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CQUISITION OF NEUROMUSCU-

lar dysfunction after admis-

sion to the intensive care unit

(ICU) has been described
during the last decade. Although this
condition was first reported in a pa-
tient with severe asthma who required
high doses of corticosteroids and neu-
romuscular blocking agents,' neuro-
muscular dysfunction acquired in the
ICU has also been frequently reported
in patients with sepsis or multiple or-
gan dysfunction or both.? Peripheral
nerve conduction abnormalities have
been identified by electrophysiologic
examinations, leading to the label criti-
cal illness polyneuropathy.?

The incidence rate and risk factors for
ICU-acquired neuromuscular disor-
ders have been reported in prospective
observational studies based on electro-
physiologic or histologic examina-
tion.*” In these studies, electrophysi-
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Context Although electrophysiologic and histologic neuromuscular abnormalities are
common in intensive care unit (ICU) patients, the clinical incidence of ICU-acquired
neuromuscular disorders in patients recovering from severe illness remains unknown.

Objectives To assess the clinical incidence, risk factors, and outcomes of ICU-
acquired paresis (ICUAP) during recovery from critical iliness in the ICU and to deter-
mine the electrophysiologic and histologic patterns in patients with ICUAP.

Design Prospective cohort study conducted from March 1999 to June 2000.
Setting Three medical and 2 surgical ICUs in 4 hospitals in France.

Participants All consecutive ICU patients without preexisting neuromuscular dis-
ease who underwent mechanical ventilation for 7 or more days were screened daily
for awakening. The first day a patient was considered awake was day 1. Patients with
severe muscle weakness on day 7 were considered to have ICUAP.

Main Outcome Measures Incidence and duration of ICUAP, risk factors for ICUAP,
and comparative duration of mechanical ventilation between ICUAP and control patients.

Results Among the 95 patients who achieved satisfactory awakening, the incidence
of ICUAP was 25.3% (95% confidence interval [Cl], 16.9%-35.2%). All ICUAP pa-
tients had a sensorimotor axonopathy, and all patients who underwent a muscle bi-
opsy had specific muscle involvement not related to nerve involvement. The median
duration of ICUAP after day 1 was 21 days. Mean (SD) duration of mechanical ven-
tilation after day 1 was significantly longer in patients with ICUAP compared with those
without (18.2 [36.3] vs 7.6 [19.2] days; P=.03). Independent predictors of ICUAP were
female sex (odds ratio [OR], 4.66; 95% Cl, 1.19-18.30), the number of days with dys-
function of 2 or more organs (OR, 1.28; 95% Cl, 1.11-1.49), duration of mechanical
ventilation (OR, 1.10; 95% Cl, 1.00-1.22), and administration of corticosteroids (OR,
14.90; 95% Cl, 3.20-69.80) before day 1.

Conclusions Identified using simple bedside clinical criteria, ICUAP was frequent dur-
ing recovery from critical illness and was associated with a prolonged duration of me-
chanical ventilation. Our findings suggest an important role of corticosteroids in the
development of ICUAP.
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ologic abnormalities ranged from 47% to
90% of the patients,**® and histologic ab-
normalities ranged from 71% to 96%."°

The sample sizes of these cohorts ranged
from 20 to 70 patients. However, de-
spite the potential impact of ICU-
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PARESIS IN THE ICU

acquired paresis (ICUAP) on impor-
tant outcomes, such as the duration of
weaning from mechanical ventilation and
the duration and cost of ICU stay, the in-
cidence and severity of clinical abnor-
malities remain poorly understood. To
our knowledge, there are no published
data on the incidence and risk factors of
severe clinical weakness in the general
ICU population and in particular after re-
covery from acute illness and improve-
ment in consciousness, when identifi-
cation of paresis is particularly relevant
for the clinician. The difficulty in evalu-
ating muscle strength in ICU patients
may contribute to the lack of informa-
tion. The unavailability of electrophysi-
ological examination in many ICUs and
the reluctance to obtain histologic
samples in practice further support the
need for a bedside approach to this con-
dition.

The objectives of this prospective,
multicenter study were to assess the
clinical incidence, features, risk fac-
tors, and outcome of ICUAP identi-
tied by bedside clinical examination in
ICU patients during recovery from se-
vere illness (primary objective) and to
determine the electrophysiologic and
histologic patterns of ICUAP (second-
ary objective).

METHODS
Eligibility for Clinical
Neuromuscular Evaluation
The study began in March 1999. Pa-
tients were enrolled in 5 ICUs (3 medi-
cal and 2 surgical ICUs) in 3 univer-
sity hospitals and 1 university-
affiliated hospital for a mean duration
of 8.6 months (range, 5-15 months). All
consecutive patients who underwent
mechanical ventilation for at least 7 days
were eligible for neuromuscular evalu-
ation. Patients were excluded if they had
disease of the peripheral nervous sys-
tem, bihemispheric or brainstem le-
sions, fewer than 2 limbs in which
muscle strength could be tested, a lan-
guage barrier expected to limit patient
comprehension, or if they had been re-
ferred from another ICU.

