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aDDenDUM a: lIsT of abbReVIaTIons

Abbreviation English Dutch
3,4-DAP 3,4-diaminopyridine

95% CI 95% confidence interval 95% betrouwbaarheidsinterval

AChI/AChEI Acetylcholinesterase Inhibitor

AchR Acetylcholine Receptor

ADHD Attention Deficit Hyperactivity 
Disorder

ADL Activities of Daily Living

AE Adverse Event

AIDP Acute Inflammatory Demyelinating 
Polyneuropathy

AZT Azathioprine

BF Bayes Factor

BIG Bayesian evaluation of Inequality 
constrained hypotheses for General 
statistical models (statistical software 
package)

CBG (see also MEB) Medicines Evaluation Board College ter Beoordeling van 
Geneesmiddelen

CENT CONSORT Extension for reporting 
N-of-1 Trials

CEO Chief Executive Officer

CHMP (EMA) Committee for Medicinal Products 
for Human Use 

CIDP Chronic Inflammatory Demyelinating 
Polyneuropathy

CMAP Compound Muscle Action Potential

CMS Congenital Myasthenic Syndrome

CONSORT Consolidated Standards Of Reporting 
Trials

COREQ Consolidated criteria for reporting 
qualitative research

CP Centralised Procedure

ECG Electrocardiography
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Addendum A: List of abbreviations

EFNS/PNS 
guidelines

European Federation of Neurological 
Societies/Peripheral Nerve Society 
guidelines

EMA European Medicines Agency

EMG Electromyography

EPOC Effective Practice and Organisation 
of Care

EQ-5D European Quality of Life 
5-Dimensions Questionnaire

EU European Union

EUdraCT European Clinical Trials Database

FDA (US) Food and Drug Administration

FVC Forced Vital Capacity

GMP Good Manufacturing Practice

GRADE Grading of Recommendations 
Assessment, Development and 
Evaluation

HTA Health Technology Assessment

HNPP Hereditary Neuropathy with liability 
to Pressure Palsies

IRB Institutional Review Board

IVIg Intravenous Immunoglobulin Intraveneus immuunglobuline

LUMC Leiden University Medical Center Leids Universitair Medisch 
Centrum

MA Marketing authorisation

MCID Minimal Clinically Important 
Difference 

MEB (see also CBG) Medicines Evaluation Board College ter Beoordeling van 
Geneesmiddelen

MEC Medical Ethics Committee

MG Myasthenia gravis

MG-ADL Myasthenia Gravis-Activities of Daily 
Living (score)

MGFA Myasthenia Gravis Foundation of 
America

MG-QOL15 Myasthenia Gravis – Quality of Life 15 
(score)

MMT Manual Muscle Test
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MRC scale Medical Research Council scale (of 
muscle strength)

MRP Mutual Recognition Procedure

MS Member state

MuSK Muscle-Specific tyrosine Kinase

NHCI (see also ZIN) (Dutch) National Health Care Institute Zorginstituut Nederland 
(voormalig College voor 
Zorgverzekeringen)

NMG Neonatal Myasthenia Gravis

OMP Orphan Medicinal Product

PMP22 Peripheral Myelin Protein 22

QMG Quantitative Myasthenia Gravis 
(score)

QOL Quality Of Life

RCT Randomised controlled trial

RNS Repetitive Nerve Stimulation

SAE Serious Adverse Event

SD Standard Deviation

SMD Standardised Mean Difference

SmPC Summary of Product Characteristics

SPSS Statistical Package for the Social 
Sciences (statistical software 
package)

SUSAR Suspected Unexpected Serious 
Adverse Reaction

US United States (of America)

VAS Visual Analogue Scale 

ZIN (see also NHCI) (Dutch) National Health Care Institute Zorginstituut Nederland 
(voormalig College voor 
Zorgverzekeringen)
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Addendum B: HNPP trial published Letter to the Editor 

An n-of-one RCT for
intravenous immunoglobulin
G for inflammation in
hereditary neuropathy with
liability to pressure palsy
(HNPP)

BACKGROUND
Hereditary neuropathy with liability to
pressure palsy (HNPP; tomaculous neur-
opathy) is a rare autosomal dominant dis-
order caused by a loss of function of the
peripheral myelin protein 22 gene
(PMP22; OMIM #601097) for which no
curative treatment exists. Symptoms
consist of recurrent painless episodes of
focal sensory loss and muscle weakness,
which are often provoked by nerve com-
pression and resolve spontaneously within
days to months.1 In this report, we
describe the case of a female patient with
HNPP who initially presented with symp-
toms of a painful neuropathy which were
successfully treated with intravenous
immunoglobulin G (IVIg), and the results
of a double-blind, placebo-controlled
n-of-one trial to assess the effectiveness of
IVIg in this patient.

