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  Pref ace   

 More than 60 years ago, in 1952, Fellinger and Schmid published data about intra- 
articular administration of either 3.7–7.4 MBq  131 I or 37 MBq  198 Au. They observed 
a signifi cant reduction of pain in patients suffering from rheumatoid arthritis (1). 

 Today three radionuclides are approved and/or sold in many countries (Table  1 ) 
for treatment of infl ammatory joint diseases. The aim of radiosynovectomy is to 
decrease swelling, pain, stiffness and joint effusion to improve joint function by 
treating infl ammation of synovial tissue using β-emitting radiocolloids.

   Although many studies have proven its therapeutic effi cacy and safety and many 
thousands of successful treatments are done by experienced nuclear medicine physi-
cians, assuming both a responsible and proper patient selection and a skilful injection 
technique, there is still a controversial discussion about its benefi ts and risks. 

 In patients suffering from infl ammatory joint diseases, synovium shows thick-
ening of the lining layer, increased vascularity and infl ammatory cell infi ltration 

   Table 1    Approval and Disposal of radionclides used for radiosynovectomy   

  90 Yttrium   186 Rhenium   169 Erbium 

 Country  Approval  Approval  Approval 

 Germany  x  x  x 

 France  x  x  x 

 Switzerland  x  x  x 

 Portugal  x 

 Belgium  x 

 Netherlands  x 

 Luxembourg  x 

 Greece  x 

 Norway  x 

 Irland  x 

 Turkey  x  x  x 

 Czech Rep.  x  x  x 

 Mexico  x  x  x 

 Approval vs. sales  Approved in 13 
countries 
 Sold in 28 countries 

 Approved in 6 
countries 
 Sold in 16 countries 

 Approved in 6 
countries 
 Sold in 14 countries 
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in a wide heterogeneity. Multiple factors, mechanical and biochemical, are 
responsible for structural changes of synovial membrane, cartilage, subchondral 
bone, ligaments and periarticular muscles. Higher levels of osteogenic protein1, 
hyaluronic acid, cytokines and others may be detected in synovial fl uid in infl am-
matory joint diseases. The relationship between these factors and infl ammatory 
mediators and their contribution to changes in different joint tissues in infl amma-
tory joint diseases may infl uence therapeutic results. To delay or even to avoid 
progression of structural changes needs multi-/interdisciplinary therapy including 
radiosynovectomy. 

 The indication for RSO is given, if the expected benefi t for the patient over-
weights the possible risks and if no other treatment option does have an advanta-
geous risk-benefi t ratio. 

 The major concern of this book is to compare radiation synovectomy to other 
therapeutic options in case of local synovitis, like systemic pharmacological ther-
apy, intra-articular corticosteroid injections or surgery. Independently from the 
modality used, each treatment may be hampered by adverse reactions or adverse 
events. Knowing benefi t and risk of different therapeutic modalities is mandatory 
for safety of patients. 

 The editors are happy that internationally well-known colleagues agreed to 
contribute to this book and we like to thank them for their valuable input. We 
learned a lot working for this book and we would be happy if the readers would 
agree with us.  

    Hamburg ,  Germany      Willm     Uwe     Kampen   
    Kassel ,  Germany      Manfred     Fischer       

Preface
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1.1     Introduction 

 For developing a new medicinal product 1 , preclinical studies and phase I, phase II 
and phase III clinical trials have to be performed for obtaining marketing authorisa-
tions 2  from regulatory authorities. In preclinical studies as well as in phase I, II and 
III clinical trials, it is impossible to identify all safety concerns. This is because of 
the study design, which is primarily aimed at the proof of effi cacy of the new sub-
stance in selected patient groups. Hence, a study design per se can limit the knowl-
edge about a new therapeutic approach and even more so the risk-benefi t balance. In 
the post-authorisation phase, increasing numbers of patients with co-morbid condi-
tions and treated with concomitant medicinal products are exposed with the new 
product. Before prescribing a medicinal product, the balance between the product’s 
benefi t and risks has to be defi ned. Therefore, a system of spontaneous reporting of 
suspected adverse reactions, post-authorisation studies and/or other observational 
data are important to evaluate the product’s risk and to minimise it. 

 The establishment of the International Drug Monitoring Program from the World 
Health Organization (WHO) was triggered as a response to the thalidomide adverse 
reactions, detected in 1961. At that time, thousands of congenital deformed children 
were born as the result of the intrauterine exposure of an unsafe drug, prescribed to 
pregnant women. Any drug may cause an adverse drug reaction. According to the 
US General Accounting Offi ce, in 1990, 51 % of approved medicinal products had 
serious adverse effects undetected before their approval. 

 An international system for monitoring adverse drug reactions (ADRs) using 
information derived from member states was established by the World Health 
Organization (WHO) in 1971. ‘For an effective international system to become 
effective, an international common reporting form was developed, guidelines for 
entering information adopted, common technologies and classifi cations prepared’. 

 The WHO thought that pharmacovigilance was necessary, because the informa-
tion about benefi t and risk of a new substance collected during the pre-authorisation 
phase by animal and also human studies was insuffi ciently predictive to determine 
human safety. For multinationally approved medicinal products, pharmacovigilance 
is necessary in each country due to differences in production including pharmaceu-
tical quality, composition, distribution and use of the medicinal product, as well as 
the specifi c genetics, diet and tradition of the populations concerned. The WHO 
system was started with ten countries that had already established national systems 
for spontaneous ADR reporting. 

 At the end of 2010, 134 countries were part of this WHO PV Program [ 1 ] 
(Fig.  1.1 ).  

  Pharmacovigilance  (PV) is defi ned by WHO as the science and activities relat-
ing to the detection, assessment, understanding and prevention of adverse effects or 
any other medicinal product-related problem. WHO declared the following aims of 
pharmacovigilance:

1   In European law instead of ‘drug’, the term ‘medicinal product’ is used. 
2   In the USA, the term ‘drug approval’ is used; in Europe the term ‘marketing authorisation’. 

M. Fischer et al.
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•    ‘Early detection of hitherto unknown adverse reactions and interactions  
•   Detection of increases in frequency of (known) adverse reactions  
•   Identifi cation of risk factors and possible mechanisms underlying adverse 

reactions  
•   Estimation of quantitative aspects of benefi t/risk analysis and dissemination 

needed to improve drug prescribing and regulation.’    

 The aims of pharmacovigilance are to enhance patient care and patient safety in 
relation to the use of medicines and to support public health programmes, by pro-
viding reliable information for effective assessment of the benefi t-risk profi le of 
medicinal products. 

 The WHO has a mandate from its Member States to develop, establish and pro-
mote international standards with respect to food, biological, pharmaceutical and 
similar products and the provision to adopt regulations concerning standards, with 
respect to safety, purity and potency of them in international commerce [ 1 ]. 

 All medicinal products are subject to an assessment of their quality, effi cacy 
and safety before receiving marketing authorisations. After having been placed 
on the market, these products continue to be monitored by the marketing authori-
sation holder and agencies, to assure that any aspect which could impact the 
safety profi le of a medicine is detected and assessed and necessary measures are 
taken. 

