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EDITORIAL

Although we learned a lot, some habits never change. One of those
habits is deadlines and the other one is working during holidays.
While enjoying the sun in Florence, I am trying to write our editorial, an old Italian man passes by and says something in Italian to
me. I reply in English and the man looks surprised and asks me, in
his best English, whether I am on a work visit. No I am not, I am on
a holiday. He laughs ‘ah you love your work’. He is, like most (truly)
old people, right. Every edition we have deadlines and an amazing
editorial board that, from time to time, forgets those deadlines but
somehow do not mind to catch up during their holidays. With a
team of over 50 people, from different generations and disciplines,
there is one thing that connects us and that is the motivation that
once got us on board. Mentioning this makes us obligated to express our gratitude towards our leaving members, who worked so
incredibly hard in establishing this journal.
A warm thank you to Emelie Schuts, Koen de Geus, Roderick
Holewijn, Thomas Baltes, Anouk Pels and Jeske van Diemen. Thank
you for all your hard work in setting up AMSj with us. Luckily every
goodbye is accompanied by new additions to the team and we are
delighted to welcome Arthur Edridge, Remco Molenaar, Hanneke
Wilmink, Renske van den Hurk, Rachid Rassir, Azadeh Farokhi
and Freek Daams as new members of our team. We are all looking
forward to your new enriching ideas that will further improve this
young journal. As for the rest of our editorial board, we hope that
the effort you put in AMSj resulted in the same satisfaction as writing this editorial gave me. Enjoy the 5th edition.

Hassina Bahadurzada, Tim de Back, Freek Daams,
Azadeh Farokhi, Gabor Linthorst & Marthe Ribbink
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MRI DIAGNOSING ACUTE APPENDICITIS IN CHILDREN
REVIEW OF THE LITERATURE
O.I. Woudstra

INTRODUCTION
When a child with acute abdominal pain is presented at the
emergency room, one of the first diseases that cross our
minds as doctors is acute appendicitis. If appendicitis is
suspected after clinical evaluation and laboratory testing,
the next step is ultrasound examination. Unfortunately, the
appendix cannot always be visualized, which complicates
correct diagnosis. Consequently, in adults, a CT abdomen
is advised in order to rule out disease.1 In children, this is
not advised due to the risk of radiation-induced cancer.1,2 In
children, current guidelines advise diagnostic laparoscopy
after inconclusive ultrasound.1 This review aims to
investigate whether appendicitis in children can be ruled
out on the basis of MRI.

METHODS
To find studies that compare the diagnostic accuracy of
MRI (without contrast enhancement) regarding children
suspected of appendicitis with that of CT and ultrasound,
a PubMed search was conducted. The search (((“magnetic
resonance imaging”[MeSH Terms] OR (“magnetic”[All
Fields] AND “resonance”[All Fields] AND “imaging”[All
Fields]) OR “magnetic resonance imaging”[All Fields] OR
“mri”[All Fields]) AND (“appendicitis”[MeSH Terms] OR
“appendicitis”[All Fields]) AND (“child”[MeSH Terms]
OR “child”[All Fields] OR “children”[All Fields])) AND
English[lang]) resulted in 66 hits. Inspection of titles and
abstracts resulted in three studies that compared MRI with
either ultrasound or CT-scan.

RESULTS
One recent study compared the diagnostic value of MRI
to that of ultrasound alone4, two studies compared MRI as
step up after equivocal ultrasound to CT.5,6
Thieme et al. compared predictive value of MRI with
that of ultrasound.4 Children (aged 4-18) with suspected
appendicitis were prospectively identified at the emergency
department based on medical history, physical examination
and laboratory findings. 101 included patients underwent
abdominal ultrasound as well as MRI within 2 hours. The
physicians evaluating the ultrasound and MRI were blinded
to each other’s results. After 3 months the final diagnosis
was established by an expert panel. Diagnostic accuracy of
ultrasound was compared to that of conditional MRI (after
equivocal or negative ultrasound) and that of MRI alone
(Table 1). Ultrasound alone had high positive predictive
value (90%), but low negative predictive value (75%). MRI
alone also had high positive predictive value (92%), but,
contrary to ultrasound, also a high negative predictive
value (100%). Conditional MRI after ultrasound improved
negative predictive value, compared to that of ultrasound
alone, to 100%.