After 7 days of mechanical ventila-
tion, patients were screened daily for
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awakening and comprehension based on
their responses to the following 5 or-
ders: “Open (close) your eyes,” “Look
atme,” “Open your mouth and put out
your tongue,” “Nod your head,” and
“Raise your eyebrows when I have
counted up to 5.” The first day that the
patient responded to at least 3 of these
orders on 2 consecutive evaluations at
a 6-hour interval was considered day 1.

Identification of ICUAP
Patients and Controls

On day 7, after persistent satisfactory
awakening and comprehension were
confirmed, muscle strength was evalu-
ated using the Medical Research Coun-
cil (MRC) score, a previously vali-
dated score that assesses 3 muscle
groups in each of the upper and lower
limbs.'° Each muscle group score ranges
from 0 (paralysis) to 5 (normal muscle
strength), and the overall score from 0
to 60. In an attempt to reduce interex-
aminer variability, all of the investiga-
tors were trained by the same quali-
fied neurologist (T.S.) in MRC score
measurement. Because our goal was to
identify patients with clinically signifi-
cant weakness, patients with an MRC
score less than 48 were a priori con-
sidered to have ICUAP, whereas those
with an MRC score of 48 or higher,
which indicates muscle strength of 5
(normal) or 4 (subnormal) in each limb
segment, were considered controls.

Paraclinical Examinations
in ICUAP Patients

To confirm the peripheral neuromus-
cular origin of the clinical weakness, all
ICUAP patients underwent an electro-
physiologic evaluation within 72 hours
after day 7. To standardize the electro-
physiologic procedure and interpreta-
tion, 2 trained electrophysiologists
(J.-P.L., F.M.) performed all electro-
physiologic examinations using a por-
table electroneuromyogram machine
(Keypoint portable, Medtronic France,
Boulogne-Billancourt, France). All data
were centrally analyzed according to
standard laboratory references.!! The
ICUAP patients with persistent paresis
at day 14 underwent muscle biopsy. The

histologic samples were obtained from
the left quadriceps or deltoid muscles
with the patient under local anesthe-
sia. Histologic analyses were per-
formed in the Pathology Department of
Henri-Mondor Hospital. Muscle samples
were processed for hematoxylin-eosin,
modified Gomori trichrome, and
NADH-tetrazolium reductase and cyto-
chrome C oxidase histoenzymatic reac-
tions using standard procedures. Muscle
fiber necrosis and regeneration, muscle
fiber atrophy, and neurogenic changes
were defined according to histologic cri-
teria of Dubowitz et al.!> The ICUAP pa-
tients underwent MRC score measure-
ment weekly during the first month and
monthly during a 9-month period un-
til the regression of paresis (MRC score
=48) or death.

The study protocol was approved by
the Cochin Hospital Ethics Commit-
tee (Paris, France) provided the elec-
trophysiologic examination was per-
formed only in ICUAP patients, muscle
biopsy was performed only in ICUAP
patients with delayed clinical recov-
ery, and peripheral nerve biopsy was not
performed. Informed consent was
obtained from ICUAP patients or
relatives.

Data Collection

Clinical factors that may influence the
onset of ICUAP were selected a priori
and prospectively recorded between
ICU admission and awakening (day 1)
for both ICUAP patients and controls.
These included potential risk factors at
ICU admission, metabolic abnormali-
ties, organ dysfunction-related vari-
ables (TABLE 1), and medications
(TABLE 2). For medications suspected
of influencing the onset of ICUAP, we
recorded the number of patients who
received the drug at least once before
day 1 and the total number of days of
administration and cumulative dos-
ages in patients who received the drug.

Statistical Analysis

The ICUAP patients and controls were
first compared using univariate analy-
ses. Quantitative variables were re-
ported as mean (SD), except when

©2002 American Medical Association. All rights reserved.



PARESIS IN THE ICU

|
Table 1. Univariate Comparison of Baseline Characteristics, Metabolic Variables, and Organ Dysfunction—Related Variables Between Intensive
Care Unit—Acquired Paresis (ICUAP) and Control Patients*

