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A B S T R A C T

Background

Maintaining adequate nutrition is critical for people with amyotrophic lateral sclerosis (ALS), also known as motor neuron disease (MND).
Enteral tube feeding is oJered to people experiencing diJiculty swallowing (dysphagia) to prevent weight loss and aspiration pneumonia.
Among the types of enteral tube feeding, percutaneous endoscopic gastrostomy (PEG) is the typical procedure oJered to people with ALS
and will be mainly discussed here.

Objectives

To examine the eJectiveness of percutaneous endoscopic gastrostomy or other enteral tube feeding in people with ALS, compared to oral
feeds without enteral tube feeding on:

1. survival;

2. nutritional status;

3. quality of life.

To examine the incidence of minor and major complications of percutaneous endoscopic gastrostomy (PEG) and other enteral tube feeding
procedures in people with ALS.

Search methods

On 3 January 2020 and 6 February 2021, we searched the Cochrane Neuromuscular Specialised Register, CENTRAL, MEDLINE. Embase,
ClinicalTrials.gov and WHO ICTRP. We screened the results to identify randomized controlled studies on enteral tube feeding in ALS. We
reviewed all references from the search in published articles to identify any additional references.

Selection criteria

We included randomized controlled trials (RCTs), quasi-RCTs, and cross-over trials evaluating the eJectiveness and complications of PEG
or other enteral tube feeding placement in ALS.
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Data collection and analysis

We used standard methodological procedures expected by Cochrane.

Main results

We found no RCTs or quasi-RCTs comparing the eJectiveness of enteral tube feeding versus oral feeds without enteral tube feeding.

Authors' conclusions

There are no RCTs or quasi-RCTs to indicate whether enteral tube feeding is eJective compared to continuation of oral feeding for any of
the outcome measures. Such RCTs are very unlikely to be performed for ethical reasons. RCTs evaluating the eJect of diJerent enteral tube
insertion techniques and timings of tube placement on survival and quality of life of people with ALS dysphagia are feasible and warranted.

P L A I N   L A N G U A G E   S U M M A R Y

Enteral tube feeding in people with amyotrophic lateral sclerosis, also known as motor neuron disease

Key messages

We found no randomized or quasi-randomized (partially randomized) controlled trials that compare the use of a feeding tube to continued
feeding by mouth for people with amyotrophic lateral sclerosis (ALS), or that investigate the safety and timing of diJerent types or methods
of feeding tube placement in people with ALS. ALS is the most common form of motor neuron disease (MND) and the two terms are oMen
used interchangeably.

Randomized and quasi-randomized trials are studies that aim to ensure that groups of participants are similar. Such studies could inform
clinicians and people with ALS on whether insertion of a feeding tube prolongs survival and improves quality of life compared to continued
feeding by mouth. However, there are ethical challenges in conducting such a trial, as international expert consensus and guidelines
support tube feeding for people with ALS despite the lack of high-quality evidence.

What is ALS?

ALS is a condition where the nerves that control movement cease to work. ALS causes weakness that worsens over time until the person
becomes paralyzed. It is almost always fatal.

Most people with ALS develop swallowing diJiculties. These can cause serious weight loss and people aJected are at risk of inhaling food
or drink, since eJective swallowing normally protects the airway from foods and liquids. If food or drink enters the lower airways or lung,
these may become inflamed or infected (a condition called aspiration pneumonia).

What is enteral tube feeding?

Enteral tube feeding is feeding through a tube. One of the ways the feeding tube is inserted is through the stomach wall into the stomach.
This type of tube feeding is oMen recommended for people with ALS who develop swallowing diJiculties, so they can maintain adequate
nutrition and to lower the risk of aspiration pneumonia.

What did we want to do?

We wanted to review the evidence for using a feeding tube compared to not using a feeding tube on survival, nutritional status, and quality
of life in people with ALS. We also wanted to collect evidence on complications of feeding tube placement.

What did we do?

We searched for randomized controlled trials that looked at enteral feeding compared with feeding by mouth in people with ALS, or that
studied the safety and timing of diJerent types or methods of feeding tube placement in people with ALS. We planned to summarize their
results and evaluate the evidence.

What did we find?

We found no randomized controlled trials to indicate whether enteral tube feeding has benefits compared to continuation of feeding by
mouth. We summarized the results of non-randomized studies in the discussion. However, these provide poorer quality evidence and can
produce misleading results.

What are the limitations of the evidence?

We found no evidence that met our requirements for inclusion in the review.

How up to date is this review?

Enteral tube feeding for amyotrophic lateral sclerosis/motor neuron disease (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

This review updates the previous review. The evidence is up to date to February 2021.
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B A C K G R O U N D

Description of the condition

Amyotrophic lateral sclerosis (ALS), also known as motor neuron
disease (MND), is a fatal, progressive, neurodegenerative disease,
characterized by the death of both upper and lower motor neurons
(Karitzky 2001). ALS is the most common form of motor neuron
disease (MND) and the two terms are oMen used interchangeably;
in this review we use ALS. Its etiology is unknown. The initial
symptom of ALS is usually progressive weakness of the arms
and legs. However, in one-third of all patients, bulbar symptoms
(speech and voice changes, diJiculty chewing and swallowing, and
sialorrhea (excessive drooling)) are the presenting complaint (Van
Es 2017). Respiratory insuJiciency usually presents in advanced
disease states and is the primary cause of death in patients with
ALS. Aspiration pneumonia, malnutrition, and dehydration are
complications that result from diJiculty swallowing, and can also
be fatal. In patients with ALS, the median survival from symptom
onset ranges from 1.98 to 4.32 years (Abdul Aziz 2020; Chhetri 2016;
Chiò 2002; Czaplinski 2006; Murphy 2008).

Description of the intervention

Maintaining adequate nutrition is of great importance in ALS, as
weight loss, malnutrition, and dehydration may hasten muscle
weakness, contribute to respiratory impairment, and shorten life
span. Dysphagia (diJiculty swallowing) may contribute to weight
loss, but poor appetite and reduced ability to feed oneself may
also lead to reduced oral intake and subsequent malnutrition,
dehydration, or both. When chewing and swallowing diJiculties
develop, dietary modification is indicated in order to maintain
appropriate caloric intake and prevent aspiration. When dysphagia
becomes severe and a supplemental or alternative nutritional route
is required, enteral tube feeding may provide a safer and more
reliable route for nutrition. Methods include nasogastric (NG) tubes,
percutaneous endoscopic gastrostomy (PEG), PEG with jejunal
extension (PEG-J), surgical gastrostomy, percutaneous endoscopic
jejunostomy (PEJ), and surgical jejunostomy. Except for the NG
tube, all other feeding tubes require surgical insertion directly into
the patient's stomach or intestine. These procedures are performed
either as an outpatient or inpatient procedure in the endoscopy
suite, the radiology suite, or the operating room.

Patients with ALS typically undergo PEG under conscious sedation.
The stomach is accessed endoscopically and the tube is
inserted across the abdominal wall. A recent development is the
placement of feeding tubes by a less invasive technique called
percutaneous radiological gastrostomy (PRG), which is also known
as radiologically inserted gastrostomy (RIG). During PRG/RIG, air
is insuJlated into the stomach via a temporary NG tube and
the percutaneous tube is placed into the stomach under local
anesthesia. Per-oral image-guided gastrostomy (PIG) is a hybrid
enteral tube feeding technique that involves fluoroscopic-guided
stomach access and per-oral tube insertion.

In general, the overall use of PEG has increased over time.
The proportion of people undergoing PEG tube insertion varies
geographically and has been reported as follows:

• Australia: 19% to 36% (Talman 2016; Zhang 2012);

• Canada: 16% to 53% (Hodgkinson 2018; Jackson-Tarlton 2016;
Strong 1999);

• France: 49% (Limousin 2010);

• Germany: 11% to 27% (Andersen 2018; Silani 1998);

• Great Britain: 14% to 38% (Allison 2000; Chhetri 2016; Neudert
2001; Rio 2010);

• Italy: 11% to 51% (Boitano 2001; Chiò 2002; Fasano 2017; Fini
2014; Mandrioli 2018; Mazzini 1995; Spataro 2011);

• Malaysia: 25.4% (Abdul Aziz 2020);

• Mexico: 68.8% (Sánchez-Martínez 2019);

• Japan: 21% to 60% (Seki 2000; Yanagisawa 1996);

• Norway: 22% (Bak 1994);

• Poland: 16% (Andersen 2018);

• Portugal: 7.4% (Braga 2020);

• South Africa: 9.4% (Braga 2020);

• Spain: 28% (Paipa 2019);

• Sweden: 35% to 50% (Andersen 2018; Longinetti 2018);

• Switzerland: 65% (Burkhardt 2017);

• Taiwan: 3.8% (Lee 2013);

• USA: 13% to 40% (Atassi 2011; Bond 2019; Bradley 2004; Lechtzin
2001).

How the intervention might work

AMer tube placement, food and liquid can be safely delivered
enterally, bypassing normal oral entry. While oral feeding is not
contraindicated aMer PEG placement, the majority of the caloric
intake and medications can be reliably administered through the
tube. This intervention maintains caloric intake, thereby reducing
the risk of weight loss and aspiration.

