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Abstract

Background: Physical examination has been advocated as a primary determinant of ICU-acquired weakness (ICU-
AW). The purpose of the study is to investigate ICU-AW development by using Maximum Inspiratory Pressure (MIP)
as a surrogate parameter of the standardized method to evaluate patients’ peripheral muscle strength.

Methods: Seventy-four patients were recruited in the study and prospectively evaluated in a multidisciplinary university
ICU towards the appearance of ICU-AW. APACHE II admission score was 16 ± 6 and ICU stay 26 ± 18 days. ICU-AW was
diagnosed with the Medical Research Council (MRC) scale for the clinical evaluation of muscle strength. MIP was
measured using the unidirectional valve method, independently of the patients’ ability to cooperate.

Results: A significant correlation was found between MIP and MRC (r = 0.68, p < 0.001). Patients that developed
ICU-AW (MRC<48) had a longer weaning period compared to non ICU-AW patients (12 ± 14 versus 2 ± 3 days, p
< 0.01). A cut-off point of 36 cmH2O for MIP was defined by ROC curve analysis for ICU-AW diagnosis (88%
sensitivity,76% specificity). Patients with MIP below the cut-off point of 36 cmH2O had a significant greater
weaning period (10 ± 14 versus 3 ± 3 days, p = 0.004) also shown by Kaplan-Meier analysis (log-rank:8.2;p = 0.004).

Conclusions: MIP estimated using the unidirectional valve method may be a potential surrogate parameter for the
assessment of muscle strength compromise, useful for the early detection of ICU-AW.

Background
ICU-acquired weakness (ICU-AW) is a well recognised
complication, with an incidence of 10-25%, among long-
term mechanically-ventilated patients [1-5]. ICU-AW
presents with profound muscle weakness and difficulty
to wean from mechanical ventilation (MV); it results in
prolonged Intensive Care Unit (ICU) and hospital stay
and even in increased mortality [6,7]. Clinical, electro-
physiological and histological approaches have been
used for the diagnosis [2,8,9]. Clinical detection is based
on the assessment of skeletal muscle weakness. A stan-
dardized and reliable method to evaluate limb muscle
groups is the Medical Research Council (MRC) muscle
strength score [10-12] which has been used for the diag-
nosis of ICU-AW [2,9,13-15].

Although ICU-AW was firstly described in patients with
prolonged time to successful weaning from the ventilator
[16], specific estimation of respiratory muscle strength
reduction in the context of this neuromuscular disorder
has been addressed only in a recent study by De Jonghe et
al [17]. This study confirmed the association between
respiratory muscle and skeletal muscle weakness using the
standard methodology of measuring respiratory pressures.
Previous studies have shown that systemic diseases

with peripheral muscle involvement also affect the
respiratory muscles, reducing the pressures developed
during respiration [18].
The clinical detection of ICU-AW by MRC muscle

strength score appraisal as well as fully informative
study of respiratory dynamics presupposes that patients
have sufficient level of consciousness to cooperate and
respond to orders [10,11]. A method to assess muscle
strength in patients that are not yet able to cooperate
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after critical illness recovery has not been described so
far. Furthermore, the time required for the patient to
regain consciousness seems nevertheless precious in
terms of possible early beneficial precautions and inter-
ventions that could lessen the probability of developing
clinically significant neuromyopathy.
Our hypothesis was that ICU-AW could equally affect

respiratory muscles, as the peripheral muscles of the
limbs, resulting in reduced respiratory muscle strength
and diminished inspiratory pressure developed during
the respiratory efforts. Assessment of respiratory muscle
strength in the critically ill patients before they fully
recover could be an alternative method for the early
detection of ICU-AW.
The aim of this study is to investigate a surrogate

index of ICU-AW by estimating inspiratory muscle
strength with the unidirectional valve technique that can
be applied in ICU patients without the need of full
cooperation.