ICUAP Patients Controls
Variable (n=24) (n=71) OR (95% Cl) P Valuet
Baseline characteristics
Age, y 67.6 (11) 59.3 (16) 1.04 (1.0-1.09) .02
Female sex, No. (%) 12 (50) 14 (20) 1(1.5-11.1) .004
Preexisting risk factors (=1), No. (%) 12 (50) 23 (32) 1(0.8-5.4) A2
Diabetes mellitus 7 (29) 8 (11) 2(1.0-10.4) .05
Chronic renal failure 0(0) 4 (6) - .60
Alcohol abuse 8(33) 16 (22) 1.7 (0.6-4.8) .29
Surgical patient, No. (%) 9 (38) 19 (27) 1.6 (0.6-4.4) .32
Diagnosis, No. (%) NA NA
COPD exacerbation 4(17) 17 (24)
Severe heart disease 2(8) 9(13)
Severe aspiration or infectious pneumoniaf 5(21) 12 (17)
Severe deep infection§ 3(12) 6(8)
Complicated abdominal disease 4 (17) 4 (6)
Medical condition, others 4(17) 9 (13)
Trauma 2(8) 14 (20)
Admission SAPS 2|| 53.3(13.5) 47.3 (18.5) 1.02 (0.99-1.05) 15
Admission ODIN scoref| 3.0 (0.9 2.5(1.3) 1.4 (0.95-2.10) .08
Infection on admission, No. (%) 16 (67) 34 (48) 2.2 (0.8-5.8) 1
Metabolic variables
Lowest serum sodium, mEg/L (n = 94) 129.6 (6.7) 132.7 (6.7) 0.91 (0.84-0.99) .03
Lowest serum potassium, mEg/L (n = 94) 2.9(0.4) 3.6 (3.8) 0.80 (0.61-1.21) 15
Highest blood urea nitrogen, mg/dL (n = 94) 73.3 (47.0) 47.0 (38.9) 1.04 (1.01-1.07) .01
Highest blood creatinine, mg/dL (n = 94) 3.2 (2.5 2.4 (2.3 0 (0.99-1.0) .16
Lowest arterial pH (n = 94) 7.23 (0.09) 7.25 (0.09) 0.25(0.01-42.7) .60
Lowest Pao,, mm Hg 64.6 (19.7) 71.4(23.8) 0.99 (0.96-1.01) 21
Highest Paco,, mm Hg 61.2 (21.9) 61.5(24.9) 0.99 (0.98-1.02) .96
Highest blood glucose, mg/dL (n = 93) 360.3 (142.3) 259.4 (113.5) 1.11 (1.04-1.19) .001
Highest bilirubin, mg/dL (n = 93) 2.0(1.9) 4(1.5) 1.01 (0.99-1.03) 14
Highest CPK, median (range), IU/L (n = 87) 405 (18-4591) 508 (1-19600) 0(0.99-1.0) .10
Organ dysfunction—related variables
Circulatory dysfunction, No. (%)# 21(88) 50 (70) 9(0.8-11.1) .10
Renal dysfunction, No. (%)# 10 (42) 17 (24) 3(0.8-6.1) .10
Liver dysfunction, No. (%)# 4 (17) 7 (10) 8(0.5-7.0) .59
Hematologic dysfunction, No. (%)# 3(12) 10 (14) 9(0.2-3.5) .84
Neurologic dysfunction, No. (%)# 9 (38) 23 (32) 3(0.5-3.3) .65
Maximal No. of simultaneous organ dysfunctions 8(0.8) 2.4(1.0) 2 (0.9-2.1) .08
No. of days with dysfunction in =2 organs 10.3(7.0) 4.8(4.1) 1.21 (1.09-1.34) <.001
Infection, No. (%)# 21(88) 56 (79) 9(0.5-7.3) .53
Septic shock, No. (%)** 9 (38) 14 (30) 4(0.8-6.8) .09
Extrarenal replacement, No. (%) 8(33) 9 (14) 4 (1.1-10.5) .03
Duration of MV before awakening, d 16.6 (8.2) 10.8 (5.5) 113 (1.1-1.22) .003
Length of ICU stay before awakening, d 17.7 (9.9) 11.3 (5.9) 1.12 (1.04-1.20) <.001

*Baseline characteristics were recorded on ICU admission. Metabolic and organ dysfunction variables were recorded between ICU admission and awakening (day 1). The most
abnormal values of the metabolic variables were recorded. Continuous data are reported as mean (SD) except when otherwise indicated. OR indicates odds ratio; Cl, confidence
interval; NA, not applicable; COPD, chronic obstructive pulmonary disease; SAPS, Simplified Acute Physiology Score; ODIN, organ dysfunction and/or infection; CPK, creatine
phosphokinase; and MV, mechanical ventilation. To convert mg/dL to mmol/L (blood urea nitrogen), multiply by 0.357; mg/dL to pmol/L (blood creatinine), multiply by 88.4;
mg/dL to mmol/L (blood glucose), multiply by 0.0555; mg/dL to pmol/L (bilirubin), multiply by 17.1.

1The t test or Mann-Whitney U test was used for means; x? test or Fisher exact test was used for proportions.

FExcluded COPD exacerbation.

