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Muscle force and fatigue in patients with
sepsis and multiorgan failure

Abstract [ntroduction: Neuro-
muscular abnormalities are found
frequently in sepsis and multiorgan
failure (MOF). Surprisingly, however,
there are no data on maximum
skeletal muscle force and fatigue
in these patients. Objectives: To
test the research hypotheses that
adductor pollicis (AP) force would
be lower in patients with sepsis,
whereas fatigue would not differ
between patients and immobilized
but not infected volunteers. Design
and setting: Prospective study;
university intensive care unit and
laboratory. Patients: Patients
with sepsis and MOF (sequential
organ failure assessment (SOFA)
score >10) and healthy volunteers.
Interventions: Fatigue was evoked
during 20 min of intermittent tetanic
ulnar nerve stimulation achieving
50% of maximum AP muscle force.
Measurements and results: We mea-
sured evoked AP muscle force and

fatigue, and compound muscle action
potential (CMAP), and performed
standard electrophysiological tests
in 13 patients, and in 7 volunteers
before and after immobilization.
Maximum force (2016 vs

65+ 19N; p <0.01) and CMAP
(3.6£2.5vs 10£2.5mV; p < 0.05)
were markedly decreased in patients;
however, fatigue and ulnar nerve
conduction velocity did not differ
from volunteers, and a decrement of
CMAP was not observed with nerve
stimulation frequencies up to 40 Hz.
All patients with critical illness
polyneuropathy, and an additional
50% of those without, had signifi-
cant muscle weakness. Conclusion:
Peripheral muscle force is markedly
decreased in sepsis, without evidence
for an increased fatigability. Muscle
weakness was most likely due to

a sepsis-induced myopathy and/or
axonal neuropathy, and was not the
result of an immobilization atrophy.

Introduction

Neuromuscular abnormalities that develop as a conse-
quence of critical illness can be found in many patients
hospitalized in the intensive care unit (ICU) for 1 week
or more [1]. Electromyography and histological studies
in critically ill patients revealed that myopathy may
coexist with neuropathies [1, 2], and both have been
frequently observed in patients with sepsis [1, 2], which
is the predominant cause of multiorgan failure (MOF) [3].
Immobilization of skeletal muscle alone may also cause
myopathic changes [4], and there is evidence that the

mechanism of critical illness myopathy and immobi-
lization atrophy may have some similarities. In fact,
local immune activation and cytokine expression in the
muscle tissue were shown in both patients with critical
illness myopathy [5] and in rat after limb immobiliza-
tion [4]. Since skeletal muscles of patients with sepsis
may be considered immobilized during ICU therapy,
it would be interesting to know if sepsis adds some-
thing more to muscle dysfunction than immobilization
alone.

Surprisingly, however, no quantitative in vivo data on
maximum skeletal muscle force and fatigue in patients
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with sepsis have been reported. These compound vari-
ables of peripheral motor nerve and muscle function are
of interest since muscle weakness (i.e., loss of power
resulting in decreased motor function) [6, 7], and fatigue
(i.e., an exercise-induced decrease in the capacity to
generate force or power output) [7, 8] may compromise
the quality of life of survivors of critical illness [9, 10].
Based on the results of a study on muscle force and
fatigue during experimental sepsis (LPS inoculation) in
rat showing muscles weakness that was not associated
with increased peripheral fatigability [11], we tested the
research hypotheses that adductor pollicis (AP) force
(primary criterion) would be lower in patients with
sepsis, whereas fatigue (secondary criterion) would not
differ between patients and immobilized but not infected
volunteers. The results of our study have previously been
presented at an international meeting and published as an
abstract [12].

Materials and methods
Subjects

After approval by the Faculty of Medicine’s ethics com-
mittee we studied 13 patients and 7 healthy volunteers. We
obtained patients’ presumptive consent from the patients’
next of kin. Volunteers provided written informed consent.

Thirteen consecutive patients with recent-onset sep-
sis [13] and multiorgan failure [13] (sequential organ
failure assessment [SOFA] score > 10) without a history
of peripheral or central nervous system disease were
studied within 24 h after meeting inclusion criteria. Sepsis
was assumed with two or more of the following criteria
as a result of infection: (a) temperature > 38 or < 36°;
(b) heart rate > 90 min!; (c) respiratory rate > 20 min’!
or PaCO; < 32 mm Hg, or ventilator dependency; and (d)
a white blood cell count > 12000 mm™, or < 4000 mm"3,
or > 10% immature (band) forms [13].