In 2002, a 35-year-old female patient
presented with a 15-month history of
neuropathic pain in the right leg, and
recurring episodes of weakness and
sensory loss in the legs which resolved
spontaneously after several weeks. Her
medical and family history was unremark-
able. Physical examination showed mild
proximal weakness of the left leg
(Medical Research Council (MRC) grade
4), severe weakness of the left foot exten-
sors (MRC 0–2), hypoalgesia of the left
hand and lower leg, and reduced tendon

reflexes with absent Achilles reflexes. All
additional investigations were normal,
except electromyographic (EMG) studies
which showed bilateral demyelinating
conduction blocks at ulnar nerve compres-
sion sites, prolonged distal motor latencies
of the ulnar, tibial, peroneal and median
nerves, and absent F-waves in peroneal
and right tibial nerves, consistent with
HNPP, but also with definite electrodiag-
nostic criteria for chronic inflammatory
demyelinating polyneuropathy (CIDP)
according to current European Federation
of Neurological Societies/Peripheral Nerve
Society guidelines.2 A preliminary diagno-
sis of CIDP was made and a DNA test for
suspected HNPP was ordered.
She was treated with IVIg (0.4 mg/kg/

day) for 5 days followed by maintenance
doses every 3 weeks, which led to
improvements in muscle strength and
resolution of pain. DNA analysis subse-
quently showed a deletion of 17p11.2
including the PMP22 gene, and a definite
diagnosis of HNPP was made, questioning
the need for continued IVIg treatment.
The patient consented to participate in a
double-blind, placebo-controlled n-of-one
trial to assess whether IVIg infusions led
to a clinically meaningful reduction in
pain and increase in muscle strength, and
to establish whether maintenance treat-
ment with IVIg was necessary. We provide
a summary of this trial, and the full
research report is available as online sup-
plementary material 1.

METHODS
During the 15-week n-of-one trial, IVIg
(0.4 mg/kg) and placebo (0.9% saline)
“trial” infusions (wrapped in tin foil for
patient and investigator blinding) were
administered in a random sequence which

was generated by the dispensing hospital
pharmacy. A week after each trial infusion,
we offered an optional “rescue infusion”
with the opposite treatment to ensure that
potentially beneficial treatment would not
be withheld for longer than a week. The
interval between the last infusion (trial or
rescue) and the next trial infusion was
held constant at 3 weeks. Pain in the right
leg and self-reported muscle strength of
the left leg were scored three times per
week on a 14 cm visual analogue scale
(VAS; 0: ‘absence of pain’ or ‘paralysis’ to
14: ‘worst possible pain’ or ‘normal
strength’). Clinically meaningful effects
were defined as at least 30% reduction in
pain compared with baseline,3 and 30%
increase in muscle strength. Side effects
were also recorded.

IVIg and placebo scores across the first
7 days following trial infusions were com-
pared to determine the effects on pain
and muscle strength. We evaluated the
course of pain and muscle strength over
3 weeks following IVIg infusions to assess
the need for continued IVIg. Coefficients
were calculated in SPSS V.20, followed by
Bayesian evaluation of informative
hypotheses and calculation of Bayes
factors using Bayesian evaluation of
inequality constrained hypotheses for
general statistical models (BIG),4 with
Bayes factors larger than 10 denoting
strong support for a hypothesis.5 Details
of the analyses and the data archive are
provided in online supplementary materi-
als 2 and 3.

