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CHAPTER 1

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS
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Intensive care is the advanced and highly specialized care provided to medical
or surgical patients whose conditions are life-threatening and require com-
prehensive and invasive treatment and constant monitoring. It is usually
administered in specially equipped units of a health care facility; i.e. the
intensive care unit (ICU) that goes back to the acute polio epidemics in the
early nineteen fifties.1

The traditional goal of intensive care has been to decrease short-term mortality,
but the quality of survival has increasingly been regarded as another impor-
tant outcome of interest.2 There is growing evidence that critical care treat-
ments have important effects not only on short-term physiology and survival,
but also on long-term quality of survival.3,4 Moreover, it has been recogni-
zed that quality of Life (QoL) is often reduced for a prolonged period of
time in survivors of the ICU.5 The expertise of rehabilitation medicine
could be beneficial to improve the quality of outcome in ICU patients. In
order to target rehabilitation and to develop multidisciplinary therapy pro-
grams, knowledge on the course of functional recovery and on ICU sequelae
complicating recovery after ICU, is an essential prerequisite.

Intensive care

Patients admitted to the ICU have a wide range of clinical conditions, however,
multi-organ failure is often present particularly of the respiratory and car-
diovascular system, often necessitating mechanical and pharmacological
support including mechanical ventilation, renal replacement therapy, or
vasoactive drugs, and require intensive monitoring.6,7 The length of patient
stay varies widely. Most patients are discharged within 1-2 days, commonly
after postoperative respiratory and cardiovascular support and monitoring.
Some patients, however, may require support for several weeks or months.
In the Netherlands, the ICU mortality in 2008 was 10.1%, and overall hos-
pital mortality of patients admitted to the ICU was 16.2%. [source: Dutch
National Intensive Care Evaluation; NICE]. As a consequence of the devel-
opments in intensive care medicine, there has been an improvement in sur-
vival of ICU patients over time. However, as death is prevented or delayed,
new physical and psychological complications and disorders arise.7-9 One of
the specific ICU sequelae which has been recognized with increasing fre-
quency in the ICU as a complication of a critical illness are the neuromus-
cular abnormalities.10 Critical illness polyneuropathy (CIP), critical illness
myopathy (CIM) or a combination of CIP and CIM (CINM) are the most
common manifestation of these neuromuscular abnormalities that can
develop during critical illness.11 CIP is an acute and primary axonal motor and
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sensory polyneuropathy. It occurs in critically ill patients, leading to severe
limb weakness and difficulty in weaning from a ventilator. The term CIP was
first used in 1986.12 Later on it became clear that in some patients the disease
primarily affected the muscles and the term myopathy in critical illness or
critical illness myopathy (CIM) was introduced. Clinical signs of CIP and
CIM are basically the same and include flaccid tetraparesis. Although head,
facial, tongue and jaw movement are relatively spared, facial muscles can be
involved and ophthalmoplegia may occur. Involvement of the phrenic nerves
and diaphragm may cause ventilator weaning problems.13,14

Due to the difficulty in differentiating between CIP and CIM, and the frequent
association of both, the disorders are frequently considered together as critical
illness polyneuromyopathy (CINM) or critical illness polyneuropathy and
myopathy (CIP/CIM).14,15 Although CIP/CIM has been recognized as a cause
of prolonged rehabilitation in ICU survivors16, little attention has been paid
to the clinical consequences and the course of functional recovery. In addi-
tion, questions remain on the long-term prognosis with respect to functional
status of patients with CIP/CIM.

Outcome after ICU

In the past, research concerning the outcomes of critical illness has often
focused on physiological endpoints (such as oxygenation and ventilation)
and clinical endpoints (such as extubation rates, ICU survival, and hospital
survival). Such outcomes are important for evaluating quality of critical care
because of the high short term mortality and life-threatening physiologic
abnormalities in these patients. Nevertheless, recent follow-up studies have
shown that patients do experience long-term problems with physical, psycho-
logical, and social functioning and reduced QoL after ICU treatment. 2,5,13,17-21

By 2002, methodological research on QoL measurement in ICU patients
had increased such that a consensus conference recommended the ques-
tionnaires Medical Outcomes Study 36 Item Short Form (SF-36) and
EuroQol-5D as the most appropriate instruments for future research.2

Consequently, a growing number of studies have reported on the QoL of
ICU survivors using these instruments.5 Nevertheless, to date, comprehen-
sive information is scarcely available on the impact of ICU stay on func-
tioning in daily life and the factors that predict and modify diminished
functioning in ICU patients.
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The International Classification of Functioning, Disability and
Health (ICF)

To characterize diminished functioning or disability at both individual and
population levels, the World Health Organization’s (WHO) has developed a
conceptual framework; the International Classification of Functioning,
Disability and Health (ICF). Whereas the International Classification of
Disease (ICD) classifies diseases as causes of death, the ICF classifies health
by accounting for functioning.22,23

As shown in Figure 1.1, the ICF consists of three key components: body func-
tions and structures, activities, and participation. These components are
seen in relation to a health condition (e.g. disorder or disease) as well as to
contextual factors (i.e. environmental factors and personal factors).
Abnormalities in body functions and structures are referred to as impairments,
defined as a significant deviation or loss of functions (e.g. muscle weakness)
and/or anatomical structures (e.g. malformation). Difficulties in perform-
ing activities, which reflect a person’s individual functioning, are referred
to as activity limitations (e.g. limitations in walking). Finally, participation
restrictions refer to the problems a person may experience in societal func-
tioning, i.e. in involvements in daily-life situations (e.g. restrictions in
community ambulation). These three components are summarized under
the umbrella terms functioning and disability. They are related to and may
interact with the health condition (e.g., disorder or disease) and personal
and environmental factors. The ICF classifies the consequences of health
conditions as follows: A disorder or disease can lead to impairments in body
structures and functions, which can result in activity limitations and partic-
ipation restrictions. Environmental and personal factors may influence
these consequences.
The concept of functioning within the ICF framework is different from the
concept of QoL. Whereas QoL refers to global or highly personalized evalu-
ations of functioning referring to satisfaction or feelings22,23, the ICF assess-
es functional capacity, such as physical endurance and muscle strength, and
the impact of health on the performance of activities and disability.
Given the numerous impairments and widespread functional restrictions
that may persist in ICU survivors, the ICF framework enables a compre-
hensive description and better understanding of disability in survivors of
intensive care.
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Figure 1.1 Framework of International Classification of Functioning, Disability,
and Health by the World Health Organization in 2001

Follow-up care

Follow-up care has been recommended to improve outcome in ICU survi-
vors.2,24 With the recognition of problems in daily functioning within the
different health domains, it is remarkable that survivors of a critical illness
are not routinely referred to rehabilitation services.
Rehabilitation is the health strategy that aims to enable people with limitations
of functioning and disability associated with health conditions to achieve
and maintain optimal functioning in the interaction with the environment.
The term “rehabilitation” refers to a multidisciplinary strategy that may be
applied by professional disciplines within the health sector. Furthermore,
rehabilitation is patient-oriented, by which the care that is provided is guided
by patient relevant problems. These problems usually concern limitations
in daily-life activities and restrictions in participation in society.23 A reha-
bilitation treatment plan may include treatment by one or more of the fol-
lowing disciplines; physiotherapy, occupational therapy, speech therapy,
and counselling by a social worker or psychologist, which is coordinated by
a rehabilitation physician.
To date, there is no evidence with respect to the optimal structure, timing,
and content of follow-up care for ICU patients25,26 and in the Netherlands
structured follow-up care is rarely available. Early interdisciplinary follow-up
treatment for these patients, may be able to reduce, or even prevent, long-
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term restrictions in physical and psychological functioning. In this respect,
the relative contribution of restrictions in physical and psychosocial func-
tioning on daily functioning may have considerable therapeutic consequences.
This, in turn, requires a thorough understanding of the course of recovery,
predictors for functional outcome and the identification of rehabilitation needs.
Therefore, the impairments that hinder the ability to perform activities first
need to be identified.27 Once these have been identified, an intervention,
likely a multidisciplinary rehabilitation intervention, needs to be investigat-
ed to determine if disability in ICU survivors can be reduced.

Aims and outline of the thesis

The aims of this thesis are, to describe, in concordance with the ICF, the
course of impairments in body functions, limitations in activities, and restric-
tions in participation, and to identify determinants for functional outcome
in ICU survivors during the first year after discharge from the ICU.
This thesis focuses on patients whose functional recovery is expected to be
prolonged and hence most likely to benefit from interventions to improve
outcome. Therefore, patients admitted to the ICU for a short period of time
for treatment or observation as part of a routine preventive measure were
excluded. Consequently, in the studies in this thesis, patients with CIP, or
with an ICU stay of more than 48 hours were included.
Chapter 2 reviews the literature on functional outcomes of patients with CIP.
In the appendix of chapter 2, an update of the literature on functional out-
come in patients with CIP/CIM is added (May 2009).
In chapter 3 the course of functional recovery in terms of the ICF (i.e. body
functions and structures, activities, participation) and QoL is evaluated in a
case series of 8 patients with CIP. It was our impression that significant
weakness following critical illness was more common than previously
thought. We therefore preformed a preliminary prospective study to evaluate
the incidence and nature of impairments in functions (muscle strength and
sensory function), limitations in activities and restrictions in participation
(hand dexterity, activities of daily living, mobility, walking capacity, partici-
pation in society), and QoL, 6 and 12 months after the diagnosis CIP.
In chapter 4 the functional status of patients within the first week of discharge
from an ICU is described and it’s potential determinants are investigated.
In this observational study basic activities of daily living, walking capacity,
muscle strength, sensory and cognitive functions were assessed in 69 patients
who stayed in the ICU for longer than 48 hours. Furthermore, the predic-
tive value of functioning prior to ICU admission, age, severity of illness, and
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duration of mechanical ventilation for functional status within the first week
after discharge from the ICU was examined.
Chapter 5 describes restrictions in daily functioning in patients one year after
discharge from the ICU. In addition, the results of the investigation of
potential prognostic factors for functional status after one year and their
predictive value, are discussed. In a consecutive series of 255 ICU survivors
who were admitted to the intensive care unit for more than 48 hours, func-
tional status, QoL, anxiety and depression, and post traumatic stress disorder
were evaluated one year after discharge from the ICU.
Chapter 6 investigates the time course of functional status, and inventories
impairments in body functions, limitations in activities, and restrictions in
participation of 116 patients during the first year after discharge from the ICU
who were ventilated in the ICU for more than 48 hours. Functional status was
assessed 3, 6, and 12 months after discharge from the ICU using the Sickness
Impact Profile. Impairments in body functions, limitations in activities, and
restrictions in participation were evaluated after 3 and 12 months.
Chapter 7 investigates whether functional status after one year can be pre-
dicted from physical, and mental functioning before admission to the ICU,
immediately after ICU discharge, or at 3 months after ICU discharge.
Chapter 8 discusses the results, and reflects on the clinical implications of
the studies. Furthermore, the possibilities and limitations for the develop-
ment of rehabilitation care for ICU survivors are discussed and recommen-
dations for future research are made.

References
1. Berthelsen PG, Cronqvist M. The first intensive care unit in the world: Copenhagen

1953. Acta Anaesthesiol Scand 2003; 47: 1190-1195.

2. Angus DC, Carlet J. Surviving intensive care: a report from the 2002 Brussels
Roundtable. Intensive Care Med 2003; 29: 368-377.

3. Curtis JR. Measuring health status after critical illness: where are we and where do
we go from here? In Surviving intensive care. Edited by Angus DC. Berlin: Springer
Verlag; 2003.

4. Hayes JA, Black NA, Jenkinson C, Young JD, Rowan KM, Daly K et al. Outcome measures
for adult critical care: a systematic review. Health Technol Assess 2000; 4: 1-111.

5. Dowdy DW, Eid MP, Sedrakyan A, Mendez-Tellez PA, Pronovost PJ, Herridge MS et al.
Quality of life in adult survivors of critical illness: a systematic review of the litera-
ture. Intensive Care Med 2005; 31: 611-620.

6. Bennett D, Bion J. ABC of intensive care: organisation of intensive care. BMJ 1999;
318: 1468-1470.

13

General introduction



7. Cook DJ. Approach to the patient in a critical care setting. In Cecil Textbook of
medicine. Edited by Goldman L. Saunders; 2007.

8. Keenan SP. Survival as an Outcome for ICU patients. In Surviving intensive care.
Edited by Angus DC. Berlin: Springer Verlag; 2003: 3-20.

9. Leijten FS, de Weerd AW. Critical illness polyneuropathy. A review of the literature,
definition and pathophysiology. Clin Neurol Neurosurg 1994; 96: 10-19.

10. Coakley JH, Nagendran K, Honavar M, Hinds CJ. Preliminary observations on the neu-
romuscular abnormalities in patients with organ failure and sepsis. Intensive Care
Med 1993; 19: 323-328.

11. Guarneri B, Bertolini G, Latronico N. Long-term outcome in patients with critical ill-
ness myopathy or neuropathy: the Italian multicentre CRIMYNE study. J Neurol
Neurosurg Psychiatry 2008; 79: 838-841.

12. Bolton CF, Laverty DA, Brown JD, Witt NJ, Hahn AF, Sibbald WJ. Critically ill polyneu-
ropathy: electrophysiological studies and differentiation from Guillain-Barre syn-
drome. J Neurol Neurosurg Psychiatry 1986; 49: 563-573.

13. Brooks R, Kerridge R, Hillman K, Bauman A, Daffurn K. Quality of life outcomes after
intensive care. Comparison with a community group. Intensive Care Med 1997; 23:
581-586.

14. de Jonghe B, Cook D, Sharshar T, Lefaucheur JP, Carlet J, Outin H. Acquired neuro-
muscular disorders in critically ill patients: a systematic review. Groupe de Reflexion
et d’Etude sur les Neuromyopathies En Reanimation. Intensive Care Med 1998;
24: 1242-1250.

15. Hermans G, de Jonge B, Bruyninckx F, van den Berghe G. Interventions for preventing
critical illness polyneuropathy and critical illness myopathy. Cochrane Database Syst
Rev 2009, CD006832.

16. Leijten FS, Harinck-de Weerd JE, Poortvliet DC, de Weerd AW. The role of polyneu-
ropathy in motor convalescence after prolonged mechanical ventilation. JAMA
1995; 274: 1221-1225.

17. Cuthbertson BH, Scott J, Strachan M, Kilonzo M, Vale L. Quality of life before and
after intensive care. Anaesthesia 2005; 60: 332-339.

18. Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Granados N, Al-Saidi F et al.
One-year outcomes in survivors of the acute respiratory distress syndrome. N Engl
J Med 2003; 348: 683-693.

19. Hopkins RO, Jackson JC. Long-term neurocognitive function after critical illness. Chest
2006; 130: 869-878.

20. Ridley SA, Chrispin PS, Scotton H, Rogers J, Lloyd D. Changes in quality of life after
intensive care: comparison with normal data. Anaesthesia 1997; 52: 195-202.

21. Sukantarat K, Greer S, Brett S, Williamson R. Physical and psychological sequelae of
critical illness. Br J Health Psychol 2007; 12: 65-74.

14

CHAPTER 1



22. Stucki G. International Classification of Functioning, Disability, and Health (ICF): a
promising framework and classification for rehabilitation medicine. Am J Phys
Med Rehabil 2005; 84: 733-740.

23. Stucki G, Cieza A, Melvin J. The International Classification of Functioning, Disability
and Health (ICF): a unifying model for the conceptual description of the rehabilitation
strategy. J Rehabil Med 2007; 39: 279-285.

24. Griffiths RD, Jones C. Intensive Care Aftercare. Edinburgh: Elsevier Science; 2003.

25. Department of Health. Comprehensive Critical Care. A Review of Adult Critical Care
Services. Comprehensive Critical Care. A review of Adult Critical Care Services.
2000. London.

26. Griffiths JA, Barber VS, Cuthbertson BH, Young JD. A national survey of intensive care
follow-up clinics. Anaesthesia 2006; 61: 950-955.

27. Stucki G, Ewert T, Cieza A. Value and application of the ICF in rehabilitation
medicine. Disabil Rehabil 2002; 24: 932-938.

15

General introduction



16



CHAPTER 2

CRITICAL ILLNESS POLYNEUROPATHY:
A SUMMARY OF THE LITERATURE ON REHABILITATION

OUTCOME

M. van der Schaaf, A. Beelen and IJ. de Groot

Disability and Rehabilitation, 2000; vol 22, no 17, 808-810

APPENDIX
UPDATE MAY 2009

CRITICAL ILLNESS POLYNEUROPATHY AND MYOPATHY:
AN UPDATE OF THE LITERATURE ON FUNCTIONAL

OUTCOME

M. van der Schaaf, A. Beelen and F. Nollet (not published)

17



ABSTRACT

Purpose

To evaluate the available literature on outcome of critical illness polyneuropathy (CIP)
and to identify rehabilitation problems.

Methods of study selection

A literature search in electronic databases. Primary articles on outcome in CIP using the
classification of ICIDH or Quality of Life were enrolled in this study. Because of the types
of study design, the lack of information regarding validity and the variability, a quan-
titative analysis was not possible. Instead, the overall results were evaluated in a
qualitative approach.

Results

In the literature minimal attention was given to the rehabilitation aspects and long-term
outcome of patients with CIP. Outcome measures were mainly used on the level of
impairments and in lesser extent on the level of disabilities. One year after the onset
of CIP, muscle weakness and decreased sensory function were frequently observed.
Reported functional disabilities were dependency in Activities of Daily Living (ADL)
and walking disabilities.

Conclusion

The specific course and long-term outcome of CIP remains unclear. Research on the
course and long-term functional outcome in CIP is necessary in order to identify reha-
bilitation problems and to formulate treatment strategies specifically directed
towards the outcome of CIP.
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Introduction

In recent years, the neuromuscular syndrome, Critical Illness Polyneuropathy
(CIP) has been diagnosed with increasing frequency in Intensive Care Units
(ICU). CIP is a predominantly distal axonal degeneration of motor and sen-
sory fibres. Since its first description in 1983 by Bolton et al.1 various per-
centages are reported about the incidence of CIP. In prospective studies
incidence values range from 47% in patients who had been on the respirator
for more than seven days and who developed multiple organ dysfunction
syndrome (MODS)2 to 73% for ICU patients with MODS and sepsis.3,4

Because of major developments in intensive care medicine which prevented
or delayed death of critically ill patients, this polyneuropathy now exists.
The nature of the clinical features of CIP are predominantly motor, leading
to muscle weakness or paralysis.5 Sensory impairment is often difficult to
determine because of the state of the patients in the ICU.6 CIP is associated
with rehabilitation problems, although it improves in all survivors, all authors
agree on a 50% chance of complete recovery depending on the severity of
the initial symptoms.1,3,5,7,8 Despite agreement on the extent of recovery, a
clear and uniform description of outcome measures used to assess recovery,
is missing in the literature. Based on the fact that most investigations are
performed from a critical care, neurologic, or electrophysiologic background,
one may expect outcome measurements at the level of pathology and to
lesser extent at levels of disability and handicap.
Since Bolton’ s study2 much pathophysiological research has been conducted
which has increased knowledge about aetiology, diagnosis and clinical char-
acteristics.
Yet, for optimal rehabilitation treatment, more insight in the nature of the
disease, the course and its sequelae is necessary.
The aim of this study is to review the available literature on long-term func-
tional outcome in CIP in terms of the classification of the ICIDH,9 impair-
ments, disabilities, handicaps and Quality of Life, in order to identify reha-
bilitation related problems.

Materials and methods

We performed a literature search using the following computerized databases:
Medline, EMBASE, Current Contents and Cinahl, using the text words

‘critical illness polyneuropathy’ in combination with ’outcome’, or ‘rehabili-
tation’, or ‘physical therapy’, or ‘physiotherapy’, or ‘prognosis’, or ‘recovery’,
or ‘course’. Articles published in English, Dutch or German from 1983 to
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September 1999 were enrolled in this study. Any additional relevant articles
from the reference lists were identified and retrieved. All studies were collect-
ed without consideration of research design. Subsequently the following in-
clusion criteria were applied to the full manuscripts by two of the authors
(MvdS and AB) independently. The manuscripts had to be primary articles, all
studies had to enroll patients diagnosed as CIP (confirmed by EMG), and out-
come measures used in these studies had to be in terms of impairment, disabili-
ty or handicap as defined by the World Health Organization9 or Quality of Life.
We abstracted the data concerning number of subjects, study design, patients
characteristics (diagnosis at admission in the ICU, age, gender), duration of
follow-up, therapeutic interventions and outcome measures. We also extract-
ed information reflecting the validity for each study, including: definition
of the sample of patients, moment of inclusion point in the disease, follow-
up, outcome criteria, description of the clinical examination and description
of the  electrophysiological examination according to the guidelines by
Oxman et al.10 Because the types of study design, the lack of information
regarding validity and the variability, a quantitative analysis was not possible.
Instead we have evaluated the overall results in a qualitative approach.

Results

The literature search on the textword CIP in combination with ‘outcome’,
‘rehabilitation’, ‘physical therapy’, ‘physiotherapy’, ‘prognosis’, ‘recovery’,
or ‘course’ yielded 34 articles. Nine reports fitted the inclusion criteria.
Two studies had been conducted prospectively and seven were collections
of case histories. The validity of the papers was moderate to poor. In some
studies, important information such as case selection, measuring point in
the course of the disease, rehabilitation interventions or description of the
clinical examination was not available. Furthermore, most outcome mea-
sures used in the included studies were considered to be less relevant for
rehabilitation medicine. In a prospective study by Leijten et al.,5 12 patients
with CIP underwent serial neurological examination up to one year after
discharge. Four weeks after discharge eight patients had not reached a reha-
bilitation end point which was defined as strength greater than grade 4/5 in
all muscles, according to the scoring system of the Medical Research
Council, and the ability to walk for more than 50 metres without aid or
ataxia. The authors report improvements in motor, sensory and ADL func-
tioning in all patients after 1 year, yet severe residual functional handicap
due to polyneuropathy was found in five patients.
Berek et al.,11 prospectively examined 15 patients clinically with CIP three
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months after discharge from the ICU. Improvement was found in all patients,
though a moderate motor weakness was observed in two, a mild weakness in
four and no motor weakness in nine patients. In their report, the authors did
not describe the outcome measures being used with regard to motor strength.
Sensory loss described as decreased pain and temperature sense was found
in five patients and loss of vibration sense was found in four patients. In
eight patients there was no sensory loss. Position sense was measured but
not impaired in any of the patients. Reflexes were normal in eight patients
and reduced or absent in seven patients.
In seven reports of case histories,1,7,12-16 21 patients with CIP were described.
At 6 months after admission in the ICU, impairments were: severe or moderate
muscle weakness of limbs (legs more than arms), paresis of ankle dorsiflexors,
absent two-point discrimination, decreased position sense and pain and
temperature sensation distally, absent or reduced tendon reflexes, joint
contractures and ossification.
Reported disabilities were impaired walking, dependency in activities of daily
living and use of different walking aids or wheelchair. No outcome mea-
sures on handicap or Quality of Life were used in the different case reports.

Discussion

In the recent medical and critical care literature, the aetiology and pathology
of CIP has been discussed extensively but the course and functional outcome
of CIP has scarcely been the object of investigation. Our literature search
yielded mainly case studies. Combining and interpreting the results from
case studies is difficult with regard to patient selection, information about
prognostic factors, final outcome measures, follow-up duration and reha-
bilitation intervention. Only two prospective studies on outcome in impair-
ments and disability were found. Due to differences in follow-up duration
(one year versus three months) and endpoints (disability versus impairments)
we were not able to combine the results. In our opinion, a duration of fol-
low-up of 3 months is relatively short in order to be able to draw conclusions
regarding rehabilitation treatment goals. Although duration of follow-up in
the study of Leijten et al.5 was sufficient, it gave little qualitative information
about disabilities that still exist after one year. All reported residual deficits
were mainly on the level of impairments. To a lesser extent, deficits on the
level of disability, handicap or Quality of Life have been reported, this
might be due to the fact that outcome measures on these levels have not
been used. Muscle weakness and decreased sensory function are frequently
observed impairments one year after the onset of CIP.
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Reported functional disabilities are mainly dependency in ADL and walking
disabilities. The duration of rehabilitation for patients with CIP is prolonged
compared to other critically ill patients, often including clinical rehabilita-
tion for at least a few months. None of the prospective studies and case
studies describe the contents of the rehabilitation treatment. In this respect,
it is remarkable that in many publications early physiotherapy is recom-
mended as it leads to favourable outcomes, without any evidence or sugges-
tions for one specific treatment.5,7,11,14,15 Despite our literature research it
remains unclear what the course and long-term outcome of CIP is.
In our experience the burden of patients with CIP on our department of
rehabilitation is extensive. The length of stay of patients with CIP in the
ICU is prolonged due to muscle weakness and weaning problems. In some
cases muscle weakness is extreme leading to a quadriplegia which impedes
mobilisation. In our hospital, patients who are weaned from the ventilator
are transferred to a general ward. At discharge from the ICU all CIP
patients are completely dependent for ADL.
Without any other medical complications most patients with CIP are dis-
charged from hospital between 4 and 16 weeks after ICU discharge. A majority
of these patients is admitted to a clinical rehabilitation centre or is referred
for a temporary stay in a nursing home with rehabilitation facilities.
Based on the literature and our own experiences we do know that patients
with CIP receive rehabilitation treatment for a long period which may last
one year or more. It is not known however, to what extent recovery may
take place spontaneously. To us it remains unclear what CIP attributes to
the prolonged rehabilitation period because long-term outcome may be
determined not only by CIP but also by many other factors like initial ill-
ness and comorbidity. In our opinion, research on long-term outcome of
CIP is necessary in order to describe rehabilitation problems and to develop
a treatment specifically directed towards the outcome of CIP. Therefore in
the Academic Medical Center we have started with a prospective longitudi-
nal pilot study on the course of CIP with clinical outcome measures in
terms of impairments, disabilities, handicaps and quality of life.
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Background

Critical illness polyneuropathy (CIP) and myopathy (CIM) are major compli-
cations of severe critical illness. CIP/ CIM prolongs weaning from mechanical
ventilation and delays physical recovery since both limb and respiratory
muscles can be affected.1

In 2000 our literature review, summarizing the available literature on func-
tional outcome in patients with CIP, was published in Disability and Reha-
bilitation.2 By then, studies on functional outcome of patients with CIP,
classified according to the International Classification of Functioning (ICF3)
in impairments of body functions, activity limitations, and participation
restrictions, were scarce and the validity of the studies were moderate to poor.
Recent studies have advocated the use of the term critical illness polyneuromy-
opathy (CINM), which will be used throughout this review, indicating a pri-
mary axonal degeneration of motor and sensory fibers causing muscle weak-
ness and sensory disturbances, as a complication of critical illness. Apart
from difficulties in differentiating CIP and CIM, they frequently co-occur
and the clinical relevance of differentiating between neuropathy and myo-
pathy is still under debate.1,4

The aim of this update is to provide an overview of the literature on long-term
functional outcome in patients with CINM in terms of the ICF classification
and quality of life (QoL), published between September 1999 and May 2009.

