
Alphen aan den Rijn, the Netherlands

Editor in chief

Anton F.H. Stalenhoef, Radboud University Nijmegen

Medical Centre, Department of General Internal

Medicine, Nijmegen, the Netherlands

Associate editors

Joost P.H. Drenth, Nijmegen, the Netherlands

Paul Smits, Nijmegen, the Netherlands

Theo Thien, Nijmegen, the Netherlands

Editorial board

J.V. Bonventre, Massachusetts, USA

H. Brunner, Nijmegen, the Netherlands

J.J. Cornelissen, Rotterdam, the Netherlands

S.A. Danner, Amsterdam, the Netherlands

J.T. van Dissel, Leiden, the Netherlands

J.P. Droz, Lyon, France

R.O.B. Gans, Groningen, the Netherlands

A.R.J. Girbes, Amsterdam, the Netherlands

D.E. Grobbee, Utrecht, the Netherlands

D.L. Kastner, Bethesda, USA

R.B.M. Landewé, Maastricht, the Netherlands

M.M. Levi, Amsterdam, the Netherlands

B. Lipsky, Seattle, USA

Ph. Mackowiak, Baltimore, USA

J.W.M. van der Meer, Nijmegen, the Netherlands

G. Parati, Milan, Italy

H.A.P. Pols, Rotterdam, the Netherlands

A.J. Rabelink, Leiden, the Netherlands

D.J. Rader, Philadelphia, USA

J.A. Romijn, Leiden, the Netherlands

P. Speelman, Amsterdam, the Netherlands

C.D.A. Stehouwer, Maastricht, the Netherlands

E. van der Wall, Utrecht, the Netherlands

R.G.J. Westendorp, Leiden, the Netherlands

Editorial office ‘The Netherlands Journal of Medicine’

Geeralien Derksen-Willemsen

Radboud University Nijmegen Medical Centre

Department of General Internal Medicine 541

PO Box 9101, 6500 HB Nijmegen

The Netherlands

Tel.: +31 (0)24-361 04 59, fax: +31 (0)24-354 17 34

E-mail: g.derksen@aig.umcn.nl

M I S S I O N  S T A T E M E N T

The mission of the journal is to serve the need of the internist to practice up-to-date medicine and to keep track with

important issues in health care. With this purpose we publish editorials, original articles, reviews, controversies, consensus

reports, papers on speciality training and medical education, book reviews and correspondence.

C I T E D  I N

Biosis database; embase/excerpta medica; index medicus (medline) science citation index, science citation index

expanded, isi alerting services, medical documentation services, current contents/clinical medicine.

E D I T O R I A L  I N F O R M A T I O N

p u b l i s h e d  i n  c o l l a b o r a t i o n  w i t h  t h e  n e t h e r l a n d s  a s s o c i a t i o n  o f  i n t e r n a l  m e d i c i n e

J U N E  2 0 0 5 ,  V O L .  6 3 ,  N O .  6



J U N E  2 0 0 5 ,  V O L .  6 3 ,  N O .  6

EDITORIAL

Clinical guidelines to improve patient care 188
H. Wollersheim, J. Burgers, R. Grol

REVIEW

Pulmonary hypertension: its diagnosis and management, 193
a multidisciplinary approach
M.C. Vonk, A.P.J. van Dijk, Y.F. Heijdra, H.F.M. van der Heijden, S.J.H.Bredie, 

F.H.J. van den Hoogen

ORIGINAL ARTICLES

The effect of arginine vasopressin on endothelin production in 199
the human forearm vascular bed
C.T. Postma, S.M.J. Maessen, Th. Thien, P. Smits

Impact of the introduction of a guideline on the targeted detection 205
of hereditary haemochromatosis
E.M.G. Jacobs, C.F.M. Meulendijks, L. Elving, G.J van der Wilt, D.W. Swinkels

Cross-sectional relationship between glycaemic control, hyper- 215
glycaemic symptoms and quality of life in type 2 diabetes (ZODIAC-2)
N. Kleefstra, L.J. Ubink-Veltmaat, S.T. Houweling, K.H. Groenier, 

B. Meyboom-de Jong, H.J.G. Bilo

CASE REPORTS

Severe early onset osteopenia and osteoporosis caused by 222
antiepileptic drugs
K. Beerhorst, F.C. Huvers, W.O. Renier

Moraxella catarrhalis sepsis in a patient with juvenile spinal 227
muscle atrophy
I.C.D. Westendorp, M.A. Tiemessen, M. de Jong, A. Soomers, I.M.M.J. Wakelkamp, 

W.G. Boersma

PHOTO QUIZZES

A patient with fever after a visit to South Africa 230
P.H.Th.J. Slee

A patient with dyspnoea, subfebrile temperature and 231
electrocardiographic abnormalities
H.J. Jansen, H. Haerkens-Arends, G. Vervoort

SPECIAL REPORTS

If apoB is so good, why isn’t everybody measuring it? One reason 232
why we need the Netherlands Journal of Medicine!
A.D. Sniderman, M. Rosenbloom

Awards for best articles published in NJM in 2004 236

ANSWERS TO PHOTO QUIZZES

237

Contents

Cover
Print by Ruud Mathes. For details about the artist, his
work and how to order see elsewhere in this journal.

Copyright
© 2005 Van Zuiden Communications B.V. All rights
reserved. Except as outlined below, no part of this
publication may be reproduced, stored in a retrieval
system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording or
otherwise, without prior written permission of the
publisher. Permissions may be sought directly from
Van Zuiden Communications B.V.

Photocopying
Single photocopies of single articles may be made for
personal use as allowed by national copyright laws.
Permission of the publisher and payment of a fee is
required for all other photocopying, including multiple
or systematic copying, copying for advertising or
promotional purposes, resale, and all forms of
document delivery. Special rates are available for
educational institutions that wish to make photocopies
for non-profit educational classroom use.

Derivative works
Subscribers may reproduce tables of contents or
prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the
publisher is required for resale or distribution outside
the institution. Permission of the publisher is also
required for all other derivative works, including
compilations and translations.

Electronic storage
Permission of the publisher is required to store or use
electronically any material contained in this journal,
including any article or part of an article.

Responsibility
No responsibility is assumed by the publisher for any
injury and/or damage to persons or property as a
matter of product liability, negligence or otherwise, or
from any use or operation of any methods, products,
instructions or ideas contained in the material herein.
Because of the rapid advances in the medical sciences,
independent verification of diagnoses and drug
dosages is advised.
Although all advertising material is expected to
conform to ethical (medical) standards, inclusion in
this publication does not constitute a guarantee or
endorsement of the quality or value of such product or
of the claims made of it by its manufacturer.

Subscriptions
General information
An annual subscription to The Netherlands Journal of
Medicine (ISSN 0300-2977) consists of 11 issues.
Issues within Europe are sent by standard mail and
outside Europe by air delivery. Cancellations should be
made, in writing, at least two months before the end of
the year.

Subscription fee
The annual subscription fee within Europe is € 650, for
the USA € 665 and for the rest of the world 
€ 765. Subscriptions are accepted on a prepaid basis
only and are entered on a calendar year basis.

Payment method
Please make your check payable to Van Zuiden
Communications B.V., PO Box 2122, 2400 CC Alphen
aan den Rijn, the Netherlands or you can transfer the
fee to ING Bank, account number 67.89.10.872,
Castellumstraat 1, Alphen aan den Rijn, the Netherlands,
swift-code: ING BNL 2A. Do not forget to mention the
complete delivery address of the Journal.

Claims
Claims for missing issues should be made within two
months of the date of dispatch. Missing issues will be
mailed without charge. Issues claimed beyond the two-
month limit must be prepaid at back copy rates.

Orders, preprints, advertising, changes in address, 
author or general enquiries
Please contact the publisher.

Van Zuiden Communications B.V.
PO Box 2122, 2400 CC Alphen aan den Rijn
The Netherlands
Tel.: +31 (0)172-47 61 91, fax: +31 (0)172-47 18 82
E-mail: njm@zuidencomm.nl
Internet: www.vanzuidencommunications.nl



A B S T R A C T

The aim of clinical guidelines is to improve quality of care

by translating new research findings into practice. There

is evidence that the following characteristics contribute to

their use: inclusion of specific recommendations, sufficient

supporting evidence, a clear structure and an attractive

lay out. In the process of formulating recommendations,

implicit norms of the target users should be taken into

account. Guidelines should be developed within a struc-

tured and coordinated programme by a credible central

organisation. To promote their implementation, guidelines

could be used as a template for local protocols, clinical

pathways and interprofessional agreements.

I N T R O D U C T I O N

In this number of the journal, Jacobs et al. describe the

use of a local clinical guideline on haemochromatosis.1

They found the adherence of care providers to key 

recommendations insufficient and even consider certain

elements of care provision undesirable. Naturally they

asked themselves why this guideline failed to reach its goal.

The aim of clinical guidelines is to improve patient care

by providing recommendations about appropriate health-

care in specific clinical circumstances.2 They should be

based on the best evidence available, supplemented with

clinical expertise and patient preferences. Guidelines are

primarily developed to support care providers and

patients, but may also be used by medical insurers in

contracts and by governmental agencies in rationing

healthcare policy.3

Guidelines are only one option for improving quality.

They are especially useful in situations with uncertainty

about appropriate practice, when evidence provides an

answer.4 In other situations integrated care pathways or

the redesign of care processes may be more suitable.

While guidelines can improve the quality of patient care,

we will discuss how, and which limitations occur.5

B E N E F I T S

Clinical guidelines may improve patient care by providing

easily accessible information regarding optimal care. They

summarise research findings and make clinical decisions

more transparent. By showing gaps in current knowledge,

research activities can be prioritised. Ideally, the potential

cost implications of applying the recommendations are

discussed. Thereby they can increase the efficiency of

care and in case of inappropriate use, reduce costs.6

By summarising the benefits and limitations of procedures

and interventions, they contribute to patient safety. To

empower patients, lay versions should inform patients

about optimal care.7 As clinical guideline development

includes a systematic review of the recent scientific 

literature, an up-to-date guideline offers a sound basis for

education. In contrast, textbooks contain material that is

too general and often out of date.8,9 As many guidelines

cover topics that involve different disciplines they provide

a foundation for multiprofessional agreements and col-

laboration.

Guidelines can be used as a reference for professional

audit to evaluate the quality of care.

© 2005 Van Zuiden Communications B.V. All rights reserved.
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L I M I T A T I O N S

If guidelines are applied inappropriately as in ‘cookbook

medicine’, they may lead to misuse. 

As a hypothetical standard patient is usually taken as a

point of reference, the unique clinical presentation could

be neglected. By doing so guidelines oversimplify complex

clinical practice.10 Inexperienced users could be encouraged

to apply recommendations unthinkingly, even in situations

in which departure from the recommendations is desirable.11

Guidelines are produced on the basis of studies in selected

populations in research settings. As a consequence their

results often can not be reproduced in daily practice.12

Because the development of a national guideline demands

large resources,13 their cost-effectiveness is sometimes

questioned, despite positive examples.14 In general, pro-

fessionals strive for autonomy, which is threatened by the

need to follow guidelines.15 Accordingly, professionals

fear an increase in their medico-legal exposure.11

D E V E L O P M E N T  O F  G U I D E L I N E S

The implementation should be considered part of the

development process. Selection of topics, composition of

the guideline group, the work plan, search for evidence

and involvement of clinical experts are all important in this.

On the national level a representative and respected group

of experts from relevant professional organisations reaches

agreement on an area of healthcare. Consensus takes place

on the basis of a systematic review and structured con-

sensus. If there are marked differences between settings,

translation to the local situation is mandatory. Following

the instructive process with the focus on relevant local

conditions is a major advantage for acceptance. A dis-

advantage is the time investment and the suboptimal

results if a systematic review has not been performed.16

Topic selection

Of importance is the topic selection. The more relevant

the topic for resolving the problems encountered, the

more likely the guideline will be accepted. Some problems

cannot be resolved by introducing guidelines,17,18 as for

example shortage or incorrect use of resources, malpractice

resulting from inefficient procedures or topics related to

patient preferences. Appropriate topics can be selected by

the relevance and prevalence of the problem, controversy

about optimal care, existence of proven solutions, barriers

expected when implementing improvements and motivation

and improvement skills of the care providers involved. 

Besides scientific also psychosocial, ethical, legal and

financial aspects play a role in implementing guidelines.

A systematic analysis prior to guideline development

contributes to its successful application.19

Composition of the guideline group

Developing credible clinical guidelines requires a balanced

working group including clinical and methodological

expertise to promote broad consensus and to prevent

bias from conflicts of interests.19 It should also include

representatives of patient groups.17 Adequate staff support

is needed to perform literature searches and a cost-effec-

tiveness analysis.20 A neutral chairman and formal group

processes should be used to achieve consensus.

Work plan 

Next, a work plan is formulated that describes the aims of

the guideline, healthcare problems and settings covered,

desired outcomes (mortality, morbidity, complications,

hospital admissions, quality of life), target group involved

(care providers and patient population), time schedule

and division of the tasks.

Reviewing evidence

The literature search starts by identifying and reviewing

existing guidelines and a systematic literature review,

searching for scientific evidence, an assessment of its

relevance and quality, and the involvement of clinical

experts to formulate and prioritise recommendations.

Guidelines on the same topic can be identified by

searching the US National Guideline Clearinghouse

(www.guideline.gov) and the resources of the Guidelines

International Network (www.g-i-n.net). These databases

together contain more than 2000 guidelines. To assess the

quality of the guideline the ‘Appraisal – Instrument for

Guidelines Research and Evaluation’ (AGREE) instrument

can be used.21 Its purpose is to provide a systematic

framework for assessing key components of guideline

quality including the process of development and

reporting. The items cover the methodology as well as

the clarity and applicability of the guideline. 

Studies are best identified by systematic review. To identify

high-quality systematic reviews the Cochrane Library with

quarterly updates is an excellent source. If no existing

review can be found a range of electronic databases

(Medline, Cinahl, Embase, PubMed) should be searched.

Further relevant individual studies are identified by asking

experts and by hand-searching journals, reference lists of

articles and abstract books. The relevance of the studies

for the questions and patient group involved is evaluated

on the basis of the abstract.22 The next step is to evaluate

the scientific strength of the published research.23

Information about the advantages, disadvantages and

costs of the studied interventions is examined. The evi-

dence is categorised using predefined grading schemes

for preventive, diagnostic, and therapeutic procedures. 

In table 1 such a grading system is shown, as developed

by the Dutch Institute for Quality Improvement in

Healthcare (CBO).
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Involvement of clinical experts

Clinical experts should be involved because in almost

half the clinical decisions there is no good scientific

background.24 When developing a clinical guideline for

angina pectoris, only 21% of the recommendations could

be based on randomised studies.25 Even when there is

consistent evidence for a given clinical practice, the

optimal method of proceeding is seldom immediately

clear. If evidence is found for certain care interventions,

it is often necessary to determine whether the results can

be extrapolated to other patient populations.

On the other hand, the use of experts causes problems.

Some dominate the discussion with their individual

preferences. By structuring the discussions, such prob-

lems can be avoided.26

If no evidence can be found an interview of experienced

care providers can be performed as in the Rand-modified

Delphi Procedure to quantitate ‘expert opinion’.27 A panel of

experts judges the appropriateness of different treatments

in a number of characteristic patients. The judgement of

the appropriateness is determined by considering the

advantages (effectiveness, rapidity and duration of the

response) and disadvantages (invasiveness, side effects,

complications) which are scored. 

F O R M U L A T I O N  O F  R E C O M M E N D A T I O N S

In formulating recommendations the scientific evidence

and clinical expertise are brought together. The following

issues should be considered to ensure implementation:

• Nature and strength of the scientific evidence; the 

balance between the advantages of a given intervention

and its disadvantages.

• Generalisability and applicability to the target population.

• Cost-effectiveness of the proposed intervention.

• Achievability of the intervention in terms of required

skills, instruments, time, available staff, patient’s

preferences and legal or financial limitations.

• Opinions, norms and values, and ethical considerations

of the target users.

With a view to implementation, a work group cannot

avoid the problem as to whether the healthcare system

can afford the innovation. If a guideline recommends

that a patient with a myocardial infarction must receive

thrombolysis within 30 minutes of arrival at the hospital,

then the entire care process must be directed to that aim.

In the interpretation of evidence by experts, normative

and cultural opinions about the desired health benefit

and the acceptable risks play a role. An analysis of guide-

lines for breast cancer revealed that in the USA regular

breast self-examination is advised, while the French point

to the insecurity that this can evoke.28

Levels of evidence 

By including the level of evidence for each recommend-

ation, the work group emphasises the degree to which

application of the recommendations will lead to the

intended results.29 The addition of the results of reviews

and the level of evidence creates a sense of thrust 

worthiness and makes the recommendations transparent,

with a positive influence on the application in practice. 

Ideally, all recommendations are formulated using a

democratic voting procedure in which all relevant infor-

mation (evidence, costs, preferences, organisational

impact) has been considered. 

An external review by a sample of concerned individuals

(experts, patients, managers, insurers) should be part of

the development process.

Promoting acceptability

To promote support, the draft has to be presented at an

open meeting allowing the audience to express their

comments and suggestions. If no consensus is reached, a

voting system can be used. 

To facilitate its applicability in daily care the guideline is

piloted in practice. The results of the pilot and the con-

sultation process are incorporated. Finally, the clinical

guideline can be submitted for approval to an independent

scientific council and to the professional organisations

responsible.30

F O R M A T  O F  T H E  G U I D E L I N E

The next step is designing an accessible and attractive

format. Diagrams and algorithms may clarify the logic in

the decision-making.31 A summary of key recommendations

provides a quick insight. 

Clinical guidelines should be published in professional

journals and posted to every possible user. 

Wollersheim, et al. Clinical guidelines to improve patient care.
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Table 1 Classification of the literature according to the
strength of the evidence (CBO 2000)

For articles concerning intervention (prevention or therapy)

A1 Systematic reviews of at least a few studies on the A2 level,

of which the results of independent research studies are

consistent

A2 Randomised comparative clinical research of good quality

(randomised, double-blind, controlled trial of adequate

scope and consistency)

B Randomised clinical trials of moderate quality or insuffi-

cient scope, or other comparative research (nonran-

domised, cohort studies, patient-control studies)

C Noncomparative research

D Opinions of experts, such as the work group members



Electronic versions of the guideline and tools for application

(e.g. patient leaflets, educational material, a practice sum-

mary on a plastic-laminated card) have to be developed.32

For audit and performance review the guideline should

include a set of clinical indicators.

E V A L U A T I O N  O F  T H E  G U I D E L I N E

The final step is the overall process of the evaluation of

their application, their applicability and their effects.

Relevant elements are:

• How well is the guideline known and applied? Are the

recommendations understood and remembered? Are

they used in quality improvement activities? If not,

which are not and why? 

• To what extent are they effective? Does their application

lead to the objectives envisioned (better health, lower

costs, better quality of life and more satisfied

patients)?

U P D A T I N G  G U I D E L I N E S

Clinical guidelines require updating if the majority of

recommendations are out-of-date due to changes in

research findings and new available diagnostic or therapeutic

interventions. In general, guidelines should be reassessed

for validity every three years.33 In rapidly evolving fields, for

example AIDS or colonic cancer, yearly review is necessary. 

G U I D E L I N E  Q U A L I T Y

High-quality guidelines can improve healthcare, but

low-quality guidelines may harm patients.5,8 The explosion

of published guidelines may confront physicians with

multiple conflicting guidelines on the same clinical sub-

jects.34 Many are of poor quality. Grilli et al. evaluated 431

guidelines developed by medical specialists. Only 5% met

high-quality criteria and 54% did not meet any.35 Recently

an international appraisal instrument to assess guideline

quality has been developed and validated: the AGREE

instrument (see www.agree.collaboration.org. for

details).21

C O N C L U S I O N

To successfully introduce clinical guidelines, their devel-

opment should consider the implementation from the

very beginning.36 This includes attention to the relevance

of the topic, credibility (systematic development by rigor-

ous transparent methodology), involvement of all relevant

stakeholders and attention to the impact on resources,

materials and facilities, accessibility and an attractive design

and tools for application and monitoring in practice. 

To integrate guidelines into normal care processes they

should be incorporated in local care protocols, disease

management programmes and clinical pathways.
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A B S T R A C T

Pulmonary hypertension is a devastating complication of

various, but rare diseases and can also occur as an isolated

entity. It causes morbidity and mortality in all patients.

Ongoing research has provided some insight into the

pathophysiology and clinical manifestations, and new

therapeutic options have recently become available for

some types of pulmonary hypertension. In order to provide

optimal care for an individual patient it is mandatory to

establish the type and severity of the pulmonary hyperten-

sion in each patient. The diagnostic protocol used in our

hospital is presented along with a description of two case

histories. An algorithm of the different therapeutic strat-

egies now available is given as well as recommendations

for follow-up. 