Dillman et al. retrospectively studied the clinical effectiveness of a new maging protocol using MRI after equivocal
ultrasound. They compared the results to CT after equivocal
ultrasound, which was the imaging protocol of use beforehand. Patients (<18 years old) who underwent MRI or CT
within 24 hours of an equivocal ultrasound were included.
To confirm the diagnosis, surgical reports, pathological
reports and a 30-day period of medical records were reviewed. In 106 patients, non-contrast MRI was attempted.
In 3 patients, younger than 6 years of age, no diagnostic images were obtained. 103 non-contrast MRIs were conducted
and checked against the eventual diagnosis, which resulted
in a positive predictive value of 100% and negative predictive value of 98,8%. In 58 patients, contrast-enhanced CT
was attempted, and diagnostic images were obtained in all
patients. This resulted in a comparable diagnostic performance to that of MRI with positive predictive value of 91%
and negative predictive value of 100% (Table 1).
Aspelund et al. retrospectively compared a protocol with
conditional MRI after ultrasound to a protocol with CT as
the primary imaging modality.5 Patients of 18 years of age
or younger, who presented to the emergency department,
and had had imaging for abdominal pain, were included.
In group A (CT as primary imaging modality) 224 of 265
patients underwent CT, 40 underwent ultrasound and 1
underwent an MRI as primary imaging modality. In group
B (Ultrasound as primary imaging modality followed by
MRI when ultrasound is equivocal) 365 of 397 patients underwent ultrasound as primary imaging modality, while
12 underwent MRI and 20 underwent CT directly. Results
showed that both diagnostic pathways were comparable
with no significant differences in predictive value and negative appendectomy rate. MRI-scans were performed in 158
children aged 5 years or older. All these patients were able
to complete the MRI. Unfortunately, Aspelund et al. only
compared sensitivity and specificity of both pathways and
did not purely calculate diagnostic value of conditional MRI
versus CT only. More patients underwent imaging in group
B compared to group A. There was a significant difference
between both groups comparing the amount of appendectomies (44,5% in group A versus 37% in group B (P=0,0003)).
However, negative appendectomy rate was similar in both
groups (2,5% in group A versus 1,4% in group B (P=0,7)).
To investigate whether patients have a preference for ultrasound or MRI, Thieme et al. conducted a questionnaire
among the patients who underwent both examinations.4
Patients experienced MRI as having a longer duration than
ultrasound (58% versus 21%) and experienced ultrasound
to be more painful than MRI (77% versus 10%). Overall,
there was no significant difference between tolerance and
preference for MRI or ultrasound among patients and their
parents.

ARTICLE

AMSj #5

DISCUSSION
The study by Thieme et al. showed high specificity of
ultrasound alone (89%) but low sensitivity (75%). High
sensitivity is needed to definitely rule out disease. This
relatively low sensitivity of ultrasound examination is
in line with previous research, which shows very variable
sensitivity of ultrasound between 44-90%.1 Therefore,
ultrasound alone cannot rule out appendicitis and is not
advised to be the only diagnostic measurement.
Results from Thieme et al. and Dillman et al. show that
sensitivity of MRI for appendicitis in children is very
high and that conditional MRI after equivocal ultrasound
improves sensitivity for appendicitis, consequently being
able to rule out appendicitis without surgery.
Several disadvantages of MRI are mentioned when
questioning pediatricians and radiologists about its perks
and drawbacks. The main disadvantages mentioned are the
duration of the MRI-scan and the doubt whether children
can lie still during the examination. Mean duration of MRI
abdomen in children is 25-30 minutes.5,6 However, results
from Dillman et al. and Aspelund et al. show that lying still
is not necessarily a problem; of all patients aged 5 years of
age or older, diagnostic images could be obtained without
sedation. Less than 5% of children with appendicitis are
younger than 5 years of age, so the majority of patients
suspected of appendicitis will be able to undergo MRI
without sedation. Furthermore, a questionnaire among
52 children (and their parents) who underwent both
abdominal ultrasound and MRI did not show a preference
for ultrasound over MRI.4
Implementation of radiologic examinations in the
diagnostic work-up for appendicitis has shown to
decrease the amount of negative appendectomies.3

Sens %
(95% CI)
Thieme et al. 76
Ultrasound
only

Since ultrasound has low sensitivity, it is still advised
to perform a diagnostic laparoscopy in children after
equivocal ultrasound. Protocols with conditional MRI after
ultrasound seem to improve diagnostic accuracy. A protocol
using MRI after inconclusive ultrasound may lessen the
amount of diagnostic laparoscopies, but more research
is needed to investigate the effects of implementing MRI
as step up after ultrasound. Thieme et al. compared MRI
to ultrasound only, but did not mention the effects on
appendectomy rate. Dillman et al. and Aspelund et al.
compared conditional MRI to CT. However, since CT is not
advised in children because of the radiation, the results
regarding appendectomy rates from these comparisons
are not comparable to current practice using diagnostic
laparoscopy after inconclusive ultrasound. Therefore,
future research should be aimed at comparing (negative)
appendectomy rates in a protocol using ultrasound alone
compared to conditional MRI after ultrasound.
Aspelund et al. showed that more children underwent
imaging during the protocol using ultrasound and MRI.
The financial consequences of this observation should be
further studied.

CONCLUSION
In conclusion, MRI shows to have very high sensitivity
and specificity for diagnosing appendicitis in children,
comparable to that of CT, and can therefore rule out
appendicitis when ultrasound is equivocal. Furthermore,
MRI and ultrasound are equally tolerated. Therefore,
MRI deserves to be implemented in the next guideline for
diagnosing appendicitis in children. Further research will
have to show the financial consequences and the effects on
appendectomy rates of such an implementation.
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A STATISTICAL PROBLEM
SHOULD I CORRECT FOR MULTIPLE TESTING
AND WHAT IS THE BONFERRONI CORRECTION?
I. Vogel & R.Holman

BACKGROUND
A hypothesis test is a method of statistical inference on sets of random
variables, such as Hand Eczema Severity Index (HECSI) scores obtained
from patients with hand eczema following treatment with hand creams
“handy help” or “silky smooth”. If
the values of the HECSI are normally distributed, a researcher can use
Student’s t-test to compare the mean
HECSI scores in both groups. The null
hypothesis is that the mean scores are
equal in both groups and the alternative hypothesis that the mean scores
are not equal.
The researcher may be particularly
interested in whether the p-value of
the hypothesis test is less than 0.05. A
p-value less than 0.05 indicates that
the probability of observing a given
difference between the mean HECSI scores would be less than 0.05 if
there was no difference between the
severity of hand eczema following
treatment with “handy help” or “silky
smooth”. If the researcher finds a
p-value less than 0.05, he or she will
probably declare that there is a significant difference between mean HECSI scores following treatment with
“handy help” and “silky smooth”.
However, imagine that the researcher
has data on not one, but six measures
of hand eczema severity. Then the
probability of observing at least one
significant difference between the two
groups rises substantially, even if the
underlying distributions of HECSI
scores are identical. Statisticians have
developed methods, including the
Bonferroni correction, to correct for
this.

