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Abstract 

Background: Patients who require readmission to an intensive care unit (ICU) after transfer to a lower level of care 
(“bounceback”) suffer from increased mortality and longer hospital stays. We aimed to create a multifaceted standard-
ized transfer process for patients moving from the neurointensive care unit (neuro-ICU) to a lower level of care. We 
hypothesized that this process would lead to improvement in provider-rated safety and a decreased rate of bounce-
backs to the neuro-ICU after transfer.

Methods: The study took place at the Hospital of the University of Pennsylvania from October 2018 to October 2020. 
A standardized five-step transfer process was created and implemented for transferring patients from the neuro-ICU 
to a lower level of care. Patient care providers completed a survey before and after implementation of the protocol 
to assess a variety of components related to safety concerns when transferring patients. The rate of bouncebacks pre 
and post intervention was calculated by using a two-sample Wilcoxon rank-sum test, and disposition at discharge was 
calculated by using Fisher’s exact test.

Results: Of the 1176 total patient transfers out of the neuro-ICU, 29 patients bounced back within 48 h. The aver-
age age of patients who bounced back was 63.3 years old, with a similar distribution among men and women. The 
most common reason for bounceback was respiratory distress, followed by cardiac arrhythmia, stroke, and sepsis. 
Implementation of the standardized process led to a decrease in provider-rated concern of overall safety (5 to 3, 
p = 0.008). There was improvement in transfer delays due to bed availability (3 to 4.5, p = 0.020), identification of 
high-risk patients (5 to 6, p = 0.021), patient assignment to the appropriate level of care (5 to 6, p = 0.019), and use of 
the electronic medical record handoff indicator (5 to 6, p = 0.003). There was no statistically significant difference in 
terms of patient bounceback rate after implementation of the process (2.4% vs. 2.5%, p = 1.00) or patient disposition 
at discharge (p = 0.553).

Conclusions: Patients who bounceback to the neuro-ICU within 48 h had an increased length of hospital stay, had 
an increased length of ICU stay, and were more likely to be intubated for more than 96 h. Implementation of a stand-
ardized five-step transfer process from the neuro-ICU to a lower level of care resulted in improvement in multiple 
provider-rated safety outcomes and identification of high-risk patients but led to no difference in the patient bounce-
back rate or patient disposition at discharge.
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Introduction
An adverse event is an injury caused by medical conduct 
that can lead to prolonged patient hospitalization, disa-
bility, or mortality [1, 2]. There have been between 44,000 
and 98,000 patient deaths per year in US hospitals caused 
by medical errors [2, 3]. Poor communication is a con-
tributing factor in more than 60% of reported hospital 
adverse events [4, 5], occurs frequently during transitions 
of care, and is preventable. Audits of reports for patients 
transferred out of the intensive care unit (ICU) at a mul-
tidisciplinary teaching hospital found that 62% of reports 
had at least one error, with 19% resulting in either seri-
ous or critical errors [6]. Furthermore, patients admitted 
by cross-covering residents who then get transferred to a 
different resident end up with more tests in the hospital 
and longer hospital stays [1].

Moreover, patients who require readmission to an ICU 
after transfer to a lower level of care have longer hospital 
stays and increased mortality [7, 8]. Most studies related 
to patient handoffs and ICU readmission are from medi-
cal or surgical ICUs and have limited focus on patients 
specifically with neurologic disease [9–11]. Coughlin 
et al. [9] identified the most common reasons for patients 
to bounce back specifically to a neurointensive care unit 
(neuro-ICU) after being transferred to a lower acuity 
level of care, including respiratory distress, sepsis/hypo-
tension, need for additional nursing monitoring, cardiac 
issues, and hypertension.

