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Abstract
Objectives
To assess the prognostic value of phrenic nerve conduction (PNC) in amyotrophic lateral

sclerosis (ALS).

Methods

We conducted a systematic review to identify studies reporting on PNC, and mortality and/or
forced vital capacity (FVC) in patients with ALS. We searched Medline, EMBASE, and Web
of Science. Two independent authors selected studies and extracted data. Risk of bias was
assessed using the QUIPS tool. Hazard-ratios and correlation coefficients were pooled using
a random effects generic inverse-variance model. Evidence quality was evaluated with

GRADE.

Results

In the pooled analysis, patients with CMAP-amplitude equal or below 0.4mV are 2.021 more
likely to die over the studied period (95%Cl 1.161 to 3.522; 1>=55.9%; 338 participants).
CMAP-amplitude showed a moderate positive correlation with FVC (r=0.400, 95%Cl= 0.226
to 0.550; 1>=69.77%; 381 participants). However, there was a weak negative correlation
between CMAP-latency and FVC (r=-0.235; 95%ClI= -0.447 to -0.024; 1°=15.92%; 112

participants).

Conclusions
There is moderate-quality evidence that CMAP-amplitude of the PNC is correlated with FVC.

Results favour a predictive value for mortality, but the risk of bias is high.

Significance
PNC is a simple test that should be considered to assess respiratory function in ALS,

especially in patients with bulbar involvement or cognitive impairment.



Highlights

1 — Investigation of phrenic nerve conduction is a simple and quick test
2 - Phrenic nerve amplitude probably predicts survival and is probably correlated to FVC

2 — This test should be considered to assess respiratory function in ALS.



1. Introduction

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive neurodegenerative condition that
involves the upper and lower motor neurons, typically affecting the limb, bulbar, and
respiratory muscles (Haverkamp et al., 1995). Respiratory failure (RF) frequently arises in
late-stage disease, although it can be the presenting feature in about 3% of patients (de
Carvalho et al., 1996). Hypoventilation with hypoxaemia and hypercapnia (Fallat et al., 1979)
often precipitated by respiratory infection, aspiration pneumonia or bronchial impaction,
(Paulukonis et al., 2015) is the most frequent cause of death in ALS. The median overall
survival after symptom onset is approximately 3 years. (Paulukonis et al., 2015). Accurate
assessment of pulmonary function is then critical to detect early abnormalities, in order to

estimate prognosis and to set treatment strategy (Pinto and Carvalho, 2014).

Several test have been investigated to ascertain the optimal measure of pulmonary function
in people with ALS (Kaplan and Hollander, 1994; de Carvalho et al., 2019). Pulmonary
function tests (PFT) are the standard technique used across most diseases, being non-
invasive and widely available. Among these, forced vital capacity (FVC) is the one mostly
used in ALS management and research, as it can predict hypercapnia (Kaplan and
Hollander, 1994; Pinto et al., 2009b) and prognosis (Czaplinski et al., 2006; Fallat et al.,
1979). However, PFT have notable limitations, namely that the technique depends on patient
cooperation, which can be disturbed in people with apathy, depression, or other behavioural
changes, all of which are relatively common in ALS (Phukan et al., 2007; de Carvalho et al.,
2019). Additionally, bulbar involvement is frequent in ALS and may cause facial weakness,
which further impairs an accurate assessment by PFT. Altogether, this indicates that
predictive value of FVC is compromised in patients with cognitive changes and marked

bulbar involvement (de Carvalho et al., 2019).

Phrenic nerve conduction study (PNC) is an alternative technique that records the phrenic
compound muscle action potential (CMAP) applying a percutaneous electrical stimulation in

neck (de Carvalho et al., 2018). Crucially, PNC does not depend on patient collaboration and



can be used irrespective of bulbar involvement. PNC records the phrenic CMAP applying a
percutaneous electrical stimulation in neck (de Carvalho et al., 2018). CMAP amplitude
elicited by phrenic nerve stimulation correlates with diaphragm dysfunction (de Carvalho et
al., 2018) and is predictive of both hypoventilation (Pinto et al., 2009b) and survival in ALS
(Pinto et al., 2012). Moreover is sensitive to detect changes over a short period of disease
progression (Pinto et al., 2009a). Nevertheless, like other electrophysiological techniques,
PNC is not as widely available as PFT, is subject to technical pitfalls and is operator

dependent.