K E Y W O R D S

Diagnostic protocol, pulmonary hypertension, systemic

sclerosis, unexplained breathlessness

I N T R O D U C T I O N

Pulmonary hypertension is a life-threatening condition

which can occur either as an isolated entity or as a com-

plication of various diseases. If left untreated, it causes

increasing breathlessness and eventually death in all cases.

Pulmonary hypertension is defined as a mean pulmonary

artery pressure of >25 mmHg at rest or >30 mmHg during

exercise, measured during right heart catheterisation.1

The most common symptoms of pulmonary hypertension

are breathlessness, fatigue and (near) syncope.2 Since

these symptoms are nonspecific, pulmonary hypertension

is often overlooked or diagnosed only in advanced stages.

Pulmonary hypertension is a well-known complication of

connective tissue diseases such as systemic sclerosis

(SSc), systemic lupus erythematosus (SLE) and mixed

connective tissue disease (MCTD). Because of the physical

limitations arising from these underlying diseases,

patients with pulmonary hypertension as a complication

of these diseases complain of shortness of breath at a

later stage than the normal population. Deaths that have

previously been assigned to heart attacks may in fact have

been caused by pulmonary hypertension. Pulmonary

hypertension usually occurs late in the course of collagen

vascular diseases. Since the majority of these patients are

seen at regular intervals by rheumatologists or internists,

this presents us with an opportunity to screen for pul-

monary hypertension at an earlier stage, thus making it

possible to start a therapy that may prevent progression

of pulmonary hypertension and premature death.

Although pulmonary function testing and echocardiography

are widely used as screening tests and can identify

patients with advanced pulmonary hypertension, these

tests cannot be considered to be adequate for the exclusion

of pulmonary hypertension in breathless patients.

Therefore, a clinical history of longstanding dyspnoea

should potentially be regarded as a sign of pulmonary

hypertension, irrespective of the findings of pulmonary

function testing and echocardiography,3 and should

prompt a right heart catheterisation, the gold standard for

the assessment of pulmonary hypertension. 
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In 2003, the World Health Organisation (WHO) proposed

a new classification for pulmonary hypertension. The

basis of this new classification (table 1) is the notion of

common pathophysiological processes involving the

pulmonary blood vessels in all forms of the disorder.4

These pathophysiological processes include (i) endothelial

dysfunction which results in exaggerated vasoconstriction

and impaired vasodilatation, promoting vascular remodel-

ling of all layers of the vessel wall;5 (ii) proliferation of the

adventitia limiting vascular elasticity; (iii) hypertrophy of

the medial smooth muscle promoting vasoconstriction

and (iv) occlusion of the vascular lumen due to intima

proliferation and in situ thrombosis. The availability of

new therapies that have been shown to slow down or

prevent progression of pulmonary hypertension has

caused a growing interest among physicians to diagnose

pulmonary hypertension at an early stage. Since various

specialities can be confronted with patients with pulmonary

hypertension, we started a multidisciplinary pulmonary

hypertension outpatient clinic (MPHO clinic), comprising

a rheumatologist/internist, pulmonologist, cardiologist

and a specialised nurse, in order to facilitate early and

fast diagnosis according to a protocol, and to institute the

best therapies currently available. 

In this paper we describe two patients who presented to

this MPHO clinic, to illustrate the different diagnostic

procedures of our protocol and the instituted therapies.

C A S E  R E P O R T  1

A 22-year-old Asian female was referred to our outpatient

clinic. She had been diagnosed with SLE seven years

before with symptoms of fever, Raynaud’s phenomenon,

pericarditis, pleuritis, ANA and anti-dsDNA positivity,

and at a later stage also with arthritis of the knees. From

the onset of her disease she had been treated with low-

dose prednisone and azathioprine until three years ago

when her SLE was considered to be in remission. On

presentation she reported a two-year history of shortness

of breath on exertion with an inability to exercise.

Symptoms of right-sided heart failure were not present.

On physical examination she was dyspnoeic while

undressing, with an unremarkable internal and rheum-

atological examination. The electrocardiogram (ECG)

revealed right ventricular hypertrophy. The results of the

laboratory investigations were unremarkable except for

ANA positivity with anti-SM autoantibodies and anti-

dsDNA antibodies 10 IU/ml present. Pulmonary function

testing showed no evidence of restrictive or obstructive

lung disease, but a marked decrease in diffusion capacity

was present: carbon monoxide transfer (DLCO) 60% of

predicted. The echocardiogram showed pulmonary hyper-

tension with normal left ventricular function. A right

heart catheterisation revealed a pulmonary artery pressure

of 79/37 mmHg with a mean of 54 mmHg. Right atrial

pressure was 12 mmHg (normal), and the cardiac index

was 2.9 l/min/m2. The pulmonary vascular resistance

was increased to 781 dynes.sec.cm-5. Since pulmonary

hypertension was established, a vasodilator test was per-

formed. First the patient breathed 100% oxygen, and the

measurement of the pulmonary artery pressure was

repeated and found to be unchanged. Next prostacyclin

up to 12 ng/kg/min was used to determine vasoreactivity

of the pulmonary arteries, that is a significant decrease

in pulmonary artery pressure, which was not present in

this case. A ventilation/perfusion scan was negative for

pulmonary embolism, as was the ultrasound of the

abdomen for portal hypertension. A six-minute walk test

(6-MWT) was performed. This is the distance a patient can

walk in six minutes with encouragement, in a standard-
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Table 1 Revised WHO clinical classification of 
pulmonary hypertension (Venice 2003)6

Group 1: Pulmonary arterial hypertension

Idiopathic

Familial

Associated with

• Collagen vascular disease

• Congenital systemic to pulmonary shunts

• Portal hypertension

• HIV infection

• Drugs/toxins 

• Other

Associated with significant venous or capillary involvement

• Pulmonary veno-occlusive disease

• Pulmonary capillary haemangiomatosis

Persistent pulmonary hypertension of the newborn

Group 2: Pulmonary hypertension with left heart disease

Left-sided atrial or ventricular heart disease

Left-sided valvular heart disease

Group 3: Pulmonary hypertension associated with lung 
diseases and/or hypoxaemia

Chronic obstructive lung disease

Interstitial lung disease

Sleep disorder breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Developmental abnormalities

Group 4: Pulmonary hypertension due to chronic 
thrombotic and/or embolic disease

Thromboembolic obstruction of proximal pulmonary arteries

Thromboembolic obstruction of distal pulmonary arteries

Nonthrombotic pulmonary embolism (tumour, parasites, for-

eign material)

Miscellaneous

Sarcoidosis, histiocytosis X, lymphangiomatosis, compression

of pulmonary vessels (adenopathy, tumour, fibrosing medias-

tinitis)



ised setting.7 A healthy person has a 6-MWT of 650 to

750 meters. This patient had a 6-MWT of 505 m. She was

diagnosed with pulmonary arterial hypertension, WHO

group I, related to autoimmune disorder (table 1), NYHA

functional class III. Treatment was started with bosentan,

an oral dual endothelin receptor antagonist, 62.5 mg

twice daily during the first four weeks, and 125 mg twice

daily thereafter. Bosentan was well tolerated and after

three months of treatment her NYHA functional class

had improved from III to II and her 6-MWT was 537 m.

The treatment was considered successful and continued.

Until now, 18 months later, our patient is doing well and

still on the same medication. 

C A S E  R E P O R T  2

A 57-year-old Caucasian woman was referred for a second

opinion. Her medical history was unremarkable until

eight years ago, when a gradual progression of shortness

of breath occurred. Because the echocardiogram was

suggestive of pulmonary hypertension the patient was

referred to the MPHO clinic for further evaluation. On

physical examination she was dyspnoeic while undressing.

Internal and rheumatological examinations were unre-

markable; in particular there were no signs of right-sided

heart failure present. Laboratory evaluation was normal.

Pulmonary function testing revealed only a slight reduction

in the diffusion capacity (DLCO was 79% of predicted),

without signs of restrictive or obstructive lung disease. Blood

gas analysis showed hypoxaemia, with PaO2 of 5.9 kPa at

room air. The echocardiogram performed in our hospital

was also suggestive of pulmonary hypertension, which was

confirmed with right heart catheterisation. Her pulmonary

artery pressure was 104/55 mmHg, with a mean of 69

mmHg. The pulmonary vascular resistance and the cardiac

index were 787 dynes.sec.cm-5 and 1.87 l/min/m2 respective-

ly. Vasoreactivity testing was negative. A ventilation/perfu-

sion scan was negative for pulmonary embolism, as was

the ultrasound of the abdomen for portal hypertension. 

The CT angiography of the lungs revealed dilated central

pulmonary arteries and was otherwise unremarkable

(figure 1). Her 6-MWT was 397 m. The diagnosis of idio-

pathic pulmonary arterial hypertension NYHA functional

class III was made and treatment was started with bosentan.

After three months she had improved to NYHA class II

and her 6-MWT improved to 462 m.

D I A G N O S I S  O F  P U L M O N A R Y  H Y P E R -

T E N S I O N :  A  D I A G N O S T I C  P R O T O C O L

Pulmonary hypertension should be suspected in any

patient with unexplained shortness of breath. Next, two

noninvasive tests can be performed to obtain further indi-

cations of pulmonary hypertension: pulmonary function

testing and echocardiography. A decreased diffusion

capacity with signs of mild restrictive lung disease is sug-

gestive of pulmonary hypertension.8 With transthoracic

echocardiography an estimation of the systolic pulmonary

artery pressure from the tricuspid regurgitation jet velocity

and the jugular venous pressure can be made.9 The

diagnosis of pulmonary hypertension should be confirmed

by right heart catheterisation, widely considered the gold

standard for the diagnosis of pulmonary hypertension.

During right heart catheterisation direct measurements

of pulmonary artery pressure, right heart pressures, mixed

venous oxygen saturation, cardiac output, pulmonary

vascular resistance, and response to vasodilator drugs can

be made. Also, right heart catheterisation is mandatory to

measure the pulmonary wedge pressure to exclude left-

sided heart disease as a cause of pulmonary hypertension.

Once diagnosed, pulmonary hypertension should be classi-

fied according to the WHO classification and to the degree of

functional disability, based on exercise performance, accord-

ing to the New York Heart Association (NYHA) criteria

(table 2), in order to establish the best treatment options.1

The differential diagnosis of pulmonary hypertension can

be extracted from the WHO classification. For the analysis

of patients with pulmonary hypertension we designed a

protocol that is performed in each patient with suspected

pulmonary hypertension. These patients are seen at a

special outpatient clinic, the MPHO clinic, where they are

examined by a multidisciplinary team consisting of a

rheumatologist/internist, pulmonologist, cardiologist and

a specialised nurse. Prior to the diagnostic work-up, a

careful history of each patient is taken, with special

attention for the symptoms of dyspnoea, symptoms related
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Figure 1 CT angiography of case 2, showing dilated
central pulmonary arteries



to autoimmune disorders, and prior drug and toxin use.

A routine internal and rheumatological examination is

performed, focussed on signs and symptoms of pulmonary

hypertension and diseases known to be complicated by

pulmonary hypertension. Furthermore, pulmonary function

testing, including exercise tests, namely a 6-MWT and if

possible a symptom limited exercise test on a cycle

ergometer, chest X-ray, ECG, echocardiography and blood

analysis are performed directly following the consultation.

When the results of history and examinations are further

indicative of pulmonary hypertension, right heart

catheterisation is carried out, and if pulmonary hyperten-

sion is confirmed vasoreactivity tests are performed. The

protocol used by our multidisciplinary team is schematically

shown in figure 2. This approach consists of both essential

tests, which are performed on each patient, and compli-

mentary tests. After the results of the tests have become

available the patients are discussed by the multidisciplinary

team and the appropriate treatment is chosen and pro-

posed to the patient during a follow-up visit. Patients

with pulmonary hypertension are included in a prospect-

ive follow-up study. 
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Table 2 Modified New York Heart Association functional
classification1

Class I

Patients with pulmonary hypertension in whom there is no

limitation to usual physical activity. Ordinary physical activity

does not cause increased dyspnoea, fatigue, chest pain, or near

syncope.

Class II

Patients with pulmonary hypertension who have a mild limita-

tion of physical activity. They are comfortable at rest. There is

no discomfort at rest, but normal physical activity causes

increased dyspnoea, fatigue, chest pain, or near syncope.

Class III

Patients with pulmonary hypertension who have a marked

limitation of physical activity. There is no discomfort at rest,

but less than ordinary physical activity causes increased dysp-

noea, fatigue, chest pain, or near syncope.

Class IV

Patients with pulmonary hypertension who are unable to per-

form any physical activity without symptoms and who may have

signs of right ventricular failure. Dyspnoea and/or fatigue may

be present at rest and symptoms are increased by almost any

physical activity.

Right heart catheterisation

Test

Characterisation

Detection
History

Physical examination
Pulmonary function testing

Cardiopulmonary exercise testing
Electrocardiogram

Chest X-ray
Echocardiogram

Arterial bloodgas analysis
Complete blood count, creatinine, liver function tests

Vasoreactivity testing, 6-minute walk test

Antiextractable nuclear antigens, immunoblotting

Consultation with gastroenterologist

Consultation HIV specialist

Pulmonary artery angiogram
CT angiography

Overnight oximetry

If positive perform

Antinuclear antibodies

Echo abdomen and Doppler splenic vein
Serology for Hepatitis B and C

HIV serology

V/Q lung scan
Anticardiolipin antibody activity

Lupus anticoagulant activity

History suspected of sleep disordered breathing

High-resolution CT scan of lungs

Figure 2 Diagram showing analysis of pulmonary hypertension



T R E A T M E N T  S T R A T E G I E S

General treatment

The general therapeutic options for pulmonary hyperten-

sion include oxygen therapy in patients with hypoxaemia,

anticoagulant drugs if there are no contraindications and

digoxin and diuretics in cases of right-sided heart failure.

If the pulmonary vasoreactive tests are positive, the treat-

ment of choice is high-dose calcium channel blockers.

Vasoreactivity is considered to be present when the mean

pulmonary artery pressure has decreased by at least 

10 mmHg to 40 mmHg or less with normal or high cardiac

output after intervention with pulmonary vasodilators, such

as 100% oxygen, nitric oxide inhalation or intravenous

prostacyclin.1 Only 10 to 15% of the idiopathic pulmonary

arterial hypertension patients meet these criteria.10 The

percentage of vasoreactive patients in the group with

pulmonary arterial hypertension associated with auto-

immune disorders is unknown, but believed to be even

lower. Favourable clinical and prognostic effects of high-

dose calcium channel blockers in vasoreactive patients have

been shown in nonrandomised, noncontrolled studies.11,12

The occurrence of side effects such as oedema, headache,

tachycardia and hypotension limits the use of high-dose

calcium channel blockers. If there is no vasoreactivity

present or high-dose calcium channel blockers have to be

discontinued because of side effects, the next treatment

steps are based upon the WHO classification and func-

tional NYHA classification. 

Specific treatment 

Specific treatment is available for some of the causes of

pulmonary hypertension, for example pulmonary arterial

hypertension, WHO group I. Bosentan, an oral endothelin

antagonist, has been approved for pulmonary arterial

hypertension, NYHA class III. The efficacy of bosentan

has been established in two randomised placebo-controlled

trials in which a significant improvement in the 6-MWT

occurred after 12 weeks of treatment.13,14

Epoprostenol has been approved for the treatment of

patients of the same WHO group I, in NYHA class III but

also NYHA class IV. In several randomised controlled trials

in idiopathic pulmonary hypertension the beneficial

effects of epoprostenol were proven on survival, exercise

tolerance, functional class and pulmonary vascular

haemodynamics.15-17 In pulmonary arterial hypertension

(PAH) occurring in association with autoimmune disor-

ders, a randomised controlled study showed a significant

improvement in exercise capacity and haemodynamics in

the treatment group.18

Recently, sildenafil, an oral phosphodiesterase inhibitor,

has been shown to be effective in pulmonary arterial

hypertension patients, both in patients with idiopathic

PAH and in patients with PAH associated to autoimmune

disorders, with an improvement in symptoms and exercise

capacity19-21 and a large placebo-controlled phase III trial

is pending. 

Other new drugs, such as treprostinil, a subcutaneously

administrated prostaglandin, and sitaxsentan, a selective

endothelin-A receptor antagonist, have given promising

results in randomised clinical trials.22

When pulmonary arterial hypertension is diagnosed but

patients are in NYHA class I or II, they are evaluated again

after six months or sooner if there are signs of clinical

deterioration. If a patient is in NYHA class III, the treat-

ment of choice is bosentan. At the start of this therapy the

patient is also informed about treatment possibilities when

bosentan fails, including (heart) lung transplantation.

The efficacy of bosentan is evaluated after three months

and every three months thereafter. The treatment is con-

sidered effective if the 6-MWT is at least stable. If the

treatment with bosentan fails, the next treatment option

is continuously intravenously administered epoprostenol.

This is also the treatment of choice for patients in NYHA

class IV. 

Other therapeutic options include combination therapies

with epoprostenol and bosentan23 and/or sildenafil.24

Atrial septostomy, a surgical procedure to create a right-

to-left shunt that increases the cardiac output in cases of

right-sided ventricular failure can also be considered.25-27

Current indications for this procedure are limited and

considered a bridging therapy to transplantation.

Treatment for the other causes of pulmonary hypertension,

namely the WHO group II to V, is mainly supportive, and

is focussed on the underlying disease. Physicians should

pay special attention to pulmonary hypertension WHO

group IV, chronic thrombotic and/or embolic diseases,

because bilateral pulmonary thromboendarterectomy can

be a curative treatment for these patients.28

C O N C L U S I O N

Patients with pulmonary hypertension have a life-threat-

ening disease. In order to provide adequate care for these

patients it is necessary to perform a complete analysis to

rule out the other differential diagnostic possibilities and

to establish the type of pulmonary hypertension. We have

described the protocol for pulmonary hypertension in our

hospital, including treatment and follow-up strategies.

Collaboration of a multidisciplinary team of rheumatolo-

gists/internists, pulmonologists, cardiologists and spe-

cialised nurses accounts for the most optimal diagnostic

and therapeutic procedures.
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A B S T R A C T

Objectives: To study whether arginine vasopressin (AVP)

can stimulate endothelin production and/or release 

in vivo, in the human forearm vasculature.

Design: The effect of the infusion of AVP into the

brachial artery on endothelin production across the

human forearm vascular bed was studied in healthy

male volunteers, and was compared with intra-arterial

infusion of placebo. In another group the effects of AVP

on endothelin production were studied after a prior in-

fusion of L-NG-monomethyl-arginine (L-NMMA), a nitric

oxide-synthase inhibitor. In a fourth group the effect of

L-NMMA alone, without AVP infusion, on endothelin

production was studied.

Methods: We measured the effects of AVP, placebo, 

L-NMMA followed by AVP and L-NMMA followed by

placebo on arterial and venous endothelin concentrations

in the forearm of four groups, each consisting of five

healthy male volunteers. Forearm blood flow was meas-

ured by strain gauge plethysmography. The endothelin

production was calculated as forearm blood flow times

(venous - arterial) endothelin concentration.

Results: The group infused with L-NMMA followed by

infusion of 8 ng AVP/min per dl forearm volume showed

a significant rise in endothelin production from 1.3 (1.8)

to 5.0 (2.0) pg/min/dl at 15 minutes (p<0.05, ANOVA).

This rise in endothelin production was also significantly

different from the endothelin production at 15 minutes in

the other three groups (p<0.01, ANOVA).

Conclusion: In healthy male volunteers intra-arterial

infusion of AVP induced a rise in endothelin produc-

tion in the forearm within 15 minutes, but only after

prior infusion of L-NMMA. This observation suggests

that the AVP-induced production of nitric oxide off-

sets AVP-mediated release of endothelin. 

K E Y W O R D S

Arginine vasopressin, endothelin, forearm, human, 

L-NG-monomethyl-arginine

I N T R O D U C T I O N

Endothelin is a potent vasoconstrictive factor mainly

derived from endothelial cells. The production of

endothelin is regulated in vitro and in vivo by a variety of

hormones, other vasoactive substances and conditions of

vascular stress.1 In human disease states, endothelin plays

a role in disorders related to the vascular system such as

myocardial infarction and congestive heart failure,

postischaemic renal failure and in preeclampsia.1-5

There is as yet no convincing evidence that endothelin

has a role in the aetiology of essential hypertension.6,7

Although there has been a rapid increase in knowledge of

the importance of endothelin in the pathophysiology of

vascular diseases, much remains to be clarified. Studies

of the dynamic regulation of endothelin in vivo in humans

have been reported, but most of these studies were

hampered by the fact that only endothelin concentrations

were measured and not its production, and also that the
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stimulus was mostly accomplished by physical means

that can possibly lead to a cascade of endothelial reactions

caused by mechanical factors.8-10 To study endothelin 

regulation in vivo in humans, a humoral factor modulating

this process would be more appropriate.