 Post-authorisation safety monitoring is an important tool for the protection of 
public health, in respect to novel medicinal products as well as for those having 
been in the market already for a long time.  

Official member
Associate member

  Fig. 1.1    Countries in the WHO Programme for International Drug Monitoring in December 
2010 [ 2 ]       
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1.2     Definitions of Adverse Reactions/Events 

 Below internationally accepted defi nitions are shown, namely, those of the World 
Health Organization (WHO): Safety Monitoring of Medicinal Products: Guidelines 
for Setting Up and Running a Pharmacovigilance Centre (2000), Uppsala Monitoring 
Centre (who-umc.org) and the International Conference on Harmonisation (ICH) 
(  www.ich.org    ). 

1.2.1     World Health Organization (WHO) 

 In the glossary of a WHO guide from 2002 [ 3 ], the following terms are defi ned and 
explained:

•    An adverse (drug) reaction is ‘a response to a medicine which is noxious and 
unintended, and which occurs at doses normally used in man’. 

•  In this description, it is of importance that it concerns the response of a patient, 
in which individual factors may play an important role, and that the phenomenon 
is noxious (an unexpected therapeutic response, e.g. may be a side effect but not 
an adverse reaction). An unexpected adverse reaction is ‘an adverse reaction, the 
nature or severity of which is not consistent with domestic labeling or market 
authorisation, or expected from characteristics of the drug’.  

•   A drug or medicine is ‘a pharmaceutical product, used in or on the human body 
for the prevention, diagnosis or treatment of a disease, or for the modifi cation of 
physiological functions’.  

•   A side effect is ‘any unintended effect of a pharmaceutical product occurring at 
doses normally used by a patient which is related to the pharmacological proper-
ties of the drug’. Essential elements in this defi nition are the pharmaceutical 
nature of the effect that the phenomenon is unintended and that there is no delib-
erated overdose.  

•   An adverse event or experience is defi ned as ‘any untoward medical occurrence 
that may present during treatment with a medicine but which does not necessar-
ily have a causal relationship with the treatment’. The basic point here is the 
coincidence in time without any suspicion of a causal relationship with this 
treatment.    

 The Uppsala Monitoring Centre differentiates adverse reactions in different 
groups:

•    Type A effects are ‘drug actions’, due to overreaction on pharmacological effects 
and dose related; interactions between medicinal products, especially pharmaco-
kinetic interactions, may often be classifi ed as Type A effects.  

•   Type B ‘patients’ reactions’ occurring in patients with predisposed conditions 
(immunological or non-immunological effects); they are generally rare and 
unpredictable.  

M. Fischer et al.
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•   Type C effects ‘refer to situations in which the frequency of “spontaneous” 
 diseases is enhanced’. This ‘may have pronounced effects on public health’.    

 With these ‘ABC groups’, practically all medicine-related problems can be clas-
sifi ed, taking into account their characteristics and distinctions. This system distin-
guishes between appropriate and inappropriate drug use, dose-related and 
dose-unrelated problems and types A (‘drug actions’), B (‘patient reactions’) and C 
(‘statistical’) adverse effects. This classifi cation may serve as an educational tool 
and may be useful when choosing a study method and for the design of effective 
strategies in pharmacovigilance [ 4 ].  

1.2.2      International Conference on Harmonisation: ICH 

 The International Conference on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (ICH) started in 1990 and brings 
together the regulatory authorities and pharmaceutical industry of Europe, Japan 
and the USA to discuss scientifi c and technical aspects of drug registration. From 
the beginning, WHO, the European EFTA States, represented by Switzerland, and 
Canada had observer status. ICH’s fi rst decade saw signifi cant progress in the devel-
opment of Tripartite ICH Guidelines on Safety (S), Quality (Q) and Effi cacy (E) 
topics (Fig.  1.2 ).  

 Work was also undertaken on a number of important multidisciplinary topics 
(M), which included MedDRA (Medical Dictionary for Regulatory Activities – 
M1) and Electronic Transmission of Individual Case Safety Reports Message 
Specifi cation (M2 ICSR (R2)).

  Fig. 1.2    ICH Guideline. The topics are divided into four categories and ICH topic codes are 
designed according to these categories       
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•     Post - Approval Safety Data Management :  Defi nitions and Standards for Expedited 
Reporting  ( Current Version Dated 12 November 2003  [ 5 ]) 
 This tripartite harmonised ICH Guideline provides a standardised procedure for 
post-approval safety data management including expedited reporting to the rel-
evant authority. The practices of the data management were standardised. Now 
cases, obtained from consumers, literatures and Internets, were all specifi c to 
post-approval data management. Good case management practice was focused 
and recommended for expedited reporting with clear defi nitions.  

•    Adverse Event  ( AE ) 
 An adverse event is any untoward medical occurrence in a patient administered 
a medicinal product and which does not necessarily have to have a causal rela-
tionship with this treatment. An adverse event can therefore be any unfavourable 
and unintended sign (e.g. an abnormal laboratory fi nding), symptom or disease 
temporally associated with the use of a medicinal product, whether or not con-
sidered related to this medicinal product.  

•    Adverse Drug Reaction  ( ADR ) 
 Adverse drug reactions, as established by regional regulations, guidance and 
practices, concern noxious and unintended responses to a medicinal product. 

 The phrase ‘responses to a medicinal product’ means that a causal relationship 
between a medicinal product and an adverse event is at least a reasonable possibility [ 6 ]. 

 A reaction, in contrast to an event, is characterised by the fact that a causal 
relationship between the drug and the occurrence is suspected. For regulatory 
reporting purposes, if an event is spontaneously reported, even if the relationship 
is unknown or unstated, it meets the defi nition of an adverse drug reaction.  

•    Serious AE / ADR  
 In accordance with the ICH E2A guideline [ 6 ], a serious adverse event or reac-
tion is any untoward medical occurrence that at any dose:
 –    Results in death.  
 –   Is life-threatening (NOTE: the term ‘life-threatening’ in the defi nition of 

‘serious’ refers to an event/reaction in which the patient was at risk of death 
at the time of the event/reaction; it does not refer to an event/ reaction which 
hypothetically might have caused death if it were more severe).  

 –   Requires inpatient hospitalisation or results in prolongation of existing 
hospitalisation.  

 –   Results in persistent or signifi cant disability/incapacity.  
 –   Is a congenital anomaly/birth defect.  
 –   Is a medically important event or reaction. Medical and scientifi c judgement 

should be exercised in deciding whether other situations should be considered 
serious such as important medical events that might not be immediately life- 
threatening or result in death or hospitalisation but might jeopardise the 
patient or might require intervention to prevent one of the other outcomes 
listed in the defi nition above. Examples of such events are intensive treatment 
in an emergency room or at home for allergic bronchospasm, blood dyscrasias 
or convulsions that do not result in hospitalisation or development of drug 
dependency or drug abuse.     

M. Fischer et al.
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•    Unexpected ADR  
 An ADR whose nature, severity, specifi city or outcome is not consistent with the 
term or description used in the local or regional product labelling (e.g. package 
insert or summary of product characteristics (SmPC)) should be considered 
unexpected. When a marketing authorisation holder (MAH) is uncertain whether 
an ADR is expected or unexpected, the ADR should be treated as unexpected. 

