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Abstract

Background: Intensive care unit (ICU) readmissions have been shown to increase a patient’s in-hospital mortality and length
of stay (LOS). Despite this, no methods have been set in place to prevent readmissions from occurring.

Objective: Theaim of thisliterature review was to evaluate the impact of ICU readmission on patient outcomes and to evaluate
the effect of using arisk stratification tool, the Nationa Early Warning Score (NEWS), on ICU readmissions.

Methods: A database search was performed on PubMed, Cumulative Index of Nursing and Allied Health Literature, Google
Scholar, and ProQuest. In theinitial search, 2028 articles were retrieved; after inclusion and exclusion criteria were applied, 12
articles were ultimately used in this literature review.

Results: Thisliteraturereview found that patients readmitted to the ICU have an increased mortality rate and L OS at the hospital.
The sample sizes in the reviewed studies ranged from 158 to 745,187 patients. Readmissions were most commonly associated
with respiratory issues about 18% to 59% of thetime. The NEWS has been shown to detect early clinical deterioration in apatient
within 24 hours of transfer, with a 95% Cl of 0.89 to 0.94 (P<.001), a sensitivity of 93.6% , and a specificity of 82.2%.

Conclusions. ICU readmissions are associated with worse patient outcomes, including hospital mortality and increased LOS.
Without the use of an objective screening tool, the provider has been solely responsible for the decision of patient transfer.
Assessment with the NEWS could be helpful in decreasing the frequency of inappropriatetransfersand ultimately |CU readmission.

(IMIR Perioper Med 2020;3(1):e13782) doi: 10.2196/13782
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increased length of stay (LOS) [4], which ultimately effectsthe
availability of ICU beds [2]; and increased hospital costs [5].
Anincreasein hospital cost not only affects the patient but also
impacts the entire hospital system, asthe ICU readmission rate
is associated with the performance of the ICU and the hospital
[6-8].

Unexpected readmission to the ICU is associated with

Introduction

Background

There is a problem associated with patients being readmitted
totheintensive care unit (1CU) following transfer from the |ICU
to the medical floor. Hospitalsrely on quality metricsto address
many aspects of patient care; one of those metrics is the

unplanned ICU readmission within 72 hours of transfer [1].
ICU readmission or bounce backs are associated with worse
outcomes for the patient and increased resource utilization [2].
The poor outcomes include increased hospital mortality [3];

http://periop.jmir.org/2020/1/e13782/

significantly high hospital mortality compared with patients
who are not readmitted: 21.3% to 40% compared with 3.6% to
8.4% [9-17]. The odds of death remain 6 to 7 times higher
among readmitted patients, independent of other factors [11].
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Among the most common reasons for readmissions were
pneumonia and respiratory failure [18,19]. Although primary
reasonsfor readmission to the |CU have been established within
themedical critical care population, the reasons have not clearly
been delineated for the surgical population [1].

This problem has been identified at the national level [1,5] and
at the local level as well. Surgical trauma ICU readmissions
have been noted specifically at alocal hospital in the southern
Piedmont region of North Carolina. The major predictor of
surgical trauma ICU readmissions within this organization is
respiratory failure. A goal has been set within this organization
to identify the patients at high risk for bouncing back to the
surgical trauma ICU after transfer and to prevent these bounce
backs from occurring. The use of arisk stratification tool, such
as the National Early Warning Score (NEWS), could identify
the patients at high risk for readmission to the surgical trauma
ICU and, therefore, prevent their premature transfer to the
progressive care or medical units[20].

Objective
The aim of this literature review was to evaluate the impact of
I CU readmission on patient outcomes and to eval uate the effect

of using a risk dratification tool, the NEWS, on ICU
readmissions.

