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Abstract

Rationale: Readmission to the intensive care unit (ICU) is
associated with poor clinical outcomes, increased length of ICU
and hospital stay, and higher costs. Nevertheless, knowledge of
epidemiology of ICU readmissions, risk factors, and attributable
outcomes is restricted to developed countries.

Objectives: To determine the effect of ICU readmissions on
in-hospital mortality, determine incidence of ICU readmissions,
identify predictors of ICU readmissions and hospital mortality, and
compare resource use and outcomes between readmitted and
nonreadmitted patients in a developing country.

Methods: This retrospective single-center cohort study was
conducted in a 40-bed, open medical-surgical ICU of a private,
tertiary care hospital in São Paulo, Brazil. The Local Ethics
Committee at Hospital Israelita Albert Einstein approved the
study protocol, and the need for informed consent was waived.
All consecutive adult (>18 yr) patients admitted to the ICU between
June 1, 2013 and July 1, 2015 were enrolled in this study.

Results: Comparisons were made between patients readmitted and
not readmitted to the ICU.Logistic regressionanalyseswereperformed
to identify predictors of ICU readmissions and hospital mortality.
Out of 5,779 patients admitted to the ICU, 576 (10%) were readmitted
to the ICU during the same hospitalization. Compared with

nonreadmitted patients, patients readmitted to the ICU were more
often men (349 of 576 patients [60.6%] vs. 2,919 of 5,203 patients
[56.1%]; P = 0.042), showed a higher (median [interquartile range])
severity of illness (Simplified Acute Physiology III score) at index ICU
admission (50 [41–61] vs. 42 [32–54], respectively, for readmitted
and nonreadmitted patients; P, 0.001), and were more frequently
admitted due tomedical reasons (425 of 576 [73.8%] vs. 2,998 of 5,203
[57.6%], respectively, for readmitted and nonreadmitted patients;
P, 0.001). Simplified Acute Physiology III score (P, 0.001), ICU
admission from the ward (odds ratio [OR], 1.907; 95% confidence
interval [CI], 1.463–2.487;P, 0.001), vasopressors need during index
ICU stay (OR, 1.391; 95% CI, 1.130–1.713; P = 0.002), and length of
ICU stay (P = 0.001)were independent predictors of ICU readmission.
After adjusting for severity of illness, ICUreadmission (OR, 4.103; 95%
CI, 3.226–5.518; P, 0.001), admission source, presence of cancer, use
of vasopressors, mechanical ventilation or renal replacement therapy,
length of ICU stay, and nighttime ICU discharge were associated with
increased risk of in-hospital death.

Conclusions: Readmissions to the ICUwere frequent and strongly
related to poor outcomes. The degree to which ICU readmissions
are preventable as well as the main causes of preventable ICU
readmissions need to be further determined.
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Approximately 1 in 10 patients discharged
from an intensive care unit (ICU) in
developed countries will be readmitted during
the same hospital stay (1). Readmission to the
ICU is associated with poor outcomes, such
as increased length of ICU and hospital stay
and increased morbidity, mortality, and costs
(2–5). Although it is controversial, ICU
readmission rate after initial discharge has
been used as a marker of ICU and hospital
performance (6, 7).

There is a growing interest in
determining the main risk factors related to
preventable ICU readmissions as well as in
developing predictive tools and alerts to help
ICU physicians avoid premature ICU
discharges (1, 8). Knowledge of which
patients are at risk of ICU readmission
would enable the ICU team to best plan
both the discharge and the ongoing care
outside the ICU (9–11).

Several patient-level factors, such as
male sex, increased age, comorbid
conditions, location before ICU admission,
intensity of organ support during ICU
stay, and length of ICU stay have been
independently associated with ICU
readmission in developed countries (1–3,
12, 13). Moreover, structure and
management of ICUs, step-down units,
and wards potentially affect quality and
efficiency of care (2, 12). For instance, it
was demonstrated that nighttime ICU
discharge is a strong and independent
predictor of ICU readmission and hospital
mortality in developed countries (14).

Nevertheless, knowledge of the
epidemiology of ICU readmissions, how
often they occur, and their main risk factors
and attributable outcomes ismostly restricted
to developed countries and, therefore, may
not fully apply to developing countries.