Methods

For this update we reviewed the available literature published after 1999 in
Medline (PubMed), using the text words ‘critical illness polyneuropathy’ or

‘critical illness myopathy’ and ‘rehabilitation [MeSH]’, ‘physical therapy
[MeSH]’, or ‘physical therapy modalities [MeSH]’, or ‘quality of life [MeSH]’,
or ‘recovery of function [MeSH]’, or ‘convalescence [MeSH]’, or ‘func-
tional status’, or ‘activities of daily living’.
Articles published in English, Dutch or German between September 1999 and
May 2009 were enrolled in this study. Any additional relevant articles from
the reference lists were identified and retrieved. All studies were collected
without consideration of research design. Subsequently the following inclu-
sion criteria were applied to the abstracts or full manuscripts by the author
(MvdS). The manuscripts had to be primary articles, all studies had to enrol
adult patients with an electrophysiological diagnosis of CINM, for whom a
follow-up after hospital discharge was reported on outcomes according to
the ICF or QoL. Data were abstracted concerning study design, number of
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subjects, patients characteristics (diagnosis at admission in the ICU, age, length
of stay in the ICU, duration of follow-up, and outcome measures and with
respect to regarding body functions, activities, participation and QoL.
Finally, the results of the studies were evaluated in a qualitative approach.

Results

The sensitive search yielded 393 articles. Seven articles met the inclusion
criteria and reported on outcomes after hospital discharge in terms of the
ICF in patients diagnosed with CINM.5-11

All studies were collections of case reports and case series, including the
follow-up data of 80 patients with CINM. In some case reports, important
information such as length of stay in the intensive care, measuring point
after the critical illness, or description of the clinical examination was not
available. A wide variety of ICU admission diagnoses were reported, includ-
ing medical, elective surgery, and acute surgery or trauma. Duration of fol-
low-up after discharge from the ICU varied from 3 to 57 months.
Impairments in muscle strength were reported in 6 studies5-8,10,11, and sensory
functions in 4 studies.5,6,10,11 Restrictions in activities were reported in 5 stud-
ies (walking ability [3 studies7,8,10], dexterity [1 study10], activities of daily liv-
ing; ADL; assessed with the modified Rankin Scale [1 study9], Barthel index
[2 studies10,6], Sickness Impact Profile [SIP68; 1 study10]). One study report-
ed on restrictions in participation (measured with the impact on participation
questionnaire; IPA) and two studies reported on the quality of life (Short-
health form 36; SF-3610, Niemie questionnaire11) in patients with CIP.
The study characteristics and findings with respect to impairments in body
functions, limitations in activities, restrictions in participation and QoL of
the 6 included studies are presented in Table 2.1.

Conclusions

In the past 10 years, reported impairments in body functions (i.e. decreased
muscle strength with lower limbs more affected than upper limbs, and sen-
sory deficits), and restrictions activities (i.e. ADL and walking) were in con-
cordance with the findings of our previous literature review.2 One study
reported data on rehabilitation relevant outcomes which had not previously
been described, such as limitations in hand function (assessed with the
Jebsen hand function test), restrictions in physical activities (assessed with
the SIP68 questionnaire), participation (assessed with the IPA question-
naire) and QoL (assessed with the SF-36).10
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There is a large variation in the course and in the extent of functional recov-
ery in patients with CINM, varying from complete functional recovery
within 3 months, to persistent tetraplegia with severe disability and func-
tional dependency after more than one year.
Due to the variation in duration of follow-up and in outcome measures
used in the different studies on functional outcome, a quantitative combi-
nation of study results, and the identification of prognostic factors for func-
tional recovery is not possible. With this, the identification of patients at
risk for a poor functional outcome is not possible.

This update of the literature on functional outcomes in patients with CINM,
confirms our previous findings that attention should be paid to the high
prevalence of long-term impairments in body functions, limitations in
activities, restrictions in activities and reduced QoL in patients with CINM. 
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ABSTRACT

Purpose

To evaluate the functional outcome of intensive care patients with critical illness
polyneuropathy (CIP), 6 and 12 months after the onset.

Design

A prospective observational cohort study and a cross-sectional study.

Setting

University hospital in the Netherlands.

Patients

Eight consecutive intensive care patients with CIP for the prospective study and eight
patients diagnosed with CIP in the past 6 months for the cross-sectional study.

Main outcome measures

Functional outcome regarding body functions and structure, activities, participation and
perceived quality of life.

Results

Nine patients (56%) died within one year. Functional outcome, participation and sub-
jective health status in survivors varied widely at 6 and 12 months. After 12 months,
physical functioning was improved in all patients. However activities related to mobili-
ty outdoors, autonomy, participation and quality of life were restricted in most patients.

Conclusions

The majority of survivors have persistent functional disabilities in activities, reduced qual-
ity of life and restrictions in autonomy and participation one year after the onset of CIP.
Prolonged rehabilitation treatment is necessary for an increasing number of intensive care
patients who develop CIP, in order to reduce handicaps and achieve optimal autonomy
and social participation.
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Introduction

Critical Illness Polyneuropathy (CIP) has been diagnosed with increasing
frequency in Intensive Care Units (ICUs). CIP is an axonal sensomotory
polyneuropathy with a variable course. It was first described in the early
1980s. The aetiology and pathology has been discussed extensively, but the
functional outcome of CIP has scarcely been investigated.1, 2

CIP can occur in intensive care patients who receive prolonged mechanical
ventilation and suffer from multiple organ dysfunction syndrome (MODS)
or sepsis. The incidence of CIP is high, and varies from 47% in patients who
are mechanically ventilated for more than 7 days to 73% in intensive care
patients suffering from MODS and sepsis. Although mortality in patients with
CIP is high, it is not a cause of death, since patients die as a consequence of
the underlying pathology. With the progress in (intensive care) medicine,
which has increased the chances of survival of severely ill patients, it is
expected that the incidence of CIP will also increase in the future.3-6

The clinical symptoms of CIP are difficulty being weaned from the ventilator,
acute muscle weakness in the limbs, predominantly in the distal muscle
groups and symmetrically reduced reflexes. Impairments in sensory function,
such as hypaesthesia in the hands and feet, are reported to a lesser extent.
Long-term impairments that are reported in patients with CIP are para-
esthesia, pareses of ankle dorsiflexors, and muscle weakness. In the literature,
a complete recovery is reported in 50% of the patients who survive.7–13

Nevertheless, no clear definition of recovery is given, and the outcome mea-
sures used to assess recovery are not described. Moreover, the course of CIP
in the remaining 50%, in whom recovery is incomplete, is unclear. Some
authors stress the importance of early and intensive rehabilitation to reduce
residual deficits and shorten the rehabilitation process. In order to provide
optimal rehabilitation treatment, knowledge about functional recovery and
the residual symptoms of CIP is essential.
Therefore, an observational cohort study was carried out to evaluate the
functional outcome of ICU patients, 6 and 12 months after the onset of CIP.
In this study the residual symptoms and functional recovery are described
according to the International Classification of Functioning (ICF) and in
perceived quality of life.
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Methods
Study population

To evaluate functional outcome in CIP patients, and in anticipation of a high
mortality rate in CIP patients, two studies on the one-year course of CIP
were simultaneously performed in the Academic Medical Center (AMC) in
Amsterdam: a prospective observational cohort study of patients who were
diagnosed with CIP from March 1 to June 1, 1999, and a cross-sectional study
of patients diagnosed with CIP from September 1, 1998 to March 1, 1999.
For the prospective study, all consecutive patients in intensive care (1) who
were mechanically ventilated for more than 7 days, (2) suffering from sepsis or
multiple organ dysfunction, (3) with a muscle strength grade of four or less in
the upper and lower extremities at the time of awakening from sedation, and
(4) with no history of orthopaedic or neurological disorders, were eligible
for inclusion in the study. An electromyography (EMG) was performed in
all eligible patients to confirm the diagnosis of CIP. Electrophysiological
studies were performed using standard techniques for diagnosing electro-
physiological abnormalities in patients on intensive care.11,14 All patients
with CIP were enrolled in the study. In the cross-sectional study, patients
admitted to the ICU between September 1998 and March 1999, suffering
from sepsis or MODS, with an established diagnosis of CIP (by EMG), with
no history of orthopaedic or neurological disorders, were included.
The study protocol was approved by the Medical Ethics Committee of the
Academic Medical Center in Amsterdam. Written informed consent was
obtained from all patients.

Care

All patients received the usual care. Their rehabilitation treatment after hos-
pital discharge was already planned during their stay on the ICU, in consul-
tation with a rehabilitation physician. Physiotherapy and occupational therapy
were started as early as possible to improve communication, facilitate mobi-
lization, and initiate exercises to regain function in the activities of daily
living (ADL).

Data Collection
Baseline assessment

The medical records of the patients were reviewed to collect the following
data: age, gender, diagnosis on admission to the ICU, duration of mechani-
cal ventilation, length of stay in the ICU and health classification score
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according to Acute Physiology and Chronic Health Evaluation (APACHE-II)15

and Simplified Acute Physiology Score (SAPS).16 The APACHE-II and SAPS
are validated scoring systems to evaluate the severity of illness. Both scores are
based on several physiological parameters, and range from 0-71 (APACHE-II)
and 0-68 (SAPS). Higher scores are associated with more severe illness.

Outcome assessment

Six months after the onset of CIP, functional outcome was evaluated according
to the ICF classification (body functions and structure, activities and partici-
pation).17 Perceived quality of life was also assessed. One year after the onset of
CIP, functional outcome was evaluated only on activities, participation and
quality of life, since after 6 months most scores for body functioning (manual
muscle strength and sensory function) were normalized in almost all patients.
This classification covers the distinct areas of rehabilitation intervention dur-
ing the course of CIP. The study did not investigate the influence of contextual
(environmental and personal) factors described in the ICF.
Six months after CIP was diagnosed the following functions were measured
within the ICF classification ‘body functions and structure’: muscle strength
according to the Medical Research Council scale (MRC) (grade 0-5),18 sen-
sory function with Semmes Weinstein monofilaments and proprioception.

‘Activities’ were assessed with the Jebsen hand function test,20 the Barthel
Index for Activities of Daily Living,21 the Rivermead Mobility Index21 (mobility
skills), the timed Up & Go walking test22 (standing up from a chair, walking
3 meters, turning around, walking back to the chair and sitting down), and
the physical dimensions of the Sickness Impact Profile (SIP-68).23 The SIP-
68 measures health related changes in behaviour associated with carrying
out daily activities. The physical sub-scales of the SIP-68 consist of the fol-
lowing areas: (1) somatic autonomy, (2) mobility range and (3) mobility
control. ‘Participation’ was assessed with the validated Dutch version of
Impact on Participation and Autonomy (IPA) questionnaire.24

The IPA measures restrictions in participation within the domains of auto-
nomy indoors, family role, autonomy outdoors, social relations, and work
and education. Perceived quality of life was assessed with the Dutch validat-
ed version of the Short Form 36 questionnaire (SF-36).25 The SF-36 con-
sists of eight dimensions: (1) physical functioning, (2) social functioning,
(3) role limitation due to a physical health problem, (4) role limitation due
to emotional problems, (5) general mental health, (6) vitality, (7) bodily
pain, and (8) general health perceptions. The SIP-68, SF-36 and IPA ques-
tionnaires were filled in by the patients 6 and 12 months after they were
diagnosed with CIP.
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All assessments were carried out in the Department of Rehabilitation of the
AMC by three experienced physiotherapists (>5 years experience). If
patients were unable to attend the hospital, the assessment was carried out
in their own home.

Data analysis 

Residual symptoms and survival after 6 months were analysed with descrip-
tive statistics (median and frequencies). Individual data on the outcome
after 1 year are presented.

Results
Study population

Between March and May 1999, in the ICU of the AMC, 61 patients were
considered as being at risk for developing CIP because they were being
treated for sepsis or MODS and had been mechanically ventilated for more
than 7 days (Figure 3.1 shows the study profile). Fifty-three patients did not
meet the inclusion criteria, or died before enrolment. Finally, eight patients
could be included in the prospective study. Eight patients were also included
in the cross-sectional study. Mortality among both groups of patients was
high; after 6 months, seven patients had died, and after 12 months another
two patients had died. Two patients were unwilling to participate in further
assessments because of their poor physical condition. At 6 months follow-
up, complete data were obtained for a total of eight patients (four patients in
each group). At 1 year follow-up the results of five patients (two in the
prospective study and three in the cross-sectional study) were available. 
The data obtained in the two studies were combined. The study population
on inclusion consisted of 16 patients, predominantly men, with a median
age of 67 years. The median duration of mechanical ventilation was 37 days,
and the median stay in ICU was 39 days.
The diagnoses on admission to the ICU were: sepsis with (a) enterocolitis
(n=3), (b) appendicitis, (c) acute myeloid leukemia, (d) unknown patholo-
gy (n=2), or surgery for (a) coronary insufficiency (n=6), (b) acute abdom-
inal aortic aneurysm dissection (n=3). The median APACHE-II and SAPS
scores on admission were 21 (range 14-32) and 49 (range 22-70), respectively.
Table 3.1 shows the baseline characteristics of the total study group (n=16),
the subgroup of survivors at 6 month follow-up (n=8), and the survivors
after 1 year (n=5).
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Figure 3.1 Study profile

Body functions and structure at 6 months (n=8)

After six months, muscle strength in the upper and lower extremities was
good in all eight patients (MRC), with no difference between the strength
in the right and left side of the body. In all patients the median muscle
strength was ≥ 3. Table 3.2 shows the results of manual muscle strength
measurements (right side).
Impairments in sensory function were observed primarily in the feet, with
no difference between the right and left foot. An impaired proprioception
and light touch sensation of the big toe was found in two patients, and an
impaired protecting light touch sensation of both feet in another two 
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Table 3.1 Baseline characteristics of patients with CIP on inclusion and at 6 and 12
months

Inclusion 6 months 12 months
n=16 n=8 n=5

Gender (male) 12 7 5

Age (years) 67 (32-78) 67 (32-78) 54 (32-69)

Length of stay in ICU (days) 39 (10-90) 32 (16-63) 37 (18-63)

Mechanical ventilation (days) 37 (10-88) 29 (14-60) 34 (16-60)

APACHE-II score 21 (14-32) 19 (14-29) 20 (14-25)

SAPS score 49 (22-70) 44 (22-66) 41 (22-50)

Median values (range) are presented.

patients. Two other patients suffered from an impaired proprioception of the
feet and light touch sensation in the hand was reduced.
Six months after the onset of CIP, scores on the Jebsen Hand Function Test
were within the normal ranges. The Barthel Index and Rivermead Mobility
Index scores indicated problems in ADL function in many CIP patients.
The median sumscore of the Barthel Index was 18.5 (range 9-20) and the
median sum-score of the Rivermead Mobility Index was 11(range 1-14).
Three patients were dependent on help with washing, bathing and dressing.

Table 3.2 Muscle strength in patients with CIP at 6 months

Right side (n=8) Manual testing (MRC) Median (range)

Upper extremity shoulder abduction 4 (4-5)

elbow flexion 5 (4-5)

elbow extension 5 (3-5)

wrist extension 5 (4-5)

wrist flexion 5 (4-5)

little finger abduction 5 (4-5)

Lower extremity hip abduction 5 (3-5)

knee extension 5 (3-5

ankle dorsiflexion 4 (3-5)
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Table 3.3 Physical functioning in patients with CIP at 6 months

Sickness Impact Profile (SIP-68); Scoring range for each domain (n=8)

Domain Median (range)*

Mobility range (range 0-10) 5.5 (0-10)

Mobility control (range 0-12) 9.5 (0-11)

Somatic autonomy (range 0-17) 2.5 (0-9)

*  A higher score indicates poorer functioning.

Walking outdoors, going up and down stairs, and picking up things from the
floor, all activities that require good muscle strength, mobility skills and
endurance, were limited in five, four and three patients, respectively. The
results of the SIP-68 confirmed that health status in patients with CIP is
predominantly affected with regard to the sub-scales ‘mobility range’,

‘mobility control’ and, to a lesser extent, ‘somatic autonomy’ (Table 3.2).
Except for one patient who was bedbound, no restrictions were found in
transfers indoors (Barthel Index, Rivermead Mobility Index, Up & Go test),
but none of the patients were able to run 10 m (Rivermead Mobility Index).
No inpairments were found in bowel or bladder function, and there were
no limitations in personal care or eating (Barthel Index).

Participation at 6 months

At 6 months, patients with CIP were restricted in participation in the fol-
lowing domains: autonomy indoors, social relations, autonomy outdoors
and family role (IPA), and predominantly in the last two domains (Table 3.4).

Table 3.4 Participation in patients with CIP at 6 months

Impact on Autonomy (IPA)

(n=8) Median (range)*

Autonomy outdoors 51 (20-86)

Autonomy indoors 68 (28-88)

Family role 70 (26-94)

Social relations 45 (20-83)

* IPA scores ranges from 20 to 100, with higher scores indicating more restrictions in par-
ticipation.
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Table 3.5 Quality of life in patients with CIP at 6 months

Short Form 36 (SF-36)

(n=8) Median (range)*

Role physical 0 (0-100)

Physical functioning 22.5 (0-80)

General health 42.5 (10-70)

Vitality 45 (15-80)

Role emotional 50 (0-100)

Bodily pain 50 (0-100)

Social functioning 56 (0-100)

Mental health 64 (8-100)

Health change 12.5 (0-25)

*  SF-36 scores range from 0 to 100, with higher scores indicating higher levels of func-
tioning or well-being.

Because of the advanced age of the study participants, the domain ‘work and
education’ was not assessed in this study.

Quality of life at 6 months

Patients with CIP assessed their own quality of life as moderate to bad (SF-36).
Physical functioning, in particular, was evaluated as worse than bodily pain,
social functioning and mental health (Table 3.5).
Six months after the diagnosis of CIP, seven patients received physiothera-
py treatment which was aimed at improving physical fitness using strength
and endurance training.

Functional outcome at 12 months

Twelve months after the onset of CIP, two more patients had died and one
patient was lost to follow-up.
Case-reports of the five patients remaining in the study are presented in the
Appendix. Because of the small study population and the diversity in out-
comes after 1 year, individual data are presented for all five cases (Table 3.6).
All patients showed an improvement in functional abilities, compared to 6
months. However, there was a wide variation in functional outcome among
the five patients. Despite the overall physical improvement, limitations in
physical functioning and mobility were still prominent. Somatic functioning
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Table 3.6 Characteristics of 1-year survivors

Case 1 Case 2 Case 3 Case 4 Case 5

Gender male male male male male

Age (years) 67 34 67 69 32

Stay in intensive 18 63 27 35 40
care (days)

Mechanical 16 60 25 33 38
ventilation (days)

APACHE-II score 19 25 20 20 14

SAPS score 42 46 44 50 22

Diagnosis on entero- appen- sepsis† AAAA‡ Bentall II
admission colitis dicitis*

* Perforated appendicitis. † Sepsis of unknown cause. ‡ AAAA: acute abdominal aortic
aneurysm dissection. II Bentall: thoracoabdominal aorta replacement.

was good in all patients, but ‘mobility control’ was severely impaired in four
patients (Table 3.7).
With regard to autonomy and participation, two patients experienced restric-
tions in all domains of the IPA. Autonomy with respect to ‘social relations’
was still impaired in all patients and in three patients the restrictions had
become worse after 6 months. One year after the diagnosis of CIP, four
patients were still not able to go outside, where and when they wanted to
(‘autonomy outdoors’) (Table 3.8).

Table 3.7 SIP-68 scores of 1-year survivors at 6 and 12 months

Sickness Impact Profile (SIP-68)*

High score correlates with poor functioning

Scores at 6/12 months Case 1 Case 2 Case 3 Case 4 Case 5

Somatic autonomy (range 0-17) 0/0 7/0 4/0 1/0 0/0

Mobility range (range 0-12) 0/0 10/4 6/2 5/0 5/0

Mobility control (range 0-10) 0/0 10/10 10/10 7/9 7/7

* A higher score indicates poorer functioning.
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Table 3.8 IPA scores of 1-year survivors at 6 and 12 months

Impact on Autonomy (IPA) 

Individual score*

Scores at 6/12 months Case 1 Case 2 Case 3 Case 4 Case 5

Autonomy outdoors 28/20 88/84 72/36 64/60 32/24

Autonomy indoors 20/20 86/60 54/20 43/60 49/20

Family role 26/20 91/69 71/14 69/60 49/20

Social relations 37/30 60/67 47/40 30/63 20/27

* IPA scores ranges from 20 to 100 with higher scores indicating more restrictions in par-
ticipation.

All patients, except for one, judged their quality of life as unsatisfactory in
many areas. With respect to physical functioning and general health, in par-
ticular, they assessed their quality of life as poor to moderate, but for social
functioning they generally considered it to be better (Table 3.9).

Table 3.9 SF-36 scores of 1-year survivors at 6 and 12 months

Short Form 36 (SF-36 )

Individual score*

Scores at 6/12 months Case 1 Case 2 Case 3 Case 4 Case 5

Role limitations (physical) 100/100 0/0 0/25 0/0 0/0

Physical functioning 80/90 0/10 20/25 25/60 45/35

General health 65/100 30/25 10/45 45/45 45/55

Vitality 75/75 15/25 45/40 45/40 80/90

Role limitations (emotional) 100/100 0/0 0/100 0/33 100/100

Bodily pain 100/100 0/0 0/100 78/100 67/55

Social functioning 100/100 0/13 50/100 63/75 100/100

Mental health 80/80 8/44 88/92 48/56 100/100

Health change 25/100 25/100 0/50 0/50 0/50

* SF-36 scores range from 0 to 100 with higher score indicating higher level of func-
tioning or well being.
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Discussion

This study describes the functional outcome in patients 6 and 12 months after
they were diagnosed with CIP. An important finding of this study was the
high 1 year mortality (56%) of the patients with CIP. Furthermore, there
was a great variation in functional outcome, participation and perceived health
status of the survivors. Outcomes of the 1-year survivors vary from a poor
to a good functional status. The fact that the results show a poor outcome is
in conflict with reports in the literature, in which the outcome of patients
with CIP is frequently described as good. However, in those studies recovery
was often evaluated on the basis of electrophysiological outcome measures,
rather than functional outcome measures. Moreover, in the few reports on
long-term outcome in CIP patients, clearly defined outcome measures were
seldom provided, or the follow-up was inconsistent: Leijten et al.11

observed slow rehabilitation and functional deficits in 22% of all survivors
after one year, Zifko26 found slow and incomplete recovery within 2 years,
while Hund27 reported rapid and almost complete recovery from neuropa-
thy in surviving patients.
The results of the present study show that one year after the onset of CIP the
physical health of all surviving patients had improved. However, functional
impairments were still dominant in four out of five surviving patients.
Especially outdoor mobility was reduced, which seemed to have an important
impact on autonomy and participation with respect to social relations, and
may have reduced the perceived quality of life after treatment in the ICU.
It has been suggested that quality of life and ADL functioning is largely
intact, 6 months after a prolonged ICU stay.28 In the present study it was
found that a complete functional recovery from CIP was not achieved after
6 or 12 months, and major problems were still perceived with regard to
activities and participation. These findings could be explained by the nor-
mal sequence of phases of recovery after a serious illness. In this process of
recovery, improvements in activities and participation usually follow the
restoration of functions and structures. On the other hand, the findings at
12 months could also indicate the existence of a chronic condition that may
not further improve.
There are some methodological limitations in this study. Due to the high
mortality of patients with CIP and the strict selection criteria for enrolment,
the results of this study are based on a small population. The outcome of
CIP was measured in various ways. The instruments used in the present
study were chosen to assess functioning at the levels of body functions and
structure, activities and participation (ICF). Because no disease-specific
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instruments were available to measure functional outcome in ICU patients,
generic measurement instruments were used. Consequently not all sequelae
of CIP could be assessed.
Determinants of the course of recovery could not be derived from this small
study population, and no major impairments in muscle strength or sensory
function were demonstrated. Yet, it has been demonstrated that MRC grade
5 muscle strength, can correspond to 50% of normal strength.29 It may well
be that reduced muscle strength can lead to problems with physical activi-
ties, such as going up and down stairs and picking up things from the floor.
Other factors may also have influenced the remaining disabilities. In the
present study population, impairments in physical endurance may have
restricted daily activities. In the literature severity of the illness, multiple
organ dysfunction, pre-hospitalisation functional dependency, age and
diagnosis at admission are described as determinants of functional outcome
after prolonged stay on the ICU.30-33 For now it remains unclear whether
these factors contributed to the reduced physical health and the poor long-
term functional outcome.
Despite these shortcomings, the present study provides interesting infor-
mation regarding rehabilitation problems among patients with CIP. In view
of the advances in medical techniques, an increasing number of patients will
survive a prolonged stay in intensive care, and attention should be paid to
the slow functional recovery, persistent disabilities, restrictions in partici-
pation and reduced quality of life among survivors of a critical illness.
Long-term rehabilitation is necessary to reduce impairments in functioning,
disabilities in activities and problems in participation in order to achieve
optimal autonomy and social participation. A better understanding of the
natural history of recovery from a critical illness may help to identify reha-
bilitation problems and to develop treatment that is directed towards the
needs of patients after discharge from an ICU. Therefore, there is a need
for more research on the long-term functional outcome, participation and
quality of life in patients after a prolonged stay in intensive care.
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APPENDIX

Case report 1

Male (67 years) with no previous medical history, admitted to the ICU because
of respiratory insufficiency and sepsis, due to acute enterocolitis caused by
amoebic dysentery infection. A colostomy and an ileostomy were performed,
and after awakening from sedation the patient appeared to be extremely
weak, which was attributed to CIP. He was mechanically ventilated for 16
days and discharged to his own home 3 weeks later without needing physio-
therapy or rehabilitation. At that time he used a walking stick.
One year later he was not restricted in daily activities (SIP) or participation
(IPA). He assessed his own general health as excellent, and much better
than one year ago. Due to the ileostomy he was restricted in performing
heavy physical activities but he did not perceive this as a problem. Overall
there were no physical or emotional problems interfering with his normal
social life or daily activities (SF-36).