Many in vitro experiments have shown that endothelin

production can be stimulated strongly by arginine vaso-

pressin (AVP), and this vasoactive agent can be used in vivo

in humans.11-16 Stimulation of endothelin production by

AVP is mediated by the V1 receptor.11,12 AVP also stimulates

nitric oxide (NO). This stimulation is mediated by the V2

receptor.17 NO in turn inhibits endothelin production.18-20

NO synthesis can be inhibited by L-NG-monomethyl-

arginine (L-NMMA), a NO-synthase inhibitor.

With these data as a basis we set up a study to investigate

endothelin production responses to intra-arterial AVP

administration alone and AVP together with L-NMMA. 

Recent studies have made it clear that storage granules

containing endothelin-1 are present in endothelial cells

that can be degranulated by a number of chemical and

mechanical stimuli.21-25 A confirmation of this mechanism

was reported recently in DOCA-salt hypertensive rats.26

In vivo studies in humans suggested a possible rise in

endothelin production five minutes after a stimulus.8,9

The time needed before endothelin production in vivo in

humans increases is thus uncertain so we studied endo-

thelin production reactions for a period of 180 minutes.

We did so in the human forearm model in male volunteers

only, as sex hormones can influence endothelin levels

relative to the menstrual cycle.27

M E T H O D S

Approval for the study protocol was given by the local

ethics committee of the Radboud University Nijmegen

Medical Centre. All subjects gave informed consent.

Twenty healthy nonsmoking male volunteers participated

in the study. After an overnight rest and breakfast in the

early morning, the experiments were performed in the

afternoon, starting at 13.00 hours. During the 24 hours

preceding the experiment, subjects did not consume

caffeine- or alcohol-containing drinks or food, nor did

they take any medication. They were also not allowed

vigorous exercise on the two days preceding the test. 

The subjects were in a supine position during the study

in a quiet room with a constant temperature of 20°C.

The brachial artery of the left arm was cannulated. A deep

venous catheter was introduced in the antecubital region of

the same arm. Experiments started after an equilibration

period of 30 minutes. Forearm blood flow (FBF) of both

arms was measured by venous occlusion mercury-in-silastic

strain gauge plethysmography. To obtain the mean FBF it

was measured six times and averaged. Blood pressure

and heart rate were recorded intra-arterially (Hewlett-

Packard, GmbH, Böblingen, FRG) (the average of six

measurements). Arterial and venous blood samples were

drawn at 0, 5, 15, 60, 120 and 180 minutes. We used a

radioimmunoassay kit (Nichols Institute, Wijchen, the

Netherlands) following C18 extraction for the quantitative

determination of endothelin levels in plasma.5 The anti-

serum showed 67% cross-reaction with endothelin-2

and 84% with endothelin-3. Endothelin production was

calculated as FBF times (venous - arterial) endothelin

concentration. AVP (Pitressin, Parke Davis, Berlin) 0.05

g/l was diluted with NaCl 0.9%. AVP was infused into

the brachial artery for 180 minutes at a dose of 8 ng/min

per dl of forearm volume, which was determined by water

displacement. L-NMMA was dissolved in NaCl 0.9% and

administered for 15 minutes in a dose of 30 mg intra-

arterially, preceding the AVP or placebo infusions. NaCl

0.9% was used as placebo infusion. All drugs were

infused by an automatic syringe infusion pump. The levels

of AVP were calculated because it was not feasible to

introduce a second arterial line to draw blood for arterial

AVP levels. The AVP levels were calculated as follows: 

8 ng/min/dl divided by the flow in ml/min/dl times 0.6

(1-haematocrit) gives the plasma AVP levels in ng/ml.

The experiments were done in four groups of five subjects.

The first group was infused with 8 ng/min/dl forearm

volume (FAV) of AVP for 180 minutes. The second group

was infused with L-NMMA for 15 minutes followed by the

same dose of AVP for 180 minutes. The third group was

infused with placebo only for 180 minutes. A fourth

group was infused with L-NMMA for 15 minutes followed

by infusion of placebo for 60 minutes. 

Statistical analysis

ANOVA tests were used to compare the effects of AVP,

L-NMMA and AVP, placebo and L-NMMA and placebo

on endothelin production. AVP concentrations between

groups were also compared by ANOVA. Changes in BP,

FBF and the changes in venous and arterial endothelin

concentrations were assessed by ANOVA and if appropriate

Student’s t-test. In case of non-Gaussian distribution

signed-rank tests were used. Statistical significance was

set at two-tailed p<0.05. The Bonferroni correction for

multiple comparisons was used when appropriate. 

R E S U L T S

No differences in clinical parameters were evident

between the four groups of subjects (table 1). After the

first set of experiments, including the infusion of AVP

alone, the infusion of AVP after prior L-NMMA infusion

and the placebo infusion, measurements of endothelin at

120 and 180 minutes were skipped in the group infused
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with L-NMMA followed by placebo, since no changes in

endothelin levels at these time points were detected.

Thus, only the results until 60 minutes for all experiments

are given. The computed plasma AVP levels were in the

range of 0.7 to 6 ng/ml (table 2). The AVP levels between

the AVP group and the AVP + L-NMMA group were not

significantly different (table 2). Also within groups the

AVP levels were not significantly different. 

The FBF in the AVP group was 4.1 (0.6) ml/min/dl at

baseline, 5.4 (2.0) ml/min/dl at 15 minutes and 3.8 (1.3) at

60 minutes (p>0.05) (table 3). The flow in the contralateral

arm did not show any significant changes either, suggest-

ing that local infusion had not resulted in systemic

effects. The mean arterial pressure (MAP) was 72.6 (6.4)

at baseline and 72.3 (8.4) mmHg at 60 minutes (table 3).

Administration of 8 ng AVP/min/dl alone for 60 minutes

revealed no significant effect on endothelin production

(table 4, figure 1).
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Table 2 Arterial and venous endothelin levels and AVP levels (mean ± SD)

Group Baseline 5 minutes 15 minutes 60 minutes

Arterial/venous endothelin levels (pg/ml) 

- AVP 2.6(1.1)/2.7(1.0) 3.3(1.4)/3.9(0.8) 4.5(1.5)/4.1 (1.1) 4.0(1.4)/5.0 (2.0)

- L-NMMA + AVP 2.6(1.2)/3.1(1.0) 3.0(0.7)/3.7(0.9) 3.1(1.0)/4.4 (0.8) 4.2(1.5)/4.5 (1.3)

- Placebo 2.6(0.9)/2.6(0.4) 2.5(0.8)/3.0(0.7) 2.8(0.8)/2.7 (1.5) 2.8(0.7)/3.0 (0.5)

- L-NMMA + placebo 1.8(0.6)/2.4(0.9) 1.6(0.4)/2.5(0.5) 2.2(0.8)/2.4 (0.6) 2.2(0.4)/2.8 (1.1)

Computed AVP levels (ng/ml) 

- AVP 1.2 (0.19) 1.3 (0.37) 1.1 (0.30) 1.5 (0.37)

- L-NMMA + AVP 2.2 (0.57) 1.5 (0.33) 1.2 (0.28) 1.6 (0.55)

AVP = arginine vasopressin; L-NMMA = L-NG-mono-methyl-arginine.

Table 3 Forearm blood flow and mean arterial pressure (mean ± SD)

Group Baseline 5 minutes 15 minutes 60 minutes

Forearm blood flow, experimental arm (ml/min/dl) 

- AVP 4.1 (0.6) 4.7 (2.1) 5.4 (2.0) 3.8 (1.3)

- L-NMMA + AVP 2.1 (0.7) 3.6 (1.0) 4.6 (1.4) 3.6 (1.1)

- Placebo 1.8 (0.6) 1.6 (0.4) 1.5 (0.5) 1.3 (0.5)

- L-NMMA + placebo 1.7 (0.9) 1.5 (0.6) 1.6 (0.6) 1.7 (0.7)

Mean arterial pressure (mmHg) 

- AVP 72.6 (6.4) 76.8 (6.8) 74.4 (7.2) 72.3 (8.4)

- L-NMMA + AVP 87.0 (7.5) 81.9 (7.1) 76.5 (5.6) 75.8 (5.1)

- Placebo 78.3 (6.9) 77.7 (8.7) 80.5 (7.7) 83.0 (8.2)

- L-NMMA + placebo 87.1 (4.7) 87.1 (5.3) 87.6 (3.5) 89.6 (4.1)

AVP = arginine vasopressin; L-NMMA = L-NG-mono-methyl-arginine.

Table 1 Clinical data of the study subjects by infusion group (mean ± SD are given)

Group Age (years) Body mass index (kg/m2) Forearm volume (litre)

AVP 23.3 ± 3.0 22.2 ± 2.4 1.1 ± 0.2

L-NMMA + AVP 23.3 ± 2.9 22.8 ± 1.5 1.1 ± 0.1

Placebo 23.8 ± 2.9 23.4 ± 1.7 1.1 ± 0.1

L-NMMA + placebo 24.6 ± 3.5 22.0 ± 0.6 1.1 ± 0.3

AVP = arginine vasopressin; L-NMMA = L-NG-mono-methyl-arginine. 



The group infused with L-NMMA preceding the infusion

of AVP showed a significant rise in endothelin production

from baseline 1.3 (1.8) to 5.0 (2.0) pg/min/dl at 15 min-

utes (p<0.05) (table 4, figure 1). This peak in endothelin

production was also significantly different from the

endothelin production, at this point in all other groups

(p<0.01) (table 4). The FBF decreased from 4.0 (1.7) at the

start of the infusion of L-NMMA to 2.1 (0.7) ml/min /dl

15 minutes thereafter. Subsequently, the FBF increased

from 2.1 (0.7) at baseline to 3.6 (1.0) and 4.6 (1.4)

ml/min/dl at 5 and 15 minutes, respectively. After this it

stabilised at 3.6 (1.1) ml/min/dl at 60 minutes (table 3). In

the contralateral arm there were no significant changes in

flow either.

The arteriovenous difference in endothelin levels showed

a nonsignificant rise from 0.5 (0.8) pg/ml at baseline to

1.3 (0.6) pg/ml at 15 minutes (table 3). The MAP did not

change significantly in this group (table 3).

There were no significant changes in endothelin production

in the group that was infused with L-NMMA for 15 minutes

followed by placebo for 60 minutes (table 4). The FBF

decreased, but not significantly, from 3.3 (2.2) to 1.7 (0.9)

after infusion of L-NMMA, and no change was seen after

the subsequent placebo infusion. The contralateral arm

did not show any significant changes either. 

The MAP showed no changes in this group (table 3). The

single infusion of placebo for 60 minutes did not result

in significant changes in endothelin production (table 4).
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Table 4 Endothelin production (pg/min/dl) (mean ± SD) in the four groups in 60 minutes

Group Baseline 5 minutes 15 minutes 60 minutes

AVP 0.0 ± 1.8 2.4 ± 4.9 - 0.8 ± 4.1 5.4 ± 6.6

L-NMMA + AVP 1.3 ± 1.8 2.7 ± 2.9 5.0 ± 2.0* 3.6 ± 5.2 

Placebo -0.2 ± 1.6 0.9 ± 0.7 0.5 ± 1.2 0.3 ± 1.2

L-NMMA + placebo 1.3 ± 2.0 1.3 ± 0.4 0.5 ± 1.1 0.5 ± 1.2

AVP = arginine vasopressin; L-NMMA = L-NG-mono-methyl-arginine. *Indicates significant difference compared with values in the same group

p<0.05 and compared with all other groups p<0.01 (ANOVA repeated measures).
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Figure 1 Endothelin production in human forearm vasculature

*Indicates significant difference to other time points of the same group and to same time point of all other groups, p<0.05.



The FBF remained unchanged at both arms. The MAP

showed a nonsignificant increase from 78.3 (6.9) at

baseline to 83.0 (8.2) mmHg at 60 minutes (table 3).

D I S C U S S I O N

In the present study we found that intra-arterial infusion

of AVP after preceding infusion of L-NMMA can cause a

rise in endothelin production in the forearm of healthy

male volunteers.

The effect of AVP on endothelin production has been

studied extensively in vitro. It has been established that

AVP is involved in the mechanism of endothelin-1

immunoreactivity release through activation of protein

kinase C and mobilisation of intracellular Ca2+ resulting

from the common receptor-mediated phosphoinositol

breakdown in endothelial cells.11,12 In in vitro experiments,

both in animal and human cell cultures, endothelin produc-

tion could be stimulated with an AVP concentration of 10-10

M. Dose-dependent increases in endothelin production

could be established with increasing concentrations of

AVP up to 10-6 M and 10-5 M.13-15

The optimal AVP concentration to stimulate endothelin

production, as deducted from these in vitro experiments,

is between 10-5 M and 10-8 M. In order to obtain a concen-

tration of 10-8 M to 10-5 M in the human forearm it would

have been necessary to supply 11 �g to 11 mg AVP/min/dl

FAV. In the present study we used an AVP dose of 8 ng

/min/dl because from previous experiments we knew the

safety and efficacy of this dose in human experiments.28

The computed plasma levels that were reached by this

dose were between 0.7 and 6.0 ng/ml. With this dose we

found a significant increase in endothelin production,

albeit only after a preceding infusion of 30 mg L-NMMA.

As we measured no significant rise after L-NMMA alone,

nor after placebo infusion alone, it is reasonable to

assume that AVP decisively contributed to the rise in

endothelin production. The levels of AVP did not show a

decline during the study but the levels stayed relatively

stable. This observation suggests that AVP induces the

endothelial release of nitric oxide which in turn inhibits

the AVP-induced release of endothelin. Through blockade

of NO synthesis, by L-NMMA, the AVP-induced release

of endothelin is apparently unmasked. If higher concen-

trations of AVP had been used, L-NMMA might not have

been necessary to demonstrate the AVP-induced increases

in endothelin production. However, the use of high dosages

of AVP in humans is restricted by the adverse effects of

this substance. On the other hand the concentration of

endothelin measured by means of the same radio-

immunoassay kits in our study after AVP and L-NMMA

infusion was of the same magnitude as that established in

patients with advanced congestive heart failure, a condition

well known for leading to a considerable rise in endothelin

levels.29 Also from this respect higher doses of AVP

might not be without adverse effects on the circulation. 

The rapid rise in endothelin concentrations that we

detected in vivo underscores the results of previous studies

that provided evidence for the release of endothelin via

the regulated secretory pathway because such a relatively

rapid rise is hardly in agreement with de novo synthesis

but rather with release from endothelial storage granules.25

There might also be factors that hamper the adequate

detection of a rise in endothelin output such as a high

local clearance of endothelin, by which it is possible that a

high percentage of the locally raised endothelin production

is metabolised before it reaches the plasma. Another

contributing factor could be that about 75% of endothelin

is possibly released via the albuminally.25,30,31 As we meas-

ured a significant rise in endothelin levels in the plasma,

the total rise in endothelin release must have been very

high as the plasma levels we detected were as high as

those in subjects with a chronic endothelin production

stimulating condition such as congestive heart failure.29

As the production or overflow as we defined it includes

flow, flow could have an impact on the production if the

flow changes had been large. But at the moments the

highest endothelin productions were measured FBF was

not always higher but sometimes even lower compared

with the measurements at other time points. After the

infusion of L-NMMA, the flow in the experimental arm

in the groups in which this was done declined, but not

significantly so. This seemingly contradictory effect is

probably caused by the fact that no pulse cuff was adjusted

to exclude the circulation of the hand. Because of this, no

estimation of the effects of L-NMMA or AVP on FBF

could be made. We deliberately did not use a pulse cuff as

flow changes after L-NMMA or AVP were not the goal of

this study. FBF was only measured to calculate endothelin

production. Therefore, we also made no statistical com-

parisons between groups regarding flow data. Within

groups the FBF can be considered relatively stable during

the experiments and metabolic effects of flow changes

can be regarded as of no importance to the outcome.

We did not register a rise in endothelin production after

four to five minutes, as has been found before.8,9 But in

those studies only endothelin concentration was measured

so flow changes may have confounded the outcome. In

our study the measurement of FBF was directly aimed at

the correction for this factor. 

In the present study the peak of endothelin production

was observed after 15 minutes of AVP infusion that had

been preceded by L-NMMA infusion for 15 minutes. This

might indicate that the AVP effect on endothelin might

dissolve quickly despite ongoing stimulation. There was

an indication towards a higher output of endothelin during

the entire period of AVP infusion in both groups compared
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with placebo, but these trends were not significant. So,

whether this decline in the stimulatory effect is real or a

result of the small groups we studied must be examined

further.

Further experiments in this in vivo human model are war-

ranted to unravel more about the endothelin physiology in

the endothelium of the human forearm.

C O N C L U S I O N

In healthy male subjects AVP induced a rise in endothelin

production in the forearm within 15 minutes, but only

after prior infusion of L-NMMA. This observation suggests

that the AVP-induced production of nitric oxide offsets

AVP-mediated release of endothelin. 
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A B S T R A C T  

Background: In 1998 a clinical guideline for the targeted,

accurate and early detection and treatment of HFE-related

hereditary haemochromatosis (HH), which comprises a

test for the causative HFE-gene mutations, was introduced

in our outpatient department.

Methods: The impact of this guideline was evaluated

retrospectively. Data were acquired from medical records

of patients with discharge diagnosis codes suggestive of

HH (n=878 patients), obtained from a period before

(n=422) and after guideline introduction (n=456). 

Results: Combined measurements of serum transferrin

saturation and serum ferritin rose from 12.2% (n=53) to

29.5% (n=138, p<0.001), leaving 70% of the patients eligible

for HH not tested for iron parameters. The HFE-gene

mutation detection test was correctly used in 11 (40.7%)

of 27 tested patients and improperly interpreted in six

(22.2%) of these 27 patients. Five new HH patients were

diagnosed before and 13 after introduction. Seven of these

13 patients appeared to be incorrectly diagnosed, due to

misinterpretation of laboratory results. Diagnostic costs

of case detection for each accurately diagnosed patient

were € 2380 before and € 2600 after introduction of the

guideline.

Conclusion: Evaluation of the introduction of a practical

guideline for targeted HH detection reveals a low com-

pliance with the guideline, resulting in both a small per-

centage of patients tested for HH and overdiagnosis of

HH. Therefore, the introduction of the guideline should

be combined with a more appropriate implementation

strategy which includes education on its most critical

points, i.e. the indication and interpretation of the iron

parameters and the HFE genotype.

K E Y W O R D S

Genetic testing, guideline adherence, haemochromatosis,

practice guideline, serum iron measurements

I N T R O D U C T I O N

The medical and scientific interest in HFE-related heredi-

tary haemochromatosis (HH), iron overload disease,

quickly expanded after the discovery of the causative

C282Y and H63D mutations in the haemochromatosis

(HFE) gene in 1996.1 The C282Y mutation is now the

most common autosomal recessive mutation in people of

northern European descent, with an estimated prevalence

of the genetic susceptibility for HH by homozygous

C282Y mutation of one in 200 to 250 persons.2,3

Symptoms that can be attributed to iron overload are

fatigue, arthralgia and cardiac rhythm disorders.4-6

Furthermore, diabetes mellitus, elevated liver enzymes,

liver cirrhosis, hepatocellular carcinoma and cardiac failure

can be considered as signs of HH,5,7,8 the last three being

the most common cause of death in untreated HH

patients.6,7

The first step in the diagnosis of HH consists of the

recognition that these symptoms and signs in combination

with persistent elevated serum transferrin saturations and

elevated serum ferritin concentrations may be attributed

to HH, especially when these laboratory values remain

unexplained.4,5,9,10 The diagnosis of HH is confirmed by

the presence of homozygosity for the C282Y mutation, by

compound heterozygosity for the C282Y and H63D

mutation in the HFE gene and by iron overload shown in

a liver biopsy, on exclusion of secondary causes of iron
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tissue accumulation such as ineffective erythropoiesis,

haemolysis, concomitant liver pathology and recurrent

blood transfusions.2,5,10 Treatment consists of extraction

of the excessive amount of iron from the body by phle-

botomy.4,5,11 When these phlebotomies are initiated before

the development of irreversible symptoms and damage,

HH patients have a normal life expectancy.11,12 Therefore,

it is crucial that patients with HH are detected early in the

course of the disease by measurement of their (elevated)

serum iron parameters. However, these parameters are

often not evaluated, as HH patients frequently present at

the age of 50 to 60 years with nonspecific symptoms, which

are often ascribed to age-related and common disorders.5,13

This nonspecific presentation of the disorder reduces

recognition of the disease and leads to high medical

consumption and associated medical and nonmedical

costs.14,15 To enhance the awareness among physicians of

HH in patients with these nonspecific symptoms and to

improve the quality and effectiveness of the diagnostic

pathway of HH, including the new HFE-mutation analysis,

a guideline for case detection and treatment of HFE-related

HH was developed in our university hospital in 1998 by a

multidisciplinary haemochromatosis study group. 

