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Abstract Weight loss is increasingly considered as a
negative prognostic marker in amyotrophic lateral sclerosis
(ALS). Despite the critical importance of nutritional issues
in ALS, and the common use of percutaneous endoscopic
gastrostomy (PEQG), there is a general lack of knowledge on
peri-interventional treatment, optimal parameters of enteral
nutrition, its timing during disease progression and its
potential disease-modifying effects in ALS patients. Here
we report the results of a multi-center prospective study of
percutaneous endoscopic gastrostomy (PEG) in ALS. In
this observational clinical trial, 89 ALS patients were
prospectively enrolled over a 3-year period and longitudi-
nal data were collected over 18 months. PEG was a safe
procedure even in patients with low forced vital capacity,
and prophylactic single-shot antibiosis as well as slow
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increase of caloric nutrition via PEG was beneficial to
avoid complications. No signs of refeeding syndrome were
observed. High-caloric intake (>1,500 kcal/d) via PEG in
patients that lived at least 12 months after PEG insertion
was correlated with prolonged survival. Additional oral
food intake was not associated with a worse prognosis. Our
results suggest that peri-interventional PEG management
should include prophylactic single-shot antibiosis, slow
increase of caloric intake, and long-term high-caloric
nutrition. Although our results indicate that PEG might be
more beneficial when applied early, we believe that it can
also be performed safely in patients with far advanced
disease. Because of its explorative and observational
character, most of our results have to be confirmed by a
randomized interventional trial.
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Introduction

Amyotrophic lateral sclerosis (ALS) is commonly associ-
ated with rapid weight loss as the result of multiple causes
including dysphagia, but also increased metabolism [1, 2].
Metabolic alterations in ALS patients precede motor
symptoms as shown by two long-term prospective studies
[3, 4], but their underlying mechanisms remain obscure.
Importantly, multiple retrospective studies have observed
positive correlations between survival and either pre-mor-
bid body mass index (BMI) [5], smaller weight loss at
disease onset [6], or circulating lipids [7, 8]. Consistently,
animal studies support the notion that high-caloric intake
and weight gain in ALS patients could increase survival
[9].

Nutritional management of ALS patients generally
includes enteral nutrition, through percutaneous endo-
scopic gastrostomy (PEG) or radiologically inserted gas-
trostomy (RIG). There are several studies suggesting that
PEG might be subject to more frequent complications than
RIG [10, 11], but this point remains controversial. Current
guidelines suggest proposing enteral nutrition to patients
on an individual basis, mostly in case of prominent bulbar
symptoms and/or loss of more than ten percent of initial
body weight [12]. PEG is currently considered to be at
higher risk in patients with low forced vital capacity [13],
although this notion was based mostly on one retrospective
analysis of two clinical trials [14]. In general, definitive
evidence with respect to timing of enteral nutrition during
disease progression is lacking. Another critical unresolved
question is whether enteral nutrition should be performed
with an isocaloric diet or by increasing caloric intake
(hypercaloric diet). So far, there has been only one recent
clinical trial which observed increased survival of ALS
patients under PEG with hypercaloric diet as compared
with isocaloric diet [15]. Moreover, little is known about
the best peri-procedural treatment of ALS patients,
including antibiotic treatment, patterns of adapting patients
to PEG nutrition, and whether or not small amounts of
additional oral food intake are acceptable. Thus, there
appears to be a general lack of knowledge on enteral
nutrition, its timing during disease progression, its proper
execution, and its potential disease-modifying effects
despite its very common use in ALS patients.

To further clarify these questions, we generated a pro-
spective multi-center register of PEG in ALS patients. The
aim of this study was to prospectively analyze factors
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associated with outcome after PEG insertion. Since this is a
purely observational study without a specific hypothesis or
a control group, all results have to be regarded as
descriptive. However, we believe that we discovered new
aspects which will help to design future interventional
trials which will directly affect the treatment of ALS
patients with PEG.

