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INTRODUCTION

Urolithiasis is often seen in the Emergency Room
(ER), with an incidence rate of 1.5% of the
population per year in Germany.1 Occurring most
often in patients in their 20s to 50s.2 Patient presentation is usually with acute, severe, unilateral
flank pain3.
IDENTIFYING STONES

In the case of suspected urolithiasis, further
imaging studies are required. The three modalities
most commonly used are ultrasound (US), plain
radiography (X-BOZ) and computed tomography
(CT). CT has mostly replaced X-BOZ in
evaluation of the acute ureteric colic, although for
example plain radiograph can still be useful in a
follow-up setting.4
A calculus in the urinary tract can be seen on
US as an echogenic focus, usually with acoustic
shadowing (FIGURE 1).5 When combining regular
grayscale US with color Doppler, a twinkle or
comet-tail artefact can even be identified, indicative of calculi.6 Even with these characteristics
it can be challenging to visualize urinary calculi,
especially small stones, those close to the corticomedullary junction of the kidney and stones in the
distal ureter.

ABSTRACT

Urolithiasis is often seen in the Emergency
Department (ER), patient presentation is
usually with acute, severe, unilateral flank pain.
There are two ways to diagnose calculi in the
urinary tract, ultrasonography (US) or computed
tomography (CT), which operate with high
frequency sound waves and radiation respectively.
ADVANTAGES AND DISADVANTAGES The
advantage of ultrasound is its availability,
relatively low cost and safety (no radiation
exposure). Disadvantages include inter-observer
variability and a low sensitivity and specificity.
CT boasts a high sensitivity and specificity, which
comes at the cost of radiation exposure, reduced to
1,77 mSv per scan with a low-dose CT-scanning
protocol.
COMPARATIVE EVIDENCE A recent British
randomized controlled trial compared two protocols to evaluate suspected urolithiasis in patients
presenting at the ER. US as first step with CT if
needed at the patients’ discretion and an immediate
CT. No difference was found in missed or delayed
high-risk diagnoses with complications between the
two protocols. It is thus safe to assume that either
can be used without inflicting immediate harm to the
patient.
ACADEMIC MEDICAL CENTER In the AMC we
adhere to the national guidelines, doing an
immediate CT-scan in suspected urolithiasis. This
results in a computed extra radiation exposure of
0,89mSv per patient, which equates to a 1 in 16.393
chance of developing cancer in a 30-year old. Whilst
saving €17,25 in each case.
CONCLUSION In patients presenting on the
Emergency Room with suspicion of symptomatic
urolithiasis, CT scan and ultrasound are equal for
evaluating urolithiasis when looking at serious harm
related to missed or delayed diagnosis. CT is cheaper
and delivers the diagnosis quicker but comes at the
cost of a small health risk to the patient related to
radiation.

Urinary stones can usually be identified on CT as
hyperdense objects, in the 300-1500 Houndsfield
3
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Unit range7, located in the kidney, pyelum, ureter,
bladder or incidentally in the urethra.8
ADVANTAGES AND DISADVANTAGES

Commonly cited advantages of US are safety (no
radiation exposure), reproducibility and the fact
that the technique is inexpensive.9 Disadvantages
include inter-observer variability and it’s low sensitivity and specificity regarding urolithiasis.10, 11
In contrast to US, CT has a significantly higher
sensitivity and specificity, recording the tiniest
urinary calculi (FIGURE 2).12 It does however,
require the patient to be exposed to radiation.
Non-contrast-enhanced CT (NCCT) protocols
may need to dole out up to 5mSv (millisievert)
per scan.13 An alternative is low-dose CT, where
contrast in an image is sacrificed for a lower
radiation dose. This technique maintains a high
sensitivity and specificity, 96.6% and 94.9%14
respectively, whilst achieving a radiation reduction to 1-2mSv per scan.
Background radiation in the Netherlands is
+/- 2mSv each year, so one scan would equate to
living here for 0.5-1 year.15 This doesn’t take any
vacation trips into account, for instance flying to
an exotic destination (0.005mSv/hour16) or going
skiing (0.015mSv/week17)
There is currently no consensus on which of the
two modalities should be chosen. The AMC now
uses direct NCCT as opposed to US first, however
there is still regular discussion on whether this is
the right choice. When looking at diagnostic

accuracy, complication rate, radiation exposure
and health care costs, should this policy be kept
in place? To answer this question we performed
a literature review and reviewed the financial
records of the AMC.

CURRENT EVIDENCE BASED
PRACTICE

Guidelines are available on both National and
European level.18, 19 The European Association of
Urology (EAU) stipulates the first step in
diagnosis to be an ultrasound. This is based on
above mentioned arguments mentioned and
arguing that US is readily available throughout all
hospitals and clinics in Europe whilst CT might
not be. The EAU acknowledges NCCT to be the
reference standard for urolithiasis, also
recognizing low-dose CT as a good alternative to
reduce radiation related risk.
National guidelines, created in a collaborative
effort of the NvU (Nederlandse Vereniging van
Urologie) and NVvR (Nederlandse Vereniging
voor Radiologie), have a different view on the
matter. They argue that NCCT is far superior to
US and KUB radiography, citing the diagnostic
accuracy of NCCT and stating the aforementioned
disadvantages of US. Coupled with a wide-spread
availability of CT in Dutch hospitals and a cost
reduction in favor of CT of €11.247 over 217
patients according to Dutch research.20
The current practice in our institution is to follow
national guidelines and use a low-dose CT
protocol to minimize radiation exposure.

METHODS

FIGURE 1 Stone in the lower pole of the right kidney.
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To evaluate all high-grade comparative evidence
(i.e. randomized controlled trials) regarding
diagnostic evaluation of urolithiasis using CT or
US in the ER setting, a Pubmed Search was performed. See Supplement A for the complete list
of search terms. The search strategy is composed
of various terminology used to describe urinary
stones, CT, US and the ER coupled with an
adapted form of the Cochrane Highly Sensitive
Search Strategy to filter for RCTs.
This yielded 11 articles, 6 of which comparing CT
to US whilst 5 reported on the same study
(described below). One study also compared CT
to US but was only a retrospective observational
4

across all groups. Neither did the amount of serious adverse events, rate of hospitalization after
discharge or self-reported pain score. This shows
us that we can effectively choose either route
of initial imaging without inflicting significant,
immediate harm to the patient.

FIGURE 2 Right distal ureter stone at vesico-ureteral
junction.

study. The other 5 didn’t compare US with CT
and weren’t RCTs. Financial records in the AMC
were consulted for pricing of CT and US, these
prices include acquisition, maintenance and labor.
Volume processed in the AMC was also
calculated using financial records.

COMPARATIVE EVIDENCE

In lieu of higher grade evidence, such as a pooled
meta-analysis, the best comparative evidence
available is a randomized trial published in 2014
in the New England Journal of Medicine.21 The
methodology of this study is sound, the report
was drafted in strict adherence to the EQUATOR-guidelines and it has a low risk of bias
according to the Cochrane Risk of Bias Assessment Tool.
All 2759 participants presented on the Emergency
Room with suspicion of having
nephrolithiasis were randomized in 3 groups with
different initial imaging; US performed by an
emergency department physician, US performed
by a radiologist (US-R) or direct NCCT. Primary
outcome was occurrence of a high risk diagnosis
with complication due to a missed or delayed
diagnosis, which did not significantly differ
5

Further parameters assessed in this study were
radiation exposure and length of stay at the
emergency department. Direct CT inflicted a
mean of 7,9 extra mSv compared to US-R, whilst
patients randomized to US-R had to wait and
extra 0.6hr. Both differences were statistically
significant. We also learn that in the US-R arm,
27% of patients still underwent CT. Of all patients
evaluated, 31.2% reported to have passed a stone.
When using this as a reference, the sensitivity of
US and CT are 57% and 88% respectively, the
specificity was 73% in US versus 58% on CT.
Keep in mind that any urinary stone could be
easily evacuated without the patients knowledge
and thus, using reported stone passage as a
reference is debatable.
A cost analysis regarding the above trial was
also published.22 This article reported a modestly
cheaper ER-visit when randomized to the US-R
arm compared to direct CT, $423 vs $448. In the
AMC we have different pricing and different
protocols regarding treatment, would this
difference also exist in the AMC?

ACADEMIC MEDICAL CENTER

The AMC has already implemented CT as primary imaging technique. If we combine the data
provided by the above mentioned study with the
figures applying to the AMC, we can study its
effect this has had on radiation exposure to the
patient and health care costs.
Over the year October 2014 to September 2015,
787 Diagnosis Treatment Combinations (DBC)
for urolithiasis were declared. This includes
recurrent disease and patients from the outpatient
clinic. 189 DBCs were initiated by the emergency
department. For the following calculations we
will assume that 27% of the US group will also
need a CT-scan for diagnostic purposes.
Before any treatment is considered in the AMC,
AMSj #9

patients will also need to undergo a CT-scan.
Taking this into account, we know from the above
article that 31.2% of the remaining 73% in the US
group will have urolithiasis and will thus need a
CT-scan to base a treatment plan upon resulting
in 22.78%. Therefore, a predicted total of 49.78%
of patients initially evaluated by US will undergo
CT.

when using CT and the amount saved per induced
carcinoma at different stages of life.
CASE

RADIATION EXPOSURE

In our patient, choosing for the immediate CTscan would mean a quicker result with possibly
earlier treatment if needed. We would save the
hospital a little over €280.000,- in the long run
but give our patient a 1 in 16.393 chance of
developing a malignancy.