Case report 2

Male (34 years) with a previous history of hypertension, obesity and psychi-
atric depression with social phobia. The patient was admitted to the ICU
because of persistent sepsis, multiple organ failure and acute respiratory
distress syndrome (ARDS) after a perforated appendicitis. Treatment in the
ICU was complicated requiring ventilation in a prone position and open-
abdomen treatment. During a long stay in the ICU he developed CIP and
ossifications of the shoulder, hip and knee joints. He was weaned from the
ventilator after 9 weeks and discharged to a general ward. The patient was
dependent on help with all ADL activities, including bed mobility. Seven
months after hospital admission the patient was discharged to his own home
with homecare facilities. At that time he was still bedridden, but was able to
walk indoors with a walking frame and he could get in and out of bed inde-
pendently. He was on medication because of pain in his joints. After 1 year he
was independent in dressing, bathing and eating, all of which had improved
compared to 6 months ago. There were still many difficulties with regard to
walking and outdoor mobility (SIP). However, the patient stayed home most
of the time, so this was not perceived as a problem. The main problems
were caused by not being able to go out and spend his leisure time the way
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he wanted to (IPA). In general, all physical and emotional problems and
bodily pain interfered to a great extent with his regular daily and social
activities (SF-36).

Case report 3

Male (67 years) with a medical history of chronic obstructive pulmonary dis-
ease (COPD) and coronary insufficiency. The patient was admitted to the
ICU because of acute renal failure and sepsis with unknown cause after a
period of cardiac asthma. He developed CIP and was mechanically ventilat-
ed for 1 month. Three weeks later he was discharged to his own home. He
attended an outpatient multidisciplinary rehabilitation programme twice a
week. His medical situation forced him to move to a stair-free home.
During the year following hospital discharge he had been re-admitted to
hospital twice because of pneumonia and gastrointestinal bleeding.
One year after admission to the ICU, he was independent in basic ADL ac-
tivities, but he had difficulties going up and down stairs and with activities
requiring good hand function (SIP). The quality of relationships and the
way he functioned in the family role were perceived as excellent. There were
restrictions in outdoor mobility, but this was not considered to be a prob-
lem. The main problem, however, was that he could not spend his leisure
time the way he wanted to (IPA). The patient was unable to walk more than
100 meter without support or undertake vigorous activities, but this did not
interfere with his normal daily and social activities. Altogether, general health
was perceived as very good, and about the same as one year ago (SF-36).

Case report 4

Male (69 years), admitted after surgery for acute dissection of an abdominal
aortic aneurysm. The postoperative course was complicated, with renal
insufficiency, intra abdominal infections requiring multiple laparotomies,
and CIP. After 35 days the patient was discharged to the surgical ward. One
week later he was discharged to the referring hospital. After one year he was
independent in basic ADL, but it took him longer than before. He used a
wheeled walking frame when walking outdoors. Despite difficulties with
standing, going up and down stairs, and walking long distances, he frequently
went out of town to visit friends (SIP). However, the patient felt restricted
in maintaining relationships and spending leisure time. Problems regarding
the quality of social relations and autonomy indoors and outdoors seemed
to have increased from 6 to12 months after the CIP diagnosis (IPA). As a
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result of his physical and emotional problems, he accomplished less than he
would have wanted. Overall, he was not satisfied with his health status,
which he considered to be about the same as one year ago (SF-36).

Case report 5

Male (32 years) with Marfan disease. Admitted to the ICU after a surgical
replacement of the thoracoabdominal aorta (Bentall procedure). The post-
operative course was complicated, and included acute respiratory distress
syndrome (ARDS), pneumothorax, pareses of the peroneus nerve, and CIP.
Six weeks after surgery he was weaned from the ventilator. Two weeks later he
was admitted to an inpatient rehabilitation clinic for 2 months. After discharge
he attended a multidisciplinary rehabilitation programme for 4 months.
One year after the onset of CIP he was independent in self-care and other
basic ADL. When walking outdoors he used a walking stick, and he was able
to go up and down stairs and walk long distances, but these activities took
more time than before (SIP). He considered his health status to be fair to
good, because his daily activities were not impeded by any health problem
except pain (IPA and SF-36).
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ABSTRACT

Purpose

To evaluate the functional status of patients within the first week of discharge from an
intensive care unit (ICU), and to identify predictors and explanatory factors of functional
status.

Methods

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 abil-
ity to perform basic activities of daily living, 67% percent 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 sta-
tus 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.

Keywords

Intensive care, outcome, functional status, functional outcome, activities of daily living
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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 con-
sent 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 ven-
tilator, 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.
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Physiotherapy treatment is aimed at enhancing the patient’s overall functional
capacity and at decreasing the risks of complications associated with bed rest.

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; diag-
nosis 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 inde-
pendent). The scale has frequently been used to measure physical function-
ing 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 scale12,13; 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 fork16;
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
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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 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 sta-
tus, 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 ventila-
tion 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 nec-
essary 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 knowl
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Figure 4.1 Flow diagram of the study population

edge 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 informa-
tion from 69 ICU patients. Figure 4.1 presents a flow diagram of the study
population. The patient characteristics are presented in Table 4.1.
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Table 4.1 Demographic and clinical patient characteristics of study patients (n=69)

Characteristics

Age (years) 60 (49-71)

Gender

Male, n (%) 33 (62%)

Female, n (%) 26 (38%)

Type of admission

Elective, n (%) 10 (14%)

Non-elective, n (%) 59 (86%)

Re-admission, n (%) 10 (14%)

ICU admission diagnosis, n (%)

Surgical

cardiovascular 10 (15%)

neurological (incl. head trauma) 12 (17%)

gastrointestinal 6 ( 9%)

trauma 3 ( 4%)

Medical

cardiovascular 9 (13%)

neurological 6 (9%)

respiratory 17 (25%)

other 6 ( 9%)

Severity of illness

APACHE II score 16 (12-20)

SAPS II score 44 (36-56)

SOFA score on admission 8 (6-11)

SOFA score on discharge 5 (3-7)

Days of mechanical ventilation 6 (3-10)

Length of ICU-stay (days) 7 (5-17)

Values are presented as median, interquartile range for continuous variables and num-
ber, percentage for categorical variables. APACHE II=Acute Physiology and Chronic
Health Evaluation; SAPS=Simplified Acute Physiology Score; SOFA=Sequential Organ
Failure Assessment.
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Table 4.2 Quality of life before ICU admission (n= 38)

SF-36 domains Median (interquartile range) Z-score

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 (-0.99-0.54)

Bodily pain 69 (44-100) -.24 (-1.30-1.07)

Mental health 76 (62-92) -.05 (-0.85-0.87)

Vitality 63 (31-84) -.32 (-1.94-0.79)

General health perceptions 65 (30-85) -.28 (-1.97-0.69)

SF-36 scale range 0-100 (higher scores representing better functioning), Positive Z-
scores indicating better functioning compared to the general population (median and
interquartile range).

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 informa-
tion 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 sta-
tistically 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 consid-
ered representative of the whole study group.
QoL prior to admission did not deviate from that of the general Dutch popula-
tion (age and gender matched). Z-scores of the domains were between -0.32
and +0.65 (Table 4.2).

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
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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 immobiliza-
tion 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 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 impair-
ments.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 4.3.
Age, QoL prior to ICU admission, and severity of illness (as measured by
the APACHE II) on ICU admission were not associated with functional sta-
tus after ICU discharge (age and Barthel Index score, p=0.77; SF-36 physi-
cal-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 dura-
tion 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 56 days (n=39; score 4 versus 10, p=0.001). This
relationship is illustrated in Figure 4.2.
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Table 4.3 Secondary outcome measures

Outcome measure

MRC score (0-5) (n=55)
Elbow flexion 4 (4-5)

Elbow extension 4 (4-5)

Knee extension 4 (4-5)

Ankle dorsal flexion 5 (4-5)

Grip strength (Newton) (n=48)

right hand 148 (108 -227)

left hand 130 (  92 -169)

Sensibility in hands (n=53)

absent, n (%) 0 ( 0%)

Sensibility in feet

absent, n (%) 8 (15%)

Vibration sense in hands (n=53)
reduced, n (%) 2 (4%)

Vibration sense in feet
reduced, n (%) 21 (40%)

FAC score, n (%) (n=69)
0 27 (39)

1 12 (17)

2 5 (  7)

3 7 (10)

4 10 (14)

5 8 (11)

MMSE (0-30) (n=54) 26 (23-28)

The values are presented as median, interquartile range for continuous variables and num-
ber, percentage for categorical variables. MRC, medical research council muscle strength;
Higher scores representing better functioning, FAC=Functional Ambulation Categories; 0:
patient is not able to walk or requires help from two or more people,  1: patient requires con-
tinuous firm support from one person, 2: patient needs continuous or intermittent support
from one person, 3: patient requires  verbal supervision or stand-by help from one person
without physical contact, 4: patient can walk independently on level ground, but requires
help on stairs, slopes or uneven surfaces, 5: patient can walk independently anywhere.
MMSE, Mini-Mental State Examination with higher scores representing better functioning.
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Figure 4.2 Association between duration of mechanical ventilation and Barthel
Index (the reference line represents the cut-off point of 6 days)

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.

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
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analysis showed that reduced upper-extremity strength and walking difficulties
were the most important independent explanatory factors of poorer func-
tional 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 func-
tional 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 physi-
cal functioning (i.e. that advanced age and increased severity of illness on
ICU admission are independently associated with a poorer functional out-
come2), 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 admis-
sion. 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 con-
cepts of functioning that are measured by the SF-36 and Barthel Index. 
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The Barthel Index 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 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 limita-
tions 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 conse-
quently excluded from the study. Therefore, it remains unknown whether
the study population is an accurate representation of the population admit-
ted 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 question-
naires were returned by the patients’ proxies. Unfortunately, reasons for
not responding could not be further specified. Although patient age, severi-
ty 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 literature2, 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
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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, 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 reha-
bilitation 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 limita-
tions in ADL suggest that physical impairments, rather than sensory impair-
ments 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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ABSTRACT

Objective

To examine restrictions in daily functioning from a rehabilitation perspective in patients
one year after discharge from the intensive care unit, and to identify prognostic factors
for functional status.

Design

Cross-sectional design.

Patients

Consecutive patients who were admitted to the intensive care unit for more than 48 hours
(n = 255).

Methods

One year after intensive care, functional status (Sickness Impact Profile) as primary
outcome, and Quality of Life (SF-36), anxiety and depression (Hospital Anxiety Depression
Scale), and post-traumatic stress disorder (Impact of Events Scale) were evaluated.

Results

Fifty-four percent of the patients had restrictions in daily functioning. Walking and
social activities were most frequently restricted (30-60% of the patients). Quality of life
was lower than the general Dutch population. Symptoms of anxiety and depression were
found in 14%, and post-traumatic stress disorder in 18%. Severity of illness at admission
and length of stay in the intensive care unit were identified as prognostic factors,
although they explained only 10% of functional status.

Conclusion

The high prevalence of long-lasting restrictions in physical, social and psychological func-
tioning among patients who stayed in the intensive care unit for at least 2 days implies that
these patients are a potential target population for rehabilitation medicine. Multidisciplinary
therapies need to be developed and evaluated in order to improve outcome.

Key words

Critical illness, intensive care, rehabilitation, activities of daily living.
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Introduction

Critical illness is associated with a wide range of serious long-lasting impair-
ments that interfere with optimal functional outcome. Several studies have
reported long-term physical impairments1,2, post-traumatic stress disorder
(PTSD)3, anxiety and depression2 and reduced quality of life (QoL)4 in sur-
vivors of the intensive care unit (ICU). To date, despite these problems
within the different health domains, this patient group is not routinely
referred to rehabilitation services. The expertise of rehabilitation medicine
could be beneficial to reduce the long-term restrictions in daily functioning,
and to improve the long-term outcome of ICU survivors. In this respect,
the relative contribution of restrictions in physical and psychosocial func-
tioning on daily functioning may have considerable therapeutic conse-
quences. Rehabilitation may focus on either physical or mental functioning,
or both. For the planning of adequate rehabilitation care during convales-
cence after ICU discharge, a thorough understanding of the long-term
functional restrictions from a rehabilitation perspective is a prerequisite.
Although the perceived QoL of ICU survivors has been studied extensively
in the literature4, little information is available on the impact of their health
condition on daily functioning.
The aim of this cross-sectional study was to describe restrictions in daily
functioning, and to identify prognostic factors for the functional status of
critically ill patients one year after discharge from the ICU.

Methods
Patients

This inception cohort study was undertaken in the Academic Medical Center
of the University of Amsterdam, a 28-bed mixed closed-format adult ICU
in a 1000-bed hospital. All patients admitted between June 2004 and June
2005 for more than 48 hours in the ICU were considered eligible. The sur-
vival status and residential address of all ICU survivors were tracked by means
of telephone calls with their general practitioner. Patients were considered
to be lost to follow-up if their residential address could not be ascertained.

Measurements

Twelve months after discharge from the ICU, questionnaires were sent to
all survivors. A follow-up letter was sent to all non-respondents, followed
by a telephone call to obtain information about reasons for non-response.
The primary outcome was the Sickness Impact Profile 68 (SIP68).5 The SIP68
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is a validated short version of the 136-item version of the Sickness Impact
Profile (SIP) and evaluates health-related functional status by assessing the
behavioural impacts of sickness. The SIP68 consists of 6 domains (somatic
autonomy, mobility control, psychic autonomy and communication, social
behaviour, emotional stability and mobility range). A total SIP68 score and
separate domain scores can be calculated, with scores ranging from 0 (no func-
tional restrictions) to 100 (severe functional limitations). The cut-off point as
recommended by Bosscha et al.6 was applied, by which patients with a score of
0-10 were classified as doing well in daily life, scores in the range 11-20 indi-
cated mild health-related dysfunctions, and scores >20 indicated clear dis-
ablement in performing activities of daily living, i.e. poor functional status.
Secondary outcome measures were QoL (Medical Outcomes Study 36 Item
Short form; SF-36)7, symptoms of anxiety and depression (Hospital Anxiety
and Depression Scale; HADS)8, 9 and PTSD related symptoms (Impact of
Events Scale; IES).10,11 QoL was compared with normative data from the
general Dutch population.7

For the presence of depression, anxiety or both, the cut-off level of 19, as
recommended by Spinhoven et al.12, was used. For the subscales anxiety and
depression, the cut-off values of 11 or more according to Zigmond &
Snaith9 were applied. For the identification of severe coping disorders,
scores above the cut-off point of 35 were classified as a high level of PTSD-
related symptoms, in agreement with the previous findings of Neal et al.13

Dutch validated self-report versions of all outcome measures were used.
Baseline data and information about potential risk factors for long-term
functional status were obtained from medical records.
The Acute Physiology and Chronic Health Evaluation II (APACHE II) clas-
sification was used as one of the potential prognostic factors. The APACHE
II classification measures the severity of disease for patients admitted to an
ICU and is calculated from 12 routine physiological measurements (blood
pressure, body temperature, heart rate, etc.) during the first 24 hours after
admission, information about previous health status and some information
obtained at admission (such as age). Scores range from 0 to 71; higher
scores imply a more severe disease and a higher risk of death.14

Sociodemographics and information about other relevant outcome measures
for functional status, such as employment status and living arrangements,
were obtained by a questionnaire completed by the patients.
The study was submitted for approval to the local ethics committee, which
waived the need for informed consent because of the non-interventional
nature of the study.
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Statistical analysis

The baseline data and outcome measures were analysed with descriptive
statistics. The data are expressed as mean and standard deviation (SD) and,
in case of a skewed distribution, medians and interquartile ranges are pre-
sented. The mean SF-36 scale scores of ICU patients at baseline were com-
pared with those of the age-matched Dutch general population using the Z-
score (difference between patient and Dutch general population mean score,
divided by general population SD), whereas a value of ≥ 0.8 represents a dif-
ference of at least four-fifths the SD and is viewed as a deviation from the
norm score.15

Univariate and multivariate logistic regression analyses, with SIP68 as depen-
dent variable (cut-off point >20, i.e. poor functional status), were performed
to determine the predictive ability of the potential prognostic variables,
gender, age, severity of illness on ICU admission (APACHE II)14, length of
stay (LOS) in ICU, and admission diagnosis category. First, all variables
were entered as independent variables in the univariate analyses. In addition,
all independent variables were then entered in order of p-value obtained in
the univariate regression analyses into a multivariate logistic regression
model (forward selection procedure). The relationship between poor func-
tional status and symptoms of anxiety and depression, and PTSD were
investigated with the Spearmans’s rho correlation coefficient. A p-value of
<0.05 was considered to be statistically significant. All statistical analyses
were performed in SPSS 12.0 (SPSS Inc, 444 North Michigan Ave, Chicago,
IL 60611, USA).

Results

Of the 1738 patients who were admitted to the ICU, there were 746 eligible
patients who stayed more than 48 h in the ICU. The ICU mortality rate was
13%, and the overall hospital mortality rate was 26%. Of all 555 ICU sur-
vivors who had been discharged from the hospital the survival status and
residential address were tracked. Twelve months after discharge an addi-
tional 87 (16%) patients had died and 42 (8%) patients could not be traced.
Patients who survived but could not be traced (n=42) were younger than
the other survivors (n=426, p=0.02), but there was no significance difference
in gender, LOS in the ICU, or APACHE II score on admittance. Question-
naires were sent to all 426 survivors with a known address, 255 (60%) of
whom completed and returned the questionnaires. Reasons for notreturn-
ing the questionnaire were “ill-health” (45%), and “other, non-medical, , per-
sonal reasons” (55%). The number of survivors, the excluded patients, 
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Figure 5.1 Flow diagram of study participants

and patients included in the data analysis are presented in the flow diagram
in Figure 5.1.
Table 5.1 presents the characteristics of all ICU patients and of the “respon-
dents” and “non-respondents”. There were no differences in age, LOS in the
ICU, duration of ventilation and the APACHE II score between the respon-
dents and the non respondents within the entire group of ICU survivors.
Respondents admission diagnostic categories in ICU included medical reasons
in 33% of the patients (mostly respiratory failure), non-scheduled surgery in
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24% (21 abdominal and trauma, 23 neurosurgery, 12 cardiothoracic, 6 other),
and scheduled surgery in 43%, (83 cardiothoracic, 21 abdominal, 7 other).

Primary outcome SIP68

One year after discharge, the total median SIP68 score was 11 (interquartile
range 3-26). Table 5.2 summarizes the SIP68 scores of 253 patients. Forty-
six percent of the patients had a score with which they were expected to be
doing well in daily life (score 0-10), 22% had mild dysfunctions (score 11-
20) and 32% had poor functional status (score >20).
The highest percentage of dysfunctional items was found in the categories
of social behaviour and mobility control. The social behaviour category
describes the possible consequences of a health disorder on a person’s func-
tioning in relation to other persons. Within this category more than 25% of
the respondents reported that visiting friends, recreational and social activities,
and sexual activity were restricted, compared with prior ICU functioning.
The mobility control category describes behaviour that is related to the level
of control that an individual has over his or her own body5. In this category,
more than 25% of the respondents reported being restricted in activities
related to walking, such as walking slowly and problems with walking stairs,
hills, and distances. The top 10 of most commonly reported problems
(SIP68) are presented in Figure5.2.

Table 5.2 Functional status according to the SIP68 (n=253)

SIP68

Score range 0-100 Median P25-P75 Range

Somatic autonomy 0 0-6 0-88

Mobility control 8 0-33 0-100

Psychic autonomy and communication 0 0-27 0-100

Social behavior 25 8-50 0-100

Emotional stability 0 0-17 0-100

Mobility range 0 0-20 0-100

Total SIP68 score 11 3-26 0-77

P25-P75 interquartile range.
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Figure 5.2 Top 10 frequency item scores on the SIP68

Compared with physical and social activities, activities related to psycholog-
ical functioning were less reported to be restricted. However, in the catego-
ry psychic autonomy and communication, 25-27% reported difficulty with
respect to short-term memory. Within the category emotional stability, 20%
mentioned acting irritably, being impatient, and not joking with family
members as they used to do.

Quality of life, symptoms of anxiety and depression and PTSD

The SF-36 scores are summarized in Table 5.3. The values of the Z-scores of
the SF-36 scales Physical Function, Role Physical, and General Health were
lower than the general Dutch population (≤ -0.8). Figure 5.3 shows the SF-36
mean scale scores for the study sample and the normative data of a general
Dutch population sample.
The median score on the HADS was 7 (interquartile range 2-14), and 34 (14%)
of the patients were found to have symptoms of anxiety and depression
(Table 5.3). The HADS score was associated with poor functional status
(SIP>20; Spearman’s rho HADS r=0.478, p<0.000). Of the patients with
anxiety and depression (HADS>19), 74% also had poor functional status
(SIP>20).
The median score on the IES was 10 (interquartile range 1-29) (Table 5.3),
and 43 (18%) respondents were found to have symptoms of PTSD. The IES
score was associated with functional status (Spearmans’s rho IES and SIP68
r=0.260, p<0.000). However, within the group of patients with symptoms
of PTSD (IES>35), 50% had poor functional status, and 50% did not.
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Table 5.3 Quality of life and psychosocial functioning in ICU survivors after 12
months

Measurements Median P25- P75 Range

SF-36 (n=250) Mean Mean Z
(SD) score

Physical function (0-100) 65 35-90 0-100 61 (31) -.95*

Role physical (0-100) 25 0-100 0-100 44 (42) -.90*

Bodily pain (0-100) 80 55-100 0-100 76 (25) .03

General health (0-100) 55 40-75 0-100 54 (22) -.81*

Vitality (0-100) 65 45-75 0-100 61 (22) -.42

Social function (0-100) 75 56-100 0-100 71 (26) -.57

Role emotional (0-100) 100 33-100 0-100 66 (42) -.50

Mental health (0-100) 76 66-88 0-100 73 (19) -.20

HADS (n=247) Cut-off, n (%)

HADS anxiety (0-21) 4 1-7 0-20 >10, n=28 (11%)

HADS depression (0-21) 3 1-7 0-20 >10, n=28 (11%)

HADS Total score (0-42) 7 2-14 0-38 >19, n=34 (14%)

IES (n = 238)

IES intrusion (0-35) 4 0-15 0-35

IES avoidance (0-40) 5 0-13 0-40

IES Total score (0-75) 10 1-29 0-75 >35, n=43 (18%)

The values are presented as median, interquartile range and range. Prevalence, anxiety
and depression, PTSD related symptoms according to the clinical cut-off points. n (%)
=number (%) of patients with scores above the clinical cut-off point. SF-36 negative Z-
scores indicating impaired functioning compared to the general population (mean and
standard deviation). *A value of -0.8 or smaller indicates a deviation from the norm score.
SF-36=Medical Outcomes Study 36 item short form health survey; higher scores rep-
resenting better functioning. HADS=Hospital Anxiety and Depression Scale; higher
scores representing poor functioning. IES=Impact of Events Scale; higher scores rep-
resenting poor functioning.
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Figure 5.3 SF-36 mean scale scores for the study sample and the Dutch general
population sample

Abbreviations: PF=Physical Function; RP=Role Physical; BP=Bodily Pain; GH, General
Health; VT=Vitality; SF=Social function; RE=Role Emotional; MH=Mental Health.

Changes in living arrangements and employment status

One year after discharge from the ICU the living arrangements of only 7
patients had changed; of the 240 patients previously living independently, 4
had moved to a nursing home and 3 had temporarily moved in with their
parents. Of the 82 patients who were employed before ICU admission, only
54% (44) had resumed their previous employment after one year. The per-
centage of patients on sick leave increased from 2% (5) prior to ICU admis-
sion to 15% (37) (Table 5.4).
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Table 5.4 Source of income of ICU survivors (n=251)

Pre-ICU admission 1 year after ICU discharge

Job 82 (33%) 44 (18%)

Retirement 107 (43%) 113 (45%)

Invalidity pension 34 (14%) 33 (13%)

Temporary sick leave 5 (2%) 37 (15%)

Other source• 23 (9%) 24 (10%)

• Partners income, welfare, student scholarship.

Referral for rehabilitation

After discharge from the ICU, 22 (9%) patients were transferred to a rehabil-
itation facility and another 50 (20%) followed an outpatient multidisciplinary
rehabilitation programme. Patients referred for rehabilitation were younger
(p=0.03), but did not differ from the patients who were not referred, with
respect to LOS (p=0.1), APACHE (p=0.2) or admission diagnosis p=0.06).
Of these 72 patients, 40 (67%) still participated in a multidisciplinary reha-
bilitation programme after one year. Of all ICU survivors, 32 (13%) still
received medical attention from a rehabilitation physician, 92 (37%) received
physical therapy, 34 (14%) were treated by a psychologist, and 31 (12%) by a
social worker, 9-12 months after discharge. Patients who participated in a
multidisciplinary rehabilitation programme after one year had worse func-
tional status compared with those who did not (SIP68 p=0.006). Of the
patients with a residual poor functional status, 20% (16) reported that they
received medical attention from a rehabilitation physician in the preceding
3 months, 7 of whom received multidisciplinary interventions (treatment
by a rehabilitation physician, and 2 or more other disciplines, such as physi-
cal therapy, occupational therapy, psychiatrist, psychologist or social work-
er). Half of the patients with poor functional status had physical therapy. Of
the patients with psychological distress (HADS>19, or IES>35), 24%
received treatment from a psychiatrist, psychologist or social worker.

Potential prognostic factors for functional status

Univariate analysis showed that the APACHE score on ICU admission, the
LOS in the ICU and the admission diagnosis category were significantly
associated with poor functional status (APACHE p=0.017, r=0.15, LOS
p=0.012, r=0.158, admission diagnosis p=0.019, r=0.147). Acute admitted
patients (acute surgery and medical) had a poorer functional status than elec-
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tive patients (elective surgery). The final model of the logistic multivariate
regression analyses model with poor functional status (SIP68>20) as the
dependent variable included ICU LOS and APACHE II (odds ratio 1.047,
95% confidence interval 1.002-1.095, p=0.043). The percentage of the vari-
ance explained by the model was 9.8%.