Why it is important to do this review

ALS practice guidelines from the American Academy of Neurology
(AAN) were disseminated in 1999 and again in 2009 (Miller 1999;
Miller 2009), and reaJirmed three times, in 2014, 2017, and 2020;
the European Federation of Neurological Societies (EFNS) task
force published in 2005 and revised in 2012 (EFNS 2012); and the
Canadian Best Practice Recommendations were recently published
in 2020 (Shoesmith 2020). They recommend that PEG be oJered
to patients with ALS when there is symptomatic dysphagia and
accelerated weight loss. In 2004, data gathered from over 1000 ALS
patients in the USA who were cared for prior to the publication
of the American Practice Parameters in 1999 (Miller 1999), were
compared to an equivalent number of patients cared for aMer the
publication (Bradley 2004). Data showed that the proportion of
people with ALS receiving PEG had risen aMer 1999, especially
in those with forced vital capacity (FVC) less than 50% of the
predicted value. Of those people studied aMer 1999, 48% of patients
met the Practice Parameter criteria for enteral support. PEG was
recommended for 46% of patients, but less than half of them
(43%) underwent the procedure. It was therefore determined that
only 20% of people who met the AAN practice parameter criteria
for enteral support, actually received a feeding tube. This finding
suggests that a significant proportion of people with ALS and
caregivers remain unconvinced of the benefit of gastrostomy. The
benefits of PEG in maintaining adequate nutritional intake and
weight stabilization have been shown in a number of observational
studies, but have not been tested rigorously (Kasarskis 1999;
Klor 1999). Improvement in survival time has been reported by
some investigators (Mazzini 1995), but there are limited data from
controlled studies.
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In addition, the optimal timing of PEG tube insertion in the
course of ALS progression is of central importance, but there
are limited data from clinical studies. The 2009 AAN Practice
Parameter stated that there was insuJicient evidence to support
or refute the specific timing of PEG insertion in people with
ALS (Miller 2009). Recently published best practice guidelines in
Canada recommended that PEG should be considered in people
with ALS who have an increased risk of aspiration despite diet
modification, weight loss of more than 5% to 10% of baseline,
more than 1-point BMI reduction, who are underweight (BMI <
18.5), when total daily energy expenditure surpass daily energy
intake, or with FVC decline approaching 50%, even without signs
of dysphagia (Shoesmith 2020). It is also advised that when the
decision to proceed with a feeding tube has been made, it should
be inserted within four weeks (Shoesmith 2020). The potential
rationale explaining the connection between enteral tube feeding
placement and worse nutritional status includes the potential
association between weight loss and increased adjusted hazard
ratio of death in ALS (Marin 2011), as well as shorter survival in
men with low subcutaneous adipose tissue measured by magnetic
resonance imaging (MRI) (Lindauer 2013).

Previous versions of the review did not find any RCTs that
addressed this topic (Katzberg 2011; Langmore 2006). Therefore, it
is important to conduct an update of this review, which was last
updated in 2011. This review searched for randomized clinical trials
to determine the best available evidence for the eJectiveness of
enteral tube feeding in patients with ALS.

O B J E C T I V E S

To examine the eJectiveness of percutaneous endoscopic
gastrostomy or other enteral tube feeding in people with ALS,
compared to oral feeds without enteral tube feeding on:

1. survival;

2. nutritional status;

3. quality of life.

To examine the incidence of minor and major complications of
percutaneous endoscopic gastrostomy (PEG) and other enteral
tube feeding procedures in people with ALS.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We planned to select randomized controlled trials (RCTs), quasi-
RCTs, and cross-over trials, irrespective of whether allocation was
concealed (e.g. alternate allocation). We would have included
studies reported as full text, those published as abstract only, and
unpublished data. There were no language restrictions. Quasi-RCTs
are studies that allocate participants to groups using methods that
are partly systematic, for example by alternation, use of a case
record number, or date of attendance. Cross-over trials are studies
that allocate each participant to a sequence of interventions,
in which participants are randomized initially to intervention A
or intervention B, and then ‘cross over’ to intervention B or
intervention A, respectively.

Types of participants

We included studies with participants diagnosed with definite,
possible, probable, or probable-laboratory supported ALS,
according to the El Escorial (Brooks 1994), or revised El Escorial
criteria (Brooks 2000).

Types of interventions

The primary intervention of interest was the placement of enteral
tube feeding (NG tube, PEG, PEG-J, surgical gastrostomy, PEJ,
surgical jejunostomy, PRG/RIG, and PIG) at any time during the
course of ALS. The comparator was no enteral tube feeding and
continued oral intake. People with ALS who received enteral tube
feeding could still continue to consume some food or liquid orally.
Other studies of interest were those that evaluated the safety and
timing of diJerent types or methods of feeding tubes placed in
people with ALS, in particular, use of a less invasive radiographic-
guided gastrostomy tube insertion, i.e. PRG/RIG.

Types of outcome measures

The outcomes listed here were not eligibility criteria for this review
but were outcomes of interest within included studies.

Primary outcomes

Survival time in months either from the onset of ALS, time of
diagnosis, or placement of the feeding tube.

Secondary outcomes

• Quantitative index of change in nutritional status, such as
weight change, change in body mass index (BMI), or other
nutritional markers such as pre-albumin level or insulin-like
growth factor I (IGF-I) level. If diJerent measures of nutritional
status were used in studies, we would compare if the scores
could be normalized.

• Self-perceived quality of life (QOL), rated using an ordinal or
interval scale that addressed quality of life issues.

• Safety of PEG was also of interest in this review. We
looked for frequency of adverse events related to the PEG
procedure or use of a feeding tube, as indicated by minor
and major complications. Examples of minor complications
include transient laryngeal spasm, localized infections, or
failure to place PEG due to technical diJiculties. Examples
of major complications include gastric hemorrhage, death
due to respiratory arrest during the procedure, or aspiration
pneumonia.

Search methods for identification of studies

Electronic searches

On 3 January 2020 and 6 February 2021, the Cochrane
Neuromuscular Information Specialist searched the following
sources for this version of the review:

• Cochrane Neuromuscular Specialised Register via the Cochrane
Register of Studies (CRS-Web; Appendix 1);

• Cochrane Central Register of Controlled Trials (CENTRAL) via
CRS-Web (Issue 2, 2021; Appendix 2);

• MEDLINE (1946 to 4 February 2021; Appendix 3);

• Embase (1974 to 2021 Week 4; Appendix 4);
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• ClinicalTrials.gov via https://clinicaltrials.gov/ (until search
date; Appendix 1);

• WHO International Clinical Trials Registry Portal via https://
trialsearch.who.int/ (ICTRP; Appendix 2).

We searched all resources from their inception date and we did not
exclude any document because of language, type, publication date
or publication status.

Searching other resources

We also checked references in published articles to identify any
additional references.

Data collection and analysis

In the absence of RCTs, we identified non-randomized studies
(cohort and case-control studies) and summarized their results in
the Discussion and Appendix 3.

Selection of studies

Four review authors (AS, AA, BR, and EF) screened the search results
to identify RCTs to be included in the review and non-randomized
studies that may be worthy of review and discussion. All RCTs,
quasi-RCTs, or cross-over trials that met the inclusion criteria would
have been selected for inclusion. We resolved any disagreements
about studies meeting the inclusion criteria between all four review
authors (AS, AA, BR, and EF).

In Appendix 4, we document methods for use in future updates if
RCTs for inclusion are identified and meta-analysis is possible.

Data extraction and management

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Assessment of risk of bias in included studies

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Measures of treatment e@ect

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Unit of analysis issues

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Dealing with missing data

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Assessment of heterogeneity

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Assessment of reporting biases

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Data synthesis

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Subgroup analysis and investigation of heterogeneity

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Sensitivity analysis

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

Summary of findings and assessment of the certainty of the
evidence

No studies were eligible for this review. We report methods for use
in future updates in Appendix 4.

R E S U L T S

Description of studies

Results of the search

The literature search for the first version of this review identified
a total of 242 references, from which the review authors identified
no RCTs or quasi-RCTs. In the Discussion we comment on
seven observational, non-randomized studies comparing ALS
participants with and without enteral tube feeding.

The second version of this review, using the same searches,
identified 413 references. None of these were RCTs or quasi-RCTs.
In the Discussion, we comment on an additional four controlled
studies comparing people with ALS with and without enteral tube
feeding.

For this update, we re-ran the searches and identified a total of
1276 new references, 970 aMer duplicates were removed (see Figure
1). We found no RCTs or quasi-RCTs but comment on 12 non-
randomized studies in the Discussion.
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Figure 1.   Study flow diagram.
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Included studies

No studies fulfilled the search criteria.

Excluded studies

We listed no excluded studies.

Risk of bias in included studies

We did not identify any RCTs.

E@ects of interventions

We did not identify any RCTs, quasi-RCTs, or cross-over trials
evaluating the eJectiveness of enteral tube feeding versus
continued oral feeds in people with ALS.

D I S C U S S I O N

RCTs or quasi-RCTs of enteral tube feeding versus continued oral
intake would provide high-quality evidence on survival, quality
of life, and other clinically meaningful outcomes in people with
ALS. However, conducting these studies poses significant ethical
challenges, as multiple international guidelines endorse enteral
tube feeding for people with ALS (EFNS 2012; Miller 1999; Miller
2009; Shoesmith 2020). Our updated search did not identify any
RCTs or quasi-RCTs and none were included in the previous versions
of the review.