For the 189 patients in the AMC, evaluating first
with CT will result in exposure to 334,53mSv and
with US to 166,53mSv (334,53 * 0,4978). This
is a radiation difference of 0,89mSv per patient,
comparable to 1-2 plain radiographs or living in
the Netherlands for half a year.

In patients presenting on the Emergency Room
with suspicion of symptomatic urolithiasis, CT
scan and ultrasound are equal for evaluating
urolithiasis when looking at serious harm related
to missed or delayed diagnosis such as bowel
ischemia or a pulmonary embolism. CT is cheaper
and delivers the diagnosis quicker but comes
at the cost of health risks related to radiation.
There is no clear-cut answer as to which modality
should be chosen. However, the above article puts
all related aspects into perspective. Hereby this
article provides each physician the tools needed to
manage urolithiasis and to make a well-informed
decision.

A Siemens Sensation 64 CT-scanner is used in our
facility, settings for a low-dose CT protocol are
120kV (kiloVolt) and 30mAs (milliAmpère/second). One abdominal scan will deliver 104mGy
(milliGray) per cm of Dose-Length Products
(DLP) to the body. Using the International
Commission on Radiological Protection (ICRP)
103 organ weighting scheme this will result in an
irradiation of 1.77mSv.23

COSTS

An ultrasound in our institution is €79,96 per
investigation, a CT is €124,87. These figures are
including initial costs, upkeep and personnel. For
our 189 patients, the cost for CT only evaluation is €23.600,43 and for US with subsequent
CT when needed is €26.860,73 (€11.748,29 +
€15.112,44). According to these figures initial
evaluation by CT is €17,25 cheaper per patient.
RELATION TO HEALTH RISK

The ICRP published its view on combined
detriment due to excess cancer and heritable
effect which is 0.005% per mSv23. This risk
calculation is derived from data obtained from
nuclear disasters (ie. the explosion of nuclear
reactor 4 at Tsjernobyl in 1986) and early
experiments with radioactive material, using
the Lineair No Threshold model. The National
Research Council (NRC) has published a risk calculation stratified by age at the time of exposure
using the same data24. TABLE 1 shows the lifetime
risk of cancer attributable to radiation exposure
OCT 2017
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SOLVING STATISTICS

INTER-OBSERVER
RELIABILITY
B. I. Witte, VU Medical Center, dep. of Epidemiology
and Biostatistics.

BACKGROUND

In a prospective cohort study to propose a novel
ultrasound scoring system for hand and wrist
joints (US10) for evaluation of patients with early
rheumatoid arthritis (RA), the researchers also
investigated inter-observer reliability between
two readers. Images from 20 randomly chosen
patients (of the 48 patients included in the study)
were evaluated for the inflammation and joint
damage parameters of the joints included in the
US10 score (second and third MCPs and PIPs and
wrists), yielding a total of 200 images. A trained
rheumatologist performed the initial US examination, he had eight years of experience in US
and was blinded to all other study findings. The
second evaluation of the ultrasound images was
performed by a rheumatologist, with five years of
experience in musculoskeletal ultrasound.
According to the statistical analysis, inter- and
intra-reader agreement was calculated using
kappa coefficients between readers.

QUESTION

How can inter-observer reliability be displayed
in a statistical correct way and how should it be
interpreted?

ANSWER

In general, inter-rater reliability (or inter-observer
reliability) is the degree of agreement among two
or more raters. It is in particular a useful measure
to investigate whether a scale is appropriate for
measuring a certain variable or whether raters
need to be re-trained. There are several inter-rater
reliability measures, the most common two are
the kappa score and the intra-class correlation
coefficient (ICC). Which one to report, depends
on the level of outcome measure: kappa scores are
used for nominal data and ICC’s for continuous
data. Since the motivating article for this question
concerned nominal data, I will limit myself now
to the kappa score and ignore the ICC. There are
OCT 2017

different kappa scores for a study design consisting of 2 raters (Cohen’s kappa) and of more than
2 raters (Fleiss’ kappa).
Assume for the moment that 2 raters (A and B)
scored n items into 2 categories (absence or presence of a certain feature) according to
TABLE 1 (note that a+b+c+d=n). The simplest
measure of agreement would be the percentage
of items on which A and B agreed, i.e. (a+d)/n.
However, the raters could have agreed on the
same outcome just by chance. Both Cohen’s
kappa in this example and Fleiss’ kappa in case of
more than 2 raters take this agreement by chance
into account. Because of this, two studies with
the same percentage of agreement could yield
two different kappa scores, since the kappa score
is defined as (observed agreement-agreement by
chance)/(1-agreement by chance). Let’s look at
two examples. In the first example we have: a=45,
b=15, c=25, and d=15, in the second example we
have: a=25, b=35, c=5, and d=35 (i.e. the agreement (a+d)/n is 60%). The probability that the
observers’ rates are equal by chance in example 1
is equal to 60/100×70/100+40/100×30/100=54%
, and in example 2 is equal to 60/100×30/100+40
/100×70/100=46%. I will not go into detail about
this probability, the most important message of
this answer is that the kappa scores account for
agreement by change. Now, we have κ=(0.600.54)/(1-0.54)=0.1304 in example 1 and κ= (0.600.46)/(1-0.46)=0.2593 in example 2.
B

A

absent

present

absent

a

b

present

c

d

TABLE 1 Scores of 2 raters for n items.

What about testing and interpretation of the
kappa score? As stated in my previous ‘solving
statistics’ [Edition 6, sept 2016] reporting only
p-values does not give any information about
the size of the effect, in this case the agreement.
However, when reporting on inter-observer
reliability, it is even very uncommon. This is due
to the fact that the null hypotheses that is tested is
whether the kappa score is equal 0 zero versus the
8

CHANGING PERSPECTIVES

alternative hypothesis that is unequal to zero. So,
usually, agreement is denoted in categories: poor
agreement (κ<0.0), slight agreement (κ between
0 and 0.20), fair agreement (0.21–0.40), moderate agreement (0.4–0.60), substantial agreement
(0.6–0.80) and almost perfect agreement (0.81–
1.0). Unfortunately, there are some factors other
than agreement (and agreement by chance) that
can influence the magnitude of the kappa score,
making kappa scores difficult to interpret.

Read a paper, but question
the statistical analyses? Let
us know via www.AMSj.nl or
our Facebook page!

THE USE OF 24-HOUR
URINE COLLECTIONS TO
ESTIMATE SODIUM
INTAKE: LESSONS FROM
SPACE
L. Vogt

The relation between sodium intake and
cardiovascular health is a subject of an ongoing,
sometimes overheated, discussion. An important
issue contributing to this discussion is the way by
which sodium intake is assessed, e.g. by the use
of morning urine samples or dietary
questionnaires. Generally, measurement of
sodium content in 24-hour urine collection is considered to be the best reflection of daily sodium
intake. Recent data indicate that the latter may
not be true, not only because of daily variation in
sodium intake, sampling errors or urinary bladder
retention. The recent discovery by Rakova et al in
subjects that underwent training for a long-term
space flight to Mars (!) importantly influences the
interpretation of sodium excretion using 24-hour
collections.1 At a perfectly stable sodium intake
for months, 24-hour sodium excretion into the
urine has been demonstrated to display huge
day-to-day fluctuations. The finding of rhythmic
sodium excretory and retention patterns by the
kidney may contribute to variations exceeding 50100 mmol/d when subjects are put on a fixed diet
containing 200 mmol/d of sodium. In light of the
discussion on health outcomes related to sodium
intake, alternatives to reliably assess an individual’s dietary sodium intake are highly needed, but
yet unknown.
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INTERVIEW

PROF. DR. J. A. ROMIJN

CURRICULUM VITAE

Interview by Tinka van Trier, medical student, Academic Medical Centre, Amsterdam, The Netherlands

1980		
Medicine: University of 		
		Amsterdam
1990 		
Registration as internist-inten		
		sivist
1990 		
PhD thesis on endocrine 		
		
regulation of metabolism
1990-1992
Postdoc at University of 		
		
Texas Medical Branch, Galveston
1993 		
Registration as endocrinologist
1998 		
Appointment as professor of 		
		
internal medicine (Leiden), 2010
		(Amsterdam)
2004-2010
Chairman of the residency pro		
		
gram internal medicine, LUMC
2001-2005
President of the Dutch Society
		of Endocrinology
2010-present
Professor of internal medicine,
		AMC-UvA
2010-2016
Chairman of the Department of
		