Methods
Study design and participants

This study reports the results of a multi-center study for
ALS patients with PEG, initiated by the German MND
network which comprises specialized ALS centers from
Germany and one center (St. Gallen) from Switzerland
(Table 1). Because of the explorative character, the com-
plexity of the research issue, and since there is no generally
accepted standard of care, the study was designed as a
register to collect as many data as possible and to analyze
the current practice rather than providing a specific
hypothesis. For this purpose we allowed every participating
center to conduct its own established peri-interventional
setups and guidelines and carefully recorded center-spe-
cific aspects. Over a time period of 3 years (October 2010
until October 2013) we subsequently included 89 patients
in the register. The differences between the centers
regarding the number of included patients are mainly
explained by varying catchment areas and levels of spe-
cialization and therefore unequal total numbers of patients.
The study was conducted in concordance with the
STROBE checklist for cohort studies [16].

ALS patients with an indication for PEG as evaluated by
the participating centers were included. Apart from PEG
indication, inclusion criteria were the diagnosis of possible,
probable laboratory-supported, probable, or definite ALS
by El Escorial criteria [17], and provision of informed
consent by the participant or an authorized caregiver. There
were no exclusion criteria.

After obtaining informed consent the patients were
included in the register by generating a computer-encoded
pseudonym number. For input and storage of data we used
an internet-based, password protected platform provided by
2mt software GmbH, Ulm. The software included an
automatic plausibility check; additionally, all data were
monitored in Ulm. In case of ambiguities, queries were sent
using the same abovementioned platform.

Procedures and outcomes

Baseline investigation (V0) was conducted one to 5 days
prior to PEG and included individual data, medical history,
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Table 1 Baseline characteristics of participants, patients per visit,
and patients per center

baseline (V0): 89
post PEG (V1): 89
3 months (V2): 64
6 months (V3): 32
9 months (V4): 18
12 months (V5): 9
15 months (V6): 7
18 months (V7): 3
Hannover: 17
Ulm: 15
Ludwigshafen: 13
St. Gallen: 12
Halle: 12
Magdeburg: 9
Berlin: 9

Bochum: 1
Wiesbaden: 1

63.1 + 10.0
Definite ALS 55 (62.5 %)

Clinically probable ALS 11
(12.4 %)

Laboratory-supported
probable ALS 9 (10.2 %)

Possible ALS 6 (6.8 %)
Bulbar 61 (68.5 %)
Spinal 27 (31.5 %)
Sporadic 88 (98.9 %)
Familial 1 (1.1 %)

27.3 + 20.6

81 (91.0 %)

26.2 £+ 9.3 (range 7-41)
51.1 & 21.4 (range 9-95)

Patients per visit

Patients per center

Age (years)
Diagnosis

Onset

Form

Time since diagnosis (months)
Riluzole medication present
ALS-FRS-r

FVC in % predicted (adjusted for
gender, height, weight)

NIV present 17 (19.1 %)
BMI (kg/m?) 21.0 £3.7
Body weight loss last 3 months (kg) 4.3 £ 3.9
Body weight loss last 12 months 11.6 £ 11.5

(kg)

Data are number (%) or mean £+ SD

ALS-FRS-r ALS functional rating scale revised, FVC forced vital
capacity, NIV non-invasive ventilation, BMI body mass index

medication, medical indicators for PEG, body weight,
BMI, ALS functional rating scale revised (ALS-FRS-r)
[18], forced vital capacity (FVC), laboratory data (hemo-
globin, leukocytes, thrombocytes, sodium, potassium, cal-
cium, magnesium, phosphate, creatinine, urea, CK,
glucose, ALT, AST, GGT, cholesterol, CRP), and arterial
blood analysis (pH, pO,, pCO,, pHCO3—, BE).

All investigations were repeated one to 3 days after PEG
when patients were still in hospital (post-PEG investiga-
tion, V1). Additionally, PEG specific data (use of antibi-
otics before and after PEG, anesthesia, and schemes of
PEG nutrition), adverse events, and complications were
recorded.

Patients were seen every 3 months (V2, V3, up to V7) in
the outpatient clinics. In addition to the data above, patients
were asked about their PEG usage (daily caloric intake,
additional oral feeding, and frequency of PEG nutrition). In
case of patient’s death the date and circumstances were
recorded. To minimize the risk of selection bias, we per-
formed a post-study survey to assure that all PEG patients
who suffered from severe adverse events had been entered
into our register.

A web-based electronic data system was used to record
all study data in a standardized manner.