The aim of this systematic review and meta-analysis was to ascertain the prognostic value of

PNC in people with ALS.

2. Methods

The protocol of this study followed the PRISMA-P guidelines (Moher et al., 2015) and was
registered at the PROSPERO database (CRD42017079438). Reporting followed the
MOOSE (Stroup et al., 2000) and PRISMA guidelines (Liberati et al., 2009). Statistical data

reporting followed the SAMPL guidelines (Lang and Altman, 2015).

2.1. Eligibility criteria

2.1.1. Types of studies
We considered observational studies that compared the results of the index test, PNC, with
the reference standard, PFT. We included studies in which data have been collected either
prospectively or retrospectively from consecutive series of people with ALS, followed in any
setting. No restrictions were made based on a minimal quality standard, minimal sample

sizes, number of diseased cases, language, publication status, or data of publication.



2.1.2. Participants
We included adults with a diagnosis of definitive, probable or probable laboratory-supported
ALS, as defined by the modified El Escorial criteria (Brooks et al., 2000), of all ages and in

any setting.

2.2. Information sources and search strategy

Electronic identification of reports was conducted in Medline (via Ovid), EMBASE (via Ovid),
and Web of Science, using the strategies outlined in Appendices B, C and D, from inception
until October 2017. Text words and database subject headings (i.e.: MeSH and EMTREE)

were used in our search strategy.

In order to identify additional published studies we crosschecked the reference lists of
studies included for full text revision, and contacted experts in the field. We excluded
unpublished results, with the exception of conference proceedings providing that these

provide sufficient data.

2.3. Study selection

Two independent review authors (CSS, FBR) performed the first selection based on title and
abstract. Each author identified the studies requiring full text review. All studies identified as
potential eligible studies were subject to full text review (CSS, FBR). Disagreements were
solved by discussion or by a third author (GD). Both procedures were performed with

Covidence®.

2.4. Data extraction and management

Two independent reviewers (CSS, FBR) extracted data from the studies included in this
review using a pre-piloted standardised electronic form. Disagreements were resolved by
consensus or with the help of a third reviewer (GD). The third reviewer (GD) also double-

checked.



2.5. Outcomes and prioritisation

The primary outcome was the assessment of the prognostic value of PNC in overall survival.

According to the type of data available, this outcome was assessed using one or more of:

e Hazard ratios for mortality using different cut-off thresholds of the CMAP amplitude
obtained by PNC.
e Mortality rates using different cut-off thresholds of the CMAP amplitude obtained by

PNC. Unfortunately no mortality rate data were available.
For the primary outcome, a subgroup analysis was to be performed according to the main
ALS phenotypical expressions, as well as a sensitivity analysis by excluding studies deemed
to be at high risk of bias. The secondary outcomes were the disease severity, based on the
correlation between FVC, our index test, and the CMAP amplitude, as well as the correlation

between FVC and CMAP latency.

2.6. Assessment of risk of bias
The risk of bias of included studies was evaluated independently by two review authors

(CSS, FBR) using the QUIPS (Quality in Prognosis Studies) tool (Hayden et al., 2006; 2013).

Six domains were deemed critical for assessing biases sufficiently large to distort the
findings of prognosis research: (1) study participation; (2) study attrition; (3) prognostic factor
measurement; (4) outcome measurement; (5) study confounding; and (6) statistical analysis
and reporting. For each domain, three to seven “prompting items” were used to rate the

adequacy of reporting by a study as “yes”, “partial”’, “no”, or “unsure”; an overall rating for

each domain is assigned as “high”, “moderate”, or “low” risk of bias. Disagreements were
solved by discussion or with consultation of a third review author (GD) in case of persisting

disagreement.

2.7. Statistical analysis and data synthesis

To pool hazard ratios, we used a random effects generic inverse-variance method.



To pool the effect sizes of correlations coefficients of two continuous variables, we first
transformed the coefficient into Fisher’s z according to formula A.1. For the two studies
(Bokuda et al., 2014; Jenkins et al., 2016) that presented a simple (i.e. univariable) linear
regression, the correlation coefficient, r, was calculated as the square root of the coefficient
of determination, R?. The variance of z was computed according with formula A.2., and the
standard error (SE) according to formula A.3. The meta-analyses was conducted using the
random effect inverse-variance approach. The final results were back-transformed according

to formula A.4. (Borenstein et al., 2009).