§Severe pyelonephritis, mediastinitis, and cellulites.

|ISAPS Il'is an ICU severity score that includes 17 physiologic, demographic, and underlying disease variables recorded within 24 hours after ICU admission.™

fIThe ODIN score assessed dysfunction in 6 organ systems: respiratory, cardiovascular, renal, hematologic, hepatic and neurologic, and infection.'®

#Organ dysfunction was recorded according to the ODIN score definitions.'®

**Septic shock was defined as the administration of catecholamines and a concomitant documented infection after exclusion of other causes of shock.
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otherwise indicated, and were not di-
chotomized. Categorical variables were
coded as 0 or 1. The ¢ test and Mann-
Whitney U test were used for compari-
son of quantitative variables; the x* test
and Fisher exact test were used for com-
parison of qualitative variables. Odds
ratios (ORs) with 95% confidence in-
tervals (Cls) were estimated sepa-
rately for each variable using standard
case-control methods with uncondi-
tional logistic regression models." Vari-
ables, including drug exposure vari-
ables (number of patients receiving the
drug, number of days of administra-
tion, and cumulative dosage) with
P<.15 in univariate analysis, were then
considered for multivariate analysis.
First, a systematic search for statisti-
cal association between these vari-
ables was performed in the control pa-
tients, using correlation and regression
analyses and x* tests as appropriate. Sec-

ond, statistically associated variables
and variables with clinically sus-
pected association were then analyzed
in multiple 2 X 2 analyses to assess first-
order interaction and confounding by
fitting multiplicative models. Finally,
variables identified from this selection
were entered into a backward step-by-
step logistic regression. P=.05 was con-
sidered statistically significant. All sig-
nificance tests were 2-tailed. Data were
analyzed using the BMDP software
(University of California, Berkeley).

RESULTS

During the study period, 1246 patients
required mechanical ventilation. Of
these, 332 patients (26.6%) underwent
mechanical ventilation for at least 7 days.
One hundred twenty-six patients had ex-
clusion criteria, and muscle weakness
could not be evaluated in another 111
patients. Of these, 85 (76.6%) died be-

.
Table 2. Univariate Comparison of Medication Variables Between Intensive Care
Unit—Acquired Paresis (ICUAP) and Control Patients*

ICUAP Patients Controls P
Medication Variable (n=24) (n=71) OR (95% CI) Valuet
Midazolam
No. (%) of patients 24 (100) 66 (93) NA 42
Total No. of days 8.2 (4.9) 6.6 (4.5) .15
Cumulative dosage, 1450 (10-7200) 696 (4-12480) .46
mg (range)
Aminoglycosides
No. (%) of patients 16 (67) 30 (42) 2.7 (1.0-7.3) .04
Total No. of days 4.9 (8.3 4.8 (3.4) .92
Cumulative dosage, 590 (100-2620) 600 (150-4500) .23
mg (range)
Furosemide
No. (%) of patients 20 (83) 42 (59) 3.5(1.1-11.3) .03
Total No. of days 6.6 (5.6) 4.6 (3.4) .35
Cumulative dosage, 813 (20-7800) 280 (20-40000) .07
mg (range)
Corticosteroids
No. (%) of patients 13 (54) 13(18) 5.3(1.9-14.6) .001
Total No. of days 8.7 (7.4) 7.2 (5.5) .60
Cumulative dosage, 1450 (30-4150) 2300 (32-25000) .32
mg (range)
Neuromuscular blockers
No. (%) of patients 15 (62) 29 (41) 2.4 (0.9-6.3) .07
Total No. of days 3.3(3.3) 2.1(1.4) 1
Cumulative dosage, 13.3 (4.0-640) 16.0 (7.0-250) A1

mg (range)

*Medication data were recorded between ICU admission and awakening (day 1). Numbers of days of administration
are reported as mean (SD) and cumulative dosages as median. The total number of days of drug administration and
cumulative dosages were calculated in patients who received the drug. For aminoglycosides, corticosteroids, and
neuromuscular blockers, cumulative dosages were expressed as gentamicin-equivalent dosage, vecuronium-
equivalent dosage, and hydrocortisone-equivalent dosage, respectively. OR indicates odds ratio; Cl, confidence in-

terval; and NA, not applicable.

1The t test or Mann-Whitney U test was used for continuous data; the x? test or Fisher exact test was used for proportions.
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fore regaining consciousness (FIGURE 1).
Thus, 95 patients (26 women and 69
men) were included in the study. Sixty-
seven patients (70%) were recruited in
amedical ICU and 28 (30%) in a surgi-
cal ICU. The mean (SD) age was 62.0
(15.3) years, and the Simplified Acute
Physiology Score (SAPS) 11'* on admis-
sion was 48.7 (17.4). The mean delay be-
tween onset of mechanical ventilation
and awakening (day 1) was 12.4 (6.8)
days. In 5 patients, only 3 limbs could
be tested, and in 7 patients, only 2 limbs
could be tested. Twenty-four patients de-
veloped ICUAP, corresponding to an in-
cidence rate of 25.3% (95% CI,
16.9%-35.2%).