Discussion

This study shows that one year after discharge from the ICU, patients who
were treated for at least 2 days in the ICU, had great limitations in physically
related activities, in particular walking activities, and many problems in
social functioning. It was also found that disease-related factors early after
ICU discharge are not of sufficient clinical value to identify patients who
are at risk of poor functional status.
One year after discharge from the ICU, more than half of the survivors of a
critical illness had restrictions in daily functioning, resulting in reduced
physical, social and psychological well-being. One-third of all participants
had poor functional status (SIP68>20). With this, activities within the
SIP68 categories mobility range and social behaviour, which, with the
exception of sexual activity, all require good walking capacity and physical
endurance, were most commonly reported to be restricted. To illustrate,
30-60% reported walking more slowly, walking shorter distances, having
difficulties with stairs and hills, going out for entertainment less often,
spending less time on hobbies, recreation and community activities
(Figure5.2). With respect to the high percentage of patients reporting
decreased sexual activity (40%; Figure 5.2), we found that these patients had
significantly higher scores on all SIP68 domains (indicating poorer func-
tioning), which indicates that this may be associated with problems in both
physical and psychological functioning. Activities related to the psychic
autonomy and communication category were less reported to be restricted.
However, an incidence of 25% of the patients reporting difficulty reasoning
and solving problems, and impaired concentration and short-term memory
is still very high. These findings are in accordance with the findings of
Hopkins & Jackson16, who also reported impairments in executive function,
mental processing speed, attention and memory in ICU survivors. Thereby,
one should take into account that neurocognitive impairments appear to be
under-recognized in ICU patients.16 With this, we believe that limitations
in walking capacity and physical endurance, concentration and memory
problems, have a great impact on daily functioning in ICU survivors. To
illustrate, the return to work rate in this study was 46%, which is in agreement
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with previous studies in ICU survivors, and shows that the impairments in
functioning may have important consequences for participation and may
lead to substantial economic costs.1,17

The second important finding is that the identification of patients who are
most likely to develop long-term problems in functional status is not possible
shortly after discharge from the ICU, on the basis of information regarding
gender, age, admission diagnosis, severity of illness on admission, and LOS
in the ICU. Although significant associations between QoL and these fac-
tors have been identified in several studies, as reported in a systematic
review by Dowdy et al.4, its clinical value with respect to the identification
of patients who are at risk of poor functional status has not been studied
previously. In the present study, only 9.8% of the variance of poor functional
status was explained by ICU LOS and APACHE II score. In this study pop-
ulation, perceived QoL after one year is in accordance with other studies
that used the SF-36 as reported in a meta-analysis.18 Compared with previ-
ous studies, in which the functional status of patients from the ICU was
assessed with the SIP19–21, the 32% prevalence of severe disability found in
this study is rather high. The relatively poor outcome in the present study,
compared with that reported in the literature, may be due to the selection
criteria that we applied. We evaluated patients with an ICU stay >48 hours,
whereas other studies using the SIP in ICU populations have also included
patients with a shorter LOS in the ICU.
The incidences of symptoms of anxiety, depression and PTSD in our study
are in agreement with the range of incidences found in previous studies.2,3,22,23

The interpretation of the scores (SIP68, HADS, IES) depends on the choice
of cut-off points. In the present study high cut-off points were used, which
may have resulted in an under-estimation of the actual prevalence of
restrictions in functional status, anxiety and depression, and PTSD.
With respect to the association between functional restrictions and symp-
toms of psychological distress, we conclude that, especially in patients with
poor functional status, attention should be focused not only on physical
restrictions, but also on symptoms of anxiety and depression. By contrast,
symptoms of PTSD were found in patients regardless of their functional
health status and should therefore be monitored in all patients.
Our study could be criticized for failing to document the health status of
patients prior to ICU admission. Ideally, one would want to distinguish
whether the observed functional reflects functioning prior to ICU admis-
sion or the long-term effect of critical illness. In our ICU, the vast majority
of the patients are acute admissions by which pre-admission data-acquisi-
tion is not possible. Information on functional health prior to ICU admission
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can, to a certain extent, also be inferred from surrogate measures, such as living
arrangements and source of income. Prior to ICU admission the majority of
the patients were living independently, 14% received an invalidity pension
and only 2% were on temporary sick leave. In addition, the SIP68 measures
change in daily functioning due to sickness. Therefore, we believe that the
restrictions that we found one year after discharge from the ICU, could pri-
marily be considered as long-term consequences of the critical illness.
Another limitation of this study is the possibility of selection bias. This study
had a 60% response rate, which is in accordance with other follow-up studies
in ICU populations.3,21,24 With regard to the reasons for not returning the
questionnaire, the reason given by 45% of the non-respondents was poor
health, and 55% mentioned personal reasons that were not related to health
status. Additional analysis suggests that, except for gender, the baseline
demographic characteristics, APACHE II score on admission, and LOS in
the ICU were similar between respondents and non-respondents (Table 5.1).
Therefore, it seems likely that the SIP68 scores of the respondents are also
representative of the non-respondents, although selection bias cannot be
ruled out.
In this cross-sectional study we are unable to provide information on the
course of recovery during the first year, or the extent to which the present
restrictions can further be reduced.
Studies evaluating QoL have shown that recovery is incomplete after one
year, and that convalescence may take up to 14 years.4 Therefore, some
recovery potential in the performance of daily activities can be anticipated
in the majority of the patients with restricted functioning. In our study pop-
ulation, only a minority of patients with a poor functional status or with
high levels of psychological distress received attention from rehabilitation
services. The literature on the referral to rehabilitation therapy of patients
from ICU is scarce; however, in a study by Hopkins et al.17, it was found
that impairments in mental functions are frequently overlooked in patients
from ICU. We believe that in patients with poor functional status, and in
patients with high levels of psychological distress who did not receive reha-
bilitation treatment, recovery might have been improved if specifically tar-
geted rehabilitation treatment had been provided. However, to date, little
evidence has been available with respect to the effectiveness of rehabilita-
tion interventions on patients after a critical illness.25,26

The findings of this study have significant clinical implications for the plan-
ning of care after ICU discharge. Whereas survival and QoL in previous
studies have been regarded as relevant outcomes after a stay in the ICU19–21,
the observations of functional restrictions in the present study should be
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considered as important directions to target interventions aimed at improving
the outcomes of ICU patients.
In our opinion, patients who survive a critical illness deserve attention from
the field of rehabilitation medicine. Exercise programmes aiming at impro-
vement in walking capacity and endurance may be beneficial for patients
who are discharged from the ICU. Furthermore, in the rehabilitation treat-
ment of critically ill patients one should take into account the high prevalence
of psychological distress and concentration and memory problems. Since
known prognostic factors had only limited predictive value for the develop-
ment of functional restrictions, a longitudinal follow-up of patients with an
ICU length of stay of at least 2 days might clarify further which patients are
at risk of functional limitations.
Future research should examine the contribution of potential prognostic
factors in functional recovery, and the effect of interventions aiming at the
improvement of functional outcome in patients after discharge from the ICU.
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LETTER TO THE EDITOR

A. Frans de Jong, Erwin J. O. Kompanje, PhD, Jose G. M. Hofhuis, PhD,
Peter E. Spronk, MD, PhD, Guus A.J.P. Schrijvers, PhD 

and Jan Bakker, MD, PhD

J Rehabil Med 2009; 41: 780-781

Sir,

We note with interest the study by Van der Schaaf et al.1, who studied the
restrictions in daily functioning from a rehabilitation perspective in patients
one year after discharge from the intensive care unit (ICU) of the Academic
Medical Center of the University of Amsterdam, The Netherlands. All
patients included in this study were admitted to the ICU between June 2004
and June 2005 for more than 48 hours. We conducted a similar study in a
university-affiliated teaching hospital Dutch ICU.2 All patients admitted to
the ICU for longer than 48 hours between 2000 and 2004 who ultimately
survived to 6 months follow-up were included. To study the long-termim-
pact of critical illness on demand and consumption of care after discharge
from intensive care over 6 months, patients were asked to complete a vali-
dated questionnaire. Of the 451 patients included in the study 40 were lost
to follow-up and 159 died; the remaining 252 were evaluated at 6 months.
Comparing the results of our study with those of the study by Van der
Schaaf et al.1, which were conducted over different time periods and in 2
different hospitals (a university city hospital and a hospital in a more subur-
ban region), we found similarities that showed a consistent level of need of
patients after discharge from the ICU. Analysis of the data showed that, in
our study, 91% of patients were discharged to their own home, and in the
Amsterdam study this figure was 97%. Both studies showed that the
patients’ consumption in several dimensions of health related quality of life
and their need for care was large and complex. For example, in our study
39% of patients still received physical therapy at 6 months follow-up, in the
Amsterdam study this figure was 37% (9-12 months follow up). The high
prevalence of long-lasting restrictions in physical, social and psychological
functioning of patients who were admitted to an ICU for more than 48
hours implies that this population will consume a considerable amount of
care, and that this is independent from time and place, with consequences
for healthcare providers and government policies. In the coming decades,
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the rate of growth of the elderly population (persons 65 years old and over)
in many Western countries will greatly exceed the growth rate of the popu-
lation as a whole. As a result, many of the patients who will be admitted to
an ICU will be older, and those who survive the ICU stay will face severe
restrictions in daily functioning. This will be a challenge for healthcare
providers and politicians.
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RESPONSE TO THE LETTER TO THE EDITOR BY DE JONG
ET AL.

Marike van der Schaaf, MSc1, Anita Beelen, PhD1, Dave A. Dongelmans,
MD, MSc2, Margreeth B. Vroom, MD, PhD2 and Frans Nollet, MD, PhD1

From the Departments of: 1) Rehabilitation and 2) Intensive Care of the
Academic Medical Center, University of Amsterdam.

De Jong et al. subscribe to our findings of complex restrictions in daily func-
tioning in patients one year after discharge from the intensive care unit
(ICU), which is in concordance with their own results.1,2 We fully agree
with de Jong et al. that healthcare planning must anticipate an increasing
number of patients facing long-term restrictions in daily functioning fol-
lowing treatment in the ICU.
Although multidisciplinary ICU follow-up care has been recommended to
improve outcome1-5, it is remarkable that survivors of a critical illness are
not routinely referred to rehabilitation services. This may be related to the
fact that follow-up of ICU patients is usually performed by physicians
involved with the primary conditions for which the patients were admitted
to the ICU. Restrictions in physical and psychological functioning, and oth-
er specific problems requiring multidisciplinary rehabilitation, are often
unrecognized.5 Rehabilitation follow-up care can help to identify problems
and serve to facilitate referrals, and may be able to improve functional inde-
pendence and return to activities of daily living or work. In a continuation
of our study1, we conducted a prospective study on functional recovery in
ICU patients, which confirmed these results.3 Furthermore, it appears that
3 months after ICU discharge patients at risk for long-lasting disability can
be identified (unpublished results). The challenge for rehabilitation profes-
sionals is to develop effective multidisciplinary interventions to improve
the outcome of ICU patients. In addition, randomized controlled trials
should be performed to evaluate the effect of these rehabilitation interven-
tions on the long-term outcome of ICU patients.
Although there is a need for further research, there is sufficient evidence to
support changing practice towards multidisciplinary rehabilitation aftercare
for ICU patients today.
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ABSTRACT

Objective

To determine the time course of functional health status, and to inventory impair-
ments in body functions, limitations in activities, and restrictions in participation after
critical illness.

Design

Prospective observational cohort study.

Setting

Mixed medical and surgical closed format; intensive care unit of an academic medical hospital.

Patients

Consecutive patients over a period of 3 months who were ventilated in the intensive care
unit for more than 48 hours (n=116).

Methods

Functional health status was assessed 3, 6 and 12 months after discharge from the intensive
care unit using the Sickness Impact Profile 68. Impairments in function, limitations in activ-
ities, and restrictions in participation, classified according to the International Classification
of Functioning, Disability, and Health (ICF), were evaluated after 3 and 12 months.

Results

Due to a high mortality rate (48%) and poor health conditions, data could not be
obtained from all participants at all measurement points. Physical functioning and
social behaviour improved predominantly within the first 6 months, while impaired
psychological functioning remained unchanged within one year after discharge from the
intensive care unit. After one year, 69% of patients were still restricted in performing daily
activities and only 50% had resumed work.

Conclusion

The extent and severity of lasting intensive care unit-related disability necessitates the
development of multidisciplinary after-care to improve health status, functional inde-
pendence and return to work.

Key words

Intensive care, convalescence, activities of daily living, rehabilitation, longitudinal study.
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Introduction

Millions of individuals are admitted to intensive care units (ICU) each year,
and advances in the treatment of these critically ill patients have considerably
increased the survival rate. Having survived the ICU, an increasing number
of these patients now face the burden of long-term critical illness.1

Follow-up care has been recommended to improve outcome in ICU survivors.
However, structured follow-up care is currently rare and the optimal struc-
ture, timing, and content have not been established.2,3 Optimal follow-up
care of ICU survivors, however, awaits a systematic evaluation of their
long-term impairments and restrictions in daily functioning.
Follow-up studies have shown that, after ICU treatment, quality of life is
reduced4-8, daily functioning is restricted9,10, healthcare medical costs are in-
creased7, and return to work is impeded.11,12 Moreover, a large variety of physi-
cal and psychological impairments and restrictions in ICU survivors have been
reported. These include, muscle weakness, limited walking capacity, cognitive
dysfunction, symptoms of post-traumatic stress disorder (PTSD), and
depression and anxiety.11-15 In our previous study comprising 254 consec-
utive survi-vors of ICU who were ventilated for more than 48 hours, 54%
were still restricted in performing their daily activities after one year; and
60% of patients who were restricted in their activities of daily living had
severe functional limitations.10

If we can develop early interdisciplinary rehabilitation follow-up treatment
for these patients, we may be able to reduce, or even prevent, their severe
restrictions in physical and psychological functioning. This, in turn,
requires a thorough understanding of the course of recovery and the identi-
fication of rehabilitation needs.
The purpose of this prospective longitudinal study was therefore to study in
detail the course of physical and psychological recovery after ICU stay, and
the prevalence of clinical sequelae complicating functional recovery during
the first year following critical illness.

Material and methods
Study population

All adult patients (age ≥ 18 years), who were admitted to the 28-bed, mixed
medical and surgical closed-format ICU of the Academic Medical Center,
University of Amsterdam, The Netherlands between 1 June and 31 August
2005, and who had received mechanical ventilation for more than 48 hours,
were eligible for participation in the study. Patients with insufficient know-
ledge of the Dutch language were excluded.
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Patients who are discharged from the ICU do not receive standardized ICU
aftercare. The usual care after hospital discharge may vary from none, or
physical therapy, to multidisciplinary rehabilitation therapy consisting of
several combined interventions by a rehabilitation physician, physical ther-
apist, occupational therapist, psychologist, and/or social worker.
The Ethical Review Board of the Academic Medical Center waived the need
for informed consent because of the non-interventional nature of the study.

Outcome measures

Three, 6, and 12 months after discharge from the ICU, the Sickness Impact
Profile 68 (SIP68) as a measure for functional health status and a self-com-
posed questionnaire that provides insight into the use of rehabilitation
resources was sent to all participants. At 3 and 12 months after discharge
from the ICU, participants were invited for a follow-up visit to the hospital,
to inventory the presence of ICU-related sequelae using a self-composed
questionnaire.
The SIP68 is a validated short version of the 136-item version of the SIP
and evaluates health-related functional status by assessing the behavioural
effects of illness.16-18 The SIP68 consists of 6 domains: somatic autonomy,
mobility control, psychic autonomy and communication, social behaviour,
emotional stability, and mobility range. The separate domain scores, a total
SIP68 score, or 3 dimension scores (physical, psychosocial, and social) can
be calculated, with scores ranging from 0 (no functional limitations) to 100
(severe functional limitations). The cut-off point as recommended by
Bosscha et al.19 was applied, by which patients with a score of 0-10 are clas-
sified as doing well in daily life, scores of 10-20 indicate mild health-related
dysfunctions, and scores >20 indicate clear disability in performing daily
life activities (i.e. poor functional status). In addition to the SIP68, a ques-
tionnaire was administered that included questions regarding what post-
discharge rehabilitation resources were provided, encompassing treatment
from a rehabilitation physician or allied health professionals (i.e. psycholo-
gist, physical or occupational therapist, social worker).
Furthermore, participants were invited for a follow-up visit to the hospital
at 3 and 12 months after discharge from the ICU to inventory impairments
in functions, limitations in activities, and restrictions in participation.20

Patients were asked about the presence of impairments in sensory, neuro-
musculoskeletal, and movement-related functions; limitations in activities;
and restrictions in participation. For this purpose, a list of a wide range of
symptoms and functional problems, which were identified in a previous
study in patients following ICU and classified according to the
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International Classification of Functioning, Disability, and Health (ICF)20,
was composed10 (Appendix I). Information on patient characteristics was
obtained from medical records and the computerized hospital database and
included age, gender, severity of illness at admission to ICU (Acute Phy-
siology and Chronic Health Evaluation, APACHE II, score)21, length of stay
(LOS) at the ICU and ICU admission diagnosis category. The APACHE II
classification measures the severity of disease for patients admitted to an
ICU and is calculated from 12 routine physiological measurements (blood
pressure, body temperature, heart rate, etc.) during the first 24 hour after
admission, information about previous health status and some information
obtained at admission (such as age). Scores range from 0 to 71; higher
scores imply a more severe disease and a higher risk of death.21

Physical functioning prior to admission to ICU was assessed with the physi-
cal dimension of the SIP68 one week after ICU discharge, the patient was
asked to mark the statement that best described his or her state of health in
the 4 weeks prior to admission to ICU.

Data analysis

Baseline data and outcome measures were analysed with descriptive statistics.
The data are expressed as means and standard deviations (SD). If the distri-
bution was skewed, then medians and interquartile ranges are presented.
Standard errors were calculated for the point estimates of the proportion of
patients with impairments, and restrictions in activities and participation.
Generalized estimating equation (GEE) analysis was used to study the time
course of changes of the SIP68 during the first year after discharge from the
ICU. GEE analysis is a linear regression analysis that takes into account the
dependence of the observations within one patient, and allows all longitudi-
nal data to be used, including the data on incomplete cases. The descriptive,
parametric, and non-parametric statistics analyses were performed in SPSS
12.0 (SPSS Inc, Chicago, IL, USA). GEE analysis was performed with STA-
TA (version 7).

Results

Of the 116 patients ventilated for more than 48 hours, 47 survivors were in-
cluded (43 patients died, 20 were lost to follow-up because they were trans-
ferred to another hospital shortly after discharge from the ICU, 4 refused
participation, and 2 were excluded). As a result of death or poor health dur-
ing the study period, data could not always be obtained from all patients.
The populations evaluated at 3, 6 and 12 months consist of 3 different sub
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Figure 6.1 Flow diagram of study partyicipants
ICU=intensive care unit.

sets of patients. Consequently, complete data including all follow-up mea-
surements of the primary outcome SIP68 was obtained from 21 of the 47
patients. The one year mortality rate of patients who were ventilated for
more than 48 hours was 48%. During the follow-up period, the response
rate among the survivors increased from 62% (29 patients of 47) after 3
months, to 74% (29 patients of 39) after 6 months, and 88% (30 patients of
34) after 12 months. Non-response was primarily due to poor health. Of the
29 patients who returned the questionnaires after 3 months, 17 attended the
follow-up appointment. After 12 months, 30 patients returned the ques-
tionnaire, of whom 22 attended the follow-up appointment. Figure 6.1 shows
the number of survivors, exclusion, and the response rate during follow-up. 
The characteristics of the study population are shown in Table 6.1.
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Figure 6.2 The course of functioning in the 3 dimensions of the SIP68 in the 21
patients with complete data

There were no significant differences in baseline characteristics (age, gender,
LOS in the ICU, APACHE, admission diagnosis category, and SIP physical
score prior to ICU) between the non-respondents and the patients who
returned the questionnaire, or those who attended the follow-up appointment. 

SIP68

The overall SIP68 score decreased over time, indicating functional improve-
ment. This time course was also found for the physical and social dimensions
(SIP68 total ß=-1, (CI=-1.65 to -0.35), p=0.002; SIP68 physical ß=-1.38,
(CI=-2.11 to -0.66), p=0.000; SIP68 social ß=-1.75, (CI=-3.19 to -0.29),
p=0.015). No significant effect of time was found on the psychological
dimension (SIP68 psychological ß=0.22, (CI -0.44 to 0.88), p=0.5000)
(Figure 6.2).
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Table 6.2 Functional status as measured with the SIP68

SIP68 3 months 6 months 12 months
Scorings range 0-100 after ICU after ICU after ICU

n=29 n=29 n=30

Median IQR Median IQR Median IQR

Physical dimension 26 10-41 15 5-24 10 1-19

- Somatic autonomy 11 0-6 8 0- 6 0 0-6

- Mobility control 42 25-67 33 4-50 17 4-46

- Mobility range 30 0-65 20 0-45 0 0-30

Psychosocial dimension 18 0-41 12 0-35 12 0-50

- Psychic autonomy and
communication 9 0-32 18 0-27 18 0-50

- Emotional stability 17 0-50 0 0-33 17 0-33

Social dimension 50 21-83 33 21-83 25 13-58
- Social behavior 50 21-83 33 21-83 25 13-58

Total SIP68 score 28 14-45 19 12-35 22 7-29

SIP68: scores range from 0-100 with lower scores indicating better functioning,
ICU=Intensive Care Unit; IQR=Interquartile range.

Of the patients who were evaluated after 3 months, 25 (86%) had restrictions
in daily functioning (SIP68>10), of whom 18 (62%) had severe limitations
(SIP68>20). After 6 months, there were restrictions in 24 (83%) patients, of
whom 14 (48%) were severely limited. Thirty of 34 survivors were assessed 12
months after discharge from the ICU. Twenty patients (69%) were still restric-
ted in performing daily activities, of whom 15 had severe limitations (Table 6.2).

Secondary outcomes
Impairments in body functions, limitations in activities, and restrictions in
participation

A checklist of impairments in functions, limitations in activities, and restric-
tions in participation, which was used in patients during the follow-up
appointments after 3 and 12 months, is shown in Appendix I.

Body functions

Figures 6.3 and 6.4 show the proportion of patients reporting impairments in 
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Figure 6.3 Proportion of patients reporting impairments in mental functions,
sensory functions and pain

mental function (ICF-B1), sensory functions and pain (ICF-B2), and neuro-
musculoskeletal and movement-related functions (ICF-B7), at 3 months
(n=18) and at 12 months (n=22) after discharge from the ICU.
After 3 months the following problems related to the mental and digestive
functions with respect to the intake of food were reported: 72% (standard
error (SE) 11, n=13) loss of taste (ICF b1563), 39% (SE 12, n=7) loss of
appetite (ICF b535), 11% (SE 7, n=2) swallowing problems (ICF b510), 

Figure 6.4 Proportion of patients impairments in neuromusculoskeletal and
movement-related functions
* b755: patients were asked with respect to balance problems related to neuromuscu-
loskeletal impairments.
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Figure 6.5 Proportion of patients reporting limitations in mobility

and 50% (SE 24, n=9) difficulty maintaining weight (ICF b 530). After 12
months these problems had decreased to 23% (SE 9, n=5) loss of taste, 9%
(SE 6, n=2) loss of appetite, 5% (SE 5, n=1) swallowing problems, and 9%
(SE 6, n=2) difficulty maintaining weight.
After 3 months 44% (SE 12, n=8) patients had upsetting thoughts or memories
about their ICU stay, and 28% (SE 11, n=5) had bodily reactions (such as
fast heartbeat, stomach churning, sweatiness, and dizziness) when remind-
ed of their ICU stay. After 12 months this was respectively 23% (SE 9, n=5)
and 18% (SE 8, n=4).

Activities and participation

Figures 6.5 and 6.6 show the proportion of patients reporting impairments in
mobility (ICF-D4); domestic life (ICF-D6); major life areas (ICF-D8); and
community, social, and civic life (ICF-D9).

Employment status

One year after discharge from the ICU, only 5 of the 12 patients who were
employed before ICU admission had returned to work. Concomitantly, the
number of patients on sick leave was increased from 0 before ICU to 6 one
year after ICU. One of the patients who was employed before ICU entered
retirement.
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Figure 6.6 Proportion of patients reporting limitations in domestic life, major life
areas communty, and social and civic life

Rehabilitation therapy

Three months after discharge from the hospital, 13 of 29 (45%) patients fol-
lowed an interdisciplinary rehabilitation programme. Six patients still par-
ticipated in interdisciplinary rehabilitation treatment after one year.
In Figure 6.7, the proportion of patients who received treatment from a
physical therapist, psychiatrist/psychologist, occupational therapist, or a
social worker is shown.
We found that after 3 months, of 16 patients with high levels of physical
restrictions (SIP68 physical dimension >20), 14 received physical therapy,
while only 6 of 13 patients with high levels of psychological distress (SIP68
psychological dimension >20) received psychological treatment, and 13 of
22 patients with severe social health problems (SIP68 social health dimen-
sion >20) received counseling from a social worker. Of the 18 patients with
severe limitations in daily functioning (SIP68>20), 7 patients had occupa-
tional therapy. After 12 months, 4 of 7 patients with high levels of physical
restrictions received physical therapy, 6 of 13 patients with high levels of 
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Figure 6.7 Proportion of patients receiving rehabilitation treatment

psychological distress received psychological treatment, and 4 of 19 patients
with severe social health problems received counseling from a social worker.
Of the 15 patients with severe limitations in daily functioning after 12
months, 3 had occupational therapy.