Internal Medicine, AMC
		
Chairman of Division A, AMC
2011-present
Editor-in-Chief of The European
		
Journal of Endocrinology
2016-present
Chief executive, Board of
		Directors AMC Dean, Faculty of
		Medicine, UvA

Area of expertise: Neuroendocrine diseases and
diabetes mellitus.
Current position: Chairman, Board of Directors,
AMC and dean of AMC.
Research interests: Regulation of hormone
secretion and hormonal effects. Treatment and
key long-term effects of hormonal disorders,
especially those affecting the pituitary, and
diabetes.
Publications: Over 540, including in Lancet,
Nature Medicine, Journal of Clinical Investigation, Diabetes and Journal of Clinical Endocrinology and Metabolism.
Even before we sit down to start the interview,
professor Romijn is the one who starts asking a
question instead of me. He wants to know what
kind of doctor I would like to become. I answer
him honestly that I am really not sure yet and that
I change my mind every internship. His advice
is not to waste time on finding out. On his first
day as an intern at the department of internal
medicine, he applied for the residency program in
internal medicine. At the age of twelve professor Romijn already knew that he would like to
become an internist, just like his father.
How did your father inspire you to become an
internist as well? My father was a calm, modest
man, and a good listener. I was very shy, so I
thought that this would fit me as well. Now I even
treat patients who were previously under the care
of my father.
What else have you considered to do? I have
considered going into music, since I played the
violin. However, it is very difficult to reach a
certain high level. As a student I have rowed at
Nereus [Dutch rowing club]. After joining the
competition, I have been a coach and even went
to the world championships in Amsterdam and in
OCT 2017
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New Zealand. That was an inspiring experience
but not something I wanted to fill the rest of my
life with.
Is it important for you to reach the top in life? I
want to do things properly and accurately. However, it is not important for me to be better than
others. I am not a very competitive person.

‘‘At the age of twelve
professor Romijn already
knew that he would like to
become an internist, just like
his father.’’
What does inspire you in being a doctor? As
a doctor, it will always be about personal and
face-to-face communication with patients. It is
not possible for an individual doctor to increase
the number of patients and seeing more patients
during the same consultation. Above that, there
is the biology of diseases, the interaction with
the environment, and the different ways in which
patients cope with the disease. It is an honor to
be able to help patients. It has nothing to do with
‘being at the top’, but it is about being accurate.
Medicine gives me the sense of satisfaction.
Do you want to continue working as an internist,
in addition to your new function as Chairman
and Dean of AMC? Yes, it is important for me to
continue seeing patients, because it was never my
goal to become a professor or, -he pauses as if he
has trouble finding the right word- chairman, he
says. My aim was to become an internist. Somehow along the way I gained all these positions,
but I was, and am still, very pleased with just
being an internist.
Do you have an idea what important
personality characteristics you have that made
you been asked for these positions? I am very
careful in my interaction with people. I try never
to stand in someone’s way. I do not feel the need
to be better than others, so no one has to feel
threatened by me.
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So it is the modesty you have inherited from
your father that has been your key to success? I
think that has played a role. And above that I am
motivated and enthusiastic. It feels weird to say
all this about myself.
When you look back on your time as student
at the University of Amsterdam, how did you
experience the internships? It was a phenomenal,
unbelievable period. It was a romantic, inspiring
time that molded me into the person I am today.
When I started the internships, I did not know
precisely how to behave. During this period, you
develop as a person. I was fascinated by all the
different small worlds of every department, they
appeared mini universes, the interaction between
people, and the variations between the different
specialisms. During almost every internship,
I was filled with admiration: I, for example,
considered psychiatry and dermatology as being
inconceivably interesting, as well as
ophthalmology and surgery.
Many students seem to have a lot of stress and
even symptoms of a so-called burn-out. They
do not seem to enjoy the internships as much as
you describe it. Do you recognize these feelings
from your time as a student as well? Life is not
always easy. There is not even one person who
is easy-going during his whole life. That simply
does not exist, since life comes with ups and
downs. There are people who are indecisive.
However, the more you worry about things,
the more you lose time, the more delicate you
become. Many leaders do not doubt that much:
they receive information, filter what they need
and make a decision. They are probably less
sensitive to suffer from these feelings of uncertainty. However, I consider it to be rather normal
that young people feel insecure: your financial
situation, relationships and future are uncertain.
During the internships you behave humbly, because you are uncertain about your position, and
about your knowledge. This may certainly cause
feelings of stress. I always tell the doctors at my
department that they should treat all interns with
great respect. During the start of each internship,
the interns feel uncertain and, the supervisors tend
to forget that they are all very bright students. In
the future these interns may be the bosses and
AMSj #9

they will treat us one day when we are patients in
the hospital. That is a certainty we have. So you
should always look into their eyes and find out
what makes this student unique. Every person has
something special.
How do you stimulate creative ideas? Everyone
has his own unique view; you should be susceptible to these views in conversations. In addition,
you should ask questions and look for answers
by talking to others and by reading the appropriate literature. A few times a year, an innovative
thought comes to mind. You should indulge these
creative impulses and follow these ideas.
What keeps you motivated? The interaction with
colleagues and patients: giving positive feedback
to each other. I would never be able to perform
well if I would have to do it all on my own. In
medicine, there is a sense of non-conformism.
You receive a lot of honest, clear-cut, and positive
feedback, eventually leading to self-reflection. It
is a unique lifestyle, different from professions
like for instance bankers or lawyers.
Do you always feel like a doctor, even once you
are back home on the weekend? No, once I drive
back home, I set my mind to other things. I like
recreational sailing or cycling. I live a peaceful
life with my family back home. What was quiet
interesting, is that as soon as the newspapers
wrote that I would become the new dean of the
AMC, people in my street suddenly started to
greet me. I did not understand, because I had not
changed.

‘‘Reorganization is not about
technical accomplishments,
it is about humanity.’’
What is your most important focus for the coming
years as the chairman of the AMC? The last years
we have gone through enormous changes. We
started using EPIC, and everyone should follow
the rules of JCI to ensure patient safety. At the
same time patients are changing as well. We are
treating more complex diseases, in a more complex organization. Upcoming changes are the new
bachelor program, renovation of a large part of
the building and the coming alliance with VUmc.
Those changes ask a lot from people. The coming
period my job will be to lead people through
these changes. To take peoples’ hands and bring
a certain form of peacefulness. Reorganization is
not about technical accomplishments but about
humanity. Change inevitably gives stress to
people, so my job is to create calmness and be
kind and understanding to everyone.
Which core values of the AMC do you want to
preserve despite all changes? Respect for the
individual values of people. We are not an army;
we should motivate people intrinsically to change.
That is an important but complex process. In the
meantime, we also need to maintain focus on the
best patient care, education, and research.

That reminds me of the first day I read the news
that you would become the successor of Marcel
Levi. On your photograph it said ‘Capo di tutti
capi’, but that disappeared within a day. Did you
make up these words? These words came from
the professor of dermatology, professor Hoekzema, whom I personally know very well because
he has been an intern with me. I met him when
the news had just reached him. He joked by email
that he would bow for me in the future, screaming the words: ‘Capo di tutti capi!’. Although I
thought it was funny, it was removed from the
website because of the negative association with
the mafia.
OCT 2017
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CHANGING PERSPECTIVES

DSM-IV: MAKE WAY FOR
DSM-5
A.G.E. van Aken and P.P. de Koning

As of 2017 the fifth edition of the Diagnostic and
Statistical Manual of Mental Health Disorders
(DSM-5) will be the leading classification system
for psychiatry in the Netherlands. It succeeds its
predecessor DSM-IV, which has been around
since the ‘90s and was known for adding the
required ‘clinically significant impairment in
functioning’ criterion to many disorders.
One of the biggest changes is the removal of the
multiaxial system. Sixteen new classifications
have been added and some disorder groups have
changed radically. Most notably, the diagnosis
‘Autism Spectrum Disorder’ now encompasses
autism, Asperger’s disorder, childhood
disintegrative disorder and pervasive developmental disorder not otherwise specified and it is
categorized in severity. Another notable change is
the reorganization of the former anxiety disorders
into separate anxiety, obsessive-compulsiverelated and trauma- and stressor-related disorders.

CLINICAL IMAGE

A HAIRY PROBLEM

A. Zwagemaker, M.J.S. Oosterveld

CASE

A 9-year-old boy with a long history of frequently relapsing nephrotic syndrome was reviewed
at the pediatric outpatient clinic soon after recent
immigration from another country. One striking
feature on physical examination was excessive
hair growth. The hair growth was restricted to his
back and existed of long, dark hairs. Upon further examination, there were no signs of sexual
development, such as testicular enlargement or
pubic hair.