Statistical analysis

Statistical analysis included the effect of age, sex, ALS-
FRS-r, BMI, FVC, and daily caloric intake on survival
using Kaplan—Meier product-limit method and generalized
Wilcoxon test. As thresholds for group distribution of
quantitative variables we either used commonly accepted
values or, if not applicable, we built groups of approximate
equal numbers. Patients lost to follow-up or still alive at the
end of the study were censored. We tried to complete
missing electronic data by contacting the corresponding
center. If the request was not successful, missing data were
accordingly labeled in the statistics. To control for con-
founding variables we performed multivariate analysis. For
comparison of mean values we used 7 Test. To compare
the distribution of independent samples non-parametric
tests (Mann—Whitney U and Kruskal-Wallis) were per-
formed. The level of significance was set at p = 0.05. For
statistical analyses SPSS Statistics 21 (IBM) was used.

Role of the funding source

The sponsors had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.
JD had access to all the data in the study and had final
responsibility for the decision to submit for publication.
Results

Recruitment and follow-up

Over a time period of 3 years (November 2010 until

November 2013) we included 89 patients (43 male, 46
female, age 63.1 £ 10.0 years) from nine centers in the
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register. The number of recruited patients ranged from one
(Bochum, Wiesbaden) to 17 (Hannover) with a mean of
9.9 £ 5.6. Table 1 shows distribution of patients per cen-
ter, number of patients per visit, and patient’s characteris-
tics. Reasons for missing longitudinal data included death,
loss to follow-up, and termination of study. Follow-up time
was up to a maximum of 18 months (V7); average follow-
up time was 4.49 + 4.74 months. In total 311 study visits
were conducted (3.49 £ 1.55 per patient).

Peri-procedural practice

Indication criteria for PEG as communicated by the
according centers were severe dysphagia with risk of
aspiration (N = 31, 35.6 %), loss of body weight (N = 23,
26.4 %), or both (N = 33, 37.9 %).

Information about antibiotic treatment was present for
77 patients. Antibiotic prophylaxis (single-shot) before
PEG was given to 61 patients (79.2 %), 16 patients
(20.8 %) had no antibiotic treatment. Antibiotic substances
included ceftriaxone (N = 33, 429 %), cefuroxime
(N = 17, 22.1 %), metronidazole (N = 5, 6.5 %), amoxi-
cillin (N = 3, 3.9 %), tazobactam (N = 1, 1.1 %), levo-
floxacin (N =1, 1.1 %), and ampicillin (N = 1, 1.1 %).
Local anesthesia was used for 65 patients (73.0 %), 20
patients (22.5 %) received general anesthesia; no infor-
mation was given for 4 patients (4.5 %).

The time of first application of food via PEG was 1 day
(N = 56, 747 %), 2 days (N = 16, 21.3 %), or 3 days
(N = 3, 4.0 %) after PEG insertion; no information was
given for 14 patients (14.7 %). Caloric intake was
increased every 2 days (N = 54, 70.1 %), 3 days (N = 20,
26.0 %), or 4 days (N = 3, 3.9 %), and the increase of
caloric intake ranged from 37.5 kcal/d to 450 kcal/d with a
mean of 143.5 + 76.9 kcal/d. No information was given
for 12 patients (13.5 %).

Adverse events and complications

Peri-interventional mortality was 1/89 (1.1 %). This
patient had severe aspiration pneumonia prior to PEG
and died from respiratory failure 8 days after PEG.
Procedure-related mortality was 0 %. Minor adverse
events and complications were present in 82/89 patients
(92.1 %, Table 2). One more severe complication
(abscess with need of surgical revision) was reported in
1/89 patients (1.1 %). During further longitudinal obser-
vation, no PEG-associated mortality (0 %) was reported.
Minor adverse events were present in 24/32 patients
(75.0 %, Table 2). There were reports of more severe
adverse events in 4/32 patients (12.5 %), including one
abscess with need of surgical revision, one severe peri-
tonitis, and two keloids with the need of multiple minor
interventions.