 An expected ADR with a fatal outcome should be considered unexpected 
unless the local/regional product labelling specifi cally states that the ADR might 
be associated with a fatal outcome.      

1.3     Pharmacovigilance Systems in the European Union (EU) 
and the USA 

1.3.1     EU: Legislation, GCP-Modules and the European 
Medicines Agency (EMA) 

 The European Union pharmacovigilance system was revised in 2010 so as to 
become more effective [ 7 ]. The implementation of the new system started in July 
2012. It acts at three different hierarchical levels:

•    With regard to pharmacovigilance, the European Medicine Agency (EMA) has 
the main tasks of the management of the Union pharmacovigilance database and 
data-processing network (the EudraVigilance database), the coordination of 
safety information coming from Member States and the coordination of informa-
tion regarding safety issues to the public. 
 Within EMA the responsibility lies with the  Pharmacovigilance Risk Assessment 
Committee  ( PRAC ). PRAC is responsible for assessing all aspects of the risk 
management of medicines for human use. This includes the detection, assess-
ment, minimisation and communication relating to the risk of adverse reactions, 
while taking the therapeutic effect of the medicine into account. It also has 
responsibility for the design and evaluation of post-authorisation safety studies 
and pharmacovigilance audit. Members of the PRAC are nominated by the 
European Union Member States, in consultation with the Agency's Management 
Board. They are chosen on the strength of their qualifi cations and expertise with 
regard to pharmacovigilance matters and risk assessments of medicines for 
human use. To represent healthcare professionals and patient organisations, the 
European Commission appoints two members and two alternates following con-
sultation with the EU Parliament. The European Commission also appoints six 
independent scientifi c experts.  

•   At the second level, each Member State shall designate a competent authority for 
the performance of its pharmacovigilance responsibilities and shall establish a 
pharmacovigilance system, to ensure the monitoring and supervision of the 
medicinal products authorised in their territory and to take appropriate measures 

1 Safety of Medicines: Detection and Reporting Adverse Reactions
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as necessary. They shall perform a regular audit of their pharmacovigilance sys-
tem and report the results to the EU Commission.  

•   Finally, the marketing authorisation holders (MAHs) shall establish their own 
pharmacovigilance system equivalent to the relevant Member State’s pharmaco-
vigilance system, to ensure the monitoring and supervision of their authorised 
medicinal products and to take appropriate measures as necessary. They shall 
perform a regular audit of their pharmacovigilance system.    

 Parties being directly involved in pharmacovigilance are:

•    Consumers (persons who are not healthcare professionals, such as patients, law-
yers, friends, relatives of a patient or carers) are asked to communicate any 
 suspected adverse reaction to his/her doctor, pharmacist, or healthcare profes-
sional or directly to the national competent authorities (new standard text in all 
package leafl ets).  

•   Healthcare professionals (such as physicians, dentists, pharmacists, nurses, med-
ical technologists, all persons working in a medical institution, coroners or as 
otherwise by local authorities specifi ed persons) are asked to report suspected 
adverse reactions directly to the national competent authorities (new standard 
text in all summary of product characteristics (SmPC)).    

 Consumers and healthcare professionals are free to report to marketing authori-
sation holders (MAHs) and other distributors of medicinal products. 

 Based on the new EU Legislation, the European Medicines Agency (EMA) pub-
lished new defi nitions in the guidelines on good pharmacovigilance practices [ 8 ]. 
They are very similar to the WHO defi nitions:

•    Adverse reaction (synonyms, adverse drug reaction (ADR), suspected adverse 
(drug) reaction, adverse effect, undesirable effect): A response to a medicinal 
product which is noxious and unintended. A response in this context means that 
a causal relationship between a medicinal product and an adverse event is at least 
a reasonable possibility. Adverse reactions may arise from use of the product 
within or outside the terms of the marketing authorisation or from occupational 
exposure. Conditions of use outside the marketing authorisation include off-label 
use, overdose, misuse, abuse and medication error.  

•   Unexpected adverse reaction: An adverse reaction, the nature, severity or out-
come of which is not consistent with the summary of product characteristics. 
This includes class-related reactions which are mentioned in the summary of 
product characteristics (SmPC) but which are not specifi cally described as occur-
ring with this product. For products authorised nationally, the relevant SmPC is 
that authorised by the competent authority in the Member State to whom the 
reaction is being reported. For centrally authorised products, the relevant SmPC 
is the SmPC authorised by the European Commission. During the time period 

M. Fischer et al.
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between a Committee for Medicinal Products for Human Use (CHMP) opinion 
in favour for granting a marketing authorisation and the Commission decision 
granting the marketing authorisation, the relevant SmPC is the SmPC annexed to 
the CHMP opinion.  

•   Adverse event (AE) (synonym, adverse experience): Any untoward medical 
occurrence in a patient or clinical trial subject administered a medicinal product 
and which does not necessarily have a causal relationship with this treatment. An 
adverse event can therefore be any unfavourable and unintended sign (e.g. an 
abnormal laboratory fi nding), symptom or disease temporally associated with 
the use of a medicinal product, whether or not considered related to the medici-
nal product.  

•   Serious adverse reaction: An adverse reaction which results in death, is life- 
threatening, requires inpatient hospitalisation or prolongation of existing hospi-
talisation, results in persistent or signifi cant disability or incapacity or is a 
congenital anomaly/birth defect. Medical and scientifi c judgement should be 
exercised in deciding whether other situations should be considered serious reac-
tions, such as important medical events that might not be immediately life- 
threatening or result in death or hospitalisation, but might jeopardise the patient 
or might require intervention to prevent one of the other outcomes listed above. 
Any suspected transmission via a medicinal product of an infectious agent is also 
considered a serious reaction.  

•   Solicited sources of individual case safety reports: organised data collection sys-
tems, which include clinical trials, registries, post-management programmes, 
surveys of patients or healthcare providers or information gathering on effi cacy 
or patient compliance. 
 For the purpose of safety reporting, solicited reports should not be considered 
spontaneous but classifi ed as Individual Case Safety Reports from studies and 
therefore should have an appropriate causality assessment by a healthcare pro-
fessional or the marketing authorisation holder [ 5 ].    

 Information in special situations  with no associated adverse reaction : the mar-
keting authorisation holder (MAH) has to collect the information and discuss it in 
the periodic safety update report (PSUR), as applicable):

•    Exposure to a medicinal product during pregnancy  
•   Exposure to a medicinal product during breastfeeding  
•   Data on use in children  
•   Reports on compassionate use/named patient use  
•   Lack of therapeutic effi cacy or effect (reports may be required for medicinal 

products used in critical conditions or for the treatment of life-threatening dis-
eases) reports of medication error  

•   Administration of products via an incorrect route  
•   Drug exposure via mother, father or other [ 9 ]    

1 Safety of Medicines: Detection and Reporting Adverse Reactions
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1.3.1.1     Special Responsibilities of the Marketing Authorisation 
Holders (MAHs) and the EU: National Competent Authorities 
(NCAs) 

 As part of the pharmacovigilance system, the marketing authorisation holder shall 
have permanently and continuously an appropriately EU qualifi ed person responsi-
ble for pharmacovigilance at his disposal (EU QPPV). If there are additional 
national contact persons for pharmacovigilance nominated in different EU Member 
States, their responsibility within the internal pharmacovigilance system and train-
ing of the staff has to be defi ned in the pharmacovigilance system master fi le (PSMF) 
[ 7 ]. This is controlled by internal audit and inspections by authorities. 