Description of ICUAP Patients

The mean MRC score of the 24 ICUAP
patients (extrapolated to 4 limbs when
only 2 or 3 limbs could be tested) was
33.2 (11.5) (range, 8-45). The mean
values of each item of the MRC score
in the 24 ICUAP patients are pre-
sented in FIGURE 2. Proximal muscle
strength was significantly less than dis-
tal muscle strength in both upper and
lower limbs (P<<.001). No difference
was found between the right and left
sides. In 2 patients, the electrophysi-
ologic study was unreliable due to se-
vere peripheral edema. In the other 22
patients, electrophysiologic examina-
tion revealed a sensorimotor axonal pe-
ripheral neuropathy, with a marked re-
duction in the amplitude of compound
muscle action potentials and sensory
nerve action potentials in the 4 limbs.
Repetitive nerve stimulation did not re-
veal neuromuscular blockade. Abnor-
mal spontaneous electromyographic ac-
tivity was observed in 10 patients.
Among the 13 ICUAP patients who
were still paralyzed at day 14, 2 were
discharged to another hospital before
muscle biopsy was performed, and
muscle biopsy was not done in 1 pa-
tient. Of the 10 patients who under-
went muscle biopsy, 4 had previously
received both corticosteroids and neu-
romuscular blocking agents, 3 had re-
ceived corticosteroids only, 2 had re-
ceived neuromuscular blocking agents
only, and 1 had not received either

©2002 American Medical Association. All rights reserved.



drug. In all patients, histologic exami-
nation revealed primary myopathic
changes (type 2 fiber atrophy with myo-
sinolysis, n=10; muscle fiber necro-
sis, n=5) in addition to neurogenic
muscle atrophy (n=10). Only 1 pa-
tient had an inflammatory reaction and
angiopathic signs.

Comparison of ICUAP

and Control Patients

Univariate analysis of factors sus-
pected to influence the occurrence of
ICUAP is presented in Tables 1 and 2.
Among the baseline characteristics on
admission, older age (P=.02), female
sex (P=.01), and preexisting diabetes
mellitus (P=.05) were significantly as-
sociated with ICUAP (Table 1). A trend
toward higher SAPS II and organ dys-
function and/or infection' score was
also observed in ICUAP patients.
Among the metabolic variables, the low-
est serum sodium level observed be-
tween admission and day 1 and the
highest blood urea nitrogen and blood
glucose levels were significantly asso-
ciated with ICUAP. Analysis of vari-
ables related to organ dysfunction
showed that the number of days with
dysfunction in at least 2 organs and the
number of days of mechanical ventila-
tion and of ICU stay before day 1 were
significantly higher in ICUAP patients
than control patients. Significantly more
ICUAP patients also underwent extra-
renal replacement therapy. A trend to-
ward a higher frequency of septic shock
was also observed. Twenty-six (27%)
of the 95 patients received corticoste-
roids at least once before day 1 (septic
shock, n=9; chronic obstructive pul-
monary disease [COPD] exacerba-
tion, n=6; laryngeal dyspnea, n=06; or-
gan transplantation, n=2; systemic
vasculitis, n=1; non-Hodgkin lym-
phoma, n=1; and unclear indication,
n=1). All patients received supraphysi-
ologic dosages. None of the patients re-
ceived mineralocorticoids. Corticoste-
roids were administered significantly
more frequently in ICUAP patients than
in control patients (Table 2). No rela-
tion between ICUAP and corticoste-
roid treatment duration or cumulative

©2002 American Medical Association. All rights reserved.
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dosage was observed. Aminoglyco-
sides and furosemide were also admin-
istered significantly more frequently to
ICUAP patients, and a similar trend was
observed for neuromuscular blockers.

There was no significant interaction
among the 22 variables with P<<.15 in
univariate analysis. After 2 X2 analy-
ses, 11 variables were entered in the
multivariate regression analysis: age, fe-
male sex, lowest serum sodium level,
highest blood urea nitrogen and glu-
cose levels, number of days with dys-
function in 2 or more organs, dura-
tion of mechanical ventilation before
awakening, and administration (yes/
no) of corticosteroids, aminoglyco-
sides, furosemide, and neuromuscu-
lar blockers. After regression analysis,
female sex, number of days with dys-
function in 2 or more organs, dura-
tion of mechanical ventilation before
awakening, and administration of cor-
ticosteroids remained independent risk
factors of ICUAP (TABLE 3). Risk esti-
mates ranged from 1.10 to 14.90. The
goodness of fit of the model was 0.92.