Discussion

Although functional health status (SIP68) improved during the first year in
this prospective follow-up of survivors of a critical illness, two-thirds of the
survivors still encountered limitations in daily functioning one year later.
They reported a variety of impairments in body functions, limitations in
activities, and restrictions in participation. There was a different time
course for physical and psychological recovery with significant improve-
ment in physical functioning, while impaired psychological functioning
remained unchanged.
Of the patients who were ventilated for more than 48 hours, 69% were still
restricted in performing daily activities (SIP68>10), of whom 75% had
severe impairments (SIP68>20), one year after ICU discharge. Our find-
ings are consistent with data published previously, reporting persistent
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functional limitations11 and decreased quality of life in ICU survivors at one
year after discharge from the ICU.8,22 One year after discharge from the
ICU, the functional status of patients in the present study was worse com-
pared with a previous cross-sectional study performed in our centre (median
SIP68 score was 11 in the former, vs 22 in the latter).10 Although we applied
the same inclusion criteria in both studies, the baseline characteristics with
respect to prognostic factors for poor functional status (identified in our
previous study)10, were different. Moreover, the high severity of illness dur-
ing ICU stay in this prospective cohort (i.e. higher APACHE scores at ICU
admission, longer ICU LOS, more acute ICU admissions) can be explained
by the relatively short inclusion period during summer, during which less
scheduled surgery is performed in our hospital and more acute patients are
admitted to the ICU. Consequently, and in spite of the high follow-up rate,
in this prospective consecutive series of ICU patients, the severity of illness
may be somewhat higher than the mean of our ICU population.
In agreement with previous authors10,11,23,24, we believe it is very likely that
impairments in neuromuscular and movement-related body functions, such
as muscle weakness (reported by 50%), joint stiffness (reported by >40%),
and balance problems (reported by 17%), contribute to the high prevalence
of limitations in the domain of mobility (Figure 6.5). In addition, the im-
pairments in sensory functions and pain, such as impaired hearing (>40%),
impaired vision (>30%), and pain (>20%), may also complicate the perfor-
mance of usual daily activities.
Data from recent studies indicate that critical illness can lead to significant
neurocognitive impairments, which may have consequences for quality of
life, the ability to return to work, and overall functional ability.25 We believe
that the high incidence of impairments of mental functions in our study
population, in particular reduced attention (73%), emotional instability (41%),
sleeping problems (23%), and upsetting thoughts or memories about the ICU
(23%) interfere with daily functioning. Furthermore, we assume that the
incidence of post-traumatic stress disorder (PTSD) might have been high in
our population. PTSD-related symptoms include intrusive recollections
(re-experiencing the trauma in flashbacks, memories or nightmares);
avoidant and numbing symptoms (including diminished emotions and avoid-
ance of situations that are reminders of the traumatic event); and hyperarousal
(including increased irritability, difficulty sleeping or concentrating).26

Although we did not measure the presence of PTSD-related symptoms using
a questionnaire that was developed for this purpose, and we did not evaluate
the presence of avoidant symptoms, we noticed that the prevalence of
hyperarousal, and intrusive symptoms was high in our study population.
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Another striking result is that 50% of patients reported weight loss after 3
months. With respect to the high incidence of loss of taste (>70%) and loss
of appetite (40%), we suspect that a large proportion of ICU survivors suf-
fer from underfeeding. Loss of body weight and inadequate intake of quan-
tities nutrients has been described in critically ill patients who characteristi-
cally exhibit raised energy expenditure.11,22 Protein energy malnutrition is
one of the most common forms of malnutrition and is characterized by low
body weight, small muscle mass, and lack of energy, all of which are likely
to impede recovery.
Obviously, the wide range of impairments and limitations that were identi-
fied in this study may account for restrictions in participation, such as tak-
ing part in recreational activities (50%) and problems with returning to
work (>40%), and lead to a great personal burden, as illustrated by a high
social health SIP score (Table 6.2).
The overall patterns of recovery in the different health domains evaluated
in this study show improvement in physical functioning and social health,
while impaired psychological functioning remained unchanged (Figure 6.2).
This finding is in accordance with studies evaluating the course of recovery
in other populations with traumatic injuries.27,28 A possible explanation for
this continuing psychological morbidity while physical health improves
may be found in Lazarus and Folkman’s theory of psychological stress and
coping. According to this theory, stress arises when demands in a situation
are appraised by people as taxing or exceeding their resources and endanger-
ing personal well-being.29 After a period of “literally surviving” and rapid
physical improvement, patients with traumatic injuries may face physical,
psychological, social, and economic problems. In patients in the ICU,
impairments in body functions and limitations in daily activities, and the
resulting dependence on help from others and involuntary inactivity; the
traumatic experience of critical illness; and uncertainty about functioning
in the future are all potential stress factors that are very likely to induce psy-
chological distress when long-term physical restrictions become manifest.
Between 3 and 6 months after ICU, substantial improvements in physical
functioning and social health occur, followed by relatively slow progress
during the subsequent 6 months (Figure 6.2). It is alarming that 12 months
after discharge from the ICU, 25% of patients still have high levels of
restrictions within the physical, psychological, and social health domains
(Table 6.2: SIP68 inter-quartile ranges physical >19, psychological >50,
and social health >58).
To date, in most countries, patients are not routinely referred to rehabilita-
tion services. In fact, specialized aftercare for ICU survivors is currently not
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widely available.30 An interesting observation in this study is that a large
proportion of patients with severe psychological or social problems did not
receive psychological treatment or counseling from a social worker. Given
this tendency, we hypothesize that psychological and social problems after
discharge from the ICU often remain unrecognized. In contrast, the major-
ity of patients with impairments in physical function received (usually pro-
longed) physical therapy treatment. Moreover, we found that, in spite of
prolonged physical therapy treatment, one year after discharge from ICU a
majority of patients still suffered from physical impairments such as muscle
weakness and joint stiffness (Figure 6.3). It is unclear whether the physical
impairments of patients discharged from the ICU could be considered as
more or less persistent, or whether the physical therapy provided was sub-
optimal for these specific ICU-related sequelae.
In the literature, only a few studies have been reported regarding the efficacy
of specific interventions during ICU stay and after discharge at improving
functional outcome in ICU patients. The positive effects of a physical train-
ing programme on functional status in patients requiring prolonged
mechanical ventilation have been described by Chiang et al.31 and Nava.32 In
mechanically ventilated patients requiring complete neuromuscular block-
ade, Griffiths et al.33 found a positive effect of passive stretching on the
preservation of muscle fibres. Furthermore, a self-help rehabilitation man-
ual has been demonstrated in aiding physical recovery after ICU dis-
charge.24,31 The effects of individually tailored exercise programmes have
not yet been investigated in ICU survivors. However, the positive effects in
other populations, such as elderly people after cardiac surgery, diabetes and
stroke are promising and could be useful for patients after discharge from
the ICU.34-36 With respect to PTSD-related symptoms, Jones et al.37 con-
cluded that the provision of an ICU diary may reduce the level of PTSD
symptoms. Furthermore, psychological treatment consisting of cognitive
behavioural therapy has been proven to be effective at reducing traumatic
stress symptoms in individuals with PTSD.38

There are some limitations to this study. We found that the poor health status
of the participants, together with a high mortality rate, impeded follow-up
of the complete sample of patients. Consequently, data could not be
obtained from all participants at all measurement points. Although GEE
analysis allows for the inclusion of data on patients with incomplete follow-
up, the selection of patients with a relatively good health status seems likely,
and our findings probably underestimate the problems in daily functioning
encountered by ICU survivors.
Selection bias could have occurred with respect to the patients who were
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lost to follow-up before the first assessment, because they were discharged to
another hospital. Although according to hospital policy, ICU patients are
discharged and transferred to a referral hospital for further treatment regard-
less of their physical resilience, it is unknown whether the health status of
these patients was comparable to that of the study population.
Finally, some patients received physical therapy and/or psychological counsel-
ing during the study period. No specific standardized aftercare was provided
to these patients and the effect on outcome of these treatments is unknown.
The present study provides useful information on functional recovery during
the first year following critical illness and may guide the planning of follow-
up care for ICU survivors. The extent of impairments in functioning and
the course of functional recovery underscore the need for multidisciplinary
treatment targeting these specific problems early after discharge from the
ICU. The ICF21 offers a useful framework for the assessment and reporting
of the typical spectrum of problems in functioning in patients after discharge
from the ICU. With respect to the recovery course, the heterogeneity of the
population, and the variety of outcomes, we propose a multidisciplinary
stepped care approach with different degrees of therapeutic intervention
depending on each patient’s individual needs. This may involve the use of
self-help programmes to assist individuals to cope with mental dysfunctions,
including PTSD-related symptoms and to improve physical recovery.
Patients who do not respond to this or who exhibit greater symptom levels
may then be referred to specialist multi-professional services. Rehabilitation
medicine could play an important role, as it already has expertise in aiding
recovery and regaining or maximizing functional status in a wide variety of
conditions. A carefully planned multidisciplinary rehabilitation programme
may help patients to improve functional independence and return to work or
to activities of daily living. The early identification of rehabilitation needs can
also help to prevent chronic disability, and can reduce healthcare costs as well
as economic costs due to limited job participation.
Future research should be aimed at developing an evidence based multidis-
ciplinary aftercare programme for patients after a critical illness.

Acknowledgements

We wish to thank Daniela Dettling for her assistance with the data collection.
All authors and their subsequent institutions have no competing financial
interest.

109

Poor functional recovery after a critical illness; a longitudinal study



References
1. Kahn JM, Angus DC. Health policy and future planning for survivors of critical illness.

Curr Opin Crit Care 2007; 13: 514-518.

2. Griffiths JA, Barber VS, Cuthbertson BH, Young JD. A national survey of intensive care
follow-up clinics. Anaesthesia 2006; 61: 950-955.

3. Department of Health. Comprehensive critical care. A review of adult critical care ser-
vices. London: Comprehensive Critical Care; 2000.

4. Brooks R, Kerridge R, Hillman K, Bauman A, Daffurn K. Quality of life outcomes after
intensive care. Comparison with a community group. Intensive Care Med 1997; 23:
581-586.

5. Cuthbertson BH, Scott J, Strachan M, Kilonzo M, Vale L. Quality of life before and
after intensive care. Anaesthesia 2005; 60: 332-339.

6. Ridley SA, Chrispin PS, Scotton H, Rogers J, Lloyd D. Changes in quality of life after inten-
sive care: comparison with normal data. Anaesthesia 1997; 52: 195-202.

7. Angus DC, Carlet J. Surviving intensive care: a report from the 2002 Brussels
Roundtable. Intensive Care Med 2003; 29: 368-377.

8. Dowdy DW, Eid MP, Sedrakyan A, Mendez-Tellez PA, Pronovost PJ, Herridge MS, et
al. Quality of life in adult survivors of critical illness: a systematic review of the lit-
erature. Intensive Care Med 2005; 31: 611-620.

9. van der Schaaf M, Beelen A, de Groot IJ. Critical illness polyneuropathy: a summa-
ry of the literature on rehabilitation outcome. Disabil Rehabil 2000; 22: 808-810.

10. van der Schaaf M, Beelen A, Dongelmans DA, Vroom MB, Nollet F. Functional status
after intensive care; a challenge for rehabilitation professionals to improve outcome.
J Rehabil Med 2009; 41: 360-366.

11. Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, az- Granados N, Al-Saidi F,
et al. One-year outcomes in survivors of the acute respiratory distress syndrome. N
Engl J Med 2003; 348: 683-693.

12. Hopkins RO, Jackson JC. Long-term neurocognitive function after critical illness. Chest
2006; 130: 869-878.

13. Jones C, Backman C, Capuzzo M, Flaatten H, Rylander C, Griffiths RD. Precipitants of
post-traumatic stress disorder following intensive care: a hypothesis generating study
of diversity in care. Intensive Care Med 2007; 33: 978-985.

14. Sukantarat K, Greer S, Brett S, Williamson R. Physical and psychological sequelae of
critical illness. Br J Health Psychol 2007; 12: 65-74.

15. van der Schaaf M, Beelen A, de Vos R. Functional outcome in patients with critical
illness polyneuropathy. Disabil Rehabil 2004; 26: 1189-1197.

110

CHAPTER 6



16. de Bruin AF, Buys M, de Witte LP, Diederiks JP. The sickness impact profile: SIP68, a
short generic version. First evaluation of the reliability and reproducibility. J Clin
Epidemiol 1994; 47: 863-871.

17. de Bruin AF, Diederiks JP, de Witte LP, Stevens FC, Philipsen H. The development of a
short generic version of the Sickness Impact Profile. J Clin Epidemiol 1994; 47: 407-418.

18. Post MW, de Bruin A, de Witte L, Schrijvers A. The SIP68: a measure of health-related
functional status in rehabilitation medicine. Arch Phys Med Rehabil 1996; 77: 440-445.

19. Bosscha K, Reijnders K, Jacobs MH, Post MW, Algra A, van der Werken C. Quality of
life after severe bacterial peritonitis and infected necrotizing pancreatitis treated with
open management of the abdomen and planned re-operations. Crit Care Med
2001; 29: 1539-1543.

20. World Health Organization. International Classification of Functioning, Disability and
Health (ICF). Geneva: WHO; 2001.

21. Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Lawrence DE. APACHE-acute phys-
iology and chronic health evaluation: a physiologically based classification sys-
tem. Crit Care Med 1981; 9: 591-597.

22. Kvale R, Ulvik A, Flaatten H. Follow-up after intensive care: a single center study.
Intensive Care Med 2003; 29: 2149-2156.

23. Elliott D, McKinley S, Alison JA, Aitken LM, King MT. Study protocol: home-based
physical rehabilitation for survivors of a critical illness [ACTRN12605000166673]. Crit
Care 2006; 10: R90.

24. Jones C, Skirrow P, Griffiths RD, Humphris GH, Ingleby S, Eddleston J, et al.
Rehabilitation after critical illness: a randomized, controlled trial. Crit Care Med 2003;
31: 2456-2461.

25. Hopkins RO, Jackson JC. Long-term neurocognitive function after critical illness. Chest
2006; 130: 869-878.

26. Griffiths RD, Jones C. Filling the intensive care memory gap? Intensive Care Med
2001; 27: 344-346.

27. Gustafsson M, Persson LO, Amilon A. A qualitative study of coping in the early stage
of acute traumatic hand injury. J Clin Nurs 2002; 11: 594-602.

28. Sterling M, Jull G, Kenardy J. Physical and psychological factors maintain long-
term predictive capacity post-whiplash injury. Pain 2006; 122: 102-108.

29. Lazarus RS, Folkman S. Stress, appraisal and coping. New York: Springer Publishing
Co.; 1984.

30. Griffiths JA, Barber VS, Cuthbertson BH, Young JD. A national survey of intensive care
follow-up clinics. Anaesthesia 2006; 61: 950-955.

31. Chiang LL, Wang LY, Wu CP, Wu HD, Wu YT. Effects of physical training on functional
status in patients with prolonged mechanical ventilation. Phys Ther 2006; 86:
1271-1281.

111

Poor functional recovery after a critical illness; a longitudinal study



32. Nava S. Rehabilitation of patients admitted to a respiratory intensive care unit. Arch
Phys Med Rehabil 1998; 79: 849-854.

33. Griffiths RD, Palmer TE, Helliwell T, MacLennan P, MacMillan RR. Effect of passive
stretching on the wasting of muscle in the critically ill. Nutrition 1995; 11: 428-432.

34. Macchi C, Fattirolli F, Lova RM, Conti AA, Luisi ML, Intini R, et al. Early and late reha-
bilitation and physical training in elderly patients after cardiac surgery. Am J Phys
Med Rehabil 2007; 86: 826-834.

35. Neuberger GB, Aaronson LS, Gajewski B, Embretson SE, Cagle PE, Loudon JK, et al.
Predictors of exercise and effects of exercise on symptoms, function, aerobic fitness,
and disease outcomes of rheumatoid arthritis. Arthritis Rheum 2007; 57: 943-952.

36. Sigal RJ, Kenny GP, Boule NG, Wells GA, Prud’homme D, Fortier M, et al. Effects of
aerobic training, resistance training, or both on glycemic control in type 2 diabetes:
a randomized trial. Ann Intern Med 2007; 147: 357-369.

37. Jones C, Capuzzo M, Flaatten H. ICU diaries may reduce symptoms of posttraumatic
stress disorder. Intensive Care Med 2006; 32: S144.

38. Bisson J, Andrew M. Psychological treatment of post-traumatic stress disorder
(PTSD). Cochrane Database Syst Rev 2007; CD003388.zx

112

CHAPTER 6



APPENDIX

International Classification of Functioning checklist and proportion of patients with
reported impairments in functions, limitations in activities and restrictions in par-
ticipation after 3 and 12 months.

BODY FUNCTIONS 3 months 12 months
proportion proportion

(SE) (SE)

B1 MENTAL FUNCTIONS

b134 Sleep 0.44 (0.12) 0.23(0.09)

b140 Attention 0.72 (0.11) 0.73 (0.1)

b144 Memory 0.38 (0.11) 0.41 (0.11)

b152 Emotional

- Regulation and range of emotion 0.50 (0.12) 0.36 (0.10)

- Sadness 0.33 (0.11) 0.27 (0.10)

- Tension 0.33 (0.11) 0.27 (0.10)

- Anxiety 0.33 (0.11) 0.18 (0.08)

- Lability of emotion 0.33 (0.11) 0.41 (0.11)

b156 Perceptional function
(b1563 loss of taste ) 0.72 (0.11) 0.23 (0.09)

b164 Higher level cognitive functions 0.24 (0.10) 0.38 (0.10)

B2 SENSORY FUNCTIONS AND PAIN

b210 Seeing 0.28 (0.11) 0.32 (0.1)

b230 Hearing 0.17 (0.09) 0.46 (0.11)

b280 Pain 0.22 (0.10) 0.36 (0.10)

B3 VOICE AND SPEECH FUNCTIONS

b310 Voice 0.17 (0.09) 0.14 (0.07)

B4 FUNCTIONS OF THE CARDIOVASCULAR, HAEMATOLOGICAL,
IMMUNOLOGICAL AND RESPIRATORY SYSTEMS

b440 Respiration 0.44 (0.12) 0.50 (0.11)

b4552 Fatiguability 0.93 (0.06) 0.83 (0.10)
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BODY FUNCTIONS 3 months 12 months
proportion proportion

(SE) (SE)

B5 FUNCTIONS OF THE DIGESTIVE, METABOLIC AND ENDOCRINE SYSTEMS

b510 Ingestion functions (swallowing 0.11 (0.07) 0.05 (0.05)

b530 Weight maintenance functions 0.50 (0.24) 0.09 (0.06)

b535 Sensations associated with the

digestive system (loss of appetite) 0.39 (0.12) 0.09 (0.06)

B7 NEUROMUSCULOSKELETAL AND MOVEMENT-RELATED FUNCTIONS

b710 Mobility of joint 0.39 (0.12) 0.46 (0.11)

b730 Muscle power 0.50 (0.24 0.50 (0.11)

b755 Involuntary movement reaction

functions (balance) 0.17 (0.09) 0.18 (0.08)

B8 FUNCTIONS OF THE SKIN AND RELATED STRUCTURES

b840 Sensation related to the skin;

itching (pruritis) 0.17 (0.09) 0.05 (0.05)
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ACTIVITIES AND PARTICIPATION 3 months 12 months
proportion proportion

(SE) (SE)

D4 MOBILITY (general) 0.72 (0.11) 0.46 (0.11)

d430 Lifting and carrying objects (groceries) 0.90 (0.07) 0.67 (0.10)

d440 Fine hand use 0.31 (0.11) 0.24 (0.09)

d450 Walking 0.61 (0.12) 0.46 (0.11)

d470 Using transportation 1 (0) 0.83 (0.08)

d475 Driving

d4750 Driving human-powered transportation 
(bicycle) 0.28 (0.11) 0.27 (0.10)

d4751 Driving motorized vehicles 0.50 (0.24 0.32 (0.1)

D5 SELF CARE 0.50 (0.24 0.06 (0.05)

d510 Washing oneself 0.11 (0.07) 0.07 (0.05)

d520 Caring for body parts 0.06 (0.06) 0 (0)

d530 Toileting 0.06 (0.06) 0 (0)

d540 Dressing 0.06 (0.06) 0 (0)

d550 Eating 0 (0) 0 (0)

d560 Drinking 0 (0) 0 (0)

D6 DOMESTIC LIFE

d620 Acquisition of goods and services
(shopping) 0.52 (0.12) 0.24 (0.09)

d630 Preparation of meals 0.28 (0.11) 0.30 (0.10)

d640 Doing housework 0.44 (0.12) 0.14 (0.07)

D8 MAJOR LIFE AREAS
d850 Remunerative employment 0.39 (0.12) 0.46 (0.11)

D9 COMMUNITY, SOCIAL AND CIVIC LIFE

d910 Community life 0.38 (0.11) 0.21 (0.09)

d920 Recreation and leisure 0.39 (0.12) 0.50 (0.11)

SE= Standard Error.
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ABSTRACT

Objective

To determine the prognostic value of physical and mental health before intensive care unit
(ICU) admission and 3 months after ICU discharge on functional outcomes after one year. 

Design

Prospective, observational, inception-cohort study with 4 measurements over 1-year’s fol-
low-up.

Setting

A combined medical and surgical ICU at a university hospital.

Participants

38 consecutive adult ICU patients who were ventilated >48 hours.

Interventions

None. 

Main outcome measures

Medical Outcomes Study Short Form 36, walking capacity (6 minute walking test), and
grip-strength. 

Results

SF-36 physical functioning (PF) improved during the first year, but remained below
pre-ICU values. SF-36 mental health (MH) was less affected by ICU stay and returned to
pre-ICU values in most patients. Walking capacity and grip-strength improved sub-
stantially within the first 3 months after ICU discharge.
PF before ICU admission and physical capacity 3-7 days after ICU discharge were not asso-
ciated with PF at 12 months. MH before ICU admission and after 3 months were both
moderately associated with MH after 12 months (r=0.43, p=0.03 and r=0.54, p=0.009,
respectively). PF and walking capacity at 3 months, and PF at 12 months were strongly
associated (PF r=0.74, p<0.001, walking capacity r=0.72, p=0.002). The PF cut-off val-
ue of 60 at 3 months for poor physical outcome had 100% sensitivity and a positive pre-
dictive value of 59%.

Conclusion

A majority of ICU patients have incomplete physical recovery after one year, while
mental health quickly returns to pre-ICU values. Patients at risk for poor functional
recovery can be identified 3 months after ICU discharge.

Key words

Intensive care; disability evaluation, prognosis, recovery of function; quality of life;
rehabilitation; longitudinal study
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Follow-up studies show that patients who have been admitted to an intensive
care unit (ICU) have reduced quality of life (QoL) and encounter long-lasting
restrictions in physical and psychological functioning.1,2 Although prognostic
factors for long-term QoL in ICU patients were identified in a few studies2,
the evidence regarding their predictive value for physical and mental recovery
is still limited.
With advances in the treatment of critically ill patients, the number of patients
surviving the ICU who are burdened with the long-term sequelae of critical
illness is likely to increase.1,3 Functioning improves over time after discharge
from the ICU, but functional restrictions are still highly prevalent one year
after ICU discharge.1,3 In a previous study on functional status, more than
half of the survivors of a critical illness had restrictions in daily functioning
1 year after discharge from the ICU which resulted in reduced physical,
social, and psychological well-being.4

To improve the outcome of ICU survivors, specialized multidisciplinary
follow-up care, tailored to the specific ICU related sequelae, is becoming
available.5 In hand with this, predictions of long-term functional outcome
and the identification of those patients at the greatest risk for a poor out-
come are becoming important.
Older age and increased severity of illness were identified as predictors of
poor long-term physical functioning in ICU survivors,2 while patient gender,
length of ICU stay, and admission diagnosis category do not appear to be
important predictors of QOL.2,4 Nevertheless, the clinical value of these
predictors, with respect to identifying patients at risk for poor functional
recovery sooner, remains unsatisfactory. To date, in the absence of clinical
predictors for functional outcome, it is still not possible to identify patients
who are at risk for lasting functional limitations and who are most likely to
benefit from rehabilitative care.
The purpose of this study was to examine the course of physical and mental
recovery in ICU patients, and to determine the prognostic value of patients’
physical and mental health before admission to the ICU and 3 months after
ICU discharge, with respect to physical and mental health one year after
discharge.

Materials and methods
Study population 

All adult patients (aged ≥ 18 years), who where admitted to the 28-bed, mixed
medical and surgical closed-format ICU of the Academic Medical Center,
University of Amsterdam, between June 1 and August 31, 2005, who
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received mechanical ventilation for more than 48 hours, and who were able
to complete the Dutch version of the SF-36 questionnaire regarding their
QoL before ICU admission within 1 week after ICU discharge, were eligible
to participate in the study.
No standardized after-care focusing on ICU-related sequelae was offered.
The usual care that is provided after hospital discharge may include rehabil-
itation therapy consisting of interventions by a rehabilitation physician,
physical therapist, occupational therapist, psychologist, and/or social worker.
The Ethical Review Board of the Academic Medical Center waived the need
for approval because of the non-interventional nature of the study.

