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ABSTRACT  
 
Purpose  
To evaluate the functional status within the first week of discharge from an intensive 
care unit (ICU), and to identify predictors and explanatory factors of functional status. 
 
Method  
A prospective, observational, cohort study was conducted with consecutive ICU patients 
who had stayed in a mixed, closed format, university-level ICU for longer than 48 hours.  
 
Results   
Between 3 and 7 days of discharge from the ICU, functional status (as primary outcome), 
walking ability, muscle strength, and sensory and cognitive functioning were assessed 
in 69 survivors. The overall functional status was poor (median Barthel Index 6). In their 
ability to perform basic activities of daily living, 76% were severely dependent, 15% were 
moderately dependent, and 9% were slightly dependent on other people. Independent 
walking was impossible for 73% of participants, grip strength was reduced for 50%, and 
30% had cognitive impairments. Duration of ventilation was associated with functional 
status after ICU discharge. Reduced grip strength and walking ability were identified as 
explanatory factors for poorer functional status shortly after discharge from the ICU.   
 
Conclusion   
In the first week after discharge from the ICU, the majority of the patients had substantial 
functional disabilities in activities of daily living. These disabilities were more severe 
in patients who experienced ventilation for a longer period of time. There is a need for 
prospective studies focusing on functional recovery to support informed decision-making 
concerning the care of critically ill patients after ICU discharge. 
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INTRODUCTION  
In intensive-care patients, outcome is most frequently expressed in terms of mortality.1 
However, due to the increase in the number of intensive care unit (ICU) patients who 
survive a critical illness, the focus of interest has shifted towards studies of long-
term morbidity and health-related quality of life (QoL).2 Several long-term studies 
have demonstrated reduced health-related QoL of survivors after ICU discharge.2-5 To 
improve outcome, the expertise of rehabilitation medicine could be useful, as reducing 
functional impairments and limitations in activities should be primary treatment goals.   
In order to develop optimal and adequate rehabilitation care at an early stage, information 
about the long-term outcome of ICU patients and insight into their functional status shortly 
after ICU discharge is needed. Moreover, the identification of prognostic and explanatory 
factors of functional status shortly after discharge would support informed decision 
making with regard to the care that is provided for critically ill patients. The objectives of 
the present study were to assess the functional status of ventilated ICU patients within the 
first week after discharge, and to identify prognostic and explanatory factors of functional 
status.

 
METHODS  
Study population   
Between May 15 and August 31 2005, all adult patients (aged ≥ 18 years) who were  
consecutively admitted to the 28-bed, mixed medical and surgical closed-format 
ICU in the Academic Medical Center (university hospital) in Amsterdam, and 
who had received mechanical ventilation for more than 48 hours, were eligible 
for participation in the study. Patients with insufficient knowledge of the Dutch 
language were excluded. Eligible patients who were readmitted to the ICU in the 
study period were only included once, and assessed only after their final discharge 
from the ICU. The Ethical Review Board of the Academic Medical Center waived the 
need for informed consent because of the non-interventional nature of the study.   
In the ICU, patients are weaned from mechanical ventilation according to the local nurse-
driven ventilation protocol. Patients are discharged to the medium-care ward or regular 
ward if they are stable in terms of respiratory and hemodynamic function, are breathing 
without assistance from the ventilator, and are being weaned from inotropics. Physiotherapy 
becomes an integral part of the management of patients in the ICU as soon as patients 
have passed through the acute phase. Physiotherapy treatment is aimed at enhancing the 
patient’s overall functional capacity and at decreasing the risks of complications associated 
with bed rest.
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Data-collection  
Baseline assessment  
The following data were obtained from the patients’ medical records and from the Dutch 
National Intensive Care Evaluation database: age; gender; diagnosis on admission to the 
ICU; duration of mechanical ventilation; length of stay in the ICU; mortality; and health 
classification assessed according to the Acute Physiology and Chronic Health Evaluation II 
(APACHE II)6, the Simplified Acute Physiology Scores II7 and the Sequential Organ Failure 
Assessment.8

Primary-outcome measures  
In order to gain insight in the need for care and rehabilitation intervention before patients 
are discharged from the hospital, the primary outcome was assessed 3-7 days after discharge 
from the ICU, after a habituation period of 2 days on the ward. The primary-outcome 
measure was the Barthel Index. The Barthel Index measures the capacity to perform ten 
basic activities of daily living (ADL) and gives a quantitative estimation of the patient’s level 
of dependency, with scoring from 0 (totally dependent) to 20 (totally independent). The 
scale has frequently been used to measure physical functioning in clinical settings.9-11 

