database (Epic
Electronic Health Records, Epic Systems, Verona, Wisconsin).
Clinical data obtained included patient demographics (age,
gender), comorbidities and calculated Charlson Comorbidity
Index (CCI),2*-2? injury characteristics (Abbreviated Injury Scale
(AIS) for each body region and calculated overall Injury Severity
Score (ISS)), and outcomes (ICU and hospital lengths of stay,
mortality). Patients triaged from the ED to non-ICU locations,
those initially admitted to the ICU and died without ever being
transferred out, and those with missing data, including time-
stamps for ICU discharge orders and/or actual ICU discharge,
were excluded. The time the first order for ICU discharge was
placed was obtained and compared with the time the actual ICU
discharge (transfer) occurred. This allowed for the categoriza-
tion of patients as (1) Early transfer—patients with actual ICU
discharge occurring <24 hours after placement of discharge
orders, and (2) Delayed transfer—patients with actual ICU
discharge occurring >24hours after order placement. Patient
and injury characteristics and the rates of ICUbb were compared
between the groups. For patients experiencing ICUbb, details
of the bb including reason and timing were recorded. Patients
experiencing multiple bb were included only once. All data were
stored in Microsoft Excel (Redmond, Washington), and analyses
were performed using Stata V.15 (StataCorp, College Station,
Texas).

Statistical analyses were performed using a combination
of methods with statistical significance defined as p<0.05.
Differences in age were determined using unpaired t-tests and
proportional distribution differences were tested with 2. The
remainder of univariate analyses were performed using non-
parametric tests, such as Wilcoxon rank-sum test. A multivar-
iate logistic regression model was constructed to identify factors
independently associated with ICUbb and mortality. Age-based
subgroup analysis was performed to evaluate which age groups,
if any, benefited the most from additional care. Finally, the
number needed to treat for any benefit of care was calculated.

RESULTS

During the 10-year period, 11417 patients were identified. Of
those, 9413 were excluded (non-ICU admission: 7303; incom-
plete records or death in the ICU on initial admission: 850; and

missing timestamps: 1260) and the remaining 2004 patients who
were admitted from the ED to the ICU and discharged alive from
the ICU at least once formed the study population.

Patient and injury characteristics of the study population, as
well as comparisons between patients who experienced ICUbb
(ICUbb+) and those who did not (ICUbb-), are presented in
table 1. A total of 113 (5.6%) from the overall study population
of 2004 experienced ICUbD. Patients experiencing ICUbb were
older, carried a higher comorbidity burden (higher CCI), and
were more severely injured (higher ISS), p<0.05 for all (table 1).
Additionally, ICUbb patients were more likely to have experi-
enced significant injuries (defined as AIS score >2) to the spine
and external soft tissues, p<0.05 for both (table 1). The median
time to ICUbb was 2 days (IQR 1, 4). Respiratory deteriora-
tion was by far the most common reason for ICUbb accounting
for 70 (62%) of all bb. The other reasons for bb were: altered
mental status 18 (16%); cardiac instability 8 (7%0); sepsis 5 (4%0);
cerebrovascular accident 4 (3.5%); alcohol withdrawal 2 (2%);
hemorrhage 2 (2%); and others 4 (3.5%). Outcomes of patients
experiencing ICUbb were worse in terms of longer ICU and
hospital lengths of stay and increased mortality, p<0.05 for all
(table 1). In the logistic regression analysis, along with age and
ISS, ICUbb was an independent predictor of mortality with an
OR of 6.73 and 95% CI of 3.80 to 11.91, p<0.05 (table 2).