Alternative RCT designs could be considered to address other
relevant clinical questions, such as optimal enteral tube feeding
timing (i.e. early versus late in the disease course) and the
safest technique (e.g. less-invasive RIG versus traditional PEG).
It is possible that enteral tube feeding would only be superior
to continued oral intake in improving survival and quality of
life in people with bulbar-onset ALS with relatively preserved
limb and respiratory function, rather than those with diJuse
disease. Ultimately, to determine optimal modes of enteral tube
insertion, single-blind randomized trials can be performed to
assess procedure safety, insertion success rate, complication risk,
survival, quality of life, and cost-eJectiveness of the diJerent
methods.

In prior versions of this review, authors summarized non-
randomized studies (NRS) assessing survival, nutritional status,
quality of life, safety, and procedure timing of enteral tube
feeding compared to continued oral intake in people with ALS
in the discussion (Katzberg 2011; Langmore 2006). However, they
evaluated these studies without a systematic quality and risk of
bias appraisal. In this version of the review, the literature search
retrieved 12 additional observational studies, and we have updated
the summary of non-randomized studies accordingly. Due to the
nature of non-randomized studies, the certainty of the evidence
is poor. These studies are also associated with a high risk of bias,
including reporting, selection, confounding, and information bias.

We summarized the results of 23 non-randomized studies
comparing enteral tube feeding to oral feeding in people with ALS
in Table 1 and Appendix 3. We identified non-randomized studies
by screening the search results for all prospective and retrospective
observational studies that included a control group. Most of these
studies utilized PEG.

In summary, these observational studies aimed to determine
if enteral tube feeding insertion extends survival in ALS. Two
prospective and five retrospective studies reported a longer
survival in people with ALS aMer PEG compared to those
without PEG, even when controlling for possible confounders in
multivariate analysis. Four prospective, 10 retrospective, and two
post hoc analysis studies did not report a survival advantage with
PEG. However, some of these studies had multiple design flaws,
including not adjusting for survival confounders in ALS. Survival
advantage does not appear to be limited to people with either limb
or bulbar onset ALS.

Nutrition was not studied as rigorously, with only five of 23 studies
reporting relevant nutritional metrics. Overall, results suggested
that enteral tube feeding facilitates weight maintenance or increase
in people with ALS.

QOL-associated with gastrostomy is understudied in this
population. Only two studies measured QOL using standardized
tools, while four other studies addressed QOL narratively or by
using non-standard QOL measures. Most of these studies reported
no change in QOL aMer PEG insertion in people with ALS.

The frequency of minor complications of PEG tube insertion in
people with ALS ranged from 1.3% to 60%, with post-procedural
pain and site-related issues the most common. Major complications
were less common, occurring in 2% to 16% of participants. Death
within 30 days of PEG placement was the most extreme outcome.
People with more advanced disease were more likely to experience
major complications. There is no consensus regarding the optimal
timing for PEG tube insertion. Studies reported that the procedure
can generally be performed safely even in people with respiratory
impairment, as NIV can be used during the procedure to support
breathing. There is also evidence that suggests PEG insertion
as early as possible, while respiratory and nutritional status is
considerably better, could be associated with longer survival.
Alternative insertion techniques such as PRG/RIG and PIG, appear
to be feasible and have similar complication rates to traditional
PEG.

The optimal time to undergo PEG placement in the ALS disease
course has not been definitely determined from the non-
randomized studies.

Limited evidence from non-randomized studies suggests that PEG
oJers a nutritional advantage. However, the evidence is weak and
mostly demonstrated by survival surrogates, such as body weight
or body mass index. Prospective cohort studies are needed to
compare outcomes in patients who have a PEG placed at diJerent
levels of nutrition or malnutrition. In addition to weight, future
studies should include other nutritional biomarkers to assess
nutritional status of patients with ALS receiving PEG.

The eJects of PEG placement on patient and caregivers' quality of
life need to be evaluated in controlled studies with standardized
ALS-specific QOL instruments. Ultimately, in an almost universally
terminal disease like ALS, improvement in QOL is paramount in
the assessment and application of an invasive measure such as
gastrostomy.

Summary of main results

The review identified no RCTs or quasi-RCTs for inclusion.
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Overall completeness and applicability of evidence

The review identified no RCTs or quasi-RCTs for inclusion.

Quality of the evidence

The review identified no RCTs or quasi-RCTs for inclusion.

Potential biases in the review process

This review was conducted using Cochrane methodology. A
comprehensive search of multiple registries was done without
restriction on language, type, publication date, or publication
status. Thus, it was unlikely that trials were overlooked. As this
review did not identify RCTs that fulfilled the inclusion criteria, we
cannot completely rule out the possibility of publication bias.

Agreements and disagreements with other studies or
reviews

We identified two systematic reviews that compared the outcomes
of enteral tube insertion via PEG and RIG. Stavroulakis 2013
demonstrated a significantly higher 30-day mortality rate in people
with MND aMer PEG insertion compared to those who received an
enteral tube via RIG. More recently in a larger systematic review,
Yuan 2020 showed no diJerence in the mortality rate between PEG
and RIG but noted a higher technical success rate of RIG versus PEG.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is no evidence from randomized controlled trials (RCTs)
or quasi-RCTs to indicate whether enteral tube feeding improves
survival, nutritional status, or quality of life in people with
amyotrophic lateral sclerosis (ALS) compared to continuation of
only oral feeding. Nor is there evidence from RCTs on the optimal
timing and safety of enteral tube feeding tube insertion, or on
radiologically-guided versus standard insertion.

Implications for research

RCTs would provide less biased estimates of survival and quality of
life aMer enteral tube feeding compared to continued oral feeding
in people with ALS. However, such RCTs are very unlikely to be
performed for ethical reasons, as international expert consensus
and guidelines support enteral tube feeding for patients with
progressive ALS-related dysphagia. Therefore, the best evidence
will come from well-conducted non-randomized studies.

A structured, systematic review of non-randomized studies on
enteral tube feeding in ALS could be performed with careful
assessment of the risk of bias to synthesize the evidence
qualitatively and quantitively. However, this was not the scope of
this review and the non-RCT data summarized in the discussion was
not systematically appraised.

RCTs evaluating the eJect of diJerent enteral tube insertion
techniques and timings of tube placement on the survival and
quality of life of people with ALS dysphagia are ethically feasible
and warranted.
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A D D I T I O N A L   T A B L E S

SurvivalAuthor
and date
of publi-
cation

Number
of par-
ticipants
in each
group

Direction

of effecta

Result 95% CI/P
value

Nutrition Quality of
life (QOL)

Study fea-
ture

Control for confounders Funding source

Mazzini
1995

31 PEG
versus 35
PO

Better
with PEG

38 months
versus 30
months

P = 0.03 Benefit with
PEG. 0.5-point
increase in
BMI after PEG
vs 4.5-point
decrease
in non-PEG
group

Only anec-
dotal ben-
efit from
PEG

Prospec-
tive cohort

No matching or regression analy-
sis performed

Not stated

Chiò 1999 50 PEG
versus 100
PO

Better
with PEG

Protective
OR 1.55

P = 0.02 Benefit with
PEG, observa-
tion only

Not re-
ported

Case-con-
trol

Matched on age, FVC, site of on-
set, severity of disease (Norris
Score)

Not stated

Strong
1999

73 PEG
versus 293
PO

Worse
with PEG

Bulbar-on-
set versus
control:
22 months
versus 30
months

Limb-on-
set versus
control 24
months ver-
sus 35.5
months

Bulbar P <
0.001;

Limb

P value
not report-
ed

Not reported Not re-
ported

Case-con-
trol

No matching or regression per-
formed

Not stated

Desport
2000

30 PEG
versus 30
PO

No effect Not report-
ed

Not re-
ported

Not reported Not re-
ported

Case-con-
trol

Multivariate regression used.
Confounders not reported

Not stated

Chiò 2002
/ Chiò
2006

52 PEG
versus 169
PO

Better
with PEG

Protective
HR 3.38

P = 0.0006 Not reported Not re-
ported

Prospec-
tive cohort

Multivariate regression per-
formed to match on riluzole and
NIV

Piemonte and
Valle d’Aosta Reg-
ister for ALS, Re-
gione Piemonte,
Ricerca Sanitaria

Table 1.   Controlled non-randomized studies assessing survival in amyotrophic lateral sclerosis (ALS) participants using percutaneous enteral
gastrostomy (PEG) versus oral feeding alone  C
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Finalizzata, and
Compagnia San
Paolo

Mitsumoto
2003

137 PEG
versus 187
PO

Worse
with PEG

47 months
versus 58
months

P = 0.33 Benefit with
PEG; observa-
tion only

17% with
improved
psycho-
logical
well-being
and 28%
with less
fatigue
and less
time spent
on meals/
medica-
tions with
PEG

Case-con-
trol

Patients with bulbar scores of
five or less selected and adjust-
ment for bulbar subscore per-
formed in analysis

Not stated

Forbes
2004

142 PEG
versus
1084 PO

Little or no
effect

25.0 months
versus 24.7
months

P = 0.52 Not reported Not re-
ported

Case-con-
trol

No matching or regression per-
formed

Not stated

Czaplinski
2006

275 PEG
versus 766
PO

Better
with PEG

HR 0.75 0.63 - 0.90;
P = 0.003

Not reported Not re-
ported

Retrospec-
tive cohort

No matching or regression per-
formed

Muscular Dystro-
phy Association,
the Houston En-
dowment, the
Swiss National
Science Founda-
tion, and Fonds
zur Foerderung
des Akademis-
chen Nachwuch-
ses, University of
Basel

Mitchell
2006

127 PEG
versus 348
PO

Better
with PEG

HR 0.59 0.22 - 1.61;
P = 0.30

Not reported Not re-
ported

Case-con-
trol

Multivariate regression per-
formed controlling for age, sex,
onset site, riluzole use

The author ac-
cepted speaker's
honoraria from
Aventis.