Our primary objective was to
determine the effect of ICU readmissions
on in-hospital mortality in a tertiary care
hospital located in a developing country.
Secondary objectives were to determine the
incidence of ICU readmissions, identify
predictors of ICU readmissions and hospital
mortality, and compare resource use and
outcomes among patients readmitted and
not readmitted to the ICU.

Methods

Study Design and Settings
This retrospective single-center cohort
study was conducted in a 40-bed, medical-

surgical, open-model ICU of a private,
tertiary care hospital in São Paulo, Brazil.
The Local Ethics Committee at Hospital
Israelita Albert Einstein approved the study
protocol, and the need for informed
consent was waived (CAAE:
54065716.3.0000.0071).

Patients
All consecutive adult (>18 yr) patients
admitted to the ICU between June 1, 2013
and July 1, 2015 were enrolled in this study.

Data Collection and Study Variables
All study data were retrieved from Epimed
Monitor System (Epimed Solutions, Rio de
Janeiro, Brazil), which is an electronic
structured case report form, where patient
data are prospectively entered by trained
ICU case managers (15). Collected variables
included demographics, comorbidities,
location before ICU admission, reason
for ICU admission, Simplified Acute
Physiology score (SAPS III score) at ICU
admission (16), ICU admission diagnosis,
need for invasive support (mechanical
ventilation and renal replacement therapy)
and vasopressors on ICU admission and
during ICU stay, destination at ICU
discharge, frequency of nighttime and
weekend ICU discharges, ICU and hospital
length of stay, in-hospital mortality, and
mortality at ICU discharge and at day 90.

Definitions
Readmission was defined as admission to
ICU of a patient who had been previously
admitted to the ICU (index ICU admission)
during the same hospitalization stay. Only
the first ICU readmission was included in
this analysis. Because increased hospital
mortality related to ICU readmissions
occurring after 72 hours from ICU discharge
was demonstrated (3), we categorized the
time interval between ICU discharge and
readmission as early (within 72 h or less)
and late (after 72 h) (3). On the basis of the
time of transfer, patients were categorized
into daytime (7:00 A.M. to 6:59 P.M.) and
nighttime (7:00 P.M. to 6:59 A.M.) discharge
(17) and into weekday (Monday to Friday)
and weekend (Saturday and Sunday)
discharge (18).

ICU Characteristics
The ICU at the Hospital Israelita Albert
Einstein is an open medical-surgical ICU.
On-duty ICU physicians are available
24 hours a day at a rate of one intensivist per

each 10 beds. There is no reduction in
personnel or in ICU activities during night
shifts or on weekends.

Multidisciplinary clinical rounds
involving ICU physicians, nurses,
respiratory therapists, nutritionists,
psychologist, and clinical pharmacists are
performed daily. ICU admissions are made
by on-duty intensivists, whereas discharge
must be consensus decision-making
between on-duty intensivists and the
physician who will accept the patient outside
the ICU. Patients are discharged from the
ICU to a step-down unit or the floor when
they are hemodynamically, respiratory,
metabolically, and neurologically stable.

Statistical Analysis
Categorical variables are presented as
absolute and relative frequencies.
Continuous variables are presented as
medians with interquartile ranges (IQRs).
Normality was assessed by the Kolmogorov-
Smirnov test. Comparisons were made
between readmitted and nonreadmitted
patients to the ICU, between readmissions
within 72 hours or less and after 72 hours
after ICU discharge, and between index ICU
admission and first ICU readmission.
Categorical variables were compared with
chi-square test or Fisher exact test when
appropriate. Continuous variables were
compared using independent t test or
Mann-Whitney U test in case of nonnormal
distribution.

Univariate logistic regression analysis
was performed to identify which predictors
were associated with ICU readmissions and
with in-hospital mortality. Multivariate
logistic regression analyses with backward
elimination procedure including all
predictors showing a P value< 0.20 in the
univariate analysis were undertaken to
obtain adjusted odds ratio (OR) along with
95% confidence interval (CI) and to define
which variables were independently
associated with ICU readmission and with
in-hospital mortality. Through univariate
and multivariate logistic regression
analyses, we further addressed the main
risk factors for in-hospital mortality among
patients readmitted to the ICU.

We tested the linearity assumption for
continuous variables included in logistic
regression models by analyzing the
interaction between each predictor and its
own log (natural log transformation) (19).
Wherever the linearity assumption was
violated, continuous variables were
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categorized. Final multivariate logistic
regression models discrimination (area
under a receiver operating characteristic
[AUC] curve) and calibration (Hosmer-
Lemeshow chi-square statistic) were
reported (20).

