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bstract

bjectives  To compare the functional status at intensive care unit (ICU) discharge of patients who were later readmitted to the ICU and
atients discharged home and to verify whether a decline in functional status is associated with ICU readmission.
esign  Prospective cohort study.
etting  ICU at a tertiary teaching hospital.
articipants  Patients admitted to the ICU, ≥18 years old, submitted to invasive mechanical ventilation (IMV), and discharged to the ward.
nterventions  Functional assessment at ICU discharge. Discharge Group (DG) (patients discharged home) and Readmission Group (RG)
patients who returned to the ICU) were compared with Mann–Whitney and Chi-square or Exact Fisher tests. Multiple logistic regression
erified association.
ain  outcome  measures  Barthel Index, key pinch strength, clinical and demographic data.
esults  Patients in the readmission group presented lower Barthel Index [Median 40 (IQR 20–75) vs 60 (33–83), P  = 0.033], greater relative
ariation (pre and post ICU) of the Barthel Index (P  = 0.04), lower key pinch strength [3.4 (1.8–4.5) vs  4.5 (2.7–6.8) kg·f, P  = 0.006] and higher
PACHE II [18 (12–22) vs  15 (11–20), P  = 0.027]. Multiple regression found that the relative variation of the Barthel Index was independently

ssociated with ICU readmission (P  < 0.001), as well as higher APACHE II (P  = 0.020), shorter IMV duration (P  < 0.001) and ICU admission
ithout clear diagnosis (P  = 0.020). The Hosmer–Lemeshow test indicated good adjustment of the model (P  = 0.99).
onclusion  Readmitted patients presented poorer functional status and lower pinch strength. Relative variation of the Barthel Index was

ssociated with ICU readmission despite other factors, as was higher APACHE II, shorter IMV duration and admission without clear diagnosis.
rial  registration  number: Not applicable.
 2018 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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ntroduction
Discharging a patient from intensive care unit (ICU) is a
omplex process and should involve multidisciplinary collab-
ration [1]. Although the status of the patients is not critical,
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hey may still be highly dependent. Frequently, general wards
annot count on having sufficient resources to provide an
dequate level of care to highly dependent patients [2–4].

ICU readmission within the same hospital is one of the
isks after ICU discharge [3]. Patients readmitted to the
CU tend to be older, have more comorbidities, non-surgical
iagnosis, urgent surgery, and higher severity score [5,6].
eadmission rates and the outcome of readmitted patients
ave changed little in recent years, suggesting that ICU read-
ission is a chronic problem, which requires studies focusing

n the identification of factors that can be modified.
The relationship between the severity of disease and

orkload in the care of ICU readmitted patients has been pre-
iously described; however, these findings are controversial
7,8] and the functional status itself has not been evalu-
ted. Critically ill patients frequently have muscle weakness
cquired in the ICU [9,10], physical deconditioning and dete-
ioration of functional status, and physiotherapy is involved
n the prevention and treatment of this condition [9]. A previ-
us Brazilian study has shown that poor performance status
s associated with prolonged ICU stay [11], but we did not
nd studies analysing its association with ICU readmission.

The aims of the study were to compare the functional status
f patients who were readmitted to the ICU and patients who
ere discharged home after leaving the ICU and to verify
hether functional status is associated with readmission to

he ICU.

ethods

This was a prospective cohort study performed at a tertiary
are university-affiliated hospital, with a total of 125 ICU
eds. A convenience sample was used. The hospital’s Ethics
ommittee for Analysis of Research Projects approved this

tudy (approval number 1.593.307).
Inclusion criteria: patients admitted from the ward or

mergency unit to the ICU, aged ≥18 years old, submitted to
nvasive mechanical ventilation (IMV) for at least 24 hours,
ischarged to the ward and who had their functional status
ssessed. The functional status assessment was not performed
f the patient presented any condition that could directly com-
romise the functional status, such as neurologic disease,
imb amputation or bed rest prescription, because we were
nterested in investigating the functional status impairment
elated only to the ICU stay. Patients with cognitive deficit,
phasia and tracheostomy were not included because they
ere unable to respond to the questionnaires.
We excluded patients with ICU length of stay (LOS)