Table 1.   Controlled non-randomized studies assessing survival in amyotrophic lateral sclerosis (ALS) participants using percutaneous enteral
gastrostomy (PEG) versus oral feeding alone  (Continued)
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Sorenson
2007

12 PEG
versus 28
PO

No effect Not report-
ed

Not re-
ported

Not reported Not re-
ported

Case-con-
trol

No matching or regression per-
formed

Not stated

Murphy
2008

57 PEG
versus 187
PO

Little or no
effect

26 months
versus 27
months

Not re-
ported

Not reported Not re-
ported

Prospec-
tive cohort

No matching or multivariate re-
gression performed

Not stated

Atassi
2011

38 PEG
versus 262
PO

Worse
with PEG

HR for death
increased
by 36% and
28% using
GEE and
marginal
structural
model re-
spectively.

P < 0.001;
P = 0.02

Not reported Not re-
ported

Post hoc
analysis

Marginal structural models were
used to account for confounding
by indication.

Muscular Dystro-
phy Association
clinical research
training grant
and NIH training
grant

Spataro
2011

76 PEG
versus 74
PO

Better
with PEG

38 months
versus 32
months

P = 0.05 Not reported Anecdotal
advantage
for PEG
only

Retrospec-
tive cohort

No matching or regression analy-
sis performed

Not stated

Zhang
2012

31 PEG
versus 35
PO

Better
with PEG

21.6 months
versus 16.8
months

P = 0.089 Benefit with
PEG. Stabi-
lization of
weight after
PEG (BMI at 3
months (22.6

± 2.2 kg/m2)
and 6 months
(22.5 ± 2.0 kg/

m2) versus
weight at the
time of the
procedure
(22.5 ± 3.0 kg/
m2)); people
without PEG
had ongoing
weight loss.

Not re-
ported

Retrospec-
tive cohort

No matching or regression analy-
sis performed

Not stated

Table 1.   Controlled non-randomized studies assessing survival in amyotrophic lateral sclerosis (ALS) participants using percutaneous enteral
gastrostomy (PEG) versus oral feeding alone  (Continued)
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Chhetri
2016

91 PEG
versus 249
PO

Little or no
effect be-
tween PEG
users and
non-PEG
users. Bet-
ter if PEG
inserted
after 500
days after
onset

PEG insert-
ed 500 days
after onset
1046 days
versus PEG
inserted
within 500
days after
onset 454
days versus
non PEG 715
days

P < 0.001 Not reported Not re-
ported

Retrospec-
tive cohort

Multivariate regression per-
formed to adjust the effects of
sex, onset age, onset site, time
from onset to diagnosis, me-
chanical ventilation, and riluzole
treatment

Not stated

Burkhardt
2017

46 PEG
versus 25
PO

Better
with PEG

40.1 months
versus 29.8
months; HR
for death
0.24

0.09 - 0.62;
P < 0.01

No benefit
with PEG. Lit-
tle or no dif-
ference in BMI
at death and
BMI loss dur-
ing the dis-
ease course in
people with
PEG (BMI 23.8,
-16.8%) and
without PEG
(BMI 23.8,
-17.4%)

Not re-
ported

Retrospec-
tive cohort

Multivariate regression per-
formed controlling for diagnostic
delay, region of onset, predicted
ALSFRS-R, gender and age at di-
agnosis, and BMI loss

The authors re-
ceived honoraria
from Biogen Idec,
USA and Merz
Pharma Schweiz
AG. And support-
ed by Swiss ALS
Foundation and
the EU Joint Pro-
gramme-Neu-
rodegenerative
Disease Research

Fasano
2017

152 PEG
versus 41
PO

Worse
with PEG

25 months
versus 32
months; HR
1.28

0.87 - 1.90;
P = 0.21

Not reported Not re-
ported

Prospec-
tive cohort

Cox multivariate regression per-
formed to control for age at on-
set, ALSFRS-R score at diagnosis,
diagnostic delay, and sex

Not stated

Kak 2017 36 PEG +
5 PRG/RIG
versus 61
PO

Little or no
effect

HR 0.85 P = 0.53 Not reported Not re-
ported

Retrospec-
tive cohort

Multivariate regression per-
formed to control FVC subgroup

Not stated

McDonnell
2017

224 PEG
versus 257
PO

Worse
with PEG

HR 2.1 P < 0.001 Not reported No ben-
efit with
PEG. G-
tube wors-
ened the
ALS-Spe-

Post hoc
analysis

Structural nested accelerated
failure time model was used to
adjust treatment and confounder
histories. Marginal structural
models for QOL

National Insti-
tutes of Health
(NIH)/National In-
stitute of Neuro-
logic Disorders
and Stroke

Table 1.   Controlled non-randomized studies assessing survival in amyotrophic lateral sclerosis (ALS) participants using percutaneous enteral
gastrostomy (PEG) versus oral feeding alone  (Continued)

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch

ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



E
n
te

ra
l tu

b
e
 fe

e
d
in

g
 fo

r a
m

y
o
tro

p
h
ic la

te
ra

l scle
ro

sis/m
o
to

r n
e
u
ro

n
 d

ise
a
se

 (R
e
v
ie

w
)

C
o
p
yrig

h
t ©

 2023 T
h
e C

o
ch

ra
n
e C

o
lla

b
o
ra
tio

n
. P

u
b
lish

ed
 b
y Jo

h
n
 W

ile
y &

 S
o
n
s, Ltd

.

1
9

cific Qual-
ity of Life
(ALSSQOL)
invento-
ry average
total score
by 0.23
points,
though CI
allow for
no effect
(95% CI
−0.50 to
0.03, P =
0.078)

Bond 2019 278 PEG
versus 649
PO

Better
with PEG

20.8 months
versus 14.8
months

P < 0.001 No weight dif-
ference after
PEG (P > 0.05)

PEG did
not affect
clinical im-
pression
of mood
(CIM) (P >
0.05)

Retrospec-
tive cohort

No matching or regression analy-
sis performed

National Institute
of Health

Abdul Aziz
2020

34 PEG
versus 25
PO

No effect
in entire
group.
May im-
prove in
slow pro-
gressors

HR = 0.80
(slow pro-
gressors)

0.76 - 0.90;
P < 0.000

Not reported Not re-
ported

Prospec-
tive cohort

No matching or regression analy-
sis performed for the survival
analysis

Malaysian Min-
istry of High-
er Education,
ALS Association,
and the Sydney
Southeast Asia
Center.

Klavžar
2020

42 PEG
versus 82
PO

Worse
with PEG

HR 2.23 1.36 - 3.67;
P = 0.002

Not reported Not re-
ported

Retrospec-
tive cohort

Multiple regression performed
to control for age, site of onset,
diagnostic delay, riluzole treat-
ment, use of NIV, and interaction
between observation time and
NIV use

Slovenian Re-
search Agency

Ver-
gonjeanne
2020

116 PEG
versus 66
PO

Worse
with PEG

HR 1.25 0.88 - 1.79;
P = 0.216

Not reported Not re-
ported

Prospec-
tive cohort

Multivariate regression per-
formed to adjust for site of onset,
Norris bulbar score, weight loss,
and BMI loss

Association ALAIR

Table 1.   Controlled non-randomized studies assessing survival in amyotrophic lateral sclerosis (ALS) participants using percutaneous enteral
gastrostomy (PEG) versus oral feeding alone  (Continued)
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a Note that this column shows the direction of eJect, without consideration of statistical significance. When study authors report no eJect without numerical data we entered
'no eJect'.
ALSFRS-R: ALS functional rating score-revised; BMI: body mass index; FVC: forced vital capacity; GEE: generalized estimating equation; HR: hazard ratio; NIV: non-invasive
ventilation; OR: odds ratio; PEG: percutaneous enteral gastrostomy; PO: per os (oral); PRG/RIG: percutaneous radiologic gastrostomy/radiologically inserted gastrostomy; QOL:
quality of life
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A P P E N D I C E S

Appendix 1. ClinicalTrials.gov search strategy

Advanced Search

Condition or disease: Motor Neuron Disease OR MND OR Charcot OR Amyotrophic Lateral Sclerosis OR ALS

Study type: Interventional Studies (Clinical Trials)

Intervention/treatment: Gastrostomy OR Enteral Nutrition OR Enteric Feeding OR PEG OR Tube OR Intubation

8 Studies found

Appendix 2. WHO ICTRP search strategy

We searched this source but the system did not return any results. We suggest the following search strategy for the next updates:

Advanced Search

Motor Neuron Disease OR MND OR Charcot OR Amyotrophic Lateral Sclerosis OR ALS in the Condition

Gastrostomy OR Enteral Nutrition OR Enteric Feeding OR PEG OR Tube OR Intubation in the Intervention

Recruitment status is ALL

Search results were not shown.