Methods

Search Strategy

In a review of the literature, focus was placed on ICU
readmissions and assessment tool s utilized for patient transfers.
Theliterature was eval uated to answer the 2 proposed questions.
The first question was as follows: Does ICU readmission
increase mortality and LOS? If so, what are the readmission
rate and risk factors for readmission? The second question was
as follows: Is the NEWS an adequate tool for evaluating the
patient’s readiness for transfer out of the ICU to the medical
floor? A search was conducted on the electronic databases
PubMed, Cumulative Index of Nursing and Allied Health
Literature, Google Scholar, and ProQuest. The search was
limited to articles that were published within the last 10 years,
ie, the publication date had to be 2008 onward. Key search terms
were ICU, critical care, surgical, and assessment tool. Search
terms wereidentified in the abstract of other articles, and these
were used to expand the search. Additional key terms used
included “characteristics,” “readmission, risk,” “trauma,” and
“National Early Warning Score” (NEWS). Medical Subject
Headings termsincluded “(1CU readmission AND risk), ((ICU
readmission AND risk) AND (assessment tool))”, and “(ICU
AND (bouncebacks OR bounce backs) AND trauma).”

Inclusion and Exclusion Criteria

In addition to searching key terms, the bibliographies of the
articles reviewed were also searched, and key articles were
identified that were useful inthe evaluation of |CU readmissions
and assessment tools. The articleswereindependently searched
and evaluated for use within the review of the literature. Of the
519 articles identified, the top 200 articles were screened for
review. The inclusion criteria for the search were studies of
adults, readmissionsto the | CU, and articlesthat focused on the
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NEWS as a screening tool. Of the 200 articles identified, the
tittes and abstracts were reviewed, and 13 articles were
considered to have met the inclusion criteria. The exclusion
criteria were studies that were not published in the English
language, studies that were published before 2008, studies that
did not includefull-text articles, and studiesthat reviewed other
risk assessment tools such asthe Minimizing | CU Readmission
score. Of note, one article was reviewed as it evaluated the
Stability and Workload Index for Transfer score because it
provided details on readmission and mortality rates in the
surgical patient population [21]. A literature matrix has been
provided to break down the articlesthat were reviewed. Of those
articles, there were 2 systematic reviews, 5 retrospective chart
reviews, 1 descriptive study, and 4 prospective studies.

Results

Evaluation

A thorough review of the literature was performed to identify
therisk factors associated with | CU readmission and to examine
if the NEWS is an adequate tool for evaluating the patient’'s
readiness for transfer out of the ICU. After inclusion and
exclusion criteria were applied, a total of 200 articles were
reviewed, and 13 articleswere utilized in thisliterature review.
A literature matrix has been included within Multimedia
Appendix 1, outlining the articlesreviewed. The evidence level
of al articles has been identified within the literature matrix.
Additionaly, the findings of each article can be referenced in
Multimedia Appendix 2. Among the articlesreviewed, the most
popular research method was a prospective observational study.
Of the 13 articlesthat were reviewed, it isimportant to note that
2 were systematic reviews and represented the highest level of
evidence. The sample sizes within the studies ranged from 158
to 745,187 patients[5,22]. The definition of bounce back ranged
in the studies from 72 hoursto 7 days[2,9,21,23].

Readmission Rate

The readmission rate of patients transferred out of the ICU to
the medical floor was reviewed in 13 articles. Within these
articles, the readmission criteria varied; readmissions were
considered between 72 hours [2,21,23] and up to 7 days [9].
Thereadmission rate varied among articlesfrom aslow as 1.5%
(378/25,717 patients) [23] to as high as 13.4% (381/2852
patients) [9] (Figure 1). The variation in the rates is likely
attributed to the difference in readmission time, with Kaben et
a [9] allowing 7 days and Lee et a [23] only including
readmissionswithin 3 days. Not only doesthe readmission time
affect the patient’s readmission rate, but other factors such as
mental status, age, and sex also play a part in the readmission
rate; these factors are discussed further later. It isinteresting to
note that 1828 out of 2852 (64.1%) patients discharged from
the ICU in the study by Kaben et al [9] were men, which was
later noted to be arisk factor for readmission. In addition, the
patientswithin this study were strictly monitored for readmission
to asurgical 1CU setting, whereas the other studies looked at
medical and surgical patients, which too could have affected
the readmission rate. It isimportant to note that readmission to
the |CU was significantly increased to 25.1% (110/439 patients)
in patients with unplanned discharges, that is, those patients
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who were transferred because of alack of availability of ICU
beds[14]. Itisclear from the readmission rates provided within
the reviewed articles that allowing a longer period for ICU
readmission will increase the readmission rate. It is not clear
within the articleswhich timeframeis most appropriate to deem
the patient’s as atrue readmission because of inappropriate |CU