QUESTION
I am analysing a randomized controlled trial for two new treatments
for hand eczema, “handy help” and
“silky smooth”. I have six primary endpoints: 1) the Hand Eczema Severity

Index; 2) the Physician Global Assessment; 3) the Dermatology Life Quality
Index; 4) the Photographic Guide; 5)
the Osnabrueck Hand Eczema Severity Index; and 6) the Investigators’
Global Assessment1. I have heard that
I need to correct for multiple testing.
What does this mean and how should
I do this?

ANSWER
Imagine that you have a box of coins,
each of which has probability 0.5 of
landing on heads if tossed. If you toss
one coin 10 times, the probability that
the coin will land on heads 10 times is
0.510, which is approximately one in
a thousand. However, if you toss 100
coins 10 times each, the probability
that at least one will land on heads 10
times is 0.0930, which is nearly one in
ten. Hence, if you carry out an experiment multiple times, or use multiple
measures in a single experiment, a
rare outcome becomes much more
common.
The same effect can be seen in multiple testing in clinical research. If you
have six measures of hand eczema
severity as primary endpoints in your
trial, the probability that at least one
difference between the “handy help”
and “silky smooth” groups will be
significant, even if there is really no
difference between the groups, will be
1- (1-0.05)6 = or 0.2649 2. This is more
than one in four and substantially
more than the nominal value of 0.05.
One way of correcting for multiple
testing is the Bonferroni correction.2
When performing a Bonferroni correction, a researcher divides the critical value, or α, by the number of tests,
n, that he or she wishes to perform.
This division results in a new cut-off
for significance, α/n. In our example
the researcher wishes to examine
differences on six measures of hand
eczema. Hence, following the Bonferroni correction, the critical value will

be 0.05/6 = 0.0083. We can use the
formula above to evaluate the probability of observing a significant difference even if there is no underlying
difference between the two groups of
patients. Here the probability of finding at least one significant result is 1
- (1-0.0083)6 = 0.0489, which is slightly
less than the nominal value of 0.05.
This indicates that the Bonferroni
correction is conservative, especially
when the number of tests on the same
database increases. This means that it
corrects more strictly than is actually
necessary.
There are also other methods of
dealing with multiple endpoints.
Three options are: 1) defining a single
outcome, such as the HECSI, as the
primary endpoint, eliminating the
need to correct for multiple testing; 2)
combining the outcomes into a single
aggregated endpoint, such as the average of the six hand eczema severity
scales for each patient; or 3) using
statistical methods specifically developed for testing multiple endpoints
such as multivariate analysis of variance (MANOVA), Hotelling’s T2 test
or global or exact test statistics.3 The
problem of multiple testing can also
occur when researchers wish to compare more than two groups or perform
subgroup or interim analyses or have
repeated measurements on individual
patients , but are beyond the scope of
this article.3
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THEO DE VRIES
I was trained as a medical doctor at
the University of Groningen. This
was also the place were I was trained
in general practice and clinical pharmacology (PhD) and was appointed
as lecturer in clinical pharmacology
in 1980, later combined with work in
general practice. In 1996 I accepted a
professorship in Pharmacology and
Pharmacotherapy at the department
of Medical Pharmacology at the VU
University Medical Centre in Amsterdam. My main area of (research)
interest has always been education in
clinical pharmacology and especially
in teaching all aspects of pharmacotherapy. The past few years all our
research has been conducted under
the Research and Expertise Centre In
Pharmacotherapy Education (RECIPE)

WHO ARE YOU?
Theo de Vries, born in 1948 in Sneek,
trained as General practitioner at the
University of Groningen.

WHEN AND WHERE DID YOU
GRADUATE?
1979, Medicine, University of
Groningen.

WHAT IS YOUR AREA OF
EXPERTISE?
Clinical pharmacology and pharmacotherapy (education) in particular.

WHAT IS YOUR CURRENT
POSITION?
Emeritus professor in Pharmacology
and Pharmacotherapy, VU University
Medical Centre Amsterdam.
Chairman of the Education committee of the Dutch Association of
Clinical Pharmacology (NVKF&B).

WHAT WERE YOUR PREVIOUS
POSITIONS?
Professor in Pharmacology and
Pharmacotherapy, VU University
Medical Centre Amsterdam. Chair
of the education subcommittee of
the European Association of Clinical
Pharmacology and Therapeutics
(EACPT). Has worked as general practitioner from 1987-1993 in Groningen.

at the VU University Medical Centre in Amsterdam. The objectives of
RECIPE are: 1. The development of
effective and attractive education for
undergraduate and postgraduate students and teachers, based on knowledge of the process of therapeutic
thinking and acting, as well as on recent insights in the field of education
(evidence-based education). And 2:
Conducting research concerning the
process of therapeutic thinking and
acting of physicians and under-and
postgraduate students. In particular
the treatment and drug selection process, both theoretically (declarative
research), as in relation to schooling
and training (impact research).
This line of research in pharmacotherapy teaching has a long history, it

WHAT ARE YOUR RESEARCH
INTERESTS?
My main area of interest is education
in clinical pharmacology and pharmacotherapy teaching.