Methods
Patients
The study was approved by the Scientific Council and
the Ethics Committee of our Hospital. Family members
of all patients that were included in the study gave writ-
ten informed consent.
Seventy-four patients with ICU stay ≥ 7 days, were

recruited in the study and prospectively evaluated in a
multidisciplinary university ICU towards the appearance
of ICU-AW. Exclusion criteria were age < 18 yrs, presence
of pregnancy, limb fractures, body-mass index > 35 kg/m2

and known pre-existing causes of neuromuscular weak-
ness. Patients characteristics are presented in Table 1.

Design of the study
All patients that fulfilled the inclusion criteria were
thoroughly followed-up during the ICU stay. Assessment
of illness severity on admission was performed by the
APACHE II, SOFA and SAPS II prognostic scores
[19-21]. Trials of weaning from the ventilatory support
were started after daily clinicians’ decision according to
the patient’s clinical conditions. All patients underwent
an assessment of respiratory muscle strength by mea-
surement of maximum inspiratory pressure (MIP) after
a 48 hours discontinuation of sedation and MRC muscle
strength scale when patients regained consciousness, if
possible within 48 hours from MIP measurements.

Maximum inspiratory pressure
MIP was measured with the method described by Marini
et al [22] where a unidirectional expiratory valve is used to
selectively permit exhalation while inspiration is blocked.
One side of the valve was attached to the patient’s endo-
tracheal tube and the other side to a manometer.

Manometer could register pressures from 0 to 100 cmH20.
Patients were disconnected from the ventilator and were
attached to the valve for a period of more than 30 sec and
the maximal value was recorded. Three maneuvers were
performed and the highest value was used for the analysis.
Conduction of this process does not require the coordina-
tion of the patient whereas it permits MIP assessment at
lung volumes progressively closer to residual volume. In
an effort to allow respiratory drive reappearance, MIP
assessment was performed approximately 48 hours after
the discontinuation of sedation.

MRC muscle strength scale
The patients were assessed on a regular basis for the
development of neuromuscular weakness. The MRC
scale for clinical assessment of muscle strength [10-12]
was used for the diagnosis of ICU-AW with values

Table 1 Characteristics of critically ill patients evaluated
for inspiratory muscle strength that enrolled in the study
(N = 74) and of the above critically ill patients that MRC
muscle strength score could be estimated (N = 33)

Variables N = 74 N = 33

Age, years 59 ± 20 55 ± 20

Gender, Male/Female 52/22 29/4

COPD 10 5

Chronic heart failure 4 3

Diabetes mellitus 11 4

Medical/Surgical/Trauma 26/27/21 8/14/11

Main diagnosis

Pneumonia 6 1

Sepsis 5 2

COPD 1 1

Trauma/Burn 21 10

Cerebral hemorrhage/surgery 14 4

Cardiothoracic/Vascular surgery 4 2

Abdominal surgery 10 7

Drug intoxication 1 1

Other 12 5

ICU Stay, days 33 ± 17 32 ± 18

APACHE II score 16 ± 5 15 ± 5

SOFA score 8 ± 3 7 ± 3

SAPS III score 57 ± 14 55 ± 12

ICU-AW/no ICU-AW 17/16

MRC muscle strength score, (n = 33) 41 ± 16

MIP, cmH2O 37 ± 18 38 ± 17

Length of MV until onset of weaning, days, (n = 66/
31)

16 ± 13 13 ± 12

Weaning period, days, (n = 60/30) 6 ± 10 7 ± 11

COPD = Chronic obstructive pulmonary disease, ICU = Intensive Care Unit,
APACHE = Acute Physiology and Chronic Health Evaluation, SOFA =
Sequential Organ Failure Assessment, SAPS = Simplified Acute Physiology,
ICU-AW = ICU acquired weakness, MRC = Medical Research Council, MIP =
Maximum inspiratory pressure, MV = Mechanical ventilation.

All continuous variables are presented as mean ± SD
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ranging from 0 (quadriplegia) to 60 (normal muscle
strength) and with a score of 48 being the cut off point
for the diagnosis of ICU-AW. We adopted a cut off
limit of 48 for the MRC score because it reflects clini-
cally significant weakness and has been used previously
for the clinical identification of ICU-acquired paresis [2].
MRC score was performed by two independent investi-
gators that were familiar with this technique. MRC was
obtained on the day the patients had level of conscious-
ness adequate to respond to at least three of these
orders ("open/close your eyes”, “look at me”, “put out
your tongue”, “nod your head”, “raise your eyebrows”).

