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Functional independence and spirometry in adult 
post-intensive care unit patients

ORIGINAL ARTICLE

INTRODUCTION

In recent years, the number of patients who survive admission to the 
intensive care unit (ICU) has increased. It is estimated that 83% of ICU 
survivors have at least one readmission within 5 years, with 52% being 
readmitted in the first year, which generates a burden in regard to medical 
costs.(1) In Brazil, the average daily cost of ICUs is high.(2) Conversely, post-
ICU morbidity and mortality are high among survivors, especially among 
those who require the greatest resources in the hospital.(3) Most critical illness 
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Objective: To relate functional 
independence to the degree of 
pulmonary impairment in adult 
patients 3 months after discharge from 
the intensive care unit.

Methods: This was a retrospective 
cohort study conducted in one adult 
intensive care unit and a multi-
professional post-intensive care unit 
outpatient clinic of a single center. 
Patients admitted to the intensive care 
unit from January 2012 to December 
2013 who underwent (3 months 
later) spirometry and answered the 
Functional Independence Measure 
Questionnaire were included.

Results: Patients were divided into 
groups according to the classification 
of functional independence and 
spirometry. The study included 197 
patients who were divided into greater 
dependence (n = 4), lower dependence 
(n = 12) and independent (n = 181) 
groups. Comparing the three groups, 
regarding the classification of the 
Functional Independence Measure, 
patients with greater dependence had 
higher Acute Physiology and Chronic 

ABSTRACT Health Evaluation II and Sequential 
Organ Failure Assessment values at 
intensive care unit admission with 
more advanced age, more days on 
mechanical ventilation, and longer stay 
in the intensive care unit and hospital. 
The majority of patients presented 
with pulmonary impairment, which 
was the obstructive pattern observed 
most frequently. When comparing 
functional independence with 
pulmonary function, it was observed 
that the lower the functional status, the 
worse the pulmonary function, with a 
significant difference being observed 
in peak expiratory flow (p = 0.030).

Conclusion: The majority of 
patients who returned to the outpatient 
clinic 3 months after discharge had 
good functional status but did present 
with pulmonary impairment, which 
is related to the degree of functional 
dependence.

Keywords: Spirometry; Peak expiratory 
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survivors require multi-professional care and long-term 
care services, generating a major public health problem 
due to long-term sequelae.(4)

Intensive care unit admission may lead to a number 
of complications and comorbidities, including muscle 
weakness due to immobility,(5,6) physical limitations,(6) 
pulmonary alterations,(5) delirium(7) and impairment of 
quality of life.(8) This reduction in quality of life is generally 
associated with preexisting risk factors and poorer survival 
after hospital discharge.(6,9) It has been observed that a 
fraction of patients present improvements in daily life 
activities six months after discharge from the ICU, but 
the return to work is affected.(10,11) The use of prolonged 
mechanical ventilation (MV), neuromuscular blockers 
and length of ICU stay are factors that influence quality 
of life, functional independence and pulmonary function, 
even one year after a critical illness.(12,13) Therefore, 
the evaluation of functional independence in patients 
after discharge is important to verify the effects of the 
hospitalization period, the consequences of immobility 
and the possibility of developing early interventions to 
minimize these complications.

In this way, scales have been used to evaluate the 
incapacities of patients who present functional restrictions 
and include items assessing motor and cognitive function 
and abilities to perform activities of daily living; these 
scales include the Functional Independence Measure 
(FIM), with which post-ICU patients with more than 
seven days of MV can be stratified into four groups of 
disability based on age and length of stay in the ICU, 
and the Barthel Index and the Sickness Impact Profile 
(SIP)(14-17) Pulmonary complications after hospitalization 
in the ICU are related to respiratory failure, diaphragmatic 
weakness and acquired muscle weakness, which affect 
25% of survivors, and spirometric alterations and 
abnormal lung volumes are also complications found in 
patients during long-term follow-up.(18) Therefore, the 
assessment of pulmonary function is critical, as survivors 
of critical illness may present with changes in spirometric 
values within five years of ICU admission.(19) It has been 
demonstrated that loss of mass and muscle strength, 
as well as the adjustment of MV, are factors that can 
generate pulmonary impairment post-ICU, contributing 
to decreased functional capacity that limits activities of 
daily living.(18,20,21)

Therefore, it is extremely important to assess the 
association between disorders of respiratory mechanics 
and changes in functional status, as impaired respiratory 
muscle function contributes to exercise intolerance, 
hinders return to work, compromises activities of daily 

living and significantly impacts the individual’s quality of 
life. 