PUBLICATIONS?
Co-author of many manuscripts in
international peer-reviewed clinical
pharmacology and medical education
journals; and co-author of the WHO
Guide to Good Prescribing which presented the WHO 6-step model for students and doctors (http://apps.who.
int/medicinedocs/pdf/whozip23e/
whozip23e.pdf), and the accompanying Teachers Guide to Good
Prescribing.

AWARDS?
Winner of the 2015 European EACPT
Lifetime Achievement award in
Clinical pharmacology and therapeutics education. Winner of the
1st Education award of the Dutch
Association of Clinical Pharmacology
(NVKF&B) in 2015.

was the subject of my PhD thesis. Now
looking back on my career, I can say
that the most important publication
has been the WHO Guide to Good
Prescribing for students and doctors
in 1995, and the accompanying Teachers Guide. The first mentioned guide
describes a 6-step approach to rational
prescribing, is translated in at least
23 languages (for example Arabic,
Korean, Russian, Spanish, French and
Bengali) and is now the best known
and most widely used method in pharmacotherapy education worldwide.
The six-step concept of the WHO
Guide to Good Prescribing was based
on an unpublished observational
study carried out in 1984 at the University of Groningen. To our knowledge, this was the first attempt to investigate therapeutic problem solving
by doctors in real practice. Over 500
patient consultations by 25 general
practitioners and 25 clinical specialists were observed and recorded, and
doctors were interviewed about their
therapeutic reasoning. From this
study, it became evident that therapeutic problem solving consists of six
steps. The 6-step method since then
has been evaluated in several studies
worldwide. Systematic reviews in the
past 8 years have indicated that the
WHO Guide to Good Prescribing is
the only model that is widely used and
has the largest body of evidence supporting its use to improve prescribing
competencies internationally.
I am very pleased with the fact that the
WHO Guide to Good Prescribing has
led to the worldwide awareness that
medical students should be trained in
therapeutic reasoning in order to prescribe drugs rationally and safely.

P. 8

ARTICLE

AMSj #5

DETECTION OF PATIENT-VENTILATOR ASYNCHRONY BY
USING SURFACE EMG
J. Jurgens & J.L.C. Lokin

ABSTRACT
Introduction
In this single centre prospective observational pilot cohort
study a novel method of transcutaneous detecting diaphragm activity was investigated, with ultimate aim to study
detection of patient-ventilator asynchrony by analysing the
obtained flow and combined electromyography of the diaphragm signals.
Methods
Patients were included in the study when they met the following criteria: 18 years of age or older, invasively ventilated
(≥48h) and if written informed consent was given. Patients
were excluded when cervical spinal cord injury was suspected, phrenic nerve injury, suspected neuromuscular disease
or contra-indications for electrode placement. A total of
30 patients were measured, a 10-minute record was cut in
three at preset points in time (T2min, T6min and T10min)
and analysed. Wilcoxon-test was used concerning feasibility
and repeatability of in and expiratory time and electromyographic (EMG) in and expiratory time. Correlation between
in and expiratory time with EMG in and expiratory time
was investigated via a Bland-Altman plot. Incidence of
patient-ventilator asynchrony (ineffective trigger and auto-triggering) was analyzed with specific software.
Results
Of the 30 measured patients, one was excluded from data
analysis because of poor data capture. Good feasibility,
repeatability and correlation of timing indices between
surface EMG (sEMG) signals and flow were found in the
remaining 29 patients. Patient-ventilator asynchrony was
detected in 28 of the 29 patients.
Conclusion
This pilot study shows sEMG measurements can be reliably
performed and may detect patient ventilator asynchrony,
but should be confirmed in a larger population. The development of an automated algorithm to detect and quantify
patient-ventilator asynchrony should increase clinical applicability.

INTRODUCTION
Ventilator induced harm
Mechanical ventilation can be lifesaving. However, in recent years preclinical and clinical studies have shown that
prolonged mechanical ventilation is associated with complications such as diaphragmatic weakness due to atrophy
and dysfunction. Ideally, patient and ventilator interact, but
if this interaction is not optimal mismatches may occur. A
mismatch between patients’ neural inspiration time and the
ventilator inspiration time is known as patient-ventilator
asynchrony (PVA). PVA can lead to prolonged mechanical

ventilation, less successful weaning from ventilator, increases patient discomfort and respiratory muscle overload and
compromised alveolar ventilation. 2-7
Measuring electrical activity of the diaphragm
A non-invasive tool to detect electrical diaphragm activity is
transcutaneous EMG measurement. Cutaneous placed electrodes located abreast on the ventral side of the diaphragm
facilitate continuous data capture of diaphragmatic activity.
Signal interference+
The transcutaneous electro-myographic signals can easily
be contaminated by non-physiological signals (Continuous
veno-venous hemofiltration, or a simple cellphone) or physiological signals such as the electrical activity of the heart
and adjacent muscle signals. This phenomenon is known as
cross-talk.8 EMG measurements of the diaphragm may be
hampered by contamination of abdominal muscle activity
due to its anatomic position.
Objective
Two objectives are investigated in this pilot study: the feasibility and reliability of the surface EMG (sEMG) technique
itself. To determine a correlation we matched the tidal flow
time and amplitudes with the sEMG indices of flow time
and amplitude. Secondly, we investigated the detection of
patient-ventilator asynchrony by using the detected diaphragmatic activity, reported in root mean square (RMS) of
the combined diaphragmatic electrodes, in comparison to
the number of produced flow signals from the mechanical
ventilator. Two different numbers of counted RMS’ and flow
signals in a preset time frame indicate asynchrony.