QUESTION

What is the diagnosis?
A. Hypertrichosis
B. Hirsutism
C. Lanugo
D. Premature pubarche

Not all changes have been well received. For
example, there has been much debate about the
removal of the bereavement exclusion in major
depressive disorder. This criterion was used to
exclude the possibility of diagnosing someone
with a depression in the first two months of grief.
Some fear that this removal may lead to
unnecessarily medicalizing normal grief.
According to Edith Schippers, Minister of Health,
Welfare and Sport, the change to DSM-5 will not
have any noticeable effect, insurance-wise. It will
be interesting to see how much impact this DSM
update will have in the everyday clinical setting.
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CASE REPORT

BURN-INDUCED
COAGULOPATHY
Simone E. Dekker*, Anne Duvekot*, Ward van der Ven,
Patrick Schober, Leo M.G. Geeraedts and Christa Boer
*Both authors contributed equally
Department of Anesthesiology, Institute for Cardiovascular Research, VUmc

SUMMARY

This case report describes a 45-year-old woman
with burn injury-related coagulopathy. Despite
treatment with NovoSeven®, the patient showed
excessive bleeding tendency and died 5 days after
hospital admission. As coagulopathy is associated
with life-threatening outcomes, early
diagnosis is vitally important. This is the first
study to describe the use of both thromboelastometry and Chrono-log aggregometry to
diagnose coagulopathy in acute burn patients.

BACKGROUND

Coagulopathy is reported in 5 to 40% of burn
victims and the incidence rises within the first 24
hours after admission to the emergency department.1,2 Burn injury-related coagulopathy is a
well-known risk factor for increased morbidity
and mortality.3 Yet, the underlying pathophysiological mechanisms of hemostatic derangements
in burn patients remain poorly understood. In this
case report, we describe acute hemostatic disturbances in a patient with major burns. In contrast
to previous studies, which primarily describe
delayed observations of coagulation derangements using traditional coagulation tests, we
describe a novel approach - the combination of
rotational thromboelastometry (ROTEM®) and
Chrono-log, both advanced hemostasis testing
methods in whole blood samples - to
characterize burn-injury related coagulopathy in
the acute phase.3 Moreover, we review the
potential pathophysiology of coagulopathy in
severely burned patients.

CASE PRESENTATION

A 45-year old woman was presented to the
Emergency Department (ED) of the VU University Medical Center, Amsterdam, the Netherlands.
OCT 2017

The woman was found unconscious when the
emergency teams arrived at her house
approximately 15 minutes after an incident, at
which a saucepan caught fire during cooking. This
caused severe inhalation injury and major burns,
and as a result she collapsed. The patient’s medical history denoted of multiple sclerosis. She was
not known with pre-existent coagulation disorders
or the use of anticoagulant medication. Because
of severe inhalation injury the patient was endotracheally intubated by the emergency team. To
facilitate rapid sequence induction and intubation,
the patient received 1000 mL of intravenous 0.9%
sodium chloride solution. The Glasgow Coma
Scale (GCS) score was 3 with adequate pupil
reactions. The patient had a blood oxygen level of
95%, an arterial blood pressure of 160/90 mmHg,
and a sinus tachycardia of 160/min. The total
body surface area burned was estimated to be
65% with full thickness burns covering the face,
neck, chest and upper arms, as well as both upper
legs, right under arm, hand and genitals.
Upon arrival at the Emergency Care department,
the patient had a blood oxygen level of 96%,
normal breathing sounds bilaterally and an arterial
blood pressure of 100/80 mmHg. Arterial blood
samples were drawn 9 minutes after ED
admission for blood gas analysis (Radiometer
ABL90 Series) as well as standard coagulation
tests. Additionally, rotational thromboelastometry
(ROTEM®, TEM International, Munich, Germany) and functional platelet testing were performed. Blood gas analysis showed a metabolic
acidosis with a pH of 7.26 and base-excess (BE)
of -12.0 mmol/L (normal range -3 to 3 mmol/L),
while serum lactate was 4.3 mmol/L (normal
range 0.0-2.2 mmol/L). FIGURE 1 shows ROTEM
test results. Coagulation Time (CT) is the time
from the start of the measurement until initiation
of clotting, Maximum Clot Firmness (MCF)
reflects the firmness of the clot and Clot Formation Time (CFT) is the time from initiation of
clotting until a clot firmness of 20mm is detected.
The results in our patient show severely disturbed
hemostasis, characterized by an increased CT
of 3604 seconds in the EXTEM panel (normal
range 38-79 seconds), decreased MCF of 6mm in
the FIBTEM panels (normal range 9-25mm) and
undetectable CFT In all panels (normal range 3414

159). Platelet count was 95*109/L (normal range
150-400*109/L) and functional platelet testing
(Chrono-log® CH592A whole blood aggregometer) showed a complete absence of platelet
aggregation with an amplitude of 0 (normal range
of 9-12; FIGURE 1, panel C and D respectively).
Burn shock resuscitation was initiated by
infusing warmed Ringer’s lactate solution. Using
the Parkland formula (4 mL/kg for each % TBSA
burned), it was calculated that 21 liters of intravenous fluid should be administered during the
first 24 hours post-burn. Escharotomies of the anterior neck, chest, abdomen, arms, and legs were
performed to facilitate ventilation and prevent
compartment syndrome. Subsequently, the patient
was externally warmed to avoid hypothermia and
received two units of packed red blood cells (220
ml each), due to anemia (Hb 5.1 mmol/L). Blood
samples were drawn again after one hour
(TABLE 1), showing a minor improvement in
thromboelastometric parameters (data not shown).
The patient was then transported to a specialized
burn centre (Red Cross Hospital, Beverwijk, The
Netherlands) where she underwent extensive deep
skin avulsions of the chest and right leg on day 1
post-burn. Subsequently, meek-wall transplantation procedures were performed. On day 5 postburn, the patient’s condition deteriorated at the
Intensive Care Unit (ICU) to a severe state of systemic inflammatory response syndrome (SIRS).
She remained tachycardic (105-110 beats per
minute), and hypotensive (Mean Arterial Pressure
(MAP) about 68 mmHg) despite inotropic medication and fluid resuscitation. Her body temperature varied in the range between 31.1 and 35.9oC
and the metabolic acidosis was not correctable.
Despite the administration of coagulation factor
VIIa (NovoSeven®), a treatment to stop (major)
bleedings, the patient still showed excessive
bleeding tendency. Since hemostasis could not be
attained, further treatment was no longer meaningful, and was stopped. Subsequently, the patient
died, 5 days after initial hospital admission.

DISCUSSION

There are few studies that examine coagulation
changes in burn patients and the pathophysiology
of burn-related coagulopathy is not fully understood. In this case report we describe a 45-year
old woman with burns covering approximately
15

65% of total body surface area. Thromboelastometry showed prolonged clotting time, decreased
maximum clot firmness and immeasurable clot
formation time, indicative of severe hypocoagulable state. Platelet aggregometry showed
complete absence of platelet aggregation. To
our knowledge, this is the first study to describe
the combination of both thromboelastometry
and Chrono-log aggregometry in acute burn
patients. Several underlying mechanisms have
been proposed to explain the hemostatic derangements after burn injury. Such mechanisms may
lead to a primary hypocoagulable state, but also
to hypercoagulopathy. Here we discuss different
hypotheses for the underlying pathophysiology of
burn-induced coagulopathy.
HYPOCOAGULABLE STATE

One of the proposed mechanisms for hypocoagulopathy is that massive fluid resuscitation leads to
a relative decrease in coagulation factors, which
causes dilutional coagulopathy. However, Sherren
et al. showed that burn-induced coagulopathy is
unrelated to fluid administration.8 Furthermore,
a prospective observational study by Van Haren
et al. showed no correlation between thromboelastography (TEG) and fluid balance in burn
patients.13 Another potential cause of a hypocoagulable state is the presence of endothelial
injury and tissue hypoperfusion, which initiate
increased thrombomodulin expression and
activation of protein C.8,9 Several other
studies also showed that tissue hypoperfusion, as
indicated by low pH, base excess, and increased
lactate levels, initiates hyperfibrinolysis.10,11,12
The presence of hypothermia, as a consequence
of exposure - although the effect is not clinically
relevant until body temperatures are under 33.8
°C - may further contribute to a burn induced
hypocoagulability over time.9
HYPERCOAGULABLE STATE

Hypercoagulability is often described as an
evolutionary homeostatic response to trauma
to prevent bleeding and death. Furthermore, as
inflammation and coagulation are closely interrelated pathophysiologic processes, the hypercoagulable state is also frequently described in
the pathogenesis of SIRS and sepsis. In such
patients, endothelial damage is hypothesized to
AMSj #9

FIGURE 1 Rotational thromboelastometry and platelet aggregometry results of our patient versus a healthy volunteer at time of hospital admission. Thromboelastometry showed disturbed clot dynamics with prolonged clotting time
(CT) and decreased maximum clot formation (MCF) upon hospital admission (A). ROTEM test results of a healthy
volunteer (B). Platelet aggregometry showed a complete absence of platelet aggregation (C) compared to a healthy
volunteer (D).