We also studied seven healthy volunteers not differing
from the patients in age (patients: 58 + 14 years; volun-
teers: 48 £ 22 years), weight (82 + 16 vs 67 + 8 kg, respec-
tively), and height (1776 vs 174 +9 cm, respectively),
before and after 14 days of immobilization of their arm by
a lower arm cast extending from below the elbow to the
metacarpophalangeal joints of the fingers and to the inter-
phalangeal joint of the thumb, as described previously [15,
16].

Measurements

Evoked force of the AP muscle after ulnar nerve stimu-
lation was measured with a force transducer (LB 8000,
Maywood Instruments Ltd., Basingstoke, UK), using
a dedicated force measurement system [17], at a thumb

abduction angle of approximately 50° [18]. In parallel, we
measured compound action potential amplitude (CMAP,
Viking IV P, Nicolet Technologies, Madison, Wisconsin)
of the ipsilateral AP muscle using surface electrodes
(Nicolet Technologies, Madison, Wisconsin). A tempera-
ture transducer fixed to the skin measured thumb surface
temperature continuously.

Contraction time (CT1g,90) was calculated at 10 Hz as
the time elapsed for force to increase from 10 to 90% dur-
ing the first of 20 consecutive contractions. Half relaxation
time (RTp5) was calculated at 10 Hz as the time elapsed
for force to decrease by 50% from peak force after the last
stimulus pulse [19]. We defined the twitch/tetanus ratio as
the ratio of the peak force of the first (twitch) contraction at
10 Hz, and the peak force of (tetanic) contraction at 80-Hz
stimulation.

Neurophysiological testing in patients included me-
dian, ulnar, and sural nerve sensory action potentials,
CMAP (including a 2-Hz ulnar nerve stimulation test)
from the abductor pollicis brevis, AP, and abductor hallu-
cis muscle (values <3 mV were regarded as abnormally
decreased) [20], as well as median, ulnar, and tibial motor
nerve conduction velocities (lower threshold: 50, 50, and
40 m/s, respectively) [20]. In healthy volunteers, evoked
force and CMAP of AP muscle, conduction velocity, and
sensory action potential of the ulnar nerve were measured.

Protocol

Neurophysiological testing was performed before assess-
ment of muscle force (Viking IV P, Nicolet Technologies,
Madison, Wisconsin). Patients received then propofol and
fentanyl for maintenance of analgesia during the painful
tetanic ulnar nerve stimulation. In volunteers, analgesia
was achieved by axillary brachial plexus analgesia using
prilocaine 1% (40 ml). All patients had either their right
or left hand and forearm in splints immobilized, and then
stimulation electrodes (PNS Electrode, NDM, Dayton,
Ohio) were applied randomly over the right or left ulnar
nerve close to the wrist. Surface electrodes (Nicolet
Technologies, Madison, Wisconsin) were then applied
to the muscle motor point of the AP muscle and at the
metacarpophalangeal joint of the thumb, respectively.
Temperature transducers were fixed to the skin close to
the EMG recording electrodes and the extremities were
covered with surgical cotton to keep skin temperature
above 32°C.

Following determination of supramaximal stimulation
current and signal stabilization, force frequency curves
were generated at baseline, during, and after fatiguing
contractions as outlined in Fig. 1 and 2. In volunteers,
this protocol was performed twice, i.e., before and after
a 2-week immobilization period of the thumb by a lower
arm cast. Values of variables obtained during the last
force-frequency curve (i.e., immediately after 20 min of
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Fig.1 Study protocol. After 15 min of
signal stabilization (single twitch mode,
0.1 Hz), a low-frequency fatigue protocol
[21] was performed. This protocol

Period of signal stabilization
(15 min, 0.1 Hz single twitch)

Fatigue period
(5 min duration per circle, 50 per cent
of maximum force)

Force-frequency curve
(10, 20, 30, 40, 50, 60, 70, and 80 Hz)

4 circles

—

consisted of four periods (circles) of,
firstly, a force frequency curve for
calculation of the nerve stimulation
frequency that would evoke 50% of
maximum force, and secondly, a fatigue
period, i.e., a subsequent 5-min period of
intermittent (6 s of stimulation following
4 s of rest), non-ischemic, fatiguing
contractions with the predefined (previous
force—frequency curve) nerve stimulation
frequency that evokes 50% of maximum
force.

