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Critical illness polyneuromyopathy in septic
patients:|Is it possible to diagnose itina
bedside clinical examination?

Polineuromiopatia do doente critico em pacientes sépticos: E possivel diagnosticar em
um exame clinico a beira do leito?

Débora Schmidt"?, Ana Claudia Coelho™?, Fernando Nataniel Vieira™?, Vitor Félix Torres?, Augusto Savi’,
Silvia Regina Rios Vieira’

ABSTRACT

Objective: To determine the sensitivity and specificity of peripheral and respiratory muscle strength tests in diagnosing critical illness
polyneuromyopathy (CIPNM), compared with an electrophysiological examination. Methods: Fifty septic patients who required mechanical
ventilation for at least five days, and without a previous history of muscle weakness, were included. Peripheral muscle strength was
assessed using the Medical Research Council (MRC) score, handgrip strength by dynamometry, and respiratory muscle strength with
maximum respiratory pressures. Diagnosis of CIPNM was either confirmed or rejected by an electrophysiological examination. Receiver
operating characteristic curve analysis was performed to determine the cut-off values with the best sensitivity (SN) and specificity (SP)
of the studied variables in the presence or absence of CIPNM. Results: Patients with CIPNM were older, more critical (APACHE IV/SAPS
3), had a longer hospitalization, required mechanical ventilation for longer, and had a higher rate of intensive care unit readmission. Cut-
off values identified CIPNM patients using MRC scores, dynamometry according to sex, maximal expiratory and inspiratory pressures, as
well as being confirmed by the electrophysiological examination, with good sensitivity and specificity: < 40 (SN: 0.893; SP: 0.955); < 7 kg
(SN: 1; SP: 0.909) for men, < 4 kg (SN: 0.882; SP: 1) for women; < 34 cmH,0 (SN: 0.808; SP: 0.909) and > =40 cmH,0 (SN: 0.846; SP: 0.909),
respectively. Conclusion: The MRC score, dynamometry or maximum respiratory pressures can be used to identify patients with CIPNM at
the intensive care bedside assessment. The healthcare professional can choose any of the methods studied to evaluate the patient, based
on his experience and the resource available.

Keywords: Polyneuropathies; muscular diseases; sepsis; muscle strength.

RESUMO

Objetivo: Determinar a sensibilidade (SN) e especificidade (SP) dos testes de forca muscular periférica e respiratéria no diagnéstico
da Polineuromiopatia do Doente Critico (PNDC) em comparagao com o estudo eletrofisiolégico. Métodos: Foram incluidos 50 pacientes
sépticos, em ventilagdo mecénica (VM) durante pelo menos cinco dias e sem histéria prévia de fraqueza muscular. A forca muscular
foi avaliada utilizando o escore Medical Research Council (MRC), a forca de preenséo palmar e as pressoes respiratérias maximas. O
diagnéstico de PNDC foi confirmado ou excluido pelo estudo eletrofisiolégico. A anélise da curva ROC foi realizada para determinar os
valores de corte com a melhor SN e SP. Resultados: Os pacientes com PNDC eram mais velhos, mais graves, tiveram hospitalizacdo mais
longa, necessitaram de VM por mais tempo e apresentaram maior taxa de readmissao na Unidade de Terapia Intensiva. Os valores de
corte identificaram os pacientes com PNDC usando o MRC, a dinamometria de acordo com o0 sexo, as pressoes expiratorias e inspiratoérias
maximas, também confirmado pelo estudo eletrofisiolégico, com boa sensibilidade e especificidade: < 40 (SN:0.893; SP: 0.955),< 7 kg (SN:
1; 8P:0,909) para homens, < 4 kg (SN: 0,882; SP: 1) para mulheres, <34 cmH,0 (SN: 0,808; SP: 0,909) e > -40 cmH,0 (SN: 0,846; SP: 0,909),
respectivamente. Conclusao: Tanto o MRC, a dinamometria quanto as pressoes respiratorias maximas podem ser usadas para identificar
pacientes com PNDC na avaliacéao a beira do leito, podendo o profissional de salde escolher qualquer um dos métodos baseado em sua
experiéncia e no recurso disponivel.
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Critical illness polyneuropathy and myopathy are neu-
romuscular complications that often coexist in the inten-
sive care unit (ICU) and their main characteristic is muscle
weakness™. Critical illness polyneuromyopathy (CIPNM) is
the neuromuscular condition most commonly acquired in
the ICU, occurring in 25% to 63% of patients who required
mechanical ventilation for at least a week®*%". In patients
with sepsis, this incidence varies between 50% and 100%®%1%!.