Standardized handoff processes and checklists can help 
reduce errors and adverse events. For instance, use of the 
standardized SBAR (Situation, Background, Assessment, 
Recommendation) handoff system decreased adverse 
events in a hospital from 90 to 40 per 1,000 patient-days 
and decreased adverse drug events from 30 to 18 per 
1,000 patient-days [12–14]. Another standardized hand-
off system called I-PASS (Illness severity, Patient sum-
mary, Action list, Situation awareness and contingency 
plans, and Synthesis by receiver) was created for use at 
an academic hospital in California [15]. This initiative to 
create a standardized handoff for pediatric patients tran-
sitioning from the cardiovascular ICU to the acute care 
unit resulted in significantly improved transfer efficacy, 
safety culture scores, and satisfaction for both fami-
lies and medical providers. In previous work at our own 
institution, Coughlin et  al. [9] created a standardized 
checklist known as a “green sheet” that identified neurol-
ogy patients at high risk of bouncing back to the neuro-
ICU. The sheet required providers to check risk factors a 
patient had that would increase their risk of bounceback 
to the neuro-ICU, including if they required intubation 
for more than 4  days, reintubation during admission, 
antibiotic changes, intravenous (IV) antihypertension 
medications, IV pressors, treatment of multiple seizures, 

or treatment of cardiac arrhythmias. If any of these risk 
factors were present, the green sheet was hung over 
the patient’s bed and the receiving physician plus nurse 
would evaluate the patient within 1  h of transfer. Addi-
tionally, the respiratory therapist would evaluate the 
patient within 2  h of transfer to discern if any respira-
tory issues needed addressing. The approach of having 
multiple providers evaluate the patient in a timely man-
ner was aimed at preventing the most common compli-
cations leading to bounceback. Their intervention was 
implemented in three, 3-month stages: stage 1, only phy-
sicians used the checklist; stage 2, nurses began using the 
checklist; and stage 3, respiratory therapists were added. 
Use of this tool resulted in decreased rate of patient 
bouncebacks from a baseline of 6.7% prior to interven-
tion to 2.8% in the final stage of implementation (p for 
trend = 0.09). The intervention also resulted in improved 
provider satisfaction. However, this checklist approach 
was a passive process to identify high-risk patients. We 
aimed to build on this structure by creating multiple 
checkpoints to prevent high-risk patients from being pre-
maturely transferred and ensuring a more standardized 
handoff system to prepare the accepting providers for 
high-risk patients.

The purpose of our study was to create a multifaceted 
and standardized transfer process for patients moving 
from the neuro-ICU to a lower acuity unit (floor or inter-
mediate critical care unit). We hypothesized that use of 
the standardized transfer process would improve pro-
vider-rated safety regarding patient transfers and reduce 
the rate of bouncebacks to the neuro-ICU.

Methods
Study Approval
The Hospital of the University of Pennsylvania Institu-
tional Review Board reviewed the study and determined 
that it did not constitute human subject or clinical inves-
tigation research. Full review was waived under a qual-
ity improvement exemption. All authors complied with 
Health Insurance Portability and Accountability Act 
regulations.

Setting
The study took place at the Hospital of the University 
of Pennsylvania in Philadelphia, the flagship quaternary 
care center of the academic health system. The hospital is 
equipped with a 22-bed neuro-ICU that covers both neu-
rology and neurosurgery patients. The neuro-ICU and 
non-ICU neurology inpatient services (stroke and general 
ward services) are located in separate buildings within 
the larger hospital system. Neuro-ICU providers have a 
geographically distinct work space from the accepting 
neurology provider teams. Patients on the stroke and 
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general ward service reside either in the intermediate 
critical care unit or the floor (the lowest acuity level of 
care). The criteria by which patients can be transferred 
from the neuro-ICU to the intermediate critical care unit 
include but are not limited to the following: require less 
than 24  h of hourly vital checks, maintain respiratory 
stability on continuous positive airway pressure without 
need for mechanical ventilation, maintain hemodynamic 
stability without pressor requirement, and require ben-
zodiazepines for treatment of seizures without the need 
for continuous IV anesthetic. Although the above crite-
ria exist, the ultimate decision as to whether a patient is 
deemed stable for transfer out of the neuro-ICU is at the 

discretion of the neurocritical care attending caring for 
the patient.