Fig.2 Original trace of stimulation A B
current, evoked compound action potential  g. oo ‘ ‘
(CMAP), and evoked adductor pollicis Frequency |10| 20 30 | 40 o |60 | 70 10
muscle force during ulnar nerve [Hz]
stimulation from a volunteer after sumataton [T 1] 1 T T
immobilization. A Slow chart speed: Current
adductor pollicis muscle force with tmA]
increasing stimulation frequency (ulnar
nerve stimulation over 2 s at each
stimulation frequency) demonstrates the
protocol for assessment of force—frequency
curves. B Fast chart speed: adductor
pollicis muscle force and CMAP during 20 c | -
stimuli at 10 Hz. Platcau values were used  pore sevon f——H—4 e
for acquisition of peak force. potential
[mv]
i H
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fatiguing contractions) were considered as post-fatigue
muscle function [21].

Statistical analysis

Data (means + SD) were analyzed using SPSS software
(V 10.0., SPSS, Chicago, Ill.). Based on previous findings
in animals [11], we stated the research hypotheses that
AP force (primary criterion) would be lower in patients
with sepsis, whereas fatigue (secondary criterion) would
not differ between patients and immobilized but not
infected volunteers. In any case, classical tests for differ-
ences were performed (independent and paired sample
t-tests) since equivalence tests generally require much
larger sample sizes [22].

Using a hierarchical sequence, repetitive measure-
ments at different nerve stimulation frequencies could
be tested with an alpha error of 5% without adjustment
for multiple testing [23]. The following sequence was

defined: firstly, we tested whether force differs between
patients and volunteers. Possible differences in fatigue
were tested subsequently only if the hypothesis of lower
muscle force in patients was rejected. With statistical
comparison of both main criteria (force, fatigue) we
tested first if variables differed at 10-Hz nerve stimulation
frequencies; thereafter, subsequent tests were performed
if, and only if, all previous tests were significant to
compare variables at 20, 30, 40, 50, 60, 70, and 80 Hz,
respectively.

A relevant weakness in patients was defined as a max-
imum generable force below the lower 95th percentile of
the volunteers’ mean maximum generable force [24].

The sample size estimation was based on in vitro data
on muscle force in patients with sepsis and controls [25].
In particular, we took into account a difference in means

of muscle force of 50% and an expected standard devia-
tion of 30%.
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—@— Patients with sepsis and multiorgan failure
—A— Volunteers (after immobilisation)
—— Volunteers (before immobilisation)
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Fig.3 Force—frequency curves of adductor pollicis muscle during
supramaximal ulnar nerve stimulation before performing the fatigue
protocol (means £ SD). Force is significantly lower in patients with
sepsis and multiorgan failure (full circles; n=13) compared with
healthy volunteers (triangles; n =7) both before (open triangles) and
after (solid triangles) 2 weeks of immobilization of their lower arm
and thumb.

* p<0.01 vs volunteers before and after immobilization.

# p<0.05 vs volunteers before immobilization

Results

Evoked muscle force

Muscle force was significantly (p < 0.02) lower at all stim-
ulation frequencies in patients with sepsis than in volun-
teers after immobilization (Fig. 3). Maximum force before
evoked fatigue averaged 8+7 and 20+ 16N in patients
with 10- and 80-Hz stimulation, respectively, vs 24 + 11
and 65 + 22 N in volunteers after immobilization (Fig. 3).
Maximum force was abnormal (less than the lower 95th
percentile of the volunteers’ mean force, i.e., >24.2 N) in
10 of 13 patients.%

In both patients and volunteers AP muscle force in-
creased with stimulation frequency (p < 0.01), and max-
imum force generation was achieved at 30 and 50 Hz in
patients and volunteers, respectively.

Maximum force was sustained even with the highest
tetanic stimulation frequencies applied (Fig. 2, 3). CT1g/90
(39+9 vs.39+5 s) and RTps (6917 s vs. 74+ 15) did
not differ between patients and volunteers after immobi-
lization (Table 1). There was no apparent relationship be-
tween muscle force in patients and results of blood chem-
istry, requirements for vasoactive drugs, choice of antibi-
otic regimen, duration of mechanical ventilation, or SOFA
score (Tables 2, 3).