cause impairment of the endothelium-dependent
activation of protein C, causing a shift in hemostasis towards the procoagulant state. Another
hypothesis is that burn injury releases clotting
factors that activate the extrinsic pathway and
promote a hypercoagulable state.5,6,7 The subsequent formation of microthrombi may explain the
occurrence of disseminated intravascular coagulation (DIC). DIC is primarily a consumptive
coagulopathy related to exaggerated consumption
of procoagulant factors, and it is one of the most
described forms of traumatic related coagulopathy. This is in contrast with earlier findings of Van
Haren et al. who showed that, in general, burn
patients have normal coagulation parameters upon
admission but become hypercoagulable during
recovery.13 In addition, Plasminogen activator
OCT 2017

inhibitor-1 (PAI-1), released due to endothelial
stress, inhibits fibrinolysis by preventing t-PA to
convert plasminogen into plasmin.4 Consequently, ineffective fibrinolysis and the formation of
microthrombi occur. Therefore, hypercoagulable
patients may require thromboprophylaxis to combat their increased risk of DIC or venous thromboembolism.13
The existence of a hypercoagulable or hypocoagulable phase may also be related to the degree
of the burn injury. For example, King et al. (n=5)
found that burns greater than 6% appear to induce
a systemic hypercoagulable state, but severe
burns greater than 40% appear to induce a consumptive coagulopathy.14 In contrast, Van Haren
found no significant correlation between total
16

burned surface area and coagulation parameters
as measured by TEG.13

•

TAKE HOME MESSAGES

•

In major burns, dysfunction of the procoagulant, anticoagulant, and fibrinolytic systems have been described. Yet, the underlying
pathophysiology is unclear and merits careful
investigation.
Coagulopathy is associated with worse
outcomes, and early diagnosis is critically important. To guide clinical decisionmaking and define treatment options, point
of care functional whole blood coagulation
tests along with laboratory tests should be
utilized. The possibility of either hyper- or
hypocoagulable states following burn injury
must be considered. For example, hypocoagulable patients requiring escharotomies
may have a greater risk of hemorrhage requiring massive transfusion. Antifibrinolytic
agents and plasma transfusions may there-

•

fore be important components of the overall
resuscitation protocol.
Advanced coagulation and platelet aggregometry tests may serve as important
tools in the acute setting for the diagnosis
and development of individualized therapy in
patients with severe burns.
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Blood gas

ED
admission

1 hour after ED admission

Reference value

pH

7.26

7.30

7.35 - 7.45

pCO2 (mmHg)

31.6

29

35 - 45

pO2 (mmHg)

86.9

228

75 - 100

HCO3 (mmol/L)

14.0

14.0

22 - 29

Base Excess (mmol/L)

-12.0

-11.5

-3 - 3

Hemoglobin (mmol/L)

8.9

5.1

7.4 - 11.2

Hematocrit (L/L)

0.44

0.25

0.36 - 0.50

s02 (mol/mol)

0.96

0.99

0.940 - 0.970

Na+ (mmol/L)

141

137

135 - 148

K+ (mmol/L)

4.1

4.1

3.5 - 5.3

CL- (mmol/L)

116

117

98 - 106

Ca2+ (mmol/L)

0.89

0.90

2.10 - 2.55

Anion Gap (mmol/L)

11.2

6

8 - 16

Glucose (mmol/L)

13. 9

12.2

3.7 - 5.2

Lactate (mmol/L)

4.3

3.7

0.0 - 2.2

Acid base balance

Oximetry

Electrolytes

Metabolites

TABLE 1 Routine laboratory values upon ED admission and 1 hour post ED admission.
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HONESTY IS THE BEST
POLICY
G. de Waard

It was my final internship at the department of
Cardiology, the final test before becoming a real
doctor. My supervisor had asked me to attend to
a patient at the Oncology ward. The patient was
diagnosed with stage IV lung carcinoma and the
oncologist was worried about malignant pericarditis. I performed a physical exam and went
back to my supervisor. Evaluating my findings,
my supervisor asked me: ‘Was this patient’s
central venous pressure (CVP) increased?’. I
had not checked the CVP carefully, but I did not
remember seeing a bulging jugular vein. Thus,
I answered ‘His CVP was not increased’. My
supervisor answered that in this case, an
echocardiogram to check for pericardial effusion
or tamponade was not indicated. After that, it
dawned on me that the CVP was a key information in this case. I felt embarrassed that I had not
answered my supervisor truthfully, as I was
really unsure whether the CVP was increased
or not. I immediately went back to the patient
and found out he did have an increased CVP. I
headed back to my supervisor, explaining him
what just happened. He laughed and told me I
made the right choice of visiting the patient for
the second time.
Most interns will recognize the story above in a
similar way. Do not be afraid of making a fool
of yourself or not fulfilling the expectations you
think your supervisor has. As an intern, still
developing your medical skill set, you do not
have to worry if you are not complete in your
medical history or physical examination. But
be honest about it, because certain doctors will
trust your findings without checking them, which
could have major consequences. Besides,
showing your uncertainty is one of the competences of a complete doctor.
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RADIOLOGY IMAGE

AN ATHLETE WITH PAIN

•

S. Spijkers & M. Maas

•
•

PATIENT DATA

•
•
•
•

Age: 19
Gender: Male
Medical history: None
Initial presentation: patient is a professional
athlete (100 metres sprint) who has been
intensively training for the last 6-8 weeks.
Acute onset of pain in the medial part of the
right foot.

CHECKLIST X-RAY FOOT

1.
•
•
2.
•

19

Medial aspect (DP)
1st and 2nd metatarsals, check alignment and
fractures
Check the medial and intermediate cuneiform
for fractures and/or dislocations
Lateral aspect (oblique)
3rd, 4th and 5th metatarsals, check alignment
and fractures

3.
•
•
•
•
•

Check lateral cuneiform for fractures and/or
dislocations
Navicular and cuboid, check for fractures
Medial borders of 3rd metatarsal and lateral
cuneiform should line up
Bone review
Check around the cortex of every bone
Start proximally and work distally, medial to
lateral
Be sure to rule out periosteal bone formation
Be sure to rule out any bone discontinuity
Look for any bone that is not attached

CHECKLIST MRI FOOT

1.
2.
3.
4.

Bone marrow: homogeneous black on T2 fat
sat?
Bone marrow: homogeneous white on T1?
Soft tissue: all muscles normal at the side of
the marked area of pain? ruptures?
Osseous structures and articular surface:
fractures? Alignment right? Osteochondral
lesions?

AMSj #9

Question 1: A stress fracture of metatarsal 1 or
2 is suspected. Which type of imaging has the
highest sensitivity and specificity for this injury?
A. Radiography
B. MRI
C. CT
D. Scintigraphy
Hint: stress fractures may be hard to find, is a
normal conventional radiograph helpful?
Question 2: What abnormalities are visible on
the X-ray images?
A. Osteomyelitis
B. Stress fracture metatarsal bone(s)
C. Soft tissue bruise
D. None

Question 4: How to treat this condition?
A. Rest for 2-3 weeks
B. Rest for 6-10 weeks
C. Internal fixation (surgery)
Hint: did you find a fracture that required
surgery? Is this injury severe enough to require
rest for up to 10 weeks or is a shorter period of
time rest enough?

ANSWER ON P. 30

Hint: follow the checklist to assess the images.
Question 3: What abnormalities are visible on
the MRI images?
A. Osteomyelitis
B. Stress fracture metatarsal bone(s)
C. Muscle injury
D. None
Hint: look for abnormal signal intensity in the
fat suppressed images. Are there areas of high
signal?
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ARTICLE

PREDICTING
ALZHEIMER’S DISEASE BY
TESTING OLFACTION A REVIEW
T.M. van Soest, BSc, t.vansoest@vumc.nl,
VUmc

INTRODUCTION

Alzheimer’s disease (AD) is the most common
form of dementia, affecting around 1% of the
population between the ages of 60 and 70.1 The
incidence of AD increases with age and since
the mean age of the population is still rising, AD
steadily becomes a bigger threat to global health.
Although AD has been researched for over 100
years there is still no cure, treatment and, or
well-established diagnostic or predictive markers. AD is caused by the aggregation of amyloid
plaques and neurofibrillary tangles which are
already present in the pre-clinical phase of AD.
With new possible treatment options and wanting
to focus on prevention, it is necessary to find clinically significant predictive markers for AD.
Deficits in olfactory functioning have been found
early in disease progression.2 The olfactory bulbs
pass electrical signals to the olfactory cortex and
to parts of the limbic system (i.e. the piriform
cortex). Healthy elderly often also have olfactory
deficits. However, the cause of the development of these deficits is different. Healthy older
controls show a decline of olfactory epithelium,
which then gets replaced by respiratory
epithelium.3 In addition, studies using fMRI on
healthy older people have shown that the piriform
cortex, frontal lobe and temporal lobe show abnormal responses during olfactory tests.4-6 In Alzheimer’s patients, the olfactory bulb is reduced in
size, 7, 8 shows some plaques7, 9 and even more tangles.7,10 Kovacs et al. (2011) showed that olfactory
bulb pathology can even be found in the earliest
pathological stages of AD.11 Taken together, these
results suggest that, since AD pathology is present
early in disease progression, looking at olfactory
deficits might be a good predictor for AD.
This review provides a critical look at the
21

