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Abstract

AIM

To investigate the factors associated with the functional
progress of hospitalized patients following an intensive
care admission.

METHODS

Retrospective study including data from a cohort of
198 hospitalized patients following an intensive care
admission and not requiring mechanical ventilation
in a single tertiary referral hospital. A generalized
linear model was used to identify the main effects of
clinical and demographic variables on the outcomes of
functionality (KATZ Index of Independence in Activities
of Daily Living) and muscle strength (MRC Scale). The
covariates identified as independent predictors were

November 4, 2016 | Volume 5 | Issue 4 |



Ferreira NA et a/. Predictors of functionality following ICU admission

analysed using the receiver operating characteristic
curves. The analysis differentiated the periods in the
intensive care unit (ICU), in the Ward (WARD) and the
total time of hospital stay (TOT).

RESULTS

Considering the functional outcome (AKATZ), the vari-
ables that significantly contributed to the model (P <
0.05) were the KATZ and MRC on admission, age, sepsis
(no), and total length of stay (TLS). Regarding the
muscle strength outcome model (AMRC), the predictors
were MRC on admission, Simplified Acute Physiology
Score III, previous stroke, TLS, and sex (female). The
variable age (AUC = 0.664) discriminated the AKATZicu.
The variables age (AUC = 0.712), KATZ in ICU (AUC =
0.590) and on ward admission (AUC = 0.746), and MRC
on ward admission (AUC = 0.721) were discriminative
for AKATZwaro. For AKATZtor the variables KATZ on ICU
admission (AUC = 0.621) and TLS (AUC = 0.617) were
discriminative. For AMRCicu the variables SAPSIII (AUC
= 0.661) and MRC on ICU admission (AUC = 0.653)
were discriminative. MRC on ICU (AUC = 0.681) and
ward admission (AUC = 0.553) were discriminative
for AMRCwaro. TLS (AUC = 0.649) and MRC on ward
admission (AUC = 0.696) discriminative for the AMRCror.

CONCLUSION

Specific functional, clinical and demographical variables
at ICU admission are associated with the functional
prognosis during the hospitalization period.

Key words: Muscle strength; Intensive care units;
Activities of daily living; Rehabilitation; Early mobili-
zation; Post-intensive care unit syndrome

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In spite of the advances in critical care,
functional deficits are commonly observed during and
after the hospitalization period. This retrospective
study aimed to investigate the factors associated with
the functional progress in a cohort of patients that
underwent a mobilization protocol, from the intensive
care unit (ICU) to the hospital discharge. As functional
ability, muscle strength, low illness severity score
at ICU and ward admission, absence of sepsis and
stroke, longer total length of stay, male gender and
younger age were predictors of favourable patients’
functional progress, these variables should be taken in
consideration when planning rehabilitative strategies
for hospitalized patients following an intensive care
admission.
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INTRODUCTION

The advances in critical care have led to increased
survival, however, physical and psychological deficits are
commonly observed during and after the hospitalization
period™. Intensive care unit acquired weakness (ICU-
AW) is currently recognized as an important complication
of critical illness. It is defined as symmetrical weakness
in upper and lower limbs and is diagnosed with a
medical research council (MRC) score sum less than
48", Prolonged bed rest, systemic inflammation,
hyperglycaemia, sedation, sepsis, malnutrition, patient
immobilization, use of corticosteroids and neuromuscular
blockers, among others, are considered risk factors
for ICU-AW and, consequently, poorer functional out-
come®*,