Appendix 3. Summary of non-randomized studies

This appendix reports findings from non-randomised studies as reported by the study authors. The studies report no consistent eJect
measure or data. The review authors have not formally evaluated the risk of bias in these studies. The evidence is likely to be of very low
certainty and findings may not be reliable.

Survival outcomes of enteral nutrition

Prospective non-randomised studies

Six prospective studies measured the eJect of percutaneous endoscopic gastrostomy (PEG) insertion in amyotrophic lateral sclerosis (ALS)
on survival. Two studies showed a survival benefit, while the other four did not.

Two prospective cohorts in a total of 287 participants with ALS suggested that PEG improved survival. In Mazzini 1995, mean survival in 31
participants who underwent PEG insertion was 38 months (standard deviation (SD) 17) compared to 30 months (SD 13) in 35 participants
who refused the procedure (P < 0.03). However, multivariate regression was not performed to assess for possible confounders. Chiò
and colleagues prospectively followed 221 people with ALS in 26 neurology departments in northwestern Italy (Chiò 2004; Chiò 2006).
Multivariate regression analysis using PEG as a time-dependent variable, reported that the 169 participants not using a PEG tube had a
probability of death at any point in time more than three times higher than the 52 participants using PEG (HR 3.38; P = 0.0006).

Four prospective studies in a total of 678 participants with ALS, showed no improvement in survival outcomes with PEG tube placement.
Murphy 2008 identified 244 people in North Canterbury, New Zealand diagnosed with ALS between 1985 and 2006. No survival benefit
was observed between those who underwent PEG insertion and those who continued oral feeding. Median survival time was 26 months
(range 5 months to 88 months) from onset of symptoms in the PEG group, which was similar to the entire cohort (27.6 months) (P value
not reported). Fasano 2017 included 193 participants with ALS in Emilia Romagna, Italy, diagnosed between 2009 and 2013, who required
supplemental tube feeding. The trial authors reported that overall median survival was 25 months in 152 PEG users and 32 months in 41
participants who continued oral feeding (P = 0.21). Survival was also measured from the time of PEG recommendation. AMer adjusting for
known confounders, median survival was six months in PEG users and two months in non-PEG users (HR 1.72, 95% confidence interval (CI)
1.15 to 2.57; P = 0.008). Another prospective study included 182 participants with ALS in whom PEG was indicated, but only 116 received the
intervention (Vergonjeanne 2020). The result of the multivariate survival analysis was imprecise (HR 1.25, 95% CI 0.88 to 1.79; P = 0.216).
Finally, a study by Abdul Aziz 2020 conducted in Malaysia compared 34 PEG users to 25 non-PEG users and found no diJerence in survival
between the two groups (P = 0.12). However, univariate Cox analysis demonstrated better survival with PEG among people who had a
longer time between disease onset and PEG usage (i.e. slower progressors) (HR = 0.80, 95% CI 0.76 to 0.90; P < 0.000 (P value as given)). It
also showed that PEG (HR = 0.823, 95% CI 0.755 to 0.897, P < 0.000 (P value as given)) was associated with better survival.

Retrospective studies

FiMeen retrospective studies measured the eJect of PEG insertion on survival outcomes in ALS.

Enteral tube feeding for amyotrophic lateral sclerosis/motor neuron disease (Review)
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Seven retrospective studies reported better survival with PEG (in two studies the diJerence was not statistically significant). Czaplinski
2006 was an American cohort study of 1041 participants with ALS, followed from 1984 to 2004. In a multivariate model accounting for
possible confounders, those who underwent PEG tube insertion showed a significantly improved survival (HR 0.75, CI 0.63 to 0.90; P =
0.003). Another American cohort compared 278 ALS PEG users to 649 ALS non-PEG users (Bond 2019). Median survival, measured from the
first ALS clinic visit until death, was significantly longer in PEG users (20.8 months versus 14.8 months, respectively; P < 0.001), irrespective
of the type of ALS onset. Two smaller studies were conducted in Italy. Chiò 1999 studied 50 cases with ALS undergoing PEG and 100
historical controls without PEG. Cases and controls were matched for age, forced vital capacity (FVC), severity of disease, and site of onset.
Multivariate analyses showed that PEG was associated with improved survival (odds ratio (OR) 1.55, 95% CI 1.28 to 1.88; P = 0.02). Spataro
2011 studied ALS participants who developed dysphagia and required PEG. Survival was significantly longer in PEG users (median 38
months (interquartile range (IQR) 24 to 56)) compared to non-PEG users (32 months (IQR 21 to 49)) (P = 0.05). Interestingly, these two
Italian studies show conflicting results when survival was analyzed by site of ALS onset. Chiò 1999 found that PEG was associated with
an increase in survival in bulbar-onset PEG users (HR 1.83; P = 0.02) but not in spinal-onset PEG users. Spataro 2011 found the opposite;
the benefit of using PEG was observed in spinal-onset PEG users (median 44 months, IQR 33 to 58) compared to non-PEG users (median
36 months, IQR 23 to 54) (P = 0.046), but the study found no benefit of PEG in bulbar-onset ALS (PEG users: median 28 months, IQR 22
to 45) versus non-PEG users: median 25 months, IQR 16 to 34; P = 0.14). Burkhardt 2017 compared 46 participants PEG users to 20 non-
PEG users. Median survival was 40.1 months and 29.8 months in the two groups, respectively. However, the diJerence was not significant
(statistical comparison not reported). AMer adjusting for confounders (gender, age at diagnosis, onset region, diagnostic delay, predicted
Revised ALS Functional Rating Scale (ALSFRS-R), and body mass index (BMI) loss), PEG usage appeared to improve survival (HR 0.24, 95%
CI 0.09 to 0.62; P < 0.01).

Mitchell 2006 conducted a retrospective analysis of the eJects of riluzole on outcomes in 475 people diagnosed with ALS from 1980 to 2003.
Cox regression analysis including PEG tube usage as a variable, found a protective eJect of PEG tube use, but the data were imprecise and
allowed for eJects in either direction (HR 0.59, 95% CI 0.22 to 1.61; P = 0.30). Another study assessed 66 people with ALS who developed
dysphagia in a tertiary care center in Australia: 31 of them received PEG and 35 did not (Zhang 2012). The group as a whole who received
PEG survived longer than those who did not receive PEG, although the diJerence was not statistically significant (mean (± SD) 21.6 ± 15.6
months versus 16.8 ± 11 months; P = 0.089). Within this cohort, the subgroup with limb-onset ALS survived longer with PEG (26.4 ± 20.4
months versus 14.4 ± 10.8 months; P = 0.063), but there was little or no diJerence with PEG among people with bulbar-onset ALS (19.2 ±
12 months versus 18.0 ± 10.8 months, P = 0.656).

Eight other retrospective studies, did not demonstrate important eJects of PEG on survival or indicted that survival may be worse with PEG.

Two large ALS patient registries, the Scottish Motor Neuron Disease Register (Forbes 2004), and the ALS Patient Care Database (ALS-CARE)
database in the USA (Mitsumoto 2003), evaluated survival with and without PEG across multiple ALS clinics. Unmatched analysis of all
1226 people in the Scottish Motor Neuron Disease Register and 324 people with ALSFRS - Bulbar subscale scores of five or less in the ALS-
CARE database, showed little or no survival diJerence with PEG tube feeding. In the Scottish register, median survival in PEG users was
2.08 years, IQR 1.44 to 2.99 versus 2.06 years, IQR 1.29 to 3.49 in non-PEG users (P = 0.52). The ALS-CARE database reported mean (range)
survival of 47 months (8 to 146) for PEG users, 43 months (IQR 13 to 163) for people undergoing later PEG insertion, and 58 months (IQR 6 to
303) for non-PEG users (P = 0.33 comparing the three groups). Furthermore, PEG did not improve survival in people with bulbar symptoms
in either cohort. Kak 2017 evaluated whether gastrostomy tube (G-tube) insertion was safe and could prolong survival when placed in the
later stages of respiratory involvement. Little or no diJerence in survival was observed between 41 people who had a G-tube (36 were
inserted via PEG and 5 via radiologically inserted gastrostomy (RIG)) and 61 people who received no supplemental feeding tube, regardless
of respiratory involvement (HR 0.85; P = 0.53). A medium-sized Slovenian study demonstrated that enteral tube feeding (42 people with
PEG compared to 82 people without PEG) was associated with increased HR for death of 2.23 (95% CI 1.36 to 3.67; P = 0.002), even aMer
controlling for multiple factors (Klavžar 2020). Strong 1999 studied 73 participants with ALS undergoing PEG feeding and 293 people fed
orally. The authors found shorter survival with PEG in both subgroups of people with bulbar onset ALS and limb onset ALS, each compared
to a control group (bulbar onset median 22 months versus 30 months, P < 0.001; limb onset median 24 months versus 35.5 months, P value
not reported). In an English cohort, Chhetri 2016 found little or no diJerence in survival between 91 PEG users and 249 non-PEG users.
The investigators also performed an analysis by dividing the PEG group into two, according to timing of PEG insertion (less than or more
than 500 days from symptom onset), and compared median survival measured in days from symptom onset. They found that survival
in 43 people who received PEG more than 500 days aMer symptom onset was longer (median 1046 days, 95% CI 895.67 to 1196.34, P <
0.001), than survival in 43 people who received PEG at less than 500 days of disease onset (median survival 454 days, 95% CI 396.29 to
511.71) and 249 people who did not undergo PEG (median survival 715 days, 95% CI 625.93 to 804.1). Two additional studies evaluating
outcomes in small ALS cohorts (< 60 people) found no diJerence in survival between those undergoing PEG and those fed orally (Desport
2000; Sorenson 2007).