Because this was an observational study
and, therefore, subject to yield a biased
estimate of the effect of ICU readmission on
outcome (in-hospital mortality), we used a
propensity-score matching designed to
mitigate confounding by accounting for
differences in patient characteristics (21).
The propensity score reflects the propensity
in the range of 0 to 1 to be readmitted to
the ICU given a set of known variables
and is an attempt to adjust for
potential selection bias and confounding
factors (21).

Propensity scores for ICU readmission
were estimated for each patient with logistic
regression using 17 relevant patients
characteristics (sex; SAPS III score; reason for
index ICU admission; index admission source;
presence of systemic hypertension, diabetes
mellitus, cancer, congestive heart failure,
chronic obstructive pulmonary disease,
chronic kidney disease, chronic kidney disease
requiring long-term dialysis, and liver
cirrhosis; use of vasopressor, renal replacement
therapy and mechanical ventilation during
index ICU stay; length of ICU stay; and
destination at index ICU discharge). Patients
with missing data were excluded from the
database. On the basis of the propensity score
weighted estimators, we constructed a
propensity score–matched cohort.

Matching was performed using nearest
neighbor matching without replacement,
with each patient with readmission matched
to two patients without readmission. A
caliper width of 0.10 of the SD of the logit of
the propensity score was used for the
development of matching (21). Because we
used a matching without replacement, each
patient could be included in at most one
matched set (21). Thus, the use of caliper
matching may result in the exclusion of
some readmitted patients because of a lack
of nonreadmitted patients with propensity
scores close to those of some of the
readmitted patients (incomplete matching)
(22–24).

Statistical tests were two-sided, and
a P, 0.05 was considered statistically
significant. No adjustment for multiplicity
was applied across the analyses. Statistical
analyses were performed using IBM SPSS
Statistics version 22.0 for Windows.

Results

Cohort Included
Between June 2013 and July 2015, 6,650
patients were admitted to the ICU. After
exclusion of 871 ICU admissions due to
incomplete core data and/or age younger
than 18 years, 5,779 patients were included
in the final analysis. Out of these, 576
(10.0%) were readmitted to the ICU during
the same hospitalization (Figure 1). Out of
the readmitted patients, 169 (29.3%) were
readmitted to the ICU within 72 hours
or less, and 407 (70.7%) after 72 hours
(Figure 1). The median (IQR) hospital and
ICU bed occupancy rates during the study
period were 86.1% (83.9–87.2%) and 84.6%
(82.1–89.2%), respectively.

Patient and ICU Characteristics
Compared with the nonreadmitted patients,
patients readmitted to the ICU were more
frequently men (349 of 576 patients [60.6%]
vs. 2,919 of 5,203 patients [56.1%]; P =
0.042), had a higher severity of illness at
index ICU admission according to SAPS III
score (50 [41–61] vs. 42 [32–54],
respectively, for readmitted and
nonreadmitted patients; P, 0.001), and
were more frequently admitted due to
medical reasons (425 of 576 [73.8%] vs.
2,998 of 5,203 [57.6%], respectively, for
readmitted and nonreadmitted patients;
P, 0.001) (Table 1). Frequency of
comorbidities, as well as support need
on ICU admission, such as mechanical

ventilation, noninvasive ventilation, and
vasopressors, were also higher among the
readmitted patients than the nonreadmitted
patients (Table 1).

Outcomes
The use of resources, expressed as the need
for vasopressors, mechanical ventilation,
noninvasive ventilation, and renal
replacement therapy, was higher among
readmitted patients than the nonreadmitted
(Table 2). Length of ICU and hospital stay
and short- and long-term mortality were
higher among the readmitted patients
compared with the nonreadmitted patients
(Table 2).

Compared with nonreadmitted
patients, patients with at least one ICU
readmission had almost a three times higher
rate of in-hospital mortality (34.0 vs. 9.4%,
respectively, for patients readmitted and
nonreadmitted; relative risk, 3.63; 95%
CI, 3.16–4.19; P, 0.001) (Table 2).