According to the World Health Organization Interna-
tional Classification of Functioning, Disability and
Health®®, the key measures of physical function can
be categorized as: (1) mobility: Including balance,
lying, sitting, standing, shifting the body’s centre of
gravity; (2) muscle function: Strength; (3) walking and
moving: Including walking independently, walking with
assistance, walking short and long distances; (4) self-
care: Activities of daily living (ADL) such as washing,
dressing, toileting, grooming and eating; and (5) self-
reported quality of life (QOL). Although 26 different
functional instruments have been described for use in
critically ill patients, proper assessment tools addressing
impairment, activity limitations and participation
restrictions need to be developed to be utilized across
different time points of recovery"”’. The KATZ Index of
Independence in Activities of Daily Living (KATZ ADL)™®
was first developed to assess the functional status in
non-hospitalized older adults, and has been applied
across a wide range of patient populations™ and is one
of the few functional scales that have been used both
in critical care™*? and in the ward settings!*****. Simi-
larly, the MRC, which was initially developed to assess
the volitional muscle strength in outpatients'®, has been
broadly used in critical care patients with a very good
interrater reliability™”, however there are limitations
to the use of volitional measures of muscle function in
critically ill patients™®’.

The literature however is still scarce concerning
the factors that may determine the patients’ functional
recovery during the in-hospital period following a stay
in intensive care. The ability to predict patient functional
progress may contribute to the individualization of
rehabilitative interventions. Additionally, the functional
assessment throughout different time points of the in-
hospital period, from the ICU admission/discharge to
hospital discharge, using measures of muscle function
and self-care may improve the understanding of the
relationship between these two functional domains.

Thus, the primary objective of this study was
to identify the factors that determine the functional
progress of a cohort of patients that required an
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intensive care admission without the need for mechanical
ventilation and underwent a mobilization protocol, from
the ICU admission to hospital discharge. Secondarily,
we aimed at evaluate the association between the
KATZ ADL index and the MRC scale during the same
hospitalization period.

MATERIALS AND METHODS

Design

Retrospective study including data from a cohort of 198
hospitalized patients in a single tertiary referral hospital.
The medical records from patients admitted to the ICU
at the Barra D'Or Hospital between September 2013
and December 2014 were screened according to the
eligibility criteria.

The generalized linear model was used to identify the
main effects of clinical and demographic variables on the
outcomes of functionality and muscle strength during
the hospitalization period. The study was approved by
the Institutional Research Board and Ethics Committee.

Participants

Data was obtained from non-mechanically ventilated
patients presenting with at least one of the following
criteria: KATZ score = 3, MRC < 48, diagnosis of
pulmonary or cardiovascular disease, and cooperative
(Richmond Agitation-Sedation Scale between 0 and
2) who stayed at least 48 h at the ICU and underwent
the mobilization protocol. Records of patients who died
during the period of the study, with neuromuscular
disease, returned to the ICU after discharge or with
incomplete data were not included.

Mobilization protocol and functional assessment
Eligibility criteria and procedures for the mobilization
protocol followed the framework proposed by Hanekom
et al®! (2011). According to their clinical and functional
condition, the patients progressed from passive and
active mobilization and from being recumbent to ambu-
lation as able. For patients unable to mobilize out of
bed, lower limb strengthening exercises were included.
Neuromuscular electrical stimulation and in-bed cycling
exercises were not used. The interventions were under-
taken daily on a twice a day basis.

The peripheral muscle strength was assessed by the
MRC scale!*®*”! which uses a 6-point scale from 0 (no
contraction) to 5 (full contraction through range against
resistance) of 12 muscle groups: Bilateral shoulder
abduction, elbow flexion, wrist extension, hip flexion,
knee extension and foot dorsiflexion. The representative
score for each patient is the sum of the points given for
each muscle group (maximum = 60).

The overall functional performance was assessed
using the KATZ ADL index, which was culturally adapted
for the Brazilian population™®. This index assesses the
subjects’ ability to perform the following activities of
daily living independently: Bathing, dressing, toileting,
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transferring, continence, and feeding. The scoring
system gives a numerical score from “0” (independent
in the six functions) to “6” (dependent in the six
functions).