 If a patient reports a suspected adverse reaction to the marketing authorisation 
holder, the qualifi ed person for pharmacovigilance shall contact the healthcare pro-
fessional to get a medical confi rmation of the adverse reaction if the patient agrees. 
All serious adverse reactions have to be reported by the marketing authorisation 
holder to the health authorities not later than 15 days after the fi rst receipt of the 
initial report (worldwide). After the full functioning of the EudraVigilance data-
base, in addition all non-serious adverse reactions occurring in the EU will have to 
be notifi ed to the authorities as individual cases (within 30 days). 

 It is the responsibility of the national competent authorities and the marketing 
authorisation holders to have a quality management system in place to ensure com-
pliance with the necessary quality standards at every stage of the documentation of 
an adverse reaction, such as data collection, data transfer, data management, data 
coding, case validation, case evaluation, case follow-up, reporting of individual 
cases (individual case safety report – ICSR) and case archiving. 

 With the implementation of the new legislation in July 2012, the pharmacovigi-
lance system has to be described in a pharmacovigilance system master fi le (PSMF), 
stored at the marketing authorisation holder, ready for inspection at any time by the 
national competent authorities or the European Medicines Agency (EMA). 

 Main tasks of the marketing authorisation holders are:

•    Collecting, managing and assessment of data on the safety of their medicinal 
products from reports of patients, healthcare professionals, literature searches 
and searches in databases of the regulatory agencies.  

•   Reporting of those data to national competent authorities (NCAs) or the European 
Medicines Agency (EMA), as applicable periodic safety update reports (PSURs) 
have to be worked out and reported to EMA [ 10 ,  11 ].  

•   Signal detection and signal management: the report of the Council for International 
Organisations of Medical Sciences Working Group VIII Practical Aspects of 
Signal Detection in Pharmacovigilance [ 12 ] defi nes a signal as  information that 
arises from one or multiple sources  ( including observations and experiments ), 
 which suggests a new potentially causal association ,  or a new aspect of a known 
association ,  between an intervention and an event or set of related events . As a 
general principle, signal detection should follow a recognised methodology, 
which may vary depending on the type of medicinal product it is intended to 
cover. Vaccines may, for example, require other methodological strategies [ 13 ].  
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•   Implementing Risk Management Plans  
•   Internal audits to guarantee quality of the PV system  
•   Information of involved parties and the public  
•   Regulatory action s such  as variations, if needed    

  Risk Management Plan     It shall contain a characterisation of the safety profi le and 
an identifi cation of the risks of the medicinal product and depicts all measures and 
interventions to prevent or minimise those risks and ascertains the effectiveness of 
the mentioned measures and interventions. Parts of the Risk Management Plan are 
the safety specifi cation which should be a summary of the identifi ed risks, important 
potential risks and important missing information and the pharmacovigilance plan, 
which proposes actions to address the identifi ed safety concerns and includes also 
the post-authorisation safety studies.  
  Screening of Literature     For the monitoring of the safety profi le, literature is an 
important source. Therefore, reports of suspected adverse reactions from literature 
should be reviewed and assessed by marketing authorisation holders to identify and 
record Individual case safety reports, originating either from spontaneous reports or 
from non-interventional post-authorisation studies.  

 For the safe use of medicinal products, it is important that physicians publish 
adverse reactions/experience with a medicinal product in the scientifi c literature. 
However, adverse reactions are often published several months after their occur-
rence. In the context of patient safety, this is rather questionable, as new and impor-
tant information on ADRs is not available quickly enough to be considered in 
pharmacovigilance systems. Thus, in order to improve and accelerate the informa-
tion fl ow, it is proposed to demand from the authors of case reports that they also 
report in parallel the adverse reaction/experience to the authorities. This would 
improve the safety of patients. It would be comparable to the publication of con-
trolled clinical trials. In this case the author would have to provide the registration 
number in clinical trial registries as part of the checklist for a publication 
(Consolidated Standards of Reporting Trials (CONSORT) Statement) [ 14 ]. 
  Reporting by Member States     Competent authorities in Member States shall 
ensure that all serious Individual Case Safety Reports (ICSRs) that occur in their 
territory and that are reported to them, including those received from marketing 
authorisation holders, are made available to the EudraVigilance database.  

 EudraVigilance adheres to the international safety reporting guidance issued by 
the International Conference on Harmonisation (ICH) [ 15 ]. Adverse reactions and 
medication errors are coded to terms in the Medical Dictionary for Regulatory 
Activities (MedDRA) terminology. 

 In order to facilitate reporting and make it more transparent, it is planned that all 
reports shall go directly to the European EudraVigilance database as soon as the 
EMA can assure functioning of the database. 
  Reporting by EMA     The European Medicines Agency shall make available to the 
WHO Collaborating Centre for International Drug Monitoring all suspected adverse 
reaction reports occurring in the EU [REG Art 28c(1)] on a weekly basis. It will 
replace the requirements of Member States participating in the WHO Programme 
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for International Drug Monitoring to directly report to WHO suspected adverse 
reaction reports occurring in their territory.  

 The Agency and the European Monitoring Centre for Drugs and Drug Addiction 
shall also exchange information that they receive on the abuse of medicinal products 
including information related to illicit drugs [ 9 ].   

1.3.2     US Laws and Regulations and the Food and Drug 
Administration (FDA) 

 The Center for Drug Evaluation and Research (CDER) and the Center for Biologics 
Evaluation and Research (CBER) of the US Food and Drug Administration (FDA) 
monitor and review safety information throughout a medicinal product’s life cycle, 
from application for marketing authorisation through approval of the application 
and after the drug is marketed. The pharmacovigilance system in the USA encom-
passes all scientifi c and data-gathering activities relating to the detection, assess-
ment and evaluation of safety signals and includes:

•    Safety signal identifi cation  
•   Pharmacoepidemiologic assessment and safety signal interpretation  
•   Pharmacovigilance plan development (guidance for industry – good pharmaco-

vigilance practice and pharmacoepidemiologic assessment – March 2005) [ 16 ].    

1.3.2.1     FDA Adverse Event Reporting System (FAERS) 
 The FDA Adverse Event Reporting System (FAERS) is a database that contains 
information on adverse event and medication error reports submitted to the 
FDA. The database is designed to support the FDA’s post-marketing safety surveil-
lance programme for drug and therapeutic biologic products. The informatic struc-
ture of the FAERS database adheres to the international safety reporting guidance 
issued by the International Conference on Harmonisation [ 15 ]. Adverse events and 
medication errors are coded to terms in the Medical Dictionary for Regulatory 
Activities (MedDRA) terminology. 

 In the USA reporting of adverse events is voluntarily for healthcare professionals 
and consumers, including patients themselves, family members and also their law-
yers. If these two groups report an adverse event to a drug manufacturer, this one is 
required to report to the FDA. 