Figure 1. Readmission rate among studies.
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transfer. It ismost likely that identifiable factorsfor readmission
at the time of transfer would show themselves within the first
72 hours of transfer, resulting in readmission. It isnot favorable
to think that readmissions occurring after 7 days would have
shown signs for potential readmission at the time of transfer
from the ICU.

Readmission Rate

Kabenetal. |GG, 1:20%

Utzolino et al.
Martin et al.
Fakhry et al.

Christmas et al.

Lee et al.

Readmission Risk Factors

Although many risk factors were associated with 1CU
readmission, the most common cause for ICU readmission was
respiratory insufficiency or failure, accounting for 18% to 59%
of al readmitted patients [14,21]. A total of 72 out of 148
patients were readmitted because of respiratory distress, with
31% requiring intubation [5]. In addition, it was shown that if
mechanical ventilation wasrequired on readmission to the ICU,
an increased mortality wasidentified (P<.001) [23]. Inthe case
of patients readmitted because of arespiratory failure, it would
be important to identify their oxygen requirements before they
were discharged from the ICU and if they were receiving any
preventative respiratory therapies. The second most common
cause of ICU readmission was cardiac etiology; this accounted
for 15% to 30.2% of patients readmitted, with one study
identifying 91 out of 378 patients readmitted because of
cardiovascular issues [14,23]. Figure 2 breaks down the risk
factors associated with readmission per study; the figure
compares respiratory problems with cardiovascular problems.
In additional, Utzolino et al [14] report surgical complications
as an additional risk factor for readmission.

Figure 2. Readmission risk factors among studies.
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Among the studies reviewed, there were additional risk factors
that identified a patient to be at a higher risk for 1CU
readmission, namely, male sex, age greater than 54 years,
surgical patient, decreased Glasgow Coma Scale (GCYS) at the
time of initial transfer from the ICU to the medical unit, and
multiple comorbidities at the time of initial transfer
[2,5-9,14,21,23,24]. A male patient had an odds ratio of 2.9,
and patientswith 3 or more comorbidities showed an oddsratio
of 8.4, with P<.001 for readmission [2]. In addition, according
to Christmaset al [5], patients with traumatic brain injury were
more vulnerable to ICU readmission; this likely ties into the
patient’s GCS at thetime of dischargefrom ICU, with additional
research providing an odds ratio of 22.3 and P<.01 for the risk
of readmission if the patient’s GCS was less than 9 at the time
of transfer [2]. Thereweretoolsavailablefor screening patients
with multiple comorbidities and the risk associated with these
diagnoses. These tools were used in the evaluation of
comorbidities throughout the literature that was reviewed;
however, those tools were not evaluated within this literature
review.

Readmission Risk Factors

Chistmas et al. Cardiovascular IR

Christmas et al. Respiratory
Kareliusson et al. Respiratory
Lee et al. Cardiovascular

Lee et al. Respiratory
Utzolino et al. Cardiovascular
Utzolino et al. Respiratory

Utzolino et al. Surgical
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Mortality and Length of Stay

Although an increased LOS was reported among the studies,
the increase was not always quantified; however, it did range
from an increase of 11 to 40 days following ICU readmission
[5,14,21]. Readmission to the ICU during the patient's
hospitalization ultimately increases the patient’s overall LOS
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in the hospital. A prolonged ICU admission would ultimately
result in a prolonged hospital stay, limiting the number of
hospital beds available for new admissions. In addition, all
studies noted an increase in mortality rate among patients
readmitted to the ICU; mortality ranged from 10% to 27.5%
[5,23]. Figure 3 showsthe mortality ratein percentage per study.
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The increase in mortality rate following ICU readmission is
likely associated with the severity of the patient's illness
prompting the return to the ICU. According to Utzolino et al
[14], the mortality risk was increased if the ICU readmission
wasrelated to arespiratory cause; the study additionally showed
that 33 out of 249 (13.2%) patients died following their
readmission to the ICU. Those patients who were readmitted