METHODS
Study design
This single centre prospective observational pilot cohort
study was conducted at the Intensive Care Unit (Adults) of
the Academic Medical Centre (AMC) in Amsterdam in accordance with the principles of the Declaration of Helsinki.
Approval of the Ethics Committee (METC) in Amsterdam
was obtained.
Patients
From September to November 2014 consecutive patients
admitted to the ICU were eligible for inclusion if they met
the following criteria: informed consent, ≥18 years of age
and an expected duration of mechanical ventilation for ≥
48 hours. Patients with cervical spinal cord injury, known
phrenic nerve injury, suspected neuromuscular disease (other than intensive care acquired weakness (ICU-AW)) were
excluded. Patients which were given Rocuronium (a muscle
relaxant), next to sedation, and patients with a contra-indication for electrode placement (e.g. severe skin infection
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at electrode site) were also excluded. Informed consent was
obtained from the patient or appropriate surrogate before
participation in the study. In this pilot study 30 patients
were included.
Surface EMG measurement
Data from two types of mechanical ventilators was collected
in this pilot study: Galileo (Hamilton Medical, Bonaduz,
Switserland) and Servo i (Maquet Critical Care, Solna,
Sweden). Three pasting electrodes (H59P Cloth Electrodes,
Kendall) were placed left and right mid-clavicular abreast
of the diaphragm. The third electrode was used as ground
wire and placed at the sternum. EMG activity was recorded
parallel to tidal flow measurements by placement of a connecting piece. This enabled simultaneous measurement of
EMG and flow parameters during ventilation. To prevent
delay between the gated electrical signal of the diaphragm
and the flow parameters we calibrated flow and EMG signals
before recording. The Dipha-16 (Inbiolab BV, Groningen,
The Netherlands) was used for continuous data collection.
Recorded data was send to a laptop with a digital acquisition
system. Via Polybench reviewer we collected three signals:
flow signals obtained via the connecting piece, indicating
the exact number of given breaths delivered by the ventilator. Second, airway pressure (Paw) was obtained via a combined signal from the connecting piece and the detected signals via electrodes pasted on the patients’ diaphragm. Third,
EMG activity of the diaphragm (EMGdi) signals, obtained
via the pasting electrodes, were combined to the root mean
square (RMS) to characterize the degree of muscle activation. RMS is a time domain index which is used to process
and analyse the sEMG signals for real time muscle activity.9
The automatic filtering algorithm provided by O’Brien et al. ,
was applied to filter substantial disturbance caused by the
electrical activity of the heart (mainly the QRS-complex).10
Cyclic changes (breathing) in sEMG and tidal flow signals
make it possible to demonstrate a correlation.
Data collection
We derived the corresponding time indices from the mean
surface EMG (sEMG) signals and flow. Peak activity of the
sEMG is expressed in milli-Voltage (mV) and reflects the
maximum activity of the diaphragm. Time from the lowest
activity to the next maximum is the inspiratory time of the
sEMG (tI,sEMG). Time from the maximum sEMG activity
to the lowest is called the expiratory time of the diaphragm
(tE,sEMG). sEMG in- and expiration time signals are compared with the tI and tE from the simultaneously recorded
flow signal.
Data analysis and statistics
Of a total record time of 15 minutes per person we used a
10-minute record from T2 till T12 minutes. The 10 minute record was cut in 3 sets of 30 breaths on preset points in time
(T2minutes, T6minutes and T10minutes). Recorded data was
send to the Polybench reviewer for digital asynchrony detection. Comparing the RMS with the number of detected flow
signals lead to asynchrony detection. A higher number of
RMS than detected flow signals indicated ineffective triggering. A higher number of detected flow signals compared to
detected RMS’ were identified as auto triggering. Continuous
normally distributed variables are expressed by their
mean and standard deviation (SD) or when not normally
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distributed as medians and their interquartile ranges (IQR).
Differences were calculated using the Wilcoxon test for
paired, continuous and non-normally distributed data (relation between T2 minutes and T6 minutes and T6 minutes and
T10 minutes). A relation between time indices of tidal flow
and surface EMG (sEMG) was assessed by Bland-Altman
plots(11). Comparative analysis for time periods were performed by Pearson’s correlation coefficient (r). Data processing and analysis were performed using the data acquisition
and processing package Polybench (Applied Biosignals,
Weener, Germany). Statistical analysis was performed with
SPSS version 21(SPSS Inc. , Chicago, Illinois, USA).

RESULTS
During the study period 81 patients matched the inclusion
criteria, 51 patients were excluded for various reasons (no informed consent, or a fatal prognoses). All of the 30 included
patients were measured according to protocol. During analysis one patient had to be excluded from the final analysis
because no surface EMG data was recorded (figure 1).
			