The objective of this study was to relate functional 
independence to the degree of lung function impairment 
in adult patients 3 months after discharge from the 
ICU, as well as to analyze the factors related to patient 
impairment.

METHODS

The present study is a retrospective cohort study that 
evaluated factors associated with physical dependence and 
pulmonary function of patients admitted to an adult ICU 
with a Multiprofessional Post-ICU Outpatient Clinic 
(MPOC) at a university hospital in southern Brazil. 
The ICU was composed of 14 beds for trauma patients 
to provide clinical and surgical care. Data were collected 
from patients admitted to the ICU from January 2012 
to December 2013, with a cross-sectional association 
between physical status and lung function.

Study population and sample process

The study population consisted of patients who were 
discharged from the ICU and returned to the MPOC 3 
months later for a multi-professional assessment, and the 
sampling was done for convenience. The study included 
patients who agreed to sign the Informed Consent form, 
who had cognitive and clinical conditions for performing 
spirometry and who answered the FIM questionnaire.

Selected variables and collection method

The data were collected from the medical records, and 
the databank was related to the period of hospitalization 
in the ICU, hospital evolution and outpatient evaluation 
after 3 months of discharge from the ICU.

Evaluation instruments (3 months after intensive 
care unit admission)

Pulmonary function was assessed by spirometry 
following the norms of the American Thoracic Society 
(ATS)(22) and reference values   relative to the Brazilian 
population.(23) The tests were performed by physical 
therapists using the One Flow FVC® portable spirometer 
(Clement Clarke, England) and met the criteria for 
acceptance and reproduction of maneuvers.

The FIM was used to evaluate the functional 
independence of patients and contains eighteen items 
encompassing six dimensions. Each item can receive 
scores of one to seven, where one corresponds to total 
dependency and seven to full independence.
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Each dimension is analyzed by the sum of the items 
that compose it, and the total FIM score is given by 
the sum of each dimension, being able to vary from 18: 
complete dependence; 19 to 60: greater dependence 
(assistance of up to 50% of tasks); 61 to 103: less 
dependency (assistance of up to 25% of tasks); and 104 to 
126: independent.(14) For statistical purposes, the groups 
“complete dependence”, “greater dependence” and “less 
dependency” were eventually grouped as “dependent”.

Statistical analysis

The data are described as the median and interquartile 
range. To verify the distribution of the data, the 
Kolmogorov-Smirnov test was used. Data were evaluated 
using Student’s t-test for independent samples when the 
assumption of normality was met. When nonnormally 
distributed, the data were evaluated using the Mann-
Whitney test. Qualitative variables were assessed using 
the chi-square test for independence and analyzed based 
on absolute frequency. The association and relationship 
between variables were assessed using Pearson’s 
correlation. The statistical programs used were Statistical 
Package for Social Sciences (SPSS), XLSTat 2017 
and R Core Team 2019, and p < 0.05 was considered 
statistically significant.

The present study was approved by the Research Ethics 
Committee of the Universidade Estadual do Oeste do Paraná 
under protocol 436.770 and conducted according to 
recommendations of resolution 466/2012 of the Brazilian 
National Health Council. Informed Consent Forms were 
signed by study participants or their close relatives.

RESULTS

In the study period, 697 patients were discharged alive 
from the ICU, of whom 277 (43%) attended the MPOC. 
Of these, 197 (71%) were eligible and included in the 
study (Figure 1).

Among the patients included in the study (n = 197), 
the main causes of admission were surgery (40%) and 
trauma (38%). The patients were predominantly male 
(62%), with a mean age of 42.1 years and admission 
Acute Physiology and Chronic Health Evaluation II 
(APACHE II) and Sequential Organ Failure Assessment 
(SOFA) scores of 19.4 and 8.1, respectively (Table 1S - 
Supplementary material). In addition, 37% of patients 
presented comorbidities prior to ICU admission, among 
which systemic arterial hypertension was the most 
prevalent (26% of patients).

When patients were analyzed according to the FIM, 
it was verified that in the dependent group, the patients 

were older (p < 0.0001) and had greater clinical severity, 
APACHE II scores and SOFA scores (p < 0.0001). The 
duration of sedation, duration of MV, length of stay 
in the ICU and in the hospital were higher in patients 
with dependent function (p < 0.0001). The main cause 
of admission was trauma in the dependent group and 
surgery in the independent group (Table 1).

When evaluating lung function, 73% of patients had 
pulmonary impairment, and the obstructive pattern was 
the most predominant. A high prevalence of life habits 
such as smoking and alcoholism was found across the 
groups, especially in patients with normal and obstructive 
spirometry. Age was lower in the group with normal 
spirometry and higher in the obstructive group, and the 
predominant sex was male in the three groups (normal, 
obstructive and restrictive), presenting a significant 
difference in both variables and in the ventilation period 
greater than twenty-four hours (Table 2).