Table 2 Adverse events by

Post PEG (V1) After 3—18 months (V2-V7)

body system
Adverse events, total
Gastrointestinal
Feeling of Fullness
Dislocation
Problems with handling
Local bleeding
Peritonitis
Local inflammation
Nausea
Diarrhea
Gastro-esophageal reflux
Obstipation
Meteorism
Pain
Local pain (PEG insertion)

Adverse events, by body
system. Events columns show
absolute numbers (% of
patients) of adverse events up to
3 days after PEG (Post PEG,
V1) and during the further
course of disease (After

3-18 months, V2-V7)
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Serious adverse events, total
Dermatology

Keloid (severe)
Gastrointestinal

Abscess

Peritonitis (severe)

96 93
54 (60.7 %) 41 (67.2 %)
18 (20.2 %) 3(4.9 %)

8 (9.0 %) 4 (6.6 %)

3 (3.4 %) 0

3 (3.4 %) 6 (9.8 %)

2 (2.4 %) 4 (6.6 %)

2 (2.4 %) 4 (6.6 %)

2 (2.4 %) 9 (14.5 %)
1 (1.1 %) 0

0 5(8.1 %)
0 4 (6.6 %)

3 (3.4 %) 13 21.3 %)
1 5

0 2(33 %)
1(1.1 %) 1 (1.7 %)
0 2 (3.3 %)
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Table 3 Laboratory values Laboratory value Before PEG (VO) After PEG (V1) P value
Hematology
Hemoglobin (g/1) 128 £ 24 123 £ 24 0.0001%*
Thrombocytes (G/1) 2450 £ 72.4 240.0 £ 72.9 0.002*
Leucocytes (G/1) 6.7 +£2.0 74+ 27 0.032*
Clinical chemistry
Sodium (mmol/l) 139.43 £+ 2.87 138.90 £ 3.06 >0.05
Potassium (mmol/l) 4.20 £ 043 4.17 £ 041 >0.05
Magnesium (mmol/l) 0.86 £+ 0.08 0.85 + 0.06 >0.05
Calcium (mmol/l) 2.35 £ 0.15 2.33 £ 0.14 >0.05
Phosphate (mmol/l) 1.48 £+ 0.84 1.42 £ 0.76 >0.05
Urea (mmol/l) 6.17 £ 2.7 472 + 1.20 0.003*
Creatinine (umol/l) 64.5 £+ 23.7 584 + 214 >0.05
GPT (U/) 38.5 +39.2 37.5 £ 299 >0.05
GOT (U/n) 319 £ 134 31.9 + 109 >0.05
GGT (U/N) 424 £61.0 51.1 £ 62.7 >0.05
Cholesterol (mmol/l) 55213 523 £ 1.22 >0.05
Glucose (mmol/l) 5.73 £ 1.82 5.81 + 1.68 >0.05
Albumin (pmol/1) 7,343.5 £ 2,198.1 7,139.2 £ 2,048.9 0.004*
CK (pmol/1) 249 + 1.75 191 £ 1.30 0.002*
CRP (mg/l) 9.2 +243 26.5 £ 328 <0.0001*
Blood gas analysis
pO, (mmHg) 83.1 £19.9 76.8 + 19.0 0.017*
pCO, (mmHg) 40.6 £ 5.8 419 £ 84 >0.05
pHCO;— (mmHg) 268 + 2.6 277+ 30 >0.05
pH 7.39 £ 0.35 7.43 £ 0.03 >0.05
BE (mmol/l) 29+24 32421 >0.05
Laboratory values, before (VO) Vital capacity
and after (V1) PEG
L. FVC (% pred) 53.0 + 21.6 55.5 £ 209 % >0.05
* Significant
Laboratory changes
‘63
PEG procedure was associated with a number of laboratory 125 1
alterations (Table 3). Significants were decrease of hemo-
globin (p < 0.0001), thrombocytes (p = 0.002), urea 100
(p = 0.003), albumin (p = 0.004), and CK (0.002) as well .
as increase of leucocytes (p = 0.032) and CRP é’ 75 4
(p < 0.0001). Blood gas analysis showed a significant =
decrease of pO, (p = 0.017). 5 5 |
Antibiotic Treatment 25 -
010
Patients who received a prophylactic single-shot anti- ol —
biosis with cefuroxime (1.53 & 2.67 mg/l) or ceftriax- . ; :
one (11.34 4+ 2298 mg/l; p = 0.002; Fig.1) had No antibiosis || Ceftriaxone || Cefuroxime

significantly lower CRP values than patients without
antibiosis (16.31 £ 36.45; p = 0.001). On a clinical
level, both patients with peritonitis received no pro-
phylactic antibiosis; the patient with abscess received
ceftriaxone.