The mean (SD) total duration of me-
chanical ventilation was significantly
longer in ICUAP patients (34.8 [37.3]
days; median, 30) than in controls (18.4
[19.6] days, P<<.001; median, 15). Spe-

PARESIS IN THE ICU

]
Figure 1. Study Flowchart

‘ 1246 Patients With Mechanical Ventilation ‘

'

‘ 332 Patients With Mechanical Ventilation 27 d ‘

126 Excluded
15 Transferred From
Another ICU
101 Had Preexisting
Neurologic
Disease
6 Had Language
Barrier
4 Had No
Assessable Limbs

206 Patients With Mechanical Ventilation 27 d
and Had No Exclusion Criteria

111 Could Not Be
Evaluated
85 Died Before
Awakening
24 Discharged
Before Awakening
2 Omissions

95 Evaluable For Muscle Strength
26 Women
69 Men

v v

24 Patients With ICU- 71 Controls
Acquired Paralysis

The high number of patients excluded for preexisting
neurologic disease is due to the recruitment of a large
number of patients with peripheral neurologic dis-
ease on admission in 1 intensive care unit (ICU).

Figure 2. Neuromuscular Scores in Each Limb Segment in Patients With Intensive Care

Unit-Acquired Paresis (ICUAP)
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cifically, the duration of mechanical
ventilation after awakening (day 1) was
significantly longer in ICUAP patients
(18.2 [36.3] days; median, 6) than in
controls (7.6 [19.2] days, P=.03; me-
dian, 3), and a trend toward longer ICU
stay after awakening was observed in
ICUAP patients (27.6 [31.4] days vs
14.6 [19.6], P=.06; medians, 13 vs 10)
(FIGURE 3). Four ICUAP patients (17%)
and 4 controls (6%) died in the ICU
(P=.20).

I
Table 3. Multivariate Analysis of Risk
Factors for Intensive Care Unit—Acquired
Paresis*

Independent P
Risk Factor OR (95% CI) Valuet
Female sex 4.66 (1.19-18.30) .02
No. of days with 1.28(1.11-1.49)  <.001
dysfunction in
=2 organst
Duration of 1.10 (1.00-1.22) .049
mechanical
ventilation§
Corticosteroid 14.90 (3.20-69.80) <.001

administration

*Risk factors were recorded between intensive care unit
admission and awakening (day 1). Variables with P<.15
in univariate analysis were entered into a logistic re-
gression analysis after identification of interaction and
confounding. OR indicates odds ratio; Cl, confidence
interval.

TLogistic regression.

FThe OR per additional day with dysfunction in 2 or more
organs.

§The OR per additional day of mechanical ventilation.

Follow-up of the ICUAP Patients
The mean duration of paresis after
awakening (day 1) in ICUAP survi-
vors was 44.6 (79.2) days, with a me-
dian duration of 21 days (FIGURE 4).
No correlation was found between the
initial MRC score and the duration of
paresis. At the end of the 9-month fol-
low-up period of the 24 ICUAP pa-
tients, 7 patients had died and 1 home-
less patient had been lost to follow-
up. Of the remaining 16 patients (67%),
12 returned home either at hospital dis-
charge (n=3) or after further treat-
ment in a rehabilitation center (n=9),
and 4 were in a long-term care facility
or retirement home. All except 1 of
these patients had recovered an MRC
score of 48 or higher.

COMMENT

To our knowledge, this is the first pro-
spective study of a multicenter, gen-
eral ICU cohort of patients who had un-
dergone mechanical ventilation and in
whom a neuromuscular disorder was
identified using a bedside clinical ap-
proach. Clinical evaluation of motor
weakness in ICU patients is challeng-
ing. Two previous prospective cohort
studies that included clinical diagnos-

Figure 3. Comparison of Mechanical Ventilation and Intensive Care Unit (ICU) Length
of Stay Between Patients With ICU-Acquired Paresis and Controls

Duration of Mechanical Ventilation

ICU-Acquired Paralysis (n=24)

Control (n=71)

ICU-Acquired Paralysis (n=24)

O

ICU Length of Stay

}_{

Control (n=71)

}—» (384.2)

30 20 10

Time Before Awakening, d

0 1‘0 20 30
Time After Awakening, d
Day 1 Awakening

Duration of mechanical ventilation and ICU stay before and after awakening and the total duration of me-
chanical ventilation and ICU stay. The dotted line shows the first day with an awakening and comprehension
score of 3 or more (day 1). Bar graphs on the left of the dotted line show the mean (SD) duration of mechani-
cal ventilation and ICU stay before day 1; bar graphs on the right show the mean (SD) duration of mechanical

