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ORIGINAL ARTICLE

Association between electromyographical

findings and intensive care unit mortality among

mechanically ventilated acute respiratory distress

syndrome patients under profound sedation

Associagdo entre achados eletromiogrdficos e mortalidade na

unidade de terapia intensiva em pacientes com sindrome do

desconforto respiratério agudo mecanicamente ventilados sob

sedagio profunda

ABSTRACT

Objective: To evaluate whether
findings  could

predict intensive care unit mortality

electromyographical

among mechanically ventilated septic
patients under profound sedation.
Methods: A prospective cohort
study  that
moderate-severe  acute

consecutively  enrolled
respiratory
distress syndrome (partial pressure of
oxygen/fraction of inspired oxygen <
200) patients who were > 18 years of age,
dependent on mechanical ventilation for
> 7 days, and under profound sedation
(Richmond Agitation Sedation Scale <
-4) was conducted. Electromyographic
studies of the limbs were performed in all
patients between the 7 and the 10* day
of mechanical ventilation. Sensory nerve
action potentials were recorded from the
median and sural nerves. The compound
muscle action potentials were recorded
from the median (abductor pollicis
brevis muscle) and common peroneal

Results: Seventeen patients were
enrolled during the seven months of
the study. Nine patients (53%) had
electromyographic signs of critical
illness myopathy or neuropathy. The
risk of death during the intensive care
unit stay was increased in patients with
electromyographical signs of critical
illness myopathy or neuropathy in
comparison to those without these
diagnostics (77.7% wversus 12.5%, log-
rank p = 0.02).

Conclusion: Electromyographical
signs of critical illness myopathy or
neuropathy between the 7% and the
10% day of mechanical ventilation may
be associated with intensive care unit
mortality among moderate-severe acute
respiratory  distress syndrome patients
under profound sedation, in whom
clinical strength assessment is not possible.

Keywords: Critical illness;
Polyneuropathies; Prognosis; Mortality;

Electromyography; Respiratory distress

(extensor digitorum brevis muscle) syndrome; Respiration, artificial;
nerves. Sedation; Intensive care units
INTRODUCTION

Critical illness myopathy (CIM) and critical illness neuropathy (CIP) are

the main causes of neuromuscular weakness in the intensive care unit (ICU),
and both are associated with sepsis.’? It is estimated that approximately 50%

of patients with sepsis or acute respiratory distress syndrome (ARDS) develop
ICU-acquired weakness (ICUAW),® which is associated with prolonged ICU
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and hospital stays,” prolonged duration of mechanical
ventilation (MV),® increased ICU and hospital mortality

©®  and

and healthcare-related hospitalization  costs,
increased post-ICU discharge mortality.®'?

The diagnosis of ICUAW is primarily based on a
clinical strength assessment, using tools such as the
Medical Research Council scale."” However, the clinical-
based diagnosis requires patients to be awake and
cooperative, preventing the assessment of 22 - 33% of
patients.“*'? Conversely, the diagnosis of CIM and CIP
is made by electrophysiological studies, and therefore, it
is relatively independent of patient consciousness level
and cooperation.”?  Electromyographical screening,
including the quantification of compound muscle action
potentials (CMAP) and sensory nerve action potentials
(SNAP), could serve as an alternative diagnostic tool for
neuromuscular dysfunction among septic patients who are
profoundly sedated or have other limitations impacting
clinical assessment.""'¥ Unfortunately, few studies have
assessed the association between the electrophysiological
findings of CIM and CIP and mortality in this specific
subset of individuals.

Accordingly, the objective of this study was to evaluate
whether electromyographical findings of CIM or CIP
were able to predict ICU mortality among moderate-
severe ARDS patients under profound sedation.

METHODS

This prospective cohort study was performed during
a seven-month period in the medical-surgical ICU of the
Complexo Hospitalar Santa Casa de Misericérdia, Porto
Alegre, Brazil. The local ethics committee approved the
study, and written informed consent was obtained from
proxies.

Patients >18 years of age requiring profound sedation
(Richmond Agitation Sedation Scale - RASS < -4) due to
moderate-severe ARDS (partial pressure of oxygenl fraction
of inspired oxygen - PaO _/FiO, < 200)"¥ secondary to sepsis
and under MV 2 7 days were consecutively included.