 In 2013, the ‘post-marketing reporting of adverse drug experience’ was revised 
[ 17 ], following in most parts the ICH harmonised tripartite guideline, mentioned 
above, defi ning in detail:

•    Adverse drug experience: adverse event, which is associated with the use of a 
drug, whether or not considered drug related, including the following: an adverse 
event occurring in the course of the use of a drug product in professional prac-
tice, an adverse event occurring from drug overdose whether accidental or 
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 intentional and an adverse event occurring from drug abuse, drug withdrawal and 
any failure of expected pharmacological action.  

•   Disability: a substantial disruption of a person’s ability to conduct normal life 
functions  

•   Life-threatening adverse drug experience: immediate risk of death after adminis-
tration of a drug.  

•   Serious adverse drug experience: any adverse drug experience resulting in death, 
life-threatening reaction, inpatient hospitalisation, prolongation of hospitalisa-
tion, disability/incapacity and congenital abnormality/birth defect, indepen-
dently from the drug’s dose administered to the patient. Also serious events are 
those experiences which may jeopardise a patient and may require any procedure 
(medication of surgery) to prevent one of the outcomes listed in this defi nition. 
Unexpected adverse drug experience: any adverse event which occurs after drug 
administration, which is not listed in the current labelling of the drug product. 
This includes events that may be symptomatically and pathophysiologically 
related to an event listed in the labelling but differ from the event because of 
greater severity or specifi city post-marketing 15-day ‘Alert reports’: any adverse 
drug experience, which is both serious and unexpected, whether foreign or 
domestic, has to be reported as soon as possible after receipt of the information, 
in no case later than 15 calendar days after receipt. Same deadline is true for any 
follow-up report. The reporting may be done in paper form or electronically by 
the drug manufacturer, packer or distributor.  

•   Scientifi c literature: a 15-day Alert report based on information from the scien-
tifi c literature is required to be accompanied by a copy of the published article. 
The 15-day reporting requirements apply only to reports found in scientifi c and 
medical journals either as case reports or as the result of a formal clinical trial.    

 Evaluation and Mitigation Strategies (REMS): The FDA has the authority to 
require manufacturers to implement special risk management programmes ‘REMS’ 
for their products if the FDA believes such a programme is necessary to assure that 
the drug’s benefi ts outweigh its risks. REMS programmes utilise tools that go 
beyond routine labelling. Their requirements may range from the relatively simple, 
such as education for patients in the form of written information called Medication 
Guides, to the more complex, such as required training or certifi cation for health-
care providers, patient monitoring, restricting use to particular healthcare settings, 
requiring medical tests as a condition for dispensing or enrolment in a patient regis-
try [ 18 ].   

1.3.3     Summary: Pharmacovigilance Systems 

 In both the EU and the USA, pharmacovigilance activities cover the whole life cycle 
of medicinal products for human use. The full safety profi le of medicinal products 
can only be known in the marketing period. Therefore, pharmacovigilance activities 
are especially important for the protection of the patients and public health. As 
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shown above, the defi nitions and procedures are different in details, but the pharma-
covigilance systems in both areas demand expedited and obligational recording and 
reporting of all available (worldwide) data about serious unexpected adverse reac-
tions/experiences, medication errors and any suspected transmission of an infec-
tious agent through the medicinal products by marketing authorisation holders 
(MAHs) from direct reports and literature. 

 An important difference between the systems is that in the EU the MAHs have to 
report  all  serious adverse reactions (worldwide) as 15-day reports and in the future 
in addition all non-serious adverse reactions (occurring in the EU) as ICSRs within 
60 days. In the USA the non-serious adverse reactions/experiences are part of the 
periodic adverse drug experience reports. 

 Healthcare professionals and patients are strongly encouraged to report  all  
adverse reactions to the authorities. In accordance with the ICH E2A guideline [ 6 ], 
the defi nition of an adverse reaction implies at least a reasonable possibility of a 
causal relationship between a suspected medicinal product and an adverse event. An 
adverse reaction, in contrast to an adverse event, is characterised by the fact that a 
causal relationship between a medicinal product and an occurrence is suspected. If 
an event is spontaneously reported, even if the relationship is unknown or unstated, 
it meets the defi nition of an adverse reaction/experience (see Sect.  1.2.2 ).

•    Therefore, all spontaneous reports notifi ed by healthcare professionals, patients 
or consumers are considered suspected adverse reactions (‘implied causality’), 
since they convey the suspicions of the primary sources, unless the reporters 
specifi cally state that they believe the events to be unrelated or that a causal rela-
tionship can be excluded.    

 The European Medicine Agency (EMA) and the National Competent Authorities 
(NCA) in the EU and the Food and Drug Administration (FDA) in the USA are 
empowered to impose certain obligations on authorised medicinal products, to 
ensure the appropriate changes to medicinal product’s labelling and to conduct post- 
authorisation safety studies, when new safety information makes them necessary. In 
addition authorities can impose special risk management programmes, called risk 
evaluation and mitigation strategies (REMS) in the USA or Risk Management Plans 
in the EU [ 19 ].   

1.4     Pharmacovigilance: Limitations of Clinical Trials 

 Randomised controlled trials normally do not have adverse events as primary end-
point. To obtain a balanced assessment of interventions (in medicine), an analysis 
of both benefi ts and harms is mandatory. In most clinical trials the study design 
aims at the effi cacy or effectiveness of a new medicinal product or therapeutic 
intervention. The result of such trials is that real safety of the medicinal product/
intervention used in routine work is often unknown. Also for a realistic evaluation 
of the risk- benefi t ratio in clinical trials or statistical evaluations of 
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post-authorisation data, a comparison between the number needed to harm versus 
number needed to treat would be of interest. This would show if ‘common, mild, 
symptomatic adverse effects can affect concordance with the therapy and quality 
of patients’ lives’ [ 20 ]. 

 In a database search from January 2008 to April 2011 for systematic reviews 
with adverse events as the main outcome of 4,644 systemic reviews, only 309 were 
selected, reporting primarily assessing harms. Systematic reviews of primary stud-
ies quite often show a poor reporting of harms data by failing to report on harms or 
doing so inadequately. The authors stated that ‘systematic reviews with a primary 
objective to assess harms represent fewer than 10 % of all systematic reviews pub-
lished yearly’ [ 21 ]. Also the classifi cation of adverse events in clinical trials has to 
follow a precise fl ow chart. A patient might experience ‘something’ in a trial, which 
might be recorded or not. The investigator then has to interpret this event. His infor-
mation has to be coded, using a medical dictionary. In 1994 the pharmaceutical 
industry and regulatory authorities agreed that MedDRA (Medical Dictionary for 
Regulatory Activities) should be used for coding of any event. Nevertheless, differ-
ent coding systems were used by pharmaceutical companies and even authorities. 
Depending on which dictionary is used for the coding and the interpretation of the 
event within the coding system, each event can be coded as several different terms, 
which will infl uence the weight of the event. Each of these different coding steps 
means a decision which may infl uence the overall impression of harms [ 22 ]. The 
number of published systemic reviews is increasing steadily and most of them 
(73.1 %) report on some aspects of harm. The results of such systemic reviews 
depend on data collection via databases and the use of adequate templates for the 
evaluation of the data. There are obvious differences between evaluating persons 
due to different coding systems of diagnoses. In one study comparing the interob-
server variation, 12 % of the codes were evaluated differently by two codes. Another 
bias might be the different way of documentation of adverse events, direct contact 
between patient and investigator, data from medical records or laboratory results, 
and use of different dictionaries [ 23 ].  