Figure 3. Increase in mortality rate with readmission.
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to the ICU and required mechanical ventilation at that time had
an increase in mortality rate, with P<.001 [23]. On the basis of
these data, those patientswho are readmitted to the | CU because
of a respiratory issue, especially those requiring mechanical
ventilation, will have an increased LOS as well as an increase
in their mortality; in addition, those with a cardiac event have
the next highest mortality rate.

Mortality Rate Increase with Readmission

Utzolino et al. I 13.30%

Lee et al.
Kareliusson et al.
Kaben etal.
Fakhry et al.

Christmas et al.

0% 5% 10%

Discussion

Principal Findings

A review of the literature showed that |CU readmission ranged
from 1.5% to 13.4% [5,7]. The greatest risk factors identified
for ICU readmission include increased age, the male sex, a
decreased GCS (less than 9), and multiple comorbidities
[2,9,214,21,23,24]. The most common reason for ICU
readmission was respiratory distress or failure, with those
patients who required mechanical ventilation at the time of
readmission showing a greater mortality [23]. Overal,
readmission to the | CU increased the patient’s L OS and overall
mortality rate from 10% to 27.5% [5,23]. The transition of
patient carefrom the medical |CU to the medical unitisaroutine
processthat exposes patientsto preventable adverse events[22].
Thistransitionisoften challenging asthe sickest patientswithin
the hospital are transferred from a resource-intensive
environment to a resource-limited environment [22]. Evidence
suggeststhat readmissionsto the ICU, no matter thetype, leads
to worse patient outcomes. The quality of evidence varied
greatly from expert opinion to systematic reviews. Throughout
theliterature, the parameters quantifying | CU readmission varied
from 72 hoursto 7 days[2,9,21,23]. The readmission rate varied
acrossthe studies from 1.5% to 13.4% [9,23]. Although timing
was a factor in the readmission rates, other risk factors for
readmission wereidentified, such as menta status, sex, and age;
thevariation in patient’sreason to transfer likely also contributed
tothevariation in readmission rate. An additional driving factor
associated with patients being discharged too early from the
surgical trauma or medical ICU is the demand for ICU beds
[5,14,25]. The demand for ICU beds in the hospital setting is
going to remain an issue; however, medical units need to be
prepared to provide the level of care that is required by this
patient population. Given this demand, |CU readmission rates
are a quality metric for hospital care [1,24]. It should aso be
noted that ICU readmissions ultimately result in increased
hospital costs[2].