90 days because we considered that it could cause bias.
he functional status assessment had to be performed within

8 hours after ICU discharge. Patients who accepted partici-
ating in the study signed a consent form. All intensive care
nits were visited on a daily basis and eligible patients were
ollowed until discharge to the ward.
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Clinical and demographic variables that could be con-
ounders were collected from patient records. They were:
ge; gender; body mass index (BMI); cause of hospital admis-
ion; cause of ICU admission; APACHE II (Acute Physiology
nd Chronic Health Evaluation) classification at the day of
CU admission; age-adjusted Charlson comorbidity index;
ause of intubation; use of sedatives, neuromuscular blocking
gents, vasoactive drugs, corticosteroids and antibiotics dur-
ng ICU stay; complications during ICU stay; IMV duration;
OS in ICU, in general ward and in hospital; and outcome
fter discharge to the ward. APACHE II was collected for the
rst 24 hours of ICU admission. Charlson comorbidity index
as assessed according to the patient’s medical history.
The main predictive variable in the study was the func-

ional status at ICU discharge. Functional status assessment
as composed of the Barthel Index score [12] and key pinch

trength.
The Barthel Index consists of ten activities of daily liv-

ng (ADL) scored according to the level of dependence that
he patient requires. The ADL are: feeding (score 0, 5 or
0); bathing self (score 0 or 5); personal hygiene (score 0
r 5); dressing (score 0, 5 or 10); bowel control (score 0, 5
r 10); bladder control (score 0, 5 or 10); toilet (score 0, 5
r 10); chair/bed transfer (score 0, 5, 10 or 15); ambulation
score 0, 5, 10 or 15) and stair climbing (score 0, 5 or 10).
he sum of each ADL score is the total Barthel Index score,
hich may vary from 0 to 100. The higher the score, the more

ndependent the patient.
The Barthel Index was assessed by interview post-ICU

tay, i.e. 48 hours after being discharged from ICU to the
ard, and pre-ICU stay. To assess the Barthel Index score
re-ICU the patient was asked about the ability in performing
he ADL one month before being admitted to the hospital. We
hose the interview format because it is an easier and faster
ethod to assess the Barthel Index. Previous studies have

hown good reliability in different ways of administration
ncluding self-report assessment [12]. Self-report should be
sed with care with patients with cognitive impairment or
onfusion, but those patients were excluded from our study.
ach patient was interviewed by the same research member,

o avoid bias caused by the way in which questions were
sked [13].

The relative variation between post-ICU and pre-ICU
cores was also calculated, as follows:

Relative  variation  for  Barthel  Index

= Pre ICU  score  −  Post  ICU  score

Pre  ICU  score

Key pinch strength was measured using a hydraulic pinch
auge (Saehan Corporation, 973, Yangdeok-Dong, Masan
30–728, Korea). The patient should be in sitting position

ith the shoulder in adducted and neutrally rotated position,

lbow flexed at 90◦ and the forearm and wrist in neutral posi-
ion [14]. Only the dominant member was tested and the best
alue of three attempts was elected.
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270 eligible patients
Functional status assessment

9 patients were transferred to another hospital
7 patients died 
5 patients were discharged to long-term institutes

52 patients
Were readmitted to the ICU

Readmission Group (RG)

197 patients
Received hospital discharge

Discharge Group (DG)

858 evaluated patients
ICU admission, IMV ≥ 24 
hours and discharged to the 

ward

183 patients with cognitive impairment
102 patients with neurologic disease after hospital 
admission 
71 patients with aphasia or communication impairment
63 patients were transferred, died or were discharged < 48 
hours after ICU discharge
40 patients could not be assessed within 48 hours after ICU 
discharge 
53 patients presented lower limb amputation or bed rest 
prescription 
44 patients presented previous neurologic or neuromuscular 
disease 
24 patients refused to participate 
8 patients presented ICU stay > 90 days 
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ig. 1. Flowchart of patients included in the study.