We assessed statistical heterogeneity with I? (Higgins, Thompson, 2002). A p-value <0.05
was considered statistically significant. All statistical analyses were done using Stata®

(College Station, TX) 15.0 software.

2.8. Confidence in cumulative evidence
We evaluated the quality of the evidence using the grading of recommendations
assessment, development and evaluation (GRADE) working group methods extended to

prognosis factor research (Huguet et al., 2013).

Our evaluation was based on five domains that may decrease quality: (1) study limitations;
(2) inconsistency; (3) indirectness; (4) imprecision; and (5) publication bias; and two factors
that may increase quality: (1) moderate or large effect size; and (2) exposure-response

gradient (Huguet et al., 2013).

1. Study limitations: according with the QUIPS tool for the risk of bias, outcomes are
rated as: (1) no serious limitations for studies with low risk of bias for most of the bias
domains; (2) serious limitations for studies at moderate or unclear risk of bias for
most of the bias domains; (3) very serious limitations for studies at high risk of bias

with respect to almost all of the domains.



2. Inconsistency: the quality of evidence can be downgraded if (1) the points of effect of
the studies cross the line of no effect and their confidence intervals show minimal or
no overlap; or (2) I?is substantial (250%).

3. Indirectness: the quality of evidence may be downgraded when: (1) the participant
population; (2) the prognosis factor(s); and/or (3) the outcomes considered in the
primary studies do not fully represent the review question defined in the systematic
review.

4. Imprecision: the quality of evidence may be downgraded if: (1) the sample size
included in the meta-analysis is insufficient; and/or (2) there is no precise estimate of
the effect size in the meta-analysis, due to an excessively wide confidence interval
that overlaps the value of no effect and contain values implying that the prognostic
factor is associated with protection or increased risk.

5. Publication bias: it should be considered for downgrading, unless the prognostic

factor has been investigated in a large number of cohort studies.
And two factors that may increase quality:

1. Moderate or large effect size: if there is a moderate or large pooled effect of the
meta-analysis.

2. Exposure response gradient: exists when elevated levels of prognostic factor
(amount, longevity, intensity, etc) lead to a larger effect size over lower levels of the

factor.

The overall quality or research evidence was defined as ‘high’, ‘moderate’, ‘low’, or ‘very

low’.
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3. Results

3.1. Study selection

A total of 345 references (MEDLINE 120, EMBASE 170, and Web of Science 55) were
retrieved through the electronic search (Figure 1). After automatic and manual deduplication,
233 references had their title and abstract screened. Of these, we excluded 204. The full-
texts of 29 references were examined for eligibility. In total, 21 studies were excluded, 12
due to inappropriate study design for this purpose (case reports, editorials, non-systematic
reviews), four had duplicated results, three related to inadequate outcomes, one due to
wrong patient population, and one due to insufficient information, persisting after contact with
the authors. Eight studies met the inclusion criteria and were included (Figure 1). No

additional records were obtained.

3.2. Study characteristics

The study characteristics are summarized in Table 1.

3.2.1. Methods
All included studies were observational: one was cross-sectional (Pinto et al., 2016), four
were prospective cohorts (Jenkins et al., 2016; Pinto et al., 2017; Singh et al., 2011;
Yamauchi et al., 2014), one was retrospective cohort (Pinto et al., 2012), and one was a
case-controls study (Sathyaprabha et al., 2010). For Bokuda et al. (2014) only the abstract
was available and it was not possible to assess if the cohort was either retrospective or
prospective. All were published in English, single-centre, and set at tertiary hospitals. Three

studies took place in Portugal, two in India, two in Japan, and one in the USA.

3.2.2. Participants
The included studies involved a total of 635 participants. The main inclusion criteria entailed
adults (i.e. above 18 years old), able to give informed consent, with a diagnosis of definite or
probable ALS, as defined by the modified E/ Escorial criteria. Exclusion criteria included

patients with implantable pacemakers, cardiac insufficiency, lung disease, polyneuropathy,
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diabetes mellitus, dementia, or malignancy. The participants’ mean age ranged between
49.7 and 61.5 years, with a mean disease-duration between 16.0 and 27.6 months. Bulbar-
onset ranged between 22.5% and 41.9% of the participants. In two studies (Jenkins et al.,
2016; Yamauchi et al., 2014) participants initiated non-invasive ventilation during the

duration of the study.

3.2.3. Index and reference tests
All participants in all included studies underwent PFT. From these, FVC was assessed by
spirometry in the sitting up position, and expressed as a percentage of the predicted lung

capacity adjusted for gender, weight, height and race.