When the FIM was compared with the spirometric 
values, it was observed that the group with the greatest 
dependence presented lower values of forced vital capacity 
(FVC), forced expiratory volume in the first second 
(FEV1) and peak expiratory flow (PEF) than the groups 
with greater independence (Figure 2).

For purposes of statistical correlation, patients with 
minor and major dependence were grouped together 
(dependent; n = 16) and compared with the independent 
group (n = 181). By Pearson’s correlation analysis, the 

Figure 1 - Flowchart of patients eligible for the study.
ICU - intensive care unit; FIM - Functional Independence Measure.

http://rbti.org.br/exportar-pdf/0103-507X-rbti-33-02-0243-suppl01-en.pdf
http://rbti.org.br/exportar-pdf/0103-507X-rbti-33-02-0243-suppl01-en.pdf
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care is evolving due to the emergence of new life-support 
techniques aimed at improving the quality of care provided 
to the individual.(24) It is commonly found that post-ICU 
syndrome can generate physical, mental and cognitive 
alterations; therefore, multidisciplinary evaluation after 
discharge is of fundamental importance.(25-27)

Among the patients in this study, 37% presented 
previous diseases at hospital admission, with the most 
common being hypertension followed by diabetes 
mellitus. This result corroborates the findings described in 
the literature, which also found a predominance of these 
conditions in critical patients.(27)

Regarding the level of severity of the disease, as 
demonstrated by APACHE II and admission SOFA scores, 
it was observed that the scores did present a significant 
difference, and both were higher in the groups with 
functional dependence. In a study comparing individuals 
with and without sepsis, death rates among individuals 
were twice as high for up to 5 years in patients who had 
sepsis with higher APACHE II values and long-term 
sequelae, such as decreased quality of life and functional 
disability.(28)

Among the early and late consequences of physical 
and cognitive dysfunctions in patients after ICU, the 
decrease in functional capacity is reflected in physical/
motor impairment with interference in activities of daily 
living. Critical status, need for MV and prolonged use of 
sedation may cause decreased functional independence 
and greater post-discharge disability, as has been observed 
in a number of post-ICU follow-up studies.(12,13,15) In 
our study, the majority of patients achieved functional 
independence within 3 months after discharge from the 
ICU.

When patients in the study returned to the outpatient 
clinic, 92% already had near-normal functional status in 
all domains of the FIM questionnaire. This finding was 
consistent with a study that evaluated patients with brain 
injury and observed improvement in functional status 
after 6 weeks.(29) In another similar study, improvements in 
functional independence were also found 6 months after 
discharge from the ICU,(30) demonstrating that patients 
show long-term improvement in their daily life activities 
but noting that there are still important implications for 
the physical and pulmonary function of these patients.

This apparent contradiction could be explained by the 
age of our population, which is lower than the average in 
previous studies,(31-33) primarily due to the high incidence 
of trauma and surgical admission causes. Therefore, we 
propose four possible reasons for most patients with 

Table 1 - Characteristics of the sample according to functional dependence and 
independence as determined in the outpatient clinic (n = 197)

Dependent Independent
p value

n = 16 n = 181

Age (years)
54.5 

(41.5 - 63.75)
39 (26 - 57) < 0.0001

Male 10 (63) 112 (62) 0.9609

APACHE II
22.5 

(15.75 - 26.25)
19 (13 - 24) < 0.0001

SOFA (1st day ICU)
10 

(7.75 - 11)
8 (5 - 11) < 0.0001

Sedation (days)
38 

(0 - 75.25)
10 (0 - 73) < 0.0001

Mechanical ventilation > 24 hours 10 (63) 105 (58) 0.7270

Mechanical ventilation (hours)
132 

(0 - 239.75)
41 (0 - 143) < 0.0001

ICU stay (days)
9.5 

(4.75 - 15)
5 (3 - 11) < 0.0001

Hospital stay (days)
23 

(18.25 - 25)
16 (10 - 23) < 0.0001

Tracheostomy ICU 2 (13) 24 (13) 0.9314

Cause of admission

     Medical 4 (25) 40 (22) 0.7753

     Trauma 7 (44) 68 (38)

     Surgical 5 (31) 73 (40)