Key pinch, performed between the pad of the thumb and
adial face of the index finger, is considered the strongest
inch when compared to the tip-pinch and tripod pinch
ecause it counts on the activation of adductor pollicis mus-
le and the flexor pollicis longus muscle. It is essential for
he hand function, in activities such as grabbing and holding
bjects. It requires the movement of opposition between the
humb and the other fingers, coordination of fingers, adequate
nger joint mobility and adequate strength of flexor muscles
15]. The impairment in the key pinch will certainly affect
he performance of functional activities.

For the comparison of functional status, patients were ana-
ysed according to the outcome after discharge to the ward:
atients who were discharged home were classified as the
ischarge Group (DG) and patients who were readmitted to

he ICU were named the Readmission Group (RG). Thus,
he data of patients who died after ICU discharge were not
nalysed. Data of patients transferred to other hospitals were
lso not analysed, since we could not be informed of their
utcome. For the RG, clinical and demographic data referred
nly to the first ICU stay. For this group, we also collected
he cause of ICU readmission and APACHE II in the first
4 hours of readmission.
Data were analysed by descriptive one-dimensional anal-
sis. Groups were compared using the Mann–Whitney test
nd Chi-square test or the Fisher Exact test. Multiple logistic
egressions models were used to evaluate the association of

f
t

r

unctional status and ICU readmission. Statistical software R
version 3.1.3) and Minitab v.16 (Minitab Inc., Pennsylvania,
SA) were used.

esults

Out of 270 eligible patients for the study, nine were trans-
erred to other hospitals; seven died and five were discharged
o long-term institutes. Therefore, the study population com-
rised 197 patients in DG and 52 patients in RG (Fig. 1).
one of the patients included in the study were receiving
alliative care.

Demographic data are presented in Table 1. Data regard-
ng IMV duration and patients’ length of stay are shown in
ables 2 and 3. Table 4 presents data concerning the second
CU stay for patients readmitted to the ICU (Readmission
roup). About 15% of readmitted patients returned to the

CU within 48 hours after being discharged to the ward. The
ortality rate for RG was 33%, while the mortality rate for

ll eligible patients was 10%.
There was no difference between groups for the Barthel

ndex score before hospital admission, but groups were dif-

erent after ICU discharge for the Barthel Index score and for
he Barthel Index score relative variation (Table 5).

To evaluate the association of functional status and ICU
eadmission, multiple logistic regression models were used.
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Table 1
Clinical and demographic data for patients in both groups.

Discharge Group Readmission Group P-value
n = 197 n = 52

Age, years old 51 (34–61) 56 (45–63) 0.148a

BMI, kg/cm2 24 (21–27) 24 (20–26) 0.405a

Male gender, n (%) 111 (56) 22 (42) 0.071b

APACHE II at ICU admission 15 (11–20) 18 (12–22) 0.027a

Age-adjusted Charlson comorbidity index 3 (0–5) 4 (2–6) 0.055a

Type of hospital admission, n (%) 0.273b

Elective medical 71 (36) 23 (44)
Elective surgical 30 (15) 12 (23)
Emergency surgical 59 (30) 12 (23)
Emergency medical 37 (19) 5 (10)

Cause of hospital admission, n (%) 0.190b

Respiratory 38 (19) 2 (4)
Cardiovascular 14 (7) 6 (11)
Gastrointestinal 33 (17) 16 (31)
Neurologic 11 (6) 3 (6)
Trauma 22 (11) 1 (2)
Pre-operative 30 (15) 12 (23)
Infection 16 (8) 2 (4)
Clinical investigation 7 (4) 3 (6)
Others 26 (13) 7 (13)

Cause of ICU admission, n (%) 0.008b

Shock 32 (16) 8 (15)
Respiratory failure 60 (30) 4 (8)
Renal failure 9 (5) 2 (4)
Coma 11 (6) 6 (11)
Post-operative 79 (40) 27 (52)
Cardiac arrest 2 (1) 1 (2)
Monitoring 2 (1) 3 (6)
Liver failure 2 (1) 1 (2)

BMI: body mass index; APACHE II: Acute Physiology and Chronic Health Evaluation; ICU: intensive care unit. Others: refers to other causes of hospital
admission, including renal/metabolic, haematological, exogenous poisoning, bleeding, skin disease, tetanus. Values are expressed as median (1st–3rd quartile)
unless otherwise noted.

a Mann–Whitney test.
b Chi-square or Fisher Exact test.