Reliability and feasibility aspects
Eighteen out of thirty patients were ventilated with the
‘pressure support’ modus of the Hamilton mechanical
ventilator. Eight patients were ventilated with the ‘pressure
support’ modus from a Servo i machine. Four patients were
‘pressure controlled’ ventilated, by a Servo i. Reasons for
ICU admission were: out of hospital cardiac arrest (OHCA),
subarachnoid haemorrhage (SAH), sepsis, post-surgery and
trauma. Eleven of the thirty included patients died during
their admission at the ICU. Two patients were measured
during concomitant continuous veno venous hemofiltration
(CVVH) procedure. All accept two patients were sedated
during measurements; the median Richmond agitation
sedation level (RASS) was -4 [-5, -3] indicating moderate to
deep sedation. Other patients’ characteristics are summarized in table 1. The sEMG recordings were successfully performed in 29 of 30 patients. Flow parameters and sEMG parameters are summarized in table 2. All parameters showed
repeatability between the three preset measure points,
(Table 3). Repeated measurements of the tI, tE and peak level
with corresponding sEMG signals indicating reliability(r
0.732). The median tI of the flow signal was 996 msec [8061216] the median tI,sEMG was 1024 msec [631-1188]. The median tE and tE,sEMG were 1858 msec [1413-2670] and 1040
msec [676-1437] respectively. Two Bland-Altman plots for
tI and tE are presented in figure 2A and B. The tI plot shows
relative good agreement between the two different methods
on inspiration time. In the tE plot median and IQR of tE and
tE,sEMG show no clear correlation. In the Bland-Altman
correlation plot of tI one outliner was excluded.
Failed measurements
One measurement failed due to interruptions in the signal
transmission. Investigation of the measurement logbook
of the patient showed that the patient placed its hand on
one of the electrodes. Exerting pressure on the electrodes
turned out the increased signal transmission. During record
analysis in Polybench reviewer two major outliners in tI,
tI,sEMG and tE, tE,sEMG were reported. In total of 10 minutes record time 21 and 35 RMS’ and 35 and 17, respectively,
flow signals were detected. After investigation it turned out
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that the reviewer only selected major in and expiratory signals and therefor did not select major parts of the 10-minute
record. However the signal detected showed good correlation in tI.

DISCUSSION
In this pilot study we assessed good feasibility and reliability of surface EMG measurement in invasively ventilated
patients. To our knowledge the present pilot study is the
first to document the prevalence and type of asynchrony
in adult patient on invasive mechanical ventilation for
acute respiratory failure of mixed aetiology by means of
digital asynchrony detection. One patient had to be excluded from analysis due to technical problems in data
acquisition. Altogether the surface EMG (sEMG) facilitates
a less invasive way for electrical activity of the diaphragm
and respiratory neural drive detection and analysis. The
mechanical inspiratory time (tI) and measured inspiratory
time (tI,sEMG) showed good correlation. We detected a large
proportion of patient-ventilator asynchrony in a ten-minute time frame by comparing the number of counted flow
signals with detected root mean square (RMS) of diaphragm
signals (EMGdi). In total, 28 of the 29 included patients ineffective triggering or auto-triggering was detected. A previous study showed that these two triggers are responsible for
80% of all asynchronous breaths in invasively mechanical
ventilated patients.3

small to detect a significant difference in asynchrony type.
The study of De Wit et al. , found specific asynchronies at
different RASS scores, this indicates that different types of
asynchrony are present during admission.6 In the study of
De Wit et al. , each unit decrease in RASS-score increased
the amount of ineffective triggers detected by 2.7%. Patients
in our studied population were sedated relatively deep
(RASS: -4 [-5, -3]). In accordance to De Wit et al. , most of our
detected asynchronies were ineffective triggers.
In conclusion, this pilot study shows the feasibility and
repeatability of sEMG measurements as a novel detection
method for patient ventilator asynchrony. Indications for
mechanical ventilation were relatively broad and both
ventilator type and modes varied between studied subjects.
These variabilities hamper drawing clear conclusions, nevertheless in nearly all patients we demonstrated detectable
asynchrony. Our findings indicate that, patient-ventilator
asynchrony appears to be very common even in relative
natural pressure ventilator support. The next step would be
an automated algorithm for asynchrony detection and identification to study clinical outcome.
We want to express our gratitude to G.J. Glas (PhD), J.Horn
(PI) and G.J. Hutten (PI). Their support and enthusiasm
brought our research skills to the next level.
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Limits of methods
One often mentioned limitation of transcutaneous EMG
measurements is muscle interference or muscle-crosstalk.8
Previous experiences in our institution did not report such
muscle cross-talk or other interference when using the same
transcutaneous EMG technique.12 Interference of heartbeats
in the purity of the RMS signals has also been reported as a
possible limitation of the method used.13
As the automated filtering system selectively deletes repetitive heart contractions (QRS-complexes), interference
of the RMS signal of the diaphragm is negligible. Besides,
visual investigation of the raw diaphragm activity dataset
(figure 3) demonstrates that irregularities are deleted from
the records and thus give more certainty on the reliability of
the measured diaphragm activity (EMGdi).
This pilot study shows that transcutaneous sEMG detection
is feasible and repeatable in stable invasively ventilated
adults. The continuous collected data from the polybench
reviewer showed good repeatability in the three preset time
intervals in comparison to the golden standard (mechanical
ventilator data). The feasibility of this study was impeded
by the heterogeneity of the physiological conditions of the
admitted patients. Despite the differences in admission,
sEMG provided good signal quality. In only two recorded
sEMG signals quality was poor due to a low sensitivity of
the data analysis software. In advance we showed our concerns on electrical signal interference by other electrical
equipment at the ICU, however the transcutaneous signals
obtained from the sEMG were of good quality and showed
no crosstalk.
In this pilot study four of the included patients were
ventilated on pressure controlled ventilation mode. Our
observation that tI is correlated to tI,sEMG was similar in
both groups of mechanical ventilation. The groups were too
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TRIAL AND ERROR