In the present study we aimed to evaluate retrospectively

i) physicians’ compliance with the diagnostic procedures,

ii) the number of detected HH patients, iii) the correctness

of the HH diagnoses, and iv) costs per detected patient,

during a two-year period before and after introduction of

the clinical guideline. 

M E T H O D S  

The multidisciplinary guideline was introduced in 1998

and contained recommendations to screen for HH when

a patient presented with signs or symptoms as described

in figure 1. The guideline was developed in our university

hospital by a multidisciplinary haemochromatosis study

group. This group consisted of physicians from the

departments of general internal medicine, haematology,

rheumatology, clinical genetics, gastroenterology and

clinical chemistry. International evidence-based studies and

expert opinion were translated into a guideline suitable for

the local situation.8,11,16-20 The guideline was introduced

and explained during sessions held in the outpatient

department of internal medicine of our university medical

hospital. After its introduction, the guideline was available

on the intranet of our hospital server. 

According to the guideline, HH was diagnosed in symp-

tomatic patients when the serum transferrin saturation

was above 50% on at least two different occasions (one of

which after overnight fasting), in combination with a

serum ferritin concentration at least twice the upper limit

of the normal value of 280 �g/l. For the diagnosis of HH

Jacobs, et al. Guideline for HH detection.
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it was recommended to exclude other factors that are

known to influence the iron parameters, such as blood

transfusions, iron supplementation, haemolytic anaemia,

(alcoholic) hepatitis, non-HH-related liver disease and

acute or chronic infections. Thus, a correctly diagnosed

HH patient was defined as a patient with an elevation of

both serum iron parameters in the absence of concomitant

factors that influence iron parameters.

After detection of the biochemical iron overload, the

guideline recommended testing for the C282Y and H63D

mutation in the HFE gene to determine whether the

patient had an HFE-related form of HH (figure 1). Genetic

testing was also recommended for first-degree relatives of

a symptomatic HFE-related HH proband. Liver biopsy

was advised when a persisted elevation of both iron

parameters was combined with a serum alanine amino-

transferase (ALAT) or aspartate aminotransferase (ASAT)

concentration more than twice the normal value, to either

exclude concomitant liver pathology or to obtain a prog-

nosis for the condition of the iron overloaded liver. When

either HFE genotype (C282Y homozygosity and

C282Y/H63D compound heterozygosity) or liver biopsy

confirmed the diagnosis of HH, family screening and

treatment was recommended (figure 1). The latter consist-

ed of phlebotomy therapy in two phases. The first phase

of weekly phlebotomies was meant to withdraw iron from

the overloaded tissues, the second phase, of two to eight

phlebotomies a year, to maintain a low body iron level.

For first-degree relatives who appeared to be C282Y

homozygous or C282Y/H63D compound heterozygous

and had not yet developed iron overload, a phlebotomy

schedule consisting of two blood donations a year, similar

to that used for regular blood donors, was recommended

(figure 1). 

We retrospectively compared the diagnostic procedures

for patients with features suggestive of HH who visited

the outpatient department of internal medicine between a

period before (January 1995 to December 1996) and after

(May 2000 to April 2002) introduction of the guideline.

The choice of the latter period allowed sufficient time for

uptake of the novel procedures from the 1998 guideline,

whereas the first period was chosen before the discovery

of the HFE-gene mutation.1

Patients

Patients were selected for evaluation by using discharge

diagnosis codes (classification system ICD-9-CM-codes).21

Some patients received more than one diagnosis code.

The discharge codes included were ‘unexplained chronic

fatigue for more than six months’, ‘elevated liver enzymes or

liver cirrhosis without explanation’, ‘unexplained arthralgia’,

‘diabetes mellitus’, ‘hereditary haemochromatosis’ or ‘iron

metabolism disorders’ and ‘porphyria cutanea tarda’.



Inclusion of diabetes mellitus patients was restricted to

patients with concomitant elevation of liver enzymes

(more than twice the upper limit of the reference value).

Excluded were diabetes mellitus type 1 patients under the

age of 35, patients suffering from chronic viral hepatitis,

chronic alcohol abuse at the time of the study, cholestatic

pathology and HH patients diagnosed with iron overload

HH elsewhere. By means of an inventory form the following

data were extracted from the medical records: serum

transferrin saturation, serum ferritin concentration,

HFE-mutation analysis, liver biopsy, HH diagnosis and

the presence of co-factors that might result in falsely

elevated iron parameters (such as blood transfusions,

iron supplementation, haemolytic anaemia, (alcoholic)

hepatitis, acute or chronic infections, hepatic injury and

end-stage liver disease). 

Compliance and statistics

Compliance of the physicians with the guideline was

calculated by (number of guideline items followed)/(items

followed + items not followed) x 100%. These items

consisted of serum transferrin saturation, serum ferritin

concentration, HFE-gene testing and liver biopsy. For the

period before guideline introduction the same items,

except the HFE-gene testing, were scored. Differences in

diagnosis codes, gender, age and compliance scored before

and after guideline introduction were tested for significance

using a �2 test.

Costs

The impact of the guideline introduction on resource

utilisation was assessed, taking into account direct 

medical costs only. The costs for diagnosing HH were

approximated from laboratory costs (serum transferrin

saturation, serum ferritin and HFE-mutation detection)

and the costs for ultrasound-guided liver biopsy, with one-

day hospital stay. For unit cost prices, national rates were

used as proxies of actual resource utilisation, except for

hospitalisation, for which a standard cost price was

used.22 Volumes of tests used were derived from chart

review. Costs per case of correctly diagnosed HH patients

were calculated and expressed in Euros.

R E S U L T S

Patient selection and characteristics

During the two observation periods, a total of 9096

individual patients visited the outpatient department of

internal medicine, providing us with 902 discharge diag-

nosis codes consistent with the possible presence of HH

representing 878 patients, 422 patients from the period

before and 456 patients from the period after guideline

introduction (table 1). In addition, 16 patients could not be
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Serum transferrin saturation ≥50% and
serum ferritin concentration ≥280 �g/l

on at least two occasions

Hereditary
haemochromatosis1

Hereditary haemochromatosis suspected in the 
presence of
• Unexplained chronic fatique for more than 6 months
• Elevation of liver enzymes without known cause
• Arthralgia of unknown origin existing longer than 
 6 months
• Polyarthrosis before the age of 50
• Cardiac rhythm disorders without diagnosis
• Unexplained heart failure
• Porphyria cutanea tarda
• Unexplained impotence and infertility
• Diabetes mellitus with elevated liver enzymes
• Unexplained iron storage in liver biopsy
• First-degree family members diagnosed with 
 HFE-related PH

Liver biopsy when ALAT
or ASAT are twice
the normal value2

Hereditary
haemochromatosis

(confirmed)

HFE-testing
C282Y and H63D

mutation3

Treatment with 
phlebotomies with- 

drawal and maintenance
phase4

Family screening
biochemical and genetic

in first degree
family members5

1Provided concomitant factors which influence the iron parameters,

such as blood transfusions, iron supplementation, haemolytic anaemia,

non-HH related liver disease and acute or chronic infection, could

be excluded. Whenever doubt with respect to liver pathology, liver

biopsy was recommended. 2To exclude concomitant liver pathology

or to obtain a prognosis for the condition of the iron overloaded

liver. 3For confirmation of the diagnosis HFE-related HH. C282Y

homozygosity and C282Y/H63D compound heterozygosity confirm

the diagnosis HFE-related HH. HFE testing was also advised when

the patient had first-degree relatives with known HFE-related HH.
4Two blood donations a year with control of the iron parameters once

every three years, was recommended for C282Y homozygous and

C282Y/H63D compound heterozygous first-degree family relatives,

of a HFE-related proband clinically expressing HH, who had not yet

developed iron overload. 5Genetic HH screening was recommended

only when the proband was diagnosed with HFE-related HH. PH =

primary haemochromatosis, ALAT = alanine aminotransferase;

ASAT = aspartate aminotransferase.

Figure 1 Flowchart guideline for targeted detection of hered-
itary haemochromatosis (HH) as introduced in 1998



included as their medical records were missing; four

from the period before and 12 from the period after

guideline introduction (table 1).

Of the patients, 352 (40%) were male; 177 (41.9%) in the

group before and 175 (38.4%) after guideline introduction

(table 2). Overall, 561 (63.8%) of the patients were 50 years

of age or older (table 2).

Diagnostic accuracy

Serum iron parameters
In the period before guideline introduction, serum trans-

ferrin saturation was measured in 29.7% (n=129) of all

diagnosis codes. After introduction of the guideline, this

percentage rose to 36.8% (n=172, p<0.05) (table 3). The

serum ferritin measurements were performed in 17.3%

(n=75) of the patients before and in 71.8% (n=336, p<0.001)

after introduction. This significant rise in serum ferritin

measurements was observed for patients from all diagnosis

codes, except for those with ‘liver cirrhosis of unknown

origin’. There was a pronounced rise in serum ferritin

measurements for the diagnosis codes of ‘chronic fatigue

of unknown origin’ (from 10.9% (n=32) before to 74.7%

(n=245, p<0.001) after), ‘diabetes mellitus with elevated

liver enzymes’ (from 18.0 % (n=11) before to 44.9%
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Table 2 Gender and age ( >50 years) of the patients included

Before implementation After implementation Total

n % n % n %

Gender

All 422 48.13 56 51.93 878 100.03

Male 177 41.91 175 38.42 352 40.03 ns4

Female 245 58.11 281 61.62 526 60.03 ns4

Age >50 years

All 268 63.51 293 64.12 561 63.83

Male 113 26.81 97 21.22 210 23.93 ns4

Female 155 36.71 196 42.92 351 39.93 ns4

1100% = total included patients in the group before implementation (n=422). 2100% = total included patients in the group after implementation

(n=456). 3100% = total included patients of the two periods together (n=878). 4Significance of difference between the periods before and after

implementation of the guideline. n = number of patients.

Table 1 Discharge diagnosis codes included in the study for both the periods before and after introduction of the
guideline

Diagnosis codes Number of diagnosis codes

Before introduction After introduction

n %1 n %1

Arthralgia, of unknown origin, >6 months 16 3.7 18 3.8 ns2

Chronic fatigue, of unknown origin, >6 months 294 67.7 328 70.1 ns2

Diabetes mellitus with elevated liver enzymes3 61 14.1 49 10.5 ns2

Haemochromatosis or disturbed iron metabolism 6 1.4 13 2.8 ns2

Liver enzyme elevation of unknown origin4 27 6.2 52 11.1 p<0.052

Liver cirrhosis of unknown origin 26 6.0 8 1.7 p<0.0012

Porphyria cutanea tarda 4 0.9 0 0.0 n.d.

Medical records not available5 4 0.9 12 2.6 ns2

Total number of included diagnosis codes 434 468

Total number of included patients6 422 456

1100% = total of diagnosis codes included in that period. 2Significance of difference in number of patients included between the periods before

and after implementation of the guideline. 3All patients diagnosed with diabetes mellitus type 2 or diabetes mellitus type 1 after the age of 35

years. Liver enzymes were elevated when they were more than twice the normal values. 4Cholestatic diseases, viral hepatitis and chronic alcohol

abuse at time of diagnosis were excluded. 5Diagnosis codes of patients’ medical records that were not available: before introduction three codes

‘diabetes of unknown origin’ and one code ‘chronic fatigue’, after introduction 12 codes ‘adult onset diabetes mellitus of unknown origin’. 6One

patient could have more than one diagnosis code. ns = non significant; n.d. = not determined.



(n=22, p<0.01) after) and ‘elevated liver enzymes of

unknown origin’ (from 29.6% (n=8) before to 73.1%

(n=38, p<0.01) after). The hallmark test for the diagnosis

of HH, i.e. the combination of serum transferrin saturation

and serum ferritin measurement, also increased with

guideline introduction from 12.2% (n=53) in the period

before to 29.5% (n=138, p<0.001) in the period after

guideline introduction. This rise in combined measure-

ment of serum transferrin saturation and serum ferritin

concentration was significant for all diagnosis codes,

except for the small groups of patients diagnosed with

‘arthralgia of unknown origin’ and ‘liver cirrhosis of

unknown origin’. For all the discharge codes the absolute

number of serum transferrin saturation measurements

was comparable with the absolute number of serum

ferritin measurements after guideline introduction. Only

the ‘chronic fatigue of unknown origin’ defined group

showed a striking difference between the two measure-

ments: 87 serum transferrin saturation measurements vs

245 serum ferritin measurements in the period after

guideline introduction.

HFE-mutation analysis 
HFE-gene mutation analyses were performed in 27

patients after protocol introduction (table 4). According to

the guideline, HFE testing was recommended for only 11

(40.7%) of these 27 patients (numbers 1-11); nine of them

had a combination of elevated serum transferrin saturation

and elevated serum ferritin concentration and two of

them were screened within the framework of family

screening. In six of these 11 patients the clinical diagnosis

HH could be confirmed on follow-up, since both iron

parameters remained elevated and no other explanation

to account for these elevated levels was found (table 4).

One of them had a non-HFE-related form of HH, confirmed

by the amount of iron withdrawn by phlebotomy to

obtain normal serum iron parameters (number 6). In

three of these 11 patients the HH diagnosis could not be

confirmed (numbers 7-9): one patient’s liver biopsy con-

tained no iron, one patient’s serum transferrin saturation

returned to normal levels when measured on a second

occasion and one patient had normal transferrin saturation

levels, which alternated with high transferrin saturation

levels upon blood transfusion. The physicians were correct

not to diagnose HH in these three patients. The two

patients who were HFE-gene tested in the context of family

screening (numbers 10 and 11) were falsely diagnosed as

iron overloaded and treated as HH patients. The guide-

line recommended follow-up of these patients and to

phlebotomise them only twice a year. The remaining 16

(of the 27) HFE-tested patients should not have been tested

following the guideline, since only one of the two serum

iron parameters was elevated. Moreover, five of these 16

patients (numbers 12-16) were incorrectly diagnosed with

HH by the physicians, for some of them most likely

based on their HFE-gene genotype only. 

Three patients were not tested for HFE-gene mutations

in the period after guideline introduction despite their

combination of elevated serum iron parameters. In two of

these three patients serum iron parameters appeared to

be temporarily influenced by blood transfusions. The

remaining patient underwent a liver biopsy to exclude

liver pathology. This liver biopsy revealed no iron.

Liver biopsy
Liver biopsies were taken for 60 diagnosis codes, repre-

senting 53 patients, 26 (49.1%) before and 27 (50.9%)

after guideline introduction. In 49 of these 53 patients,

the decision to perform a liver biopsy was based on a

suspicion of concomitant liver disease. In four of these

53 patients, liver biopsy was performed in the absence of

elevated liver enzymes or (probable) liver disease. Three

of these four patients underwent liver biopsy before

guideline introduction and the availability of the HFE-gene

test. All three patients had elevated serum transferrin

saturations (>50%) and serum ferritin levels (>280 �g/l).

The presence of an increased amount of iron in their

liver biopsy (diagnosed by an independent pathologist)
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Table 3 Diagnostic test use for serum iron parameters before and after guideline introduction

Serum iron parameters Diagnosis codes

Before implementation After implementation

n % n %

Serum transferrin saturation 129 29.7 172 36.8 p<0.051

Serum ferritin concentration 75 17.3 336 71.8 p<0.0011

Combination of serum TS and serum ferritin concentration 53 12.2 138 29.5 p<0.0011

Diagnostic test use is expressed as the percentage of the total number of diagnosis codes included in that period. Data are obtained from the 

medical records. Both the serum transferrin saturation and the serum ferritin concentration were scored no more than once per diagnosis code.
1Significance of difference in increase in serum iron parameter(s) between the periods before and after implementation of the guideline. TS =

transferrin concentration.



confirmed the diagnosis HH. The remaining fourth

patient underwent his biopsy after guideline introduction

in the presence of an elevated serum transferrin saturation

and in the absence of an increased serum ferritin level.

The liver biopsy revealed no increased amount of iron

and HH was correctly excluded.

Number of detected patients
The introduction of the guideline led to an increase in

diagnoses of HH, from five patients (1.2%) before to 13

patients (2.9%) after introduction of the guideline (table 4).

This increase, however, was not statistically significant.

Phlebotomy treatment was started for all 18 patients. 

The physicians’ diagnoses of iron overload appeared to be

incorrect for seven of the 13 patients, as at least one of the

serum iron parameters was not elevated (patients 10-16,

table 4). Three of these patients were at risk of developing

iron overload based on their C282Y homozygosity, but

had not yet developed iron overload as their ferritin levels

were normal (patients 10-12). All three were females and

aged 41, 45 and 55 years, respectively. There was no over-

diagnosis of HH before guideline introduction.

In total, we found one case of a missed HH diagnosis

(patient 33, table 4). In this patient, included in the group
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Table 4 Characteristics of patients in whom HFE-gene analysis was performed or who were diagnosed with heredi-
tary haemochromatosis according to the physicians or the guideline

Serum iron parameters HFE gene mutations Liver biopsy HH diagnosis

PatientEvaluationTransferrin Ferritin C282Y H63D Physician3 Guideline3

period1 saturation ≥280 �g/l2

≥50%2

1 After + + Heterozygous Heterozygous n.d. + +

2-5 After + + Homozygous Negative n.d. + +

6 After + + Negative Negative n.d. + +4

7 After + + Heterozygous Negative n.d. _ _5

8 After + + Negative Negative Micro nodular cirrhosis, _ _

Perls negative

9 After + + Negative Heterozygous n.d. _ _5

10-11 After + _ Homozygous Negative n.d. + _6

12 After + _ Homozygous Negative Perls negative + _

13 After _ + Heterozygous Negative n.d. + _

14 After _ _ Heterozygous Negative n.d. + _

15 After _ + Negative Homozygous n.d. + _

16 After _ + Negative Negative n.d. + _

17-18 After _ + Negative Heterozygous Steatosis, Perls negative _ _

19 After _ + Negative Negative Steatohepatitis, Perls negative _ _

20 After + _ Negative Heterozygous Perls negative _ _

21 After _ + Negative n.d. n.d. _ _

22-23 After _ + Negative Negative n.d. _ _

24 After _ _ Heterozygous Heterozygous n.d. _ _

25 After _ _ Negative Heterozygous n.d. _ _

26 After _ + Negative Negative n.d. _ _

27 After _ _ Negative Negative n.d. _ _

28-29 Before + + n.a n.a n.d. + +7

30 Before + + n.a n.a Perls positive, + +7

hepatocellular carcinoma

31 Before + + n.a n.a Perls positive + +7

32 Before + + n.a n.a Perls positive, cirrhosis + +7

33 Before n.a n.a n.a n.a Autopsy liver: _ + 

Perls positive, cirrhosis

Hereditary haemochromatosis (HH) diagnoses according to the physician: diagnoses of iron overload based on clinical grounds and treatment

started for HH. HH diagnoses according to the guideline: HH diagnoses that should have been given according to the guideline. 1Before = peri-

od before guideline implementation; after = period after guideline implementation. 2- = Transferrin saturation <50% or serum ferritin <280

�g/l; + = transferrin saturation ≥50% or serum ferritin ≥280 �g/l. 3- = No HH diagnosed; + HH diagnosed. 4Non-HFE related HH. 5Serum

transferrin saturation that normalised when measured on a second occasion. 6Patient was a first-degree relative of an HFE-gene-related HH

patient. 7HH diagnoses confirmed with either liver biopsy or number of phlebotomies. n.d. = not determined; n.a. = not available; Perls = Perls’

staining, Prussian blue reaction used to detect iron in a liver biopsy.



before guideline introduction, the diagnosis of HH was

only made postmortem, on autopsy. During life, the

diagnosis of liver cirrhosis of unknown origin had been

made. No iron parameters had been measured.

For nine patients with a combination of an elevated

serum transferrin saturation and serum ferritin, HH was

not diagnosed. Three of these patients were included in

the period before and six patients were included in the

period after guideline introduction. One patient from the

first period was diagnosed with porphyria cutanea tarda

and transferred to another hospital before further diagnosis

and treatment could take place. For all the remaining

eight patients the diagnosis of HH was correctly excluded

either based on clinical evidence (blood transfusions

recently given or spontaneous normalisation of iron

parameters), or by a liver biopsy containing no increased

amount of iron.

Costs

The total cost associated with the detection of new HH

patients before introduction of the guidelines amounted

to € 11,900. After the introduction, these costs rose to 

€ 15,600. When these costs were ascribed to patients

correctly diagnosed with iron overload proven HH, this

resulted in € 2380 per correctly diagnosed patient before

and € 2600 per correctly diagnosed patient after intro-

duction of the guideline.