Post hoc analyses

Two post hoc studies used data from clinical trials originally designed to test the eJicacy of drugs in people with ALS (Atassi 2011; McDonnell
2017). Both found that PEG decreased survival. Atassi 2011 performed a post hoc analysis of results from two prospective clinical trials on
a total of 38 participants treated with PEG and 262 participants who did not receive PEG. An increase in the hazard ratio (HR) for mortality
was observed with PEG. The study analysed results using both a standard statistical approach (generalized estimating equation) and an
advanced model that adjusted for confounding by indications (marginal structural model), which revealed increases of 36% (P < 0.001)
and 28% (P = 0.02) in the hazard for death, respectively. McDonnell 2017 used data from a placebo-controlled randomized controlled trial
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(RCT) assessing the eJects of ceMriaxone on survival and functional decline in people with ALS. McDonnell 2017 compared 224 people
who received PEG with 257 people who did not. The use of advanced statistical models to adjust for confounding that varies over time
(structural nested accelerated failure time models) allowed the study authors to estimate the eJects of PEG on survival. PEG decreased
survival time by 46% and was associated with HR for death of 2.1 (P < 0.001).

Nutritional outcomes of enteral tube feeding

Seven controlled studies used anthropometric measures, such as weight and body mass index (BMI), to assess nutritional benefit following
PEG insertion. These measures were used as the primary indicators and surrogate markers of eJectiveness. Weight loss, as a consequence
of dysphagia, was the major reason for PEG insertion in these studies.

Nutritional benefit is interpreted diJerently across studies. Two studies reported stabilization of weight (measured as BMI, BMI loss, or
both) before and aMer PEG insertion as nutritional benefit (Bond 2019; Zhang 2012). Burkhardt 2017 found little to no diJerence in BMI loss
between people who underwent PEG insertion (BMI 23.8, -16.8%) with a group who did not (BMI 23.8, -17.4%). Zhang 2012 also observed
stabilization of weight, with a mean (SD) percentage weight gain of 0.1 ± 6.0 % at three months post-PEG insertion, whereas weight loss
was ongoing in people who did not receive PEG (no CI or P values given for the comparison). Furthermore, weight loss reoccurred at the
terminal stage of the disease, despite PEG use.

A prospective cohort study by Mazzini 1995 found that, over a period of 12 months, BMI significantly increased by 0.5 points aMer PEG
but decreased by 4.5 points in the non-PEG group. Two studies used body weight and BMI as survival predictors (Fasano 2017; McDonnell
2017). Fasano 2017 examined whether two nutritional outcomes led to better survival in people with ALS undergoing PEG. They found that
the HR for weight loss of more than 10% from diagnosis to PEG insertion was 2.21 (95% CI 1.25 to 3.92; P = 0.007) and HR for the presence
of any weight loss at six months post-PEG insertion was 2.51 (95% CI 1.09 to 5.81; P = 0.03). With this approach, it is suggested that even
with PEG insertion, weight loss is still inevitable in the majority of people with ALS who have dysphagia. One study that used data from the
ceMriaxone clinical trial measured BMI from baseline to PEG placement (McDonnell 2017). People with ALS with a BMI loss of 15% or more
at the start of PEG usage had shorter median survival compared to those with less BMI loss before PEG insertion (6.1 months versus 9.5
months), but the diJerence was not significant (P = 0.464). This finding suggests that although not used as an outcome measure, weight
loss before PEG is an indicator of disease severity and may also determine the success of PEG usage.

Quality of life outcomes of enteral nutrition

Several quality of life (QOL) questionnaires have been specifically designed for or validated in people with ALS, including the ALS-specific
quality of life (ALSSQOL) instrument (Simmons 2006), the Schedule for the Evaluation of Individual QOL (SEIQoL) (O'Boyle 1994), and
the Sickness Impact Profile (SIP) (Bergner 1981). However, only two studies measured QOL quantitatively using validated questionnaires.
Mitsumoto 2003 used a shortened form of the SIP questionnaire. In this study, most people with ALS (79%) reported that stabilized
nutritional and hydration status was the most positive eJect of PEG. Seventeen per cent of PEG users reported improved psychological
well-being with regard to nutrition and 28% listed less fatigue or less time spent consuming meals and medications. McDonnell 2017 looked
at the causal eJect of PEG insertion on the total score of ALSSQOL, while controlling confounders such as FVC, ALSFRS-R total, and bulbar
scores. In PEG users, the ALSSQOL average total score decreased by 0.23 points (95% CI -0.5 to 0.03; P = 0.078).

Other studies discussed quality of life anecdotally without concrete data, or used instruments that are not generally considered a measure
of QOL. Mazzini 1995 relayed anecdotal impressions from people with ALS that their quality of life improved aMer PEG. In contrast, in a
study conducted in southern Italy, where eating with other people is an important cultural factor related to sense of well-being, PEG was
seen to eliminate this experience and therefore have a negative impact on quality of life (Spataro 2011). Zhang 2012 used the Revised ALS
Functional Rating Scale (ALSFRS-R) (Cedarbaum 1999), as a measure for quality of life and reported stability of ALSFRS-R scores aMer PEG
insertion. Another instrument used in two quality of life studies was the clinical impression of mood (CIM) (Oliver 2010), which is a binomial
scoring system based on clinic notes denoted by the clinician's perspective to classify a person's mood during the day of visit. Based on
the CIM, PEG did not increase or decrease quality of life (Bond 2019; Bond 2020).

Safety and timing of enteral tube feeding insertion

Safety and timing of enteral feeding tube placement (typically PEG) in people with ALS was another outcome of interest in this review.
In the PEG studies discussed above, complication rates were usually noted. Minor complications included tube site-related issues (tube
dislodgement, infection, bleeding, and leak occurred in 2.2% to 13%), mild peritonitis (1.3%), pneumoperitoneum (2.4%), hoarseness
due to arytenoid edema (2.4%), respiratory distress requiring peri-procedural ventilatory support (2.4% to 13.3%), bloating (3%),
constipation (6.4%), diarrhea (6.4%), vomiting (6.4%), nausea (9.6%), poor appetite (13%), and postoperative pain (9.4% to 60%) (Chiò
1999; Desport 2000; Kak 2017; McDonnell 2017; Sorenson 2007; Spataro 2011; Strong 1999; Zhang 2012). Major complications included
gastric hemorrhage (3%) (Mazzini 1995; Zhang 2012), spleen rupture and peritonitis (2%) (Burkhardt 2017), and death within 30 days (4%
to 16%) (Desport 2000; Fasano 2017; McDonnell 2017; Sorenson 2007; Strong 1999; Zhang 2012). The majority of people with ALS who
developed significant complications of PEG insertion were in a more advanced clinical state (Fasano 2017; McDonnell 2017).

Bond 2019 demonstrated that time elapsed since disease onset or diagnosis is not a significant predictor for PEG placement. The American
Academy of Neurology (AAN) Practice parameter also quoted a study which found that the risk of PEG insertion increased when forced vital
capacity (FVC) declined to less than 50% in an uncontrolled series of ALS patients (Kasarskis 1999). Chiò 2006 showed that rate of respiratory
decline was the most important prognostic factor for longer survival time. Five studies reported that longer survival was associated with
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higher FVC at the time of PEG (Bond 2019; Chiò 1999: Desport 2000; Mazzini 1995; McDonnell 2017). However, these observations did not
take into account that people with higher FVC may have less severe disease at the time of PEG insertion, which would confound the survival
analysis. Conversely, other studies reported no association between FVC and survival in ALS patients with PEG (Fasano 2017; Kak 2017;
Spataro 2011; Vergonjeanne 2020).

Three studies investigated the safety of the PEG procedure in participants with FVC less than 50%. Two uncontrolled retrospective studies
reported on the safety of PEG tube placement in ALS participants with low vital capacity (Boitano 2001; Gregory 2002). Both studies
reported few complications when they used non-invasive ventilation (NIV) to support respiration during PEG placement. In Boitano 2001,
five participants with an FVC ranging from 21% to 44% reported no major complications. In Gregory 2002, 29 out of 33 (88%) PEG tubes were
successfully placed with NIV support in participants whose FVCs ranged from 7% to 52%. Additionally, a controlled study that included 12
participants with ALS and a low FVC (mean 42.4%), reported that three participants experienced minor complications, but there were no
procedure-related deaths (Kak 2017). This was also true for those with higher FVCs. The only significant diJerence between the low and
high FVC groups was the 6-month mortality rate (50% versus 17% respectively; P = 0.03).