Secondary-outcome measures  
The following functions were assessed 3-7 days after discharge from the ICU: muscle 
strength, according to the Medical Research Council scale;12,13 grip strength, expressed in 
Newton, using the digital handgrip dynamometer (Lode BV, Groningen, The Netherlands);14 
sensory functions, using the Semmes Weinstein monofilaments15 and the Rydel-Seiffer 
tuning fork;16 and cognitive state, via the Mini Mental State Examination.17 Walking ability 
was also assessed 3-7 days after discharge from the ICU, via the Functional Ambulation 
Categories (FAC).18 Additionally, the patient’s QoL prior to admission to the ICU was 
obtained via the proxy version of the Dutch validated version of the Short Form 36 (SF-
36) questionnaire. The proxy, who had to be in close contact with the patient on a regular 
basis, was asked to mark the statement that best described the patient’s state of health in 
the 4 weeks prior to ICU admission. The SF-36 is a widely used, standardized, generic QoL 
instrument.19,20 All assessments were standardized, and carried out by experienced senior 
physiotherapists.

Data analysis   
Patient characteristics and outcome measures were analyzed with descriptive statistics. 
The data are expressed as mean ± SD, and if the distribution was skewed medians and 
interquartile ranges are presented. Student’s t-test and nonparametric tests were 
performed when appropriate. The SF-36 scores of ICU patients at baseline were compared 
with those of the age-matched Dutch general population using the Z-score (difference 
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between patient and Dutch general population mean score, divided by general population 
SD), in which a value of at least 0.8 represents a difference of at least four-fifths of the 
baseline SD and is viewed as a deviation from the norm score.21 Length of stay can be 
influenced by factors that are not related to health status, such as the available facilities 
in the medium-care unit and nursing wards; therefore, only the duration of mechanical 
ventilation was included in the analyses. Univariate associations between functional 
status and potential prognostic factors (age, scores on the pre-ICU SF-36 physical and 
social-functioning domains, and APACHE II score) and duration of ventilation were 
assessed with Spearman’s rho; a P value of <0.05 was considered statistically significant.  
Linear regression analysis was performed to identify explanatory factors of functional  
status. Variables considered included grip strength, sensory function, walking ability, and 
cognitive functioning. Variables found to be significant by univariate analysis were entered  
into a stepwise multiple linear regression analysis (with a stepwise forward-selection  
strategy), to determine their independent relation to functional status. A P value of 
<0.05 was considered statistically significant. Residual analysis was performed  
to search for violations of necessary assumptions in multiple regression in terms of  
linearity, equality of variance, independence of error, and normality. The possible  
presence of collinear data was investigated via tolerance statistics. All statistical   
analyses were performed using SPSS 12.0 software (SPSS Inc, Chicago, IL).  

RESULTS  
Study population  
During the 15-week inclusion period, 525 patients were admitted to the ICU. Of these, 386 
were excluded because they were ventilated for less than 48 hours. Another 9 patients were 
excluded because of insufficient knowledge of the Dutch language, and another 21 patients 
were excluded as they could not be assessed within the first week after discharge from the 
ICU because of transfer to another hospital (n=16) or to a nursing home (n=1), or discharge 
to their home (n=4). Consequently, a total of 109 patients participated in the study. The 
mortality rate in the period before assessment was 36% (n=39). The functional status 
of one patient was assessed on the eighth day after ICU discharge, and these data were 
not included in the analysis; the data analysis included information from 69 ICU patients. 
Figure 1 presents a flow diagram of the study population. The patient characteristics are 
presented in Table 1. 
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Figure 1   Flow diagram of the study population

The length of stay in the ICU was highly associated with the duration of mechanical 
ventilation (r = 0.87, P < 0.001). The SF-36, providing information on patients’ QoL prior to 
admission to the ICU, was returned by 38 (55%) proxies. Except in one case (3%), all proxies 
were partners (55%) or family members (child 26%, parent 11%, sibling 5%) of the patients. 
No statistically significant differences in potential predictors (age, APACHE II score, duration 
of ventilation) or primary outcome (Barthel Index score) were found between patients 
whose proxies returned the SF-36 and patients whose proxies didn’t return the SF-36. 
Therefore, the results were considered representative of the whole study group. QoL prior 
to admission did not deviate from that of the general Dutch population (age and gender 
matched). Z-scores of the domains were between -0.32 and +0.65 (Table 2).
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Table 1 Demographic and clinical patient characteristics of study patients (n=69) 