Predictors of ICU Readmission
Univariate analysis of factors associated
with ICU readmissions is provided in
Table 3. After adjusting for confounders,
independent predictors of ICU readmission
included age (OR, 0.988; 95% CI, 0.982–
0.994; P = 0.001); SAPS III score (P,
0.001); admission source from the ward
(OR, 1.907; 95% CI, 1.463–2.487; P,
0.001); presence of cancer (OR, 1.405; 95%
CI, 1.136–1.737; P = 0.002), congestive heart
failure (OR, 1.891; 95% CI, 1.492–2.396;

6,650 ICU admissions
June 1, 2013 - July 1, 2015

5,779 patients

5,203 (90.0%) patients
nonreadmitted

169 (29.3%) patients
readmitted ≤72 hours

407 (70.7%) patients
readmitted >72 hours

576 (10.0%) patients
readmitted

871 ICU admissions excluded
  - 42 <18 y/o
  - 829 uncompleted data

Figure 1. Patient flow chart. ICU = intensive care unit.
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P = 0.005), chronic obstructive pulmonary
disease (OR, 1.492; 95% CI, 1.131–1.969;
P = 0.005), chronic kidney disease (OR, 2.065;
95% CI, 1.669–2.555; P, 0.001), and liver

cirrhosis (OR, 2.094; 95% CI, 1.506–2.911;
P , 0.001); use of vasopressors (OR,
1.391; 95% CI, 1.130–1.713; P = 0.002); and
length of ICU stay (P, 0.001) (Table 3).

The final multivariate model had an
AUC (95% CI) of 0.718 (0.696–0.739) and
a Hosmer-Lemeshow chi-square of 10.025
(P = 0.263).

Table 1. Characteristics of study participants

Characteristic All Patients
(n = 5,779) (100.0%)

Readmitted
(n = 576) (10.0%)

Nonreadmitted
(n = 5,203) (90.0%)

P Value

Age, yr 67 (53–80) 67 (55–80) 67 (53–80) 0.142*
Men 3,268 (56.5) 349 (60.6) 2,919 (56.1) 0.042†

SAPS III score‡ 43 (33–55) 50 (41–61) 42 (32–54) ,0.001x

Reason for index ICU admission ,0.001†

Medical 3,423 (59.2) 425 (73.8) 2,998 (57.6)
Surgical 2,356 (40.8) 151 (26.2) 2,205 (42.4)

Admission source
Operating room/procedure unit 2,313 (40.0) 149 (25.9) 2,164 (41.6) ,0.001†

Emergency department 2,217 (38.4) 219 (38.0) 1,998 (38.4) 0.859†

Ward 557 (9.1) 106 (18.4) 451 (8.7) ,0.001†

Step-down unit 377 (6.5) 59 (10.2) 318 (6.1) ,0.001†

Othersjj 315 (5.5) 43 (7.5) 272 (5.2) 0.025†

Underlying disease
Systemic hypertension 3,132 (54.2) 327 (56.8) 2,805 (53.9) 0.201†

Diabetes mellitus 1,838 (31.8) 222 (38.5) 1,616 (31.1) ,0.001†

Cancer 1,270 (22.0) 146 (25.3) 1,124 (21.6) 0.044†

Congestive heart failure 702 (12.2) 131 (22.7) 571 (11.0) ,0.001†

COPD 519 (9.0) 77 (13.4) 442 (8.5) ,0.001†

Chronic kidney disease requiring long-term dialysis 470 (8.1) 100 (17.4) 370 (7.1) ,0.001†

Chronic kidney disease 397 (6.9) 54 (9.4) 343 (6.6) 0.015†

Liver cirrhosis 279 (4.8) 54 (9.4) 225 (4.3) ,0.001†

Nonoperative admission diagnoses 0.050†

Sepsis 1,657 (48.4) 204 (48.0) 1,453 (48.5)
Cardiovascular 508 (14.8) 66 (15.5) 442 (14.7)
Neurologic 384 (11.2) 45 (10.6) 339 (11.3)
Respiratory 326 (9.5) 42 (9.9) 284 (9.5)
Gastrointestinal 238 (6.7) 36 (8.5) 202 (6.7)
Metabolic 98 (2.9) 4 (0.9) 94 (3.1)
Trauma 94 (2.7) 11 (2.6) 83 (2.8)
Other medical diseases 69 (2.0) 5 (1.2) 64 (2.1)
Renal diseases 30 (0.9) 8 (1.9) 22 (0.7)
Hematologic 19 (0.6) 4 (0.9) 15 (0.5)