Weaning from mechanical ventilation
T-piece trial was used as a screening method for weaning
after daily clinical evaluation. Weaning period was
defined as the time from the onset of weaning trials until
the day there was no need for MV for the next 48 hours.
Weaning was considered successful when no ventilatory
support was necessary for at least two days. The duration
of MV, the duration of onset of MV to onset of weaning
and the duration of weaning period were all recorded.

Statistical analysis
All continuous variables are presented by mean ± SD.
Group means of continuous variables were compared by
unpaired Student’s t-test. The association between MIP
and MRC muscle strength score was analyzed by Pear-
son’s correlation coefficient. The cut-off value for MIP
to predict ICU-AW was based on receiver operating
characteristic (ROC) curve analysis. The Kaplan-Meier
method was used to compare the duration of weaning
between patients with and without ICU-AW and to
compare weaning period between patients that had MIP
below or above the cut-off value. We compared the two
groups using the log-rank test. The lowest level for sta-
tistical significance was set at p < 0.05.

Results
Patients’ characteristics enrolled in the study are reported
in Table 1. From the 74 patients, 8 patients died without
reaching the weaning period and 5 patients died after
weaning process. One patient was transferred to another
ICU after a long period of weaning trials. Sixty patients
were successfully weaned from the ventilator.
The mean value of MIP in the critically ill patients (N =

74) tested was 37 ± 18 cmH2O. Among the 74 patients
enrolled in the study 39 patients did not have a sufficient
level of consciousness for the assessment of limb muscle
strength by the MRC score and the diagnosis of ICU-AW
could not be established. This group consisted of 14 patients
that died and 25 patients that never regained a sufficient
level of consciousness until the discharge from the ICU.
Two patients were overlooked and MRC was not estimated.

Consequently MRC was safely estimated in 33 patients and
its mean value was 38 ± 17. The mean time difference
between MIP and MRC testing was 5 ± 5 days. Characteris-
tics of patients with MRC muscle strength score evaluation
are presented in Table 1. From these patients, three patients
died before weaning period started and 30 patients were
successfully weaned from mechanical ventilation.
A significant correlation between MIP and MRC mus-

cle strength score was found in the core material of 33
patients that were amenable to both measurements (r =
0.68, p < 0.001, Figure 1).
Patients that developed clinically ICU-AW (51%) had

a longer ICU stay (41 ± 19 versus 21 ± 11, days, p =
0.001), a lower MIP (28 ± 15 versus 49 ± 11, cmH2O, p
< 0.001), and a longer MV weaning period (12 ± 14 ver-
sus 2 ± 3, days, p < 0.05).
The value of 36 cmH2O for MIP was found as the

best cut-off value for the diagnosis of ICU-AW from the
ROC curve analysis [AUC (area under the curve) = 0.85;
CI:0.71-0.99, p = 0.001)]. The value of 36 cmH2O had a
sensitivity of 88% and a specificity of 76% for the diag-
nosis of ICU-AW.
In a prospective analysis of the 74 patients included in

the study, patients with MIP < 36 cmH2O were older
(67 ± 16 versus 51 ± 7, years, p = 0.001), had a more
severe APACHE II and SAPS III score [(17 ± 4 versus
15 ± 5, p = 0.05) and (62 ± 14 versus 53 ± 12, p =
0.05), respectively], a longer ICU stay (37 ± 6 versus 28
± 13, days, p = 0.001), and a longer MV weaning period
(10 ± 14 versus 3 ± 3, days, p < 0.01).

Kaplan-Meier analysis
Patients with ICU-AW had a greater daily probability of
remaining under mechanical ventilation (MV) after the

Figure 1 Scattergram of maximum inspiratory pressure and
medical research council scale for muscle strength in critical ill
patients enrolled in the study, (r:0.68; p < 0.001, N = 33).
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onset of weaning compared with those patients without
ICU-AW (log-rank:6.2; p = 0.01, Figure 2).
Similarly, patients with MIP < 36 cmH2O had a

greater daily probability of remaining under mechanical
ventilation (MV) after the onset of weaning compared
with those patients with MIP ≥ 36 cmH2O (log-
rank:8.2; p = 0.004, Figure 3).