ABSTRACT

BACKGROUND With the ageing population,
Alzheimer’s disease (AD) becomes an
increasingly common disease as age is the
biggest demographic risk factor for AD. The onset
of symptoms is preceded by a pre-clinical phase
in which pathological changes occur. In order for
an interventional treatment to be effective, it needs
to be administered in this pre-symptomatic phase.
Therefore, identifying prognostic markers for AD is
crucial. One of the possibilities is detection of
olfactory deficits, which are caused by damage of
the olfactory bulb. The cause of this damage is the
presence of amyloid plaques and neurofibrillary
tangles. This paper reviews articles written on the
subject of preclinical detection of AD through
identifying olfactory deficits.
METHODS Pubmed was used to search for articles
examining olfactory function as a predictor for
future cognitive decline or AD in pre-symptomatic
subjects. Articles were identified using the terms and
synonyms: Alzheimer, prediction, olfactory, mild
cognitive impairment and healthy controls.
RESULTS 12 studies were selected, 7 of which
concerned subjects with mild cognitive impairment
(MCI) participants, 4 of which were focused on
healthy controls and one study dealth with both of
the groups. All but one article showed that using
some form of olfactory testing for predicting AD in
people with MCI is useful. All studies concerning
healthy controls showed an association between
olfaction and future cognitive decline or the
development of AD.
CONCLUSION Although many studies had
different outcome measures, which makes it difficult
to compare, most articles showed that olfaction tests
might be useful for the prediction of AD in people
with MCI. Therefore, we conclude that this might
be a useful predictive test. There also seems to be an
association between olfaction and Alzheimer risk in
healthy elderly, but it was hard to draw conclusions
because of the difference in methodologies.
Olfactory tests might also be useful in other
neurodegenerative diseases; further research is warranted on this topic.
KEYWORDS Alzheimer’s disease, olfaction, mild
cognitive impairment, prediction
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literature on olfactory deficits in AD and will discuss whether, and how olfactory measures could
be used as a predictive marker for AD. To look at
AD early in disease progression, this review will
include patients with Mild Cognitive Impairment
(MCI), which is a syndrome referring to the
presence of cognitive impairment, mimicking
early stages of AD. 5-10% of all MCI patients
progress into AD each year.12 To investigate
usefulness of olfactory testing in the average
population, this review will also include healthy
controls. Taking all this into account, this review
will provide a comprehensive image of the extent
to which olfactory testing can be used to predict
AD in healthy elderly and persons with MCI.

METHODS

Articles used in this review were found using the
Pubmed database. Only longitudinal studies from
after the year 2000 were searched for. Combinations and synonyms of the terms Alzheimer,
olfaction, healthy, MCI and prediction were used
in the search. The exact search terms can be
found in the supplemental data. Also, the snowball method was used. Furthermore, references
from other review articles concerning the same
subject were selected. The articles were searched
on the 3rd and the 8th of June 2015 and on 25th
of January 2017.
Relevant titles were screened for eligible abstracts. FIGURE 1 presents the flow chart of the
inclusion process. Since the heterogeneity among
the studies was large, pooling of data was not
possible and meta-analysis was not performed.

testing scores and one study considered baseline
olfactory testing as a predictor of brain pathology post-mortem. The key characteristics of the
studies considered are summarized in TABLE 1
and TABLE 2.
COHORT STUDIES IN MCI PARTICIPANTS

From the in total 880 MCI participants included
in these studies, 191 subjects converted to AD
(21.7%) with a mean follow-up of 32.13 months
per converter.
Tabert et al. (2005) used three odour identification tests in their research.13 After correcting for
sex, education and Mini-Mental State Examination (MMSE) scores, the ten-item test showed a
risk ratio of 3.94 (95% CI 1.79-8.67), the Brief
Smell Identification Test (B-SIT) showed a risk
ratio of 2.21 (95% CI 1.05-4.67) and the
University of Pennsylvania Smell Identification
Test (UPSIT) showed a risk ratio of 2.52 (95% CI
0.99-6.42) for conversion to AD. The UPSIT is a
40 item smell test and the B-SIT a shorter version
of it. The 10 item test’s sensitivity and specificity
for progression to AD are 83.87% and 65.63%
respectively, using a cut-off point of 8. The UPSIT’s sensitivity and specificity are 83.87% and
62.50% using a cut-off point of 32. The B-SIT
showed a maximum sensitivity of 80.65% with a
specificity of 48.96% for progressing to AD.
42 articles found through
database search
35 articles excluded based
on title or abstract:
- not on topic
- not a logitudinal study
- before the year 2000
- no full text available

RESULTS

We screened 42 articles on title and abstract
(FIGURE 1). Of these, 12 full-text articles met
the inclusion criteria and were included in this
review. Four of these studies focused on healthy
controls, seven studies concerned persons with
MCI and one study concerned both. Three
studies were conducted in Europe, seven studies
in North-America and one study took place in
Australia. All studies were longitudinal cohort
studies. Nine studies considered baseline
olfactory testing in order to predict the
development of AD. One study considered
cognitive testing as a predictor of low olfactory
OCT 2017

5 additional articles included manually:
- references from other
reviews
12 suitable
articles selected

FIGURE 1 Flow chart of study selection.
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Author, year

Place

Participants

Baseline mean
age (year)

Follow
up

Tools

Main results

Devanand et al.
200014

N/A,
USA

90 MCI
45 matched
controls

MCI: 66.7
Controls: 64.0

20
months

UPSIT,
MMSE,
memory
measures

Low UPSIT score with lack
of awareness indicate higher
risk of converting to AD
(RR 6.4 (95% CI 1.5-26.8))
(p<0.01)

Tabert et al.
200513

New
York,
USA

147 MCI,
100 AD, 63
controls

MCI: 67.4
AD: 71.7
Controls: 65.7

3 years

UPSIT,
BSIT and 10
item test

10-item score < 8 predicted
conversion to AD (RR 3.94
(95% CI 1.79-8.67))

Devanand et al.
200815

New
York,
USA

148 MCI

67

1-9 years

5 predictor
combination,
UPSIT

Difference between converters and non-converters in
UPSIT (p ≤ 0.0001)

Bahar-Fuchs et
al. 201120

Melbourne,
Australia

25 MCI
25 AD
22 healthy
controls

MCI: 74.4
AD: 73.0
Controls: 71.7

1 year

UPSIT

No difference in baseline UPSIT score between converters
and non-converters (F<1)

Conti et al.
201317

Northern
Italy

81 MCI
46 healthy
controls

MCI: 74.0
Controls: 73.7

2 years

CA-SIT

MCI participants with CASIT score < 24 have a higher
risk of conversion (p ≤ 0.001)

Marigliano et
al. 201416

Rome,
Italy

18 MCI

68.1

1 year

TDI

Sensitivity and specificity
92.3% and 75 % for olfactory
test

Devanand et al.
201518

New
York,
USA

259 MCI
489 healthy
controls

80.2

4 years

UPSIT

Baseline UPSIT score
indicated greater risk of conversion (HR 1.058 (95% CI
1.015, 1.104)) (p=0.008)

Roberts et al.
201619

Olmsted
County,
Minnesota, USA

221 MCI
1430 healthy
controls

MCI: 82.1
Controls: 79.5

3.5 years

B-SIT

Low B-SIT score indicated
greater risk of conversion
(HR 3.32 (95% CI 1.169.94)) (p=0.03)

TABLE 1 Overview of selected articles concerning MCI (+ both healthy controls and MCI patients).
Abbreviations: RR = Risk Ratio, HR = Hazard Ratio, AD = Alzheimer’s disease, MCI = Mild Cognitive Impairment,
UPSIT = University of Pennsylvania Smell Identification Test, B-SIT = Brief Smell Identification Test, CA-SIT = Culturally Adapted Smell Identification Test, MMSE = Mini-Mental State Examination, TDI = Threshold Detection Identification, SOIT = Scandinavian Odour Identification Test
If no p-value was shown, there was no relevant p value mentioned in the original article.