Kaben et a [9] have shown that patients readmitted to the ICU
have an increased incidence of inpatient morbidity and mortality.
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The evidence of leading factors for ICU readmission varied
across the studies reviewed and were contingent on the type of
patient being evaluated. For example, it was most commonly
noted that patients with respiratory failure [5,21,23]; vital sign
instability [2]; and surgical complications, which included
anastomotic leak, surgical siteinfection, and bleeding [14], were
most commonly readmitted to the ICU. It has been noted that
patients discharged from the ICU with residual organ
dysfunction were more likely to be readmitted to the ICU than
patients without residual organ dysfunction [23]. The mortality
rate was not quantified in every study, but in those in which it
was stated, the rate ranged from 10%to 17.1%[5,9]. Given this
increased mortality rate associated with ICU readmissions, a
risk stratification tool could provide clinicians with the
information needed to make an informed decision related to
patient transfers. Anideal tool for implementation will forecast
patient outcomes and, therefore, facilitate the delivery for safe,
effective, and efficient care[22]. Rapid deterioration in patients
status can occur during their hospitalization because of disease
progression; evidence suggests that the signs of deterioration
can be identified up to hours of being a serious clinical event
[26]. It is, therefore, important for the clinician to make an
informed decision about those patients who are appropriate for
transfer from the ICU; the use of arisk stratification tool could
be helpful in identifying patients at high risk for readmission
to the ICU [22]. Screening tools can be effective in aerting
cliniciansin real time of those high-risk patients and can assist
in individualized decision making for their patients [26]. The
NEWS is arisk stratification tool and has been evaluated for
many clinical outcomes including cardiac arrest, unanticipated
ICU admission, or death within 24 hours of admission [20]. For
the purpose of this literature review, the NEWS was the only
screening tool evaluated. Thisis a simple tool and can easily
be implemented for evaluation of patients before transferring
them out of the ICU; it is an aggregated weighted score based
on the measurement of 6 vital signs and the level of inspired
oxygen [25]. This tool is favored as it has been shown to
improve patient outcomes in a variety of settings. It was noted
to have identified deterioration in nonelective surgical patients
and medical patients [27]. When evaluating patients using
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NEWS, ahigher scoreindicates agreater severity of illnessand
an increased risk of adverse events. When patients were
evaluated with NEWS before ICU discharge, the scores were
an independent predictor of the clinical deterioration of the
patients within 24 hours of transfer, with P<.001 [25]. This
study demonstrated significant sensitivity and specificity inthe
prediction of clinical deterioration within 24 hours of transfer.
The evidence to support the implementation of NEWS was
gathered from 3 systematic reviews and 1 prospective
observational study. The implementation of the NEWS or any
risk stratification tool relies heavily on the use of the tool by
clinicians[22]. Therefore, it isimportant to identify atool that
is easy to use, does not increase the clinician’s or nurse’'s
workload, and identifies high-risk patients. The NEWS meets
all these criteria[27].

Limitations

Limitationswerenoted inthisreview of theliterature. Thefocus
of this literature review was to identify the impact of ICU
readmission on patient outcomes and to evaluate the NEWS as
atool for assessing patients before transferring them out of the
ICU, which would be appropriate for application for surgical
traumacritical care patients. Many of the studiesidentified were
performed on medical ICU patients. In addition, the definition
of ICU readmission varied among studies, making it difficult
to compare the studies that were utilized in this review of the
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literature. Finally, the study was limited by the strength of the
data identified; although 2 systematic reviews were utilized,
the remaining studies were prospective and retrospective in
nature.

Conclusions

Theevidence reviewed supportsthe fact that prematuretransfer
from the ICU to the medical floor is associated with adverse
outcomes for the patient. Those adverse outcomes affect the
patient’s mortality, hospital cost, and the LOS at the hospital.
It isimportant to note that the adverse outcomes are likely not
solely because of premature transfer but could be the result of
the patient’s overall clinical picture and severity of illness. To
this point, ICU transfer has solely been the clinical decision of
the provider caring for the patient. Thisdecision isoften clouded
by the constant need for ICU beds and the request for transfers
in the middle of the night to make beds available. A risk
stratification tool, such asthe NEWS, suppliesthe provider with
objective datato support the decision to transfer the patient and
to identify the patients at high risk for readmission.
Implementation of arisk stratification tool such asthe NEWS
would be beneficia in evaluating the patient’s readiness to get
transferred fromthe ICU, in addition to the clinician’sjudgment.
However, further research needs to focus on the application of
the NEWS on the surgical traumacritical care patient.

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

[DOCX File, 30 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Article tables.
[DOCX File, 36 KB-Multimedia Appendix 2]

References

1.  Martin LA, Kilpatrick JA, Al-Dulaimi R, Mone MC, Tonna JE, Barton RG, et a. Predicting ICU readmission among
surgical |CU patients: Development and validation of a clinical nomogram. Surgery 2019 Feb;165(2):373-380. [doi:

10.1016/j.surg.2018.06.053] [Medline: 30170817]

2. Fakhry SM, Leon S, Derderian C, Al-Harakeh H, Ferguson PL. Intensive care unit bounce back in trauma patients: an
analysis of unplanned returnsto the intensive care unit. J Trauma Acute Care Surg 2013 Jun;74(6):1528-1533 [ FREE Full
text] [doi: 10.1097/TA.0b013e31829247¢7] [Medline: 23694883]