1.5     Pharmacovigilance: Basic Problems 

 On the website of the Cochrane Adverse Effects Methods Group (established in 
2007), which advises the Cochrane Collaboration on how the validity and precision 
of systematic reviews can be improved (  http://aemg.cochrane.org    ), the main pur-
poses of pharmacovigilance systems are defi ned:

•    To raise awareness of the adverse effects of interventions and to promote the 
inclusion of adverse effects data in Cochrane reviews  

•   To spread and deepen understanding of the principles, involved in assessing 
adverse effects  

•   To provide methodological guidance of specifi c aspects of evaluating adverse 
effects    
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 To identify areas of methodological uncertainty, the fundamental statement of 
the Cochrane Adverse Effects Methods Group is that every healthcare intervention 
carries some risk of harm; the knowledge about this has to be included in the deci-
sion about the medication used for an individual patient. 

 The FDA is running AERS/FAERS since 1968 [ 24 ]. The number of reports is 
increasing steadily (Figs.  1.3  and  1.4 ). Same trend was observed by the German 
authority (Fig.  1.5 ).    

 ‘To date FAERS contains approximately 5 million reports and currently 
receives 500,000 reports per year’ [ 26 ]. The FAERS is used by the FDA for the 
evaluation of new safety concerns and of the manufacturer’s compliance to reporting 
regulations [ 22 ]. 

 The EU has implemented EudraVigilance. This is a data-processing network and 
management system for reporting and evaluating suspected adverse reactions during 
development and following the marketing authorisation of medicinal products in the 
European Economic Area (EEA). The fi rst operating version was launched in December 
2001. In the 2013 Annual Report on EudraVigilance for the European Parliament, the 
Council and the Commission (reporting period, 1 January to 31 December 2013) con-
tains an overview about the total number of reports in the database (Fig.  1.6 ).  

  Important limitations of such reporting systems :

•    Many reports do not contain the information if the event was due to a specifi c 
medicinal product, especially in multi-morbidity and co-administration of mul-
tiple drugs in parallel (cross-reaction between different medicinal products?)  

•   In many reports not enough details for proper evaluation of a reported event.  
•   Very probably high numbers of adverse events that may occur from a specifi c 

product are not reported to the authorities.    
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  Fig. 1.3    Patient outcome(s) for reports in FAERS since the year 2003 until the second quarter of 
2012. Serious events include death, hospitalisation, life-threatening, disability, congenital anomaly 
and/or other serious outcome [ 24 ]       
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  Fig. 1.4    Number of reports in FAERS by the type of reporters (healthcare professionals (HPC) 
and consumers) since the year 2003 until the second quarter of 2012 [ 24 ]       

30,000

20,000

400

1,000

10,000

300

200

100

1995 1996 1997 1998 1999 2000

Fatal AEs Non-fatal AEs

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013*

  Fig. 1.5    Number of the PSURs data since the year 1995 until the second quarter of 2013 [ 25 ]       

 Nevertheless, if any association between a specifi c risk with a medicinal product 
becomes obvious, the above-mentioned PV activities are possible to improve the 
safety of the medicinal product. The essential basis for these activities is that 
observed adverse reactions are reported adequately by doctors and patients. 
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 Underreporting of adverse reactions is very common in all countries running a 
pharmacovigilance system. In countries participating in the WHO Drug Monitoring 
Program, authorities receive about 200 reports per one million inhabitants, annually 
from approximately 10 % of physicians. This low number of reports delays signal 
detection and underestimation of risks, caused by a drug. WHO experts guess that 
the reason for this underreporting may be the fear of physicians for losing their 
competence in the community or to be put at risk of litigation [ 15 ]. 

 Other reasons might include confusion in terminology, belief that the observed 
reaction is already well known, medical staff time pressure or unavailable reporting 
forms. In a prospective study in the USA of 3,000 randomly selected physicians, 
only 57 % were aware of an adverse reaction reporting system, and of the 14 % 
observing an adverse reaction, only 0.7 % reported the occurrence [ 27 ]. 

 Several studies reporting adverse medicinal product reactions in different institu-
tions and countries were analysed. A few of these reviews about adverse medicinal 
product reactions, and events following pharmaceutical and or radiopharmaceutical 
interventions, will be discussed. 

 In a sample of 30,195 hospitalised patients, 1,133 adverse events were identifi ed. 
Nineteen percent were caused by complications to medicinal products. An increas-
ing age-related risk was observed. Patients over 64 years had adverse medicinal 
product reactions at a rate more than double the rate of patients ≤ 45 years [ 28 ]. 

 In a retrospective analysis of adverse reactions and the number of really 
reported events, collected in an acute hospital medical setting for a period of 
3 years, the data were evaluated. Following the guideline for reporting of adverse 
medicinal product reactions of the Committee on Safety of Medicines (CSM) in 
the UK, of about 23 reports per 1,000 admissions, 477 reports should have been 
sent. In 74.8 % ( n  = 357) of these cases ( n  = 477), the confi rmed reaction caused 
admission to the hospital, but only 31 (6.5 %) of 477 potential reports were sent 
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  Fig. 1.6    Total number of individual cases/adverse reaction reports received in EudraVigilance 
database from its inception in December 2001 until 31 December 2013. The increasing number of 
reports, shown in this fi gure and Figs.  1.3 ,  1.4 , and  1.5 , does not mean per se that the incidence of 
adverse events is really increasing, as long as the absolute number of interventions is not known       
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to the CSM [ 29 ]. In general practice, the rate of reports is only about 14 % of all 
suspected adverse reactions, but still greater than the reporting from hospitals. 
Reporting of adverse drug reactions ‘is vital for the identifi cation of previously 
unknown ADRs. The data are also used to assess the risk/benefi t profi le of both 
new and established drugs’ [ 30 ]. 

 The evaluation of data of the US National Centre for Health Statistics, collecting 
information on patient visits to outpatient clinics and emergency departments, 
4,335,990 adverse drug event-related visits were counted annually with an increas-
ing incidence from 9.0 to 17.0 per 1,000 persons between 1995 and 2005. The main 
risk factor in the patient groups for adverse event-related healthcare visits were 
patient age and polypharmacy. The proportion of outpatient visits was 6 % taking 
 > 5 medications and 14 % taking three to four medications in 1995 and in 2005 16 % 
vs. 17 %, respectively. These data show that the number of patients taking  > 5 medi-
cations more than doubled between 1995 and 2005. This will not only infl uence the 
increasing incidence of adverse drug events/experiences but also the number of drug 
interactions [ 31 ]. 