Exclusion criteria were: previous neuromuscular
disorders, morbid obesity (body mass index greater than
40kg/m?*), diabetes mellitus or cancer, lower limb disorders
precluding nerve conduction study and electromyography
(e.g., fractures, amputation, and plaster casts), brain death,
RASS > -4, ICU admission due to neurologic conditions,
and proxy refusal.
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Electromyographic = studies of the limbs were
performed in all patients between the 7* and the 10
day of MV. The complete electromyographic tests
performed on the patients consisted of conventional
motor (median and common peroneal nerves) and
sensory nerve (median and sural nerves) conduction
studies. SNAPs were recorded from the median and sural
nerves. Median sensory nerve conduction was recorded
antidromically with ring electrodes on the proximal (-)
and distal (+) interphalangeal joints of the third digit
and stimulation on the volar surface of the wrist, 2 to
3cm proximal to the distal crease. For the sural nerve,
the surface recording electrodes were placed immediately
posteroinferior to the lateral malleolus (-) and 2 to 3cm
distally along the lateral dorsum of the foot (+); the
nerve was stimulated antidromically along the posterior
surface of the leg (calf), slightly lateral to the midline
and approximately 10 to 12cm from the active electrode
(). Compound muscle action potentials from abductor
pollicis brevis and extensor digitorum brevis were
recorded from electrodes placed over the muscle belly
(-) and tendon (+), with simulation of the median nerve
at the wrist on the volar surface, 2 to 3cm proximal to
the distal crease, and at the elbow over the brachial pulse
with the cathode at the volar crease, and of the common
peroneal nerve at the ankle, 7 to 8cm from the recording
electrodes, and below the head of the fibula (below the
knee). Incremental electrical stimulation of the nerves
was used until the best SNAP or CMAP amplitudes were
obtained. If the clinical history and physical examination
suggested a median nerve entrapment at the wrist or the
median sensory nerve conduction study was abnormal,
the median nerve was substituted with the ulnar nerve.
Electromyography was recorded from coaxial needle
electrodes in the tibialis anterior, quadriceps femori,
abductor pollicis brevis, and deltoid muscles; additional
muscles were studied in some patients.

Surface temperature was kept above 33°C for the nerve
conduction studies, with the aid of heat packs if necessary.
Nerve conduction studies were considered abnormal if the
CMAP or SNAP amplitude of at least two nerves of two
limbs was reduced below two standard deviations of the
lower limit of normal.

Critical illness neuropathy and CIM were distinguished
by the following features: nerve conduction (reduced
SNAP amplitude in CIP, and normal SNAP amplitude
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in CIM), needle electromyography (CIP: large and
polyphasic motor unit potentials, and reduced recruitment;
CIM: small polyphasic motor unit potentials, and early
recruitment), and direct muscle stimulation (normal in
CIP, and absent or reduced in CIM).

Patient treatment, including electrolyte (sodium,
potassium, magnesium, and phosphorus) correction
and blood glucose control, was performed according
to accepted standards. Intravenous insulin, preferably
using a pump, was started if the blood glucose level
exceeded 200mg/dL, with a target of less than 160mg/
dL.™ Intensive care unit staff members were in charge of
hemodynamic, ventilatory and dialysis management.

Intensivists and clinical neurophysiologists were
unaware of each other’s diagnoses. All electromyographical
recordings performed by the neurophysiologist hospital
team were re-examined by one expert physician for quality
assessment.

Data collected included age, sex, previous diseases,
cause of admission, Acute Physiologic and Chronic
Health Evaluation (APACHE)-II, and all-cause mortality.
Information on the use of vasopressors (norepinephrine)
and the need for dialysis and the Sequential Organ Failure
Assessment (SOFA) at day 7 of MV were also collected.

We expressed continuous variables as the median
+ standard deviation or percentage. We assessed the
mortality effect using Kaplan-Meier curves and the
log-rank test. A p value of < 0.05 was used to define a
statistically significant difference. The statistical analysis
was conducted with STATA version 12 (StataCorp LP,
College Station, TX, USA).

RESULTS

Seventeen individuals were enrolled during the seven
months of the study (Figure 1). The patient characteristics
are shown in table 1. Eight patients (47%) were male,
the median age was 63.5 + 16.1 years, and the median
APACHE-II score was 21.9 + 5.7. At the time of
electromyographical assessment (between the 7% and
the 10™ day of MV), 9 patients (53%) were still using
vasopressors, and 10 patients (58%) needed dialysis.

Electromyographic signs of CIM or CIP occurred in 9
patients (53%). The overall ICU mortality rate was 53%
(9 patients). The ICU mortality was higher in patients
with electromyographic diagnoses of CIM or CIP than
in those with normal electromyographic studies (77.7%
versus 12.5%, respectively, log-rank p = 0.02) (Figure 2).
Table 2 compares the severity data by ICU outcome.