D I S C U S S I O N

The introduction of the guideline for targeted HFE-related

HH detection in the outpatient department of general

internal medicine of our university hospital in 1998 led to

an increased number of patients with symptoms consistent

with HH, who were tested for serum iron parameters

(serum transferrin saturation and ferritin). The number

of HH diagnoses rose when compared with a period

before guideline introduction. This rise, however, was not

statistically significant. A shortcoming of the introduction

of the guideline was the increase in the number of

patients falsely diagnosed with HH. 

The increase in both serum transferrin saturation and

serum ferritin measurements in the period after intro-

duction of the guideline was likely to result from the guide-

line introduction. This increase might have been positively

influenced by more recently (after 1998) introduced

guidelines in the department of internal medicine, i.e. on

‘arthralgia’ and on ‘liver cirrhosis’, which incorporated

the recommendations of the HH guideline of 1998. It

should, however, be noted that despite these increased

numbers of iron parameters measured after guideline

introduction, still approximately 70% of the patients with

symptoms and signs consistent with HH were not tested

for these parameters.

There was a remarkable difference in the magnitude of

the raise in serum transferrin saturation and in serum

ferritin measurements in the diagnosis code group

‘chronic fatigue of unknown origin’ after guideline intro-

duction. This could be explained by the implementation

of a guideline on ‘chronic fatigue’ in the outpatient

department in 1999, which recommended only the

measurement of serum ferritin, not combined with

serum transferrin saturation, to detect HH among

patients with symptoms suggestive of chronic fatigue.

Guideline compliance was also evaluated by the use of

liver biopsies in the diagnosis of HH. According to the

guideline, liver biopsies should be used to exclude additional

liver pathology or to obtain a prognosis for the condition

of the iron overloaded liver. Before the discovery of the

HFE gene, liver biopsy was the gold standard for the con-

firmation of the diagnosis of hereditary iron overload.

The compliance for the use of liver biopsies after the

introduction of the guideline was good. Only one patient

underwent a liver biopsy without elevation of both serum

iron parameters or a possible liver disease. 

The current study did not provide solid information on

compliance with family screening for HH. However, the

few notations made on this subject in the medical files

suggested that physicians advised the proband to inform

his or her family of the necessity of clinical, biochemical

and/or genetic screening for HH. 

Medical costs due to diagnostic procedures for each

accurately diagnosed patient were similar before and after

guideline introduction. However, these costs do not

include costs due to incorrect diagnoses, i.e. patients in

whom HH was missed or patients who were incorrectly

diagnosed as having HH, nor do they include costs for

treatment.

Compliance with the therapeutic aspects of the guideline

was not thoroughly evaluated in the present study.

However, it appeared that three homozygous C282Y

patients of the 13 subjects diagnosed with HH were

phlebotomised despite the absence of iron overload. For

non-iron overloaded homozygous C282Y relatives of HH

patients as well as for C282Y/H63D compound heterozygous

relatives, the guideline recommended performing two

blood donations twice a year as prevention. However,

treatment of these non-iron overloaded patients is 

controversial and various treatment protocols have been

proposed. Shortly after the discovery of the HFE gene,

therapeutic protocols for these patients, such as the proto-

col described here, were based on the assumption of a

high penetrance of the HFE-gene mutation and advised:

i) performing phlebotomies several times a year to prevent

iron accumulation, in order to maintain the serum ferritin

level around 50 �g/l5 and ii) twice yearly blood donation,

with control of the iron parameters once every three years
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(present guideline).23 Since evidence is accumulating that

the phenotypic penetrance of homozygosity for the

C282Y mutation is low, it is currently advised to only

start treatment when iron overload is proven and control

for clinical and biochemical manifestations of HH every

ten to twenty years.24

A drawback of the guideline introduction was the incorrect

diagnosis of iron overload for several patients after guide-

line introduction (n=7). This was mainly due to erroneous

use and interpretation of the HFE genotype (n=6). It

appeared that HFE testing was more often used than strictly

indicated and that once the HFE gene was genotyped, it

dominated the results of the serum iron parameters and

the liver biopsy. This dominant use and overestimation of

the value of the HFE genotype in the diagnostic process

of HH might be attributed to misinterpretation of the

huge amount of international literature since 1996 which

suggested the clinical relevance of the C282Y mutation

due to the high clinical penetrance.3,25-28 Only recently,

evidence has accumulated that this penetrance of the

homozygosity for the HFE-gene C282Y mutation might

be very low.9,29-32 But also, the fact that the diagnostic

strategy of the present guideline lacks solid scientific

evidence on its most crucial points (similar to the strat-

egies throughout literature)4,10,11,33,34 and is mainly based on

professional expertise, might have decreased compliance. 

While awaiting the calculation of the cost-effectivity of

both population and cascade screening, most HH

patients in the Netherlands are still detected by case

detection, i.e. early detection of patients with HH who

seek medical attention for symptoms suggestive of HH.

According to a recent report by Cadet et al. this strategy of

targeted HH detection has been proven to be cost-effective.35

Also the present study shows the potential cost-effectivity

of targeted case detection in comparison with population

screening as approximately one in 80 patients (1:84 (5 in

422) patients before, to 1:76 (6 in 457) patients after

guideline introduction) have biochemical proven iron

overload in comparison with one in 280 to one in 400

patients in the general population of northern European

origin.36,37 A disadvantage of this targeted approach,

however, is the potential diagnostic delay in the course of

the disease. 

There were some limitations inherent to the study. First

of all it was a retrospective study. This implicated that we

had to interpret the thoughts of the physicians on the

differential diagnosis of their patients’ symptoms by

looking at the diagnostic investigations performed on each

patient. For example, we cannot be sure that every serum

ferritin or serum transferrin saturation was performed in

the light of HH diagnostics. Moreover, elevated iron levels

might have been missed and with this also potential

patients with HH, with a risk for organ damage and early

death.2,26 It is not possible to give solid numbers for those

patients not recognised as having HH in the current study.

As 87.8% (n=381) of the diagnosis codes eligible for HH

before and 70.5% (n=330) of these diagnosis codes after

guideline introduction were not evaluated for serum iron

parameters, there could have been a fair number of missed

HH diagnoses. However, for all the patients who were

tested for both their serum iron parameters, we conclude

that no eligible HH patients were incorrectly judged as

being healthy. This also implicates that when HH was not

diagnosed, despite the elevation of both serum iron

parameters, this was done on correct clinical grounds,

taking into account concomitant treatment or diseases, as

the guideline recommended. The second limitation was

the lack of control group. Therefore, we cannot exclude

that the rise in diagnostic procedures is explained by the

increase in the number of physicians who adhered to a

more ‘defensive’ kind of medicine by adding test and/or

the general trend in time for an increased use of iron

parameters (i.e. ferritin) in the last decade.

We conclude that due to a relatively low compliance to the

guidelines: i) approximately 70% of the patients with

symptoms and signs consistent for HH were not tested

for serum iron parameters and consequently patients

with HH might have been missed and on the other hand

ii) indication and interpretation of the genetic and iron

parameters were misunderstood with as a result overdiag-

nosis of HH. The reasons why physicians do not follow

clinical practice guidelines have been described by several

groups.38-40 One of them, Cabana et al., clearly reviewed

and summarised the literature on this subject in 1999.

This resulted in the recognition of a variety of barriers

to guideline adherence, which include: i) knowledge

(awareness, familiarity), ii) attitude (agreement, self-efficacy,

outcome expectancy, ability to overcome the inertia of

previous practice) and iii) external barriers to performing

recommendations. We believe that in general these barriers

all attributed partly to the less optimal compliance of the

‘haemochromatosis’ guideline. We expect the most critical

points of misuse and interpretation of iron parameters

and genetic tests, observed in the present study, can be

removed by a more professional evidence-based development

and dissemination of the guideline that is combined by an

appropriate education strategy on its most decisive aspects.

In fact this approach has been adopted by a multidisciplinary

team of medical professionals in the Netherlands, which

recently started to develop an evidence-based guideline

under the auspices of the Medical Scientific Board of the

Dutch Institute for Healthcare CBO, in close cooperation

with the Order of Medical Specialists. These guidelines

will be evidence based and formulated following strict

regulations (www.cbo.nl). Attention will also be paid to

applicability in daily routine and the implementation

strategy. Also, this team may learn from the shortcomings

from the present study. It is expected that implementation

Jacobs, et al. Guideline for HH detection.
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of this guideline into medical practice throughout the

Netherlands in around early 2007 will increase compliance

with the guideline, also on the decisive points. 

We summarise that the introduction of a guideline for a

targeted approach to HH screening increased the number

of diagnostic procedures appropriate for HH investigation.

The number of detected HH patients increased non-

significantly, at comparable costs per case detected, with

a drawback of falsely positive HH diagnoses. The HH

overdiagnoses reflected the difficulties in indication and

interpretation of both serum iron parameters and HFE

genotypes. Therefore, the implementation strategy of the

guideline should be improved to increase awareness and

guarantee compliance with the indication and interpretation

of both the iron and genetic parameters.

N O T E
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A B S T R A C T

Background: To describe the relationship between glycaemic

control, hyperglycaemic symptoms and quality of life

(HRQOL) in type 2 diabetic patients.

Methods: In a shared-care diabetes project HRQOL was

assessed. A total of 1664 patients with type 2 diabetes were

identified in 32 primary healthcare practices. Of these

patients, 1149 were included. HRQOL was measured

using a generic questionnaire (Rand-36), completed by

1006 of the 1149 participants.

Results: The number of hyperglycaemic symptoms was

higher in women (1.88) compared with men (1.64), without

differences in mean haemoglobin A1c (HbA1c) (7.5%).

Univariate analyses showed negative relationships between

all dimensions of the Rand-36 and hyperglycaemic

symptoms (p<0.001), but between only one dimension

and HbA1c (p=0.005). Multivariate analyses showed no

association between any of the dimensions of the Rand-36

and HbA1c, but the relationship between hyperglycaemic

symptoms persisted in all dimensions (p<0.001).

Notwithstanding these results, the presence of hyper-

glycaemic symptoms was related to higher HbA1c. 

Conclusion: In type 2 diabetic patients, as assessed by a

generic questionnaire, there is an evident relationship

between hyperglycaemic symptoms and HRQOL and not

between HbA1c and HRQOL. Subjective hyperglycaemic

symptoms are, independent of HbA1c, important for

HRQOL in type 2 diabetic patients, and should therefore

not be neglected in the management of diabetes.

K E Y W O R D S

Cross-sectional studies, diabetes mellitus type 2, hyper-

glycaemia, primary health care, quality of life 

I N T R O D U C T I O N

Over the past century, changes in human behaviour and

lifestyle have led to a dramatic increase in the prevalence

and incidence of diabetes mellitus type 2 worldwide. To

effect a significant reduction in the resulting premature

morbidity and mortality, an integrated approach to prevent

diabetes mellitus type 2 and its complications is called for.1

Targets in diabetic treatment are to improve glycaemic

symptoms and to reduce the risk of diabetes-related

complications and as such improve patients’ quality of

life (HRQOL). To achieve treatment goals, physicians and

patients must cooperate intensively; patients’ compliance

is essential. Patients can be expected to be more compliant

when their HRQOL improves as a consequence.

However, studies concerning the relationship between

HRQOL and glycaemic control prove confusing. In

patients with type 2 diabetes, an intensive regime to

improve glycaemic control seemed to have no effect on

the patient’s HRQOL.2 This was puzzling, since improved

glycaemic control usually leads to a decrease in hyper-

glycaemic symptoms, which again is expected to improve

HRQOL. The latter part is supported by Goddijn et al.3

who found, in a longitudinal study with a small number

of patients, that a reduction in hyperglycaemic symptoms

leads to an improved HRQOL.
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To optimise the treatment of diabetes mellitus, further

study into the manner in which diabetes-related symptoms,

glycaemic regulation and HRQOL are related is required.

This study describes the cross-sectional relationship between

glycaemic control, hyperglycaemic symptoms and

HRQOL in a large cohort of patients with type 2 diabetes.

M A T E R I A L S  A N D  M E T H O D S

Study population

In the region around Zwolle (the Netherlands), a large

shared-care diabetes project was initiated in 1998, the

Zwolle Outpatient Diabetes project Integrated Available

Care (ZODIAC).

In this project, general practitioners (GPs) are supported

by hospital-based diabetic specialist nurses (DSNs) in

their care of type 2 diabetic patients.

In part of the project, all subjects with type 2 diabetes

treated exclusively by their GPs in 32 practices are seen

annually by DSNs. In the first year of the project, 1664

subjects with type 2 diabetes mellitus were identified in

these practices. Patients treated by an internist (n=338)

were excluded. Fifty-seven patients were excluded by their

general practitioners because of a very short life expectancy

or expected insufficient cognitive abilities to fill in the

questionnaire. A total of 1269 patients were invited of

whom 1149 (90.5%) participated.

With the invitation to visit the DSN, the patients received

an HRQOL questionnaire (the Rand 36-Item Health Survey;

Rand-36),4 which they were requested to complete and

hand in together with a list of their current medication.

Their visit to the DSN included the following: (i) their

medical history was taken and added to the history provided

by the GP; (ii) height, weight and blood pressure were

measured; (iii) the feet were examined thoroughly (data

on the loss of sensibility were used in this study); and (iv)

after the visit, blood and urine were collected. A cross-

sectional analysis of the first-year data was made.

Measures

Medical history included year of onset diabetes, medication

(general and diabetic), smoking, coronary heart disease

and cerebrovascular disease. Coronary heart disease was

considered to be present when the patient had a confirmed

history of myocardial infarction, percutaneous transluminal

coronary angioplasty (PTCA) or coronary artery bypass

grafting (CABG). Cerebrovascular disease was considered

to be present when there was a confirmed history of

stroke or transient ischaemic attack (TIA). Neuropathy

was defined as the inability to feel the 5.07 Semmes

Weinstein monofilament at any one of three sites on each

foot, which is a reasonably sensitive and specific assessment

for diagnosing diabetic polyneuropathy.5 The BMI was

calculated from weight and length (kg/m2).

The major endpoint for metabolic control was the

haemoglobin A1c (HbA1c) level. Other laboratory measures

were serum creatinine, total cholesterol, high-density

lipoproteins (HDL), triglycerides, and albumin/creatinine

ratio in urine. Creatinine clearance was calculated using

the Cockcroft and Gault formula.6

The study group chose the Rand-36 to measure HRQOL

based on previous experiences with this questionnaire. It

is a reliable and valid generic measure, also in the Dutch

population.7,8 The Rand-36 contains nine health dimensions:

physical functioning, social functioning, role limitations

(physical), role limitations (emotional), mental health,

vitality, pain, general health perception and health change.

The nine dimensions were calculated in accordance with

the Rand-36 manual,4 except for ‘social functioning’ since

one of the two items was measured on a six- instead of a

five-point Likert scale. We used the formula as used by

Van der Zee et al.7 ((question 10j * 5 + question 6 * 6) 

- 11) * 100/49. To interpret the overall direction and

importance of the HRQOL effects,9 two summary measures

were calculated: the Physical Component Summary and

Mental Component Summary.3 The range of the scales is

from 0 to 100, a higher score meaning better HRQOL.

With the Rand-36, the patients received a list of glycaemic

symptoms and were asked to indicate whether they had

had any of six hyperglycaemic symptoms (fatigue, weight

loss without clear cause, itching, thirst, increased fluid

intake and increased urine production), or four hypogly-

caemic symptoms (excessive sweating, shaky sensation,

dizziness, and sudden appetite which disappeared when

food was taken) in the preceding month.

Analysis

Due to skewed distribution of the Rand-36 scales, non-

parametric statistics were used in the univariate analysis.

To compare continuous variables with dichotomic or

categorical variables, the Mann-Whitney test or Kruskal-

Wallis test was used, respectively. The Spearman rank

correlation was used to compare continuous variables. To

compare normally distributed variables with dichotomic

or continuous variables, (independent samples) the t-test

or Pearson correlation was used, respectively. Multivariate

analyses were performed using the parameter estimates

of the general linear model (GLM). The assumption of the

GLM that the distribution of the residual scores should

be normal was checked by inspecting the distribution of

the residuals using normal probability plots. The Rand-36

scores were used as dependent variables, the noncontinuous

measures as fixed variables and the continuous measures

Kleefstra, et al. Hyperglycaemia and quality of life.
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as covariates. The fixed or continuous variables were

included for analysis whenever there was at least one

significant univariate association with the Rand-36.

SPSS 10.0 for windows was used for data analysis.

R E S U L T S

General characteristics

In table 1 characteristics of the study population are

summarised. Women (n=662) represent the majority

(57.6%) of the study population. Mean age was 68.7

years, ranging from 21 to 97. Median diabetes duration

was 5.3 years. Insulin was used by 195 (17.0%) patients.

Mean HbA1c (7.5) was in the intermediate range (7 to 8.5)

according to the Dutch National Guidelines (upper limit

of normal 6.0%).10 No difference in HbA1c was found

between the sexes. The median number of hyperglycaemic

symptoms, known from 823 subjects, was 1 for both men

and women.

Determinants of quality of life

Univariate analysis
In the total study population of 1149 subjects, 1006

(87.6%) completed the Rand-36. No differences in HbA1c

were found between patients who completed the Rand-36

and those who did not. Univariate analysis was undertaken

for all measures. Table 2 shows the results of the Rand-36

in relation to HbA1c. One dimension (health change)

correlates significantly with HbA1c (r=-0.093, p=0.005).

Table 3 shows the results of the Rand-36 in relation to the

number of hyperglycaemic symptoms. For all scales the

correlation coefficients are at least -0.310 (p< 0.001), the

dimension ‘vitality’ having the strongest correlation 

(r=-0.546). 

All measures show at least one significant association

with the Rand-36, except for smoking, blood pressure and

cholesterol/HDL ratio (data not shown). When compared

with males, females showed lower scores on the Rand-36

(on eight scales). Patients with neuropathy showed lower

scores than patients without neuropathy (eight scales).

Increasing age was also related to lower scores (six scales).

An increase in the number of hypoglycaemic symptoms

was associated with lower scores on all Rand-36 scales,

with lower correlation coefficients (range (r)=-0.238 to

0.468) as compared with the number of hyperglycaemic

symptoms. Coronary heart disease and duration of dia-

betes both were related significantly to two scales.
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Table 1 Characteristics of study population 1998
(n=1149)

Male 487 (42.4)

Age (years) 68.7 ± 11.5 (21-97)

Diabetes duration (years)‡ 5.3 (2.5,10.4) (0-58)

Diabetes therapy

- Diet only 148 (12.9)

- Oral medication 806 (70.1)

- Insulin 169 (14.7)

- Insulin + oral medication 26 (2.3)

Metabolic regulation

- HbA1c (%) 7.5 ± 1.3 (4.8-13.1)

Macrovascular complications

- CHD 233 (20.3)

- Stroke/TIA 145 (12.6)

Microvascular complications

- Albuminuria* 460 (41.7)

- Neuropathy 333 (29.2)

Cockcroft (ml/min) 72.1 ± 28 (15-215)

Blood pressure (mmHg)

- Systolic 155 ± 25 (95-240)

- Diastolic 84 ± 11 (45-135)

Body mass index (kg/m2) 28.9 ± 4.8 (16-48)

Cholesterol/HDL 5.3 ± 1.6 (1.9-13.6)

Triglycerides (mmol/l) 2.6 ± 1.6 (0.5-15.2)

Smokers 207 (18.2)

No. hyperglycaemic 1 (0,3) (0-6)

symptoms (n=823)‡

No. hypoglycaemic 1 (0,2) (0-4)

symptoms (n=820)‡

Data are means ± SD (range) or n (% of known data). ‡Data are

median (P25,P75) (range). *Albuminuria ≥3 mg/mmol creatinine.

Table 2 Results RAND-36 divided for HbA1c

HbA1c category Good Inter- Poor Spearman
mediate correlation*

Range <7% 7-8.5% >8.5%

Total completed 441 473 239

questionnaires

Physical functioning 57.2 55.7 53.2 -.029

Social functioning 80.8 76.6 78.8 -.039

Role limitations 64.4 62.2 65.5 .024

(physical problem)

Role limitations 73.5 73.7 73.5 .021

(emotional problem)

Mental health 74.8 72.6 73.8 .003

Pain 71.7 69.7 70.7 -.009

Vitality 60.6 60.8 59.1 -.008

General health 61.9 61.5 60.6 -.006

perception

Health change 48.5 47.0 42.4 -.093‡

Physical component 66.7 64.9 65.3 -.014

summary

Mental component 70.6 69.6 70.0 .003

summary

*Spearman correlation was measured for continuous variable.
‡p=0.005.