Survey/Standardized Process
We sent a preintervention survey to the neurology resi-
dents, attendings, ICU fellows, and floor and ICU nurses 
to assess their perceived safety ratings regarding trans-
ferring patients from the neuro-ICU to a lower acuity 
unit. The survey was conducted via REDCap and sent 
via email to providers. Providers were asked before and 
after the intervention to rate on a 10-point Likert scale 
(1 = strongly disagree, 10 = strongly agree) if transfer-
ring patients from the neuro-ICU to neurology services 

1. Iden�fy Transfers
• Neuro-ICU provider contacts accep�ng provider in the 

morning to inform them of poten�al pa�ents being 
transferred out of the unit

2. Verbal Handoff
• A�er rounds, the Neuro-ICU provider and nurse gives a vebal 

signout sta�ng a summary of the pa�ent's problem, brief hospital 
course, per�nent exam findings, ac�ve problems, and if a green 
sheet is indicated

3. Complete Standardized Note
• Neuro-ICU provider completes the standardized transfer 

note

4. Receive Automated Text Alert
• An automated text alert is delivered to the accep�ng 

provider once the pa�ent's bed is assigned and another 
alert when the pa�ent arrives on the unit

5. Evaluate Pa�ent
• Accep�ng provider evaluates the pa�ent within 1 hour of 

transfer - contacts nursing and respiratory therapy if there 
are any immediate concerns

Fig. 1 Standardized five-step neurocritical care unit transfer process. Neuro-ICU neurointensive care unit
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resulted in significant safety issues. Additionally, pro-
viders were asked to rate using a 10-point Likert scale 
(1 = needs significant improvement, 10 = need no 
improvement) which factors related to patient transfers 
needed improvement, specifically, verbal communica-
tion between providers/nurses, written documentation, 
identification of high-risk patients, overnight transfers, 
notification of patient arriving to the floor, assigning the 
appropriate level of care, and patient stability on transfer.

The framework for patient transfers created by Cough-
lin et  al. [9] included identification of high-risk patient 
transfers, verbal handoffs between providers, text alerts 
after patient transfers, and evaluation of patients on 
arrival. We built on this framework by standardizing each 
of these steps and adding additional steps that addressed 
the weakest areas of the transfer process on the basis of 
the preintervention survey. On October 28, 2019, we 
implemented this new standardized five-step process to 
transfer patients from the neuro-ICU to a lower acuity 
unit (Fig.  1). The process entailed the transferring team 
discussing potential patient transfers, completing a ver-
bal handoff to the accepting provider by a specific time 
point, and writing a standardized note (see Supplemen-
tal Materials) and the accepting provider receiving a text 
alert notification of patient transfer and arrival to unit 
and evaluating patients after transfer. After implemen-
tation of the standardized transfer process, a postinter-
vention survey was sent to neurology providers to assess 
safety rating and satisfaction with the new protocol. Pro-
viders were trained about the new standardized process 
at one of our weekly morbidity and mortality confer-
ences. An outline of the process was also sent to provid-
ers via email to use as a reference when needed. 

Analysis
We then conducted a retrospective analysis of patients 
who bounced back after transfer. Similar to the prior 
study by Coughlin et  al. [9], bounceback was defined 
as either an unplanned return to the neuro-ICU or an 
unplanned transfer from a floor bed to an intermediate 
critical care unit bed within 48  h of transfer from the 
neuro-ICU. We included all patients transferred to the 
neurology service and excluded patients from the neu-
rosurgical services. Patient transfer data, including dis-
charge diagnosis, were obtained by automated extraction 
from the electronic medical record. Manual chart review 
to confirm patient level of care, discharge diagnosis, and 
reason for bounceback was performed by a senior neu-
rology resident and hospital senior improvement advisor. 
Pre- and postintervention Likert scale survey data were 
compared by using a t-test in Stata. Average hospital 
length of stay and ICU length of stay for pre- and postin-
tervention and bounceback and no bounceback patients 

were compared by using a two-sample Wilcoxon rank-
sum test. Patient discharge disposition and ventilatory 
status for pre- and postintervention and bounceback and 
no bounceback patients were compared by using Fisher’s 
exact test.

Results
Survey Data
The preintervention survey was completed by 109 of 
289 (38%) total providers: 22 of 40 neurology residents, 
9 of 18 neurology attendings, 6 of 14 neurocritical care 
attendings, 28 of 104 ICU nurses, 36 of 103 floor nurses, 
3 of 5 neurocritical care nurse practitioners, and 5 of 5 
neurocritical care fellows. The postintervention survey 
was completed by 55 of 288 (19%) total providers: 26 of 
42 neurology residents, 4 of 18 neurology attendings, 4 
of 14 neurocritical care attendings, 14 of 104 ICU nurses, 
7 of 100 floor nurses, 0 of 5 neurocritical care advanced 
care providers, and 0 of 5 neurocritical care fellows. The 
median Likert scale rating for safety concerns decreased 
from 5 preintervention to 3 post intervention (p = 0.008; 
Table 1). For the postintervention survey, 66% of partici-
pants agreed that the new standardized transfer process 
improved patient care, 30% were not aware the process 
existed, and 4% did not believe there was improvement 
in patient care. Moreover, 40% of postintervention survey 
participants agreed that the automated text alert system 
at time of bed assignment and transfer decreased the 
number of patients arriving to the floor without the pri-
mary physician being aware (39% were unsure, 11% did 
not agree). 