Operative admission diagnoses 0.001†

Cardiovascular 643 (27.3) 38 (25.2) 605 (27.4)
Gastrointestinal 545 (23.1) 55 (36.4) 490 (22.2)
Orthopedic 394 (16.7) 12 (7.9) 382 (17.3)
Renal 286 (12.1) 17 (11.3) 269 (12.2)
Neurologic 235 (10.0) 16 (10.6) 219 (9.9)
Respiratory 203 (8.6) 13 (8.6) 190 (8.6)
Gynecologic 47 (2.0) 0 (0.0) 47 (2.1)
Trauma 3 (0.1) 0 (0.0) 3 (0.1)
Mechanical ventilation 953 (16.5) 114 (19.8) 839 (16.1) 0.025*
Noninvasive ventilation 521 (9.0) 68 (11.8) 453 (8.7) 0.015*
Vasopressors 852 (14.7) 130 (22.6) 722 (13.9) ,0.001*
Renal replacement therapy 24 (0.4) 4 (0.7) 20 (0.4) 0.292†

Destination at index ICU discharge 0.053†

Step-down unit 3,152 (54.5) 351 (60.9) 2,801 (53.8)
Floor 2,057 (35.6) 210 (36.5) 1,847 (35.5)
Other/unknown¶ 237 (4.1) 15 (2.6) 222 (4.3)

Nighttime ICU discharge 995 (17.2) 89 (15.5) 906 (17.4) 0.245†

Weekend ICU discharge 1,511 (26.1) 164 (28.5) 1,347 (25.9) 0.194†

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; SAPS III = simplified acute physiology score III.
Data presented as median (interquartile range) or n (%).
*P values were calculated with the use of independent t test.
†P values were calculated with the use of chi-square test.
‡Scores on SAPS III range from 0 to 217, with higher scores indicating more severe illness and higher risk of death.
xP values were calculated with the use of Mann-Whitney U test.
jjAnother hospital and home care.
¶Home, another hospital, another ICU, hospice and home care.
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Association of ICU Readmission
and Outcomes
ICU readmission was an important predictor
of in-hospital mortality in multivariable
analysis (OR, 4.103; 95% CI, 3.226–5.218;
P, 0.001) (Table 4). SAPS III score,
admission source, presence of cancer, use of
vasopressors, mechanical ventilation and
renal replacement therapy, length of ICU
stay, and nighttime ICU discharge were also
associated with increased risk of in-hospital
mortality (Table 4). The final multivariate
model had an AUC (95% CI) of 0.891
(0.879–0.902) and a Hosmer-Lemeshow
chi-square of 23.511 (P = 0.003).

Patients readmitted after 72 hours of
ICU discharge were slightly older (68
[56–81] yr vs. 65 [53–76] yr, respectively,
for .72 h and <72 h; P = 0.028), more
frequently men (258 of 407 patients
[63.4%] vs. 91 of 169 patients [53.8%];
P = 0.039), and presented a higher severity
of illness on index ICU admission than
those readmitted within 72 hours (52
[42–63] vs. 47 [38–56], respectively, for
.72 h and <72 h; P = 0.001) (see Table
E1 in the online supplement). Patients
readmitted after 72 hours exhibited higher
in-hospital mortality (149 of 407 [36.6%] vs.
47 of 169 [27.8%], respectively, for .72 h
and <72 h; P = 0.043) and higher ICU
(3 [2–8] d vs. 2 [1–5] d, respectively for
.72 h and <72 h; P = 0.001) and hospital
(43 [26–70] d vs. 20 [12–42] d, respectively,
for .72 h and <72 h; P, 0.001) length of
stay (Table E2). However, after adjusting
for confounders, time to ICU readmission
was no longer associated with in-hospital
mortality (Table E3).

Comparison between Index and First
ICU Readmission
Compared with index ICU admission,
readmitted patients had higher median (IQR)
SAPS III score (55 [44–66] vs. 50 [41–61],
respectively, for readmission and index ICU
admission; P, 0.001) and used more
mechanical ventilation and renal replacement
therapy during ICU stay (Table E4).