CAPNOGRAPHY

THE YOUNG FEMALE INTERN
- CLARIFY YOUR ROLE

S.M. Bossers & D. N. H. van Vemde
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K. Smit & N. Rol
On November 27th 1972, the Dutch medical society was
shocked by the oration speech by dr. Bob Smalhout, an anaesthesiologist, entitled “De dood op tafel” (English “death
on the table”). In this public lecture he opened up about
perioperative complications and deaths due to anaesthesia
related errors. He made a plea to make anaesthesia related healthcare safer: he suggested necessitating adequate
airway monitoring of patients during an operation. Until
then, there was no standard practice in the monitoring of
endotracheal intubation. To distinguish between the proper
endotracheal versus unwanted oesophageal intubation,
detection of exhaled carbon dioxide was made possible via
capnography. John Scott Haldane was the first to design a
capnogram apparatus in the early 20th century (which was
later improved by Luft in 1943), but it was largely due to
prof. Smalhouts efforts that capnography was introduced in
the anaesthesia practice in the Netherlands. He continued
to contribute to capnography knowledge by publishing the
vademecum called “An atlas of capnography” (1975). He
was a true pioneer in the use of capnography as standard of
aesthetic care, as the technique was not introduced in the
United States until 1978. July 2nd 2015 Bob Smalhout passed
away. However by introducing capnography as standard
perioperative care, his contributions to patient safety will
live on.

“Nurse, can you help me sit up?”, “Nurse, I would like to
pee.”, “Thank you, nurse”. These are sentences I, as a female
doctor in training, heard frequently from patients during
my internship at internal medicine. I visited the patients
that were addressed to me daily, never correcting patients
because the mix up did not really bother me. At the end
of one day a nurse came to me and said that a patient had
complained that although there was a very friendly nurse,
the doctor never visited him. He was almost at the point to
make an official complaint about this. I was sure I visited
this patient that day, but because I had not corrected the
patient in his “thank you, nurse” he never knew I was the
doctor (or in this case: the medical student).
As a young female intern it is always possible that a (often
elderly) patient addresses you as nurse. In their beliefs, by
experience, cultural background or because it has always
been that way, a female is a nurse and a male a doctor (of
course this is somewhat exaggerated). I never felt annoyed
nor offended when a patient called me nurse, but I also did
not correct them. Moreover, I never requested a nurse to
help explaining that I was not the nurse but a medical student.
Following the experience with the unsatisfied patient about
the medical attention he presumably had not gotten, I now
always make clear I am a doctor-in-training. This is not just
to avoid complaints, but it can be reassuring for patients to
know that the doctor is giving them the attention they need.

CLINICAL IMAGE
W.W.L. Li & R. Betgem

PRESENTATION
A 65-year-old woman presented with an unusual object
sticking out of her chest. The patient presented without
pain, dyspnea or fever. Her medical history included a
mitral and tricuspid valve repair 15 years ago. Six months
ago, a central venous catheter was placed for dialysis. What
could the object be?
fig. A
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A. A rusty nail
B. A small leech
C. An iron guidewire
D. A large blood clot
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RADIOLOGY IMAGE
M. Maas & S. Spijkers

PATIENT DATA
● Age: 29
● Gender: male
● Medical history: none
● Initial presentation: dyspnoea,
pain in right side of chest, saturation
80%, bulging neck veins, no breath
sounds at the right side of chest, right
side of the chest more convex.

QUESTION 1
What is the correct chronological order of the images?
A. 4123		
C. 2143
B. 4213		
D.2413
Hint: Notice the tube insertion and the
corrected shift of the mediastinum after that
procedure.

QUESTION 2
CHECKLIST CHEST X-RAY
1. Mediastinum: should be
symmetric and biconcave.
2. Trachea: should 		
be in the centre of the 		
mediastinum.
3. Hilar region: evaluate 		
lymph nodes.
4. Heart: heart-thorax ratio
should be ≤0.5.
5. Vessels: should be delicate.
6. Lung zones: 			
check for infiltrates 		
+ evaluate sinus pleurae
for pneumothorax.
7. Diaphragm: should be 		
easily distinguishable.
8. Bones: ribs, sternum,		
clavicles, scapulae, 		
vertebrae.
9. Soft tissues: check for 		
foreign bodies.

ANSWERS ON P. 14

What is the diagnosis of this patient?
A. Accidental skin fold
B. Primary pneumothorax
C. Secondary pneumothorax
D. Tension pneumothorax

fig. 1

Hint: Notice that there is no trauma reported and no bones are fractured; these are
often causes of a tension pneumothorax.
Accidental skin fold mostly occurs in elderly
as they have more loose skin. Also recall
that secondary pneumothorax is defined as
a pneumothorax with an underlying lung
disease as cause of the pneumothorax.
fig. 2

QUESTION 3
What is the immediate treatment at
the ER?
A. Conservative
B. Chest drain
C. Needle aspiration
D. Surgery
Hint: Recall which treatment options are
available at the ER and recall what the
fastest treatment for immediate relief is.