PNC techniques were comparable across studies. They were performed with percutaneous
bipolar electrical stimulation of the phrenic nerve at the neck level (posterior to the lateral
border of the sternocleidomastoid muscle), with the exception of one study, Yamauchi et al.,
(2014), in which stimulation was applied at the supraclavicular fossa. Recording through
surface electrodes on xiphoid process (active electrode) and costal margin of the
midclavicular line (reference electrode). The ground electrode was placed over the sternum
or ipsilateral arm. The latency of CMAP was measured from the stimulus to the onset of
potentials and expressed in milliseconds (ms). The amplitude was measured through peak-

to-peak of CMAP, and expressed in miliVolt (mV).

Clinical evaluation was performed with the ALS-Functional Rating Scale-Revised (ALS-FRS-
R), including the respiratory subscore (0-12, which includes dyspnoea, orthopnoea, need of

ventilatory assistance).

3.3. Outcomes

Three studies reported the hazard ratios for mortality (Bokuda et al., 2014; Jenkins et al.,
2016; Pinto et al., 2012). However, one of these did not contained the enough information to
be included in the analysis (Jenkins et al., 2016). Seven studies correlated the amplitude of

CMAP with FVC (Bokuda et al., 2014; Jenkins et al., 2016; Pinto et al., 2016; Pinto et al.,
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2017; Sathyaprabha et al., 2010; Singh et al., 2011; Yamauchi et al., 2014). Three studies
correlated the latency of CMAP and FVC (Pinto et al., 2017; Sathyaprabha et al., 2010;
Singh et al., 2011). For Pinto et al. (2017) study, correlation coefficients for FVC-CMAP

amplitude, and FVC-CMAP latency were obtained through contact with the authors.

3.4. Synthesis of results
In the pooled analysis, participants with CMAP amplitude equal or below 0.4mV are 2.021
more likely to die over the studied period (95%Cl 1.161 to 3.522; 1°=55.9%; 2 studies; 338

participants, Figure 2).

In the pooled analysis, amplitude of CMAP showed a moderate (Cohen, 1988) positive
correlation with FVC (r=0.400, 95%CI= 0.226 to 0.550; 1°=69.77%, 7 studies, 381
participants, Figure 3). On the other hand, there was a weak (Cohen, 1988) negative
correlation between latency of CMAP and FVC (r=-0.235; 95%ClI= -0.447 to -0.024;

1>=15.92%; 3 studies; 112 participants, Figure 4).

3.5. Risk of bias across studies

The overall risk of bias across studies was moderate to high (Figure 5).

For study participation the risk of bias was moderate, with high risk in one study (Bokuda et
al., 2014) due the lack of information, and five studies with a moderate risk (Pinto et al.,
2016; Pinto et al., 2017; Sathyaprabha et al., 2010; Singh et al., 2011; Yamauchi et al.,
2014). The information about the adequacy of study participation by eligible individuals was
not available in none of the eight included studies. The period (Bokuda et al., 2014; Pinto et
al., 2016; Pinto et al., 2017) and the place of recruitment (Bokuda et al., 2014; Pinto et al.,

2017; Yamauchi et al., 2014) were not described in three studies.

The risk of attrition bias in the longitudinal studies was high, mainly because none of the

studies reported information about the participants who drop-out/were lost to follow-up.
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The prognostic factor measurement item presented a moderate risk of bias. None of the
longitudinal studies included reported a method to incorporate missing data, and the
proportion of the data on the prognostic factor available for analysis was unknown in two

studies (Bokuda et al., 2014; Pinto et al., 2017).

The risk of bias concerning outcome measurement was low. Nevertheless, method and
setting of outcome measurement was not the same in all participants in study by Jenkins et
al. (2016). It was not clear if the method and setting of outcome measurement was the same
in all participants in Singh et al. report (2011), as patient with bulbar subtype were submitted

to a week of training to improve the technical quality of their PFT.

The study confounding risk of bias was high, as none of the eight included studies
incorporated all possible confounders (i.e. respiratory symptoms, type of onset, ALSFRS-R,

use of NIV) in the study design or data analysis.

Finally, the risk of bias concerning the study analysis and reporting was high, as it was not
clear if the conceptual model framework or the statistical analysis of the eight studies were

appropriate to answer our question.