Propensity Score Model
Although a 1:2 ratio between readmitted
and nonreadmitted patients had been set
as a propensity score parameter, 558
readmitted patients were matched to 1,073
nonreadmitted patients (1:1.9 ratio).
Therefore, an incomplete matching occurred
in our study (Table E5). The study groups
were well balanced in all characteristics
except length of ICU stay, which was
higher among readmitted patients than
nonreadmitted patients (3 [1–7] d vs. 2 [1–5]
d, respectively; P = 0.007) (Table E5).

In-hospital mortality was 33.0% (186 of
558) among readmitted patients compared
with 6.9% (74 of 1,073) among nonreadmitted
patients (P, 0.001). After propensity score
matching, readmitted patients had a higher
risk of in-hospital death than nonreadmitted
patients (OR, 6.750; 95% CI, 5.028–9.062;
P, 0.001). Finally, we repeated the
propensity matching applying a nearest
neighbor matching with replacement and
found the results materially unchanged.

Discussion

The main finding of this single-center
retrospective cohort study performed in a

medical-surgical population of critically ill
patients was that readmission to the ICU
during the same hospitalization was
associated with at least a fourfold increased
risk of hospital mortality. We also observed
that severity of illness, admission from ward,
need for vasopressors during the index ICU
stay, and length of ICU stay were
independent predictors of ICU readmission.

Our study findings are in agreement
with previous studies performed in
developed countries evaluating the
frequency of ICU readmissions, their main
risk factors, and attributable outcomes (1, 3,
4, 12). Consistent with previous studies,
we observed that severity of illness,
admission to the ICU from the ward, need
for vasopressors during the index ICU
stay, and length of ICU stay were
independent predictors of ICU readmission
(1–3, 13, 25, 26).

In a systematic review, it was
demonstrated that the incidence of ICU
readmissions in North America and Europe
varies between 4 and 14% and has remained
relatively stable during the last decades (1).
More recently, Kramer and colleagues
demonstrated in a multicenter study
performed in 35 U.S. hospitals involving
more than 220,000 ICU admissions during
2001 to 2009 that approximately 6% of
patients were readmitted to the ICU during
the same hospitalization (3). Moreover,
readmitted patients exhibited nearly a
fourfold higher probability of in-hospital
death and more than twofold increase in
hospital length of stay compared with
patients not readmitted (3). Similarly to our
findings, the authors demonstrated that

Table 2. Outcomes and service use

Characteristic All Patients (N = 5,779)
(100.0%)

Readmitted (N = 576)
(10.0%)

Nonreadmitted (N= 5,203)
(90.0%)

P Value

Mortality at ICU 479 (8.3) 146 (25.3) 333 (6.4) ,0.001*
90-d mortality 639 (11.1) 164 (28.5) 475 (9.1) ,0.001*
In-hospital mortality 683 (11.8) 196 (34.0) 487 (9.4) ,0.001*
Support during index ICU stay
Vasopressors 1,586 (27.4) 241 (41.8) 1,345 (25.9) ,0.001*
Mechanical ventilation 1,401 (24.2) 198 (34.4) 1,203 (23.1) ,0.001*
Noninvasive ventilation 1,438 (24.9) 205 (35.6) 1,233 (23.7) ,0.001*
Renal replacement therapy 566 (9.8) 116 (20.1) 450 (8.6) ,0.001*

Length of ICU stay, d 2 (1–3) 3 (1–7) 2 (1–3) ,0.001†

Length of hospital stay, d 9 (5–20) 37 (20–63) 9 (5–16) ,0.001†

Definition of abbreviation: ICU = intensive care unit.
Values represent median (interquartile range) or n (%).
*P values for binary outcomes were calculated with the use of a chi-square test.
†P values for continuous variables were calculated with the use of a Mann-Whitney U test.
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in-hospital mortality was lower among
patients readmitted early (i.e., within 72 h
after ICU discharge) than those readmitted
later (3).

Because ICU readmission has been
associated with poor outcomes and
increased costs, it has been assumed that
efforts aiming to reduce the rate of
readmissions would improve patient safety,
quality of care, and patient-centered
outcomes and decrease costs (9, 10). In
this context, one could assume that an
important initial step in reducing the

number of ICU readmissions would be to
properly identify patients who are most
likely to be readmitted before ICU
discharge (10).