Fig. 1 Antibiotic treatment and CRP. Serum CRP (mg/l) and
prophylactic antibiotic treatment (single-shot). Patients with ce-
furoxime had significantly lower CRP values (1.53 &+ 2.67 mg/l) than
patients without antibiosis (16.31 + 36.45; p = 0.001) or ceftriax-
one: 11.34 + 22.98 mg/l; p = 0.002)
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Fig. 2 Body weight before and after PEG. Mean body weight did not
change significantly 3 months after PEG (0 & 3.8 kg) and 6 months
after PEG (—1.3 % 5.6 kg) compared to body weight before PEG

Caloric intake

Patients who underwent a slower increase rate of caloric
intake (<200 kcal/d) reported significantly less feeling of
fullness (N = 10/28; 35.7 %) than patients who received a
higher increase rate of caloric intake (>200 kcal/d;
N = 15/17, 88.2 %; p = 0.001). There were no clinical or
laboratory signs of refeeding syndrome; -electrolytes
including potassium, calcium, magnesium, and phosphate
remained stable before and after PEG (Table 3).

Body weight

Difference of body weight after 3 months was 0 + 3.8 kg
and after 6 months —1.3 + 5.6 kg overall. There was no
significant difference in body weight means before,
3 months after, and 6 months after PEG, indicating a sta-
bilization of body weight in most patients (Fig. 2). After
3 months, differences in body weight ranged from —12 to
+6 kg, and after 6 months from —15 to +15 kg.

PEG usage

After three months, patients reported that they used the
PEG once a day (N =3, 8.1 %), twice a day (N =17,
18.9 %), three times a day (N = 12, 32.4 %), four times a
day (N = 6; 16.2 %), five times a day (N = 3, 8.1 %), six
times a day (N = 3, 8.1 %), or never (N = 3, 8.1 %).
Additional intake of water via PEG ranged from 0 to 2.3
liters with a mean of 953 4+ 515 ml. 12 patients (37.5 %)
reported that they did not have any additional oral intake of
food, 12 patients (37.5 %) had minor additional oral food
intake for taste purposes, and eight patients (25 %) had
predominant or exclusive oral food intake.
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Survival

Overall survival from time of PEG insertion was
18.95 &+ 1.64 months. Less overall weight loss (<5 kg;
p = 0.025), and higher cholesterol serum levels (>220 mg/
dl; p = 0.03) at time of PEG intervention were associated
with significantly better survival; BMI, ALS-FRS-r, FVC,
age, and sex as well as serum laboratory values had no
significant impact on survival (Fig. 3). Overall we found no
difference in survival (p > 0.05) for patients who received
high-caloric nutrition (>1,500 kcal/d) compared to patients
with lower calorie intake (<1,500 kcal/d). Within a sub-
group of patients who survived at least 12 months after
PEG, survival was significantly prolonged (23.6 £ 3.8 vs.
21.1 £ 2.2 months) in the high-caloric group (p = 0.042;
Fig. 4). Additional oral food intake had no impact on
survival (Fig. 4).

Discussion
Strengths and limitations of the study

Use of enteral nutrition in ALS is increasing, yet knowl-
edge on the timing or the desirable characteristics of its
composition, as well as its consequences for disease pro-
gression remain based on retrospective studies which are
subject to bias and confounders. The major strength of the
current study is that it represents the first large prospective
study of PEG use in ALS patients. The main limitations are
due to the design as a register study which implies the
absence of predefined hypotheses and control groups. Also,
a bias based on center-specific conditions cannot be
excluded. Therefore results of this study have to be
regarded as descriptive and must be proven by randomized
placebo-controlled interventional trials. However, this
design was chosen to analyze the current practice, to
identify possible targets for future research, and to help
with the planning of PEG-related interventional studies.