3.6. Quality of evidence

The overall quality of evidence was low to moderate. Table 2 details the GRADE approach
to the quality of the available evidence. For all three outcomes, the quality of evidence was
downgraded due to the fact that the evidence comes from studies with moderate to high risk
of bias. For mortality and correlation between FVC and CMAP amplitude, the quality of
evidence was downgraded due to a significant heterogeneity across the studies, ascertained
in the pooled analysis (I? = 55.9% and I>= 69.77%, respectively). Additionally, for the
correlation between FVC and CMAP latency, the quality of evidence was downgraded due to
insufficient sample size included in the meta-analysis (N° of participants = 112). The quality
of evidence was upgraded for mortality due to high effect size in the meta-analysis (HR

2.02).
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4. Discussion

Overall, we found a low-to-moderate quality evidence suggesting that PNC has meaningful
value in ALS. This conclusion is based on eight observational studies, enrolling a total of 635
patients with ALS. PNC probably predicts mortality in ALS. Only two of the eight included
studies, enrolling 338 patients, reported hazard ratios for mortality (Bokuda et al., 2014;
Pinto et al., 2012). Our pooled analysis showed an approximately two-fold higher probability
of death in patients with a CMAP amplitude below the 0.4mV cut-off (the same cut-off value
for CMAP amplitude was applied in both studies). Similarly, an abnormal FVC value (<75%)
was found to be significantly associated with poor survival, with a Hazard ratio of 1.68
(Czaplinski et al., 2006), and a vital capacity decline of 10% increased mortality risk in ALS,
with a Hazard ratio of 1.31 (Enache et al., 2017). Significant statistical heterogeneity (I?
55.9%) was found among these studies, which was probably driven by differences in
methodological and clinical features between studies. One of them (Bokuda et al., 2014) was
published as an abstract leading to a high risk of bias, due to a lack of information regarding
the study design and data analysis. Both studies used amplitude of CMAP for the survival
analysis, which seems to be associated with a more accurate prediction of hypoventilation
and survival than latency (Pinto et al., 2012; Pinto et al., 2009b). Although, no single test has
been shown to correlate well with respiratory failure in ALS (Miller et al., 1999), PFT are the
most used measurements in clinical practice and research, in particular FVC. Therefore, in
this systematic review we investigated the correlation between the FVC and PNC
parameters (amplitude and latency), as a complementary tool to predict outcome in ALS
patients. We found moderate evidence that CMAP amplitude is positively correlated with
FVC, and that latency tend to be negatively correlated with FVC. Significant statistical
heterogeneity (1°=69.77%) was found across studies reporting the correlation between PNC
amplitude and FVC. This was probably driven by differences in the patient population and

methods between studies.
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Other PFT, such as maximal voluntary ventilation, maximal inspiratory and expiratory
pressures, and nasal inspiratory pressure during sniff (SNIP), since data was not available.
However, maximal expiratory pressures decline rapidly in early stages of the disease, and
both are strongly influenced by orofacial paresis (Kaplan and Hollander, 1994). SNIP,
despite being more suited for ALS patients with orofacial paresis, it is only predictive of

hypoventilation in spinal-onset patients (Morgan et al., 2005).

The main limitation of our contribution is the heterogeneity in the objectives, methods, and
data reporting in the primary studies. Variable clinical features of the population samples,
such as respiratory symptoms, functional impairment, duration of the disease, region of
onset, or NIV initiation, may contribute to the heterogeneity of the results. For instance, in
Jenkins et al (2016) study, which was the study with the highest correlation between FVC
and PNC CMAP amplitude (r=0.69), patients presented a wide range of disease duration (2-
102 months) at evaluation, and around 21% patients were using NIV at the time of the study,
which may possibly influence the results. An additional limitation, regards the meta-analysis
on phrenic nerve response as predictor of mortality, which incorporated one study including
the last author of the current report, but this specific author did not participate in following
steps of the current analysis: study selection, data extraction, and in the assessment of the
risk of bias. Sub-group analyses were not performed due to a lack of data of the individual
studies. However, it would be interesting to compare spinal and bulbar-onset subgroups
regarding the impact of PCN results on prognosis. This would be relevant mainly for the

bulbar-onset subgroup, since these patients are results from PFT are less reliable.