RESULTS
The patient received four trial infusions
(3 placebo, 1 IVIg) and requested three
rescue infusions (all IVIg, after each
placebo infusion). The trial’s timeline and

Figure 1 Trial timeline, administered infusions and VAS scores for pain and subjective muscle strength (IVIg, intravenous immunoglobulin G;
VAS, visual analogue scale).
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VAS scores for pain and muscle strength
are shown in figure 1, demonstrating a
beneficial effect of IVIg on both out-
comes. Statistical testing showed strong
support for the hypotheses that pain
decreases (Bayes factor 63.74) and muscle
strength increases (Bayes factor 61.51)
more rapidly and to a clinically meaning-
ful extent after IVIg compared with
placebo. We also found strong support for
the hypotheses that pain first decreases
and then increases again (Bayes factor
13.78), and that muscle strength first
increases and then decreases (Bayes factor
15.67) over 3 weeks following IVIg,
which supported the need for continued
IVIg infusions. No adverse effects were
reported.

Follow-up
During 12 years of follow-up, the interval
for IVIg infusions was successfully
increased to 5 weeks with a sustained clin-
ical response. Follow-up EMGs
(2003–2014) initially showed signs of
demyelination (prolonged distal motor
latencies and decreased nerve conduction
times), but over the years became more con-
sistent with stable axonal damage. The
patient’s quality of life has remained stable.

DISCUSSION
This case suggests that hereditary neuro-
pathies may coexist with immune-
mediated neuropathies. The conditions
may be difficult to distinguish, because
their clinical presentation may be similar,
and electrophysiology or nerve biopsy
studies can be unhelpful in establishing
inflammatory demyelinating disease when
demyelination is already present due to
hereditary disease. Moreover, current
diagnostic guidelines consider the pres-
ence of a hereditary demyelinating neur-
opathy as a diagnostic exclusion criterion
for CIDP,2 although several case reports
for HNPP and other hereditary demyelin-
ating neuropathies suggest otherwise.6–10

Pain is atypical in hereditary neuropathies
and its presence may therefore indicate
coexisting inflammation. N-of-1 trials to
assess the effects of immunomodulatory
treatment may also help establish a diag-
nosis of coexisting inflammation and
guide treatment for individual patients.11

In conclusion, this report suggests that
some patients with hereditary neuropa-
thies may have coexisting inflammation
and demonstrates the importance of its
timely recognition, because adequate
immunomodulatory treatment can consid-
erably improve patients’ symptoms and
quality of life.
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Addendum C: Description of Analyses

aDDenDUM c: DescRIPTIon of analYses

BAYESIAN EVALUATION OF INFORMATIVE HYPOTHESES

Effect of IVIg on pain. 

The effect of pain after the infusions can be analysed using the regression model:

 , (1)

where ,  denotes the pain on a 14 point scale after 7 infusions,  denotes the 
number of days after the treatment,  is the intercept,  is the coefficient of the day number, 
and  is the residual, which is normally distributed with mean 0 and unknown variance. We 
first tested the expectation that the decrease in pain in the first 7 days after IVIg infusions is 
greater than after placebo. This expectation can be translated into the following hypothesis  
among the coefficients of the day numbers:

  , (2)

which was compared to the unconstrained hypothesis :

  (3)

where ,  denote the coefficients after three placebo infusions, whereas ,  
are those after four IVIg infusions. Note that the day numbers  for each infusion are 1, 4, 6, 
and 8, except the infusion  for which the day numbers are 0, 2, 5, and 7. Using SPSS, the 
estimate and squared standard error of each coefficient were obtained, which are displayed in 
Table 1 (see end of document). Hypothesis  was then evaluated using BIG, which rendered 
a Bayes factor of 33.22 for  against , which implies that  gains strong support from the 
data.

We then assessed whether IVIg produced a clinically relevant reduction in pain, which can 
be expressed by:

  (4)

where ,  is the clinically relevant level for each treatment, and  is 
the pain on the day after each IVIg infusion is given. Using the results in Table 1 for  and , 

, we obtained a Bayes factor of 13.40 for  against , which implies strong evidence 
that IVIg produces a clinically meaningful reduction in pain in this patient.
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We then proceeded to test the combined first and second expectations, i.e., in the first 
week after infusion, pain decreases more rapidly after IVIg than after placebo, and the pain 
after IVIg decreases beyond the clinically relevant level. This leads to the following hypothesis:

  ;
   (5)

This hypothesis can be expressed as  :  &  because it contains the constraints both in  
and  . Evaluating this hypothesis rendered a Bayes factor of 63.74, which implies that there 
is strong evidence that IVIg decreases pain more than placebo, and that it decreases pain to a 
clinically meaningful extent in this patient.