The mobilization protocol, muscle strength and
functional performance were performed by the physical
therapy team, who were periodically trained to ensure
a these procedures were applied in a standardised way.
The patients underwent the mobilization protocol from
the ICU admission until the hospital discharge. Functional
and muscle strength assessments were undertaken on
three key periods: ICU admission, ICU discharge and
hospital discharge.

Statistical analysis

Differences (delta, A) between the output and input
values of hospital sectors were established as categorical
outcomes (ASCOREperiod = OUTscore,period - INscore,period).
Such differences were calculated for periods of stay only
in the ICU (ICU), only in the ward (WARD) and for the
total hospital stay (TOT). Thus, considering that in the
KATZ scoring system higher values are representative of
poor functionality, the following categorization was set
as AKATZperioa = 1 if the sector’s output score is lower
than the input or AKATZeeriod = 0 if the sector’s output
score is higher or equal than the input. Conversely,
considering that the MRC score is directly proportional
to the functionality, the categorization was set as
AMRGeeriod = 1 if the sector’s output score is greater than
the input, AMRCperioa = 0 if the output score is equal or
lower than the input.

Descriptive statistics included mean + SD, median
(minimum; maximum) or proportions for subjects aged
< 65 years, = 65 years, and the whole sample. Data
between age groups were compared using indepen-
dent-sample t tests for continuous variables, z* test for
categorical variables, and Fisher’s exact test for dicho-
tomous variables. Plots represent mean values alongside
the 95%CI. Binary logistic, generalized linear model
was used to identify the main effects of the factors
(gender, "male” = 1; sepsis, “yes” = 1; COPD, “yes"” =
1; dementia, “yes” = 1, previous stroke, “yes” = 1; and
cause of ICU admission) and covariates (age; SAPSIII;
length of stay; KATZ at admission; MRC at admission)
on the outcomes of functionality and muscle strength
(AKATZperiod and AMRGCeeriod, respectively). The covariates
identified as independent predictors were analysed using
the receiver operating characteristic (ROC) curves. The
value of state variable was coded “0” or “1”, aiming to
mirror the curve above the reference diagonal to facilitate
the data interpretation. Cut-off points were determined

by the minimal distance calculated as
[21]

d =/ (1 - sensitivity)* + (1 - specificity)?

The association between MRC and KATZ scores was
assessed through the Spearman’s correlation coefficient,
and all the results were considered significant when P <
0.05. All statistical analyses were performed with SPSS
software (IBM Inc., United States).
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Table 1 Subjects characteristics (7 = 198)

Variables Levels Age < 65 yr Age = 65 yr P value All sample
Mean + SD Mean + SD Mean + SD Median (Min; max)
n =39 n =159 n =198
Age, yr 50.5+£12.2 82.7+8.6 NT 764+159 80 (24; 101)
KATZ at ICU admission, score 39+14 43+14 0.207 42+14 4 (0; 6)
MRC at ICU admission, score 46.6 £15.1 39.1+14.9 0.007 40.6 152 44 (0; 60)
KATZ at ward admission, score 27+21 42+1.6 <0.001 39+18 4 (0; 6)
MRC at ward admission, score 48.1+15.0 40.0+15.1 0.004 41.6+15.3 45.5 (0; 60)
KATZ at hospital discharge, score 25+22 40+18 <0.001 37+2 4 (0; 6)
MRC at hospital discharge, score 50.6 +15.4 419+14.0 0.002 43.6+14.7 48 (0; 60)
Hospital length of stay, d 99+7.0 121+98 0.117 12+9 9(2;52)
SAPS3, % 43.8 +8.8 53.7 +8.6 <0.001 51.7+9.5 51 (27; 89)
Gender, 1 (%) Female 17 (14) 104 (86) 0.017 121 (61) -
Male 22 (29) 55 (71) - 77 (39) -
Sepsis, 1 (%) No 19 (20) 74 (80) 0.859 93 (47) -
Yes 20 (19) 85 (81) - 105 (53) -
COPD, n (%) No 37 (21) 142 (79) 0.377 179 (90) -
Yes 2 (11) 17 (89) - 19 (10) -
Dementia, 1 (%) No 39 (27) 108 (73) <0.001 147 (74) =
Yes 0(0) 51 (100) - 51 (26) -
Previous stroke, n (%) No 38 (22) 134 (78) 0.032 172 (87) -
Yes 1(4) 25 (96) - 26 (13) -
Cause of ICU admission, 7 (%) Cardiovascular 4 (33) 8 (67) 0.646 12 (6) -
Gastrointestinal 3 (16) 16 (84) - 19 (10) -
Neoplastic 0(0) 1 (100) - 1) -
Neurologic 4 (25) 12 (75) - 16 (8) -
Renal 8(23) 27 (77) - 35 (18) -
Pulmonary 16 (21) 62 (79) - 78 (39) -
Others 4 (11) 33 (89) - 37 (19) -