Of the 2004 patients that comprised the study population,
1690 (84%) fell into the Early group and 314 (16%) into the
Delayed group. Patient and injury characteristics of Early and
Delayed cohorts are presented in table 3. The median time of
actual discharge was 3.88 hours (IQR 2.42, 6.37) for the Early
group and 43.84 hours (IQR 29.05, 77.62) for the Delayed
group. The Delayed group was older, with a higher comorbidity
burden (higher CCI), and more severely injured (higher ISS),
p<0.05 for all (table 3). Despite these ‘negative’ characteristics
that are independently predictive of ICUbD (table 4), the ICUbb
rate of the Delayed group at 1.3% was significantly lower than
that of the Early group at 6.5%, p<0.05 (table 3), and Delay in
ICU discharge was independently protective against ICUbb with
an OR of 0.16 and 95% CI of 0.06 to 0.44, p<0.05 (table 4).
Mortality of the Delayed group was lower than the Early group
(2.2% vs. 3.9%, table 3) though this did not reach statistical
significance (p>0.05). When Delay was used in the mortality
regression model, Delay trended towards decreased mortality
with OR of 0.48 but the 95% CI (0.214 to 1.064) crossed unity,
and hence it was not statistically significant (p=0.07).

To identify the age group(s) with the highest mortality risk
that may benefit the most from additional care, we evaluated age
against mortality. There was an inflection point at age 50, after
which mortality abruptly rises (figure 1). Based on those data,
we performed a subgroup analysis for patients aged =50 years.
We evaluated the independent risk of mortality from ICUbb, as
well as the independent protective effect of Delay against ICUbb
rates and mortality. In that subgroup analysis, the mortality rate
of patients in the Delayed transfer group was significantly lower
than in the Early group (2.9% vs. 6.6%, p<0.05). Using logistic
regression, as compared with the entire study population, the
impact of ICUbb on mortality was stronger in the =50 years
subgroup (OR 7.48, 95% CI 4.14 to 13.50). Additionally, the
protective effect of Delayed transfer against ICUbb was similar
(OR 0.18, 95% CI 0.06 to 0.5). However, the protective effect
against mortality was stronger and statistically significant (OR
0.42,95% CI 0.18 to 0.99), p<0.05 for all (figure 2).

Based on these results, the number needed to treat—addi-
tional ICU patient-days—to prevent a single ICUbb and prevent
a single death is 21 and 54, respectively. For the high-risk group
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Table 1  Patient demographics, comorbidities, injury burden and patterns, and hospital outcomes of the study population (all patients) and
comparisons of patient cohorts experiencing ICUbb (ICUbb+) to those that did not (ICUbb-)
All patients ICUbb- ICUbb+
(n=2004) (n=1891) (n=113) P value
Mean=SD age (years) 52+23 52+23 64+18 <0.01
% male (n) 64 (1274) 63 (1199) 66 (75) 0.52
Median CCl score (IQR) 1(0,3) 1(0,3) 3(1,5) <0.01
% CCl score =5 (n) 14 (281) 13.3 (252) 25.7(29) <0.01
Significant injury (AIS score >2) % n % n % n P value
Head 50.7 1015 50.7 958 46 57 0.96
Face 1 19 1 19 0 0 0.28
Neck 1.7 34 1.8 33 0.9 1 0.49
Thorax 26.9 539 26.5 501 33.6 38 0.1
Abdomen 13 261 13.3 252 8 9 0.1
Spine 8 161 7.6 143 15.9 18 <0.01
Extremity—upper 1.6 31 1.5 29 1.8 2 0.84
Extremity—Ilower 13.3 267 13 246 18.6 21 0.09
External soft tissue/burn 1 20 0.9 16 35 4 <0.01
Median ISS (IQR) 17 (10, 24) 17 (10, 24) 19 (16, 26) <0.01
% 1SS >25 (n) 454 (22.7) 21.9 (414) 35.4 (40) 0.01
Median (IQR) ICU LOS (days) 3(2,5) 3(2,5) 11 (6, 18) <0.01
Median (IQR) SD HLOS (days) 6(3,12) 6(3,11) 19 (11,32) <0.01
% mortality (n) 3.6 (72) 2.6 (49) 20.4 (23) <0.01

AlS, Abbreviated Injury Scale; CCI, Charlson Comorbidity Index; HLOS, hospital length of stay; ICUbb, intensive care unit bounce back; ISS, Injury Severity Score; LOS, length of

stay.

(age =50), the numbers were 15 additional ICU patient-days to
prevent a single ICUbb and 30 additional ICU patient-days to
prevent one death.