Subjective muscle strength

A similar model was specified for the effect on subjective muscle strength:

  (6)

where , , , and  are the same notations but for muscle strength. Analogous to 
the effect on pain, we assessed whether the subjective increase in muscle strength in the first 
7 days after IVIg infusion is greater than after placebo. This results in the following hypothesis:

  , (7)

where ,  again denote the coefficients after the treatments (see Table 1). Evaluating 
 in BIG rendered a Bayes factor of 36.24, which implies strong evidence that IVIg increases 

muscle strength more than placebo in this patient.
Secondly, we assessed whether the increase in muscle strength was subjectively meaningful 

by evaluating the hypothesis:

  (8)

where ,  is the subjectively relevant level for an increase in muscle 
strength, and  represents the muscle strength at the time of IVIg infusion. Using the results 
in Table 1 for  and , we obtained a Bayes factor of 15.05, which implies strong 
evidence that IVIg increases muscle strength to a meaningful extent in this patient.

Similar to pain, we then combined these hypotheses and tested whether in the first 
week after infusion muscle strength increased more rapidly after IVIg than after placebo and 
whether it increased beyond the clinically meaning level. This hypothesis can be expressed by:



221

Addendum C: Description of Analyses

  ;
   (9)

where  : & . Evaluating this hypothesis resulted in a Bayes factor of 61.51, meaning that 
there is strong evidence that IVIg increases subjective muscle strength more than placebo, 
and that it increases it to a clinically meaningful extent.

Course of pain and muscle strength following IVIg infusions

Finally, to assess the need for regular IVIg infusions, we tested the hypothesis that pain first 
decreases and then increases again in the three weeks following IVIg infusion. To investigate 
this expectation, a quadratic regression model was used:

 , (10)

where ,  is the coefficient of the squared day number. If > 0, this means the pain 
 decreased during the first several days after infusion and then increased again. For this 

reason we constructed the hypothesis:

  (11)

Running BIG with the estimates and variances of  shown in Table 1 rendered a Bayes factor 
of 13.78, which implies strong evidence that pain first decreases following IVIg, and then 
increases again as the effects of IVIg start to wear off. A similar quadratic model was used for 
subjective muscle strength:

 . (12)

A negative  indicates that in the beginning days muscle strength  increases and thereafter 
it decreases again. Thus, hypothesis  is as follows:

  (13)

The Bayes factor for this hypothesis was 15.67, indicating that there is strong support that 
subjective muscle strength increases in the first days after IVIg infusion, and then decreases 
again over the following weeks. 
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Table 1. Estimates and variances of the coefficients (l1t and l2t denote the relevant levels for the decrease of 
pain and increase of muscle strength, respectively, in the first week after IVIg).

Pain Muscle strength

n* estimates variance l
1t

n* estimates variance l
2t

placebo

β
11

4 0.416 0.187 β
21

4 -0.734 0.142

β
12

4 0.253 2.79E-2 β
22

4 -0.319 3.17E-2

β
13

4 0.824 2.76E-2 β
23

4 -0.234 5.04E-3

IVIg 

(1 week)

β
14

4 -0.907 0.106 -0.27 β
24

4 0.823 3.39E-2 0

β
15

4 -0.412 3.61E-2 -0.126 β
25

4 0.508 8.41E-4 0.216

β
16

4 -0.753 1.04E-2 -0.294 β
26

4 0.321 4.10E-3 0.210

β
17

4 -0.984 4.62E-3 -0.354 β
27

4 0.340 5.93E-3 0.246

IVIg 

(3 weeks)