KATZ: KATZ Index of Independence in Activities of Daily Living; MRC: Medical Research Council; SAPS3: Simplified acute physiology score; COPD:

Chronic obstructive pulmonary disease; NT: Not tested.

RESULTS

A total of 198 subjects (121 females, 61%) aged 24
to 101 years (76.4 * 15.9 years) were considered
eligible for the study. From these, 78 were hospitalized
for lung disease, 105 for sepsis, 19 had COPD, 51
had dementia and 26 had a prior stroke. The average
length of hospital stay was 12 = 9 d, and the average
SAPSIIl score was 51.7 £ 9.5 (Table 1). In the analysis
of deltas for KATZ, 24.7% of the patients improved and
63.1% remained stable in AKATZicu, 23.7% improved
and 66.7% remained stable in AKATZwaro, and 36.4%
improved and 51.5% remained stable in AKATZror. For
MRC, 28.8% improved and 57.1% remained stable in
AMRCicu, 35.4% improved and 52.5% remained stable
in AMRCwaro and 47.0% showed improvement, and
35.4% remained stable in AMRCror. The proportion of
elderly patients (= 65 years) in the group was 80.3%.
One hundred and thirty-four (67.7%) patients had
a MRC < 48 at ICU discharge (consistent with the
definition of ICU-AW), with only minimal improvement
at hospital discharge with 122 (61.6%) with the MRC
< 48. The functional and muscle strength progress
through the different time points of the study are shown
in Figure 1.

Considering the functional outcome during the
ICU stay (AKATZicu), the variables that significantly
contributed to the model were age (Wald »° = 10.060,
P = 0.002), KATZ at ICU admission (Wald 5> = 7.385,
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P = 0.007), MRC at ICU admission (Wald ;* = 4.837,
P = 0.028) and previous stroke (Wald > = 4.671, P <
0.031). For the ward period (AKATZwaro) the significant
predictors were age (Wald > = 6.520, P = 0.011),
KATZ at ward admission (Wald > = 12.782, P < 0.001),
MRC at ward admission (Wald > = 4.418, P = 0.036),
and sepsis (Wald »* = 4.528, P = 0.033). Similarly, age
(Wald * = 8.077, P = 0.004), total length of stay (Wald
7> = 6.629, P = 0.010) and KATZ at ward admission
(Wald * = 10.099, P = 0.001) contributed for the
functional outcome model considering the total length
of stay (AKATZor) (Table 2).

Regarding the muscle strength outcome during
the ICU stay (AMRCicu), the SAPSII (Wald 4> = 5.789,
P = 0.016), MRC at ICU admission (Wald ° = 9.645,
P = 0.002) and previous stroke (Wald > = 8.815, P
= 0.003) were significant predictors. For the ward
period (AMRCwaro) the predictors were the MRC at ICU
admission (Wald y* = 20.013, P < 0.001) and MRC
at ward admission (Wald »* = 12.085, P = 0.001). At
hospital discharge (AMRCror), the total length of stay
(Wald z* = 4.799, P = 0.028), MRC at ward admission
(Wald z° = 4.406, P = 0.036) and sex (Wald *> = 3.864,
P = 0.049) contributed for the model (Table 2).