Discussion
Our study showed that MIP in critically ill patients sig-
nificantly correlated with the MRC muscle strength
score which estimates peripheral muscle strength.
Generalized, peripheral neuromyopathies can affect

respiratory muscles and reduce respiratory pressures
[18]. Chronic heart failure is a syndrome in which per-
ipheral myopathy is characterized by skeletal muscle
dysfunction, including the respiratory muscles [23,24].
There is a relationship between respiratory muscle
strength and the oxidative capacity of the skeletal mus-
cles in heart failure [25], indicating a correlation
between the peripheral and the respiratory muscles.
De Jonghe et al [17] measured maximum inspiratory

and expiratory pressures in critically ill patients on the
first day of return to normal consciousness. The same
day MRC muscle strength score was assessed. They dis-
covered frequent alterations in the above mentioned
variables of respiratory neuromuscular function. They
also found a significant correlation between limb and
respiratory muscle strength possibly suggesting a com-
mon basic pathophysiologic process which results in the
noted limb and respiratory muscle weakness.

In our study we found a stronger correlation between
MIP and MRC muscle strength score (r = 0.68 in our
study vs r = 0.35 in the afore-mentioned study). Anxiety
and inadequate collaboration up on the perception of
the discontinued ventilatory support and/or the different
method for MIP measurement might partly explain the
difference. MIP value depends, among other factors,
upon the lung volume when inspiratory effort begins.
The use of the unidirectional valve (as in our study) per-
mits MIP assessment at lung volumes progressively clo-
ser to residual volume, so that the patient can generate
the greatest negative force while inspiring against the
occluded airway and the measurement of maximal
inspiratory muscle strength can be attained. This techni-
que yields more reproducible, consecutive measure-
ments and discloses values probably nearer the real MIP
[26,27]. Its larger values could lessen the coefficient of
variation.
In our study it was also demonstrated that MIP can

predict weaning period from MV in the ICU, even in
patients that could not cooperate. Both patient groups,
with ICU-AW classified by the MRC score for muscle
strength and patients with MIP below the cut-off point
of 36 cmH2O, exhibited similarly prolonged weaning
from the ventilator, supporting further the clinical rele-
vance of MIP measurement in the critically ill, in regard
to the ICU-AW.
Previous studies established a strong association

between limb neuromuscular involvement and duration
of mechanical ventilation. Addressing the question of
whether ICU-AW prolongs mechanical ventilation and
weaning time or if this prolongation is the effect of con-
current risk factors of weaning failure Garnacho-Mon-
tero et al [6], demonstrated that ICU-AW is an

Figure 2 Kaplan-Meier curves of the probability of remaining
under mechanical ventilation (MV) after the onset of weaning
according to the presence or not of ICU-acquired weakness
(ICU-AW). A cut off limit of 48, for the medical research council
scale (MRC) muscle strength score, has been adopted for the
diagnosis of ICU-AW.

Figure 3 Kaplan-Meier curves of the probability of remaining
under mechanical ventilation (MV) after the onset of weaning
according to maximum inspiratory pressure (MIP < or ≥ 36
cmH2O).
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independent cause of weaning failure. Direct impact of
ICU-AW on weaning duration was also previously
demonstrated by De Jonghe et al [28]. In this study
respiratory muscle weakness was associated with delayed
extubation and prolonged ventilation [17]. Unlike the
above mentioned study, in our study respiratory muscle
assessment with MIP was also performed in patients
that did not cooperate, providing information about
weaning period and length of MV in this group of
patients.
It has been shown that MIP can accurately be

recorded in poorly cooperative patients when a unidirec-
tional valve is used to occlude the airway, provided ade-
quate respiratory drive is achieved [29]. In our study
this method exhibited a very good ability to correctly
classify those with and without ICU-AW.
Current approaches for ICU-AW diagnoses comprise