3.  RosaRG, Roehrig C, OliveiraRP, Maccari JG, Antbnio AC, Castro PD, et al. Comparison of unplanned intensive care unit
readmission scores: a prospective cohort study. PLoS One 2015;10(11):€0143127 [FREE Full text] [doi:

10.1371/journal .pone.0143127] [Medline: 26600463]

4.  Ponzoni CR, CorréaTD, Filho RR, Neto AS, Assuncdo M S, Pardini A, et al. Readmission to the intensive care unit:
incidence, risk factors, resource use, and outcomes. A retrospective cohort study. Ann Am Thorac Soc 2017
Aug;14(8):1312-1319. [doi: 10.1513/AnnalsATS.201611-8510C] [Medline: 28530118]

5. Christmas AB, Freeman E, Chisolm A, Fischer PE, Sachdev G, Jacobs DG, et a. Traumaintensive care unit 'bouncebacks’:
identifying risk factors for unexpected return admission to the intensive care unit. Am Surg 2014 Aug;80(8):778-782.

[Medline: 25105397]

6. Cooper GS, Sirio CA, Rotondi AJ, Shepardson LB, Rosenthal GE. Are readmissions to the intensive care unit a useful
measure of hospital performance? Med Care 1999 Apr;37(4):399-408. [doi: 10.1097/00005650-199904000-00009] [Medline:

10213020]

http://periop.jmir.org/2020/1/e13782/

JMIR Perioper Med 2020 | vol. 3 |iss. 1]|e13782 | p. 5
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=periop_v3i1e13782_app1.docx&filename=b3de9833b987ea4047dbc995cf22d932.docx
https://jmir.org/api/download?alt_name=periop_v3i1e13782_app1.docx&filename=b3de9833b987ea4047dbc995cf22d932.docx
https://jmir.org/api/download?alt_name=periop_v3i1e13782_app2.docx&filename=46b4beffd65212e86b06db68dbd2a727.docx
https://jmir.org/api/download?alt_name=periop_v3i1e13782_app2.docx&filename=46b4beffd65212e86b06db68dbd2a727.docx
http://dx.doi.org/10.1016/j.surg.2018.06.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30170817&dopt=Abstract
http://europepmc.org/abstract/MED/23694883
http://europepmc.org/abstract/MED/23694883
http://dx.doi.org/10.1097/TA.0b013e31829247e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23694883&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0143127
http://dx.doi.org/10.1371/journal.pone.0143127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26600463&dopt=Abstract
http://dx.doi.org/10.1513/AnnalsATS.201611-851OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28530118&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25105397&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199904000-00009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10213020&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PERIOPERATIVE MEDICINE Mcneill & Khairat

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Brown SE, Ratcliffe SJ, Halpern SD. An empirical comparison of key statistical attributes among potential 1CU quality
indicators. Crit Care Med 2014 Aug;42(8):1821-1831 [ FREE Full text] [doi: 10.1097/CCM.0000000000000334] [Medline:
24717464]

Bice T. ICU readmissions: good for reflection on performance but not a reflection of quality. Crit Care Med 2016
Sep;44(9):1790-1791 [FREE Full text] [doi: 10.1097/CCM.0000000000001809] [Medline: 27526001]

Kaben A, Corréa F, Reinhart K, Settmacher U, Gummert J, Kalff R, et al. Readmission to a surgical intensive care unit:
incidence, outcome and risk factors. Crit Care 2008;12(5):R123 [ FREE Full text] [doi: 10.1186/cc7023] [Medline: 18838006]
Rosenberg AL, Hofer TP, Hayward RA, Strachan C, Watts CM. Who bounces back? Physiologic and other predictors of
intensive care unit readmission. Crit Care Med 2001 Mar;29(3):511-518. [doi: 10.1097/00003246-200103000-00008]
[Medline: 11373413]

Rosenberg AL, Watts C. Patients readmitted to ICUs* : a systematic review of risk factors and outcomes. Chest 2000
Aug;118(2):492-502. [doi: 10.1378/chest.118.2.492] [Medline: 10936146]