Among the significant predictors in the generalized
linear model analysed using the ROC curve, age (AUC
= 0.664, cut-off = 78.5 years) was the only variable
that discriminated the AKATZicu. For the AMRCicu the
variables SAPSIII (AUC = 0.661, cut-off = 50.0%)
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Figure 1 Functional progress through the different time points of the study. KATZ: KATZ Index of Independence in Activities of Daily Living; MRC: Medical
Research Council Scale. Dashed lines represent step changes in mean values of scores between sequential time points of the study. ICU: Intensive care unit.

and MRC at ICU admission (AUC = 0.653, cut-off =
37 points) were discriminative. For AKATZwaro, the
variables of age (AUC = 0.712, cut-off = 81.5 years),
KATZ at ICU admission (AUC = 0.590, cut-off = 4.5
points), KATZ at ward admission (AUC = 0.746, cut-off
= 2.5 points), and MRC at ward admission (AUC = 0.721,
cut-off = 47 points) were discriminative. The variables
that significantly discriminated the AMRCwaro were MRC
at ICU admission (AUC = 0.681, cut-off = 44.5 points)
and MRC at ward admission (AUC = 0.553, cut-off =
43.3 points). Finally, total length of stay (AUC = 0.617,
cut-off = 11.5 d) and KATZ at ICU admission (AUC =
0.621, cut-off = 3.5 points) were the only variables that
discriminated the AKATZror. Whereas total length of
stay (AUC = 0.649, cut-off = 10.5 d) and MRC at ward
admission (AUC = 0.696, cut-off = 37 points) were the
variables that significantly discriminated the AMRCror
(Figure 2 and Table 3).

There were weak significant associations between
AMRCicu and AKATZicu (p = 0.264; P < 0.001), AMRCicu
and AKATZwaro (p = 0.151; P = 0.034) and AMRCrorand
AKATZtor (p = 0.183; P = 0.010).

DISCUSSION

Overall muscle strength and functional progress during
hospitalization

The results of this study showed that, in spite of being
cooperative and undergoing a mobilization protocol,
only a small percentage of the patients in ICU improved
their muscle strength (28.8%) and functional status
(24.7%) in this setting. The same was observed in the
ward period, with improvements in 35.4% of patients
for muscle strength and 23.7% of patients for KATZ
ADL index. This cohort of patients had low functional and
muscle strength scores at hospital discharge, i.e., KATZ
= 3.7 and MRC = 43.6. Advanced age was identified as
one of the determining factors of unfavourable functional
progress in our study, and with the high prevalence of
aged patients in our sample (80.3%, i.e., 167 patients
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older than 65 years of age) this must have contributed
to the poor functional progress during hospitalization
and at hospital discharge. As shown in Table 1, elderly
patients had more severe clinical condition at admission,
as well as lower MRC scores and higher prevalence
of previous stroke. Besides aging, these factors may
have also contributed to the poorer functional scores
observed on the ward and at hospital discharge in
comparison with the younger subgroup.

Nevertheless, when considering the sample as a
whole, there was a clear trend in improving MRC and
KATZ scores throughout the hospitalization period
(Figure 1). These results are in accordance with the
study of van der Schaaf et al*® (2009) who followed
a sample of 255 participants during the ICU stay. In
this study, even with a younger sample (mean age
= 58.8 years), they found that 69% of the subjects
had persistent limitations for the activities daily living
even one year after the hospital discharge. In our
study length of stay was a significant predictor of
improvement in muscle strength and functional status
when considering the total time of hospitalization. This
suggests that the in-hospital functional and muscle
strength recovery may be time-dependent. Hence
the extent of improvements in functional outcomes
during hospitalization should be incorporated in
hospital discharge planning. However, the evidence
is still inconclusive regarding the benefits of exercise-
based interventions on functional exercise capacity
and health-related quality of life for survivors of critical
illness'®!, Further research into the rehabilitation
during hospitalization and post hospital discharge are
required®®*.