physical motor examination and electrophysiological
investigations. Physical examination is dependent on
patient’s cooperation and maximal effort. A reliable
assessment of neuromuscular function (e.g. with MRC
score determination) cannot be performed in patients
not fully awake or when cognitive function is not intact.
Under these circumstances ICU-AW diagnosis, or

generally neuromuscular dysfunction evaluation, relies
on electrophysiological studies (motor and sensory
nerve conduction studies, electromyography) [8,30-34]
and electrical or magnetic nerve stimulation to measure
isotonic or isometric limb muscle strength [35]. More-
over conventional signs of ICU-AW may be absent and
electrophysiological studies could help establish the
diagnosis. However, several limitations exist and also
risks and costs of this testing should be taken into
account. Conventional electrodiagnostic techniques
often provide non-specific results or are hampered by
local conditions (edema, multiple electrical devices) that
prevent adequate disease classification [36]. Additionally,
literature results are controversial regarding the estima-
tion of ICU stay by electrophysiological studies. Witt et
al found a negative correlation between the time of ICU
stay and the peripheral nerve function as assessed by
electrophysiological studies [33], whereas, in a more
recent study, neurophysiologic testing results failed to
predict duration of ICU stay or ventilation; it looks that
they merely duplicate the diagnosis with no improve-
ment to management or outcome prediction [37].
Advanced and invasive diagnostic procedures that
require expertise in testing performance and interpreta-
tion are usually applied when patients exhibit not easily
explained focal deficits or persistently altered sensorium.
Therefore physical examination has been advocated as a
primary determinant of ICU-AW [2].
Our study showed that MIP may be useful for periph-

eral muscle strength evaluation and ICU-AW

identification in the critically ill, supporting its applica-
tion in diagnostic decision making even when patients
are unable to cooperate. It could be possibly considered
as a screening test for ICU-AW as it can be performed
earlier and in patients not fully awake, unlike MRC.
Several clinical implications exist. A reliable identifica-

tion of this potentially reversible complication leads to
most accurate predictions about a patient with pro-
tracted critical illness, which could alter the intensity of
management [38]. Additionally early detection of the
disease may force physicians and generally health provi-
ders to more consistently avoid precipitating factors. A
recent study held in our institution addressed that elec-
tro muscular stimulation of muscles of lower extremities
prevents the development of ICU-AW in critically ill
patients and also results in shorter duration of weaning
[39], indicating that therapeutic interventions could be
applied earlier, possibly influencing outcome in terms of
length of hospitalization, long term prognosis and mor-
tality which are aggravated by the presence of ICU-AW.

Limitations
A limitation of our study is the limited number of
patients that eventually regained consciousness and
were evaluated by both the MRC scale and MIP. The
lack of an electrophysiological investigation is a limita-
tion of the study and should be kept in mind when
interpreting the significance of the results of this study.
However we suggested MIP as a surrogate parameter of
MRC muscle strength scale that is also a clinical
approach for the detection of ICU-AW. Another limita-
tion is that the results of the present study, specifically
the ROC curve analysis and the AUC, which disclose
the diagnostic accuracy of the utilized method, are
based on the MIP and MRC score estimation in the
selected group of patients that finally recovered, which
questions the broader application of this method in all
ICU patients (meaning in the non-recovering group). As
there is not though so far a gold standard method for
clinically relevant ICU-AW discrimination other than
the physical assessment that requires patient coopera-
tion and maximal effort, this is a general problem one
encounters while attempting a non-invasive evaluation
of patients with permanently reduced consciousness and
comprehension. Finally, although we did not assess ven-
tilatory drive before MIP assessment, forcing patients to
boost a possibly insufficient ventilatory drive (add dead
space for instance) would have resulted in even greater
MIP values.

Conclusions
In conclusion, measurement of MIP, utilizing the unidir-
ectional valve method, in critically ill patients, may be
used as a diagnostic tool for the early detection of ICU-
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AW even in patients that have not regained conscious-
ness. Further investigations addressing the broad appli-
cation of the method are required.