Overall safety of PEG

Our results showed that PEG was a very safe procedure in
our collective, and devoid of both short-term and long-term
complications. Only one patient died during the peri-
operative period, and death was probably unrelated with
PEG but due to pre-existing advanced disease and aspira-
tion pneumonia. Serious adverse events were rare.

In our study, PEG led to decreased hemoglobin,
decreased thrombocytes along increased leukocytes and
CRP immediately after tube implantation. Our interpreta-
tion of this finding is that these changes are due to bleeding
during or immediately after surgery, and to low grade
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Cumulative Survival
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.00 10.00 20.00 30,00 40,00

(¢) Survival (months): VC

Fig. 3 Predictive factors for survival. a Patients who lost <5 kg of
body weight during the course of disease had a significantly
prolonged survival of 6.2 months after PEG compared to patients
who lost >5 kg of body weight (21.5 + 2.1 vs. 15.3 4+ 2.4 months;
p = 0.025). b Patients with cholesterol >220 mg/dl had a

inflammatory processes related with surgery or tube
insertion. However, those laboratory changes were rarely
associated with clinical symptoms. Still, levels of CRP
should be carefully monitored in the peri-operative period
since high (>10 mg/l) levels of CRP were shown to be a
risk factor for early mortality in a prospective study [19].

Risk of PEG in patients with low vital capacity

Surprisingly, we observed that worse respiratory status was
not associated with shorter survival after PEG which
somewhat contradicts existing literature which previously
recommended that PEG should be avoided in patients with
FVC below 50 %. This notion is based on the retrospective

08 -

Cholesterol >220 mg/dl

06
04 - =

i -+ +

02

Cholesterol <220 mg/dl

00 A

T

T T
00 10,00 20,00 30,00 40,00

(b) Survival (months): Cholesterol

significantly prolonged survival of 9.24 months after PEG compared
to patients with cholesterol <220 mg/dl (232 £3.5 s
13.9 £ 2.6 months; p = 0.03). ¢ FVC had no impact on survival
(FVC > 50 %: N = 40, FVC < 50 %: N = 35)

analysis of BDNF and CNTF trials showing peri-operative
death in patients with low FVC [14]. However, more
recently several retrospective studies did not observe an
influence of FVC on survival after PEG [20-22]. Our study
for the first time provides prospective evidence that FVC
does not influence peri-procedural survival of patients after
PEG, and that PEG can be safely performed even in far
advanced stages of disease. Although we found a signifi-
cant reduction of pO, post PEG, this did not seem to
influence the clinical outcome. We believe that the
increasing use of NIV in general as well as the possibility
to use NIV during PEG insertion might contribute to the
better prognosis of patients with low FVC. This view is
also supported by recent retrospective studies [20, 23-25].
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Fig. 4 Nutrition over PEG and survival. a Patients with a survival of
at least 12 months and high-caloric nutrition (>1,500 kcal/d, N = 6)
had a significantly prolonged survival of 2.5 months (23.6 & 3.8 vs.

However, since we did not record the exact numbers of
peri-interventional use of NIV, this relationship still has to
be confirmed by a controlled prospective study.

Timing of PEG

Regarding the question of optimal PEG timing, our study
has limited significance due to the missing of a control
group. However, we found that weight loss before PEG,
and even more cholesterol levels, were predictors of sur-
vival after PEG. If weight loss before PEG was less than
5 kg, survival after PEG was increased by 3 months. This
may indicate that PEG should be performed as early as
possible. However, since weight loss is known to be an
independent prognostic factor in ALS in general, a con-
trolled interventional trial has to answer the question if this
finding is also true in a PEG-specific context. Interestingly,
we observed that rather than initial BMI, it is the extent of
weight loss that predicts survival in PEG patients. This is
consistent with previous results in the general ALS popu-
lation [6].