Method of enteral tube insertion

We found seven studies that specifically compared the safety and outcome of traditional versus radiologically placed gastrostomy
(percutaneous radiological gastrostomy (PRG), also known as radiologically inserted gastrostomy (RIG)), in participants with ALS.
Comparisons with other insertion techniques were also found and described.

Five studies attempted to control for potential confounders in comparing PEG and PRG/RIG groups by using multivariable regression
to evaluate eJicacy and hazards. Two studies compared survival between participants who underwent PEG, PRG/RIG, and nasogastric
(NG) tube feeding. In a cohort of 98 participants with ALS receiving gastrostomy (PEG = 18; RIG = 72; NG = 8), Shaw 2006 found that
median survival was not significantly diJerent in the PEG (7.1 months) versus RIG groups (6.8 months) (P = 0.50). In Rio 2010, there was no
significant diJerence in survival between those who had gastronomy inserted via PEG (median 200 days (IQR 106 to 546)) or RIG (median
216 days (IQR 83 to 383)) (P = 0.902). Blondet 2010 compared PEG and PRG/RIG techniques in 18 and 22 ALS participants, respectively.
Multivariate analysis revealed no significant diJerence in survival (median survival PEG 302 days versus PRG 191 days; P = 0.05). Of
note, three participants in the PRG/RIG group had PEG insertions attempted before finally undergoing RIG. Complications experienced by
both groups were similar, but more participants in the PRG/RIG group experienced post-procedural pain (81.8% versus 52.4%; P = 0.05).
Desport 2005 assessed survival and complications in 30 participants undergoing PEG tube insertion and 20 participants undergoing RIG
tube insertion. Multivariate analysis did not show a significant diJerence in survival or overall complications between the two groups.
Tube blockages/migration occurred less in the RIG group (35% versus 10.4%, P = 0.003); however, the RIG group experienced more post-
procedure pain (10% versus 39.4%, P = 0.003). Similarly, Allen 2013 reported no diJerence in survival post-feeding tube insertion between
57 PEG (mean 10.5 (SD 7.5) months) and 51 RIG insertions (mean 8.3 (SD 7.9) months) (P = 0.12), though failure rate was significantly higher
in the PEG procedure (15.7% PEG versus 1.9% RIG; P = 0.02).

Two additional studies assessed outcomes based on the method of feeding tube insertion without accounting for potential confounders.
Thornton 2002 compared 20 PEG to 16 PRG procedures in participants with ALS and reported no survival diJerence between the two
groups. However, many of the PRG procedures were performed in participants in whom traditional PEG insertion had failed. Thornton 2002
reported one death with each procedure and one case of peritonitis with PEG. In a retrospective case-control study, Chiò 2004 reported
improved survival in 25 PRG users compared to 25 similar but unmatched, PEG users (mean survival aMer the procedure 204 days versus
85 days; P = 0.004). However, in this cohort, all those treated with PEG underwent the procedure prior to October 2000 when the standard
of care and timing of gastrostomy placement in ALS would have been diJerent. The rates of minor and major complications in both groups
were similar to previous studies.

One case-control study compared cases with PRG/RIG to controls without a feeding tube. Without adjusting for confounders, Jiménez 2015
found that the 48 cases who underwent PRG/RIG had shorter mean survival than the 92 controls (32 versus 33.9 months; P = 0.39); the
diJerence was not statistically significant.

Other techniques that have been compared to traditional PEG are per-oral image-guided gastrostomy (PIG) and PEG with jejunal extension
(PEG-J). PIG is a hybrid technique of PRG and PEG. Chavada 2010 compared 16 PEG-users to 19 participants who received per-oral image-
guided gastrostomy (PIG); four out of the 19 from the PIG group were failed attempts at the PEG procedure. The median survival between
the groups was similar (PIG 192 days versus PEG 183 days; P = 0.960), as were the complication rates; PIG infection (n = 1), local tenderness
(n = 1), and minor bleeding (n = 1). PEG with jejunal extension (PEG-J) placement is thought to cause fewer complications related to
feeding and aspiration, as nutrition is delivered directly to the small intestines. Kirstein 2018 evaluated the outcome of 43 PEG users and
39 PEG-J users and reported no diJerence in overall survival between the groups. (Median overall survival in PEG 14 months versus PEG-
J was not reached, P = 0.392 (written as reported)). However, complication-free survival, calculated from tube placement until the first
complication or death, was shorter in those with PEG-J (median survival 14 months versus 5 months, P = 0.007). The PEG-J group also faced
more complications than PEG group (36 versus 4, respectively; P = 0.001). The most frequent complication following PEG-J placement
was dislodgement or dysfunction of the tube, or both (65%). Kirstein 2018 concluded that PEG is a more tolerable option due to its lower
complications.
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To conclude, the traditional PEG procedure displays similar survival and complication outcomes to alternative tube insertion methods
(RIG or PIG) in people with ALS. In the case of PEG insertion failure, alternative methods such as RIG or PIG are available. Compared to PEG,
post-procedural pain may be higher with PRG/RIG placement.

Appendix 4. Methods from Cochrane Neuromuscular protocol template

Data extraction and management

We will use a data extraction form for study characteristics and outcome data which has been piloted on at least one study in the review.
One review author will extract study characteristics from included studies. We will extract the following study characteristics: study design
and setting, characteristics of participants (e.g. disease severity and age), eligibility criteria, intervention details, the outcomes assessed,
source(s) of study funding, and any conflicts of interest among investigators.

Two review authors will independently extract outcome data from included studies. We will note in the 'Characteristics of included studies'
table if outcome data were not reported in a usable way. We will resolve disagreements by consensus or by involving a third author. One
review author will transfer data into RevMan Web 2022. A second review author will check the outcome data entries. A second review author
will spot-check study characteristics for accuracy against the study report.

When reports require translation, the translator will extract data directly using a data extraction form, or review authors will extract data
from the translation provided. Where possible a review author will check numerical data in the translation against the study report.

Assessment of risk of bias in included studies

Two review authors will independently assess the risk of material bias for each result (as a minimum those included in summary of findings
tables) using the Cochrane RoB 2 criteria outlined in Chapter 8 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2021a). We will resolve any disagreements by discussion or by involving another review author. We will assess the risk of bias according
to the following domains:

• bias arising from the randomization process;

• bias due to deviations from intended interventions;

• bias due to missing outcome data;

• bias in measurement of the outcome;

• bias in selection of the reported result.

We will grade each potential source of bias as high, low, or some concerns and provide a justification for our judgment. We will report the
source(s) of information for each decision using, for example, a quote from the study report. Where information on the risk of bias relates to
unpublished data or correspondence with a trialist, we will note this in the risk of bias table. We will summarize the risk of bias judgments
across diJerent studies for each of the domains listed. We will summarize the risk of bias for each key outcome (across domains) for each
study and address the risk of bias when synthesizing results (see Data synthesis) (Higgins 2021a).

When considering bias due to deviations from intended interventions, we will consider assignment to the intervention.

Conflicts of interest and risk of bias

We will assess whether there is a reason for ‘notable concern’ about conflicts of interest for each study. We will include a table indicating
our judgment for each study and provide a rationale for each assessment. We will define a notable concern as described in Boutron 2021,
"important conflicts of interest expected to have a potential impact on study design, risk of bias in study results or risk of bias in a synthesis
due to missing results".

Assessment of bias in conducting the systematic review

We will conduct the review according to these methods and report any deviations in DiJerences between protocol and review.

Measures of treatment e@ect

We will analyze dichotomous data (i.e. PEG usage) as risk ratios (RR) with 95% confidence intervals (CSs). We will analyze continuous data
(i.e. survival) as mean diJerences, or standardized mean diJerences for results across studies with outcomes that are conceptually the
same but measured in diJerent ways. We will report corresponding 95% confidence intervals (CIs). We will enter data presented as a scale
with a consistent direction of eJect.

Unit of analysis issues

Where multiple arms are reported in a single study, we will include only the treatment arms relevant to the review topic. If two comparisons
from a single study (e.g. drug A versus placebo and drug B versus placebo) are combined in the same meta-analysis, we will follow guidance
in Section 23.3.4 in the Cochrane Handbook for Systematic Reviews of Interventions to avoid double-counting (Higgins 2021b). Our preferred
approach will be to combine intervention groups if clinically appropriate.
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Dealing with missing data

We will contact investigators or study sponsors in order to verify key study characteristics and obtain missing numerical outcome data
where possible (e.g. when a study is available as an abstract only).

Assessment of heterogeneity

We will use the I2 statistic to measure heterogeneity among the trials in each analysis (Higgins 2003). If we identify substantial unexplained
heterogeneity we will report it and explore possible causes by prespecified subgroup analysis. We will use the rough guide to interpretation
as outlined in Chapter 10 of the Cochrane Handbook for Systematic Reviews of Interventions, as follows:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

We will avoid the use of absolute cut-oJ values, but interpret I2in relation to the size and direction of eJects and strength of evidence for
heterogeneity (e.g. P value from the Chi-squared test, or CI for I2) (Deeks 2021).