List of abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; AUC: Area under
the curve; ICU-AW: Intensive care unit acquired weakness; MIP: Maximum
inspiratory pressure; MRC: Medical Research Council; MV: Mechanical
ventilation; ROC: Receiver operating characteristic; SAPS: Simplified Acute
Physiology score; SOFA: Sequential Organ Failure Assessment.

Acknowledgements and funding
This research project (PENED) is co-financed by E.U.-European Social Fund
and the Greek Ministry of Development (GSRT).

Authors’ contributions
All authors have contributed substantially to the submitted work and have
read and approved the final manuscript. In particular GT participated in the
design of the study, data acquisition, analysis, drafting of the manuscript and
critically revised the manuscript. IV, DZ and SD participated in the design of
the study, data analysis, drafting of the manuscript and critically revised the
manuscript. EK, TP and ET participated in data acquisition, analysis and
critically revised the manuscript. VG participated in the design of the study,
data acquisition, analysis and critically revised the manuscript. CR
participated in the design of the study and critically revised the manuscript.
Finally, SN conceived of and helped with the coordination of the study,
critically revised the manuscript and provided final approval.

Competing interests
The authors declare that they have no competing interests.

Received: 15 October 2010 Accepted: 26 June 2011
Published: 26 June 2011

References
1. Garnacho-Montero J, Madrazo-Osuna J, Garcia-Garmendia JL, Ortiz-Leyba C,

Jiménez-Jiménez FJ, Barrero-Almodóvar A, Garnacho-Montero MC, Moyano-
Del-Estad MR: Critical illness polyneuropathy: risk factors and clinical
consequences. A cohort study in septic patients. Intensive Care Med 2001,
27:1288-1296.

2. De Jonghe B, Sharshar T, Lefaucheur JP, Authier FJ, Durand-Zaleski I,
Boussarsar M, Cerf C, Renaud E, Mesrati F, Carlet J, Raphaël JC, Outin H,
Bastuji-Garin S: Groupe de Reflexion et d Etude Des Neuromyopathies en
Reanimation: Paresis acquired in the intensive care unit: a prospective
multicenter study. JAMA 2002, 288:2859-2867.

3. Visser LH: Critical illness polyneuropathy and myopathy: clinical features,
risk factors and prognosis. Eur J Neurol 2006, 13:1203-1212.

4. Khan J, Harrison TB, Rich MM: Mechanisms of neuromuscular dysfunction
in critical illness. Crit Care Clin 2008, 24:165-177.

5. Ahlbeck K, Fredriksson K, Rooyackers O, Måbäck G, Remahl S, Ansved T,
Eriksson L, Radell P: Signs of critical illness polyneuropathy and myopathy
can be seen early in the ICU course. Acta Anaesthesiol Scand 2009,
53:717-723.

6. Garnacho-Montero J, Amaya-Villar R, Garcia-Garmendia JL, Madrazo-Osuna J,
Ortiz-Leyba C: Effect of critical illness polyneuropathy on the withdrawal
from mechanical ventilation and the length of stay in septic patients.
Crit Care Med 2005, 33:349-354.

7. Ali NA, O’Brien JM Jr, Hoffmann SP, Phillips G, Garland A, Finley JC,
Almoosa K, Hejal R, Wolf KM, Lemeshow S, Connors AF Jr, Marsh CB:
Midwest Critical Care Consortium: Acquired weakness, handgrip
strength and mortality in critically ill patients. Am J Respir Crit Care Med
2008, 178:261-268.

8. Bolton CF: Neuromuscular manifestations of critical illness. Muscle Nerve
2005, 32:140-163.

9. Nanas S, Kritikos K, Angelopoulos E, Siafaka A, Tsikriki S, Poriazi M,
Kanaloupiti D, Kontogeorgi M, Pratikaki M, Zervakis D, Routsi C, Roussos C:
Predisposing factors for critical illness polyneuromyopathy in a
multidisciplinary intensive care unit. Acta Neurol Scand 2008,
118:175-181.

10. Kleyweg RP, van der Meché FG, Meulstee J: Treatment of Guillain-
Barré syndrome with high-dose γglobulin. Neurology 1988,
38:1639-1641.