QUESTION 4

fig. 3

What is the treatment for this patient?
A. Chest drain
B. Conservative
C. Needle aspiration
D. Surgery
Hint: For small rim pneumothorax (<2cm),
the treatment is conservative with radiological follow-up. For patients with mild
symptoms and/or no underlying lung
disease, only a needle is used. For patients
with severe symptoms and/or an underlying
lung disease, a chest drain is used. Surgery
is performed when there is a recurrence of
pneumothoraces.

fig. 4
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SUBJECT 101 DELIRIUM
A. van Aken & P.P. de Koning

Delirium is a neuropsychiatric disorder that frequently occurs in a hospitalized setting. Despite this, it is often
misdiagnosed or not recognized and
as a result not treated properly which
could have serious consequences for
a patient’s health. Due to this fact, I
would like to dedicate this Subject 101
to delirium by presenting an overview
of the essence of this acute confusional state.
There are different kinds of delirium,
but they all have the same key symptoms of an acute onset of disturbance
of consciousness and a global disturbance of cognition (e.g. disorientation, memory impairment), which
can fluctuate in severity during the
day. The hyperactive delirium is the
most known and recognizable type.

THE BEST WAY TO
DIFFERENTIATE
BETWEEN THE
DISORDERS:
DEMENTIA OR
DEPRESSION ARE NOT
ASSOCIATED WITH
A DISTURBANCE OF
CONSCIOUSNESS.
It can be generally characterized by
psychomotor hyperactivity, agitation/
aggression, hallucinations and delusions. The less known type, hypoactive delirium, is also the type that is
often misdiagnosed as a dementia or
depression and it is more prevalent
than the hyperactive type. Its symptoms can involve apathy, withdrawn
behaviour and decreased alertness.
The best way to differentiate between
the disorders: dementia or depression
are not associated with a disturbance
of consciousness. Furthermore, a delirium emerges acutely in a matter of
hours or days while the emergence of
depression and dementia takes weeks,
months or even longer. The final type
is a mix of the two previous types,

where a patient’s state fluctuates between hyper- and hypoactive. Of these
three types, the pure hyperactive delirium is quite rare.1-5
The prevalence of delirium among
hospitalized elderly patients, a high
risk group, can be as high as 30-40%.
Delirium is associated with prolonged
hospitalization, an increased chance
of complications and mortality. It can
bring previously unrecognized cognitive impairment to medical attention
and there is growing evidence that delirium itself might lead to permanent
cognitive decline and dementia. It is
imperative to interview family members in order to assess the premorbid
cognitive function of the patient and
to exclude an alcohol withdrawal
delirium, for which the primary treatment is the administration of benzodiazepines. The confusion assessment
method (CAM) is a quick tool that can
be useful when diagnosing a delirium
(sensitivity 94%, specificity 89%).
The Delirium Observation Screening
scale (DOS) is often used by nurses
to monitor the patient’s symptoms
every shift. It is good to realize that a
delirium is mostly caused by a combination of predisposing factors such as
age and premorbid dementia or other
cognitive disorders, and precipitating factors such as a somatic disease
or certain medication usage. What
it basically comes down to is if the
patient is very vulnerable (multiple
predisposing factors), it does not take
many precipitating factors to cause a
delirium.1-5
The best treatment for delirium
is to treat the underlying cause,
whether it is an infection, electrolyte disturbance or something else.
Non-pharmacological interventions
aimed to, for example, increase the
patient’s orientation or restoring
the sleep-wake cycle are required as
well. In some cases antipsychotics,
such as haloperidol, olanzapine and
quetiapine are indicated to protect the
patient’s health. They may be necessary in hyperactive delirium, when
there are symptoms of agitation and

combative behaviour. Antipsychotics
cannot cure a delirium, they are used
purely as a symptomatic treatment.
They are not indicated for hypoactive delirium. Unfortunately, there
is a limited amount of randomized
controlled trials that have evaluated
the effect of antipsychotics. However,
the limited data that exists does support their use and so far there are no
known alternatives for managing
delirium pharmacologically.1-5
In conclusion, delirium frequently
occurs in hospitalized, mostly elderly, patients. It can lead to prolonged
hospitalization or even permanent
cognitive decline. It is essential to find
the underlying precipitating cause and
treat it, as antipsychotics can manage
symptoms but do not cure delirium.
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Primary pneumothorax can be recognized on a chest radiograph by:
•
visible visceral pleural edge see as
a very thin, sharp white line
•
no lung markings are seen peripheral to this line
•
the peripheral space is radiolucent compared to adjacent lung
•
the lung may completely collapse
Primary pneumothorax occurs mostly
in younger (<35-year-old) patients.
Whereas tension pneumothorax can
be lethal, with constantly enlarging
pressure on the mediastinum, a primary pneumothorax usually is not.
At the initial presentation a needle
aspiration is done if the pneumothorax is quite severe or if it may be a
tension pneumothorax. Needle aspiration gives immediate relief on the
pressure inside the thorax. In a small
rim pneumothorax (<2 cm) this is not
necessary, see the literature. Surgery is
only necessary if the pneumothorax is
recurring. Surgical techniques aimed
at treating recurrent pneumothorax
may include Video-Assisted Thoraco-scopic Surgery (VATS)

Question 1:
D. 2 4 1 3

C. An iron guidewire

fig. 1

Question 2:
B. Primary pneumothorax
Question 3:
C. Needle aspiration
Question 4:
A. Chest drain
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The guidewire was lost six months
ago, during placement of a central venous catheter for dialysis in the right
femoral vein. Over the past months,
the wire had migrated and protruded
through the chest. It had moved with
every heartbeat. Computed tomography (image 1) shows a 40 cm guidewire
protruding through the right atrium
and subsequently the anterior chest
wall. The iron wire was extracted by
pulling its end under trans-oesophageal echocardiography surveillance. A
cardiac surgery team and heart-lung
machine were on stand-by in case
complications as pericardial tamponade would occur.

fig. 2

fig. B

fig. 3

fig. 4
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