ventilation and ICU stay after day 1.
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tic criteria were unable to shed light on
this question, because a detailed de-
scription of the clinical abnormalities
was not included in one'® and the re-
sults were not applicable to a general
ICU population in the other.’” The most
important factor that limits a reliable
clinical evaluation is the alteration of
consciousness, which may be due to
various causes, including sepsis or ad-
ministration of sedatives and analge-
sics.!® Because of these difficulties, nu-
merous investigators have previously
identified ICU-acquired neuromuscu-
lar disorders by systematic electrophysi-
ologic or histologic examination after
a predefined duration of stay in the ICU,
regardless of the level of conscious-
ness. However, the clinical relevance
of this approach is questionable given
that many ICU patients die without re-
gaining consciousness (41% of the pa-
tients without previous neuromuscu-
lar disorders requiring =7 days of
mechanical ventilation in our study).
Furthermore, the high rate of electro-
physiologic or histologic abnormali-
ties, which has reached 100% in some
studies,”®' raises questions about the
discriminatory value of these tests in
identifying patients with clinically sig-
nificant neuromuscular disorders.
Our focus on the ICU patients who
regained normal or almost normal con-
sciousness has several advantages. First,
awakening is a clinically important event
during ICU stay, because this is usu-
ally the starting point of the process that
will lead to weaning from the ventila-
tor and to progressive recovery. Identi-
fication of a peripheral neuromuscular
abnormality that might interfere with
this recovery process is the corner-
stone in patients who regain conscious-
ness after septic, ischemic, or drug-
related encephalopathy. Second, return
to normal or almost normal conscious-
ness and comprehension allows all pa-
tients to undergo clinical assessment us-
ing simple bedside tests, such as limb
muscle strength evaluation. This is es-
pecially important because electrophysi-
ologic and histologic examinations are
often difficult to perform in most ICUs
and may be considered too invasive.

©2002 American Medical Association. All rights reserved.



The systematic clinical detection of
paresis in our study showed that a quar-
ter of ICU patients who had undergone
mechanical ventilation for 7 or more
days and achieved satisfactory recov-
ery of consciousness had severe motor
weakness. This syndrome was charac-
terized by a symmetrical alteration in
muscle strength mainly in the proxi-
mal regions of the limbs. We found a
sensory-motor axonopathy in all of the
ICUAP patients. Furthermore, histo-
logic features of primary myopathic
change, along with neurogenic abnor-
malities, were also observed in all pa-
tients who still had paresis 1 week after
the initial diagnosis. Although early stud-
ies’ considered peripheral neuropathy to
be the main mechanism of ICUAP, our
findings suggest that both peripheral
nerve and muscle are at the origin of
ICUAP and that the term critical illness
polyneuropathy may be too restrictive.

Neuromuscular dysfunction had re-
solved (MRC score, =48) within 3
weeks in half of our patients, and,
among the 16 survivors at 9-month fol-
low-up, 15 had recovered an MRC score
of 48 or higher and 12 were able to re-
turn home. This finding indicates that
improvement throughout several weeks
or months is the rule for most pa-
tients. Although the recently summa-
rized rehabilitation literature on long-
term outcome of critical illness
neuropathy or myopathy is predomi-
nantly based on retrospective case se-
ries,” our findings are consistent with
the few prospective studies®*! that re-
port follow-up of patients with critical
illness polyneuropathy detected by elec-
tromyography.

In our study, 4 independent vari-
ables were associated with the occur-
rence of clinical motor weakness. The
number of days with dysfunction in at
least 2 organs before awakening was sig-
nificantly higher in ICUAP patients than
in the controls, suggesting that the du-
ration, rather than the severity, of mul-
tiple-organ dysfunction plays a signifi-
cant role in ICUAP. Thus, preventive or
therapeutic interventions to reduce the
risk of multiple-organ dysfunction may
also decrease the risk of ICUAP.
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]
Figure 4. Nine-Month Follow-up Data for the 24 Patients With Intensive Care Unit-Acquired

Paresis
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One patient with severely worsened consciousness from day 10 was considered to have persistent intensive
care unit-acquired paresis until death at month 3. MRC indicates Medical Research Council.

We found a strong association
between administration of corticoste-
roids and the occurrence of ICUAP. The
deleterious effect of corticosteroids on
neuromuscular function in ICU patients
has been observed in several cohort
studies of patients who received a com-
bination of high doses of corticoste-
roids and neuromuscular blocking
agents to treat severe acute asthma.'**
The use of corticosteroids in the gen-
eral ICU population would logically
expose general ICU patients to similar
neuromuscular complications. Dur-
ing our study period, one fourth of our
patients received corticosteroids at least
once, mostly for COPD exacerbation
and septic shock. Our study is the first
prospective cohort study, to our knowl-
edge, to suggest a deleterious effect of
corticosteroids in an unselected popu-
lation of ICU patients. Non-ICU patients
who receive corticosteroids are suscep-
tible to developing histologic features
of myopathy that include type 2 fiber
atrophy and myosinolysis, which were
commonly observed in our ICUAP
patients. These lesions are the conse-
quence of corticosteroid muscle recep-
tor stimulation by exogenous cortico-
steroids?’ and are experimentally
enhanced by muscle denervation.**
Because all of our patients had axonal
neuropathy, this may have contrib-