100 4

Muscle force
after fatigue
protocol

[% of baseline]

*+ Volunteers immobilised)

® Patients with sepsis and multiorgan failure
T T ]

T
0 20 40 60 80

Stimulation frequency [Hz]

Fig.4 Effects of fatigue protocol on adductor pollicis muscle force
in patients with sepsis and multiorgan failure, and in healthy
volunteers after 2 weeks of immobilization of adductor pollicis
muscle. Muscle force decreased significantly after 20 min of
intermittent peripheral nerve stimulation (low-frequency fatigue
protocol), without differences between groups. Effects on generated
force of fatigue were significantly greater at low-frequency nerve
stimulation.

* p<0.01 vs muscle force at baseline before fatigue at the same
stimulation frequency.

# p<0.05 vs 10-Hz stimulation frequency in volunteers
(immobilized)

Fatigue

The AP muscle force decreased significantly (p < 0.01)
with all stimulation frequencies during the fatigue proto-
col, but the decrease in maximum force did not differ be-
tween patients with sepsis and MOF and healthy controls
(Fig. 4). At 10-Hz nerve stimulation, however, the decrease
in force after fatiguing contractions was slightly greater
in patients compared with controls and averaged 28 +21%
(patients) and 32 + 13% (volunteers after immobilization;
p < 0.05).

In both patients and volunteers force after fatigu-
ing contractions increased with increasing stimulation
frequency (p < 0.0001), and amounted to 67+15 and
62 + 15% with 80-Hz stimulation, respectively (Fig. 4).

Electrophysiological measurements and muscle force

Twitch force and corresponding CMAP values of
AP muscle were lower in patients than in volunteers
after immobilization (4.0x3.3 vs 12.6+x5.6N, and
43+5.2 vs 11.3+1.7mV, respectively, both p < 0.05).
The CMAP was sustained with increasing stimula-
tion frequency in volunteers. In contrast, in patients
with sepsis, CMAP was sustained over the 10- to 40-Hz
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Table1 Contractile behavior and compound muscle action potential (CMAP) of adductor pollicis muscle and ulnar nerve conduction

velocity. MOF multiorgan failure

Volunteers Patients

Before thumb immobilization

After thumb immobilization with sepsis and MOF

Contraction time (CT9—g9 (ms) 31.6+2
Half-relaxation time (ms) 63.7+11
Ulnar nerve conduction velocity (m/s) 61 £42
CMAP (mV) 11.8+1.9*

39 +5b 3949
74 4 15° 69+ 19
55+7 5145
9422 3.6+25

4 p<0.05 vs patients with sepsis and MOF
b 5 <0.05 vs volunteers before thumb immobilization

Table 2 Patients’ characteristics. SOFA sequential organ failure assessment, ARDS acute respiratory distress syndrome

Patient Suspected cause Catecholamine dose Duration of mechanical Admission diagnosis SOFA
no. of sepsis (ugkg™! min~") ventilation (days) score
1 Pneumonia 0.03 20 Obstructive cholangitis 16

2 Pneumonia 0.17 7 Pneumonia, ARDS 18

3 Pneumonia 0.01 10 Pneumonia, ARDS 13

4 Pneumonia 0.01 10 Pneumonia, ARDS 18

5 Peritonitis 0.17 16 Intra-abdominal hematoma following cystoprostatectomy 14

6 Pneumonia 0.05 16 Nephrectomy, renal cell carcinoma 15

7 Peritonitis 0.04 5 Spontaneous perforation of ileum 12

8 Pneumonia 0.01 21 Knife injury of thoracic cavity 14

9 Pancreatitis 0.03 7 Gastrectomy for treatment of gastric carcinoma 14
10 Pneumonia 0.03 23 Blunt abdominal trauma 11

11 Peritonitis 0.29 22 Blunt abdominal trauma 14

12 Pneumonia 0.5 13 Pneumonia, ARDS 19

13 Pyelonephritis ~ 0.55 5 Pyelonephritis 18

Table 3 Concentration of blood chemistry variables. Mean &+ SD of
patients (n =13) with sepsis and multiorgan failure