Comorbidities

     Hypertension 6 (38) 46 (25) 0.2931

     Diabetes mellitus 3 (19) 16 (9) 0.1980

     Neoplasm 2 (13) 18 (10) 0.7456

     Congestive heart failure - 6 (3) -

     No comorbidities 9 (56) 113 (62) 0.6255

Habits

     Smoker 8 (50) 80 (44) 0.6546

     Pack/year 0 (0 - 0.25) 0 (0 - 4) < 0.0001

     Alcoholism 5 (31) 45 (25) 0.5736

APACHE II - Acute Physiology and Chronic Health Evaluation II; SOFA - Sequential Organ Failure Assessment; 
ICU - intensive care unit. Results expressed as median (interquartile range) or means of absolute frequency 
(%). A patient may present more than one comorbidity. Statistical significance (p < 0.05).

correlation between respiratory variables (spirometric) 
and FIM values was weak for all parameters evaluated 
(Figure 1S - Supplementary material).

DISCUSSION

In this study, pulmonary function and functional 
independence were evaluated in the MPOC 3 months 
after discharge from the ICU and were altered and 
showed a trend to associate with each other. The number 
of survivors of critical illness is increasing, and post-ICU 

http://rbti.org.br/exportar-pdf/0103-507X-rbti-33-02-0243-suppl01-en.pdf
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good functional status: it is possible that a selection bias 
occurred, since many patients (57%) who were discharged 
from the hospital did not attend the outpatient clinic; 
patients who were included in the evaluation in contrast 
to those discharged from the hospital had less time on MV, 
sedation, fewer days in hospital and less tracheostomy; 
the time between discharge from the ICU and coming to 
the post-ICU outpatient clinic allowed recovery; and our 
study included a high incidence of young patients with 
trauma, who are more likely to have a rapid and effective 
recovery.

When comparing the functional status with the length 
of stay in the ICU, hospitalization time and time on MV, 
these factors were found to be higher in patients with more 
dependence, and significant differences were identified, 

Table 2 - Characterization of the sample according to spirometry

Variables

Spirometry %

p valueNormal Obstructive Restrictive Mixed

n = 54 n = 82 n = 53 n = 8

Age (years) 30.5 (22 - 45) 48.5 (34 - 60.75) 36 (23 - 52) 39 (27.25 - 49.5) 0.005

Male 51 (94) 55 (67) 16 (30) 0 < 0.001

APACHE II 20 (16 - 23) 18.5 (12 - 24) 20 (11 - 24) 22 (19 - 28) 0.567

SOFA (1st day ICU) 9.5 (7 - 11) 8 (4.25 - 11) 6 (4 - 10) 10.5 (6 - 12) 0.076

Sedation (hours) 28 (0 - 96) 0 (0 - 48) 12 (0 - 60) 12 (0 - 72.25) 0.073

Mechanical ventilation (hours) 68 (24.5 - 153) 8.5 (0 - 144) 30 (0 - 172) 43.5 (6.75 - 89.75) 0.171

Mechanical ventilation > 24 hours 40 (74) 41 (50) 29 (54) 5 (62) < 0.001

ICU stay (days) 6 (4 - 11) 5 (3 - 9.75) 5 (3 - 11) 8 (4.75 - 10.25) 0.389

Hospital stay (days) 17 (10.25 - 24) 16 (10.25 - 23.75) 18 (9 - 24) 18.5 (14.5 - 22.25) 0.965

Tracheostomy ICU 5 (9) 13 (15) 7 (13) 1 (12) 0.962

Comorbidities

   Hypertension 9 (16) 29 (35) 11 (20) 3 (37) < 0.001

       Diabetes mellitus 4 (7) 11 (13) 2 (3) 2 (25) 0.009

       Neoplasm 11 (20) 10 (12) 9 (16) 0 0.158

       Congestive heart failure 0 3 (3) 1 (1) 2 (25) 0.607

   Chronic renal failure 0 4 (4) 0 1 (12) 0.180

   No comorbidities 39 (72) 43 (52) 37 (69) 3 (37) < 0.001

Habits

       Smoker 28 (51) 41 (50) 17 (32) 2 (25) < 0.001

   Packs/year 0 (0 - 4.75) 0 (0 - 7.5) 0 0 0.126

       Alcoholism 18 (33) 25 (30) 7 (13) 0 0.007

Cause of admission

       Medical 10 (18) 23 (28) 7 (13) 4 (50) < 0.001

       Trauma 30 (55) 23 (28) 22 (41) 4 (50)   0.001

       Surgical 14 (25) 36 (43) 24 (45) 0 < 0.001

APACHE II - Acute Physiology and Chronic Health Evaluation II; SOFA - Sequential Organ Failure Assessment; ICU - intensive care unit. Results presented as median (interquartile range) or means of absolute frequency (%). A 
patient may present more than one comorbidity. Statistical significance (p < 0.05).