Patient characteristics Value

Median age, years (IQR) 60  (49-71)
Sex 
    Male, n (%)
    Female, n (%)

43  (62%) 
26  (38%)

Type of admission 
    Elective, n (%)
    Non-elective, n (%)

10  (14%)
59  (86%)

Diagnosis at ICU admission, n (%)
    Surgical
        Cardiovascular
        Neurological (including head trauma)
        Gastrointestinal
        Trauma
   Medical 
        Cardiovascular
        Neurological
        Respiratory
        Other 

10  (15%)
12  (17%)
  6  ( 9%)
  3  ( 4%)

  9  (13%)
  6  (9%)
17  (25%)
  6  ( 9%)

Severity of illness
    APACHE II score
    SAPS II score
    SOFA score on admission
    SOFA score on discharge

16  (12-20)
44  (36-56)
  8  (6-11)
  5  (3-7)

Median duration of mechanical ventilation, days (IQR) 
Median length of stay in ICU, days (IQR)

  6  (3-10)
  7  (5-17) 

 
Abbreviations: APACHE II, Acute Physiology and Chronic  health Evaluation; ICU, Intensive Care Unit; IQR, inter-
quartile range; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment.
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Table 2 Quality of life in various domains before ICU admission (n = 38)

   SF-36 domain* Median score (IQR) Median Z-score (IQR)**
   Physical functioning    85  (39-96)    .09 (-1.94 - 0.58)
   Physical role limitations 100  (0-100)    .65 (-2.11- 0.65)
   Social functioning   88  (47-100   .16 (-1.66 - 0.71)
   Emotional role limitations 100  (50-100)  .54 (-.99 – 0.54)
   Bodily pain   69  (44-100) -.24 (-1.30 - 1.07)
   Mental health   76  (62-92)   -.05 (-.85 - .87)
   Vitality   63  (31-84) -.32 (-1.94 - 0.79)
   General health perceptions   65  (30-85) -.28 ( -1.97- 0.69)

 
*Short Form 36 questionnaire: score range 0-100 (higher scores representing better functioning)   
**Positive Z-scores indicate better functioning compared with the general population.   
Abbreviations: IQR, interquartile range; SF-36, Short Form 36 questionnaire.

 
Functional status   
Functional status was assessed after a median period of 4 days (range 3-7 days) after 
discharge from the ICU. No association was found between functional status (Barthel Index 
score) and the length of time between ICU discharge and assessment (r = -0.04, P = 0.76). 
Survivors had substantial ADL function limitations after discharge from the ICU, with a 
median Barthel Index score of 6 (interquartile range 2.5-12.5). Of the survivors, 40% were 
totally dependent (Barthel Index score 0-4), 36% were severely dependent (Barthel Index 
score 5-12), 15% were moderately dependent (Barthel Index score 6-18), 3% were slightly 
dependent (Barthel Index score 19), and only 6% were independent in performing basic 
ADL (Barthel Index score 20).22,23 There was no difference in functional status in patients 
who were re-admitted to the ICU, and patients who were admitted once. Neither was 
there a difference between surgical and medical patients (n=31 and n=38, respectively, 
P = 0.293). As a result of the small size of subgroups based on diagnosis, differences in 
functional status could not be investigated. 

Secondary-outcome measures could not be assessed in all the participants, due to health 
conditions such as reduced consciousness or the cast immobilization of an extremity. 
Manually measured upper-extremity and lower extremity muscle strength was slightly 
reduced (median Medical Research Council scale score of 4). Median grip strength in 
both hands was 50% lower than age-corrected and gender corrected normative data.24,25  
Sensory dysfunctions were only observed in the feet, with absent light-touch sensation  
in 15% of patients, and impaired vibration sense in 40% of patients. Moreover, 39% of  
patients were not able to walk (FAC score 0), and 34% needed physical support or 
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assistance with walking (FAC score 1-3). The median Mini Mental State Examination score  
indicated that the majority of patients were not cognitively impaired after ICU discharge.  
However, 15 patients (27%) had scores <24, indicating the presence of cognitive 
impairments.26 Most of the errors concerned items related to concentration and  short- 
term memory (subtracting serial 7s and recalling three objects). Secondary-outcome 
measures of the survivors are shown in Table 3. 