Total calcium (mg/dl) 7.7£0.8
Ionized calcium (mmol/l) 1.1£0.1
Magnesium (mg/dl) 1.8+£0.3
Phosphate (mg/dl) 43+24
Creatinine (mg/dl) 25+1.1
Blood urea nitrogen (mg/dl) 70 £ 21
Bilirubin (mg/dl) 5.1+7
Platelet count (nl~!) 119493
Glucose (mg/dl) 163 +27

stimulation frequency range, but decreased significantly
by 38 +20% (p < 0.01) with high-frequency stimulation
(50-80Hz). The CMAP did not decrease in patients or
volunteers during fatiguing contractions. Nerve conduc-
tion velocity was unaffected in all patients and sensory
nerve function was impaired only in a single patient.
Electrophysiological signs of CIP [20] were detected
in 5 patients (38%), and analysis of this subgroup revealed
lower CMAP values of AP muscle (1.6 +0.8 mV) com-
pared with patients without CIP (4.6 +2.4 mV; p < 0.05).
In all patients with CIP, and in 5 of 8 patients without
CIP, muscle force was abnormal (i.e., lower than the

95th percentile of the controls’ mean force). Muscle
force of patients with CIP was also significantly lower
(83+£6vs27+ 16N, at 80 Hz; p < 0.001) compared with
the other patients without CIP.

Effects of lower arm immobilization

After 2 weeks of immobilization, muscle force was
slightly increased (2012 vs 29+13N; p=0.018;
Fig. 3) with subtetanic stimulation (10Hz), and this
was paralleled by an increase of the twitch/tetanus ratio
(32+14 vs 43+11%; p=0.018), and an increase of
CTio/90 (322 vs 39+5ms; p=0.018). Relaxation
time (RTps) did not change during immobilization
(6310 vs 69+ 17 ms before vs after immobilization).
Maximum force generation and endurance during fa-
tiguing contractions were not significantly influenced by
immobilization.

Patients’ characteristics are given in Table 2. From
the day of ICU admission onward, nutritional support
was achieved in all patients with a standardized feed-
ing schedule, intended to deliver 20-30 non-protein
calories’lkg per day, 1.0-1.5g amino acids/kgday’!,
vitamins, and trace elements. Insulin was administered
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to achieve normoglycemia [26], and 3 patients received
low-dose hydrocortisol ( < 300 mg/d) during septic shock.
Neuromuscular blocking agents were not given except
once for percutaneous tracheotomy several days before
measurements.

Discussion

In patients with sepsis AP muscle force is markedly im-
paired, but an increased fatigability was not observed, even
in patients with CIP.

Methodological considerations

We compared skeletal muscle force and fatigue of pa-
tients with sepsis to those of healthy controls. Several
variables, such as age, gender [27], as well as the history
of muscular contractions before measurements [28], may
influence force and fatigue. Moreover, immobilization
can affect contractile properties of skeletal muscles and
may decrease their maximum force [16, 29]. To compare
the effects of immobilization plus sepsis on AP muscle
function in our patients to that of immobilization alone,
we compared the respective values of variables of patients
to that of healthy controls after immobilization matched
for age, weight, and gender. We observed immobilization-
induced changes in contractile behavior as previously
reported [16, 29, 30], i.e., an increase of force at 10-Hz
stimulation frequency (Fig. 3) [30], as well as an increase
of twitch/tetanus ratio axonal neuropathy [30], and con-
traction time [16, 29]. We did not observe a decrease
in muscle force after 2 weeks of immobilization. While
immobilization causes a reduction in maximal contraction
force [16], our data are in accordance with the observation
that a period of >3 weeks is required for these changes to
occur [10].

In volunteers, we applied prilocaine for axillary plexus
analgesia. This technique provides excellent analgesia
during the painful tetanic nerve stimulation, and is not
expected to influence muscle force after peripheral ulnar
nerve stimulation [31, 32].

Impairment of muscle force

We found in patients with sepsis a marked decrease of
skeletal muscle force to 30% of the controls. To our
knowledge, there are only three studies which address
quantitatively contractility of AP muscle in critically ill
patients [25, 33, 34], but none of them provide in vivo
data on maximum force and/or fatigue. Harris et al. [33]
found a lower AP twitch tension in patients with "critical
illness" compared with normal subjects, but the authors
did not report data on maximum generable force and/or

fatigue. Finn et al. [34] compared AP muscle function in
patients with severe sepsis to control subjects, and found
that the ratios of mean force generated at 10 Hz to that at
50 Hz was lower in patients with severe sepsis; however,
the implications of that study are limited because the
authors did not report data on maximum muscle force and
fatigue [34].