Across all providers in the postintervention arm, there 
was statistically significant improvement in the fol-
lowing categories related to patient transfers: delays in 
transfers due to bed availability (3–4.5, p = 0.020), iden-
tification of patients at high risk for bounceback (5–6, 
p = 0.021), assignment to the appropriate level of care 
(5–6, p = 0.019), and use of the electronic medical record 
handoff indicator (5 to 6, p = 0.003), as seen in Table  1. 
There was no statistically significant difference in the 
following categories: verbal communication between 
providers (5–6, p = 0.056), patient stability on transfer 
(6–5.5, p = 0.947), verbal communication between nurses 
(5–6, p = 0.485), written communication (5–5, p = 0.417), 
overnight transfers (4–5, p = 0.073), and notification of 
patient arrival to the unit (5–6.5, p = 0.162).

Intervention Data
There was a total of 1176 neurology patient transfers 
from the neuro-ICU to a lower-level acuity unit between 
October 2018 and October 2020. Among those transfers, 
663 occurred prior to the intervention and 513 occurred 
after the intervention (Fig. 2). Patient demographics pre 
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and post intervention were similar (Table  2). The dif-
ference in rate of bounceback pre and post intervention 
was not statistically significant (2.4% vs. 2.5%, p = 1.00) 
as seen in Table  2. The median length of hospital stay 
was shorter for the preintervention group (6 vs. 8  days, 
p = 0.001), as was the median ICU length of stay (47 vs. 

49 h, p = 0.144). The percentage of patients intubated for 
more than 96 h was similar between pre- and postinter-
vention groups (15.5% vs. 19.9%, p = 0.053). There was no 
statistically significant difference in reason for bounce-
back in the pre- and postintervention groups (Table 3).   

Table 1 Transfer process improvement ratings

IQR, interquartile range, neuro-ICU, neurointensive care unit
a On a scale of 1–10, how would you rate the following sentence? Transferring patients from the neuro-ICU to the step-down ICU or floor results in significant safety 
issues (1 = strongly disagree, 10 = strongly agree)
b Please rate the opportunity for improvement (1 = needs significant improvement, 10 = needs no improvement)

Question Preintervention Post Intervention p value

n Response median 
(IQR)

n Response median 
(IQR)

Safety  concernsa 107 5 (3–7) 55 3 (3–5) 0.008

Verbal communication between  providersb 103 5 (3–7) 53 6 (4–8) 0.056

Verbal communication between  nursesb 107 5 (4–7) 49 6 (5–8) 0.485

Written  communicationb 106 5 (4–7) 53 5 (4–8) 0.417

Identification of high-risk  patientsb 108 5 (3–7) 54 6 (4–8) 0.021

Overnight  transfersb 108 4 (2–6) 54 5 (3–7) 0.073

Delayed transfers due to bed  availabilityb 108 3 (2–6) 54 4.5 (3–7) 0.020

Notification of patient arrival to  unitb 107 5 (3–8) 54 6.5 (3–8) 0.162

Patient stability on  transferb 107 6 (4–7) 54 5.5 (4–8) 0.947

Assignment to appropriate level of  careb 107 5 (3–7) 54 6 (5–8) 0.019

Use of the medical record sign-out  indicatorb 102 5 (3–7) 52 6 (4–9) 0.003

1,176 pa�ents transferred out of 
NICU

60 bouncebacks 8 excluded for planned post-
opera�ve monitoring

52 bouncebacks 23 excluded for bounceback >48 
hours a�er transfer 

29 bouncebacks in 
final analysis

Fig. 2 Patient inclusions and exclusions. Neuro-ICU
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Demographic data for patients who bounced back and 
those who did not bounce back to the neuro-ICU were 
similar (Table  4). The cohort of patients who bounced 
back compared with those who did not bounce back to 
the neuro-ICU had a longer median length of hospital 

stay (17 vs. 7 days, p < 0.001), had a longer median length 
of ICU stay (216 vs. 46 h, p < 0.001), and were more likely 
to be intubated for more than 96  h (41.4% vs. 16.8%, 
p = 0.002), as seen in Table 4.