11. Kleyweg RP, van der Meché FG, Schmitz PI: Interobserver agreement in
the assessment of muscle strength and functional abilities in Guillain-
Barré syndrome. Muscle Nerve 1991, 14:1103-1109.

12. Gregson JM, Leathley MJ, Moore AP, Smith TL, Sharma AK, Watkins CL:
Reliability of measurements of muscle tone and muscle power in stroke
patients. Age Ageing 2000, 29:223-228.

13. Leijten FS, Harinck-de-Weerd JE, Poortvliet DC, de Weerd AW: The role of
polyneuropathy in motor convalescence after prolonged mechanical
ventilation. JAMA 1995, 275:442-443.

14. Bednarik J, Vondracek P, Dusek L, Moravcova E, Cundrle I: Risk factors for
critical illness polyneuromyopathy. J Neurol 2005, 252:343-351.

15. Bercker S, Weber-Carstens S, Deja M, Grimm C, Wolf S, Behse F, Busch T,
Falke KJ, Kaisers U: Critical illness polyneuropathy and myopathy in
patients with acute respiratory distress syndrome. Crit Care Med 2005,
33:711-715.

16. Bolton CF, Gilbert JJ, Hahn AF, Sibbald WJ: Polyneuropathy in critically ill
patients. J Neurol Neurosurg Psych 1984, 47:1223-1231.

17. De Jonghe B, Bastuji-Garin S, Durand MC, Malissin I, Rodrigues P, Cerf C,
Outin H, Sharshar T: Groupe de Réflexion et d’Etude des
Neuromyopathies en Réanimation: Respiratory weakness is associated
with limb weakness and delayed weaning in critical illness. Crit Care Med
2007, 35:2007-2015.

18. Black LF, Hyatt RE: Maximal static respiratory pressures in generalized
neuromuscular disease. Am Rev Resp Dis 1971, 103:641-650.

19. LeGall JR, Lemeshow S, Saulnier F: A new simplified acute physiologic
score (SAPS II) based on a European/North American multicenter study.
JAMA 1993, 270:2957-2963.

20. Del Bufalo C, Morelli A, Bassein L, Fasano L, Quarta CC, Pacilli AM,
Gunella G: Severity scores in respiratory intensive care: APACHE II
predicted mortality better than SAPS II. Respir Care 1995, 40:1042-1047.

21. Unertl K, Kottler BM: Prognostic scores in intensive care. Anaesthesist 1997,
46:471-480.

22. Marini JJ, Smith TC, Lamb V: Estimation of inspiratory muscle strength in
mechanically ventilated patients: the measurement of maximal
inspiratory pressure. J Crit Care 1986, 1:32-38.

23. Duscha BD, Schulze PC, Robbins JL, Forman DE: Implications of chronic
heart failure on peripheral vasculature and skeletal muscle before and
after exercise training. Heart Fail Rev 2008, 13:21-37.

24. Papazachou O, Anastasiou-Nana M, Sakellariou D, Tassiou A, Dimopoulos S,
Venetsanakos J, Maroulidis G, Drakos S, Roussos C, Nanas S: Pulmonary
function at peak exercise in patients with chronic heart failure. Int J
Cardiol 2007, 118:28-35.

25. Nanas S, Nanas J, Kassiotis C, Alexopoulos G, Samakovli A, Kanakakis J,
Tsolakis E, Roussos C: Respiratory muscles performance is related to
oxygen kinetics during maximal exercise and early recovery in patients
with congestive heart failure. Circulation 1999, 100:503-508.

26. Caruso P, Friedrich C, Denari SDC, Ruiz SA, Deheinzelin D: The
unidirectional valve is the best method to determine maximal
inspiratory pressure during weaning. Chest 1999, 115:1096-1101.

27. Lausted CG, Johnson AT, Scott WH, Johnson MM, Coyne KM, Coursey DC:
Maximum static inspiratory and expiratory pressures with different lung
volumes. Biomed Eng Online 2006, 5:29.

28. De Jonghe B, Bastuji-Garin S, Sharshar T, Outin H, Brochard L: Does ICU-
acquired paresis lengthen weaning from mechanical ventilation?
Intensive Care Med 2004, 30:1117-1121.