Development of weakness during a stay in the ICU cor-
relates with an increase in morbidity and mortality in both
the short and long term'?'*. At present, there is no specific
treatment for this complication. However, early diagnosis
may be important for future treatments, as a reduction in
nervous and muscular excitability can be observed on the
second day after admission into the ICU".

An electrophysiological examination allows the earliest
diagnosis of CIPNM'. However, this method is not available in
all ICUs and it requires the presence of a qualified professional
to perform the test and interpret the results. Peripheral mus-
cular strength assessment, using the Medical Research Council
(MRC) muscle strength score and by dynamometry, is widely
used and accepted for diagnosing muscle weakness acquired
in the ICU. This bedside test is easy to perform and has good
intra- and inter-observer reliability'>'"!81,
the patient to be able to understand and execute the exam-
iner’s instructions. This capability is often compromised by a

but it requires

reduced state of consciousness and use of sedatives"'**, both
frequent in critical patients, leading to a delay in the diagnosis.

Sensitivity and specificity of tests for identifying muscle weak-
ness in patients who are not fully cooperative remain unclear.
However, there is limited evidence for respiratory and skeletal
muscle weakness being related to respiratory pressures™',

We aimed to determine the sensitivity and specificity of tests
for peripheral and respiratory muscle strength in diagnosing

CIPNM, compared with the electrophysiological examination.

METHODS

A prospective study was carried out in an ICU in the
south of Brazil. The research was approved by the institu-
tional review board and all those responsible for the patients
involved in the study signed the written informed consent
prior to their inclusion in the study.

All patients between 18 and 75 years old, diagnosed with sep-
sis, severe sepsis or septic shock, which required invasive mechan-
ical ventilation for five days or more, were selected for the study.

The exclusion criteria were previous muscular weakness,
neurological or musculoskeletal diseases, diabetes mellitus,
chronic kidney disease, human immunodeficiency virus and
alcohol abuse.

The ICU patients were followed daily and the patients who
met the inclusion criteria were followed until the final out-
come (hospital discharge or death). The severity of the disease
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was evaluated using the Acute Physiology and Chronic Health
Evaluation (APACHE) IV and the Simplified Acute Physiology
Score (SAPS) 3, on the date of the ICU admission.

When the patient was alert, cooperating and capable
of following verbal commands, a physical evaluation was
performed, starting by measuring the respiratory muscle
strength, followed by upper and lower limb muscle strength,
and handgrip strength.

Respiratory muscle strength

Respiratory muscle strength was measured using the
subatmospheric [maximal inspiratory pressure (MIP)] and
superatmospheric pressure [maximal expiratory pressure
(MEP)] generated during an effort against the occluded air-
way. The recommendations of the American Thoracic Society/
European Respiratory Society Statement on Respiratory
Muscles Testing were followed* and a digital manovacuom-
eter with a self-calibration system was used. For the analysis,
the best of three acceptable values were considered.

Peripheral muscle strength

Peripheral muscle strength was evaluated using the MRC
score. Twelve muscle groups in the superior (wrist extensors,
elbow flexors and shoulder abductors) and inferior (ankle
dorsal flexors, knee extensors and hip flexors) extremities
were tested. A score between 0 (full paralysis) and 5 (nor-
mal strength) was attributed to each muscle group, where
the total score totaled 60 points and indicated the absence of
muscle weakness. Immediately thereafter, handgrip strength
was evaluated using dynamometry (Saehan Smedley Hand
Dynamometer, Belgium). For this purpose the patient was
seated, with the elbow at 90° and the handgrip effort had to
be maintained for at least three seconds. The best value of the
dominant hand was used for the analysis.

Electroneuromyography

Electroneuromyography was the tool used to diagnose
CIPNM. The examination was carried out at the ICU with
a portable Neurosoft system (Neuro — MEP - Micro), using
surface electrodes to capture and analyze sensory and motor
nerve conduction through electrical stimulation. Concentric
needle electrodes were used for the electromyography anal-
ysis of distal and proximal muscles. The same investiga-
tor, who had no knowledge of the clinical condition of the
patient, carried out the examination in all cases.

According to the electroneuromyography, the patients
were classified into two groups: patients who had alterations
compatible with the CIPNM diagnosis (CIPNM group) and
patients who did not have alterations that indicated CIPNM
(non-CIPNM group).