Discussion
Implementation of a standardized five-step transfer pro-
cess resulted in provider-rated improvement in overall 
safety regarding to transferring patients from a neuro-
ICU to a lower level of care. Specific aspects of patient 
transfers that were rated as the most significant improve-
ments included delays in transfer due to bed availability, 
identification of high-risk patients, assignment of patients 
to the appropriate level of care, and use of the electronic 
medical record handoff indicator. Despite the fact that 
an automated text alert system was implemented, there 
was no statistically significant improvement in provider-
rated safety regarding notification of patient arrival to 
the unit. A potential reason for this discrepancy is that 
only a single provider is notified, and thus all providers 
involved in the transfer process may not benefit from this 
notification. Additionally, there was no significant differ-
ence in provider-rated safety regarding verbal or written 
communication, despite the implementation of a stand-
ardized verbal and written handoff. The written note 
itself might have been perceived as redundant documen-
tation, and the compliance with this part of the process 
might have been limited. Moreover, providers were likely 
already performing some form of verbal handoff prior to 
the implementation of this process as part of prior work 
by Coughlin et  al. [9]. Although there was no signifi-
cant improvement with provider-rated safety in terms of 
overnight transfers and verbal communication between 
nurses, the standardized transfer process did not directly 
intervene on these measures.

Another limitation with the survey component was that 
a fair number of providers did not respond to the postin-
tervention survey (54 fewer participants in the postinter-
vention survey than in the preintervention survey), and, 
notably, no neurocritical care fellows responded to the 
postintervention survey. The exact reason for response 
dropout cannot be elucidated and is likely multifactorial. 
We suspect that factors related to COVID-19 could have 
played a role. More specifically, health care providers 
during this time had increased clinical responsibilities, 
higher rates of burnout, and decreased face-to-face inter-
actions, all of which could have hindered motivation to 
complete the postintervention survey [18].

It should be noted that demographic information for 
respondents was limited to provider role in an attempt 
to maintain anonymity. Moreover, given that the pro-
portion of providers pre and post intervention was 

Table 2 Pre- vs. postintervention patient demographics/
results

AIDP, acute inflammatory demyelinating polyneuropathy, CIDP, chronic 
inflammatory demyelinating polyneuropathy, ICU, intensive care unit, IQR, 
interquartile range, SD, standard deviation, SNF, skilled nursing facility

Preinter-
vention 
(n = 663)

Post inter-
vention 
(n = 513)

p value

Age in years (mean ± SD) 63.5 ± 17.2 63.3 ± 18.5 0.912

Sex 0.953

 Male 329 (49.6%) 256 (49.9%)

 Female 334 (50.4%) 257 (50.1%)

Race and ethnicity 0.003

 White 341 (51.4%) 255 (49.7%)

 Black 182 (27.5%) 187 (36.5%)

 Unknown 75 (11.3%) 35 (6.8%)

 Hispanic 19 (2.9%) 8 (1.6%)

 Asian 20 (3.0%) 10 (1.9%)

 Other 25 (3.8%) 15 (2.9%)

 American Indian or Alaska 
Native

1 (0%) 3 (0.6%)

Insurance 0.447

 Private 50 (7.5%) 41 (8.0%)

 Managed care 138 (20.8%) 120 (23.4%)

 Medicaid 90 (13.6%) 79 (15.4%)

 Medicare 379 (57.2%) 267 (52%)

 Self-pay 6 (0.9%) 6 (1.2%)

Principal diagnosis 0.428

 Ischemic stroke 284 (42.8%) 230 (44.8%)

 Intracranial hemorrhage 111 (16.7%) 71 (13.8%)

 Seizure 88 (13.3%) 65 (12.7%)

 Encephalitis 21 (3.2%) 10 (2.0%)

 Sepsis 13 (2.0%) 13 (2.5%)