Ho KM, Dobb GJ, LeeKY, Finn J, Knuiman M, Webb SA. The effect of comorbiditieson risk of intensive care readmission
during the same hospitalization: alinked data cohort study. J Crit Care 2009 Mar;24(1):101-107. [doi:
10.1016/j.jcrc.2007.11.015] [Medline: 19272545]

Nishi GK, Suh RH, Wilson MT, Cunneen SA, Margulies DR, Shabot MM. Analysis of causes and prevention of early
readmission to surgical intensive care. Am Surg 2003 Oct;69(10):913-917. [Medline: 14570374]

Utzolino S, Kaffarnik M, Keck T, Berlet M, Hopt UT. Unplanned dischargesfrom asurgical intensive care unit: readmissions
and mortality. J Crit Care 2010 Sep;25(3):375-381. [doi: 10.1016/j.jcrc.2009.09.009] [Medline: 19914795]

Campbell A, Cook J, Adey G, Cuthbertson B. Predicting death and readmission after intensive care discharge. Br J Anaesth
2008 May;100(5):656-662 [FREE Full text] [doi: 10.1093/bja/aen069] [Medline: 18385264]

Chan K, Tan C, Fang C, Tsai C, Hou C, Cheng K, et al. Readmission to the intensive care unit: an indicator that reflects
the potential risks of morbidity and mortality of surgical patientsin theintensive care unit. Surg Today 2009;39(4):295-299.
[doi: 10.1007/s00595-008-3876-6] [Medline: 19319635]

Kramer AA, Higgins TL, Zimmerman JE. The association between |CU readmission rate and patient outcomes. Crit Care
Med 2013 Jan;41(1):24-33. [doi: 10.1097/CCM.0b013e3182657b8a] [Medline: 23128381]

Branddo P, Syrio J, Machado L, Guimardes M, Lopes M, Lobo S. Causes of ICU readmission and mortality: analysis of a
6-month period. Crit Care 2013;17(S3):P7. [doi: 10.1186/cc12623]

JoYS, LeeYJ, Park JS, Yoon HI, Lee JH, Lee C, et al. Readmission to medical intensive care units: risk factors and
prediction. Yonsei Med J2015 Mar;56(2):543-549 [FREE Full text] [doi: 10.3349/ym|.2015.56.2.543] [Medline: 25684007]
Smith GB, Prytherch DR, Meredith P, Schmidt PE, Featherstone Pl. The ability of the National Early Warning Score
(NEWS) to discriminate patients at risk of early cardiac arrest, unanticipated intensive care unit admission, and death.
Resuscitation 2013 Apr;84(4):465-470. [doi: 10.1016/j.resuscitation.2012.12.016] [Medline: 23295778]

Kareliusson F, de Geer L, Tibblin AO. Risk prediction of ICU readmission in amixed surgical and medical population. J
Intensive Care 2015;3(1):30 [FREE Full text] [doi: 10.1186/s40560-015-0096-1] [Medline: 26157581]

Hosein F, Babrovitz N, Berthelot S, Zygun D, Ghali WA, Stelfox HT. A systematic review of tools for predicting severe
adverse events following patient discharge from intensive care units. Crit Care 2013 Jun 29;17(3):R102 [FREE Full text]
[doi: 10.1186/cc12747] [Medline: 23718698]

Lee JY, Park SK, KimHJ, Hong S, Lim C, Koh Y. Outcome of early intensive care unit patients readmitted in the same
hospitalization. J Crit Care 2009 Jun;24(2):267-272. [doi: 10.1016/j.jcrc.2007.12.019] [Medline: 19327285]

Johns TJ. Characteristicsand risk factors of trauma patients readmitted to the | CU within the same hospitalization. J Trauma
Nurs 2014;21(1):14-21. [doi: 10.1097/JTN.0000000000000023] [Medline: 24399314]

Uppanisakorn S, Bhurayanontachai R, Boonyarat J, Kaewpradit J. National Early Warning Score (NEWS) at |CU discharge
can predict early clinical deterioration after ICU transfer. J Crit Care 2018 Feb;43:225-229 [FREE Full text] [doi:
10.1016/j.jcrc.2017.09.008] [Medline: 28926736]