Multivariate analysis
Table 4 shows the influence that each parameter had on the

different Rand-36 dimensions after correction for all other

included parameters by using the 95% confidence interval

and the proportion variance explained (eta squared). The

negative influence of the number of hyperglycaemic symp-

toms remained significant on all Rand-36 scales (all p<0.001).

Six other parameters also showed an independent significant

influence on some of the Rand-36 scales: increasing age (five

scales), BMI (four scales), coronary heart disease (five scales),

cerebrovascular disease (three scales), neuropathy (two scales)

and being female was negatively associated with seven scales.

In multivariate analyses, the remaining parameters lost

their influence on the Rand-36 scales (data not shown). 

When the number of hypoglycaemic symptoms is added

as a parameter to the multivariate analyses, it is significant

on all scales (data not shown), as is the number of hyper-

glycaemic symptoms. When the eta squared values of the

number of hypoglycaemic and hyperglycaemic symptoms
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Table 3 Results RAND-36 divided for number of
hyperglycaemic symptoms

Number of symptoms 0 1-2 3-6 Spearman

correlation

Total completed 211 368 237

questionnaires

Physical functioning 74.5 53.9 41.7 -.386‡

Social functioning 91.4 77.1 67.9 -.374‡

Role limitations 88.0 61.4 44.8 -.404‡

(physical problem)

Role limitations 91.5 72.3 58.7 -.328‡

(emotional problem)

Mental health 84.6 72.7 64.4 -.391‡

Pain 87.3 69.8 55.8 -.396‡

Vitality 79.2 58.7 45.6 -.546‡

General health perception 70.2 60.8 53.8 -.379‡

Health change 54.9 45.7 39.5 -.310‡

Physical component 82.2 64.3 52.3 -.500‡

summary

Mental component summary83.9 69.0 58.3 -.499‡

‡p<0.001.

Table 4 Clinical parameter estimates of Rand-36 dimensions

Physical Social Role Role Mental Pain Vitality General Health Physical Mental

functio- functio- limitations limitations health health change component component

ning ning (physical (emotional summary summary

problem) problem)

Age LB -1.14 -.45 -.92 -.74 -.09 -.33 -.20 -.07 -.34 -.46 -.27

UB -.79 -.12 -.38 -.22 .17 .03 .08 .14 -.09 -.19 -.00

eta .133‡ .014† .030‡ .018‡ .000 .003 .001 .001 .014† .030‡ .006*

BMI LB -1.63 -.82 -1.36 -.85 -.32 -0.99 -.49 -.34 -.46 -.85 -.46

UB -.84 -.08 -.12 .36 .30 -.16 .17 .14 .13 -.22 .15

eta .045‡ .007* .007* .001 .000 .009† .001 .001 .002 .015† .001

CDV LB 9.39 3.20 -.28 -.81 -3.99 -4.05 .73 -2.33 -.53 1.39 -.63

UB 21.18 14.49 18.70 17.67 5.09 8.25 10.45 4.84 8.18 10.90 8.47

eta .032‡ .012† .005 .004 .000 .001 .007* .001 .004 .009* .004

Neuro- LB 4.44 -2.44 -6.28 -3.58 -.97 .82 -2.47 -1.02 -.60 -.13 -.90

pathy UB 12.60 5.37 6.50 8.88 5.35 9.39 4.25 3.93 5.42 6.31 5.28

eta .021‡ .001 .000 .000 .002 .007* .000 .002 .003 .005 .003

CHD LB 6.48 -.70 -3.78 -7.29 -2.07 .08 .19 1.08 -3.45 1.28 -1.39

UB 16.06 8.52 11.41 7.52 5.40 10.16 8.13 6.89 3.65 8.98 6.02

eta .027‡ .004 .001 .000 .001 .005* .005* .009† .000 .009† .002

No. LB -8.13 -6.43 -11.99 -9.50 -5.62 -7.90 -8.74 -4.52 -4.39 -7.59 -6.76

hypergly- UB -5.81 -4.19 -8.37 -6.00 -3.82 -5.47 -6.82 -3.13 -2.67 -5.77 -5.03

caemic eta .152‡ .101‡ .142‡ .095‡ .123‡ ,130‡ .247‡ .129‡ .076‡ .223‡ .203‡

symptoms

Male/ LB 5.17 .79 1.44 4.26 3.11 4.34 .80 -1.86 -1.49 3.15 2.36

female UB 12.81 8.13 13.36 15.81 9.07 12.35 7.12 2.77 4.16 9.17 8.11

eta .027‡ .007* .008* .016† .021‡ .021‡ .008* .000 .001 .022‡ .018‡

*p<0.05, †p<0.01, ‡p<0.001. CDV = cerebrovascular disease; CHD = coronary heart disease. The first and second numbers represent the lower

(LB) and upper bound (UB) respectively of the 95% confidence interval of the regression coefficient (B). A negative number means the parame-

ter has a negative relationship with the Rand-36 dimension. The third number represents the partial eta squared (it describes the proportion of

total variability of the Rand-36 dimension attributable to a parameter).



are compared, the former scores higher on two scales:

mental health (eta squared 0.137 vs 0.051) and pain (eta

squared 0.085 vs 0.066).

Symptoms vs HbA1c

Table 5 shows the quintiles of HbA1c divided for the

number of hyperglycaemic and hypoglycaemic symptoms.

These data show that the number of hypoglycaemic

symptoms is not related to HbA1c, not even within the

lowest quintile. However, the number of hyperglycaemic

symptoms correlates significantly with HbA1c (p=0.033).

The average number of hyperglycaemic symptoms was

2.11 for patients in the highest quintile, and 1.62 to 1.71

for patients in the lower four quintiles. Table 6 shows the

mean HbA1c divided for presence or absence of separate

hyperglycaemic symptoms. HbA1c was significantly higher

in the group of persons with the presence of the symptoms

thirst (p=0.002) and increased fluid intake (p=0.011).

D I S C U S S I O N

This study shows a negative relationship between HRQOL

and glycaemic symptoms as well as a positive relationship

between hyperglycaemic symptoms and HbA1c. However,

no association between HRQOL and HbA1c was found.

Moreover, we found a negative association of HRQOL

with female gender, age, BMI, CHD, cerebrovascular

disease and neuropathy. Independent of each other, hypo-

glycaemic as well as hyperglycaemic symptoms have a

strong influence on HRQOL. The influence on HRQOL

by hyperglycaemic symptoms is stronger and associated

with HbA1c, whereas hypoglycaemic symptoms are not.

Goddijn et al.3 concluded in a longitudinal study with 94

patients that in type 2 diabetic patients reduction of

hyperglycaemic symptoms improved HRQOL. Earlier

studies using the Rand-36, SF-20 or SF-36 were unable to

find a relationship between HRQOL and HbA1c.
11-14 We

found only health change to be univariately and negatively

associated with HbA1c as did Johnson et al. in the Pima

Indians.15 This also applies to the longitudinal studies in

which the above-mentioned questionnaires were used.3,16

However, when other questionnaires were used, the asso-

ciation between HbA1c and HRQOL showed mixed

results, such as a significant negative association12,14,17,18

or no clear relation.2,14,19-22 The relation with glucose levels

was also unambiguous.23,24

The negative relationships between HRQOL and compli-

cations are what we expected:25,26 having a complication

relates to worse HRQOL. And although care providers

work hard to improve the risk profile for complications by

monitoring the HbA1c, blood pressure and lipid profile,

other (modifiable) factors should also be addressed. In

order to improve ‘quality of care’, some of the efforts

should also be directed to factors such as BMI and hyper-

glycaemic symptoms, since our results show that they

relate directly to HRQOL. At the moment a large part of

diabetes management is directed by objective measures

such as HbA1c, which are not directly related to HRQOL.

Hyperglycaemic symptoms receive far less attention. As

Hanestad et al.27 already postulated, this means that

important aspects of the patient’s life are neglected in

diabetes care.

The absence of a relationship between HRQOL and

HbA1c is hard to explain, especially when considering

the relationship between HRQOL and hyperglycaemic

symptoms and HbA1c and hyperglycaemic symptoms.

One would expect that if one of these three parameters is

high, it would relate positively to both other parameters.

It may be debatable whether the symptoms chosen (as

used by Goddijn et al.3) are truly hyperglycaemic.
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Table 5 Quintiles of HbA1c divided for number of
hyperglycaemic and hypoglycaemic symptoms

HbA1c Hyperglycaemic Hypoglycaemic 

symptoms (n)† symptoms (n)‡

4.8-6.4 (243) 1.71 ± 1.57 1.15 ± 1.17

6.5-7.0 (231) 1.71 ± 1.54 1.19 ± 1.13

7.1-7.6 (208) 1.71 ± 1.47 1.27 ± 1.18

7.7-8.5 (228) 1.62 ± 1.65 1.16 ± 1.13

8.6-13.1 (236) 2.11 ± 1.56 1.24 ± 1.17

†Correlation with HbA1c: 0.064 (p=0.033). Correlation was meas-

ured for continuous variable. ‡Correlation with HbA1c: 0.023

(p=0.261). Correlation was measured for continuous variable.

Table 6 HbA1c divided for each type of hyperglycaemic
symptom

Symptoms Yes No P

Fatigue 7.48 ± 1.2 (441) 7.50 ± 1.3 (348) .937

Weight loss 7.51 ± 1.3 (64) 7.27 ± 1.3 (717) .109

Itching 7.58 ± 1.3 (221) 7.44 ± 1.2 (561) .251

Thirst 7.73 ± 1.3 (196) 7.39 ± 1.2 (585) .002

Increased fluid 7.76 ± 1.5 (191) 7.39 ± 1.2 (595) .011

intake

Increased urine 7.55 ± 1.3 (332) 7.43 ± 1.2 (451) .243

production

Data are means ±SD (number of patients).



According to Van der Does et al.,22 fatigue is the dimension

most directly related to the present glycaemic status.

However, fatigue is a general and frequently occurring

symptom present in both patients with diabetes and with

depression. People with diabetes suffer more often from

depression compared with people without diabetes,28-30

and depression appears to be a good effect indicator of

HRQOL,31,32 in particular among female patients.30 The

presence of depression has not been assessed and may

have been of influence on our results.33 Except for the

symptom fatigue, the presence of all other hyperglycaemic

symptoms was associated with a higher HbA1c. Polyuria,

polydipsia and unexplained weight loss are classic symptoms

of diabetes mellitus.34 Moreover, most hyperglycaemic

symptoms were found in patients with the highest HbA1c,

supporting the fact that they are indeed hyperglycaemic

symptoms.

The limitations of our study are that the symptoms that

were chosen were not taken from a validated symptom

list, and that the number of missing values for the

hypoglycaemic and hyperglycaemic symptoms was quite

substantial. This may present an inaccurate representation

of the symptoms within the study population. For the

longitudinal follow-up of our population, validated symp-

tom score lists have been introduced. And although the

Rand-36 is closely related to the SF-36, the Rand-36 has

not been as extensively validated as the SF-36.35

Improving glycaemic control decreases the risk of 

complications. Whether it increases HRQOL directly will

have to be further studied longitudinally now that our

cross-sectional results suggest that this is not the case. As

such, physicians and DSNs have to be more aware of the

importance of motivating treatment adherence, as stated

earlier by Goddijn et al.3 If the association between hyper-

glycaemic symptoms and HRQOL in the absence of a

relation between HbA1c and HRQOL is confirmed in a

longitudinal design, caregivers will have to consider

these symptoms as a separate treatment objective. This

cross-sectional study of a large cohort is a basis for future

longitudinal analyses.
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A B S T R A C T

We describe two adult patients with epilepsy who received

long-term antiepileptic drug therapy, a woman aged 39

years and a man aged 38 years, in whom severe osteopenia

and osteoporosis, respectively, were diagnosed. Both had

had epilepsy since childhood, both were seizure free and

off medication for several years before the epilepsy started

again. The female patient first sustained a complicated

pelvis fracture after minor trauma. Next, both patients had

infractions of several thoracic vertebrae after a generalised

tonic-clonic seizure. Dual-energy X-ray absorptiometry for

measurement of the bone mineral density revealed

osteopenia in both. Bone biopsy was only performed in

the male patient and showed moderate osteoporosis. 

Taking into consideration the young age for osteopenia

and osteoporosis and the absence of other underlying

causes, the long-term anticonvulsant therapy is the most

likely cause of the development of osteopenia and osteo-

porosis in these patients. 

Reviewing recent literature data, advice from healthcare

organisations and medical guidelines, the authors were

surprised by the lack of protocols and preventive measures

for patients with epilepsy who have been on antiepileptic

drug therapy for many years. With this article we stress

the urgent need to develop protocols and guidelines for

preventive interventions.

K E Y W O R D S

Antiepileptic drugs, epilepsy, osteopenia, osteoporosis

I N T R O D U C T I O N  

Epilepsy is a chronic neurological disease with an estimated

prevalence of five to seven patients per 1000 inhabitants

in the Netherlands.1 Seizures are successfully treated with

antiepileptic drugs (AEDs) in about 70% of the patients.

Usage of AEDs for 15 years is not uncommon, despite the

fact that long-term AED therapy is a known risk factor

for bone loss and fractures2 and is associated with abnor-

malities in calcium metabolism, including hypocalcaemia,

elevated levels of serum alkaline phosphatase and serum

parathyroid hormone, reduced serum levels of biologically

active vitamin D metabolites, radiological evidence of

rickets and histological evidence of osteomalacia.3-8

Patients aged >50 years and treated for ≥5 years with

AED are estimated to have a doubled risk of osteoporotic

fractures.9 Of the female patients, 50% had a hip fracture

unrelated to seizure activity.10

AEDs such as carbamazepine (CBZ), phenobarbital, and

phenytoin accelerate hepatic microsomal metabolism of

vitamin D to polar metabolites other than (25-OH) vitamin

D (25-OHD) and increase the metabolism of 25-OHD into

biologically inactive products.11 Vitamin D and calcium play

an essential role in diseases affecting bone metabolism.

Hypovitaminosis D or hypocalcaemia can cause skeletal

abnormalities, varying from osteopenia and osteoporosis to

manifest osteomalacia.12 Vitamin D deficiency is frequently

cited as the cause of bone loss in patients with epilepsy.2

Inadequate mineralisation of newly formed bone matrix

as a consequence of this vitamin D deficiency can result

in osteomalacia and rickets in adults and children,

respectively.10.13.14 Moreover, valproic acid (VPA) may have

a direct effect on osteoblasts and osteoclasts resulting in

an increased bone turnover and degradation.15

© 2005 Van Zuiden Communications B.V. All rights reserved.
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The first reports about negative effects of AEDs on bone

metabolism were published in the 1960s to 1970s. In

these reports particularly the first-generation AEDs,

phenobarbital and phenytoin (both enzyme-inducing

AEDs), were studied.3,6,16 However, recent investigations

show that the second-generation AEDs, CBZ and VPA,

also have negative effects on bone metabolism.2,8,10,15,17-19

Less is known about the latest or third-generation AEDs

because they have not been on the market so long. 

To illustrate these negative effects of long-term AED

therapy on bone metabolism we describe two cases of

adult patients with epilepsy since childhood and with an

unexpected early onset osteopenia and osteoporosis after

long-term (first- and second-generation) AED therapy.

AED therapy was even interrupted for several years in

both cases. 

C A S E  R E P O R T  1

A 39-year-old Caucasian woman had suffered from epilepsy

since childhood. The first generalised tonic-clonic seizure

occurred at the age of 10 years. Several single- and multi-

antiepileptic drug formulas were initiated with adequate

consecutive serum drug levels. First-generation AEDs

were replaced by second-generation AEDs because of

increasing seizure frequency and/or side effects. Overall,

the patient had been taking phenobarbital for nine years

including six months in combination with ethosuximide,

one year with VPA and two years with CBZ, VPA mono-

therapy for almost three years, oxcarbazepine monotherapy

for eight years and lamotrigine monotherapy for three

years. She had never taken phenytoin. For six years (from

the age of 12 until 15 and from 25 to 28 years) she was

seizure free without AEDs. 

At the age of 5 and 7 years, the patient sustained a cruris

fracture after trauma. She had never had any restriction

in her mobility and was on a normal and varied diet with

an average intake of dairy products. At the age of 35 years,

she sustained a complicated pelvis fracture after a fall

from a low chair. Physical and neurological examination

revealed no other abnormalities. The patient weighed 72

kg with a length of 1.70 m (body mass index [BMI] 24.9

kg/m2). She smoked ten cigarettes a day and had a mod-

erate intake of alcohol. Her menstrual cycle was regular

without any sign of premature ovarian failure. For several

years she had lived in a country with a tropical climate

and had had extensive sun exposure. 

Laboratory examinations revealed normal values for serum

calcium of 2.32 mmol/l, (25-OH) vitamin D 62 nmol/l and

(1,25-(OH)2) vitamin D3 48 pmol/l, thyroid-stimulating

hormone (TSH) 2.38 mU/l, parathyroid hormone (PTH)

2.0 pmol/l and a 24-hour urine calcium excretion of 

6.1 mmol. Kidney and liver function were normal. 

Bone mineral density (BMD) measured with dual X-ray

absorptiometry (DEXA) scanning is expressed in standard

deviations from the average peak BMD in healthy young

persons of the same gender (T-score) and from the mean

BMD for persons of the same age and gender (Z-score).10

Both scores represent fracture risk (table 1). 
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DEXA scanning of the lumbar spine and of the femoral

neck in the patient showed T-scores and Z-scores of -1.6

and -1.6 SD measured at the lumbar spine and -2.1 and 

-1.9 SD measured at the femoral neck, compatible with

osteopenia. 

After initial surgical treatment the patient was subsequently

treated with both alendronine acid and calcitriol for one

year, during which bone mass increased according to the

altered T- and Z-scores which were -1.5 and -1.4 SD at the

lumbar spine and -2.1 and -1.8 SD at the femoral neck.

Since the patient wanted to become pregnant after recovery

from the pelvic fractures, only the calcitriol was continued.

After an uncomplicated pregnancy and delivery of a

healthy girl, breast feeding was started and only calcitriol

treatment has been continued until the present day. 

At the age of 36 years the patient had a generalised tonic-

clonic seizure. Postictally she complained of severe back

pain. An X-ray of the spine revealed an infraction of two

thoracic vertebrae in a still osteopenic skeleton. 

C A S E  R E P O R T  2

A 38-year-old Caucasian male had suffered from epilepsy

since childhood. The patient’s history revealed no other

diseases, nor bone fractures. He was on a varied diet and

both body weight and body development have been normal.

He had always refrained from smoking and alcoholic

beverages and had practiced sports all his life. 

Table 1 WHO criteria for defining bone density28

Condition Description

Normal BMD value within 1.0 SD of the young adult

reference mean (T ≥-1.0) 

Ostepenia BMD value of >1 SD below the young adult

mean but <2.5 SD below this value (-1.0 >T 

>-2.5) 

Osteoporosis BMD value of ≥2.5 SD below the adult mean

value (T ≤-2.5) 

Established BMD value of ≥2.5 SD below the adult 

osteoporosis mean value (T ≤-2.5) in the presence of one or

more fragility fractures

WHO = World Health Organization; BMD = bone mineral density; 

SD = standard deviation. 



He had his first seizure at the age of 7 years, several

weeks after a paramyxovirus infection (measles). An EEG

showed generalised epileptic paroxysms and AED treatment

was started. Overall, the patient had been on phenobarbital

for two years, phenytoin for nine years, CBZ for 12 years

and VPA for seven years, in single or combined therapies.

Standard doses of AEDs were used and drug levels had

always been within therapeutic ranges. He was seizure

free for a period of 24 years. During the last ten years of

this period, he was not on any AEDs.

At the age of 31 years, the patient experienced severe back

pain after a generalised tonic-clonic seizure. At physical

examination, his body weight was 85 kg and length 1.90 m

(BMI 23.5 kg/m2). Except for pain over the thoracic and

lumbar vertebrae no other abnormalities were found on

physical and neurological examination. 

Laboratory investigations revealed normal serum values for

calcium of 2.33 mmol/l, phosphate 1.18 mmol/l, alkaline

phosphatase 93 U/l, testosterone 21 nmol/l, TSH 

0.43 mU/l, osteocalcine 3.2 �mol/l, (25-OH) and vitamin

D 37 nmol/l. No Bence-Jones paraproteins were detectable

in the urine. Urinary excretion of calcium and hydroxy-

proline were slightly elevated: 7 to 9 mmol/24 h (normal

<5 mmol/24 h) and 0.31-0.33 mmol/24 h (normal 0.25

mmol/24 h), respectively. Hepatic and renal function

were normal. 

An EEG showed epileptic activity over the left temporal

side. A CT scan of the brain was normal. X-rays of the

thoracic and lumbar spine showed severe osteopenia and

traumatic anterior flattening of vertebrae Th7 to Th10

with traumatic infractions. 