Strategies to improve ICU discharge
efficiency include a careful evaluation of
appropriateness of each critically ill patient
candidate to be discharged, a proper patient
placement after discharge, and a safe and
thorough handover of patient care between
healthcare providers, indicating any possible
risk factors for ICU readmission (27, 28). A
second step in reducing the incidence of

ICU readmissions would be to determine
the proportion of preventable ICU
readmissions and their causes, which would
allow hospital and ICU managers to
address and overcome quality gaps leading
to readmissions (11, 29).

Al-Jaghbeer and colleagues recently
demonstrated that only approximately 12%
of ICU readmissions are preventable (11).
This finding highlights the challenges
inherent in the efforts aiming to reduce
ICU admission rates (29). Nevertheless, the
rate of preventable ICU readmissions in

Table 3. Univariate and multivariate logistic regression analysis addressing risk factors for intensive care unit readmission
(n = 5,779 patients)

Univariate Analysis Multivariate Analysis

OR 95% CI P Value OR 95% CI P Value

Age 1.004 0.999–1.008 ,0.001 0.988 0.982–0.994 0.001
Male sex 1.203 1.009–1.434 0.039
SAPS III score*
<33 Reference Reference
34–43 2.285 1.669–3.127 ,0.001 2.204 1.570–3.094 ,0.001
44–55 3.215 2.382–4.339 ,0.001 2.732 1.897–3.933 ,0.001
>56 4.179 3.119–5.598 ,0.001 2.817 1.890–4.200 ,0.001

Medical ICU admission 2.070 1.706–2.512 ,0.001
Admission source
Emergency department Reference Reference
Ward 2.144 1.664–2.763 ,0.001 1.907 1.463–2.487 ,0.001
Step-down unit 1.693 1.240–2.310 0.001 1.361 0.977–1.897 0.069
OP/procedure unit 0.628 0.506–0.780 ,0.001 0.987 0.762–1.278 0.919
Others† 1.442 1.016–2.048 0.041 1.291 0.897–1.859 0.170

Underlying disease
Systemic hypertension 1.122 0.943–1.334 0.195
Diabetes mellitus 1.391 1.165–1.662 ,0.001
Cancer 1.232 1.009–1.503 0.040 1.405 1.136–1.737 0.002
Congestive heart failure 2.387 1.928–2.955 ,0.001 1.891 1.492–2.396 ,0.001
COPD 1.661 1.282–2.153 ,0.001 1.492 1.131–1.969 0.005
Chronic kidney disease 2.297 1.879–2.808 ,0.001 2.065 1.669–2.555 ,0.001
Liver cirrhosis 2.288 1.677–3.120 ,0.001 2.094 1.506–2.911 ,0.001

Resource use during ICU stay
Vasopressors 2.064 1.729–2.463 ,0.001 1.391 1.130–1.713 0.002
Mechanical ventilation 1.742 1.450–2.093 ,0.001
Noninvasive ventilation 1.779 1.483–2.135 ,0.001
Renal replacement therapy 2.664 2.126–3.337 ,0.001

Length of ICU stay, d ,0.001 ,0.001
,1 Reference Reference
1–2 2.130 1.735–2.615 ,0.001 1.509 1.209–1.884 ,0.001
>3 4.452 1.979–3.038 ,0.001 1.539 1.211–1.956 ,0.001

Nighttime ICU discharge 1.154 0.910–1.462 0.237
Weekend ICU discharge 1.140 0.941–1.380 0.181
Destination at index ICU discharge 0.292
Ward Reference
Step-down unit 1.102 0.920–1.321 0.648

Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; OP = operating room;
OR = odds ratio; SAPS III = Simplified Acute Physiology Score III.
The multivariate model had an area (95% CI) under the receiver operating characteristic curve of 0.718 (0.696–0.739) and a Hosmer-Lemeshow
chi-square of 10.025 (P = 0.263).
*Scores on SAPS III range from 0 to 217, with higher scores indicating more severe illness and a higher risk of death. SAPS III score was categorized
accordingly to its percentiles, because linearity assumption was violated.
†Another hospital and home care.
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developing countries remains to be
determined. On the other hand, keeping
patients in the ICU longer than necessary
aiming to decrease the risk of readmission
would impact the number of available ICU
beds and costs.