Predictors of muscle strength and functional
improvement

A total of 134 (67.7%) and 122 (61.6%) of the patients
presented with ICU-AW at ICU and hospital discharge,
respectively. The high incidence of ICU-AW in this cohort
of patients may be due to the high prevalence of sepsis
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Table 2 Generalized linear model results for functional outcomes (7 = 198)

Functional outcome AKATZ AMRC
Test for model effects Parameter estimates Test for model Parameter estimates
effects

Comparison Variable Wald 12 P (Sig.) B Lower Upper Wald ;(2 P (Sig.) B Lower Upper
95%Cl  95%CI 95%Cl  95%CI
ICU Age, yr 10.006 0.002 0.043 0.016 0.069 1.430 0.232 0.016 -0.010 0.042
SAPS3, % 1.312 0.252 -0.023 -0.063 0.017 5.789 0.016 -0.053 -0.097 -0.010
Length of stay in ICU, d 1.295 0.255 -0.040 -0.110 0.029 3.145 0.076 -0.068 -0.144 0.007
KATZ at ICU admission, score 7.385 0.007 -0.562 -0.967 -0.157 0.399 0.528 0.119 -0.251 0.489
MRC at ICU admission, score 4.837 0.028 -0.045 -0.084 -0.005 9.645 0.002 0.057 0.021 0.093
Sex (male =1) 0.069 0.792 -0.108 -0.913 0.697 0.733 0.392 0.341 -0.440 1.123
Sepsis (no) 0.105 0.745 -0.133 -0.934 0.669 0.088 0.766 -0.122 -0.924 0.680
COPD (no) 0.184 0.668 -0.302 -1.683 1.078 0.479 0.489 -0.488 -1.870 0.894
Dementia (no) 0.238 0.626 -0.261 -1.312 0.789 1.478 0.224 -0.622 -1.626 0.381
Previous stroke (no) 4.671 0.031 -1.782 -3.398 -0.166 8.815 0.003 -2.667 -4.428 -0.906

Cause of ICU admission 3.785 0.706 NS NS NS 7.956 0.241 NS NS NS
Ward Age, yr 6.520 0.011 0.040 0.009 0.071 1.235 0.267 0.016 -0.012 0.043
SAPS3, % 0.137 0.711 0.008 -0.034 0.050 0.029 0.865 -0.004 -0.046 0.039
Length of stay in ward, d 2.726 0.099 -0.047 -0.102 0.009 1.014 0.314 -0.028 -0.083 0.027
KATZ at ICU admission, score 9.241 0.002 -0.858 -1.411 -0.305 1.185 0.276 0.228 -0.183 0.639
MRC at ICU admission, score 1.339 0.247 0.034 -0.024 0.092 20.013 < 0.001 0.223 0.125 0.320
KATZ at ward admission, score  12.782 < 0.001 0.867 0.392 1.342 0.503 0.478 0.123 -0.217 0.464
MRC at ward admission, score 4418 0.036 -0.064 -0.123 -0.004 12.085 0.001 -0.170 -0.265 -0.074
Sex (male = 1) 0.548 0.459 0.306 -0.504 1.115 0.971 0.324 -0.361 -1.079 0.357
Sepsis (no) 4.528 0.033 0.940 0.074 1.805 0.740 0.390 0.332 -0.424 1.087
COPD (no) 0.035 0.852 -0.122 -1.404 1.160 1.978 0.160 0.881 -0.347 2.108
Dementia (no) 0.138 0.710 -0.206 -1.290 0.879 0.063 0.803 0.120 -0.822 1.063
Previous stroke (no) 0.362 0.548 -0.377 -1.606 0.852 0.067 0.796 -0.144 -1.231 0.943