Table 2
Medication use during ICU stay for both groups.

Discharge Group Readmission Group P-value
n = 197 n = 52

Medication use, n (%)
Antibiotics 193 (98) 52 (100) 0.583a

Sedatives 181 (92) 47 (90) 0.779a

Vasoactive drugs 149 (76) 50 (96) <0.00a

Corticosteroids 99 (50) 25 (48) 0.876a

Neuromuscular blockers 14 (7) 1 (2) 0.206a

Duration of medication use, days
Antibiotics 11 (7–19) 11 (6–14) 0.180b

Sedatives 4 (2–7) 3 (2–4) 0.019b

Vasoactive drugs 4 (2–6) 4 (3–6) 0.550b

Corticosteroids 7 (4–13) 7 (5–12) 0.978b

Neuromuscular blockers 2 (1–2) 1 (1–1) 0.123b

I unless o

F
t
r
i
a

P
a

CU: intensive care unit. Values are expressed as median (1st–3rd quartile) 

a Chi-square or Fisher Exact test.
b Mann–Whitney test.

or the selection of the group of explanatory variables,
he following procedure was adopted: first, simple logistic

egression models were adjusted using variables that could
nfluence the readmission to the ICU, based on the literature
nd clinical experience. The variables whose test presented

v
w

therwise noted.

 < 0.05 were included in the multiple logistic regression
nalysis.
After the multiple regression model had been adjusted, the
ariable with the greatest P-value among those with P > 0.05
as withdrawn and the model was readjusted for the remain-
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Table 3
Duration of invasive mechanical ventilation and ICU, ward and hospital length of stay for both groups.

Discharge Group Readmission Group P-value
n = 197 n = 52

Duration of IMV in the first ICU stay, days 5 (3–10) 4 (2–6) 0.017
Length of stay, days

At the ward before the first ICU admission 1 (0–7) 2 (1–8) 0.246
First ICU stay 11 (6–22) 11 (6–15) 0.152
At the ward after ICU discharge 10 (5–19) 8 (4–15) 0.043
Second ICU stay after readmission – 4 (2–9) –
Total ICU stay – 15 (10–23) –
Total hospital stay 30 (18–50) 45 (33–68) <0.001

IMV: invasive mechanical ventilation; ICU: intensive care unit. Values are expressed
groups.

Table 4
Data specific for patients readmitted to the ICU.

Readmission
Group
n = 52

APACHE II at ICU readmission 14 (11–20)
Cause of ICU readmission, n (%) (n = 49)

Shock 16 (31)
Respiratory failure 6 (12)
Renal failure 0
Coma 0
Post-operative 19 (37)
Cardiac arrest 3 (6)
Monitoring 5 (10)
Liver failure 0

Cause of readmission different from first ICU
admission, n (%)

31 (63)

In-hospital death, n (%) 17 (33)
ICU readmission within 48 hours after ICU discharge, n
(%)

8 (15)

APACHE II: Acute Physiology and Chronic Health Evaluation; ICU: inten-
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ive care unit. Values are expressed as median (1st–3rd quartile) unless
therwise noted.

ng variables. This procedure was repeated until only the
ariables with P  ≤  0.05 remained in the model. Afterwards,
he variables that presented 0.05 ≤  P  ≤  0.10 in the simple
egression model were included, one at each time, in the mul-
iple model in order to verify its significance at the level of
.1 in the presence of the other significant variables.

The variables included in the multiple analysis were

he relative variation of the Barthel Index score, key pinch
trength, gender, cause of hospital and ICU admission, ICU
ength of stay, age-adjusted Charlson comorbidity index,

a
e
f

able 5
he Barthel Index score and key pinch strength group comparison.