DISCUSSION

ICUDbD represents clinical deterioration post-ICU discharge, and
outcomes of patients experiencing ICUbb are worse, including
significantly higher mortality rates.!” This raises the question
whether aggressive care provided in the immediate post-ICU
discharge period could prevent clinical deterioration, thus
reducing rates of ICUbb, and potentially improving outcomes.
Almost all studies addressing this question have evaluated the
impact of ‘step-down’ or ‘intermediate-care’ units on patient
outcomes.”? The results of these studies have been mixed in
terms of impact on clinical outcomes and costs. However, none
of these studies were focused exclusively on injured patients
and their unique care requirements. It is well known that injury
pattern and overall injury burden have a major impact on the
rates of ICUbb among trauma patients.** The current study
focuses exclusively on injured patients directly admitted to the
ICU from the ED. It uses an innovative design that leverages
the inadvertent naturally controlled experiment created by the

Table 2 OR with 95% Cls of factors that are independently
associated with mortality

OR (95% CI) P value
Age 1.06 (1.04 to 1.08) <0.01
cal 1.01(0.92 to 1.11) 0.87
1SS 1.05 (1.02 to 1.08) <0.01
ICUbb 6.73 (3.80 t0 11.91) <0.01

CCl, Charlson Comorbidity Index; ICUbb, intensive care unit bounce back; ISS, Injury
Severity Score.

inefficiency of the ICU discharge process to answer the question
whether aggressive care provided in the immediate post-ICU
discharge period can prevent clinical deterioration, thus reduce
ICUDD rates and improve outcomes.

The overall rate of ICUbb in the current study was 5.6%
which is consistent to what has been reported by Fakhry et al.’
Increasing age, higher comorbidity burden, and being more
injured were independently associated with ICUbb. Despite the
low rate, ICUbb was associated with worse clinical outcomes,
including significantly higher mortality. The association is also
in line with what has been previously reported.'” The median
time to ICUbb of 2days, and respiratory deterioration being

Table 3 Presentation demographics, comorbidities, injury burden,
and outcome data of the Early vs. Delayed cohorts

Early Delayed

(n=1690) (n=314) P value
Mean=SD age (years) 52+23 55+22 0.01
% male (n) 63 (1066) 66 (208) 0.28
Median CCl score (IQR) 1(0,3) 2(1,3) <0.01
% CCl score =5 (n) 13.8 (233) 15.3 (48) 0.48
Median ISS (IQR) 17 (10, 24) 17 (13, 25) <0.01
% 1SS >25 (n) 21.7 (367) 27.7 (87) 0.07
Median (IQR) ICU LOS (days) 2(2,4) 5(@3,8 <0.01
Median (IQR) SD HLOS (days) 6(3,11) 10 (6, 18) <0.01
Rate of ICUbb (%) 6.5 (109) 1.3 (4) <0.01
% mortality* (n) 3.9 (65) 22(7) 0.16

*Includes discharged to hospice.
CCl, Charlson Comorbidity Index; HLOS, hospital length of stay; ICUbb, intensive
care unit bounce back; ISS, Injury Severity Score; LOS, length of stay.
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Table 4 Logistic regression models evaluating the OR of ICUbb
based on age, ISS, CCl score, and Delayed ICU transfer

OR (95% ClI) P value
Age 1.02 (1.01 to 1.03) <0.01
ISS 1.05 (1.03 t0 1.07) <0.01
cal 1.12 (1.04 to 1.20) <0.01
Delayed transfer 0.16 (0.06 to 0.44) <0.01

CCl, Charlson Comorbidity Index; ICUbb, intensive care unit bounce back; ISS, Injury
Severity Score.

most frequent reason for ICUbDb, too is consistent with existing
literature.*’

The current study is unique in leveraging the inefficiency of
the ICU discharge process to answer an important question—can
aggressive care provided in the immediate post-ICU discharge
period improve outcomes? The ‘Delayed’ group, while consid-
ered ICU discharge ready, stayed in the ICU for additional
time waiting for an appropriate non-ICU staffed bed. During
this waiting period, these patients likely received more aggres-
sive care including higher nurse to patient ratios and other ICU
care processes than they would have on the floor had they been
transferred when discharge orders were placed. We think that
this additional care was directly responsible for the lower rate
of ICUbb seen in the Delayed group. It could be argued that the
higher rate of ICUbb among the Early group was due to prema-
ture ICU discharge. While possible, since our overall rate of
unplanned ICU admissions, including ICUDbDb, is consistent with

Mortality Rate by Age
'io 03%
Q
2 7. 89%
&
)
s
=
S
p=
3. 62%
2. 15%
0.52% ...
0.58% e
H =
<39 40-49 50-59 60-69 70-79 >8
Age (years)
Figure 1 Mortality in trauma patients admitted to the intensive care

unit grouped by age showing a significant increase with age beginning
in the 6th decade of life.