Although we were able to demonstrate
a hazardous association between ICU
readmission and poor outcomes, the
observational nature of our study does not
allow us to establish causality. Moreover,
although the frequency of ICU readmission
has been considered a quality indicator for
ICU performance (7), it is important to
highlight that, actually, the “need” for ICU
readmission could identify a very high-risk
subgroup of patients at increased risk
of poor outcomes rather than solely
identify poor-quality post-ICU medical
care (29–31).

Our study has limitations. First, this
single-center study was performed in an
ICU of a private, tertiary care hospital in
Brazil. Therefore, our results may not
be generalizable to other ICUs localized
in other developing countries, where
healthcare systems, criteria for ICU
admission and discharge, and patient
characteristics may vary substantially from
our cohort, limiting the external validity of
our study. Second, we used data of an
existing ICU database containing good-
quality data related to a patient’s ICU stay
but not related to what happened after
ICU discharge. Finally, we defined early
ICU readmissions as those occurring
within 72 hours after ICU discharge.
Nonetheless, there is no consensus
regarding a timeframe properly
defining an ICU readmission as “early” or

“late”, and therefore time definition of
ICU readmission can vary notably (32).

Conclusions
In this retrospective single-center cohort
study, readmissions to the ICU were
frequent and strongly related to poor
outcomes. To boost patient safety and
outcomes, healthcare providers must be
aware of the main risk factors for ICU
readmission before discharging a patient
from the ICU. Furthermore, the degree to
which ICU readmissions are preventable
as well as their mains causes need to be
further determined. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank Helena
Spalic for proofreading this manuscript.

Table 4. Univariate and multivariate logistic regression analysis addressing risk factors for in-hospital mortality among 5,779
intensive care unit patients

Univariate Analysis Multivariate Analysis

OR 95% CI P Value OR 95% CI P Value

Age 1.024 1.019–1.029 ,0.001
Male sex 0.879 0.749–1.032 0.114 0.671 0.551–0.817 ,0.001
SAPS III score* 1.083 1.077–1.090 ,0.001 1.056 1.048–1.064 ,0.001
Medical ICU admission 4.355 3.512–5.401 ,0.001
Admission source
Emergency department Reference Reference
Ward 2.170 1.721–2.736 ,0.001 1.363 1.027–1.810 0.032
Step-down unit 2.887 2.238–3.723 ,0.001 1.821 1.332–2.491 ,0.001
OP/procedure unit 0.322 0.255–0.407 ,0.001 0.644 0.482–0.860 0.003
Others† 1.496 1.092–2.049 0.012 0.940 0.639–1.384 0.756

Underlying disease
Systemic hypertension 0.891 0.759–1.046 0.158
Diabetes mellitus 1.044 0.881–1.238 0.618
Cancer 1.247 1.037–1.500 0.019 1.269 1.009–1.595 0.041
Congestive heart failure 2.102 1.712–2.580 ,0.001
COPD 1.676 1.316–2.134 ,0.001
Chronic kidney disease 1.615 1.322–1.937 ,0.001
Liver cirrhosis 1.343 0.957–1.883 0.088

Resource use during ICU stay
Vasopressors 5.708 4.824–6.754 ,0.001 1.962 1.566–2.459 ,0.001
Mechanical ventilation 5.576 4.717–6.588 ,0.001 1.974 1.564–2.492 ,0.001
Noninvasive ventilation 2.686 2.278–3.168 ,0.001
Renal replacement therapy 5.459 4.488–6.641 ,0.001 2.107 1.627–2.729 ,0.001

ICU readmission 4.995 4.106–6.076 ,0.001 4.103 3.226–5.218 ,0.001
Length of ICU stay, d
,1 Reference Reference
1–2 2.652 2.154–3.263 ,0.001 0.916 0.713–1.176 0.491
>3 5.698 4.679–6.939 ,0.001 1.462 1.127–1.896 0.004

Nighttime ICU discharge 2.606 2.181–3.114 ,0.001 2.151 1.726–2.681 ,0.001
Weekend ICU discharge 0.856 0.710–1.032 1.103

Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; OP = operating room;
OR = odds ratio; SAPS III = Simplified Acute Physiology Score III.
The multivariate model had an area (95% CI) under the receiver operating characteristic curve of 0.891 (0.879–0.902) and a Hosmer-Lemeshow
chi-square of 23.511 (P = 0.003).
*Scores on SAPS III range from 0 to 217, with higher scores indicating more severe illness and a higher risk of death.
†Another hospital and home care.
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