γ
11

8 0.063 1.96E-4 γ
21

8 -0.041 4.9E-5

γ
12

9 0.016 1.69E-4 γ
22

9 -0.029 9.0E-6

γ
13

10 0.044 3.60E-5 γ
23

10 -0.022 9.0E-6

γ
14

9 0.056 2.89E-4 γ
24

9 -0.024 9.0E-6
*This denotes the number of measurements upon which the estimates are based.
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Addendum D: MEDLINE (OvidSP) search strategy 

aDDenDUM D: MeDlIne (oVIDsP) seaRcH sTRaTeGY 

Database: Ovid MEDLINE(R) <1946 to November Week 1 2014> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1 myastheni$.mp. (16285) 
2 Ephedrine/ (4554) 
3 exp Ephedra/ (427) 
4  (biophedrin$ or efedra$ or ephedra$ or fedrin$ or efedrin$ or efidrin$ or ephedrin$ or Sal-

phedrine$ or Salphedrine$ or sanedrin$ or zephrol$).mp. (6191)
5 or/2-4 (6191) 
6 1 and 5 (60) 
7 remove duplicates from 6 (49) 
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Addendum E: EMBASE (OvidSP) search strategy 

aDDenDUM e: eMbase (oVIDsP) seaRcH sTRaTeGY 

Database: Embase <1980 to 2014 Week 46> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1 myastheni*.mp. (20734) 
2 ephedrine/ (10889) 
3  (ephedrin$ or Sal-phedrine$ or salphedrine$ or biophedrin$ or efedra$ or ephedra$ or 

fedrin$ or efedrin$ or efidrin$ or sanedrin$ or zephrol$).mp. (13006) 
4 2 or 3 (13006) 
5 1 and 4 (123) 
6 remove duplicates from 5 (122) 
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Addendum F: CENTRAL search strategy 

aDDenDUM f: cenTRal seaRcH sTRaTeGY 

#1 myastheni* 
#2  MeSH descriptor Ephedra explode all trees 
#3   biophedrin* or efedra* or ephedra* or fedrin* or efedrin* or efidrin* or ephedrin* or Sal-

phedrine* or Salphedrine* or sanedrin* or zephrol* 
#4  (#2 OR #3) 
#5  (#1 AND #4) 
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Addendum G: Cochrane Neuromuscular Disease Group Specialized Register (CRS) search strategy 

aDDenDUM G: cocHRane neURoMUscUlaR DIsease GRoUP 
sPecIalIzeD ReGIsTeR (cRs) seaRcH sTRaTeGY 

#1 myastheni* [REFERENCE] [STANDARD] 
#2   biophedrin* or efedra* or ephedra* or fedrin* or efedrin* or efidrin* or ephedrin* or Sal-

phedrine* or Salphedrine* or sanedrin* or zephrol* [REFERENCE] [STANDARD] 
#3 #1 and #2 [REFERENCE] [STANDARD] 
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Addendum H: Methods (quasi-)RCTs Assessment of risk of bias in included studies 

aDDenDUM H: MeTHoDs (qUasI-)RcTs assessMenT of RIsK 
of bIas In InclUDeD sTUDIes 

For RCTs or quasi-RCTs, two review authors (CV and SW) would have independently assessed 
risk of bias using the Cochrane Collaboration’s ’Risk of bias’ tool, as described in Chapter 8 of the 
Cochrane Handbook for Systematic Reviews of Interventions 5.1.0.1 This tool assesses risk of bias for 
the following domains: sequence generation, allocation concealment, blinding, incomplete 
outcome data, selective outcome reporting and other sources of bias, for example baseline 
imbalances. We would have summarised the assessment for each included trial in a ’Risk of 
bias’ table as described in the Cochrane Handbook for Systematic Reviews of Interventions.2 

Measures of treatment effect 

For continuous data from included trials, we would have taken the change in score from 
baseline to post-intervention as the main outcome of interest. We would have used the mean 
difference (MD) with a 95% confidence interval (CI) as the summary statistic. For dichotomous 
data, we would have used the number of participants experiencing the event in each group 
and the number of participants in each group to calculate a risk ratio (RR) and risk difference 
(RD) with 95% CI. 

Dealing with missing data 

We would have contacted the principal study authors to obtain any missing data needed for 
the meta-analysis of RCTs or quasi-RCTs. 