 In children, a larger number of healthcare visits with an age-specifi c variation in 
the incidence of adverse events were observed. The population rate of adverse 
events/experiences was 13.2 visits per 1,000 children between 0 and 4 years; 
4.5/1,000 between 5 and 9 years; 5.2/1,000 between 10 and 14 years; and 8.2/1,000 
between 15 and 18 years. In this study, the defi nition of adverse events/experiences 
in children was different from that in adults. An adverse reaction to a medicinal 
product in children was defi ned by the authors as:

•    Allergic reaction or nausea  
•   Dosing error or elevated drug levels with proper use of medication  
•   Injuries due to medication-induced dizziness [ 32 ]    

 In a meta-analysis of prospective trials about the incidence of adverse reac-
tions to medicinal products in hospitalised patients, the overall incidence of 
adverse drug reaction was 6.7 % and for fatal events 0.32 %. From these data it 
has been estimated that in 1994 in US hospitals >100,000 patients died from 
adverse reactions to medicinal products. Probably many of these could have sur-
vived through an effi cient reporting system and appropriate and current conse-
quences [ 33 ]. 

 In a 2-year study, 21,298 reported adverse reactions were linked to a total annual 
estimate of 701,547 individuals treated in emergency departments (2.4 individuals 
per 1,000 population). 3,487 (16 %) of the reported adverse reactions required hos-
pitalisation. The demographic development of the population needs more attention. 
In 2005 about 12 % of the US population was ≥65 years of age, and this age group 
accounted for one quarter of adverse medicinal product events and 50 % needed 
hospitalisation [ 34 ]. This age group will increase in the near future. The data high-
lights the importance of an effective adverse drug reaction reporting system with 
surveillance of polypharmacy and drug interactions.  
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1.6     Radionuclide Therapy of Inflammatory Joint Diseases 

 One main part of this book deals with radionuclide therapy of infl ammatory joint 
diseases. Therefore, some additional remarks about adverse reactions in nuclear 
medicine should be made. Especially because ‘in the public arena, nuclear medicine 
has struggled with the widely held perception of the risk associated with radiation 
exposure… In the media and in public debate, and even among medical profession-
als, this risk is associated with other diagnostic and therapeutic interventions, obvi-
ously due to the confusion with the risks associated with nuclear power plants and 
nuclear weapons’ [ 35 ]. 

 Radiopharmaceuticals are used for diagnostic procedures to observe or quantify 
biochemical or physiological processes. This allows the visualisation of organ blood 
supply and/or function. The amount of radiopharmaceutical agents administered to 
an individual patient is usually in the microgram range and typically administered 
only once per study. This means that these radioactive pharmaceuticals are very 
rarely noxious. 

 In the USA, human research involving radioactive drugs has to be performed 
under strict rules of the Food and Drug Administration (FDA) or the Radioactive 
Drug Research Committee (RDRC). Similar regulations are true for EMA and 
many other national authorities. In a retrospective study from 1975 to 2004, the 
review of RDRC fi les dating back to 2001, no adverse reactions due to radiophar-
maceutical agents in relation with medicinal products were found in human subjects 
[ 36 ]. Most radiopharmaceuticals do not have a pharmacological effect. Nevertheless, 
radiopharmaceutical agents, used in diagnostic procedures, are causing adverse 
reaction, but very rarely. 

 A comparison of adverse reactions in other diagnostic and therapeutic proce-
dures and nuclear medicine is complicated again by different defi nitions of adverse 
reactions in both areas. In 1996 the Pharmacopoeia Committee of the Society of 
Nuclear Medicine (SNM) proposed the following: 

  Operational defi nition of an adverse reaction to radiopharmaceuticals :

    1.    ‘The reaction is a noxious and unintended clinical manifestation (signs, symp-
toms, laboratory data abnormalities) following the administration of a radiophar-
maceutical or nonradioactive adjunct pharmaceutical.   

   2.    The reaction is not one anticipated from the known pharmacologic action of the 
nonradioactive pharmaceutical.   

   3.    The reaction is not the result of an overdose (which is a misadministration).   
   4.    The reaction is not the result of an injury caused by poor injection technique.   
   5.    The reaction is not due to deterministic effects of therapeutic radiation (e.g. 

myelosuppression).   
   6.    The defi nition excludes altered bio-distribution which causes no signs, symp-

toms or laboratory abnormalities.’    

  Using this defi nition, the published prevalence of adverse reactions to radiophar-
maceuticals ranges between 0.3 and 33/100,000 administrations. This wide range is 
due to the widely unknown exact total number of administrations. The Pharmacopoeia 
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Committee of the Society of Nuclear Medicine runs a 5-year prospective study, col-
lecting data from 18 collaborating institutes about administered radiopharmaceuti-
cal doses and adverse reactions to the radiopharmaceuticals as well as to 
nonradioactive pharmaceuticals used in nuclear medicine interventions (e.g. con-
trast media, dipyridamole, glucagon). The prevalence of adverse reactions was 
2.3/100,000 administrations to radiopharmaceuticals and 5.9/100,000 to nonradio-
active pharmaceuticals [ 37 ]. 

 In another prospective survey, performed in 17 European nuclear medicine insti-
tutions, a total of 71,046 administrations of radiopharmaceuticals and 18 adverse 
events were reported, including 2 after radioiodine therapy. Five of the 18 adverse 
events were of vasovagal nature; 8 of the remaining 13 cases were classifi ed as pos-
sibly or probably medicinal product related. Thus, the range of prevalence was 
between 25 (18 cases) and 11 (8 cases) per 100,000 administrations [ 38 ]. 

 The increasing number of patients treated with multiple medications was men-
tioned above. This is relevant for the interpretation of ‘unintended effect of a radio- 
pharmaceutical product, occurring at doses normally used by a patient, which is 
related to the pharmacokinetic properties of the medicinal product’. Using radio-
pharmaceuticals following biochemical or physiological procedures, the bio- 
distribution and pharmacokinetics may be altered by a variety of co-medications 
[ 30 ,  39 ,  40 ]. The result of such an interaction of different medicinal product may be 
an over- or underestimation of organ’s function or disease. Therefore, changing of 
bio-distribution should be reported. The real number of adverse reactions in relation 
to medicinal product in publications and reporting systems is underestimated, but an 
estimate of the real number of interactions between medicinal products and radio-
pharmaceutical agents is totally unknown. Registration of false-positive or false- 
negative results due to an interaction of medicinal products in nuclear medicine, as 
side effect, following the defi nition of the WHO, is mandatory to avoid over- or 
under-therapy. 

 A Japanese group brought forward another interesting fact, infl uencing results of 
diagnostic or therapeutic procedures. Besides adverse medicinal product reactions, 
the authors evaluated also defect products from 1,277,907 radiopharmaceutical 
quality controls and administrations. Sixteen cases of adverse medicinal product 
reactions and eight cases of defect products were reported. The incidence of adverse 
medicinal product reactions was 1.3 and of defect products 0.6 per 100,000 cases, 
respectively [ 41 ]. 

 Silberstein recently published data about the prevalence of adverse events to 
radiopharmaceuticals from 2007 to 2011 and observed a decreasing incidence of 
reported AEs of 3.2 to 1.6 AEs/100,000 doses. In data we could evaluate from 
national authorities, this is quite different, but not signifi cantly, from country to 
country [ 42 ]. 