Discharge Grou
n = 197 

arthel Index score before ICU admission 100 (100–100) 

arthel Index score after ICU discharge 60 (33–83) 

elative variation in the Barthel Index score 0.4 (0.2–0.7) 

ey pinch strength, kilogram-force 4.5 (2.7–6.8) 

CU: intensive care unit; Relative variation for Barthel Index = Pre ICU score−Po
Pre ICU s

alues are expressed as median (1st–3rd quartile). The Mann–Whitney test was use
 as median (1st–3rd quartile). The Mann–Whitney test was used to compare

PACHE II, IMV duration, and duration of sedatives use.
ince only one cause of ICU admission – ‘monitoring’ –
as significant (P  = 0.02) compared with ‘shock’, which was
sed as the reference, the other causes of ICU admission were
rouped and the model was readjusted. ‘Monitoring’ was sig-
ificant for both adjustments; however, the variable ‘gender’
as no longer significant (P  = 0.11). The cause of ICU admis-

ion ‘monitoring’ was used when patients were admitted to
he ICU with clinical and vital sign deterioration but without

 clear diagnosis.
Finally, after multiple logistic regression analyses, the

ariables associated with ICU readmission were: cause of
dmission to the ICU ‘monitoring’ (P  = 0.020), APACHE II
P = 0.020), length of IMV (P  < 0.001) and relative variation
f the Barthel Index score (P  < 0.001).

To verify whether the final model was well adjusted, the
osmer–Lemeshow test was applied and it was found to be

 = 0.99, which indicates good adjustment. Residual graphics
ndicated good behaviour, with some atypical patients, but the
emoval of those observations did not change the conclusions.

iscussion

This study investigated the relationship of the functional
tatus at ICU discharge with readmission to the ICU and
ssociated with ICU readmission. To the best of our knowl-
dge, this result has not been previously described. Other
actors also shown to be related to ICU readmission were:

p Readmission Group P-value
n = 52

100 (100–100) 0.390
40 (20–75) 0.033
0.6 (0.3–0.8) 0.040
3.4 (1.8–4.5) 0.006

st ICU score
core

.
d to compare groups.



3 ysiothe

I
n

I
o
c
s
m
n
t
q
a

h
n
o
h
m
f

m
c
f
l
a

d
g
w
g
w

t
n
p
p
i
c
d
fi
a
p

w
t
d
h

s
B
g
g
b
fi
s
2

d
p
p
d

w
m
r
w
t

m
f
t
a
t
s
I
F
p
s
t

e
a
m
T
p
d
d
w
i
w
h
i

b
d
a
p

t
m
t
I
i
o
s
n
o

s

26 L.T.Y.d. Silveira et al. / Ph

CU admission for monitoring purpose without a clear diag-
osis, shorter IMV duration, and higher APACHE II score.

ICU admission due to ‘monitoring’ was associated with
CU readmission after multivariate analysis that also included
ther factors. This motive was attributed when clinicians
ould not establish a clear diagnosis, although patients pre-
ented severe clinical deterioration and required vigorous
onitoring provided in the ICU. Since the diagnosis was

ot clear, perhaps those patients did not receive assertive
reatment and clinical stabilisation was not definitive. Conse-
uently, patients’ clinical condition might easily deteriorate
fter being discharged from ICU.

Similar to previous studies, patients from RG presented
igher APACHE II [5]. However, there was no statistical sig-
ificance for the age-adjusted Charlson comorbidity index
r the median age of DG and RG, although previous studies
ave observed that older patients are more likely to be read-
itted to the ICU [5]. This may have been influenced by the

act that the subjects in our population were not old.
Groups differed regarding cause of ICU admission; the

ost expressive difference was that there was a larger per-
entage of patients admitted to the ICU because of respiratory
ailure in the DG, while the Readmission Group presented a
arger percentage of patients admitted to the ICU due to coma
nd in the post-operative period.