 Myasthenia gravis 8 (1.2%) 13 (2.5%)

 AIDP/CIDP 10 (1.5%) 7 (1.4%)

 Other 128 (19.3%) 104 (20.3%)

Bounceback 16 (2.4%) 13 (2.5%) 1

Disposition 0.553

 Expired 77 (11.6%) 57 (11.1%)

 Home 214 (32.2%) 189 (36.8%)

 Hospice 48 (7.2%) 31 (6.0%)

 Rehabilitation 212 (32.0%) 151 (29.4%)

 SNF 112 (16.9%) 85 (16.6%)

Intubated > 96 h 103 (15.5%) 102 (19.9%) 0.053

Total days in hospital, median 
(IQR)

6 (3–13) 8 (4–15) 0.001

Total hours in ICU, median (IQR) 47 (25–115) 49 (26–141) 0.144
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Table 3 Reason for bounceback pre vs. post intervention

Reason for bounceback Preintervention bouncebacks (n = 16) Postintervention bouncebacks (n = 13) p value

Respiratory distress 9 (56.3%) 7 (53.9%) 0.541

 Cardiac arrhythmia 1 (6.3%) 3 (23.1%)

 Cerebral edema 1 (6.3%) 0 (0%)

 Extracranial hematoma 0 (0%) 1 (7.7%)

 Seizure 1 (6.3%) 0 (0%)

 Sepsis 2 (12.5%) 0 (0%)

 Stroke 2 (12.5%) 2 (15.4%)

Table 4 Bounceback vs. no bounceback patient demographics/results

AIDP, acute inflammatory demyelinating polyneuropathy, CIDP, chronic inflammatory demyelinating polyneuropathy, ICU, intensive care unit, IQR, interquartile range, 
SD, standard deviation, SNF, skilled nursing facility

Bounceback (n = 29) No bounceback (n = 1147) p value

Age in years (mean ± SD) 68.5 ± 12.5 63.3 ± 17.8 0.182

Sex 0.853

 Male 15 (51.7%) 570 (49.7%)

 Female 14 (48.3%) 577 (50.3%)

Race and ethnicity 0.16

 White 9 (31.0%) 587 (51.2%)

 Black 12 (41.4%) 357 (31.1%)

 Unknown 4 (13.8%) 106 (9.2%)

 Hispanic 1 (3.5%) 26 (2.3%)

 Asian 2 (6.9%) 28 (2.4%)

 Other 1 (3.5%) 39 (3.4%)

 American Indian or Alaska Native 0 (0%) 4 (0.4%)

Insurance 0.269

 Private 0 (0%) 91 (7.9%)

 Managed care 6 (20.7%) 252 (22.0%)

 Medicaid 7 (24.1%) 162 (14.1%)

 Medicare 16 (55.2%) 630 (54.9%)

 Self-pay 0 (0%) 12 (1.0%)

Principle diagnosis 0.721

 Ischemic stroke 12 (41.4%) 502 (43.8%)

 Intracranial hemorrhage 6 (15.3%) 176 (15.3%)

 Seizure 2 (6.9%) 151 (13.2%)

 Encephalitis 0 (0%) 31 (2.7%)

 Sepsis 1 (3.5%) 25 (2.2%)

 Myasthenia gravis 1 (3.5%) 20 (1.7%)

 AIDP/CIDP 0 (0%) 17 (1.5%)

 Other 7 (25.1%) 225 (19.6%)

Total days in hospital, median (IQR) 17 (13–35) 7 (3–13)  < 0.001

Total hours in ICU, median (IQR) 216 (115–579) 46 (24.8–116)  < 0.001

Disposition 0.105

 Died 3 (10.3%) 131 (11.4%)

 Home 4 (13.8%) 399 (34.8%)

 Hospice 2 (6.9%) 77 (6.7%)

 Rehabilitation 13 (44.8%) 350 (30.5%)

 SNF 7 (24.1%) 190 (16.6%)

Intubated > 96 h 12 (41.4%) 193 (16.8%) 0.002
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different, the pre- and postintervention populations 
were not the exact same individuals. However, the indi-
viduals surveyed came from the same groups of people, 
both pre and post intervention (i.e., neurology resi-
dents, nurses, etc.)