Figure 1 - Patients’ enrolment. MV - mechanical ventilation; ICU - intensive care unit; ARDS - acute respiratory distress syndrome;

GBS - Guillain-Barre Syndrome; ALS - amyotrophic lateral sclerosis.
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Table 1 - Baseline characteristics of patients

At 7" MV-da iologi
Numberof g . pge  Sit€of  ppacyey  Previous Using ' __ ICU-outcome ff:l?:;lp:fv ::]rl:::?:::a:l

patients sepsis diseases SOFA norepinephrine Dialysis muscles

1 Female 76 Pulmonary 22 CAD 7 Yes Yes Dead CIM

2 Female 66 Pulmonary 18 Asthma 6 Yes Yes Dead CIP + CIM

3 Female 73 Pulmonary 19 No 5 Yes Yes Dead CIP

4 Male 4 Renal " No 7 No Yes Alive CIM

5 Female 33 Abdominal 21 No 5 Yes No Dead CIP + CIM

6 Female 4 Abdominal 20 No 6 Yes No Alive Normal

7 Female 72 Pulmonary 25 COPD 7 No No Dead CIM

8 Female 63 Renal 30 CAD 7 Yes No Dead CIP

9 Female 64 Pulmonary 19 COPD 7 Yes No Alive Normal

10 Male 73 Abdominal 20 COPD 7 Yes Yes Dead CIP

" Male 57 Abdominal 18 No 5 No No Alive Normal

12 Male 66 Renal 22 Alcoholism, COPD 4 Yes Yes Alive Normal

13 Female 76 Abdominal 22 COPD 7 No Yes Dead Normal

14 Male 70 Cerebral 17 Alcoholism, CAD 6 No No Alive CIP + CIM

15 Male 65 Renal 20 No 6 Yes Yes Alive Normal

16 Male 62 Pulmonary 22 CAD 5 No No Dead Normal

17 Male 52 Abdominal 17 No 5 Yes Yes Alive Normal

APACHE 1l - Acute Physiologic and Chronic Health Evaluation; MV - mechanical ventilation; SOFA - Sequential Organ Failure Assessment; ICU - intensive care unit; CAD - coronary arterial
disease; CIM - critical illness myopathy; CIP - critical illness polyneuropathy; COPD - chronic obstructive pulmonary disease.

Figure 2 - Mortality effect using Kaplan-Meier curves.

Table 2 - Comparison of data by intensive care unit outcome

Characteristics Alive Death p value
Age 55.7 =138  57.0=152 NS
APACHE Il 18.1 =53 221=76 NS
SOFA score at 7™ day 57+25 6.2+ 27 NS
Norepinephrine use at 7" day 5(62.5) 6 (66.7) NS
Dialysis use at 7" day 4 (50.0) 5 (55.5) NS

APACHE 11 - acute physiologic and chronic health evaluation; NS - not significant; SOFA -
Sequential Organ Failure Assessment. Results expressed as mean = standard deviation
orn (%).
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DISCUSSION

Our findings suggested that electromyographical signs
of CIM or neuropathy between days 7 and 10 of MV may
be associated with mortality in moderate-severe ARDS
(PaO,/FiO, < 200) patients under profound sedation.

The occurrence of ICUAW varies substantially
depending on the diagnostic method used, the timing of
examination, and the type of population under study. 1619
Notably, the focus solely on a clinical-based diagnosis
may deprive a high proportion of patients, in whom the
clinical strength assessment is not feasible (i.e., patients
requiring profound sedation due to unstable ventilator,
hemodynamic, or neurologic conditions, or patients
unable to collaborate due to acute brain dysfunction
or previous cognitive impairment), of an appropriate
indicator of worse outcomes. In addition, sedation is often
used in the care of mechanically ventilated patients, and
there is increasing recognition that the management of
such nonventilator aspects of care influences outcomes. A
recent meta-analysis"? showed a significant relationship
between early sedation depth and clinical outcomes.
Early light sedation was associated with decreased
hospital mortality, MV duration, and ICU length of
stay compared with early deep sedation. With regards to
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the patients in the present study, deep sedation may be
necessary in moderate-severe ARDS. These patients are
at risk of ICUAW, and a method to evaluate ICUAW
is of paramount importance. Interestingly, the use of
electromyographical findings of CIM or CIP in this subset
of patients, in whom the clinical diagnosis of ICUAW is
not possible, might improve the early implementation
of strategies aimed at mitigating complications related
to muscular dysfunction, such as early mobilization,
personalized weaning from MV, minimization of exposure
to corticosteroids and neuromuscular blockers, and early
tracheostomy.?**?  Future studies may focus on the
lack of personalized rehabilitation strategies guided by
electromyographical assessment of relevant outcomes,
such as length of MV and ICU stay.