Statistics
The Statistical Package for Social Science, version 17.0 soft-
ware was used for the statistical analysis. In order to compare



the CIPNM and non-CIPNM groups, the Students t test, or
Wilcoxon-Mann-Whitney test, were used for the independent
samples. For the qualitative variables, Fishers exact test or
Pearsons chi-square tests (y?) were used, depending on whether
the frequency distribution was normal or not. To evaluate the
associations between the quantitative variables, Pearsons or
Spearmanss correlation were used and, for the qualitative vari-
ables, ¢% Receiver operating characteristic curve analysis was
used to determine the cut-off values with the best sensitivity
and specificity of the MRC score, dynamometry, and maximal
respiratory pressures in the presence or absence of CIPNM. The
values of the area under the curve, with 95% confidence inter-
val, positive predictive value (PPV) and negative predictive value
(NPV) were reported. The analyzed variables had their values

647 patients with sepsis,
severe sepsis or septic shock

Table 1. Characteristics of the patients.

adjusted for an average age of 53.74 years and SAPS of 65.42; p <
0.05 was considered statistically significant.

RESULTS

During the study, 647 patients admitted to the ICU were
diagnosed with sepsis, severe sepsis, or septic shock; of these,
181 were included in the study, and 120 (66%) died before eval-
uation. The patient follow-up flowchart is shown in Figure 1.

Fifty patients took part in the muscle strength evaluation
and in the electroneuromyographic study, and 56% of these
patients were diagnosed with CIPNM. Patient characteristics
are shown in Table 1. Patients with CIPNM were older and

466 patientes excluded*

« 47 —age<18or>75years

« 97 — alcoholism

« 171 - diabetes mellitus

« 81 — chronic kidney disease

« 67 — human immunodeficiency virus

160 - stroke, neuromuscular diseases,
weakness prior or amputations

» 32 - cognitive impairment and other

181 patients met inclusion criteria

120 deaths before evaluation

6 — no consente
5 — unable to perform the evaluation

50 patients evaluated

Figure 1. Patients screening flowchart. *Some patients met more than one exclusion criterion.

Characteristic CIPNM (n = 28) Non-CIPNM (n = 22) p-value
Age 57.8+14.9 48.6+14.2 0.03
Female 17 (61%) 11 (60%) 0.45
White 25 (89%) 20 (91%) 0.85
Diagnosis 0.47

Sepsis 1(4%) 6 (27%)

Severe sepsis 11 (39%) 5 (23%)

Septic shock 16 (57%) 11 (50%)
Site infection 0.66

Respiratory 22 (78%) 18 (82%)

Abdominal 5(18%) 4 (18%)

Urinary tract 1 (4%) 0
APACHE IV 777 221 65.7 +16.4 0.04
SAPS 3 68.8+14.9 611 +10.5 0.05
Hospital stay (days) 69 (32-183) 34.5(12-98) <0.0001
ICU stay (days) 40(10-126) 14 (7-28) <0.0001
ICU readmission 8 (29%) 1 (4%) 0.028
Hospital mortality 10 (36%) 3 (14%) 0.077

APACHE: Acute physiology and chronic health evaluation; SAPS: Simplified acute physiology score; CIPNM: Critical illness polyneuromyopathy; ICU: Intensive care unit.
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Table 2. Muscle strength.

Variable CIPNM Non-CIPNM p value
MIP (cmH,0) 29.6+19 52.3+21 <0.0001
MEP (cmH,0) 25.3x1.9 48.2+ 21 <0.0001
MRC score 27121 51.4+23 <0.0001
Dynamometry (kg) 2.5+0.96 13.6 + 1.1 <0.0001

CIPNM: Critical illness polyneuromyopathy; MIP: Maximal inspiratory
pressure; MEP: Maximal expiratory pressure; MRC: Medical Research
Council. Values expressed as mean + standard error. Results corrected for
age and SAPS 3.

had more serious illness, according to the APACHE IV and
SAPS 3 scores. Patients with CIPNM had longer ICU and hos-
pital stays and a higher rate of readmission into the ICU. Their
respiratory muscle strength, upper and lower limb strength
according the MRC score (in all tested muscular groups), and
handgrip strength were significantly lower than those with-
out CIPNM (Table 2 and Figure 2).

The ability to identify CIPNM patients was determined by
evaluating sensitivity and specificity (Figure 3). For periph-
eral muscle strength, the cut-off was 40 points in the MRC
score, with a sensitivity of 0.893; specificity of 0.955; PPV 96%;
and NPV 84%.

Because handgrip strength is influenced by sex, we
determined a specific dynamometry cut-off value for each
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sex. For women, a 4 kg cut-off ensured a sensitivity of 0.882;
specificity 1; PPV 100%; and NPV 85%. For men, the cut-off
was 7 kg, with a sensitivity of 1; specificity 0.909; PPV 92%;
and NPV 100%.

For respiratory muscle strength, MIP at -40 cmH,O
showed a sensitivity of 0.846; specificity 0.909; PPV 92%; and
NPV 83%, and MEP at 34 cmH,0O had a sensitivity of 0.808;
specificity 0.909; PPV 91%; and NPV 80%.