Outcome measures 

The Physical Functioning (PF) and Mental Health (MH) dimensions of the
Medical Outcomes Study 36-item Short-Form General Health Survey (SF-36)
were used as primary outcome measures to assess physical and mental func-
tioning. Patients were asked to complete the SF-36, including the other dimen-
sions (i.e. role limitation due to physical problems [RP], role limitation due to
emotional problems [RE], bodily pain [BP], general health [GH], vitality [VT],
and social functioning [SF]) at 3, 6, and 12 months after ICU discharge.
As secondary outcomes, walking speed (6-minute walk test; 6-MWT) and
grip-strength (digital hand-grip dynamometer) were assessed 3-7 days after
discharge from the ICU on the regular ward, and after 3 and 12 months in
our outpatient clinic.
Health-related quality of life (QoL), including PF and MH, prior to admission
to the ICU was evaluated using the SF-36. For this, patients were asked, with-
in 1 week after ICU discharge, to indicate the statement that best descri-bed
their health status in the 4 weeks prior to ICU admission. The SF-36 has been
used extensively to assess QoL in people before and after ICU admission, and
has been translated and validated in Dutch.6 Answers were transformed,
weighed, then subsequently scored and aggregated to summary measures
according to predefined guidelines. Scores for each aspect can range from 0
(worst) to 100 (best). Poor PF and MH were defined as an individual score
that was less than 1 SD below the Dutch general population.6 A change in an
individual score of more than 10 points was considered clinically relevant.
Walking speed, as a measure of physical capacity, was evaluated with the 6-
MWT according to a standardized protocol. Because of the poor health con-
dition of patients shortly after discharge from the ICU, the 2-MWT was
used for the first assessment. These tests provide a standardized, objective,
integrated measure of the cardiopulmonary and musculoskeletal system that
is relevant for the performance of daily activities.7
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Hand-grip-strength was measured as an indicator of general muscle strength.
Grip-strength correlates with general muscle strength, but has also proved
to be a strong predictor of physical functioning and disability.8 A digital hand-
grip dynamometer (Lode BV, Groningen, the Netherlands) was used to
measure grip-strength with the test positions recommended by Firrell.9

All assessments were standardized and carried out by experienced senior
physiotherapists. Information about the patients’ characteristics was obtained
from medical records and the computerized hospital database, and included
age, sex, duration of mechanical ventilation, ICU admission diagnosis catego-
ry, and the Acute Physiology and Chronic Health Evaluation II (APACHE II)
score. The APACHE II classification measures the severity of disease for
patients admitted to an ICU, and is calculated from 12 routine physiological
measurements (blood pressure, body temperature, heart rate, etc.) during the
first 24 hours after admission, information about previous health status, and
some information obtained at admission (such as age). Scores range from 0 to
71; higher scores imply more severe disease and a higher risk of death.10

Data-analysis

Baseline data and outcome measures were analyzed with descriptive statistics.
The data are expressed as the mean ± SD, but if the distribution was skewed,
medians and interquartile ranges are presented. The Pearson correlation
coefficient was used to study the association between the independent
potential prognostic variables for PF and MH 12 months after discharge
from the ICU. The patient’s PF prior to ICU, walking capacity, and grip-
strength 3-7 days after ICU, and PF 3 months after discharge were used as
potential prognostic variables for PF at 12 months. As prognostic variables
for MH 12 months after discharge, MH prior to ICU admission and at 3
months after discharge was used. A P-value of <0.05 was considered to be
statistically significant.
The sensitivity, specificity, and positive (PPV) and negative (NPV) predictive
values for poor outcome were calculated. Therefore, the PF and MH scores
were dichotomized. We used data from the general Dutch reference popula-
tion6 to determine the cut-off, by calculating the standard deviation (1 SD)
for PF and MH from the reference data (i.e. 60 points). The scores in our
data set that were worse than this cut-off were classified as poor PH and
MH, respectively.
The descriptive, parametric, and non-parametric statistical analyses were
performed using SPSS 16.0 (SPSS Inc, 444 North Michigan Ave, Chicago,
IL 60611, USA).
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Figure 7.1 Participant recruitment and follow-up
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Results

Of the 116 patients who were ventilated >48 hours, 28 died in the ICU and
2 were excluded (one each for language and mental retardation); conse-
quently, 86 eligible patients were discharged to the regular hospital ward
from the ICU.
Twenty-four patients were not approached for study participation because of
their poor health condition; of these, 15 died during their hospital stay and
9 were awaiting admission to a nursing home or terminal care facility.
Twenty-one patients were lost to follow-up; 20 because of early discharge
to the referral hospital, and 1 patient was lost to follow-up when he left the
hospital without medical permission. Three patients refused to participate
for personal reasons.  
Thirty-eight patients completed the SF-36 questionnaire before ICU admis-
sion. As a result of death or poor health over the study period, data could
not always be obtained from all patients. The populations evaluated 3-7
days after ICU discharge, and 3, 6, and 12 months after discharge, consist of
different subsets of patients. Consequently, complete SF-36 data were
obtained from 20 patients, complete grip-strength data were available from
13, and walking capacity data were available from 7 patients. 
The one year mortality rate of the participants was 16% (n=6). During the
follow-up period after hospital discharge, the response rate increased from
73% (27 of 37 patients) after 3 months, to 77% (27 of 35 patients) after 6
months, and 90% (28 of 31 patients) after 12 months. Non-response was
primarily due to poor health. Of the 27 patients who completed the SF-36
after 3 months, 17 underwent a physical examination. After 12 months, 28
patients completed the SF-36, of whom 22 underwent the physical exami-
nation. Three patients missed all follow-up evaluations because of poor
health. Figure 7.1 shows the number of survivors and exclusions, and the
response rate during follow-up.
The characteristics of the study population and of the sub-group of 20 patients
with complete primary outcome data are shown in Table 7.1.
Prior to ICU admission, PF was good (within 1 SD of the reference value
mean) in 61% (SE 8, n=23) and poor in 40% (SE 8, n=15) of patients. Mental
health was good in 75% (SE 7, n=27) and poor in 25% (SE 7, n=9) of patients.
Although not significant, the mean age of the patients with good PF before
ICU admission was somewhat younger than those with poor PF before ICU
admission (54 years vs 61 years; p= 0.15). The majority of patients with poor
PF and/or poor MH before ICU admission were admitted for medical rea-
sons (poor PF, 73%; SE 7, n=11; poor MH, 67%; SE 8, n=6).
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Table 7.1 Patient characteristics

Complete Group Patients with primary
n=38 outcome at all

measurement points
(n=20)

Mean age ± SD 57 ± SD 57 ± SD

Gender 61% (23) male 70% (14)

Median LOS ( IQR) 10 (6-15) 9 (7-12)

Mean APACHE II ± SD 16 ± SD 16 ± SD

Admission type

- scheduled surgery 29% (11) 40% (8)

- unscheduled surgery 26% (10) 20% (4)

- medical* 45% (17) 40% (8)

Median pre-SF-36 PF (IQR) 90 (39-96) 95 (46-100)

Median pre-SF-36 MH (IQR) 78 (54-95) 80 (52-96)

Abbreviations: LOS=Length Of Stay; APACHE II=Acute Physiology and Chronic Health.
Evaluation II; IQR= Interquartile range; Pre-SF-36 PF=Pre-ICU SF-36 dimension physi-
cal functioning; Pre-SF-36 MH=Pre-ICU SF-36 dimension mental health.
*Medical: no surgery in past 7 days prior to ICU admission.

The course of physical functioning and mental health in patients with
complete data sets Physical functioning (SF-36 PF)

In the 20 patients with complete SF-36 PF follow-up data, the PF score in-
creased between the 3- and 12-month periods after discharge from the ICU
(indicating improved functioning), but remained lower than the pre-ICU
admission values. The course of physical functioning after 3 months was
different for patients who had good (within 1 SD of the normal range) and
poor pre-ICU health before ICU admission. After 3 months, the median PF
score was 45 in both groups. Whereas the median PF score increased to 75
after 12 months in the 13 patients with good PF before ICU admission (pre-
ICU median score of 95), the median PF score did not increase in the 7
patients who had poor PF before admission to the ICU (pre-ICU median
score of 35) (Figure 7.2).
Recovery was incomplete after 12 months in 8 of 13 (62%) patients with good
PF before ICU admission (median ≥ 10 points below the pre-ICU value).
After 3 months, the patients who had incomplete recovery had median PF
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scores that were lower than that of patients who had a complete recovery
(median scores of 28 versus 70, respectively).
In 3 of 7 patients (43%, SE 19) with poor PF before ICU admission (median,
35), PF was improved to good (within 1 SD of the normal mean reference
value) after 12 months. 

Mental health (SF-36 MH)

The recovery of MH took a different course compared with PF. In the 19
patients with complete SF-36 MH follow-up data, the median MH score
did not change following ICU admission.
In the 14 patients with good MH before ICU admission (median PF score
of 90), the median MH score was 74 after 3 months, and 82 after 12 months.

Figure 7.2 The course of the SF 36 dimension (median) PF and MH in the 20 patients
with complete data, divided in sub-groups of patients with good and poor func-
tioning prior to ICU admission
Abbreviations: PF=SF-36 dimension physical functioning; MH=SF-36 dimension men-
tal health.
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At 12 months, the MH scores of all patients with good pre-ICU MH were
within the normal range. In the 5 patients with poor MH before ICU admis-
sion (median PF score of 40), the median MH score was 60 after 3 months
and 56 after 12 months (Figure 7.2). After 12 months, the MH score of all
patients with poor MH before ICU admission returned to the pre-ICU val-
ues, whereas the MH scores had improved to good (i.e. within 1 SD from
the normal range) in 2 patients. In Table 7.2, the scores on the different
dimensions of the SF-36 1 month before ICU admission, and at 3, 6, and 12
months after ICU discharge are presented.
The course of the SF-36 dimensions PF and MH in patients with complete
data sets are shown in Figure 7.2, divided into sub-groups of patients with
good and poor physical and mental health prior to their ICU-stay.

Figure 7.3 Course of the SF-36 physical dimensions (median) of the patients with
complete data at all measurements (higher score indicating better functioning)
Abbreviations: PF=SF-36 dimension physical functioning; RP=SF-36 dimension role due to
physical problems; BP=SF-36 dimension bodily pain; GH=SF-36 dimension general health.
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Figure 7.4 Course of the SF-36 mental dimensions (median) of the patients with
complete data at all measurements (higher score indicating better functioning)
Abbreviations: MH=SF-36 dimension mental health; RE=SF-36 dimension role due to emo-
tional problems; SF=SF-36 dimension social functioning; VT=SF-36 dimension vitality.

Secondary outcomes 
The course of the other dimensions of SF-36 

Between 3 and 12 months after discharge from the ICU, the median scores on
the physical dimensions of the SF-36 (role due to physical problems [RP], bo-
dily pain [BP], and general health [GH]) increased (indicating better function-
ing), but remained lower than the scores prior to ICU admission (Figure 7.3).
The median scores on the mental dimensions gradually improved after 3
months. Whereas the median scores for vitality (VT) returned to the pre-
ICU values, those of social functioning (SF) and role due to emotional pro-
blems (RE) remained below the pre-ICU levels 12 months after discharge
(Figure 7.4). Recovery of the physical and mental dimensions of the SF-36
in patients with complete data are shown in figures 3 and 4. The median SF-
36 scores for all measurement points are presented in Table 7.2.
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Table 7.2 Scores on the SF-36 prior to ICU, and 3, 6 and 12 months after ICU
discharge

SF-36 Prior to ICU 3 months 6 months 12 months
Dimensions admission after ICU after ICU after ICU
(norms mean;
SD) n=38 n=26 n=27 n=28

Physical dimensions; median (IQR)

- PF (83;23) 90 (39-96) 45 (20-61) 50 (40-70) 55 (26-80)

- RP (76; 36) 100 (0-100) 0 (0-25) 0 (0-50) 38 (0-75)

- BP (75;23) 80 (45-100) 55 (55-82) 67 (43-100) 67 (55-97)

- GH (71;21) 60 (30-75) 48 (28-61) 45 (30-65) 50 (35-60)

Mental dimensions; median (IQR)

- VT (69;19) 68 (26-75) 45 (39-58) 60 (50-70) 60 (45-70)

- SF (84;22) 100 (50-100) 50 (38-66) 75 (50-88) 75 (50-88)

- RE (82;33) 100 (91-100) 50 (0-100) 66 (0-100) 83 (8-100)

- MH (77;17) 78 (54-95) 72 (56-80) 72 (64-84) 76 (60-88)

SD=Standard Deviation; IQR=Interquartile Range; PF=SF-36 dimension physical func-
tioning; RP=SF-36 dimension role due to physical problems, BP=SF-36 dimension bodily
pain; GH=SF-36 dimension general health; VT=SF-36 dimension vitality; SF=SF-36
dimension social functioning; RE=SF-36 dimension role due to emotional problems.

Figure 7.5 Mean walking speed in patients with complete data (n=7)
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Figure 7.6 Mean grip-strength in patients with complete data (n=13)

The course of the physical outcome measures: walking speed and grip-
strength 

The course of recovery for the physical outcome measures walking speed
(6-MWT) and grip-strength were similar, showing a substantial improve-
ment during the first 3 months after discharge from the ICU, followed by a
slight improvement over the subsequent 9 months.
Figures 7.5 and 7.6 show the course of improvement in grip-strength (n=7)
and walking speed (n=13) of patients with data at all measurement points.
Table 7.3 shows the mean walking speed and grip-strength scores at all mea-
surement points.

Table 7.3 Outcome measures at 3-7 days and 3 and 12 months after discharge
from the ICU

3-7 days after ICU 3 months after 12 months after
discharge ICU discharge ICU discharge
Mean (sd) n Mean (sd) n Mean (sd) n

Walking speed (m/s) 0,41 (0,22) 17 1,01 (0,42) 17 1,19 (0,33) 17

Grip-strength (N) 174 (108) 34 302 (111) 17 340 (126) 21

SD= Standard Deviation.
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Table 7.4 Association between potential determinants and physical functioning
and mental health at 12 months

PF at 12
p-value n

months

Determinants of physical functioning r

Prior to ICU: SF-36 PF 0.36 0.057 28

3-7 days after ICU: walking capacity 0.56 0.061 12
grip-strength 0.12 0.497 26

3 months after ICU: SF-36 PF 0.74* <0.001 22
walking capacity 0.72* 0.002 15
grip-strength 0.29 0.3 15

MH at 12
p-value n

months 

Determinants of mental health

Prior to ICU: SF-36 MH 0.43* 0.03 26

3 months after ICU: SF-36 MH 0.54* 0.009 22

PF=SF-36 dimension physical functioning; MH=SF-36 dimension mental health;
r=pearson correlation coefficient.
* Correlation is significant at the 0.05 level (2-tailed).

Determinants of physical and mental functioning after 12 months

The PF before ICU admission and physical function 3-7 days after ICU
discharge (i.e. walking capacity and grip-strength) were not associated with
PF 12 months after discharge (Table 7.4). The PF and walking capacity 3
months after discharge were strongly associated with PF at 12 months. The
PF score at 3 months explained 61% of the variance in the PF score at 12
months. Moderate associations were found between MH prior to ICU admis-
sion or MH 3 months after discharge, and MH 12 months after discharge. 
The sensitivity of the PF cut-off value of 60 at 3 months for poor physical
outcome was 100% (all 10 patients with a score <60 at 12 months had a
score<60 3 months after discharge). The PPV was 59% (of 17 patients with
a score <60 at 3 months, 10 also had scores <60 at 12 months). The sensi-
tivity for the MH cut-off value of 60 at 3 months after discharge was 50%
and the PPV was 33% (Table 7.5).
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Table 7.5 Diagnostic characteristics of the cut-off value 60 for PF and MH at 3
months

Diagnostic characteristic Cut-off value PF 60 Cut-off value MH 60
(3 months) (3 months)

Sensitivity (%) 100 50

Specificity (%) 42 75

Positive predictive value (%) 59 33

Negative predictive value (%) 100 86

Discussion

This prospective study on the physical and mental recovery of ICU patients
confirms that most improvements in PF occur primarily within the first 6
months after discharge from the ICU, but that the PF scores remain below
both the pre-ICU values and normative values 12 months after discharge.
In contrast, MH is restored to pre-ICU values much sooner, at 3 months
after discharge. Most importantly, our study demonstrates that it seems
possible to predict long-term restrictions, in particular PF, 3 months after
discharge from the ICU. This enables the identification of patients who
may benefit from tailored rehabilitation services.
The difference in recovery time-course across the physical and mental dimen-
sions is in accordance with existing literature.2,11 In a systematic review of
QoL assessed with the SF-36 in general ICU patients, clinically meaningful
improvement in PF scores was found between 1 and 6 months, 1 and 9
months, and 1 and 12 months follow-up, while no study demonstrated a
clinically meaningful difference in MH from baseline.2 Rapid improvement
in physical function (SF-36 PF) after ICU discharge, followed by a period
of slower progress, was also observed for the other physical outcome mea-
sures (i.e. walking speed and grip-strength). Because the SF-36 PF dimen-
sion contains predominantly items related to walking activities, a compara-
ble course of recovery on the 6-MWT could be expected. Apparently, the
recovery of impaired grip-strength, a different aspect of physical function,
follows a similar pattern as walking capacity.
We have reservations regarding the validity of the SF-36 to evaluate function-
ing and QoL in hospitalized patients, since some of the SF-36 PF items are
not applicable to hospitalized patients (i.e. carrying out vigorous activities,
carrying groceries, walking a mile, or several blocks). Yet, the results of the
SF-36 after 3 months, combined with the other physical outcome measures
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(walking capacity and grip-strength), which were assessed shortly after ICU
discharge and after 3 months, provide a detailed picture of early physical
recovery. Our findings indicate that physical recovery begins shortly after
ICU discharge, with substantial improvement within the first 3 months fol-
lowed by slower progress in the subsequent 9 months.
Although MH was only slightly affected by ICU admission after 3 months,
the decrements which were observed in the performance of social roles due
to mental functioning (i.e. SF-36 dimension, ‘role due to emotional prob-
lems’), indicates that some aspects of mental well-being are affected after an
ICU stay (Figure 7.5).
Our finding that survivors of the ICU experience important decrements in
the QoL domains compared with their QoL before ICU admission, and
compared with the general population, is in accordance with previous stud-
ies.2,4,12 In a recent Dutch follow-up study of ICU survivors, similar out-
comes for physical and mental health after 3 and 6 months were presented.12

The deterioration in functioning in our study was most pronounced for the
SF-36 dimension ‘role limitations due to physical problems’ with a median
score of 0 after 3 and 6 months, and a median of 38 after 12 months (median
RP pre-ICU of 100; Table 7.2), which illustrates the large impact physical
impairments have on daily functioning in ICU survivors.
Our study’s most important finding was that poor functional outcome can
be predicted after 3 months. The identification of patients with diminished
long-term physical and/or mental functioning is important, because these
patients may benefit from rehabilitative treatment at an early phase of
recovery. Although age and severity of illness were identified as predictors
of physical functioning in a systematic review of studies on QoL in ICU
survivors2, the clinical predictive value with respect to the identification of
patients at risk for poor functional outcome has not been discussed much.
In a previous study, only 10% of functional outcome was explained by the
prognostic factors, ‘severity of illness at admission,’ and ‘length of stay in
the ICU.’4 We note that although we expected that PF before admission to
the ICU and physical capacity shortly after ICU discharge would be identi-
fied as predictors of long-term physical outcome after ICU discharge in this
longitudinal study, we did not find any evidence for this.
The finding that all patients at risk for a poor outcome can be identified 3
months after ICU, discharge using the threshold score of 60 points on the
SF-36 PF dimension (100% sensitivity), is of clinical importance. With this
cut off, all patients at risk for a poor outcome would have been referred for
rehabilitation. Although this implies that 40% of the patients would be
referred unnecessarily (positive predictive value 60%), we feel that the use
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of this cut-off value is defensible. Priority should be given to including all
patients at risk for a poor outcome over the unnecessary referral of patients,
despite the costs. Additionally, we cannot preclude that all patients would
not benefit from rehabilitative treatment since the results of our study show
that the majority of patients who would have been referred unnecessarily
did not fully recover to their pre-ICU values. However, an accurate esti-
mate of the predictive value of this threshold should be investigated further
in a multicenter study with a larger sample size.
The patients’ MH after 3 months was of limited predictive value for long-term
restrictions in MH. In the absence of a time effect, and taking into account
the limited number of patients with poor MH after 12 months, the predic-
tion of recovery is also of limited interest. Four of the 5 patients with poor
MH at 12 months had also poor PF at 3 months, and would therefore have
been identified based on their PF score.
Potential limitations of this study are the relatively small sample size and the
possibility of selection bias, and the bias of interventions aimed at physical
and psychological functioning. We found that the poor health status of the
participants, together with a high mortality rate, impeded a complete follow-
up. Consequently, data could not be obtained from all participants at all
measurement points. However, despite the small sample size, outcomes with
respect to physical and mental functioning were consistent with larger pre-
vious studies. Obviously, with respect to future research, when planning
follow-up care for ICU patients, one should take into consideration that
only a minority (46%) of the patients were able to visit the outpatient clinic
after 3 months, due to their poor health condition.
Selection bias could have occurred with respect to the 24 patients who were not
approached to participate because their short life expectancy. Therefore, the
health status of our study population might not be representative of all ICU
patients at our hospital, but likely overestimates the outcome of survivors.
Finally, no specific standardized after-care was provided during the study
period. Although this was not evaluated systematically, after 3 months a
majority of patients reported receiving some form of standard care, such as
physical therapy (82%) and/or psychological counseling (15%). An interest-
ing point of discussion is whether the poor outcome of many ICU survivors
is the best achievable outcome, or if specific multidisciplinary rehabilitation
programs should be developed for these patients to improve their outcome.
Such answers can only come from future intervention studies.
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Conclusion

In the majority of ICU patients who were ventilated >48 hours, physical
recovery is incomplete after 12 months, while mental health is nearly restored
after 3 months. It is feasible to identify patients at risk for poor functional
outcome 3 months after discharge from the ICU using a threshold of 60
points on the SF-36 PF dimension (i.e. 1 SD from the mean reference pop-
ulation value). Future research should focus on the effect of rehabilitative
interventions and whether the course of recovery can be improved, thereby
improving long-term functional outcomes in ICU survivors.
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With increased survival rates in intensive care unit (ICU) patients, the aware-
ness of morbidity following intensive care treatment has been growing. With
this, it has been recognized that the intensive support of these patients need
to be continued after discharge from the ICU.1,2 A prerequisite for the
development of adequate follow-up care is a thorough understanding of
post-ICU sequelae and it’s potential determinants.
The aim of this thesis was to describe the course of functional recovery and
it’s potential determinants of patients who stayed >48 hours in the ICU
during the first year after discharge from the ICU. In the present chapter the
results and the methodology of the studies are reviewed, clinical implications
are discussed and recommendations for future research are made. 
The outcomes in the previous chapters are categorized according to the World
Health Organization’s (WHO) framework; the International Classi-fication
of Functioning, Disability and Health (ICF) for measuring health and dis-
ability. Within the ICF framework, disability is characterized as the outcome
or result of a complex relationship between an individual’s health condition
(e.g. disorder or disease) and personal factors, and of the external factors that
represent the circumstances in which the individual lives.3 (Figure 8.1)

Figure 8.1
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Since the studies in this thesis were initiated in 2000, literature on the quality
of survival of ICU patients has increased steadily. Nevertheless, a thorough
understanding of the course of functional recovery, and of long lasting
impairments in functioning from an ICF perspective was not available. 

Main findings
High prevalence of impairments in body functions, limitations in activities
and restrictions in participation during the fist year following a critical
illness 
Impairments in body functions

The results of the studies in chapter 2-7 were consistent with respect to the
occurrence of a large variety of impairments in neuromuscular, and skeletal,
cardiovascular, respiratory, mental, and digestive functions, in a substantial
proportion of ICU survivors who where treated for at least 2 days in the
ICU (Chapter 2-7).
During the first year following ICU, the prevalence of movement related im-
pairments was remarkably high. The first week after ICU discharge, median
grip strength was 50% lower than age-corrected and gender-corrected nor-
mative data (Chapter 4), and after one year, muscle strength was still
reduced in 50% of the patients (Chapters 6,7). Furthermore, joint mobility
was limited in 46%, and physical endurance was reduced in 83% of the
patients (Chapter 6).
Shortly after ICU discharge, cognitive functions such as concentration and
short-term memory were impaired in 25% of the patients (Chapter 4). It is
alarming that after 3 months, the prevalence of impairments in attention
had raised to 70%, and in memory to 40%, and remained unchanged during
the subsequent 9 months (Chapter 6). Furthermore, after one year, symp-
toms related to anxiety and depression were present in 14% of the patients,
and 18% had symptoms related to post traumatic stress disorder (PTSD)
(Chapter 4).
The assessment of metabolic status and adequacy of nutritional support are
integrated in the intensive care treatment, and metabolic and nutritional
interventions have improved outcome in ICU patients.4 Nevertheless, the
high prevalence of impairments in weight maintenance and dietary intake
after 3 months (50-70%, Chapter 6) suspect impaired nutritional status
which may impede recovery.5,6

We found a different course for the recovery of physical and psychological
impairments, with significant improvement in physical functions, while
impaired psychological functions persisted (Chapter 6). Moreover, the 
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Figure 8.2 and 8.3 Score on the Hospital Anxiety and Depression Scale (HADS,
Figure 8.2) and Impact of Events Scale (IES; Figure 8.3) after ICU discharge; medi-
an with interquartile scores are presented of 20 patients with available data on
all assessments. Lower score indicating better functioning. (additional data from
prospective study in chapter 7)

course of recovery for grip-strength showed a substantial improvement during
the first 3 months after discharge from the ICU, followed by a slight improve-
ment over the subsequent 9 months (Chapter 7). In contrast, no effect of
time was found for the mental functions anxiety and depression (hospital
anxiety and depression scale; HADS) and symptoms of PTSD (and impact
of events scale; IES), which were recorded additionally to the data on physi-
cal functions (unpublished data). In this prospective cohort of which the
inclusion criteria and patient characteristics were in agreement with those
as described in chapter 7, the median HADS and IES score did not change
during the 12 months following discharge from the ICU (Figures 8.2 and
8.3). The number of patients with clinically significant symptoms of anxiety
and depression (HADS >19) was 2 (10%) after 3 months, and 3 (15%) after
6 and 12 months. The number of patients with PTSD-related symptoms
(IES>35) was 2 (10%) after 3 months, and 4 (20%) after, and 12 months.

Limitations in activities and restrictions in participation

During the first year after discharge from the ICU, the performance of daily
activities improved (SIP68), but the prevalence of limitations in activities
remained high. After one year, 54% of the patients were limited in the per-
formance of daily activities; 22% had mild, and 32% had severe limitations
(Chapter 4).
The first week after ICU discharge, 94% of the patients were dependent on the
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help of others in the performing of basic activities of daily living (Chapter 5).
Between 3 and 12 months following ICU, limitations in activities were pre-
dominantly found with respect to mobility, and domestic, and social life.
Moreover, limitations in mobility were reported by 72% after 3 months and
by 46% after 12 months. With this, walking stairs, hills, and distances were
most frequently limited. In addition, the following limitations in activities
related to domestic life were frequently reported after 3 and 12 months;
acquisition of goods and services (52% and 24%), preparation of meals (28%
and 30%), and doing housework (44% and 14%). Furthermore, 20-50% of
the patients reported limitations with activities related to community life
and recreation and leisure after 12 months (Chapters 5-6).
The recovery of the performance of physical, and psychological activities
followed a different time course. Whereas the scores on the physical and
social dimensions of the SIP68 decreased over time, indicating functional
improvement, no significant effect of time was found on the psychological
dimension (Chapter 6). Similar results were found for the different
dimensions of the Medical Outcomes Study 36-item Short-Form General
Health Survey (SF-36). Scores on the physical functioning dimension (SF-
36 PF) increased substantially during the first 6 months, followed by a
slight further improvement, while scores on the dimension mental health
(MH) did not change following ICU admission (Chapter 7).
After one year, participation in major life areas such as employment was
restricted in the majority (54%) of patients who were employed before ICU
admission (Chapter 4).

Limited predictive value of potential determinants of functioning after ICU
Health condition as a determinant of functioning 

In this thesis, the relation between health condition and functioning which
is assumed within the ICF framework, after ICU was explored. The under-
standing of health condition in ICU patients is complex due to changes before,
during, and after ICU treatment by which health condition varies widely
over time between patients, as well as within the individual ICU patient. 

Relationship between preexisting conditions and diseases and post ICU
functioning

From studies on mortality, it has been known that preexisting factors such as
chronic disease, co morbidity, age and quality of life before ICU, are related
to survival.7-9 The literature on predictors of functional outcome is scarce,
but the association between increased age and functional status after ICU
has been reported previously.10 A priori, we hypothesized that a poor func-
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tional status before admission is a predictor for poor functioning after ICU.
To illustrate, we expected that the presence of pre-existing impairments
would impede functional recovery after a critical illness. With this, we pro-
posed that with a higher age, the risk for pre-existing impairments would
increase, and therefore age, as a surrogate for preexisting conditions, was
expected to be associated with functional recovery. Nevertheless, we did
not found an association between pre-ICU health or age, with functioning
one year after ICU (Chapters 4,7).