Devanand et al. (2000) also used the UPSIT and,
when sex, education and modified MMSE scores
were included in the model, they did not come
to a statistically significant result for low baseline UPSIT score as a predictor for progression
23

to AD.14 However, combining the UPSIT with
a participant’s lack of awareness of olfactory
deficits led to a risk ratio of 6.4 (95% CI 1.5-26.8)
when the same covariates were included in the
model (p<0.01). Lack of awareness alone was not
AMSj #9

Author,
year

Place

Participants

Mean age
(years)

Follow
up

Tools

Main Results

Royall et al.
200223

N/A, USA

173 healthy
controls

79.1

3 years

UPSIT

Low UPSIT score indicates low CVLT
score p<0.001)

Schubert et
al. 200822

Beaver
Dam,
Wisconsin,
USA

1920 healthy
controls

66.9

5 years

SDOIT,
MMSE

Significant association olfactory loss and
5 years incidence, (OR 3.72, 95% CI
2.31, 5.99).
Low positive predictive value

Wilson et al.
200924

Chicago,
Illenois,
USA

471 healthy
controls

79.3

5.5
years

B-SIT

Low B-SIT score indicates more AD pathology in brain after autopsy (p=0.028)

Stanciu et al.
201321

Umeå,
Sweden

1529 healthy
controls

61.2

10 years

SOIT,
MMSE

Self-reporting olfactory disability (OR
0.89 (95% CI 0.81-0.98)) and worse
odour testing (p=0.03) both increase the
chance of conversion to AD

TABLE 2 Overview of selected articles concerning healthy controls.
Abbreviations: OR = Odds Ratio, AD = Alzheimer’s disease, UPSIT = University of Pennsylvania Smell Identification
Test, B-SIT = Brief Smell Identification Test, MMSE = Mini-Mental State Examination, SOIT = Scandinavian Odour
Identification Test

a significant predictor. When taking the lack of
awareness and baseline UPSIT score into account,
the sensitivity and specificity were 61.1% and
72.7% at an UPSIT cut-off point of 33.
Devanand et al. (2008) also used the UPSIT, to
show a statistically significant (25.8 vs. 33.2,
p ≤ 0.0001) difference in baseline UPSIT scores
in MCI participants converting to AD and MCI
participants not-converting to AD.15
Marigliano et al. (2014) used the threshold
discrimination identification (TDI) score with a
cut-off point of 21 and this showed a sensitivity
of 92.3% and a specificity of 75%.16 The TDI
score is represented by the sum of the scores for
odour threshold, discrimination and identification
tested by the Sniffin’ Sticks Extended test, which
employs 112 felt tip pens.
Conti et al. (2013) used a culturally adapted version of the UPSIT, the CA-SIT since the research
was done in Italy.17 At a cut-off point of 24 they
found that 47% of the participants with a smelling
deficit and 11% of the participants without the
deficit converted from MCI to AD (p ≤ 0.001).
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The sensitivity and specificity for this cut-off
point were 85% and 50%.
Devanand et al. (2015) split the group of MCI in
amnestic MCI and non-amnestic MCI, which had
converting percentages of respectively 24.03%
and 28.46% with a follow-up time of 48 months.18
They came to a hazard ratio of 1.058 (95% CI
1.015, 1.104) per point interval in the baseline
UPSIT score (p=0.008).
Roberts et al. (2016) used the B-SIT to predict
cognitive decline and the development of AD.
They showed that the risk for AD increased with a
decreasing B-SIT score.19 They divided the scores
in B-SIT into four groups where Q1 were the lowest scorers and Q4 were the participants with the
highest scores. The uncorrected hazard ratio was
3.48 (95% CI 1.59, 7.61) for comparing Q4 with
Q1. After correction for baseline global z score,
they showed a hazard ratio of 3.32 (95% CI 1.169.94) for comparing Q4 with Q1 in the prediction
of conversion to AD (p=0.03).
Bahar-Fuchs et al. (2011) were the only ones to
show no statistically significant outcome.20 Their
24

converters showed no significantly different
baseline UPSIT score than their non-converters
(F<1) and also showed no significant difference
in olfactory identification after follow up (F(1,11)
= 2.3, not significant). Their research furthermore
showed that two participants without subjective
olfactory complaints and with lower scores on the
UPSIT were less likely to get AD.
COHORT STUDIES IN HEALTHY PARTICIPANTS

Taking the research of Stanciu et al. (2013) and
Devanand et al. (2015) together, 128 out of 2027
healthy controls developed AD (6.1%) during a
mean follow-up of 102.3 months.18, 21
Furthermore, Devanand et al. (2015) showed that
a low baseline UPSIT score was strongly
associated with developing AD.18 Per point interval in the UPSIT the hazard ratio was 1.089 (95%
CI 1.05, 1.13). This is a statistically significant
result (p=0.008).
The study of Stanciu et al. (2013) resulted in an
odds ratio of 0.89 (95% CI 0.81-0.98), for every
point higher in a variation of the Scandinavian
Odor-Identification test (SOIT), for getting
dementia.21 The Scandinavian Odor-Identification
test is a validated test consisting of 13 different odour stimuli. After correcting for age, sex,
education and MMSE they also found that odour
identification is a good predictor of AD (p=0.03).
People who rated their olfactory sensitivity
‘worse than normal’ had 2.17 (95% CI 1.40-3.37)
times the odds of getting dementia within 10
years compared to people who thought their sense
of smell was fine (p=0.001).
After correction for age, sex, education and occupation, Schubert et al. (2008) showed a significant
association between baseline olfactory deficits
and 5 year cognitive decline (OR 3.72, 95% CI
2.31, 5.99).22 Cognitive decline was administered
by the MMSE, where a MMSE < 24 points was
used as a cut-off point, and by reported diagnosis
of AD. The positive predictive value was 15.9%
and the negative predictive value was 97.2%. The
highest positive predictive value they found was
for women of the age 80-95. This positive predictive value for these women was 34%.
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Royall et al. (2002) took a different approach and
looked at cognitive and memory tests as a predictor of UPSIT scores.23 Of all the tests they used,
their data only showed that a low score on the
California Verbal Learning Test (CVLT) indicated
a low UPSIT score (p<0.001). Their data also
showed a connection between low UPSIT scores
and a decline in MMSE. Moreover, they also state
that low UPSIT scores are specifically associated
with type 1 dementia (e.g. AD) rather than with a
frontal disorder.
Wilson et al. (2009) took another approach and
looked at brain pathology in patients who had
died without cognitive or memory complaints.24
These patients had participated in their research
and had taken the B-SIT. In 34 patients who had
had autopsy, they showed that a B-SIT score was
inversely correlated with Alzheimer pathology in
the brain (p=0.028).

DISCUSSION

In this study, we have shown that olfactory
function is a good predictor for AD in healthy
controls as well as in MCI patients, although not
all included studies show the same results.
In the studies concerning the conversion of MCI
to AD, the study from Bahar-Fuchs et al. (2011)
was the main outlier.20 It was the only study that
showed no association between olfactory
function and the conversion to AD. Furthermore,
they showed another result that was not similar
to the other studies discussed: objective olfactory
deficits without subjective loss of smell were
associated with a lower likelihood for Alzheimer’s disease. A probable reason for these outlying results is that they had a very limited amount
of participants in their follow-up (n=13). This
increases the possibility of coincident
findings that do not match reality. Another
striking feature of their research is their relatively
short (12 months) follow-up in comparison to
the other studies discussed. By following up for
longer than twelve months, more participants
would be given time to convert. In this way their
research could have had more chance of proving
its point. The numbers of conversion from MCI
to AD is in line with previous studies saying that
5-10% of the people with MCI convert to AD.
Our studies showed that 22.6% converted in an
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average of 32 months (2.67 years).12
Despite some association between olfaction and
AD the various study designs in the healthy
patient studies made it very difficult to draw
conclusions. They all showed some association
between olfaction and Alzheimer disease but
could not support each others findings because of
the differences in approach.
CLINICAL USE

Clinically, olfactory testing could definitely be
used for predicting Alzheimer’s disease in a
population with MCI. In order not to miss probable converters a test should have a high
sensitivity. However, when a converter will take
heavy medication, a test should not have too
many false positives. A balance must be found
between the two of these by choosing a specific
test and setting the cut-off point at a certain
number. Tabert et al. (2005) showed that the ten
item test is the best, compared to the UPSIT and
the BSIT concerning odds ratio, sensitivity and
specificity.13 Extracted from their article, the ten
item scale with a cut-off point of 8 would have a
sensitivity of 83.87% and a specificity of 65.63%
for converting to AD. This test has the best of
both worlds and could be used clinically in a high
risk population. Since the test is only based on 10
items, it can be performed in only 5 minutes. The
test can also be self-administrated with very little
help from a professional and is therefore cheap to
administer. Another option would be to combine
an objective odour identification test with the lack
of awareness of people with MCI. This option is
reviewed by Devanand et al. (2000) and gave a
sensitivity of 61.1% and a specificity of 72.2% at
a cut-off point of 33 points in the UPSIT.14 At a
cut-off point of 34 points in the UPSIT, the sensitivity is 72.2% and a specificity of 63.3%. This
is, therefore, also an option however not that good
of an option as the ten item test. Marigliano et al.
(2014) showed the highest sensitivity and specificity (92.3% and 75% respectively) but they had
only 18 participants in their research which makes
their research less valuable than the others.16
Clinically olfaction testing in healthy elderly is
probably only useful at a very old age because of
higher prevalence and incidence of AD in these
groups of age. Since the incidence raises from
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3.3% in the group of 80-84 years old to 8.3% in
the group of people above 85 years of age, the test
might be useful in the second group or maybe not
usable at all.26
LIMITATIONS OF THIS REVIEW

For this review, only the Pubmed database was
used, which possibly does not contain all the
articles written about this subject. Furthermore,
there were no studies excluded on study objective,
which made it difficult to compare all the studies
selected. Extending this point, Schubert et al.
(2008) made no difference in cognitive impairment and AD, which made it not exactly concerning this topic.22 Since cognitive impairment is not
the same as AD, the sensitivity they show is not
comparable to the other mentioned in this review.
This is because there are more people showing
cognitive decline than people progressing to AD.
FUTURE STUDIES

Further research about this subject would be
useful if they have the same outcome measures
because in this way they all could me compared
more efficiently.
Furthermore, more studies are needed to examine
the combination of olfactory function with other
predictive markers to increase predictive accuracy for AD. Since smelling is one of the human
senses, the other senses possibly might have a
connection with AD as well. We did not look for
articles concerning this subject. There are many
forms of dementia and the other forms but AD
were out of the scope of this review. A review
concerning these other types would also be of
interest for future therapy.
Additionally, it would be interesting to examine
the predictive accuracy of olfactory function for
other neurodegenerative diseases. It has already
been shown that loss of olfaction is also present in
Parkinson disease.27 Like in this review, it would
be useful to review the possibility of using
olfaction for early detection of Parkinson disease.