Age, QoL prior to ICU admission, and severity of illness (as measured by the APACHE II) 
on ICU admission were not associated with functional status after ICU discharge (age and 
Barthel Index score, P = 0.77; SF-36 physical-functioning domain and Barthel Index score, 
P = 0.20; SF-36 social functioning domain and Barthel Index, P = 0.22; APACHE II score and  
Barthel Index score, P = 0.96). However, an association between the duration of mechanical 
ventilation and functional status after ICU discharge was demonstrated (r = -0.404, P = 
0.001). Stratification of the study population, using different cut-off points for duration 
of ventilation, resulted in the greatest difference in the Barthel Index score between 
subgroups, based on a cut-off point of 6 days of ventilation. The median Barthel Index score 
of patients ventilated for ≥ 6 days (n=30) was 6 points lower than that of patients ventilated 
for < 6 days (n=39; score 4 versus 10, P = 0.001). This relationship is illustrated in Figure 2.

  

 
Figure 2   Association between duration of mechanical ventilation and Barthel Index score.   
                  The vertical line marks the cut-off point of 6 days.
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Table 3 Patient results on secondary outcome measures

Outcome measure    Value 

Median MRC scale score (scale 0-5, IQR, n=55)* 
    Elbow flexion
    Elbow extension
    Knee extension
    Ankle dorsal flexion

 
    4 (4-5)
    4 (4-5)
    4 (4-5)
    5 (4-5)

Median grip strength (Newton, IQR, n=48)      
    Right hand 
    Left hand

 

148 (108-227) 
130 (92-169)

Sensibility (n=53)       
    Absent in hands, n (%)
    Absent in feed, n (%)

  
    0 (0)
    8 (15) 

Vibration sense in hands  (n=53)
     Reduced in hands, n (%)
     Reduced in feed, n (%)

    2 (4)
  21 (40)

FAC score, n (%) (n=69)               
    0  (not able to walk or requires help from ≥ 2 people)
    1  (requires continuous firm support from 1 person to walk)
    2  (requires continuous or intermittent support from 1 person to walk)
    3  (requires verbal supervision or stand-by help from one person
        without physical contact to walk)
  4 (can walk independently on level ground, but requires help on stairs,   
        slopes or uneven surfaces)
    5 (can walk independently anywhere)

 
  27 (39)
  12 (17)
    5 (7)
    7 (10)
  
  10 (14)
   
    8 (11)

Median MMSE score (scale 0-30, IQR, n=54)   26 (23-28)
 
Abbreviations: FAC, Functional Ambulation Categories; IQR, interquartile range; MMSE, Mini Mental State 
Examination; MRC, Medical Research Council.   
*Higher scores represent better functioning.

Univariate analyses showed that functional status was associated with walking ability (P < 
0.000, r = 0.76), upper-extremity grip strength (P < 0.000, r = 0.62), cognitive functioning 
(P = 0.032, r = 0.27), and sensory dysfunction in the foot (P = 0.035, r = -0.26). Multivariate 
linear regression analysis identified walking ability and grip strength as independent 
explanatory factors of functional status (R2 = 0.64). Plots of residual analysis revealed no 
violations of assumptions in multiple regression in terms of linearity, equality of variance, 
and normality. Measures of co-linearity did not reveal a high correlation between the 
independent variables.
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DISCUSSION  
The results of this study show that the majority of ICU patients who have been ventilated 
for at least 48 hours have substantial functional limitations in ADL immediately after 
ICU discharge, and that these functional limitations are associated with the duration of 
mechanical ventilation. Multivariate analysis showed that reduced upper-extremity 
strength and walking difficulties were the most important independent explanatory factors 
of poorer functional status. In this study, outcome was assessed between 3 and 7 days after 
discharge from the ICU. The timing of the outcome assessment was irrespective of the 
patient’s health status, but depended on practical factors such as availability of the research 
assistants during the weekend and weekdays. With respect to a conceivable convalescence 
over the days following ICU discharge, one might expect that patients who were assessed 
earlier after ICU discharge would have a poorer functional status than would patients who 
were assessed at a later date. However, no association was found between functional status 
and the length of time between ICU discharge and assessment (r = -0.04, P = 0.76).   
 
Contrary to reports in the literature on prognostic factors for long-term physical functioning 
(i.e., that advanced age and increased severity of illness on ICU admission are independently 
associated with a poorer functional outcome2), in the present study, age and severity  
of illness at ICU admission were not found to be associated with short-term functional 
status. This may seem surprising, since age and severity of illness have been found to be  
associated with in-hospital mortality.27 The fact that age, a proven prognostic factor of long-
term outcome, was not associated with short-term functional outcome may be surprising. 
Obviously, in older patients, poorer functional outcome may be explained by a limited  
recovery potential. However, in the early phase examined here, in which recovery has 
yet to occur, it seemed that this recovery potential has no effect on functional status.  
Furthermore, short-term functional status did not seem to be determined by the 
severity of illness on ICU admission. It might, however, depend on the duration of stay 
in the ICU, and possible complications that require ventilation for more than 48 hours  
(i.e., mechanical ventilation) during ICU treatment. Accordingly to our results,  short-term 
functional outcome differs markedly from long-term functional outcome, and has  
different associations and determinants.   
 