Relationship between the severity of illness and diagnosis at ICU admission,
and post ICU functioning

Severity of illness at ICU admission and ICU admission diagnosis are generally
considered as important predictors of mortality in ICU patients.7-9 The
relationship between these factors and functioning after ICU seems to be
more complex. It has been shown that long-term functional health is related
to the prognosis of the underlying disease process rather than to the severity
of the acute episode necessitating the ICU admission.10 However, often, the
ICU admission diagnosis is related to the pre-ICU health status. For example,
this is the case in non-surgical patients with a chronic impaired health con-
dition that becomes life threatening and requires admittance to the ICU. In
elective surgery patients, the ICU admission diagnosis can also be related to
pre ICU morbidity (for instance after a coronary artery bypass surgery). In
contrast, in other sub groups of patients (surgical and non-surgical), the
condition for admission to the ICU may be independent of pre-ICU health,
but significantly impact on functional status after ICU. Common examples
are head trauma with remaining brain injury, and myocardial infarction,
resulting in left ventricular dysfunction and subsequent exercise intolerance.
In our cross sectional study, increased severity of illness at ICU admission,
and acute admission to the ICU (together with increased length of stay in
the ICU) were independently associated with poor functional health after one
year. However, this relationship appeared to be of limited clinical value as these
factors explained only 10% of the health status after one year (Chapter 4).

Relationship between ICU stay and post ICU functioning

There is increasing evidence that care delivered in the ICU, such as sedation,
ventilation strategies, monitoring devices, and diagnostic tests, may have
important effects on post-ICU disability11,12, including cognitive dysfunc-
tion13,14, and PTSD.15 For example, neuromuscular blockers and cortico-
steroids may contribute to critical illness abnormalities.16 Additionally,
arisen complications in the course of the disease during ICU stay influences
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outcome. For example patients with sepsis may have ongoing decrements in
functioning that seems to be a result of their critical illness rather than their
underlying medical problems.17 To illustrate, we found severe restrictions
in daily functioning in patients with critical illness polyneuropathy (CIP)
one year after discharge from the ICU (Chapter 3). Taking into account
the high mortality rate (Chapter 3), patients with CIP appear to be a sub-
group of ICU patients with a highly increased risk for poor recovery. But as
electromyography to establish the diagnosis CIP is not routinely performed
in ICU patients, and the clinical management of patients with a diagnosis
CIP does not differ from other ICU patients, we decided no longer to focus
only on patients with CIP. Therefore the focus in the subsequent studies
(Chapters 4-7) was expanded from patients with CIP to a larger population
of ICU patients potentially at risk for poor functional outcome, i.e. patients
who were mechanically ventilated for longer than 48 hours. In the cross sec-
tional study, length of stay (LOS) in the ICU was, together with severity of
illness and admission category, identified as one of the prognostic factors for
functional outcome after one year (Chapter 4). Remarkably, functional sta-
tus at ICU discharge was not found to be related to functional outcome after
one year in the prospective study (Chapter 7). Apparently, the recovery
potential in patients after a critical illness, is determined by other factors than
the severity of limitations at the beginning of the recovery process.

In conclusion, the weak relationship between initial health status and function-
al outcome does not allow an accurate prediction of functioning in individual
patients after discharge from the ICU. With respect to the limited clinical prog-
nostic value of the independent determinants related to health status (Chapter
4 and 7), we propose that the interaction of external factors and functional
outcome, as it is assumed within the ICF (Figure 8.1), should be considered.

External factors as potential determinants for functioning after ICU

According to the ICF framework, environmental, and personal factors (i.e. ex-
ternal factors) interact with the components of Body Functions and Structures
and Activities and Participation. The environmental, and personal factors rep-
resent the complete background of an individual’s life and living.3

From the previous chapters we can not infer the role of external factors on
the performance of activities in patients after ICU. Nevertheless, the sup-
portive network appears to be an important factor for the performance of
daily activities and participation of patients who are discharged home, as
they, to a large extent, rely on others for their activities of daily living (Chapter
6). Additionally, the role of personal factors on functional outcome in
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patients after discharge from the ICU should be considered, as the relation-
ship between personality and coping behavior and the course of recovery in
various patient populations has been described.18,19

Methodological considerations

The findings of the studies in this thesis may be criticized with respect to the
small study sample sizes in combination with the heterogeneity of our pop-
ulations. In the first place, this was due to the design of the studies in which
limited numbers of patients were included, on the other hand, follow-up
was impeded by high mortality and high post ICU morbidity. Due to severe
functional restrictions, the majority of the patients was not able to attend
the follow-up appointment in the hospital 3 months after ICU discharge.
Nevertheless, the response rate in the prospective studies after one year was
high (88-90%) and the findings of our studies with respect to quality of life
were in agreement with previous international studies with large study pop-
ulations. Therefore, the findings of the previous chapters can be considered
as valid and representative for ICU patients who have been ventilated for
more than 48 hours in an ICU.
In the previous chapters it was demonstrated that the majority of patients
after discharge from the ICU had severe impairments in functions and
restrictions in activities and participation. Due to the observational nature
of the study, the patients in the studies were provided with usual care, com-
prising a wide range of physical therapies and multidisciplinary rehabilita-
tion. Their effect on the functional outcome could not be determined and
was not a focus of interest. Moreover, there was no relation between the
extent of the impairments and whether or not patients received rehabilita-
tion treatment. Apparently, the functional outcome of patients after one
year from whom usual care was not withheld was poor.
Physical improvement occurred predominantly within the first 6 months,
followed by only a slight progress, while psychological functioning did not
change within one year following ICU discharge. Because the follow-up
was limited to the duration of one year after ICU discharge, we do not
know whether optimal recovery was achieved within one year, or whether
further improvement is to be expected. Nevertheless, the high prevalence
and severity of impairments and restrictions during the first year necessi-
tates interventions aiming at the improvement of functional outcome of
patients after discharge form the ICU.
In the studies within this thesis, patients who stayed >48 hours in the ICU
were included with the assumption that in this way patients who were most at
risk for a poor functional outcome would be studied. Apparently, in view of
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the severity of impairments in functions, limitations in activities and restric-
tions in participation in our study population, the cut-off of 48 hours was
adequate. Nevertheless, with respect to the limited predictive value of pro-
longed ICU LOS for poor outcome (Chapter 4), it is likely that functional
restrictions will also be found in patients after a shorter duration of ICU stay.

Clinical implications
Structured multidisciplinary ICU follow-up care is urgently warranted 

The high prevalence and the severity of impairments in physical and mental
functions, and the restrictions in activities in survivors of a critical illness,
need appropriate multidisciplinary interventions for ICU patients. The early
identification of rehabilitation needs can help to prevent chronic disability,
and can reduce healthcare costs as well as economic costs due to limited job
participation.
Obviously, rehabilitation should not start after discharge from the ICU, but
should be initiated during the stay in the ICU in order to reduce decondi-
tioning and related complications, and to optimize respiratory condition.
Active or passive mobilization, muscle training, and muscle stretching are
some preventive measures during the stay in the ICU which are promising
with respect to the reduction of physical decline.2,20,21 With respect to the
prevention of PTSD during ICU stay, the administration of  the stress hor-
mone cortisol, and the provision of an ICU diary has been suggested to
reduce the level of symptoms of PTSD.22,23

We propose that structured multidisciplinary follow-up of ICU patients should
be established. Intensive care need to be regarded as a phase in a health care
process that also includes functional recovery. To date the follow-up of
ICU patients is usually performed by physicians who are involved with the
initial diagnosis for which the patient was admitted to the ICU. This often
means that follow-up is in terms of the admission diagnosis and might not
reflect upon the problems that develop as a consequence of the ICU stay. As
a consequence, restrictions in physical and psychological functioning, or
specific problems that need the attention during rehabilitation after ICU,
often remain unrecognized.24 To illustrate, we found that after one year,
only half of the patients with residual physical impairments or restrictions,
had physical therapy, and that only a quarter of the patients with psychological
distress received treatment from a psychiatrist or psychologist. Structured
follow-up will help to identify problems and serve to facilitate referrals to
rehabilitation and other specialties.
With respect to the recovery course, the heterogeneity of the population, the
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variety of outcomes, and the lack of early clinical predictors of functional out-
come, we propose a multidisciplinary stepped care approach with different
degrees of therapeutic intervention depending on the patient’s individual needs.

Already at discharge from the ICU, patients and their relatives can be infor-
med about the possible sequelae after discharge from the ICU. This will
help to recognize ICU related symptoms, and may help in accepting, and
anticipating a slow course of functional recovery.
Four weeks after ICU discharge, patients should be screened for the presence
of symptoms related to acute PTSD as the early identification of symptoms
indicative of later PTSD would allow timely intervention. Several short
screening tools have been validated for ICU patients to identify those
patients in need of referral to specialist psychological services, but these
have not yet been translated and validated for the Dutch ICU population.25

Three months following ICU discharge, patients should be invited for an ICU
follow-up appointment. During this visit, patients should be reassessed
regarding the original condition that necessitated the ICU admission, and
the specific problems they acquired during and after their critical illness.
The patient could also debrief about their experience in the ICU. In this
way, the ICU follow-up visit can provide an opportunity to alert patients
and families of the chance of developing sequelae so that early recognition
and necessary treatment can be offered.
In order to adequately refer patients to the appropriate specialties, a screen-
ing tool to elicit and record information on the functioning and disability of
each individual patient is necessary. The ICF checklist for measuring dis-
ability is useful, as it focuses on the consequences of morbidity rather than
on the disease itself. Furthermore, the dimension ‘physical functioning’ of
the SF-36 can be used for the identification of patients at increased risk for
limitations in physical activities by applying a cut-off value of 60 points
(Chapter 7). In addition, the presence of symptoms related to PTSD need
to be evaluated again to identify new cases of PTSD, since we observed that
symptoms related to PTSD can develop after 4 weeks following ICU.

The follow-up of ICU patients should be a shared responsibility of the ICU
staff and rehabilitation medicine

The intensivists and ICU nurses need to understand the outcome of their
patients to develop and improve the care of patients within the ICU. An
increased awareness of post-ICU disability may have the advantage of facili-
tating communication with family members.
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Rehabilitation medicine may play an important role, as it already has exper-
tise in aiding recovery and regaining or maximising functional status in a
wide variety of conditions. A carefully planned multidisciplinary rehabilita-
tion program may help patients to improve functional independence and
return to work or to activities of daily living.
However, to date the effectiveness of any follow-up interventions such as
either psychiatry, physiotherapy, or occupational therapy during the course
of recovery after a critical illness has not been systematically investigated. 
Finally, a structured follow-up offers the infrastructure to conduct inter-
vention studies to improve ICU outcome.

Considerations for future research 

Based on the findings of the thesis and the methodological and clinical con-
siderations, some recommendations for future research can be made.

Intervention studies are needed

Now we have a clear picture of the implications of the problems encountered
by ICU survivors, randomized controlled trails for the evaluation of effects
of any of the after-care interventions for ICU patients are needed. It should
be investigated whether functional outcome can be improved by interven-
tions which are tailored to the specific ICU sequelae. Obviously, whereas
the positive effects of individualized exercise programs are promising in a
diversity of patient populations such as after cardiac surgery26, diabetes27,
and chronic obstructive pulmonary disease28, the effect on patients after an
ICU stay has not yet been investigated. Furthermore, future research
should determine the optimal timing and the effects of psychological inter-
ventions in ICU populations. Whereas cognitive behavioural therapy has
been proven to be effective at reducing traumatic stress symptoms in indi-
viduals with PTSD29, the effect in ICU patients has not been investigated.

Studies on outcomes at the ICF levels of body functions and structures, acti-
vities, participation and external factors are needed 

As patients are admitted to and discharged from the ICU as a heterogeneous
group, there is a need for generic outcome measures, which can be used
across a wide range of medical and surgical conditions and enables between
study comparisons. The questionnaires SF-36 and the EQ-5D are recom-
mended as standard questionnaires to evaluate QoL and utilities for quality
adjusted survival in ICU patients.30 In our opinion, the evaluation of ICU
survivors should be structured according to the ICF distinguishing the level
of body functions and structures, activities, participation, and also include
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personal and environmental factors. Although this thesis provides important
information on functioning of ICU survivors on the different levels of the
ICF, for the development of optimal rehabilitation care, physical capacity,
and physical endurance as well as the influence of coping strategies and
informal care providers need further investigation.

Development of an ICF Core Set for the ICU population

An ICF Core Set should be developed for ICU populations. ICF Core Sets,
are short lists of ICF categories relevant for specific conditions, and serve as
practical tools for clinical practice and standards for health information and
research. In the ICU population, an ICF Core Set may facilitate adequate
referral to different specialties, by generating profile of patients using the
most important ICF categories. In one of the studies in this thesis (Chapter
6), a selection of 36 (of 123) components of the ICF checklist was used to
describe the frequency of specific patient problems. Eighteen (50%) of the
components reached a prevalence of 30% or more, with the most frequently
reported problems in the categories mental, sensory, respiratory, neuro-
musculoskeletal and movement related functions, and mobility, major life
areas and community, social and civic life.

Methodological issues for future research

Finally, future research should account for the specific difficulties of the
follow-up of ICU patients. Regarding the high mortality rate and the hetero-
geneity, studies should be sufficiently large to allow meaningful interpreta-
tion of subgroup data. Follow-up should exceed one year post ICU, and
should include functional capacity measures which can not be evaluated
only with questionnaires, but requires physical examinations. Additionally,
follow-up should be extended to patients with an ICU LOS of less than 48
hours, to investigate the prevalence of impairments in body functions, limi-
tations in activities and restrictions in participation during the fist year fol-
lowing an admission to the ICU in this specific sub-group.
In conclusion, although there is considerable need for further research,
there is enough empirical evidence to support changing practice today.
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Due to advances in medical treatment of critically ill patients, survival has
considerably increased but new complications and disorders are increasingly
recognized among critically ill patients. With this, interest has shifted from
mortality to morbidity as outcome measure in survivors of critical illness. 
Critical illness is associated with a wide range of serious long-lasting impair-
ments that interfere with optimal functional outcome. With this, it has been
recognized that the intensive support of these patients needs to be continued
after discharge from the intensive care unit (ICU). Nevertheless, specialized
after care for ICU survivors to enhance functional recovery is scarcely avail-
able. A prerequisite for the development of adequate follow-up care for ICU
patients is a thorough understanding of the long-term functional restrictions. 
This thesis focuses on functional recovery in patients after discharge from the
ICU. The aim of this thesis is to describe the course of functional recovery
according to the World Health Organization’s (WHO) framework; the
International Classification of Functioning, Disability and Health (ICF);
body functions, activities and participation, in patients who were treated for
more than 48 hours in the ICU, during the first year after their critical ill-
ness. (chapter 1)
Chapter 2 describes a literature review on patients with critical illness poly-
neuropathy (CIP), the most common manifestation of neuromuscular
abnormalities which may develop in critical illness. For this review, studies
published until September 1999 reporting on outcomes on the ICF levels of
body function, activities and participation, and, on quality of life (QoL) are
summarized. The appendix of chapter 2 provides an update of the literature
that was published after September 1999 (until May 2009) on functional
outcome in patients with CIP or critical illness myopathy (CIM). 
The original review comprised 9 reports on the functional outcome in patients
with CIP. Due to the limited number of studies, the variation in follow-up
and outcome measures, a quantitative analysis was not possible. Muscle
weakness of the limbs, sensory deficits, reduced walking capacity, and
dependency in the performance of daily activities (ADL) were reported on
the ICF levels of body function and activities. No information was available
on the recovery of patients with CIP with respect to participation and quali-
ty of life (QoL).
In the appendix of chapter 2, 7 additional articles published after 1999 on
the functional outcome of 80 patients with CIP or CIM are summarized.
The results of the studies in this update were in agreement with the original
literature review. However, in addition to the original review, outcomes on
the ICF level of participation and on QoL from our own observational study
(chapter 3) could be included in this update of the literature.
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In spite of the limited amount of literature on functional outcomes in patients
with CIP or CIM, all studies agreed that functional recovery is prolonged
and that attention should be paid to the high prevalence of long-term
impairments in body functions, limitations in activities, restrictions in par-
ticipation and reduced QoL in patients with CIP/CIM.
To obtain more insight in the natural history of functional recovery after a
critical illness and to identify rehabilitation needs, we evaluated impair-
ments in body functions, limitations in activities, restrictions in participa-
tion and reduced QoL in patients with CIP. 
Chapter 3, describes the results of a prospective observational study and a
cross-sectional study on the functional outcome in 16 patients with CIP at 6
and 12 months after discharge from the ICU. We found a high mortality
(56%), and a wide variation in the course of recovery, and in the extent of
physical and psychological sequelae. Although functional status improved
in all patients with CIP, the majority suffered from persistent limitations in
activities, restrictions in participation and reduced QoL one year after dis-
charge from the ICU.
As the number of patients surviving a prolonged stay in the ICU is increasing
as a consequence of the advances in medical techniques, attention should be
paid to the quality of outcome of survivors of a critical illness. 
Therefore, in chapter 4, 5, 6 and 7 the focus of research is expanded from
patients with CIP to a larger population of ICU patients potentially at risk
for poor functional outcome, i.e. patients who were mechanically ventilated
for longer than 48 hours. 
Chapter 4 describes the results of a cross-sectional study evaluating the
functional status and it’s potential determinants, in 69 patients immediately
after discharge from the ICU. 
Between 3-7 days, grip-strength was found to be 50% lower than age- and
gender corrected normative data, and 27% of the patients had indications
for cognitive impairments (Mini Mental State Examination <24). Overall
functional status was poor (median Barthel Index 6 of 20), with 67% percent
of the patients being severely dependent, 15% moderate dependent, and 9%
to some extent dependent on other people for basic activities of daily living.
Seventy-three percent of the patients was not able to ambulate indepen-
dently within the first week after discharge from the ICU (Functional
Ambulation Category 0-3).
The duration of mechanical ventilation was associated with functional status
immediately after discharge from the ICU, whereas age, QoL prior to ICU
admission, and severity of illness on ICU admission were not.
In view of the severe impairments and restrictions in the performance of
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basic activities of daily living (Barthel Index) after discharge from the ICU,
we recommend that all patients ventilated for more than 48 hours in the
ICU should be closely monitored, to initiate rehabilitation treatment early
in patients showing a complicated or delayed functional recovery.
To develop optimal and adequate rehabilitation therapies for critically ill
patients at risk for poor functional outcome, the impact from health condi-
tion on daily functioning, and potential prognostic factors for functional
outcome were studied in chapter 5.
Chapter 5 describes the results of a cross sectional study of a cohort of 746
patients who had been treated in the ICU for more than 48 hours. The aims
were to describe the restrictions in daily functioning one year after dis-
charge from the ICU, and to identify prognostic factors.
Fifty-four percent of the patients had restrictions in daily functioning (eval-
uated with the Sickness Impact Profile), with walking and social activities
most frequently being restricted (30-60% of the patients). Symptoms of
anxiety and depression were found in 14%, and post-traumatic stress disorder
in 18%. Health related QoL (evaluated with the SF-36) was reduced com-
pared to the health related QoL reported for the general Dutch population.
Severity of illness at ICU admission and length of stay in the ICU were
identified as prognostic factors for functional outcome, although they
explained only 10%.
It was concluded from the high prevalence of long-lasting restrictions in
physical, social and psychological functioning, that patients who had stayed in
the ICU for at least 2 days, are to be considered a target population for reha-
bilitation medicine and allied health professions. However, the early identifi-
cation of ICU patients most likely to develop long-term problems in func-
tional status is not possible, on the basis of information regarding gender, age,
admission diagnosis, severity of illness on admission, and LOS in the ICU.
In addition to the functional outcome after one year (chapter 5), the course
of physical and psychological recovery, and the prevalence of clinical seque-
lae complicating functional recovery during the first year following critical
illness was studied in detail in chapter 6. 
Chapter 6 describes the results of a prospective observational study of 116
patients who were ventilated in the ICU for more than 48 hours. We
assessed functional health status at 3, 6, and 12 months after discharge from
the ICU using the Sickness Impact Profile (SIP68). The presence of ICU
related sequelae, i.e. impairments in function, limitations in activities, and
restrictions in participation, classified according to ICF, and the use of
rehabilitation resources were evaluated after 3 and 12 months. 
During the first year following critical illness there was an overall improve-
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ment in functional health status, however and in agreement with our previous
findings (chapter 5), two-thirds of the patients were still limited with
respect to daily activities after one year.
With this, it seems that the high prevalence of impairments in neuromuscular
and movement related body functions such as muscle weakness (50%), joint
stiffness (40%), and balance problems (17%), contribute to the high preva-
lence of limitations in the ICF domain of mobility. In addition, the impair-
ments in sensory functions and pain, such as impaired hearing (>40%),
impaired vision (>30%), and pain (>20%), and in mental functions, such as
reduced attention (73%), emotional instability (41%), sleeping problems
(23%), and upsetting thoughts or memories about the ICU (23%), may also
interfere with carrying out daily activities.
Although the presence of post traumatic stress disorder (PTSD) related symp-
toms was not measured with a validated PTSD questionnaire, the preva-
lence of hyperarrousal, and of intrusive symptoms were high. Obviously,
the wide range of impairments and activity limitations that were identified
in this study may account for restrictions in participation such as taking part
in recreational activities (50%) and problems with returning to work (>40%).
Finally, the majority of patients was found to receive physical therapy.
However, with respect to the high prevalence of muscle weakness and joint
stiffness after one year, it remains unclear whether the physical impairments
of patients discharged from the ICU could be considered as more or less
persistent, or that the physical therapy that was provided was insufficiently
effective for these specific ICU related sequelae. In contrast, psychological
and social problems after discharge from the ICU apparently often
remained unrecognized, as a large proportion of patients with severe psy-
chological or social problems had not received psychological treatment.
A carefully planned multidisciplinary rehabilitation program may help patients
to improve functional independence and return to activities of daily living.
To improve the outcome of ICU survivors, a multidisciplinary stepped care
approach with different degrees of therapeutic intervention depending on
patient’s needs is suggested.
In chapter 7 the course of physical and mental recovery in ICU patients is
investigated and the prognostic value of physical functioning and mental
health before admission to the ICU and 3 months after ICU discharge, on
functional recovery after one year.
In a consecutive series of 38 ICU patients who were ventilated >48 hours,
the Physical Functioning (PF) and Mental Health (MH) dimensions of the
Medical Outcomes Study 36-item Short-Form General Health Survey (SF-
36) were used as primary outcome measures to assess physical and mental
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functioning at 3, 6 and 12 months after ICU discharge. The SF-36 dimensions
PF and MH were also used as potential determinants to assess physical
functioning and mental health before admission to the ICU. As secondary
physical outcomes, grip-strength (digital hand-grip dynamometer) and
walking speed (Six Minute Walking Test; 6-MWT) were measured between
3-7 days after discharge from the ICU, and after 3 and 12 months.
In agreement with chapter 6, we found a different time course for physical
and mental recovery. Whereas physical functioning improved mental health
did not change between 3 and 12 months after discharge from the ICU.
Moreover, after 12 months, physical recovery was incomplete in the majori-
ty (62%) of the patients who had good physical function before ICU admis-
sion, while mental health was good in all patients with pre-ICU good men-
tal health. PF before ICU admission and grip-strength and walking speed
after 3-7 days to ICU discharge were not associated with PF 12 months after
discharge (Table 6.4). PF and walking capacity 3 months after discharge
were strongly associated with PF at 12 months. The PF score at 3 months
explained 61% of the variance in the PF score at 12 months. Moderate asso-
ciations were found between MH prior to ICU admission or MH 3 months
after discharge, and MH 12 months after discharge.
The sensitivity of the PF cut-off value of 60 at 3 months for poor physical
outcome was 100%. The positive predictive value (PPV) was 59%. The sen-
sitivity for the MH cut-off value of 60 at 3 months after discharge was 50%
and the PPV was 33%.
It was concluded that most improvements in physical functions and activi-
ties occur primarily within the first 6 months after discharge from the ICU,
but remain below both the pre-ICU values and normative values 12 months
after discharge. In contrast, mental health is already restored to pre-ICU
values at 3 months after discharge. Most importantly, it seems possible to
predict long-term restrictions, in particular physical functioning, 3 months
after discharge from the ICU, which enables the identification of patients
who may benefit from tailored rehabilitation services.
Chapter 8, the general discussion, critically reflects upon the results and
on the methodological considerations of the studies in this thesis and the
implications for future care and research are discussed.
This thesis shows that functional recovery is impaired in the majority of
patients who have been treated in the ICU for more than 2 days. A high
prevalence of impairments in body functions, limitations in activities and
restrictions in participation were consistently found in a substantial propor-
tion of ICU survivors during the first year after their critical illness.
The severity of impairments in neuromuscular, skeletal, cardiovascular,
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respiratory, mental, and digestive functions, and the resulting limitations in
activities and restrictions in participation, necessitate the development of ap-
propriate multidisciplinary rehabilitation interventions for patients after dis-
charge from the ICU. Randomized controlled trails to evaluate the effective-
ness of rehabilitation interventions targeting specific ICU sequelae are needed
to decide whether functional outcome of ICU survivors can be improved.
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Dankzij de ontwikkelingen in de geneeskunde zijn de kansen op overleving
van patiënten die met een ernstige ziekte op de intensive care (IC) worden
opgenomen, aanzienlijk toegenomen. De keerzijde van deze vooruitgang is
dat er ook meer patiënten met ernstige aandoeningen van de IC worden
ontslagen. Het IC-verblijf wordt in veel gevallen gevolgd door een langdu-
rige periode van herstel met fysieke en psychologische problemen die een
optimaal functioneren belemmeren. Diverse onderzoekers suggereren
voortzetting van intensieve begeleiding van deze patiënten na het ontslag
van de IC. Maar helaas is gespecialiseerde nazorg om het functioneel herstel
van deze patiënten te verbeteren nauwelijks beschikbaar. Om adequate
nazorg voor IC patiënten te kunnen ontwikkelen, is het noodzakelijk om
inzicht te hebben in de ernst en aard van de beperkingen in het functione-
ren, die na het ontslag van de IC lange tijd aanwezig blijven.