Cause of ICU admission 6.186 0.403 NS NS NS 4.222 0.647 NS NS NS
Total Age, yr 8.077 0.004 1.465 -3.56 6.490 0.243 0.622 0.007 -0.019 0.033
SAPS3, % 0.816 0.366 0.044 0.014 0.075 0.832 0.362 0.019 -0.021 0.059
Total length of stay, d 6.629 0.010 -0.021 -0.066 0.024 4.799 0.028 -0.039 -0.075 -0.004
KATZ at ICU admission, score 10.269 0.001 -0.056 -0.098 -0.013 0.024 0.876 -0.031 -0.424 0.362
MRC at ICU admission, score 0.257 0.612 0.826 0.321 1.331 1.077 0.299 -0.024 -0.069 0.021
KATZ at ward admission, score ~ 10.099 0.001 0.014 -0.040 0.069 0.006 0.937 -0.014 -0.364 0.336
MRC at ward admission, score 2.743 0.098 -0.752 -1.215 -0.288 4.406 0.036 0.049 0.003 0.095
Sex (male = 1) 0.157 0.692 -0.047 -0.102 0.009 3.864 0.049 -0.751 -1.499 -0.002
Sepsis (no) 1.589 0.208 0.169 -0.668 1.007 0.439 0.508 0.247 -0.484 0.978
COPD (no) 0.002 0.968 0.594 -0.330 1.517 1.076 0.300 0.570 -0.507 1.648
Dementia (no) 0.028 0.866 -0.026 -1.318 1.265 0.629 0.428 -0.363 -1.261 0.534
Previous stroke (no) 0.046 0.831 -0.097 -1.226 1.032 3.273 0.070 0.911 -0.076 1.899

Cause of ICU admission 12.048 0.061 NS NS NS 2.985 0.811 NS NS NS

KATZ: KATZ Index of Independence in Activities of Daily Living; SAPS3: Simplified acute physiology score; MRC: Medical Research Council; COPD:
Chronic obstructive pulmonary disease; NS: No significant; A: Significant differences for categories cardiovascular and respiratory; B: Significant differences
for categories gastrointestinal and respiratory.

Table 3 Receiver-operating characteristic curve analysis for significant factors for predicting functional outcomes

Functional outcomes AKATZ AMRC

AUC Cut-off Sensitivity Specificity P (Sig.) AUC Cut-off Sensitivity Specificity P (Sig.)

ICU Age, yr 0.664 785 41% 42% 0.001 ' ! ! ! !
SAPS3, % ! ! ! ! ! 0661  50.5 68% 52% 0.014

KATZ at ICU admission, score  0.515 45 47% 58% 0.753 ! ! ! ! !
MRC at ICU admission, score ~ 0.592 455 57% 56% 0.053  0.653 37 44% 35% 0.001

Ward Age, yr 0.712 81.5 32% 47%  <0.001 ! ! ! ! !

KATZ at ICU admission, score  0.590 45 35% 52% 0.035 ! ! ! ! !
MRC at ICU admission, score ' ! ! ! ! 0.681 445 39% 42% <0.001

KATZ at ward admission, score  0.746 25 63% 12% <0.001 ! ! ! ! 1
MRC at ward admission, score  0.721 47 69% 67% <0.001 0.553 43.3 54% 48% 0.200

Total Age, yr 0.592 815 38% 52% 0.058 ' ! ! ! !
Total length of stay, d 0.617 11.5 51% 72% 0016 0649 105 54% 73% 0.001

KATZ at ICU admission, score  0.621 35 53% 28% 0.012 ! ! ! ! !