uted to the corticosteroid-specific
muscle involvement. Interestingly,
although corticosteroids were admin-
istered before day 1 more frequently in
patients with ICUAP compared with
those without ICUAP, no significant dif-
ference in the duration of administra-
tion or the cumulative dosage of cor-
ticosteroids was observed between the
2 groups. One explanation may be that
the medical condition that prompts cor-
ticosteroid administration is indeed
responsible for the neuromuscular dys-
function. However, neither COPD
exacerbation nor septic shock was an
independent predictor of ICUAP. Alter-
natively, corticosteroids may act as a
trigger for neuromuscular dysfunc-
tion, which was previously unmasked
or further maintained by other delete-
rious conditions, such as axonal neu-
ropathy. Although we found a signifi-
cantassociation between corticosteroids
and ICUAP and not necessarily a defi-
nite causal relationship, this finding
should prompt physicians to carefully
weigh the indications of corticoste-
roidsin critically ill patients and restrict
their use to conditions such as septic
shock, unresolved adult respiratory dis-
tress syndrome, and status asthmati-
cus in which corticosteroids have been
shown to have a significant impact on
morbidity and mortality.?>?*

(Reprinted) JAMA, December 11, 2002—Vol 288, No. 22 2865



PARESIS IN THE ICU

The duration of mechanical venti-
lation before awakening was also sig-
nificantly associated with the occur-
rence of ICUAP and likely reflects
the negative effect of immobilization
on neuromuscular function, given
that increased expression of cortico-
steroid muscle receptors has been
associated with complete immobili-
zation.”® Our finding raises the ques-
tion of whether preservation of mini-
mal muscle activity in ICU patients
by minimal or interrupted sedation
and analgesia or by regular and fre-
quent passive physiotherapy may be
beneficial.

Surprisingly, female sex was found
to be independently associated with a
higher rate of ICUAP in our study.
There is no clear explanation for this
finding. In our population, only 2 fe-
male patients were younger than 50
years. Muscle strength is physiologi-
cally lower in women than in men in
both upper and lower limbs® and in
postmenopausal women compared with
premenopausal and postmenopausal
women receiving hormone replace-
ment therapy.** Pharmacokinetic dif-
ferences between male and female pa-
tients might also contribute to this
finding >’

Although the use of aminoglyco-
sides®! and the presence of renal fail-
ure’ have been previously associated
with electrophysiologic or histologic ab-
normalities in ICU patients, they were
notassociated with ICUAP in our study.
This may be due to a true lack of inde-
pendent clinical effect or an insuffi-
cient sample size, even though our
study was conducted in one of the larg-
est cohorts of patients potentially at risk
for ICUAP reported to date. Similarly,
no significant difference was found be-
tween ICUAP and control patients with
and without neuromuscular blockers.
This finding does not rule out the pos-
sibility of a deleterious effect of spe-
cific modes of neuromuscular blocker
administration, particularly continu-
ous intravenous infusion. However, we
could not compare this factor in our
study, since few patients received con-
tinuous infusion of neuromuscular
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blockers (4 in the ICUAP and 2 in the
control group). Such a comparison
would require widespread use of neu-
romuscular blockers and a very large
study, which may be difficult, given
growing awareness of the potentially
deleterious effect of neuromuscular
blockers on the peripheral nervous sys-
tem and the restricted conditions that
justify their administration.>

In our study, ICUAP patients had a
significantly longer total duration of
mechanical ventilation compared with
control patients. The duration of
mechanical ventilation after awaken-
ing and establishment of the diagnosis
of ICUAP, which might be the most
relevant assessment of the impact of
ICUAP on the additional mechanical
ventilation requirement, was also sig-
nificantly longer in ICUAP patients
than in controls. However, the exact
contribution of neuromuscular dis-
orders to delayed weaning from
mechanical ventilation and prolonged
ICU stay remains to be established
through concomitant evaluations of
peripheral and respiratory neuromus-
cular function and electrophysiology
and inclusion of ICUAP in future
analysis of variables influencing the
duration of mechanical ventilation.

Although we studied ICU patients
who recovered satisfactory awakening
after at least 7 days of mechanical ven-
tilation, ICUAP may also occur in pa-
tients who undergo mechanical venti-
lation for fewer than 7 days. Further
research is warranted to determine the
generalizability of our results to the
overall ICU population of patients who
undergo mechanical ventilation.

In summary, the use of simple bed-
side criteria allowed us to identify a high
incidence of ICUAP among ICU pa-
tients during the recovery phase of se-
vere critical illness. Patients with ICUAP
have combined peripheral nerve and
muscle involvement and require pro-
longed mechanical ventilation. The risk
factors identified in our study suggest
that preventive measures, including
limiting corticosteroid administration
to patients with evidence-based indi-
cations, may be warranted.
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Every idea is a source of life and light which illumi-

nates the words, facts, examples, and emotions that

are dead—or deadly—and dark without them.
—DMortimer J. Adler (1902-2001)
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