BMD was measured with a DEXA scan: T-score -1.6 SD

at the lumbar spine, T-score -1.3 SD at the femur neck,

compatible with osteopenia. Bone biopsy showed moderate

osteoporosis with slightly elevated bone turnover activity

in the trabecular area. 

Treatment with alendronine acid, a bisphosphonate, was

started in addition to VPA. Two years after continuous

alendronine acid treatment, a control DEXA scan showed

an increase in the BMD of the lumbar spine with a T-score

of -1.1 SD and at the femoral neck a T-score of -1.2 SD. 

D I S C U S S I O N  

Both cases illustrate the negative effects of long-term

AED therapy during childhood and adolescence on bone

structure in adulthood. In both cases AED therapy was

started in childhood. Both patients also had several years

of seizure freedom in which they were off AED medication.

The female subject was treated for nine years with first-

generation AEDs during childhood and adolescence and

for six years with second-generation AEDs. The male

subject was treated for nine years with first-generation

AEDs during childhood and adolescence and for 19.5

years with second-generation AEDs. 

Other causes of osteopenia and osteoporosis could rea-

sonably be excluded by the normal serum concentrations

of calcium, vitamin D, presence of normal renal and

hepatic function, absence of malabsorption or endocrine

diseases and the otherwise normal physical development

of the subjects. 

The first cases of the association between bone disorders

and AED therapy were reported around the 1960s to

1970s.3,6,16 Prevalence varies between 4 to 70%, depending

on the population studied.3 The long-term negative effects

of phenobarbital and phenytoin on bone structure are

well known. Both AEDs are enzyme-inducing AEDs.

They were used by our patients for several years during

childhood. These enzyme-inducing AEDs accelerate

hepatic microsomal metabolism of vitamin D to polar

metabolites other than (25-OH) vitamin D (25-OHD) and

increase the metabolism of 25-OHD into biologically

inactive products resulting in decreased active (1,25(OH)2)

vitamin D3 concentrations.7,11,20 In contrast to other steroid

hormones, vitamin D is not produced by an endocrine

organ with a hormonal feedback mechanism. PTH can

stimulate hydroxylation of vitamin D3, but it cannot

stimulate the production of vitamin D3 by the skin. A

(1,25(OH)2) vitamin D3 deficiency results in an increased

bone turnover activity in the presence of a secondary

hyperparathyroidism. Longstanding vitamin D deficiency

causes a progressive defective mineralisation in the newly

formed bone matrix eventually ending in rickets in children

and osteomalacia in adults.10,12-14

Similar negative effects of the second-generation AEDs

(CBZ and VPA) on bone metabolism have been

reported.8,10,15,18 CBZ is also an enzyme-inducing AED.

In contrast, VPA is a nonenzyme-inducing AED and thus

its negative effects on bone metabolism cannot be

explained by the mixed function oxidase induction.

Several mechanisms for the negative effects of VPA on

bone metabolism have been proposed. First, both the

nonenzyme-inducing and the enzyme-inducing AEDs

may have direct effects on the balance of osteoblast and

osteoclast activity.15 Second, VPA could induce hormonal

changes, as suggested from the association of VPA

treatment and the development of a polycystic ovary

syndrome.21 However, a definite explanation for the

association between VPA use and the decreased BMD

remains undefined.15 To date there are several new

nonenzyme-inducing AEDs on the market, but long-term

follow-up of possible side effects on bone mass is still

lacking.10

It is possible that in our patients a combination of the

above-mentioned mechanisms eventually caused a lower

BMD, leading to osteopenia and osteoporosis. They had

both been on multiple AEDs for many years. The normal
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vitamin D level in both patients, who had a normal feeding

pattern, is less compatible with the enzyme-induction

mechanism. However, one cannot exclude this mechanism

as a cause of the bone metabolism abnormalities because

both patients took the enzyme-inducing AEDs during

their childhood. At that age, laboratory investigations for

vitamin D were not carried out. It is known that the BMD

continues to increase until about the age of 30 years.

After this age, BMD slowly decreases. It is not unlikely

that long-term AED use by our patients during their

childhood and adolescence caused a lower peak BMD

during their 20s to 30s. Consequently, this could impose

a greater risk of sustaining fractures throughout their

lives and not only during the period in which they were

taking AEDs. Moreover, they were still on AEDs with

known negative effects on bone metabolism during

young adulthood. 

In a recent study in the USA, 62% of the children/ 

adolescent patients and 77% of the adult patients had low

vitamin D levels and one third of the children and adults

with epilepsy treated with various forms of AEDs had

serum concentration of <10 ng/ml. Furthermore, the

BMD of the lumbar spine, femur head, femoral neck and

trochanter was significantly decreased in these adults for

both the T- and Z-score, and 59% had osteopenia at either

the spine or the hip.8 No correlation was observed between

the type of AED (enzyme-inducing vs nonenzyme-inducing)

and 25-OHD levels. However, no data are available about

the (1,25-(OH)2) vitamin D3 levels, the most potent natural

hormone analogue.

Several DEXA studies confirm the observed decrease in

BMD during AED therapy.2,10,15,22 DEXA facilities are

widely available, generate a minimal radiation load, and

are suitable for follow-up studies. Unfortunately, with

DEXA one cannot differentiate between a decrease in the

amount of bone (osteoporosis) and improper mineralisation

of bone matrix (osteomalacia). Both conditions can only

be differentiated by histomorphometric analysis of a bone

biopsy.12

In the Netherlands no data are available about the prevalence

of osteopenia, osteoporosis and osteomalacia nor of the

vitamin D status in patients with epilepsy. Probably more

relevant are data on the AED effects on the clinical end

parameters BMD and fractures. Although the relation

between long-term AED therapy and negative effects on

bone metabolism has been known for many years, it has

neither led to the development of national guidelines for

prevention nor to the development of protocols for sur-

veillance and treatment in the Netherlands. Despite the

presence of around 120,000 patients with epilepsy in the

Netherlands, neither its Council of General Practitioners

(NHG), nor the Dutch Health Council23 seem to be aware

of this particular group at risk for the development of

skeletal abnormalities/ bone diseases. Moreover, to date

the Dutch Osteoporosis Foundation and the Dutch League

against Epilepsy have not yet focused their attention on

the prevention of metabolic bone abnormalities as a

result of long-term AED therapy.

Extrapolating from an informal poll at a recent meeting

of the Dutch League against Epilepsy it is estimated that

only less than 5% of the neurologists perform active

screening for bone disorders/osteoporosis in patients on

long-term AED therapy. In the USA one third of the

neurologists screen their patients for bone disorders.24

In the Netherlands, the estimated fracture incidence is

about 5 pro mille, which means that in one year at least

500 to 600 patients with epilepsy have a bone fracture of

any kind. It is not unlikely that, in agreement with the

Farhat data,8 the incidence is outnumbered in patients

using AEDs chronically. It is not known how many

patients on long-term AEDs will eventually develop either

osteopenia or osteoporosis and how long they should take

this medication. No data are available about the long-term

effects of vitamin D treatment in these patients. However,

recent studies show that even one month of treatment

with 150,000 IE (25-OH) vitamin D3 results in a signifi-

cant increase in bone mass.25,26

The annual costs of treatment with 1 dd 800 IE cholecal-

ciferol and 1 dd gram calcium4 are estimated at around 

€ 200 and just around € 30 for vitamin D alone. The

direct costs of a spontaneous fracture of a vertebrae or

forearm fracture are estimated at around € 1000 per year,

for a hip fracture the direct costs are around € 12,000,27

not counting the secondary costs due to loss of working

capacity. Therefore, development of guidelines for screen-

ing and treatment for metabolic bone disease in epileptic

patients at high risk seems reasonable and cost effective.

We conclude that osteopenia and later on osteoporosis as

a result of long-term AED use is an underestimated

problem in patients taking AEDs, which theoretically can

be quite easily prevented or treated.
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A B S T R A C T

Moraxella catarrhalis rarely causes severe infections or

bacteraemia in healthy subjects. In the literature only

four cases of clinical sepsis with M. catarrhalis have

been described, mostly in immunocompromised patients.

We describe a case of a 34-year-old patient with Kugelberg-

Welander disease and low body weight (28 kg) who

developed clinical sepsis due to M. catarrhalis bacteraemia.

A review of the literature is given. 

K E Y W O R D S

Juvenile spinal muscle atrophy, Kugelberg-Welander 

disease, malnutrition, Moraxella catarrhalis, pneumonia,

sepsis

I N T R O D U C T I O N

After Streptococcus pneumoniae and Haemophilus influenzae,

Moraxella catarrhalis is the third commonest pathogen of the

respiratory tract among patients with chronic obstructive

pulmonary disease (COPD).1 Although M. catarrhalis is

often present in the respiratory tract as a commensal

micro-organism, it can clearly be pathogenic under certain

circumstances.2,3 Its importance as a pathogen, both in

children and in adults, has been increasingly recognised

in the past decades.4

Invasive infections with M. catarrhalis have seldom been

described: in the literature only four cases of clinical sepsis

(i.e. septic shock) with M. catarrhalis have been described

in adults, although more cases (at least seven) have been

reported in children. Bacteraemia (at least 61 reported

cases) and severe infections with M. catarrhalis are also

infrequent but have been described in immunocompro-

mised patients, mainly those with haematological malig-

nancies, in patients with chronic obstructive pulmonary

diseases and in the elderly, as well as in healthy subjects. 

Our patient, with severe muscle atrophy, very low body

weight and restrictive lung disease and therefore extremely

limited (respiratory) reserves, demonstrates the favourable

outcome with aggressive treatment of this rare sepsis. 

C A S E  D E S C R I P T I O N

A 34-year-old male, known to have juvenile spinal muscle

atrophy type III (JSMA-III or Kugelberg-Welander disease)

and moderately severe restrictive lung disease, was admitted

with pneumococcal pneumonia, diagnosed by sputum

cultures. He was treated with bronchodilators, prednisolone

(50 mg/24 h) and amoxicillin, and later penicillin, intra-

venously. The patient had been treated with prednisolone

twice before, but not recently. His condition improved at

first, but later deteriorated and on day 5 of admission the

patient became respiratory insufficient with recurrence

of fever (39.2 °C). Laboratory investigations showed low

creatinine (18 �mol/l), urea (2.0 mmol/l), albumin 

(31.1 mmol/l), and a severe hypophosphataemia 

(0.26 mmol/l), with an increased white blood cell count

(24.2 x 109/mm3) and C-reactive protein (126 �m/l).

During his admission his body weight decreased from 28

to 22 kg, probably as a result of decreased dietary and
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fluid intake. Differential diagnostic considerations consisted

of nosocomial superinfection, aspiration – as the patient had

weakened and had difficulty in swallowing – development

of resistance to penicillin, ARDS or empyema.

The patient was transferred to the ICU for mechanical

ventilation. Blood pressure was 85/45 mmHg and heart

rate 135 beats/min. Measurements with a pulmonary

artery catheter showed a septic profile with low systemic

vascular resistance (450 dynes.sec/cm5), a central venous

pressure of 8 mmHg, a systolic pulmonary artery pressure

(SPAP) of 18 mmHg and diastolic pulmonary artery

pressure (DPAP) of 10 mmHg. Cardiac output and index

were increased (CO 7.8 l/m, CI 5.9 l/min/m2). Possible

causes for the severe hypoposphataemia that were con-

sidered were, in the first place, respiratory alkalosis, which

often occurs in sepsis. Secondly, the use of glucocorticoids

can cause hypophosphataemia. Furthermore saline infusion,

which can cause hypocalcaemia and parathyroid hormone

release, or a decreased dietary intake were considered.

Treatment consisted of intravenous substitution, restoration

of acid/base balance, and rapid commencement of par-

enteral feeding. Additional treatment consisted of fluid

replacement, dobutamine, and noradrenalin. On day 5 in

the ICU (day 10 after admission), the sputum and two

blood cultures that had been taken on admission to the

ICU yielded M. catarrhalis and the penicillin was changed

to amoxicillin/clavulanic acid, which improved the patient’s

condition markedly. After a total stay of 48 days the

patient could be discharged from hospital, on ventilation

via a tracheal cannula for 20 hours/day. Six months after

discharge from our ICU, the patient is on night time

ventilation only. 

D I S C U S S I O N

We describe a patient with benign JSMA-III and moderately

severe restrictive lung disease who developed a nosocomial

sepsis with M. catarrhalis after pneumococcal pneumonia. 

The diagnosis of JSMA-III, a disease of slowly progressive

limb-girdle weakness, had been made in childhood in

our patient. The prediction of progression and degree of

disability is difficult and extremely variable, but most

patients are bound to a wheelchair by their mid-thirties.

The cause of death in these patients is often pneumonia.

Our patient suffered severe wasting and muscle weakness

and contractions, rendering him wheelchair bound. 

The low body weight of our patient may well have played

a role in the course of the disease. Defence mechanisms

to infection have been shown to be strongly affected by

nutritional status.4 Both deficiency of protein energy and

individual nutrients (trace minerals and vitamins, particu-

larly zinc, iron, selenium, vitamins A, B6, C and E) are

associated with impairment of cell-mediated immunology,

complement activation and secretory immunoglobulin

antibody response. Complement plays an important role

in host defenses against M. catarrhalis, as does the IgG3

response to M. catarrhalis outer membrane proteins.2

It has been estimated that approximately 1 to 5% of

healthy adults is colonised with M. catarrhalis, and even

higher percentages are found among children and among

patients with COPD.5 In the last decades M. catarrhalis

has been recognised and a possible virulent pathogen,

both in the respiratory tract as in other clinical situations.2

While colonisation with M. catarrhalis is highly prevalent,

over the last two decades only 61 cases of bacteraemia

with M. catarrhalis have been described, whereas only

four cases of clinical sepsis have been reported in adults,

and at least seven cases in children. Although we must

assume that the reported cases present only the ‘tip of the

iceberg’ the M. catarrhalis sepsis remains relatively rare.

Among adults 60 to 70% of the patients with bacteraemia

were immunocompromised or had underlying pulmonary

disease (COPD), but also other immunocompetent hosts

have been described.6,7 Bacteraemia was found to be asso-

ciated with sinusitis, pharyngitis, pneumonia, meningitis,

and endocarditis and without a focal source.2,7 Clinical

manifestations vary from mild febrile illness to severe and

fatal disease.2,7 Mortality from M. catarrhalis bacteraemia

has been estimated in a recent review to be close to 20%,7

with the highest mortality among patients with endo-

carditis (four out of five reported patients).6,7

Most cases described in the literature (at least seven)

occurred in children.8-10 Two cases were described as early

as 1925 and 1928, but details of these cases are difficult to

assess.11,12 More recently only four cases of sepsis due to

M. catarrhalis have been described in adults (table 1). In

the three out of four adult cases comorbidity was present:

lung cancer,2 acute myelogenous leukaemia13 and systemic

lupus erythematosis.14 The fourth patient was a previously

healthy 68-year-old man who developed shock and dis-

seminated intravascular coagulation after otitis media with

M. catarrhalis in all blood and middle-ear cultures.15 In

our case the patient had severe muscle atrophy, restrictive

lung disease, and severely reduced body weight, which

probably played a role in the development of pneumonia.

Only one of the four cases of sepsis in adults had a fatal

outcome. 

On admission to the ICU several treating physicians

were hesitant to start intensive treatment and mechanical

ventilation, as the prognosis of the patient appeared to be

extremely poor. This case demonstrates that this sepsis

can have a positive outcome with reasonable subsequent

quality of life when treated, although the prognosis of

sepsis with M. catarrhalis is strongly dependent on

comorbidity. 

Westendorp, et al. Moraxella catarrhalis sepsis in a patient with juvenile spinal muscle atrophy.

J U N E  2 0 0 5 ,  V O L .  6 3 ,  N O .  6

228



R E F E R E N C E S

1. Enright MC, McKenzie H. Moraxella (Branhamella) Catarrhalis - clinical

and molecular aspects of a rediscovered pathogen. J Med Microb

1997;46:360-71. 

2. Wallace MR, Oldfield III EC. Moraxella (Branhamella) Catarrhalis

Bacteremia, a case report and literature review. Arch Int Med

1990;150:1332-4. 

3. Domingo P, Puig M, Pericas R, Mirelis B, Prats G. Moraxella catarrhalis

bacteremia in an immunocompetent adult. Scand J Inf Dis 1995;27:95. 

4. Chandra RK. Nutrition and immunology; from the clinic to cellular biology

and back. Proc Nutr Soc 1999;58(3):681-3. 

5. Murphy T. Moraxella (Branhamella) Catarrhalis and Other Gram-Negative

Cocci. In: Mandell GL (ed). Mandell, Douglas & Bennett’s Principles and

Practice of Infectious Diseases. 5th edition. Philadelphia: Churchill

Livingstone, 2000: 2259-66. 

6. Ioannidis JPA, Worthington M, Griffiths JK, Snydman DR. Spectrum and

significance of bacteremia due to Moraxella catarrhalis. Clin Inf Dis

1995;21:390-7. 

7. Thorsson B, Haraldsdottir V, Kristjansson M. Moraxella catarrhalis bac-

teremia. A report on 3 cases and a review of the literature. Scand J Inf

1998;30:105-9. 

8. Burnett AK, Easton DJ, Gordon AM, Rowan RM. Neisseiria Catarrhalis

septicaemia in acute lymphoblastic leukemia. Scott Med J 1985;20:37-8. 

9. Wong VK, Ross LA. Branhamella catarrhalis septicaemia in an infant with

AIDS. Scand J Inf Dis 1988 ;20:599-60. 

10. Van Doern G, Miller MJ, Winn RE. Branhamella (Neisseiria) catarrhalis

systemic infection in humans. Arch Int Med 1981;141:1690-2. 

11. Endres VG. Der Mikrococcus catarrhalis als erreger einer sepsis mit

Endocarditis und Nephritis. Munchener Medizinische Wochenschrift

1925;72:723-4. 

12. Nagell H. Ueber eine sepsis, hervorgerufen durch micrococcus

catarrhalis. Munchener Medizinische Wochenschrift 1928;75:124-5. 

13. Zenklusen C, Erhard PH, Modde H, Siegenthaler P. Septicaemie a

Branhamella (Neisseiria) Catarrhalis chez une patiente immuno-

deprimee. Schweis Med Wochenschr 1985;115:1106-7. 

14. Guthrie R, Bakenhaster K, Nelson R, Woskobnick R. Branhamella

Catarrhalis sepsis: a case report and literature review. J Inf Dis

1988;158:907-8. 

15. Alaeus A, Stiernstedt G. Branhamella catarrhalis septicaemia in an

immunocompetent adult. Scand J Infect Dis 1991;23:115-6.

J U N E  2 0 0 5 ,  V O L .  6 3 ,  N O .  6

Westendorp, et al. Moraxella catarrhalis sepsis in a patient with juvenile spinal muscle atrophy.

229

Table 1 Overview of adult cases of sepsis with Moraxella catarrhalis, as reported in the literature

Authors Year of Sex Age Comorbidity Focus of Initiated therapy Survival

publication infection

Wallace et al. 1990 P 71 Lung cancer Pneumonia 1st erythromycine + No

piperacilline + amikacine

Zenklusen et al. 1985 P 63 Aute myelogenous No focal source Exact therapy unknown Yes

leukaemia

Guthrie et al. 1988 O 40 Lupus erythematosis Respiratory tract 1st erythromycin Yes

(dormant) infection 2nd ceftazidime

Alaeus et al. 1991 P 68 None Otitis media 1st penicillin Yes

2nd cefuroxim/gentamycin

3rd erythromycin

Westendorp et al. 2005 P 34 Juvenile spinal muscle Pneumonia 1st penicillin Yes

atrophy type III (Kugelberg- 2nd amoxicillin + 

Welander syndrome) clavulanic acid

1st = the first initiated therapy; 2nd = the second initiated therapy, after discontinuation of the first; 3rd = the third initiated therapy, after discontin-

uation of the first and second. 
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A 37-year-old female patient visited Kruger National Park, South Africa, in March last year. One week later she developed

low-grade fever, and a painful right knee and left hip. She noticed painful and enlarged lymph glands in her right

inguinal region. She did not feel very ill and continued working. On physical examination an abnormality in the right

knee hollow (figure 1) and painful and enlarged lymph glands in the inguinal region on the same side were noticed.

Laboratory examination showed only an increased sedimentation rate of 23 mm.

P H O T O  Q U I Z

A patient with fever after a visit to South Africa

P.H.Th.J. Slee

Department of Internal Medicine, St. Antonius Hospital, Nieuwegein, the Netherlands, 
e-mail: p.slee@antonius.net

Figure 1 Knee hollow

W H A T  I S  Y O U R  D I A G N O S I S ?

See page 237 for the answer to this photo quiz.
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C A S E  R E P O R T

A 66-year-old man was admitted to our hospital because of dyspnoea and slightly elevated body temperature (38.1°C). 