KATZ at ward admission, score ~ 0.515 45 38% 58% 0.750 ! ! ! ! !
MRC at ward admission, score ' ! ! ! ! 0.69 37 51% 35% <0.001

'Variables with no significant effect on the generalized linear model were not analyzed using ROC curves. KATZ: KATZ Index of Independence in
Activities of Daily Living; MRC: Medical Research Council; SAPS3: Simplified acute physiology score; AUC: Area under the curve.
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(53%) and increased age in our sample!*>?°,

Nonetheless, higher MRC scores at ICU admission
were predictive for the improvement in muscle strength
and functionality during the ICU stay. These results
reinforce the concept that more attention by physical
therapists should be given to patients with reduced
muscle strength at ICU admission. In this way, the
early application of rehabilitation may benefit selected
patients. Specifically the application of electrical muscle
stimulation®”” or in-bed cycling® in the patient group
who are un-cooperative or with very poor muscle
strength may be beneficial but requires more prospective
evaluation.

Interestingly, the KATZ indexes at ICU admission
were predictive only for the functional improvement.
As a minimum degree of muscle strength is needed
for performing the self-care activities, it is likely that
individuals with higher KATZ scores had strength about
4-5 in the muscles assessed by the MRC scale. Thus,
due to the ceiling effect, further improvements in muscle
strength were not detected in patients with higher KATZ
scores.

Surprisingly, dementia, considered an exclusion
criterion in some mobilization trials 1™ was not a pre-
dictor of no-improvement in muscle strength. Conversely,
previous stroke, which results in variable degrees of
neuromuscular disability, was predictive of non-improve-
ments in KATZ and MRC scores during the ICU stay.

Functional assessment

The functional progression of hospitalized patients is
dependent on many factors. For example, nutritional
status, use of certain drugs (corticosteroids, heuromu-
scular blockers, etc.), hyperglycaemia, and multiple
organ failure®***%, among others might have influenced
the results of this research. Although it can be con-
sidered a limitation, we used a representative sample
of critically ill patients, and our outcomes provided
functional, demographic and clinical parameters to
be used as general predictors of muscle strength and
functional progress during the hospitalization period.
We believe that the findings of this study add new
relevant information for the early rehabilitation and
mobilization protocols, as well as to serve as a starting
point for further research on the individual factors to be
considered for these types of intervention.

The functional assessment instrument used in
this study was not originally developed for use in the
intensive care unit. Similarly, other functional instru-
ments designed for outpatients, such as the Barthel
Index and the functional independence measure (FIM)
have been used in intensive care®. As many ICU pati-
ents may present with a very low functional capacity, it
is likely that these general functional instruments have
some limitation concerning their clinimetric properties.
For example in ICU there may be potential for a floor or
ceiling effect; limited ability to detect meaningful change
(responsiveness) and/or minimal clinically important
difference!”. To date there are no instruments designed
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to follow the functional progress of patients’ from ICU
admission to hospital discharge and beyond. Therefore,
such general scales seem to be useful for the long term
prospective functional monitoring, for both clinical and
research purposes.

As intubated and mechanically ventilated patients
were not included in this study, it was not possible to
analyse the influence of this factor on muscle strength
and functional progress during hospitalization. Although
muscle weakness is associated with prolonged weaning
from mechanical ventilation, there is large variability in
the reported prevalence of ICU-AW among mechanically
ventilated patients®". Therefore, future studies should
address if mechanical ventilation is an independent
predictor of peripheral muscle strength and functional
progress in critically ill patients. Another limitation of
the study is that data from deceased patients were not
included and analysed. As we used secondary records
and patients with incomplete data were excluded, this
information was not available in our database. Our
study did not focus on mortality outcomes and it hence
it would not have been possible to analyze functional
progress of these subjects throughout all time points.

In conclusion, better functional patient condition and
low severity of illness score at ICU admission, absence
of sepsis and stroke, longer total length of stay and
age lower than 78.5 years are predictors of favourable
patient functional progress during hospitalization
following an intensive care admission.
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