Dit proefschrift richt zich op het functionele herstel van patiënten die langer
dan 2 dagen op de IC zijn behandeld. Het doel van de onderzoeken die deel
uitmaken van dit proefschrift was om het beloop van het functioneel herstel
gedurende het eerste jaar na het ontslag van de IC te beschrijven. De resul-
taten van de onderzoeken worden beschreven aan de hand van het model
van de Wereldgezondheidsorganisatie (World Health Organization, WHO),
de International Classification of Functioning, Disability and Health, afge-
kort ICF. (hoofdstuk 1)

In hoofdstuk 2 wordt een overzicht gegeven van de literatuur met betrekking
tot het herstel van patiënten met een critical illness polyneuropathy (CIP).
CIP is één van de meest voorkomende neuromusculaire complicaties bij
patiënten die in verband met een levensbedreigende ziekte op de IC zijn
behandeld. Voor dit systematische literatuuronderzoek werden alle onder-
zoeken samengevat die tot 1999 gepubliceerd zijn en worden uitkomsten
beschreven in de ICF-niveau’s ‘lichaamsfuncties’ en ‘activiteiten en partici-
patie’, of  in termen van ‘kwaliteit van leven’. Dit literatuuronderzoek leverde
9 publicaties op over het functionele herstel bij patiënten met CIP na het
ontslag van de IC. Door het kleine aantal beschikbare onderzoeken, de
variatie in duur van follow-up en de uiteenlopende uitkomsten was het niet
mogelijk om de uitkomsten van deze onderzoeken met behulp van een
kwantitatieve methode te combineren. In de onderzoeken werden de vol-
gende stoornissen van functies en beperkingen in activiteiten gerapporteerd:
spierzwakte, gevoelsstoornissen aan armen en benen, problemen met het
lopen en afhankelijkheid van anderen voor het uitvoeren van dagelijkse acti-
viteiten. Geen van de onderzoeken bij patiënten met een CIP rapporteerden
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over het ICF-niveau ‘participatie’ of over ‘kwaliteit van leven’.
In de appendix van hoofdstuk 2 is de meest recente literatuur verwerkt
met betrekking tot het functionele herstel van IC patiënten met neuromus-
culaire complicaties zoals CIP of een critical illness myopathy (CIM). De
literatuur over het herstel bij patiënten met CIM is in de appendix toege-
voegd omdat recente studies aangeven dat CIP en CIM vaak in combinatie
optreden en de differentiatie tussen beide ter discussie staat. De resultaten
van 7 onderzoeken die na 1999 zijn gepubliceerd komen in grote mate over-
een met die van het literatuuronderzoek in hoofdstuk 2. Echter, in het lite-
ratuuronderzoek van de appendix worden ook resultaten op het ICF-niveau

‘participatie’ en met betrekking tot ‘kwaliteit van leven’ beschreven.

Uit de schaarse beschikbare literatuur naar het functionele herstel van pa-
tiënten met een op de IC verworven neuromusculaire complicatie zoals CIP
en CIM blijkt dat het herstel bij de meerderheid van de patiënten langdurig
is en gepaard gaat met ernstige functiestoornissen, beperkingen in activitei-
ten, participatieproblemen en verminderde kwaliteit van leven.

Hoofdstuk 3 beschrijft de resultaten van een onderzoek naar het functionele
herstel van 16 patiënten met CIP op 6 en 12 maanden na het ontslag van de
IC. We stelden vast dat binnen een jaar een groot aantal patiënten (56%) was
overleden en dat bij de overige patiënten het herstelproces en de restver-
schijnselen sterk varieerden. Ondanks een verbetering van functionele status
gedurende het eerste jaar na het ontslag van de IC bij alle patiënten, had de
meerderheid na een jaar nog fysieke en/of psychologische stoornissen,
beperkingen in dagelijkse activiteiten, participatieproblemen en een ver-
minderde kwaliteit van leven.
Een belangrijke conclusie naar aanleiding van de bevindingen in hoofdstuk
3 is, dat in de toekomst zowel zorg als onderzoek gericht moet zijn op het
verbeteren van de kwaliteit van overleving van IC patiënten. Daarbij is aan-
genomen, dat het aantal patiënten toeneemt dat een periode van ernstige
ziekte op de IC overleeft.

In de hoofdstukken 4, 5 en 6 hebben we ons niet langer beperkt tot patiënten
met CIP, maar is er een bredere IC populatie onderzocht met een potentieel
verhoogd risico op een gecompliceerd functioneel herstel. Namelijk alle pa-
tiënten die langer dan 48 uur op de IC opgenomen en beademd zijn geweest. 

Hoofdstuk 4 beschrijft een onderzoek naar de functionele status en even-
tuele voorspellende factoren voor het functioneren. Het onderzoek is bij 69
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patiënten uitgevoerd gedurende de eerste week na het ontslag van de IC. We
vonden dat de knijpkracht met 50% was verminderd ten opzichte van de
normale populatie en dat 27% van de patiënten mentale problemen had,
zoals concentratie en geheugenproblemen (gemeten met de Mini Mental
State Examination). Bijna alle patiënten waren ernstig beperkt in het dage-
lijks functioneren (mediane Barthel Index score 6 uit 20), waarbij 67% van
de patiënten in grote mate, 15% matig, en 9% in enige mate afhankelijk was
van hulp van anderen voor het uitvoeren van eenvoudige dagelijkse activi-
teiten zoals wassen, aankleden en het zich verplaatsen. Drieënzeventig pro-
cent van de patiënten was in de eerste week na het ontslag van de IC niet in
staat om zelfstandig te lopen (Functional Ambulation Category 0-3). 
De functionele status tijdens de eerste week na het ontslag van de IC bleek
slechter naarmate een patiënt langer beademd was geweest op de IC.
Patiënten die langer dan 7 dagen op de IC waren beademd hadden de groot-
ste kans op beperkingen. Tegen onze verwachting in waren leeftijd, kwali-
teit van leven voordat een patiënt op de IC werd opgenomen en de ernst van
de ziekte bij IC opname niet van invloed op de functionele status tijdens de
eerste week na het ontslag van de IC. Gezien de ernstige functiestoornissen
en beperkingen in het uitvoeren van eenvoudige alledaagse activiteiten
direct na het ontslag van de IC concludeerden wij, dat het fysiek en mentaal
functioneren van alle patiënten die langer dan 48 uur op de IC beademd zijn
kort na het ontslag van de IC nauwkeurig moeten worden gecontroleerd om
vroegtijdige revalidatiebehandeling te kunnen initiëren. 

Hoofdstuk 5 beschrijft een onderzoek naar de functionele status een jaar na
het ontslag van de IC. Dit onderzoek is uitgevoerd bij 746 patiënten die lan-
ger dan 48 uur op de IC waren opgenomen. Het doel was om de impact van
de gezondheidstoestand op het dagelijks functioneren te beschrijven en
eventuele factoren te identificeren die het lange termijn functioneren kun-
nen voorspellen.
Na een jaar bleek meer dan de helft (54%) van alle patiënten nog beperkt in
het uitvoeren van dagelijkse activiteiten (gemeten met de ‘Sickness Impact
Profile 68’ vragenlijst; SIP68). Daarbij werden beperkingen met het lopen
en deelname aan sociale activiteiten het meest gerapporteerd (30-60% van
de patiënten). Bij 14% van de patiënten was er sprake van angst en depressie
en bij 18% waren er aanwijzingen voor een post traumatische stress stoornis
(PTSS). Patiënten beoordeelden hun kwaliteit van leven (gemeten met de
Medical Outcomes Study 36 Item Short form;SF-36 vragenlijst) lager dan
de algemene Nederlandse bevolking. 
De mate van functioneel herstel bleek in geringe mate samen te hangen met
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de ernst van de ziekte bij IC-opname en de duur van de IC-opname. Dit ver-
band was echter onvoldoende om patiënten met een verhoogd risico op een
slecht herstel al direct na het ontslag van de IC te kunnen identificeren. 
Er is dus een hoog percentage patiënten met langdurige ernstige fysieke, psy-
chologische en sociale problemen, terwijl het verloop van het herstel bij het
ontslag van de IC niet kan worden voorspeld aan de hand van risicofactoren.
Daarom concludeerden wij, dat alle patiënten die langer dan 2 dagen op de IC
zijn behandeld, een potentiële doelgroep vormen voor revalidatiebehandeling.

In aanvulling op het onderzoek naar de functionele gezondheidstoestand een
jaar na het ontslag van de IC (hoofdstuk 5), zijn in hoofdstuk 6 het ver-
loop van het fysiek en het psychologisch herstel en de aanwezigheid van
andere klinische restverschijnselen onderzocht, die het functioneel herstel
belemmeren gedurende het eerste jaar na IC-opname.
Hiertoe werd bij 116 patiënten die langer dan 48 uur op de IC beademd waren
geweest, de functionele gezondheidstoestand gemeten (met de SIP68). Dat
werd gedaan op 3, 6 en 12 maanden na het ontslag van de IC. Ook werden
na 3 en 12 maanden, aan de hand van de ICF, IC gerelateerde restverschijn-
selen en het al dan niet ontvangen van een revalidatiebehandeling, geïnven-
tariseerd. Bij alle patiënten verbeterde de functionele gezondheidstoestand
gedurende het eerste jaar, maar de meerderheid (69%) had na een jaar nog
beperkingen in het dagelijks functioneren, overeenkomstig met de bevin-
dingen van hoofdstuk 5.
De diverse gezondheidsdomeinen vertoonden een verschillend verloop. De
fysieke en sociale gezondheid verbeterden voornamelijk gedurende de eer-
ste 6 maanden, gevolgd door een geringe vooruitgang in de tweede 6 maan-
den. Het psychologische functioneren verbeterde echter niet in het eerste
jaar na het ontslag van de IC.
Bij een groot aantal patiënten was sprake van stoornissen van functies van
het bewegingssysteem, zoals verminderde spierkracht (50%), verminderde
beweeglijkheid van gewrichten (40%) en balans problemen (17%). Deze
leidden tot beperkingen in de mobiliteit waaronder problemen met het
lopen. Ook van andere veelvoorkomende restverschijnselen zoals gehoor-
problemen (>40%), verminderd gezichtsvermogen (>30%), pijn (>20%),
concentratieproblemen (73%), geheugenproblemen (40%), emotionele
instabiliteit (41%), slaapproblemen (23%) en angstige gedachten of herin-
neringen aan de IC (23%) kan worden aangenomen dat deze het dagelijks
functioneren aanzienlijk belemmeren. Hoewel er geen vragenlijst is
gebruikt om de aanwezigheid van een post traumatische stress stoornis met
zekerheid vast te stellen, blijken specifieke symptomen van PTSS, zoals ver-
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hoogde prikkelbaarheid en herbeleving, vaak voor te komen gedurende het
eerste jaar na een IC opname.
Waarschijnlijk zijn bovenstaande functiestoornissen en beperkingen in acti-
viteiten van invloed op de veelgenoemde participatieproblemen van patiën-
ten na het ontslag van de IC. Geconstateerd zijn het niet meer deelnemen
aan recreatieve activiteiten (50%) en gedeeltelijke of volledige arbeidsonge-
schiktheid (>40%).
Met betrekking tot de verschillende revalidatiebehandelingen viel op dat de
meeste patiënten (80%) fysiotherapie hadden na het ontslag van de IC, terwijl
het percentage patiënten met spierzwakte en of gewrichtsstijfheid gedurende
het eerste jaar toch hoog bleef. Het is niet bekend of deze fysieke stoornis-
sen als blijvend moeten worden beschouwd of dat de fysiotherapiebehande-
ling niet optimaal is geweest voor deze specifieke IC gerelateerde problema-
tiek. Opvallend was ook dat slechts een klein percentage van de patiënten
met ernstige symptomen van angst en depressie of PTSS een psychologische
behandeling of begeleiding kreeg. Dit wijst erop dat psychologische proble-
men na het ontslag van de IC onvoldoende onderkend worden en dat een
belangrijk deel van de patiënten niet de zorg ontvangt die zij nodig heeft. 

In hoofdstuk 7 wordt onderzocht of het fysiek en psychologisch functione-
ren een jaar na het ontslag van de IC kan worden voorspeld aan de hand van
het functioneren vóór de IC opname of het functioneren op 3 maanden na
het ontslag van de IC.
Hiertoe werden in een opeenvolgende reeks van 38 patiënten, die langer dan
48 uur op de IC waren beademd, het fysiek functioneren en de mentale
gezondheid op 3, 6 en 12 maanden na het ontslag van de IC gemeten met de
SF-36 vragenlijst. Ook vulden de patiënten deze vragenlijst in met betrek-
king tot hun gezondheidssituatie één maand vóór de IC opname.
Andere uitkomsten betreffen knijpkracht en loopsnelheid (gemeten met de
6 Minuten Wandel Test) na het ontslag van de IC. Die werden gemeten 3-7
dagen na het ontslag van de IC en na 3 en 12 maanden.
In overeenstemming met de bevindingen uit hoofdstuk 6, vertoonden het
herstel van de fysieke en de mentale gezondheid een verschillend verloop.
Terwijl het fysiek functioneren verbeterde, veranderde de mentale gezond-
heid niet tussen 3 en 12 maanden na het ontslag van de IC. De grootste verbe-
tering in het fysiek functioneren vond in de eerste 6 maanden na de IC plaats. 
Echter, na een jaar was bij de meerderheid van de patiënten (62%) die vóór
de IC opname een goede fysieke gezondheid hadden, deze nog niet volledig
hersteld, terwijl bij de patiënten met een goede mentale gezondheid voor IC
opname, deze na een jaar wel was hersteld.
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Er bleek geen verband te bestaan tussen de fysieke gezondheid vóór de IC
opname, de knijpkracht en loopsnelheid direct na IC (3-7 dagen) en het
fysiek functioneren na een jaar. Wel was er een sterk verband tussen het
fysiek functioneren en de loopsnelheid na 3 maanden en de waarden die 12
maanden na het ontslag van de IC werden gemeten. Ook was er samenhang
tussen de mentale gezondheid vóór en 3 maanden na de IC opname en de
mentale gezondheid na 12 maanden. Deze samenhang was echter zeer matig. 
Hieruit werd geconcludeerd dat patiënten met een verhoogd risico op een
slecht fysiek herstel 3 maanden na het ontslag van de IC kunnen worden
geïdentificeerd, waarna deze patiënten kunnen worden verwezen naar een
revalidatiebehandeling. 

In hoofdstuk 8 worden de belangrijkste bevindingen en de onderzoeksme-
thoden van dit proefschrift besproken. Daarbij worden aanbevelingen
gedaan voor toekomstig onderzoek en voor verbetering van zorg.
De onderzoeken in dit proefschrift laten zien dat de meerderheid van de IC
patiënten die langer dan 2 dagen op de IC zijn behandeld, na een jaar nog
niet zijn hersteld en ernstig beperkt zijn in hun dagelijks functioneren. De
aard en de ernst van deze stoornissen in functies, beperkingen in activitei-
ten en participatieproblemen vragen om een multidisciplinaire benadering
tijdens en na het ontslag van de IC.
De belangrijkste aanbeveling voor de klinische praktijk betreft de opzet van
structurele multidisciplinaire nazorg voor IC patiënten. Door de vroegtijdi-
ge identificatie van functiestoornissen en beperkingen, kunnen de noodza-
kelijke specialismen en disciplines betrokken worden bij het behandelplan.
Geadviseerd wordt om IC artsen, IC verpleegkundigen en revalidatieartsen
te laten participeren in het multidisciplinaire behandelteam.
De ICF checklist en de SF-36 (domein ‘fysiek functioneren’) worden aan-
bevolen als hulpmiddelen om 3 maanden na het ontslag van de IC de func-
tiestoornissen, beperkingen in activiteiten en participatieproblemen op sys-
tematische wijze te evalueren en patiënten met een verhoogde kans op een
gecompliceerd fysiek herstel te identificeren.
Aanbevolen wordt om te onderzoeken of het functionele herstel van IC pa-
tiënten kan worden verbeterd met structurele multidisciplinaire nazorg.
Daarnaast is er behoefte aan onderzoeken, waarbij het herstel van IC patiën-
ten over een langere termijn dan 1 jaar aan de hand van de ICF systematisch
wordt vastgelegd.
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DANKWOORD

Het is prettig om na al die jaren onderzoek eindelijk de gelegenheid te hebben
om al die mensen te bedanken die op hun eigen wijze hebben bijgedragen
aan het tot stand komen van dit proefschrift. Door de steun van een groot
aantal mensen is het promotietraject tot een succesvolle afronding gekomen
en was er altijd de aangename balans tussen het verrichten van wetenschap-
pelijk onderzoek en de overige belangrijke zaken van het leven. Een aantal
mensen wil ik in het bijzonder noemen.

Allereerst een woord van dank aan alle patiënten die hun medewerking hebben
verleend aan de onderzoeken. Ik hoop dat patiënten die in de toekomst op-
genomen worden op de intensive care zullen profiteren van de uitkomsten
van dit proefschrift.

Professor dr. Nollet, beste Frans, dank je wel, dat je me na jouw benoeming
tot hoogleraar en hoofd van onze afdeling al snel de kans hebt geboden en
het vertrouwen hebt gegeven om mijn interesse in het herstel van ernstig
zieke patiënten vorm te geven in een promotietraject. Ik waardeer het dat je
ondanks je volle agenda altijd tijd kon vrijmaken voor dit onderzoek. Ik heb
vaak dankbaar gebruik gemaakt van jouw scherpe en creatieve geest bij de
interpretatie van onderzoeksresultaten en het publiceren daarvan. Het was
inspirerend om samen met jou na te denken over onderzoek waarbij de directe
relatie met de patiëntenzorg altijd het uitgangspunt was. Ik beschouw het
als een voorrecht om deel uit te maken van jouw onderzoeksteam en hoop
nog lang in jouw treintje mee te mogen rijden.

Dr. Beelen, beste Anita, ik ben je veel dank verschuldigd. Onze samenwerking
gaat inmiddels al heel lang terug en bij alle onderzoeken die deel uitmaken
van dit proefschrift had jij een belangrijke rol. Vooral jouw brede kennis op
het gebied van onderzoek en revalidatie, analytisch vermogen en visie waren
hierbij van onschatbare waarde. Dankzij jouw steun en stimulerende bege-
leiding heb ik mij kunnen ontwikkelen tot een onderzoeker die kwaliteit
hoog in het vaandel heeft en beleef ik veel plezier aan het uitvoeren van
wetenschappelijk onderzoek. Ik prijs mij gelukkig met jou als co-promotor,
leidinggevende, mentor, sparringpartner, kamergenoot en bovenal met
jouw vriendschappelijke collegialiteit.
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Professor dr. Vroom, beste Margreeth, toen we onze onderzoeksplannen over
het herstel van IC patiënten en mogelijkheden van nazorg uitwisselden en
ik je vroeg mijn promotor te worden reageerde je direct enthousiast. Ik dank
je voor de mogelijkheid die je me als hoofd van de intensive care hebt gebo-
den om dit onderzoek uit te voeren. Wellicht dat we met de uitkomsten van
dit proefschrift verder kunnen toewerken naar een evidence based nazorg-
programma voor IC patiënten.

De leden van de beoordelingscommissie, bestaande uit Prof. dr. H.A.A.M.
Gosselink, Prof. dr. E. de Jonge, Prof. dr. M.M. Levi, Prof. dr. B.A.J.M. de
Mol, Prof. dr. H.J. Stam, en dr. M. Olff wil ik bedanken voor de tijd en aan-
dacht die zij aan mijn proefschrift hebben besteed.

Alle co-auteurs wil ik bedanken voor hun medewerking en feedback op de
concept artikelen. Dave, helaas is de structurele nazorg voor IC patiënten
zoals wij die al jaren voor ogen hebben nog niet in het AMC gerealiseerd.
Wel kwam, mede dankzij jouw niet aflatende steun, dit proefschrift met de
wetenschappelijke onderbouwing van de noodzaak ervan tot stand. Ik ga er
nog steeds vanuit dat nazorg voor IC patiënten in het AMC ooit tot de stan-
daard zorg zal behoren en relevant wetenschappelijk onderzoek zal voort-
brengen. Bedankt voor de inspirerende samenwerking en heel veel succes
met het afronden van jouw eigen proefschrift.

Mijn collega’s van de afdeling revalidatie van het AMC en alle collega’s die
een deel van mijn onderzoekscarrière van dichtbij hebben meegemaakt
maar nu elders werken. Jullie belangstelling en medewerking gedurende al
die jaren waren geweldig. Samen met jullie heb ik met een ‘revalidatie blik’
naar het herstel van ernstig zieke patiënten kunnen kijken en dit heeft me
gestimuleerd om dit onderzoek uit te voeren. Bedankt voor de mogelijkheden
die ik kreeg om mij binnen de afdeling verder te ontwikkelen. Ik weet zeker
dat we samen de patiëntenzorg verder kunnen blijven verbeteren door de
praktijk met de wetenschap te verbinden.
Collega onderzoekers, jullie kennis en ervaring waren een belangrijke inspi-
ratiebron in het tot stand komen van dit proefschrift. 

Het dispuut, Frank, Marloes en Esther, tijdens de Master opleiding EBP leidde
onze manier van samen studeren tot een samenvatting van de lesstof die uit-
gebreider was dan de oorspronkelijke dictaten. Ook nu het epidemiologische
onderzoek nog maar zelden het onderwerp van het gesprek is, zijn onze
filosofische en relativerende avonden groots en zeer waardevol.
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Alle leden en oud leden van de FICU werkgroep (Fysiotherapie op de Intensive
Care Unit), het was plezierig om met jullie van gedachte te wisselen over
onze bijzondere rol als fysiotherapeut op de IC. Ook was het leerzaam om
mijn bevindingen en resultaten van de onderzoeken met jullie te delen. Na
alle successen en aansprekende resultaten van de afgelopen jaren hoop ik dat
de werkgroep een belangrijke rol blijft spelen in de verdere ontwikkeling
van de fysiotherapie op de IC.

In de afgelopen jaren was ik gelukkig niet alleen met onderzoek bezig. Hoewel
de combinatie van werk en ontspanning soms een beetje druk was, staat
voor mij vast dat ik nooit had kunnen promoveren zonder deze momenten
van inspannende ontspanning. Alle mensen die met mij hebben meegeleefd
tijdens de laatste jaren van dit promotietraject en waarmee ik ter afleiding
vele uren heb geschaatst, gespinned en getennist, bedank ik hartelijk voor
hun warme belangstelling.
Mijn wandelvriendinnen, Caroline, Leontine en Anneke, met jullie heb ik
inmiddels vele prachtige stukjes Nederland ontdekt. Dan bespraken we, tel-
kens weer, dat ik over een jaartje vast wel klaar zou zijn met dit proefschrift.
Uiteindelijk is dat ook gelukt.
De ‘hardlopende ouders van het schoolplein’ wat een heerlijke afleiding was
het om met jullie regelmatig een duurloopje of een intervalletje rond het
dorp te doen. Ik hoop dat de Dam tot Damloop nog lang ons sportieve jaar-
lijkse hoogtepunt mag blijven.

Vrienden en vriendinnen uit de Korte ’s Gravesandestraat tijd, Dwarsgracht
en Duivendrecht, ondanks de hectiek van alledag zijn we elkaar toch met
enige regelmaat blijven zien, hoewel de frequentie mij iets te laag is geweest
het afgelopen jaren. Gelukkig is dat niet ten koste gegaan van de intensiteit
van onze vriendschap en hebben we al veel belangrijke mijlpalen samen
mogen beleven. Onze vriendschap is mij zeer dierbaar.

Mijn paranimfen, Daniela en Juultje ik vind het fantastisch dat jullie naast mij
staan tijdens de verdediging van mijn proefschrift.
Daniela, de parallellen in onze loopbaan, met belangstelling voor het herstel
van IC patiënten, het evidence based practice maar ook wat betreft onze
gezinnen, hebben ons de laatste jaren als collega’s steeds dichter bij elkaar
gebracht. De onderwerpen van gesprek zijn dan ook lang niet altijd meer
alleen het werk en dat waardeer ik zeer. Je hebt het promotietraject van
dichtbij meegemaakt en een belangrijke rol gespeeld bij de dataverzameling
en de interpretatie van de bevindingen. Ik hecht grote waarde aan jouw
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mening en met jouw oog voor detail is het heerlijk samenwerken. Ik kijk uit
naar onze verdere samenwerking op het gebied van evidence based practice. 
Juultje, zowel in de wetenschap als in de praktijk is 1 + 1 soms 3! Als collega’s
op de IC ontstond er uit onze gezamenlijke nieuwsgierigheid, beschreven in
het ‘IC dagboekje’,  geleidelijk iets dat niets te maken had met een plan om
een proefschrift te schrijven. Aan deze periode bewaar ik zeer dierbare her-
inneringen. Wat ben ik blij dat ik een paar antwoorden heb kunnen vinden
op enkele van al die vragen die wij ons stelden. Gelukkig zijn we vriendin-
nen gebleven maar wat zou ik graag nog eens met jou willen samenwerken.

Mijn broers, schoonzussen en zwagers, het zal voor jullie lang niet altijd
duidelijk zijn geweest wat ik allemaal aan het doen was, maar ik vind het
bijzonder dat jullie allemaal bij mijn promotie aanwezig zijn. Ik verheug me
erop om dit moment samen met jullie te vieren.

Mijn ouders en schoonmoeder, jullie hebben onbewust een hele grote bijdrage
geleverd aan het tot stand komen van mijn proefschrift. Ik ben jullie dank-
baar dat jullie mij altijd vrij hebben gelaten en hebben gestimuleerd om
mijn eigen keuzes te maken. En vooral te zijn wie ik ben. Jullie hebben mij
gesteund en zijn trots op me. Dat doet me veel goed.

Jelle, Sjoerd en Femke, het is lastig om aan jullie uit te leggen dat je zo lang
bezig kunt zijn met het schrijven van een boekje. En er staan geen eens
plaatjes in. “Is dat nou zo bijzonder?” Jullie opgewektheid en onuitputtelijke
enthousiasme gaven mij de energie die ik nodig had om dit boekje te kun-
nen schrijven. Het is nu echt af. En dat moeten we vieren. En dat gaan we
samen doen na de ‘grote mensen feestjes’ die nu eenmaal bij promoveren
horen. En dat wordt pas echt bijzonder.

Lieve Boudewijn, de vanzelfsprekendheid waarmee je me de ruimte hebt
gegund om me verder te ontwikkelen en me daarin altijd onvoorwaardelijk
hebt gesteund is geweldig. Met jouw relativeringsvermogen en humor zorg-
de je ervoor dat ik de (andere) belangrijke zaken van het leven niet uit het
oog kon verliezen.
Het leven is met jou is een feest. Laten we het geluk blijven vieren.
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