PNC can complement conventional respiratory tests in ALS. FVC and slow vital capacity are
the standard tests to evaluate and monitor respiratory function. However, it is well accepted
that in patients with facial weakness and cognitive decline, test results are affected by air
leak and poor collaboration, respectively (de Carvalho et al., 2019). We propose that PNC in
ALS would be of particular importance in patients with bulbar involvement or cognitive

dysfunction, since results from conventional respiratory tests are unreliable. It would be
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relevant to analyse the potential impact of PNC results on NIV initiation time, taking into
account that NIV improves survival in ALS (Bourke et al., 2006), proportionally to duration of
use (Pinto et al., 1995), and has a positive influence on quality of life (Bourke et al., 2003;

2006).

Overall, our results favour the utility of PNC in ALS, but further research is needed in order
to validate this technique as a biomarker of pulmonary function in ALS. Larger cohort studies
with the complete follow-up, unbiased case selection and complete ascertainment of the
possible confounders need to be performed in order to ascertain the capacity of PNC in
predicting ALS outcome. Regarding the technique itself, like other electrophysiological
techniques, PNC is highly operator-dependent and its results depend on the quality of its
performance and standardization of the technique is essential for the interpretation of the

results.
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Table 1 - Studies characteristics. n, number of participants; SD, standard deviation; N/S, not specified; ALSFRSR, Amyotrophic Lateral Sclerosis Functional

Rating Scale-Revised; NIV, non-invasive ventilation; *Age at onset

Study Country Study design n Age (years) Male Disease duration (months) ALSFSR-R Bulbar onset NIV

mean + SD (range) n (%) mean + SD (range) mean +SD (range) n (%)
Bokuda 2014 Japan Longitudinal 84 N/S N/S N/S N/S N/S N/S
Jenkins 2016 USA Longitudinal prospective 100 60.8 (34-84) 32 (43) 23.9 (2-102) 32.5 (8-45) 31 (31.0) Yes
Pinto 2016 Portugal Cross-sectional 42 58.4+ 11.1 (34-77)* 20 (47.6) 17.8 + 13.6 (5-58) 34.98 + 3.1 (27-39) 11(26.2) No
Pinto 2017 Portugal Longitudinal prospective 40 58.2 £ 10.0 (37-77)* 20 (50.0) 16.0+11.9 35.03+3.4 9 (22.5) No
Pinto 2012 Portugal Longitudinal retrospective | 254 60.9 + 11.2 (28-80) 132 (52.0) N/S 31.3 £ 5.6 (13-40) 79 (31.1) No
Sathyaprabha 2010 India Case-control 29 51.4 £10.7 (30-68) 20 (69.0) 27.6 £34.3 N/S 8 (27.6) No
Singh 2011 India Longitudinal prospective 43 49.7+14.9 32(74.4) 16.3+15.7 44 18 (41.9) No
Yamauchi 2014 Japan Longitudinal prospective 43 61.5+ 12.8 21 (48.8) 16.4+9.8 31.77£ 7.2 (51.2)* Yes

Table 2 - GRADE table summary findings. Cl, Confidence interval; HR, Hazard ratio; r, correlation coefficient; *, bulbar involvement. Explanations: a.

Downgraded due to study limitations; b. Downgraded due to inconsistency: large I2; c. Downgraded due to imprecision: optimal information size not met; d.

Upgraded due to large effect size.
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Outcome

Ne of participants (studies)

Mortality

Ne of participants: 338 (2 studies)

Correlation of FVC and CMAP
amplitude

Ne of participants: 381 (7 studies)

Correlation of FVC and CMAP
latency

Ne of participants: 112 (3 studies)
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Relative effect

(95% Cl)

HR 2.02

(1.16 to 3.52)

r 0.40

(0.23 to 0.55)

r-0.23

(-0.42 to -0.02)

Certainty

©000

MODERATE 2 .d

©000

MODERATE 2.°

&0

LOwW a¢

What happens

We have moderate confidence that PNC is associated with a

102% relative increase in predicting mortality.

PNC probably predicts mortality.

We have moderate confidence that CMAP is positively

correlated with FVC.

CMAP amplitude levels on PNC are probably positively

correlated with FVC.

We have low confidence that latency is negatively correlated

with FVC.

CMAP latency on PNC may be negatively correlated with FVC.



Figures

Figure 1. Study flow diagram of included studies.

Figure 2. Pooled hazard ratios of mortality according with amplitude of CMAP of 0.4mV.
Figure 3. Pooled correlation coefficients between CMAP amplitude and FVC.

Figure 4. Pooled correlation coefficients between CMAP latency and FVC.

Figure 5. Risk of bias summary.
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