Our findings regarding the association between CIM
and CIP and higher mortality are consistent with previous
studies. Khan et al.®? carried out electromyographical
studies on 48 patients with severe sepsis and found that
abnormal nerve conduction within 72 hours of ICU
admission predicted hospital mortality (55% wversus 0%,
p < 0.001). The outcome of these patients was associated
with a prolonged duration of MV and increased hospital
and ICU stays. The study by Garnacho-Montero et al.?¥
on 64 critically ill septic patients showed that the duration
of the weaning period was significantly higher in patients
with CIM or CIP than those without (median 15 days
versus 2 days, respectively, p < 0.001). Multiple logistic
regression analysis indicated that CIP was the only risk
factor independently associated with weaning failure (odds
ratio, 15.4; 95% confidence interval -95%CI, 4.55 - 52.3,
p < 0.001). In our study, the time frame of 7 to 10 days
for CIM and CIP diagnosis was chosen based on previous
studies. Latronico et al.,* for example, in a prospective
and multicenter study, conducted electromyographical
studies on a daily basis on patients admitted to the ICU,
and showed that electrophysiological signs of CIM or
CIP were present in 30.4% (95%CI 21.9% - 40.4%) of
patients, with a median time from ICU admission to CIM
or CIP of six days (95%ClI, 5.0 - 9.0).

The strengths of our study are as follows:

- Evaluation of moderate-severe ARDS patients. The

pathophysiologic mechanisms leading to weaning

failure and a high rate of mortality in this group
may be complex and depend on many factors,
with several potentially reversible etiologies for
weaning failure, including respiratory and/or
cardiac load; neuromuscular competence (central
and peripheral); critical illness neuromuscular
abnormalities; neuropsychological factors; and
metabolic and endocrine disorders. In addition,
weaning dependency from MV is a landmark of
chronic critical illness, an independent predictor
of mortality.??

- Inclusion of mechanically ventilated patients with
profound sedation. Neurological examination
is often unreliable in mechanically ventilated
patients due to encephalopathy, sedation, or
the critical condition of the subject; therefore,
comprehensive electrophysiological studies of
peripheral nerves may be necessary to establish the
diagnosis and prognosis of critical illness patients
in this context.!”

Our study also has significant limitations: the small
number of patients limited the use of covariate adjustment
and, therefore, might have resulted in an inaccurate risk
measure. Additionally, the small sample size limits the
generalization of our study findings; absence of data on
important covariates such as muscle biopsy, MV variables
and biomarkers; no assessment of the muscle contraction
sequence to compare spontaneous and supported
ventilation in awake patients; and absence of other
important outcomes that could reinforce the link between

CIM and CIP and mortality.
CONCLUSION

The electromyographical signs of critical illness
myopathy or neuropathy may be associated with intensive
care unit mortality among moderate-severe acute
respiratory distress syndrome patients.
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RESUMO

Objetivo: Avaliar se os achados eletromiogrificos podem
prever a mortalidade na unidade de terapia intensiva em pacien-
tes sépticos sob ventilagio mecénica e sedacio profunda.

Métodos: Conduziu-se estudo prospectivo de coorte, que
inscreveu, de forma consecutiva, pacientes com sindrome do
desconforto respiratério agudo moderada a grave (pressio par-
cial de oxigénio/fragao inspirada de oxigénio < 200) com idade
> 18 anos, dependentes de ventilagio mecinica por 7 ou mais
dias, e mantidos sob sedagdo profunda (escala de agitagio e seda-
¢do de Richmond < -4). Realizaram-se estudos eletromiograficos
dos membros inferiores em todos os pacientes entre o sétimo € o
décimo dia de ventilagdo mecinica. Registraram-se os potenciais
de agdo dos nervos sensitivos nos nervos mediano e sural, bem
como os potenciais de agio compostos para os nervos mediano
(musculo abdutor curto do polegar) e fibular comum (musculo
extensor curto dos dedos).

Resultados: Foram inscritos 17 pacientes durante os 7 me-
ses de duracio do estudo. Nove pacientes (53%) tinham sinais
eletromiogrdficos de miopatia ou polineuropatia da doenca
critica. O risco de 6bito durante o tempo de permanéncia na
unidade de terapia intensiva foi mais elevado nos pacientes com
sinais elecromiogréficos de miopatia ou polineuropatia da doen-
ca critica, em comparagdo com aqueles sem esses diagndsticos
(77,7% versus 12,5%; log-rank p = 0,02).

Conclusio: A presenca de sinais eletromiograficos de miopa-
tia ou polineuropatia da doenga critica, entre o sétimo e décimo
dias de ventilagio mecinica, pode se associar com mortalidade
na unidade de terapia intensiva em pacientes com sindrome do
desconforto respiratério agudo moderada a grave mantidos sob
sedagio profunda, nos quais nio ¢ possivel proceder a avaliacio
clinica da forca muscular.

Descritores: Estado terminal; Polineuropatias; Progndstico;
Mortalidade; Eletromiografia; Sindrome do desconforto respira-
torio; Respiragao artificial; Sedagio; Unidades de terapia intensiva
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