DISCUSSION

Tests for evaluating peripheral and respiratory muscle
strength (MRC score, dynamometry, and maximal respira-
tory pressures) were sensitive and specific for diagnosing
CIPNM in a bedside evaluation of septic patients.

All three methods evaluated were effective in identifying
CIPNM cases confirmed by an electrophysiological study, using
the following cut-off points: MRC score < 40 points, handgrip
strength < 4 kg for women and < 7 kg for men, MIP > -40 cmH,0,
and MEP < 34 cmH, 0. Therefore, either the MRC score or dyna-
mometry, or the evaluation of maximal respiratory pressures
can be used to diagnose CIPNM, as they were shown to be
equivalent in sensitivity and specificity. Therefore, ICU profes-
sionals may use the test that is available to them, or select an
alternative test that minimizes risk to the patient.

Ali et al.”® determined cut-off values for the MRC score
and dynamometry in ICU patients with muscle weakness.
An MRC score < 4 for all muscle groups—i.e., a total score
< 48—indicated the presence of muscle weakness. For dyna-
mometry, the cut-off values found were 11 kg for men and
7 kg for women. The values are useful to identify patients
with “ICU-acquired weakness”, that is, a weakness that devel-
oped during the ICU stay that has no plausible cause other
than critical illness®. However, the evaluation of peripheral
muscle strength alone cannot detect the cause of the weak-
ness. The weakness in the patients evaluated in our study
was secondary to a polyneuropathy that was documented
in an electrophysiological examination (critical patient poly-
neuropathy). We report lower cut-off values than those found
by Ali et al'®. We attribute this difference to our sample being
patients with confirmed CIPNM.

It is important to define criteria that allow the practi-
cal identification of CIPNM at the bedside, considering that
electroneuromyographic examinations are not available in
all ICUs and require the presence of a qualified professional
to perform the test and interpret the results. The MRC score
is easily applied, is widely used, has no costs, and shows good
reproducibility®'”'®°. In addition, it requires only a short time
for the evaluation, but it does require the patient to be awake
and cooperative, which can limit its application in patients
who are under the effect of sedatives or in delirious states's*.
Moreover, the MRC scale has important limitations, such as
poor discrimination and a potential ceiling effect”.

Handgrip strength correlates with the strength of other
muscle groups®, and it has been suggested as a global
functional physical test?’. It stands out for being a low-
cost method that is easily performed and provides objec-
tive results. However, like the MRC score, it depends on the
patient’s cooperation and may be influenced by factors such
as hand edema, which is very common in ICU patients.

Respiratory muscle strength can be measured in the ICU
using the maximal respiratory pressure recorded following
a volitional maneuver starting from the functional residual
capacity®. However, this may be difficult in ICU patients
who are not cooperative. For such patients, a nonvolitional
method using a one-way valve is a good alternative®%.

In our study, both MIP and MEP successfully identified
CIPNM patients by cut-off points. Because they are widely
used by physiotherapists in ICUs, we suggest that they be the
method of choice for patients who are not fully awake and
cooperative. We believe that the evaluation of maximal respi-
ratory pressures allows an earlier diagnosis compared with
methods that evaluate peripheral muscle strength, and it can
be used as soon as respiratory drive is restored, but we did
not evaluate this in our study.

The results of our study show that in daily practice,
we can use the MRC assessment, maximal respiratory pres-
sures or dynamometry, all with the same power to identify
patients with CIPNM. The physiotherapist can, based on his
experience and the availability of equipment, choose any of
the methods used in our study to evaluate his patient. We
suggest the following use:

1) MIP or MEP: for evaluation of patients who cannot col-
laborate with an evaluation of peripheral muscle strength;

2) MIP, MEP or dynamometry: for patients with physical
barriers to the MRC evaluation (eg. catheters, external fix-
ators, fractures, etc.);

3) MRC, dynamometry, MIP or MEP: to assess collabora-
tive patients without physical barriers to the evaluation.

Our study has some limitations. Firstly, because we stud-
ied a specific group of patients (with sepsis), we do not know
whether these findings are applicable to other populations of
ICU patients with different risk factors for developing CIPNM.
Secondly, as our evaluation was performed when the patient
was awake and collaborative, it was not possible to identify
early cases of CIPNM. Based on this, we suggest that future stud-
ies should test the power of maximal respiratory pressures to
screen CIPNM in an early evaluation, without the requirement
for the patient to be awake, which would enable earlier interven-
tion and possibly allow a faster recovery for our critical patients.

In conclusion, the MRC score, handgrip, and maximal
respiratory pressures are three sensitive and specific test alter-
natives to identify CIPNM in septic patients evaluated at the
bedside in the ICU. The choice of method will depend on the
availability of equipment and trained personnel to perform
each evaluation. It appears that maximal respiratory pressures
are the best method for patients who are not totally awake.
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