The fact that 30% of surveyed participants were not 
aware the process existed suggests that compliance with 
the protocol might have been a reason bounceback rates 
pre and post intervention were not significantly different. 
Also, the study took place over three academic cycles; 
thus, some new providers might not have been famil-
iar with the process and some providers involved in the 
preintervention arm were not available for follow-up for 
the postintervention survey. Moreover, providers’ roles 
might have changed from one year to the next, which 
might have also influenced the results of the survey. Per-
haps more frequent intermittent education about the 
protocol throughout the year would increase compliance.

Patients in our cohort who bounced back to the neuro-
ICU had longer length of hospital stay and had a longer 
length of ICU stay, which was similar to other data 
regarding bouncebacks [1, 2, 10]. There were a higher 
percentage of patients intubated for more than 96  h in 
those who bounced back compared with those who did 
not bounce back; however, there was no statistically sig-
nificant difference in mortality between these two groups. 
Although there was no difference in mortality, prolonged 
intubation and length of stay portend increased morbid-
ity, including increased risk of laryngeal injury [16].

The definition of bounceback to an ICU is not stand-
ardized across all studies; some consider readmission to 
an ICU at any point during the hospitalization a bounce-
back as opposed to within 48 h of transfer, as used in our 
study. Depending on the definition, the average readmis-
sion rates in medical and surgical ICUs range between 4 
and 14%, with an average of 7% [10, 17]. Reported read-
mission rates in neuro-ICUs are less well studied but 
range between 2.8% and 21% [9, 11]. It should be noted 
that the baseline bounceback rate at our institution prior 
to the current intervention was relatively low at 2.4%, 
likely as a result of the previous “green sheet” interven-
tion by Coughlin et  al. [9]. The prior multidisciplinary 
approach to evaluating high-risk patients on arrival to a 
lower acuity unit likely helped maintain the low bounce-
back rate. Starting at a relatively low bounceback rate 
might have been a contributing reason as to why we did 
not observe significant improvement in the bounceback 
rate with our current intervention [9]. There may be a 
floor effect limiting further reductions, as some bounce-
backs are ultimately neither predictable nor preventable. 
Similar to the study by Coughlin et al. [9], the most com-
mon reason for patients to bounce back, both pre and 
post intervention, was respiratory distress. There were 

a higher percentage of patients in the preintervention 
group with respiratory distress than in the postinterven-
tion group, although this was not statistically significant 
(56.3% vs. 53.9%, p = 0.541).

The postintervention cohort had a longer median 
length of hospital stay compared with the preintervention 
group. A likely contributing factor was the COVID-19 
pandemic, which took effect during this postinterven-
tion period. None of the patients who bounced back in 
the postintervention group were diagnosed with COVID-
19 during their hospitalization. However, the limited 
capacity of nursing/rehabilitation facilities and the need 
for negative testing prior to discharge during the peak 
of the pandemic likely contributed to delayed discharges 
with longer duration of hospital stays [19]. During the 
postintervention period, the hospital also experienced 
fewer outside hospital transfers, elective admissions, and 
stroke cases, which might have resulted in an increased 
availability of lower acuity unit floor beds. The increased 
availability of lower acuity beds could have explained why 
providers noted less of a delay for ICU to floor trans-
fers due to bed availability. The single-center design of 
the study is an additional limitation, and perhaps future 
research involving multiple centers would provide more 
insight into the optimization of patient transfers as well 
as the impact of transfers amid the COVID-19 pandemic.

Conclusions
Implementation of our standardized five-step trans-
fer process from the neuro-ICU to a lower level of care 
resulted in overall improved provider-rated safety out-
comes. Specific aspects of patient transfers were rated 
as improved, including delays in transfers due to bed 
availability, identification of high-risk patients, patient 
assignment to the appropriate level of care, and use of the 
electronic medical record handoff indicator. Patients who 
bounced back to the ICU had longer lengths of hospital 
and ICU stays, and a higher percentage required pro-
longed intubation, thus making this an important issue 
to study further. There was no difference in the rate of 
bounceback pre and postintervention although limita-
tions regarding provider awareness of the process and the 
COVID-19 pandemic might have contributed to these 
findings. The standardized five-step transfer process 
may be used as a stepping stone for further research to 
optimize transfers for patients with critical neurologic 
diseases.
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