Use of single-shot antibiosis before PEG

Importantly, CRP levels were significantly lower in
patients receiving single-shot antibiosis without any clini-
cal signs of relevant inflammation. This was true for both
cefuroxime and ceftriaxone. Although it has already been
known that prophylactic antibiosis before PEG reduces the
risk of peristomal infection in general [26], this insight is
new for the subgroup of ALS patients and specific
antibiotics.
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21.1 & 2.2 months; p = 0.042) compared to patients with lower
caloric intake (<1,500 kcal/d, N = 12). b Additional oral food intake
had no impact on survival

Risk of refeeding syndrome

A potential major concern when initiating enteral nutrition
in ALS patients is the occurrence of refeeding syndrome,
that develops usually after fasting and might lead to severe
neurological complications. It is characterized by drops in
electrolytes, especially phosphate and magnesium [27].
Indeed, severe weight loss, as experienced by ALS
patients, is one of the major criteria for detection of indi-
viduals at risk for refeeding syndrome [28]. Here we
observed that PEG did not modify electrolytes that are
affected during refeeding syndrome, in particular phos-
phate, magnesium, sodium, and potassium. At the same
time no clinical signs of refeeding syndrome were found in
individual patients, even in patients who received high-
caloric intake shortly after PEG insertion. This shows that
the risk of refeeding syndrome after PEG might have been
overestimated in ALS patients. This result is very impor-
tant considering the increasing evidence of beneficial
effects of high-caloric nutrition in ALS patients with PEG
(see below).

High-caloric nutrition in PEG patients

A recent clinical trial has observed a positive effect of
hypercaloric diet in a small number of ALS patients under
PEG [15]. There were no deaths within the 5 months
observational period in the high carbohydrate group, and
this was significant compared to the control group
receiving an isocaloric diet. The study, although extre-
mely promising suffered from the major limitation of a
small number of patients. Although we were not able to
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apply individually adjusted amounts of calories due to the
study design, we tried to confirm the abovementioned
result in our large collective by identifying and comparing
patients with higher caloric diets (>1,500 kcal/day) and
lower caloric diets (<1,500 kcal/day). Strikingly,
although we did not find a significant difference for the
overall group, we were able to prove a benefit for the
subgroup of patients who survived at least 12 months
after PEG. Interestingly, Wills and colleagues included
only patients that “have already tolerated enteral nutri-
tion” [15], and included patients which were already
under PEG for a median time of about 100 days (AM
Wills, personal communication). Thus, our study is
complementary to the findings of Wills and colleagues.
Drawing conclusions from both studies there is growing
evidence that hypercaloric enteral nutrition may be pro-
tective in ALS patients with PEG provided that these
patients tolerate enteral nutrition well. However, since the
development of weight gain varied greatly between
patients during the further course of the disease, we
believe that the exact individual amount of calories has to
be adjusted for each patient accordingly.

Additional oral feeding

Interestingly, patients who performed additional oral
feeding did not have a worse prognosis, suggesting that a
sufficient caloric intake might even outweigh the higher
risk of aspiration pneumonia.

Schemes of increasing caloric intake after PEG

Most adverse events noted during the study were minor
ones, and the most prominent of these events was feeling of
fullness. Importantly, this appeared much less frequent in
patients who received slower increase of caloric intake
after PEG (<200 kcal/d). Therefore we suggest that caloric
intake after PEG should be increased carefully, although in
the end a high-caloric intake as described above should be
accomplished.

Summary

We believe that the following insights arise from these
results:

1. Low vital capacity should probably not be regarded as
a contraindication for PEG since it was not associated
with a higher risk of complications in our study.

2. Earlier PEG insertion might improve survival in ALS
since greater weight loss before PEG was an indepen-
dent negative prognostic factor in our study.

3. Single-shot antibiosis should probably be recom-
mended for ALS patients receiving PEG. Future
interventional studies should investigate and compare
specific antibiotics in a controlled manner in this
regard.

4. The risk of refeeding syndrome is not relevant today in
the context of ALS and PEG.

5. Our study provides confirmatory evidence in a high
number of patients that high-caloric nutrition is
beneficial in ALS patients with PEG.

6. Additional application of small amounts of oral
feeding does not seem to worsen the prognosis of
ALS patients with PEG. Of course, this has to be
confirmed and investigated in the context of different
stages of dysphagia and the use of fiber-endoscopic
diagnostic methods.

7. Although a high-caloric nutrition should be achieved in
the end (see 5), a slow increase of calories
(<4200 kcal/day) following PEG insertion results in
a better tolerance of PEG feeding for the patient.

All these different points might directly influence the
treatment of ALS patients with PEG in the near future, and
should be investigated in future interventional trials.
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