YeC, Wang O, LiuM, Zheng L, XiaM, Hao S, et al. A real-time early warning system for monitoring inpatient mortality
risk: prospective study using electronic medical record data. J Med Internet Res 2019 Jul 5;21(7):e13719 [FREE Full text]
[doi: 10.2196/13719] [Medline: 31278734]

Downey C, Tahir W, Randell R, Brown J, Jayne D. Strengths and limitations of early warning scores: a systematic review
and narrative synthesis. Int JNurs Stud 2017 Nov;76:106-119. [doi: 10.1016/j.ijnurstu.2017.09.003] [Medline: 28950188]

Abbreviations

GCS: Glasgow Coma Scale

ICU: intensive care unit

LOS: length of stay

NEWS: National Early Warning Score

http://periop.jmir.org/2020/1/e13782/ JMIR Perioper Med 2020 | vol. 3 |iss. 1| el3782 | p. 6

(page number not for citation purposes)


http://europepmc.org/abstract/MED/24717464
http://dx.doi.org/10.1097/CCM.0000000000000334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24717464&dopt=Abstract
http://europepmc.org/abstract/MED/27526001
http://dx.doi.org/10.1097/CCM.0000000000001809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27526001&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/cc7023
http://dx.doi.org/10.1186/cc7023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18838006&dopt=Abstract
http://dx.doi.org/10.1097/00003246-200103000-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11373413&dopt=Abstract
http://dx.doi.org/10.1378/chest.118.2.492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10936146&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2007.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19272545&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14570374&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2009.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19914795&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0007-0912(17)34333-7
http://dx.doi.org/10.1093/bja/aen069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18385264&dopt=Abstract
http://dx.doi.org/10.1007/s00595-008-3876-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19319635&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e3182657b8a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23128381&dopt=Abstract
http://dx.doi.org/10.1186/cc12623
https://www.eymj.org/DOIx.php?id=10.3349/ymj.2015.56.2.543
http://dx.doi.org/10.3349/ymj.2015.56.2.543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25684007&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2012.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295778&dopt=Abstract
https://jintensivecare.biomedcentral.com/articles/10.1186/s40560-015-0096-1
http://dx.doi.org/10.1186/s40560-015-0096-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26157581&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/cc12747
http://dx.doi.org/10.1186/cc12747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23718698&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2007.12.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19327285&dopt=Abstract
http://dx.doi.org/10.1097/JTN.0000000000000023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24399314&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0883-9441(17)30342-8
http://dx.doi.org/10.1016/j.jcrc.2017.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28926736&dopt=Abstract
https://www.jmir.org/2019/7/e13719/
http://dx.doi.org/10.2196/13719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31278734&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2017.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28950188&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PERIOPERATIVE MEDICINE Mcneill & Khairat

Edited by G Eysenbach; submitted 22.02.19; peer-reviewed by J op den Buijs, M Smons, commentsto author 01.05.19; revised version
received 02.06.19; accepted 04.02.20; published 08.05.20

Please cite as.

Mcneill H, Khairat S

Impact of Intensive Care Unit Readmissions on Patient Outcomes and the Evaluation of the National Early Warning Score to Prevent
Readmissions: Literature Review

JMIR Perioper Med 2020;3(1):e13782

URL: http://periop.jmir.org/2020/1/e13782/

doi: 10.2196/13782

PMID: 33393911

©Heidi Mcneill, Saif Khairat. Originally published in IMIR Perioperative Medicine (http://periop.jmir.org), 08.05.2020. Thisis
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JIMIR Perioperative Medicine, is properly cited. The complete bibliographic
information, alink to the original publication on http://periop.jmir.org, as well asthis copyright and license information must be
included.

http://periop.jmir.org/2020/1/e13782/ JMIR Perioper Med 2020 | vol. 3 |iss. 1]|el3782 | p. 7
(page number not for citation purposes)

RenderX


http://periop.jmir.org/2020/1/e13782/
http://dx.doi.org/10.2196/13782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33393911&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