29. Truwit JD, Marini JJ: Validation of a technique to assess maximal
inspiratory pressure in poorly cooperative patients. Chest 1992,
102:1216-1219.

30. Lacomis D, Zochodne DW, Bird SJ: Critical illness myopathy. Muscle Nerve
2000, 23:1785-1788.

31. Latronico N, Bertolini G, Guarneri B, Botteri M, Peli E, Andreoletti S,
Bera P, Luciani D, Nardella A, Vittorielli E, Simini B, Candiani A:
Simplified electrophysiological evaluation of peripheral nerves in
critically ill patients: the Italian multi-centre CRIMYNE study. Crit Care
2007, 11:R11.

32. Zochodne DW, Bolton CF, Wells GA, Gilbert JJ, Hahn AF, Brown JD,
Sibbald WA: Critical illness polyneuromyopathy. A complication of sepsis
and multiple organ failure. Brain 1987, 110:819-841.

Tzanis et al. BMC Anesthesiology 2011, 11:14
http://www.biomedcentral.com/1471-2253/11/14

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/11511941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11511941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12472328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12472328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12472328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17038033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17038033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19388901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19388901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18511703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18511703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15825186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18355395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18355395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2458549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2458549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10855904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10855904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15791390?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15791390?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15818093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15818093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17855814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17855814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17855814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5579907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5579907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8254858?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8254858?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10152703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10152703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9297377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16893579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16893579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10430764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10430764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10430764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16677384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16677384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14767593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14767593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1395771?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1395771?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11102901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17254336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17254336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3651796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3651796?dopt=Abstract


33. Witt N, Zochodne DW, Bolton C, Grand’Maison F, Wells G, Young GB,
Sibbald WJ: Peripheral nerve function in sepsis and multiple organ
failure. Chest 1991, 99:176-184.

34. Maher J, Rutledge F, Remtulla H, Parkes A, Bernardi L, Bolton CF:
Neuromuscular disorders associated with failure to wean from the
ventilator. Intensive Care Med 1995, 21:737-743.

35. Ginz HF, Iaizzo PA, Girard T, Urwyler A, Pargger H: Decreased isometric
skeletal muscle force in critically ill patients. Swiss Med Wkly 2005,
135:555-561.

36. Trojaborg W: Electrophysiologic techniques in critical illness-associated
weakness. J Neurol Sci 2006, 242:83-85.

37. Morris C, Trinder JT: Electrophysiology adds little to clinical signs in
critical illness polyneuropathy and myopathy. Crit Care Med 2002,
30:2612.

38. Murray LS, Teasdale GM, Jennett B, Kelly D, Murray GD, Miller GD, Jones P,
Pickard JD, Bailey S, Shaw MDM, Achilles J, Lacey J: Does prediction of
outcome alter patient management? Lancet 1993, 341:1487-1491.

39. Routsi C, Gerovasili V, Vasileiadis I, Karatzanos E, Pitsolis T, Tripodaki ES,
Markaki V, Zervakis D, Nanas S: Electrical muscle stimulation prevents
critical illness polyneuromyopathy: a randomized parallel intervention
trial. Crit Care 2010, 28:R74.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2253/11/14/prepub

doi:10.1186/1471-2253-11-14
Cite this article as: Tzanis et al.: Maximum inspiratory pressure, a
surrogate parameter for the assessment of ICU-acquired weakness. BMC
Anesthesiology 2011 11:14.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Tzanis et al. BMC Anesthesiology 2011, 11:14
http://www.biomedcentral.com/1471-2253/11/14

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/1845860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1845860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8847429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8847429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16333766?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16333766?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16412474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16412474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12441792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12441792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8099377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8099377?dopt=Abstract
http://www.biomedcentral.com/1471-2253/11/14/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Design of the study
	Maximum inspiratory pressure
	MRC muscle strength scale
	Weaning from mechanical ventilation
	Statistical analysis

	Results
	Kaplan-Meier analysis

	Discussion
	Limitations
	Conclusions
	Acknowledgements and funding
	Authors' contributions
	Competing interests
	References
	Pre-publication history