Odds Ratio of Mortality for
All and High Risk (Age >=50) Patients
Age (All)*< ol
ISS (All)*- ol
CCI (Al —eo—i
Delay (All) o I * {
Age (>=50)*4 Il
ISS (>=50)*1 1
CCI (>=50) 4 ——i
Delay (>=50)* | . i

* Denotes Statistical Signi

Figure 2  Forest plot of the OR for mortality based on age, Charlson
Comorbidity Index (CCl), Injury Severity Score (ISS), Delayed intensive
care unit (ICU) discharge for all patients (circle) and for the high
mortality risk subset (age =50, diamond). *Represents statistical
significance with p<0.05.

other reports in the literature and in line with national bench-
marks set by Trauma Quality Improvement Project,?* premature
discharge as the cause of higher ICUbb among the Early group
is likely not the case.

The mortality of the Delayed group, while lower than the
Early group, did not reach statistical significance either in
the univariate or the multivariate logistic regression analysis.
Looking at the entire study population, we think this to be a
type I error since the overall mortality was quite low. However,
for the age group with the highest risk of mortality, Delay in
ICU discharge, a surrogate for more aggressive care post-ICU
discharge, was independently protective against both ICUbb and
mortality (figure 2). This suggests that the benefit of aggressive
post-ICU care is especially beneficial to this high-risk group.

The overall rate of ICUbD in the study was quite low with the
result that the numbers needed to treat—additional ICU patient-
days—for preventing a single ICUbb are high and for preventing
a single mortality higher. Hence, keeping patients in the ICU for
additional days to prevent ICUbb and reduce mortality is a very
inefficient use of a limited and expensive resource and likely cost
prohibitive. While the concept of an ‘intermediate care’ or ‘step-
down’ unit where all, or at least patients at high risk of ICUbb
and mortality, spend additional days before being transitioned
to the floor, is an attractive one, studies evaluating the impact of
such units have mixed results with no clear consensus that such
units actually improve outcomes, though they do increase cost.
We think that the optimal interpretation of these results would
be to develop care pathways that can be used on the floor geared
towards the patient discharged from the ICU. Two findings from
the study—respiratory deterioration was the most common
reason for ICUbb and spine injury was more often seen in
patients experiencing ICUbb—suggest that these care pathways
should be directed towards respiratory care and mobilization.
We are in discussion with our respiratory and physical therapists
to (A) evaluate a patient within 4 hours of ICU discharge and (B)
increase the frequency of respiratory and mobility interventions
on all patients discharged from the ICU especially in the critical
first 48 hours post-ICU discharge.

The study has significant limitations. First, it is a single insti-
tutional study from an institution with no step-down unit,
and thus the results may not be generalizable to other institu-
tions with differing ICU/high-intensity unit structure. Second,
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it is a retrospective study spanning 10 years during which care
processes may well have evolved and changed. Additionally,
during this time period, the event rate was low making further
analysis of the data by time period difficult. However, we needed
this long time span to have enough patients for a robust logistic
regression analysis. Lastly, the unique design of the study used
additional time in the ICU as a surrogate for additional care;
however, the exact care elements that may have been respon-
sible for the lower rates of ICUbDb and reduced mortality among
the Delayed group cannot be determined from this retrospective
study.

CONCLUSION

Despite the limitations cited, this study demonstrates that ICUbb
among trauma patients is a low incidence event with high conse-
quences—worse outcomes including mortality. Aggressive care
immediately post-ICU discharge reduces the rates of ICUbb,
likely reduces mortality in all patients, and does reduce mortality
in those patients at highest risk.

Twitter Stephen E Ranney @SRanney_MD
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