There is only one study which reports on patients with
sepsis maximum muscle force, i.e., force in isolated rectus
abdominis muscle samples evoked by direct muscle stimu-
lation [25], averaging 30% of the controls’ value [25]. This
compares very well with our in vivo data obtained after pe-
ripheral nerve stimulation, suggesting that skeletal muscle
cell dysfunction during sepsis [25] may be a major cause of
muscle weakness. This suggestion is also, at least in part,
supported by our findings. Ulnar nerve conduction velocity
was unaffected, and maximum force and compound motor
action potential amplitude were sustained even with tetanic
nerve stimulation up to 40 Hz. These results exclude a de-
myelinating neuropathy [20, 35] and neuromuscular trans-
mission failure [36]; thus, muscle weakness and CMAP
decrease may be explained by a myopathy and/or an axonal
neuropathy [2]. We suggest that a sepsis-evoked myopathy
may have been the predominant cause of muscle weakness
in some (five) of our patients who did not have a CIP (i.e.,
CMAP and nerve conduction velocity were normal) but an
abnormal muscle force.

In fact, it has been shown that muscle weakness in pa-
tients with sepsis can be induced by the effects of circulat-
ing TNF-a, which is elevated in patients with sepsis [37].
TNF-a decreases directly tetanic force of skeletal mus-
cle [38], and also induces iNOS*, which mediates muscle
weakness via local generation of peroxynitrite, a reactive
oxidant formed by reaction of NO with superoxide [4, 11].
Furthermore, NO generation in skeletal muscle may also
induce long-term effects that contribute to muscle weak-
ness, i.e., increased muscle proteolysis by the ubiquitin-
proteasom pathway [4, 39].

Bioenergetic failure has been suggested to be also an
important mechanism underlying sepsis-associated multi-
organ failure [40]; however, it is unlikely that this is rele-
vant for impaired muscle force in our patients, as we did
not observe an increase in contraction time that would be
expected with a decrease of skeletal muscle energy sup-

ply [41].

Fatigue

Although muscle force was markedly impaired, we did
not observe an increased fatigability in our patients. In
accordance, it has been shown that atrophic muscles even
may develop resistance to fatigue [42]. Fatigue resistance
after immobilization can be explained, at least in part,
by an immobilization-induced selective atrophy of type-2
(fast) twitch muscle fibers [43], which are susceptible to
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muscle fatigue [44]. Furthermore, immobilization may
have protected against glycogen depletion. In fact, deple-
tion of muscle glycogen and low blood glucose appear to
be important contributing factors [45] of low-frequency
fatigue, and muscle glycogen concentration increases
during 2 weeks of immobilization [46].

Limitations

Our clinical study has some limitations. We evaluated in
a population with severe multiple organ failure only one
muscle, and it remains unclear whether the AP muscle rep-
resents the force and fatigue characteristics of other skele-
tal muscles. We fixed the time period of immobilization to
14 days in all volunteers. This matched the mean duration
of sedation and mechanical ventilation of our patients, but
did not match the full range of duration of patients’ immo-
bilization.

Potential clinical implications

Diagnosis of muscle weakness and fatigue in patients with
sepsis and MOF is difficult, because clinical evaluation
underestimates the true incidence of nerve and muscle
dysfunction in ICU patients [1], and standard functional
muscle tests such as assessment of maximal voluntary iso-
metric contraction or assessment of muscle function by the
Medical Research Council scale are not applicable when

consciousness is impaired. Fortunately, skeletal muscle
can be maximally activated with equal effectiveness by
voluntary effort and by electrical stimulation [47]. Elec-
trical stimulation of the AP muscle allows independent of
patients’ co-operation quantitative assessment of muscle
force and fatigue.

Electrophysiological tests are recommended for the di-
agnosis of critical illness polyneuropathy [2, 20]; however,
their impact has been questioned because the discrimina-
tory value of these tests in identifying patients with clin-
ically significant neuromuscular disorders may be low [1,
48]. In accordance, our data show that muscle weakness
even occurs in half of the patients without electrophysio-
logical signs of CIP; thus, evoked AP muscle force mea-
surement may be more sensitive to detect relevant neuro-
muscular abnormalities in critically ill patients.

Our data demonstrate that peripheral muscle force is
markedly decreased in patients with sepsis and MOF. In
contrast, there is no evidence for an increased fatigabil-
ity in these patients. Muscle weakness was most likely to
due to sepsis/MOF-induced myopathy and/or axonal neu-
ropathy, and not the result of an immobilization atrophy.
Studies which compare longitudinally AP muscle force to
standard electrophysiological tests are required to assess if
evoked AP muscle force measurement is a viable method
for the diagnosis of, or screening for, neuromuscular ab-
normalities in patients with sepsis and MOF.
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