It might have been expected that functional status after ICU discharge would to a large  
extent be determined by physical functioning prior to ICU admission. Considering the  
results of the present study population on the physical domains of SF-36 before becoming 
critical ill, no relationship between the different domains of the SF-36 before ICU admission 
and functional status after ICU was found. This result could be explained by the small  
number of patients for which SF-36-data were available, and also by the different concepts  
of functioning that are measured by the SF-36 and Barthel Index.66 The Barthel Index  
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measures the ability to perform basic ADL, but the SF-36 measures higher levels of 
functioning. Thereby, patients with a low SF-36 score could still obtain a maximum score 
obtain a maximum score on the Barthel Index.   
 
In this study, ventilation for more than 48 hours was associated with poorer functional 
status immediately after ICU discharge. We identified a cut-off point of ≥6 days of 
mechanical ventilation, above which increased limitations in ADL were observed. Nearly 
all patients who were mechanically ventilated for at least 6 days were severely or 
totally dependent on others in ADL, whereas patients who were ventilated for less than 
6 days were more heterogeneous in this respect, ranging from almost independent 
to severely dependent in basic ADL performance. The time necessary to treat the 
initial critical illness and possible complications during the stay in the ICU clearly has a 
great impact on daily functioning in the first week after ICU discharge. In this respect, 
age and severity of illness at ICU admission seem not to play an important role.   
 
Potential study limitations are the small sample size and the possibility of selection bias. 
Although the sample consisted of a consecutive series of patients, no information on 
functional status could be obtained from 21 patients who were discharged from hospital 
before assessment and consequently excluded from the study. Therefore, it remains 
unknown whether the study population is an accurate representation of the population 
admitted to the ICU in our hospital. Another selection bias might have occurred in the data 
collection, regarding QoL prior to ICU admission. In the design of this study, the importance 
of obtaining data on pre-ICU functioning was considered. However, only 55% of the SF-
36 questionnaires were returned by the patients’ proxies. Unfortunately, reasons for not 
responding could not be further specified. Although patient age, severity of illness on ICU 
admission, and duration of ICU stay did not differ between patients for whom the SF-36  
was returned and patients for whom it was not returned, selection bias could not fully be  
ruled out with respect to this outcome measure. Another consequence of the low response  
of the proxies was that information on QoL prior to ICU admission could only be obtained  
from a small population. The striking finding, which is in conflict with the literature,2 that  
patient QoL prior to ICU admission of the study population did not deviate from  
the norm for the general population, might possibly be explained by  the  small  sample size.  
 
This study provides information that is important for the planning of care of critically ill 
patients after discharge from an ICU. After transfer from the ICU to the medium-care unit 
or a nursing ward, the cardiac and respiratory functioning of these critically ill patients is 
stable, but their physical resilience is very limited: over 75% of the patients in our study 
population were severely or totally dependent with regard to basic ADL. This implies that 
prior assessment of any care needed after discharge from the ICU is very important. Ideally, 
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all ICU patients who are ventilated longer than 48 hours should be discharged to specialized 
wards, and closely monitored in order to decide whether additional physical, mental, or 
psychological support is required during and after their hospital stay. These patients may 
need rehabilitation care, tailored to their individual needs, in order to achieve the best 
long-term functional outcome. The findings that walking ability and upper-extremity 
strength were explanatory factors for functional limitations in ADL suggest that physical 
impairments, rather than sensory impairments and cognitive dysfunction, contribute a 
great deal to the patient’s functional status shortly after discharge from the ICU. 

 
CONCLUSIONS  
Within the first week of ICU discharge, the majority of patients were severely impaired 
and dependent on others with regard to basic ADL. Therefore, we recommend that 
all patients ventilated for more than 48 hours in the ICU should be closely monitored, 
so that rehabilitation treatment can be provided in an early stage for patients with a 
complicated functional recovery. More research on the course of functional recovery, and 
the determinants of functional status in the different stages of convalescence, is needed 
in order to focus on appropriate rehabilitation treatment and to achieve optimal patient 
outcomes after a prolonged stay in an ICU.
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