CONCLUSION

Olfactory testing is a useful, easy and probably
cheap way to predict progression to AD in elderly
subjects with MCI. The various tests which could
26

be used for this purpose should be repeatedly
tested before implemented. In healthy elderly,
olfactory deficits are also good predictors of AD
and brain pathology. However, population
screening in healthy elderly might not be useful
due to the low prevalence of the disease. More
clinical investigation should be undertaken into
such a screening program.
Not only could olfactory testing be a useful
predictor in MCI, it could also be used in other
neurodegenerative diseases, this will hopefully be
investigated in the future.
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Medical doctors on general wards are frequently
confronted with patients requiring oxygen
suppletion. But which oxygen delivery system
should be chosen and why? This subject 101
focusses on the topic of oxygenation and its
distinction from ventilation. Furthermore, several
types of oxygen delivery systems are discussed.
Oxygenation is the process of adding oxygen to a
system, in this case the human body. With the exception of administrating oxygen via a heart lung
machine, oxygenation is a process confined to the
lungs. It is dependent on the inspired
oxygen fraction (FiO2) and the capacity of the
lung tissue to allow diffusion of O2 molecules
into the capillaries and thus the bloodstream.
Oxygenation is not necessarily the same as ventilation.1 The latter refers to the exchange of air
between the lungs and room air or, for example,
ventilator and inherently also concerns the
elimination of carbon dioxide from the bloodstream. In this subject 101 we focus on oxygenation.

WHEN TO ADMINISTER OXYGEN?

Hypoxemia leads to dyspnea, pallor, or even cyanosis and subsequently organ failure. To prevent
this, treatment providers have to be informed
about the patients’ oxygenation status.3 A relatively cheap and easy to use monitoring device
is the pulse oximeter, which uses the technique
of photoplethymography to assess the saturation
of the hemoglobin with oxygen. Using two wave
lengths (660 nm and 940 nm) the absorption
of the hemoglobin with oxygen can be used to
assess the patient’s oxygen status. However, this
measure of “saturation” of hemoglobin, does not
always correlate to the actual amount of oxygen
in the blood, which is described as the arterial
oxygen saturation (SaO2).3 Differences between
SpO2 and SaO2 occur when saturation is <70%
and in case of carboxyhemoglobinemia (COHb)
and methemoglobinemia (metHb).
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Oxygen therapy is usually started when a patient
shows signs of hypoxemia (generally defined as
an arterial O2 saturation of < 90% or arterial PO2
of <60mmHg) or when the patient is clinically in
need of oxygen suppletion. But might be
preventive, for instance, in the case of trauma.

OXYGEN DELIVERY

To the healthcare providers’ disposal are several
forms of oxygen delivery. Dependent upon the
possibilities provided by the type of ward and the
type of respiratory insufficiency of the patient, the
following delivery systems can be chosen.4
Low flow nasal cannulas can supply the patient
with a variable FiO2 of 24-40%. The oxygen flow
rate, i.e. the amount of oxygen liters from the
oxygen supply to the device, should be
maximized and usually the range is 1-6 liters/min.
A further increase in liters/min will not increase
the FiO2 given to the patient, but with dry out the
upper respiratory tract.4
Furthermore, a standard facemask can be given,
requiring flow rates of 5-10L/min, resulting in a
variable FiO2 range of 35-50%. Subsequently, a nonrebreather mask provides the
patient of a (variable) higher FiO2 of 60-80%, as
it is equipped with a reservoir bag. This system
requires an oxygen flow rate of >10L/min. Further oxygenation therapy can be achieved using
high flow nasal O2 therapy, but when at this stage
the patient is usually admitted to an intensive care
unit allowing the use of an artificial ventilator,
to enable accurate administration of even higher
oxygen inspiratory fractions.4

SIDE EFFECTS

Although oxygen therapy is usually safe and
effective, when using above mentioned methods,
there are side effects by inadequate or overuse of
O2 therapy. Apart from nasal irritation which can
occur due to nasal O2 therapy, O2 therapy may be
detrimental in patients who suffer from chronic
obstructive pulmonary disease. In these patients
the blood oxygen level is the primary stimulator
of the respiratory rate, opposed to blood carbon
dioxide levels in normal patients, a phenomenon
known as hypoxic respiratory drive.5 In these
patients, oxygen therapy may lead to depressed
breathing. Starting patients with hypoxic
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respiratory drive on a low concentration of
supplemental oxygen typically helps avoid this
potentially serious side effect of oxygen therapy.5
Another side effect, which can occur in every
patient, is called pulmonary oxygen toxicity. This
is a situation which results from increased oxygen
tension in the alveoli, blood, or at the cellular
level. Hyperoxia appears to produce cellular
injury through increased production of reactive oxygen intermediates such as the hydrogen
peroxide. Together with oxygen free radicals this
accounts for retinal damage in prematures, as well
as pulmonary damage in adults; which can cause
mucous plugging, atelectasis, and secondary
infection.5
This subject 101 was created in order explain the
method of assessing oxygenation via blood
saturation and subsequently the different
methods of oxygen support a physician has at his/
her disposal provided with a step-up plan. In
general practice, oxygen therapy is given with a
low threshold, therefore it is advisable to
reevaluate the need of oxygen therapy regularly in
order to prevent (long-term) adverse events.
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A. Zwagemaker, M.J.S. Oosterveld

A. Hypertrichosis
Our patient suffers from hypertrichosis, as
the hair growth is limited to his back and not
apparent in androgen-dependent areas (pubic
regions or arm pits). Hypertrichosis is defined
as excessive hair growth unrelated to androgen
levels. It can be familial, idiopathic, metabolic or medication induced as was the case in
our patient. Hypertrichosis is a common side
effect of cyclosporine (1-10%) and phenytoin,
and to a lesser extent of prednisone (0.1-1%).
Metabolic causes include hypothyroidism and
porphyria.
B. Hirsutism
Unlike hypertrichosis, hirsutism is androgen-mediated hair growth and is therefore a
sign of underlying androgen excess. Concurrent symptoms may be acne and male-pattern
alopecia. Causes include polycystic ovary
syndrome and Cushing’s syndrome. Our
patient has a mild “buffalo hump” suggestive
of Cushing’s syndrome. However, the absence
of androgen-driven hair growth argues against
Cushing’s syndrome and both the hypertrichosis and buffalo hump can be ascribed to
chronic steroid use.
C. Lanugo
Similar to hypertrichosis, lanugo hair is
androgen-independent and may cover the
whole body. However, lanugo hairs are soft,
mostly unpigmented and normally apparent in
neonates. Lanugo hair is a pathological sign of
malnutrition in children or adults.
D. Premature pubarche
Our patient does not have any pubic hair.
Premature pubarche in boys refers to the sole
appearance of sexual pubic hair in the absence
of testicular enlargement.
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S. Spijkers & M. Maas

1B, 2D, 3C, 4A

EXPLANATION OF THE IMAGES

Within the yellow circle a subtle high signal area
is seen, meaning a strain of the muscle. All the
bones are normal.
Stress fractures due to overuse are a common injury in athletes and military cadets. When a stress
fracture is suspected, radiography is often the first
diagnostic step to confirm the diagnosis and rule
out other possible diagnoses. Since sensitivity
ranges from 12% to 56%, conventional
radiography is likely to result in false negatives.

A negative radiograph should therefore always be
followed by additional imaging. Literature shows
that MRI is the most sensitive (68%-99%) and
specific imaging test for stress fractures.
Since our patient is a professional athlete, excluding a stress fracture as cause of his pain is of
crucial value for his training schedules and career.
A 6-10 week period of rest is the treatment for a
stress fracture, whereas when a low grade muscle
injury is diagnosed, like in our patient, only 2-3
weeks rest are recommended.
Our patient was diagnosed with a first degree
muscle injury (strain). On MR images this type of
injury is visible as an intramuscular high intensity
T2 signal. A feathery pattern around the myotendinous junction and adjacent muscles can be seen.
The T1 weight images are often normal. Imaging
findings and symptoms resolve completely over
time.
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