A larger percentage of patients in RG used vasoactive
rugs, but the duration of use was not different between
roups. The duration of use of sedatives was greater for DG,
hich can be related to the fact that more patients in this
roup were admitted to the ICU because of respiratory failure,
hich often requires IMV and sedation.
Length of IMV at first ICU stay was shorter for RG

han DG. This was an unexpected finding. A possible expla-
ation could be the cause of ICU admission of the study
opulation. The Discharge Group presented a higher pro-
ortion of patients admitted to hospital due to respiratory
ssues and admitted to ICU due to respiratory failure. This
ould justify the fact that this group presented higher IMV
uration. Another possible explanation for this unexpected
nding could be the premature IMV weaning in the RG group,
lthough the design of our study did not include weaning
rotocols since this was not an objective of this study.

As expected, patients from the DG stayed longer at the
ard after ICU discharge, probably related to the fact that

hey needed final adjustments in clinical course before being
ischarged home. However, also as expected, the length of
ospital stay was greater for the RG.

The Readmission Group presented lower Barthel Index
core at ICU discharge and higher relative variation of the
arthel Index score than the discharged patients did, although
roups were not different before hospital admission: both
roups presented a maximum score for the Barthel Index

efore hospital admission. Some authors suggest a classi-
cation of patients according to the Barthel Index score
tratification as follows: zero to 20 points: full dependence;
1–60 points: severe dependence; 61–90 points: moderate

t
h
w
R

rapy 105 (2019) 321–327

ependence; 91–99 points: mild dependence; 100: full inde-
endence [16]. According to this stratification, our study
opulation can be considered severely dependent after ICU
ischarge.

The objective of this study was to verify whether there
as an association between functional status and ICU read-
ission. According to the multiple regression analysis, the

esults corroborate the initial hypothesis and patients who
ere readmitted to the ICU presented greater functional sta-

us impairment caused by the ICU stay.
We do not intend to claim that functional status impair-

ent is the only factor associated with ICU readmission; in
act, our study’s results show that other factors are also impor-
ant. However, some of the factors may not be changed, such
s the cause of ICU admission or APACHE II, while func-
ional status can be modified. Reducing the impact of ICU
tay in functional status and improving functional status after
CU discharge should both be emphasised in this population.
unctional status depends on factors such as muscle strength,
ostural balance, and physical conditioning, which may be
timulated during physiotherapy, whether in the ICU or on
he ward [9].

Detecting physiological deterioration on the ward at an
arly stage reduces the rate of ICU readmission [17]. Some
uthors suggest that the level of care provided at the ward
ay influence ICU readmission and in-hospital death [6,18].
herefore, the identification of patients who present a higher
robability of being readmitted to the ICU could help in the
efinition of ICU discharge itself. It may also help with the
efinition of the level of care required by the patient at the
ard and the need for more intense follow-up, since health

nterventions are frequently more beneficial for patients with
orse prognoses. Besides, human resources are scarce in
ealth systems [19] especially in developing countries and
n the public health system.

Individualised rehabilitation, including physiotherapy, has
een recommended following ICU stay until after hospital
ischarge [9,10,20]. The multi-professional team should be
ble to act not only during the acute phase but also during
ersisting deficits and functional status impairment [9,18].

Among the limitations of this study, we point out that
his was an observational, single centre study. Besides that,
any patients were excluded from the analysis because of

he possibility of bias regarding the evaluation of the Barthel
ndex score. We did not include patients with neurological
mpairment because we were interested in the effect of ICU
n the functional status. Thus, the generalisation of the results
hould be undertaken carefully. The design of the study did
ot allow the follow-up of patients at the ward or in longer
utcomes.

In conclusion, for the type of population included in this
tudy, readmitted patients presented poorer functional sta-

us at ICU discharge than patients who were discharged
ome. Deterioration of the Barthel Index score was associated
ith ICU readmission even in the presence of other factors.
eadmitted patients’ key pinch strength was smaller but not
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ssociated with ICU readmission. Other factors associated
ith ICU readmission in the multivariate regression analysis
ere admission with no clear diagnosis, higher APACHE II

core and shorter IMV duration.

Key  messages

• At ICU discharge, functional status of patients who
were later readmitted to the ICU was worse than
patients who were later discharged home.

• Decline in functional status presented independent
association with ICU readmission.

• Other factors with independent association with ICU
readmission were: admission with no clear diagnosis,
higher APACHE II score and shorter IMV duration.
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