Assessment of heterogeneity 

For RCTs or quasi-RCTs , we would have assessed heterogeneity of intervention effects by 
looking at the forest plot and by means of the Chi2 statistic (P value) or the I2 statistic. We would 
have taken a P value of less than .10 to indicate heterogeneity. We would have interpreted the 
I2 statistic as follows: 
• 0% to 40%: may not be important; 
• 30% to 60%: there may be moderate heterogeneity; 
• 50% to 90%: there may be substantial heterogeneity; 
• 75% to 100%: there is considerable heterogeneity. 

If included trials were small in sample size or few in number, we would have used visual 
inspection of the forest plot to assess heterogeneity. A possible reason for potential 
heterogeneity may be differences between autoimmune MG and CMS. Depending on whether 
a reasonable number of trials had been included, we would have explored heterogeneity 
using subgroup analyses as described below (in Subgroup analysis and investigation of 
heterogeneity). 
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Assessment of reporting biases 

Depending on whether a reasonable number of trials studies had been included in any one 
meta-analysis (at least 10), we would have created a funnel plot to examine the possibility of 
publication bias using the Review Manager 5 software of the Cochrane Collaboration.3 

Data synthesis 

For RCTs or quasi-RCTs, we would have performed a meta-analysis of treatment effect in 
accordance with the Cochrane Handbook for Systematic Reviews of Interventions 5.1.02 using the 
Cochrane statistical package Review Manager 5,3 if substantial or considerable heterogeneity 
was absent. We would have conducted separate meta-analyses for placebo-controlled studies 
and studies that used active controls. We would have used fixed-effect and random-effects 
methods as appropriate. 

If meta-analysis was inappropriate, we would have described study features (including 
risk of bias assessment), results and main conclusions per included trial. Where no evidence 
was available from RCTs or quasi-RCTs, we described results from non-randomised studies 
narratively. 

Subgroup analysis and investigation of heterogeneity 

We would have explored sources of heterogeneity in the RCTs and quasi-RCTs. Depending 
on whether a reasonable number of studies per subgroup characteristic (at least 10) were 
available, we would have performed a meta-regression analysis to determine if a dose- 
response relationship for the primary outcome measure existed, and would have performed 
subgroup analyses for participants with autoimmune MG and participants with a genetically 
determined CMS. 

Sensitivity analysis 

For included trials, we would have explored the robustness of the results by performing the 
following sensitivity analyses, as recommended by the Cochrane Neuromuscular Disease 
Group: 
• The analysis would have been repeated excluding unpublished data (if there was any); 
• The analysis would have been repeated excluding studies of the lowest quality; 
• The analysis would have been repeated excluding any very large studies; 
• The analysis would have been repeated excluding other types of studies, depending on 

the degree to which there were choices about the inclusion and exclusion criteria. 
• In the case of dichotomised ordinal data, we would have tested the robustness of the 

results by repeating the analysis using different cut-off points. 
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Addendum I: Ephedrine trial figure S1. Mean individual scores

aDDenDUM I: ePHeDRIne TRIal fIGURe s1. Mean InDIVIDUal 
scoRes

Fig. S1. 
Individual mean scores during ephedrine and placebo treatment. (A) Individual mean QMG scores; (B) MG-
Composite scores, (C) MG-ADL scores, (D) VAS scores of muscle group chosen by the patient.
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Addendum J: Ephedrine trial Figure S2. Cardiovascular effects of ephedrine compared to placebo

aDDenDUM J: ePHeDRIne TRIal fIGURe s2. caRDIoVascUlaR 
effecTs of ePHeDRIne coMPaReD To Placebo

Fig. S2. 
Cardiovascular effects of ephedrine compared to placebo. (A) Systolic (solid lines) and diastolic (dashed lines) blood 
pressure during ephedrine (red lines) and placebo (blue lines) treatment. Mean blood pressure at outpatient visit 
(day 5 of treatment period) is also shown. (B) Heart rate at baseline, 30, 60 and 120 minutes after start of ephedrine or 
placebo treatment. These were measured at day 1 of weeks 1 and 2 for all patients. Mean heart rate at outpatient visit 
(day 5) is also shown. (C) Corrected QT interval 60 minutes (estimated time of maximum plasma concentration) after 
start of ephedrine or placebo treatment, measured at day 1 of weeks 1 and 2. * Represents p < 0.05 for comparison. 
(D) Corrected QT interval at outpatient visit (day 5 of treatment period).