A month before admission the patient suffered an ischaemic cerebrovascular accident. His medical history also revealed

a myocardial infarction seven years ago and a transient ischaemic attack.  

On physical examination his blood pressure was 130/80 mmHg, pulse 102 beats/min and regular; the central venous

pressure was clearly elevated. The respiratory rate was 36 breaths/min. Examination of the lungs and heart revealed no

abnormalities. The right lower extremity was red, warm and swollen and painful on palpation.

Laboratory tests were performed. An arterial blood sample showed no abnormalities. Lactate dehydrogenase was 566

U/l and troponin I 0.51 �g/l. A chest X-ray showed no abnormalities. His electrocardiogram (ECG) is shown in figure 1. 

P H O T O  Q U I Z

A patient with dyspnoea, subfebrile temperature
and electrocardiographic abnormalities 

H.J. Jansen1*, H. Haerkens-Arends2, G. Vervoort3

Department of 1Internal Medicine, Jeroen Bosch Hospital, ’s-Hertogenbosch, the Netherlands,
Department of 2Cardiology and 3General Internal Medicine, Radboud University Nijmegen Medical

Centre, the Netherlands, e-mail: Henry_jansen@hotmail.com, *corresponding author

Figure 1 12-lead electrocardiogram of the patient

W H A T  I S  Y O U R  D I A G N O S I S ?

See page 238 for the answer to this photo quiz.

E R R A T U M

In the answer to the photo quiz ‘A patient with dyspnoea, subfebrile temperature and electrocardiographic abnormalities’

by H.J. Jansen, H. Haerkens-Arends and G. Vervoort, in the Netherlands Journal of Medicine 2005;63(3):118, the wrong

figure was published as figure 2.

We therefore provide you with the correct version of the photo quiz in this issue. Our apologies for any inconvenience

caused.



I N T R O D U C T I O N

I recently had the privilege of giving a state-of-the-art

lecture on the clinical value of apoB to the residents and

staff of the Department of Internal Medicine of the

Radboud University Nijmegen Medical Centre after which

residents reviewed two recent key papers: the Northwick

Park Heart Study1 and the INTERHEART study.2 One

resident concluded his analysis with the question: if apoB

is so good, why isn’t everybody doing it? 

All at once, I felt everyone’s eyes on me: such a simple

question, such a difficult answer. My answer was inadequate

then and will almost certainly be inadequate now. But I

know it is tied in some way to another question: Why do

we need a journal such as the Netherlands Journal of

Medicine?

I am going to try to answer both: the first by listing the

relevant facts, the second by suggesting that we in modern

academic medicine are less secure and less confident

intellectually than we used to be. The remedy, I believe, is

to rediscover our own strengths and by doing so to recover

our independence. One way to do so is to encourage inde-

pendent analyses of major issues in journals such as this. 

A P O L I P O P R O T E I N  B  V E R S U S

C H O L E S T E R O L  

What is plasma apoB?

Each atherogenic particle – that is to say, each VLDL, IDL,

LDL and Lp(a) particle – contains one molecule of

apoB1003 Each chylomicron and chylomicron remnant

particle contains one molecule of apoB48. All the stand-

ardised, automated assays that measure total plasma

apoB recognise both apoB100 and apoB48. However,

except in type III hyperlipoproteinaemia, there are so few

apoB48 particles present in plasma, even during the peak

postprandial period, that total apoB is not affected. This

means that for clinical practice apoB does not have to be

measured fasting, but can be determined at the patient’s

convenience. LDL, the most important of the atherogenic

particles, account for more than 90% of total plasma

apoB particles and so LDL particle number is the principal

determinant of the atherogenic particle number. 

What is the evidence that apoB is better than any of the

other cholesterol indices for estimating the risk of vascular

disease?

The evidence is overwhelming. To be sure, the initial

generation of cross-sectional and nested case-control

studies yielded mixed results, in part because the assays

were not standardised, in part because the wrong ques-

tion was asked (Did the indices being compared predict

haemodynamically significant coronary disease – which is

not the issue – vs just anatomic coronary disease – which

is? Did apoB predict better than all the lipids combined

including HDL – which is not the test? And finally, the

initial types of studies – both cross-sectional and nested

case-control studies – generate but do not establish

hypotheses).

But time and knowledge have advanced. Multiple, large,

prospective epidemiological studies are now in hand and

the results are straightforward: apoB is superior to any of

the cholesterol indices to predict the likelihood of vascular

events. The Quebec Cardiovascular Study was the first of

these,4 followed by the THROMBO Study,5 the AMORIS
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measuring it?

One reason why we need the Netherlands Journal of Medicine!
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Study,6 the Northwick Park Heart Study,1 the THROMBO

Metabolic Syndrome Study7 plus the placebo arms of a

number of the statin clinical trials, including 4S,8

AFCAPS/TexCAPS,9 and LIPID.10 Not only has apoB

been shown to be better than any of the other cholesterol

indices, the apoB/apoA-I ratio has also been shown to be

superior to the other cholesterol indices – TC/HDL C,

non-HDL C/HDL C, and LDL C/HDL .5,9-11 The list of

citations should be long enough and broad enough to

justify the judgment at the beginning of this paragraph

that the weight of evidence in favour of apoB as a predictor

of vascular disease is, in fact, overwhelming. 

What is the evidence that apoB is better than LDL C for

judging the adequacy of statin therapy? 

Depending on which analysis is examined, either LDL C

or apoB was superior in the 4S study, the statin study in

which cholesterol levels were highest.12 However, there is

no ambiguity in AFCAPS/TexCAPS9 the Leiden Heart

Study,13 and LIPID.10 On-treatment apoB was predictive of

outcome, whereas on-treatment LDL cholesterol was not.

Moreover, there is evidence for superiority of apoB over

LDL cholesterol in CARE14 and FATS.15,16 Interestingly, a

number of fibrate trials produced the same result. In the

Bezafibrate trial, apoB was predictive of progression of

coronary disease, whereas LDL cholesterol was not.17 The

same was observed in the DAIS trial.18 Finally, when LDL

particle number was estimated by nuclear magnetic res-

onance, a decrease in LDL particle number was shown to

contribute to benefit in the VA-HIT trial, whereas there

was no evidence that benefit correlated with a change in

LDL cholesterol (Jim Otvos, personal communication). 

Non-HDL cholesterol has been proposed as a surrogate

for apoB. However, while they are highly correlated, they

are not highly concordant. That is, for any value of one,

there is a considerable range of values for the other.19

Moreover, the available evidence from epidemiological

studies, noninvasive studies and clinical trials indicates

that apoB is superior to non-HDL cholesterol as a marker

of the risk of vascular disease and as an index of the

adequacy of LDL-lowering therapy.9-11,13,20-22 Finally, apoB

is more closely associated with the other markers of the

metabolic syndrome than either LDL or non-HDL cho-

lesterol.19, 23

Why is apoB superior to any of the cholesterol indices for

estimating risk and assess the adequacy of therapy?

Each atherogenic particle has one molecule of apoB;

except for type III hyperlipoproteinaemia, LDL make up

the vast majority of these, more than 90%.24,25 Thus the

first major advantage of apoB over LDL cholesterol is that

it counts all the atherogenic particles, not just the majority

of them. But the gain is much greater than this. The amount

of cholesterol in LDL particles can vary substantially and

so LDL cholesterol does not necessarily equal LDL particle

number.26-29 The discrepancy can be deadly in patients

with predominantly small dense cholesterol-depleted LDL

particles. In such patients, LDL cholesterol necessarily

underestimates LDL particle number and the error is

frequently substantial.20

Small dense LDL tend to be the rule with triglycerides

>1.5 mmol/l, but the actual apoB cannot be guessed from

the calculated LDL cholesterol.27 Moreover, there is no

triglyceride level that ensures small dense LDL are not

present. Exceptions abound and no doctor should be

confident the patient in front of him or her is not one

more exception to a very porous rule. Indeed, the lipid

profile may reveal normal plasma triglycerides and LDL

cholesterol with low HDL cholesterol. But even in these

patients, the apoB may be high or normal.30 Skip apoB;

miss the diagnosis. Skip apoB and therapy may be

inadequate. 

W H Y  D O  W E  N E E D  T H E

N E T H E R L A N D S  J O U R N A L  O F

I N T E R N A L  M E D I C I N E ?

Listing the evidence that apoB is superior to any of the

cholesterol indices is the easy part. Now I must turn to

the difficult part: the resident’s question, the audience’s

question, my question. If apoB is so much better, why

isn’t everybody doing it – or more accurately, why are so

few doing it? The answer, if there is one, lies in under-

standing what governs modern medical decision-making. 

Many would say that the mark of modern medicine is

that what we do is evidence based, by which they mean

that what we do is the outcome, so far as possible, of the

results of rigorously conducted clinical studies and clinical

trials. It is the facts that direct us, nothing more, nothing

less. 

But is that the real sequence or is there another step that

is decisive? Is it the bare and unadorned results from the

studies that govern us or is it the interpretation and

authorisation by ‘expert’ groups that really counts? How

many of us have read the actual results of a study as

opposed to the minimalist summary contained in a

review by an ‘expert’? For that matter, how many ‘experts’

really understand all the methods in the studies they

review so often and so glibly? How many ‘reviews’ analyse

methods and results, critique design and statistics, discuss

opposing interpretations as opposed to merely presenting

lists of positive vs negative? 

Our present is different from our past.

As a young doctor, what I was taught and what we did in

the hospital where I trained was based on my teachers’

interpretation of the evidence which, in turn, was the

Sniderman. The need for the Netherlands Journal of Medicine.
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outcome of the interplay between the evidence of others

and their own scholarly work. The academic faculty was

made up of clinician-researchers. They were doers,

analysers, innovators as well as appliers. They had the

confidence to fulfil their responsibility as academics to

measure the strengths and the weaknesses of new proposals.

They could do so largely because they were integrally

connected to the world from which change came.

Over the past 40 years, the clinician-researcher model – at

least in North America – has been largely torn apart and

discarded. Now clinicians may do some research, but they

are not confident, and they do not love it. Their greatest

commitment is to clinical trials, designed by others,

organised by others, and interpreted by others. This is not

to diminish the value of clinical trials, but in my opinion,

except for the leadership, participation does not equal

academic work. 

There are clinician-scientists, although in ever-diminish-

ing numbers. Their work is mainly fundamental. Such

physician-researchers may do some clinical work, but

often only when they must and frequently as little as

possible. Research is now almost blind to the insights

into biological regulation and dysregulation that can only

come from clinical experience.

This loss of expertise has another critical consequence.

We have surrendered the right my teachers had – the

right to analyse and judge for ourselves. The rate at which

medical knowledge has expanded has far outpaced the rate

at which we have converted these facts to useful medical

knowledge. This second step – conversion of facts to

knowledge – is why I believe we need journals such as

the Netherlands Journal of Medicine, which represent the

broader rather than the narrower medical community. 

Cholesterol is the most scientifically decorated word in

modern medicine in that more Nobel prizes have been

awarded for the study of this molecule than any other.

Just as the one word ‘penicillin’ encompasses the trans-

formation of infectious disease, so cholesterol, for both

the profession and the public, has become the symbol of

our mastery of vascular disease. But cholesterol is only a

word and words have only assigned meanings and not

intrinsic values. Cholesterol does not have to remain

pre-eminent for order to exist in the universe. Which

patient or physician would not choose change if change

represents life rather than death? 

What conclusion do I hope the reader will draw from this

article? Only this: that perhaps we should not leave the

evaluation of evidence entirely to the ‘experts’. The ‘experts’

are not always right. We have innumerable examples in

areas other than medicine (don’t weapons of mass

destruction and Iraq immediately come to mind?) when

the ‘experts’ were absolutely confident, but utterly – and

tragically – wrong. There is nothing so unique about our

discipline that immunises it against similar error. As more

and more issues come on the table, the competence and

breadth of the expert, both intellectually and clinically, too

often becomes more and more miniaturised and the result

can be an awful gap between their conclusions and reality.

Is there an alternative? I think I saw one in Nijmegen:

local analysis by a general internal medicine group that

had the expertise and confidence to assess the merits of

specific claims. They were a good and fair jury of the

facts. Could the Netherlands Journal of Medicine be a

formal multiplier of these values? Why not? The scientific

process must be pluralistic to operate effectively. 

Our best-known medical journals do much well. But

intentionally or not, they have become high-earning vehicles

competing for our attention. Profit is a major, sometimes

perhaps a dominant, objective. Growing brand names are

unquestionably a major objective. Our top line medical

journals compete to publish the latest, largest clinical trials

and their issues are replete with advertising. They assail

others such as the pharmaceutical industry for their

errors – as they should – but how developed are their

processes to deal with errors that appear in the articles they

publish? If we absolutely need post-marketing surveillance

for medications, don’t we also absolutely need post-

publication surveillance for scientific articles? How 

confident are we that our best journals have made this

commitment and that they are acting on it. Moreover, at

least in cardiology, most of the major journals are con-

trolled by the major professional societies. The guidelines

from these societies appear automatically in their journals.

How often do any critiques of these guidelines appear

beside them? Given that guidelines often become public

policy, how healthy is that relationship? 

Globalisation of science should not – must not – mean

homogenisation of opinion. The only antidote is to enlarge

the presentation of reasoned opinion. The problems we

face are difficult. The solutions – if there are such things –

are not easy to find. That is why I am convinced that we

need more, not fewer, avenues of medical expression.

That is why I am proud to have the opportunity to publish

my answer to the resident in Nijmegen in the Netherlands

Journal of Medicine. 
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In 2004 we started a fine tradition of awarding prizes for

three categories of papers published in the Journal: the

best original article, case report and review.1 As established

by the mission statement, the primary goal of the Journal

is to inform the practicing internist about current develop-

ments in healthcare. Another important goal is to provide

the young researcher with a forum to publish his/her first

study results. We hope that this tradition stimulates

young researchers to publish their work in the Journal.

In 2005, the jury consisted of colleagues P.W de Leeuw,

A.E. Meinders, and C. Gaillard and they had the difficult

task of selecting the best paper from each category. 

Review article

Articles from this category were judged according to clinical

relevance, comprehensiveness, educational value, and value

for the general internist. The jury awarded the first prize in

this category to the article on prevention of infections in

hyposplenic and asplenic patients as written by Drs Melles

and De Marie.2 The jury emphasised that this paper dealt with

this important topic in a practical and highly enticing way. 

Case report

In this category, the jury selected the article on a boy

with autosomal recessive hypercholesterolaemia by 

Dr Rodenburg et al.3 This paper contained an astute clinical

description of the case with autosomal recessive hyper-

cholesterolaemia and is an excellent example of clinical

reasoning that led to the correct diagnosis, finally con-

firmed by novel molecular diagnostic techniques.

Original article

The article written by Dr Spoelstra-De Man et al. was

chosen as the best paper from the category for original

articles.4 This article shows that treatment with folic acid

in patients with type 2 diabetes mellitus and mild hyper-

homocystenaemia does not result in amelioration of the

markers of endothelial dysfunction or inflammation.

Although the results of this study are negative, it has

immediate clinical implications. 

At the 2005 Convention for Internal Medicine (Inter-

nistendagen) in Maastricht, the Netherlands on 21 and

22 April 2005, the prizes were awarded by the Editor in

chief Anton F. Stalenhoef to the first authors from these

papers. The award is unique in its kind and consisted of a

choice of one of the original prints of the graphic art as

published on the cover of each issue of the Journal.

The editors, 

The Netherlands Journal of Medicine
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D I A G N O S I S

In the knee hollow a nodus with a central, slightly black crust, known as an eschar (tâche noire), was seen. The clinical

picture characterised by an elevated temperature, an eschar in the knee hollow, painful regional lymph glands and myalgia

– in the absence of a rash – after a visit to sub-Saharan Africa suggest African tick bite fever, a rickettsiosis, by Rickettsia

africae. The patient received 2 x 100 mg doxycycline for one week and the clinical picture improved after three days. The

first serological tests were negative, but 14 days later the clinical diagnosis was conformed by an IgG (1:125) and IgM

(>1:125)  positive for R. conorii, which is seen with infections with R. africae and R. conorii. 

The time lag between tick bite and onset of symptoms is usually five to seven days but may be as long as ten days.

Patients present with flu-like symptoms such as fever, nausea, fatigue, headache and myalgia, prominent neck muscle

myalgia. A black crust surrounded by a red halo at the site of the tick bite – inoculation eschar – is present in most patients

and in more than 50% of patients multiple eschars are noted. Regional lymphadenopathy is common. A generalised

cutaneous rash, sometimes vesicular and usually best seen close to the eschar, is present in 15 to 46% of the patients.

Serological tests (immunofluorescence) show late seroconversion, frequently more than three weeks after the onset of

symptoms. The responsible tick, Amblyomma hebraeum (figure 2), is only present in southern Africa. In South Africa the

species is distributed along the coast of the Indian Ocean, including the KwaZula-Natal province, as well as in the north-

eastern regions where many popular wildlife attractions are located. 

R. conorii is the aetiological agent of Mediterranean spotted fever (fièvre boutonneuse), which is prevalent in southern

Europe and is also transmitted by ticks. No specific serological test for R. africae is commercially available, but due to

extensive cross-reactions, a commercial kit based on R. conorii and R. africae is used. 

The conventional treatment is doxycyclin 2 x 100 mg for seven days. 

A N S W E R  T O  P H O T O  Q U I Z  ( O N  P A G E  2 3 0 )

A  P A T I E N T  W I T H  F E V E R  A F T E R  A  V I S I T  T O  S O U T H  A F R I C A

Figure 2 Amblyomma hebraeum, the characteristic
tick for R. africae (picture from Dr Peter G. Jupp,
Special Pathogens Unit, National Institute for
Communicable Diseases and Department of Virology,
University of the Witwatersrand Johannesburg, 
South Africa)

R E F E R E N C E

Jensenius M, Fournier P-E, Kelly P, Myrvang B, Raoult D. African tick bite fever. Lancet Infect Dis 2003;3:557-64. 
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The ECG showed a sinus tachycardia of 111 beats/min, an incomplete right bundle branch block and a so-called

McGinn-White S1Q3T3 pattern.1 There were no signs of acute ischaemia. 

Because a pulmonary embolism was considered, a high-resolution spiral computed tomography angiography was per-

formed.2 This showed a massive pulmonary embolism presenting as a classic saddle embolus at the bifurcation of the

main pulmonary artery extending into the left and right pulmonary arteries (figure 2).

A transthoracic echocardiography was performed which showed dilatation of the right ventricle with tricuspid regurgita-

tion and systolic pulmonary artery hypertension of 58 mmHg, compatible with massive pulmonary embolism.3

The patient was treated with intravenous heparin/low-molecular-weight heparin and acenocoumarol. Because of a

recent cerebrovascular accident we considered thrombolytic therapy to be contraindicated.4,5 After eight days the patient

was discharged. During follow-up the patient remained asymptomatic.

Classic features of massive pulmonary embolism at electrocardiography1 and echocardiography3: 

- Sinus tachycardia

- (Incomplete) right bundle branch block

- McGinn-White S1Q3T3 pattern, which means S wave in lead I, Q wave in lead III and a flattened or negative T wave

in lead III

- Right ventricular dilatation and systolic pulmonary hypertension
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major pulmonary embolism: results of a multicenter registry. Circulation 1997;96:882-8.

A N S W E R  T O  P H O T O  Q U I Z  ( O N  P A G E  2 3 1 )  

A  P A T I E N T  W I T H  D Y S P N O E A ,  S U B F E B R I L E  T E M P E R A T U R E  A N D  
E L E C T R O C A R D I O G R A P H I C  A B N O R M A L I T I E S

Figure 2 High-resolution spiral
CT-scan angiography presenting
the saddle embolus 
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‘Vernis mou’ print

Ruud Mathes

A B O U T  T H E  C O V E R

This month’s cover shows a ‘vernis mou’

print by Ruud Mathes. Ruud was born in

Amsterdam in 1948. While studying social

pedagogy at the University of Amsterdam

from 1972 to 1979, he also pursued studies

in printmaking at the Free Academy in The

Hague, the Netherlands (1975), at the inter-

national summer Academy in Salzburg, Austria (1976) an

at S.W. Hayter’s Atelier 17 in Paris, France (1978). In

1989 he moved to Thessalonica in Greece. He usually

presents his work in group exhibitions in Thessalonica 

and Athens. For the last 20 years he has

been inspired by the Greek landscape,

which you will find in his prints. 

Recently, his work was exhibited in

Wuppertal, Germany. 

An original print of this month’s cover is

available at a price of € 210. You can 

order the print at Galerie Unita, Rijksstraatweg 109, 

6573 CK BEEK-Ubbergen, the Netherlands, by e-mail:

galerie-unita@planet.nl, or see the website: 

www.galerie-unita.com
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