Figure 2 - Comparison between functional independence measure classification and 
spirometric values.
The units of the variables are different.
FVC - forced vital capacity; FEV1- forced expiratory volume in the first second; PEF - peak expiratory flow. * p = 
0.030 greater dependence versus less dependence versus independence.
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corroborating the findings of a study that also made this 
comparison 6 months after discharge.(30)

Of the patients evaluated in the outpatient clinic, 73% 
had spirometric alterations, with the obstructive pattern 
being the most frequently observed in our population 
followed by the restrictive pattern. This result was also 
found in another study, where the author observed 
obstructive and restrictive spirometric changes in 25% 
of survivors of severe acute respiratory distress syndrome 
(ARDS) approximately 3 years after ICU discharge.(34)

When assessing lung function in ARDS survivors after 
1 year, the restrictive pattern is reported to be the most 
common,(35) which contrasts with the findings observed 
in our population. In another study, patients with 
ARDS were young with a long ICU stay and had normal 
spirometric measurements at 6 months of follow-up, but 
the carbon monoxide diffusion capacity remained low over 
the 12 months of follow-up.(19) However, it is important 
to note that although the majority of our population was 
critically ill patients with a high incidence of MV, it was 
a heterogeneous population with different pulmonary 
conditions and was not limited to ARDS alone.

An important factor in our study that can justify the 
spirometric findings is the high incidence of smoking in 
our population. The same was associated with the length 
of hospital stay, and the use of prolonged MV may have 
influenced lung function in the long term. The fact that there 
is no baseline spirometric evaluation makes it impossible 
to state that such changes are due to previous conditions, 
secondary to acute illness or admission to the ICU. This gap 
is not specific to this study, with the exception of studies 
evaluating patients with elective surgeries or with previous 
respiratory diseases, but from most studies that assess the 
lung function of critical survivors.

In our population, diabetes was among the most 
prevalent comorbidities. One previous study demonstrated 
a significant association between type II diabetes and 
reduced pulmonary function with a decrease in FVC and 
FEV1.

(36) Diabetes has been associated with an increased 
risk for developing pneumonia, chronic obstructive 
pulmonary disease, asthma, and pulmonary fibrosis.(37)

We found in this study that patients with greater 
functional dependence presented lower spirometric values 
than those of individuals in the other groups. In patients 
submitted to extensive abdominal surgery, the evaluation 
of spirometry and FIM performed 30 days after surgical 
intervention obtained values   close to normal, and 
demonstrated that most patients were independent.(38) A 
similar study evaluating preoperative abdominal surgery 

patients demonstrated that PEF and degree of functional 
independence were correlated with each other.(39)

When comparing spirometry with functional status, 
PEF has been shown to be significantly higher in patients 
with preserved functional independence. The majority 
of patients in our study presented with alterations in 
pulmonary function, and it was observed that, in general, 
the better the degree of functional independence is, the 
better the values   of FVC, FEV1 and PEF are.

Several limitations are found in the present study, 
which may eventually restrict the applicability and 
generalizability of its results. These limitations included 
the collection of data in a single center, with the outpatient 
evaluation being performed once 3 months after discharge 
from the unit. The study was conducted with a preselected 
population, and the excluded individuals were those who 
were unable to perform spirometry or respond to the FIM 
questionnaire. Despite being a cohort of patients with a 
well-established follow-up, the main analysis of the study 
was cross-sectional, with possible biases (e.g., reverse 
causality). For example, pulmonary diseases prior to ICU 
admission were not described or measured because of the 
difficulty of characterizing them, and the only clinical 
evaluation and respiratory complications resulting from 
hospitalization were not classified; for this reason, we 
acknowledge this limitation. The patient population in 
our study did not present significant prior sequelae; it also 
had specific characteristics, including a high incidence 
of trauma and young age, and may not correspond to 
the populations of other ICUs or social realities. The 
comparison with other spirometric findings was limited 
in our study because it was a heterogeneous population. 
In addition, there were losses in post-ICU follow-up 
due to difficulty in transportation and locomotion to 
the outpatient clinic due to the socioeconomic status of 
the patients. However, we emphasize the importance of 
spirometric performance in the detection of post-ICU 
respiratory disorders, smoking cessation in this group of 
patients, and the assessment of functionality, allowing 
adequate monitoring and rehabilitation.

CONCLUSION

In a sample of patients analyzed 3 months after discharge 
from the intensive care unit, most of the survivors had a 
decline in lung function. The compromised lung function 
was related to the degree of functional dependence, 
primarily in relation to peak expiratory flow and forced 
expiratory volume in the first second.
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