Assessment of reporting biases

If we are able to pool more than 10 studies, we will create and examine a funnel plot to explore possible small study biases. If searches
identify study protocols, clinical trial registrations or abstracts indicating the existence of unpublished studies; we will attempt to determine
the status of any unpublished studies by contact with the investigators.

Data synthesis

As a general rule, we will use a random-eJects model in RevMan Web 2022, as this is usually a more conservative approach. Where analyses
include both small and large studies, we will perform a sensitivity analysis to determine whether their results are systematically diJerent,
since in these circumstances, the use of a random-eJects meta-analysis will exacerbate the eJects of the bias. If they are systematically
diJerent, we will report both analyses.

We will incorporate risk of bias assessments in our analyses by presenting all studies and providing a narrative description of the risk of bias.

If meta-analysis is not possible, we will define contingencies in the analysis plan to group one or more of the research question elements
at a broader level.

Summary of findings and assessment of the certainty of the evidence

We will create a summary of findings table using GRADEpro GDT soMware and present the following outcomes:

• survival;

• nutritional outcomes;

• quality of life;

• major and minor complications.

Two review authors will use the five GRADE considerations (study limitations, consistency of eJect, imprecision, indirectness, and
publication bias) to independently assess the certainty of a body of evidence (studies that contribute data for the prespecified outcomes).
We will use methods and recommendations described in Chapters 14 and 15 of the Cochrane Handbook for Systematic Reviews of
Interventions (Schünemann 2021a; Schünemann 2021b). We will resolve any disagreements by discussion or by involving another review
author. We will assess study quality according to the GRADE criteria. We will consider RCTs as high-quality evidence if the five factors above
are not present to any serious degree, but may downgrade the quality to moderate, low, or very low. We will downgrade evidence once
if a certainty consideration is serious and twice if very serious. We will justify all decisions to downgrade or upgrade the certainty of the
evidence using footnotes and make comments to aid readers' understanding of the review where necessary.

Subgroup analysis and investigation of heterogeneity

We will analyze the following outcomes in subgroup analyses, if the sample sizes are suJicient in one or more studies. These predefined
subgroups have been chosen because of their prognostic importance in previous prospective studies:

• younger adults (under 60 years) and older adults (> 60 years);

• forced vital capacity (FVC) < 50% and FVC ≥ 50%;

• bulbar-onset and limb-onset;

• time from onset of symptoms to placement of the feeding tube (< 3 years and > 3 years duration from onset of first symptom).

We will use the formal test for subgroup interactions in RevMan Web 2022.
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Sensitivity analysis

We plan to conduct the following sensitivity analyses:

• repeat the analysis excluding any unpublished studies;

• repeat the analysis excluding studies at high risk of bias;

• repeat the analysis excluding other types of studies.

Reaching conclusions

We will base our conclusions only on findings from the quantitative or narrative synthesis of included studies for this review. We will avoid
making recommendations for practice and our implications for research will suggest priorities for future research and outline what the
remaining uncertainties are in the area.

Appendix 5. Cochrane Neuromuscular Specialised Register (CRS Web) search strategy

1 MeSH DESCRIPTOR Motor Neuron Disease Explode All AND INREGISTER 342

2 "motor neuron disease*" or "motor neurone disease*" AND INREGISTER 162

3 "motoneuron disease*" or "motoneurone disease*" AND INREGISTER 4

4 "motorneuron disease*" or "motorneurone disease*" AND INREGISTER 2

5 "charcot disease" AND INREGISTER 1

6 "amyotrophic lateral sclerosis" AND INREGISTER 582

7 als:ti or als:ab or mnd:ti or mnd:ab AND INREGISTER 537

8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 717

9 gastrostomy AND INREGISTER 16

10 "enteral nutrition" or "enteric feeding" AND INREGISTER 20

11 peg or "feeding tube" or "nasogastric tube" or "digestive tract intubation" AND INREGISTER 57

12 gastrointestinal NEAR2 intubation AND INREGISTER 5

13 #9 OR #10 OR #11 OR #12 75

14 #8 AND #13 18

Appendix 6. CENTRAL search strategy

1 MeSH DESCRIPTOR Motor Neuron Disease Explode All AND CENTRAL:TARGET 713

2 "motor neuron disease*" or "motor neurone disease*" AND CENTRAL:TARGET 445

3 "motoneuron disease*" or "motoneurone disease*" AND CENTRAL:TARGET 6

4 "motorneuron disease*" or "motorneurone disease*" AND CENTRAL:TARGET 3

5 "charcot disease" AND CENTRAL:TARGET 2

6 "amyotrophic lateral sclerosis" AND CENTRAL:TARGET 1355

7 als:ti or als:ab or mnd:ti or mnd:ab AND CENTRAL:TARGET 1800

8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 2290

9 gastrostomy AND CENTRAL:TARGET 672

10 "enteral nutrition" or "enteric feeding" AND CENTRAL:TARGET 5714

11 peg or "feeding tube" or "nasogastric tube" or "digestive tract intubation" AND CENTRAL:TARGET 6789

12 gastrointestinal NEAR2 intubation AND CENTRAL:TARGET 755
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13 #9 OR #10 OR #11 OR #12 12610

14 #8 AND #13 62

Appendix 7. Embase (Ovid SP) search strategy

Database: Embase <1974 to 2021 Week 04>

1 motor neuron disease/ or amyotrophic lateral sclerosis/ (46725)

2 (moto$1 neuron$1 disease$1 or moto?neuron$1 disease$1).mp. (14849)

3 ((Lou Gehrig$1 adj5 syndrome$1) or (Lou Gehrig$1 adj5 disease)).mp. (238)

4 charcot disease.tw. (34)

5 amyotrophic lateral sclerosis.tw. (32377)

6 or/1-5 (52099)

7 gastrostomy/ (11520)

8 percutaneous endoscopic gastrostomy/ (6255)

9 enteric feeding/ (33431)

10 nasogastric tube/ (11443)

11 digestive tract intubation/ (3128)

12 (gastrostomy or enteral nutrition or enteral feeding or enteric feeding or enteral nutrition or enteral feeding or enteric feeding or
nasogastric tube or gastrointestinal intubation or digestive tract intubation or peg).tw. (97587)

13 or/7-12 (127153)

14 6 and 13 (1107)

15 limit 14 to (conference abstracts or embase) (1032)

16 limit 15 to dc=20200103-20210204 (111)

Appendix 8. MEDLINE (Ovid SP) search strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily <1946 to February 04, 2021>

1 exp Motor Neuron Disease/ (28647)

2 (moto$1 neuron$1 disease$1 or moto?neuron$1 disease$1).mp. (9450)

3 ((Lou Gehrig$1 adj5 syndrome$1) or (Lou Gehrig$1 adj5 disease)).mp. (232)

4 charcot disease.tw. (28)

5 Amyotrophic Lateral Sclerosis.mp. (28844)

6 or/1-5 (39406)

7 Gastrostomy/ (8198)

8 Enteral Nutrition/ (20033)

9 Intubation, Gastrointestinal/ (9776)

10 (gastrostomy or enteral nutrition or enteral feeding or enteric feeding or peg or feeding tube or nasogastric tube or digestive tract
intubation).tw. (68189)

11 or/7-10 (85841)

12 6 and 11 (479)
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13 limit 12 to ed=20200103-20210204 (23)

14 limit 12 to dt=20200103-20210204 (42)

15 13 or 14 (56)

W H A T ' S   N E W

 

Date Event Description

10 August 2023 New citation required but conclusions
have not changed

New authors updated the review. Previous authors Hans Dieter
Katzberg and Michael Benatar withdrew.

We updated the methods section to current standards.

We identified no RCTs. We included new non-randomized evi-
dence from an updated search in the Discussion.

10 August 2023 New search has been performed We updated searches to February 2021.

 

H I S T O R Y

Protocol first published: Issue 1, 2003
Review first published: Issue 4, 2006

 

Date Event Description

4 August 2010 New citation required but conclusions
have not changed

New team of authors.

4 June 2010 New search has been performed Searches updated to September 2009. No studies identified for
inclusion. Additional studies considered in the Discussion.

9 July 2008 Amended Converted to new review format.

1 June 2006 New citation required and conclusions
have changed

Substantive amendment
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AS, AA, BR, and EF performed screening of title and abstracts. AS wrote the first draM of the current update, while all other authors reviewed
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the 2010 update, the review authors revised the Methods to incorporate updated risk of bias methodology, and partially rewrote the
Background section.

For this update we added Appendix 4, which documents methods to be used if RCTs are identified and meta-analysis becomes possible.
The text was developed from a standard template provided by Cochrane Neuromuscular. Changes to the original protocol by Langmore
2003, include the following;

• inclusion of cross-over RCTs;

• the number of types of feeding tubes eligible for inclusion has increased;

• the number of databases that were searched has increased to include several not mentioned in the original review;

• the authors specified that reporting of outcomes was not a selection criteria;

• the original model for meta-analysis was given as fixed-eJect.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Amyotrophic Lateral Sclerosis  [complications]  [therapy];  *Deglutition Disorders  [complications]  [therapy];  Enteral Nutrition
 [methods];  Intubation, Gastrointestinal;  *Motor Neuron Disease  [complications]

MeSH check words

Humans
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