 The quality of reports is critical for appropriate evaluation of the relationship 
between a medicinal product and adverse reactions. Also for the calculation of the 
overall incidence of an adverse event, the number of the published AEs has to be 
related to the number of treated patients. Although 30 serious events were listed in 
the PSURs of 2 companies distributing radionuclides for nuclear medicine treat-
ment of infl ammatory joint diseases (Table  1.1 ), 22 of them were taken from a 
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publication [ 44 ]. Few case reports were published in the annual European system 
for reporting reactions and defects of radiopharmaceuticals from 1994 to 2001. 
Case reports are quite often incomplete and the publication delay also means a delay 
of the registration of an adverse reaction. In the hierarchy of evidence, analytical 
studies are higher than case reports, but these provide more actual information about 
new and more previously adverse reactions/events. A better way would be to report 
immediately the event to the authorities and publish it later, mentioning the former 
report in the publication to avoid double counting. This was mentioned already 
above [ 14 ]. Anyway, case reports are useful to raise hypotheses about adverse reac-
tions and events which might be studied in controlled trials [ 45 ]. The PSURs have 
to list such published adverse events also, without knowing detailed numbers of 
interventions with the medicinal product which may have caused an adverse reac-
tion. Depending on the specifi city of safety questions, the widest possible range of 
sources for information would be helpful fi nding relevant data on safety [ 51 ]. But 
authorisation holders would need for these reports (FAERS, PSURs) adequate 
information about medicinal product utilisation (determinator). These data are com-
monly only taken from sales data, which are not congruent with usage levels. 
The number of adverse reactions (nominator) is also incorrect as it is depending on 
reporting bias [ 46 ].

   Table 1.1    Periodic safety update report data for the radionuclides used for radiosynovectomy   

 Nuclide, distributor, 
time period 

 Treated joints 
( n ) a  

 Serious 
AEs ( n ) 

 Non- 
serious 
AEs ( n )  Symptoms (serious AEs) 

 Yttrium-90citrate 
1.1.1990–31.7.2011 

 ~347,000  13 (+19 b )  11  8× bacterial infection 
 1× pain, immobilisation 
 1× anaphylactic shock 
 1× neurologic symptoms 
(off-label use for hip) 
 1× pulmonary embolism 
 1× skin necrosis (off-label use 
(ankle) 

 Yttrium-90 silicate 
1.6.1994–31.8.2003 

 ~70,000  3  2  1× anaphylactic shock 
 2× fever with hospitalisation 

 186-Rhenium 
sulphide 
1.1.1990–21.7.2010 

 ~200,000  13 (+ 3 b )  19  10× bacterial infection (6× 
same vial, same institute) 
 2× overdosage 
 1× necrosis (off-label use 
fi nger joint) 

 169-Erbium citrate 
1.1.1990–21.7.2010 

 ~284,000  1  10  1× immobilisation (off-label 
use) 

  Total    ~901,000    30 (+22   c   )    42  

  Adapted from Fischer and Brinker [ 43 ] 
  a Number of treated joints were calculated from the amount of distributed activity 
  b Reported serious adverse events [ 44 ] was listed in the PSURs after publication, but the data of the 
publication were collected over a time period of 12 years. Further details are discussed in Chap.   9     

  c Symptoms of these AEs: 17× osteonecrosis, 3× infection, 2× osteonecrosis and bacterial infection  
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   Many regulatory authorities and pharmaceutical companies are using their own 
signal detection algorithms (SDA), which are quite often not comparable. Therefore, 
published results of different authorities and pharmaceutical companies might be 
inconsistent [ 26 ]. For the evaluation of risk-benefi t profi les of any drug, special 
assessment techniques are needed for development of an algorithm to get compa-
rable safety and benefi t profi les for pharmaceuticals products. The lack of stan-
dardised and validated quantitative methodology limits the outcome of explicit, 
consistent and transparent results of different regulatory authorities and sponsors of 
medicinal products [ 47 ].  

    Conclusion 

 In an editorial about ‘Adverse events in randomized trials: neglected, restricted, 
distorted, and silenced’, the author stated that ‘many trials do not report harms or 
report them in a fragmented or suboptimal way’ [ 48 ]. Raising the awareness of 
adverse events or reactions to medicinal products will probably result in different 
rates of case reporting, depending on increasing or decreasing interventions. For 
the calculation of the incidence of adverse reactions, the knowledge of the 
 number is mandatory to evaluate the risk-benefi t balance of an intervention. 
Otherwise the data may lead to an erroneous conclusion. 

 Another bias in offi cial publication by authorities or pharmaceutical companies 
occurs when regulatory authorities and pharmaceutical companies use their own sig-
nal detection algorithms which are quite often not comparable. Therefore, the results 
of these publications are inconsistent. To improve this standardisation of reporting 
systems of national and international regulatory authorities as well as of analytic 
practices and terminology also for manufacturers of medicinal products, researchers 
and authors are needed, to monitor safety concern and risks associated with these 
products [ 26 ,  49 ]. It is well known and even stated in the EMA guideline on good 
pharmacovigilance practices that risk minimisation measures are ‘an evolving area of 
medical science with no universally agreed standards and approaches’ [ 13 ]. 

 Following the aims of pharmacovigilance for enhancement of patient care and 
safety in relation to the administration of medicines and in support of public 
health programmes by providing reliable information for the effective assess-
ment of the risk-benefi t profi le of medicinal products further, standardisation of 
reporting systems, archiving and publication rules are needed. 

 Cochrane Adverse Event Method Group recommended to raise awareness of 
adverse events. In publications of different parts of the world, authors complain 
low reporting and low physicians’ awareness of pharmacovigilance systems and 
necessity of training programmes. The American College of Physicians recom-
mended in 2009 to strengthen the efforts to improve education of health profes-
sionals on how and when to report adverse reactions/events [ 51 ]. Several authors 
from different parts of the world [ 52 – 55 ] observed in their countries a lack of 
interest in pharmacovigilance and education in reporting systems. But educa-
tion is the cornerstone of a functioning system. The evaluation of teaching pro-
grammes in the UK showed that only half of the respondents provided 
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undergraduate students with a guide for reporting adverse reactions. In the 
USA, Centers for Education and Research in Therapeutics (CERTS) should 
educate healthcare professionals in pharmacovigilance systems, how to recog-
nise and to report adverse reaction to minimise patient’s risk. In 1997 six centres 
started with an annual budget of about $ 5.9 million. In 2010/2011 the number 
of CERTS had increased up to 14, but in 2012 in the annual report of CERTS 
only again 6 centres were listed (  www.certs.hhs.gov    ). It is worth to compare the 
yearly budget of CERTS with the expenses of Medicare for medicinal product 
in 2006 ($ 70 billion), of the pharmaceutical industry on research and develop-
ment (>$30 billion) and promotion ($ >15 billion) [ 56 ]. 

 It is likely that the situation of institutes dealing with pharmacovigilance 
training might be the same in EU. But in the EU, as concordant with many other 
countries, each pharmaceutical company has to have a qualifi ed person, respon-
sible for the internal pharmacovigilance system, and has also to train the staff. 
This is controlled by inspections of the authorities. To improve low reporting and 
awareness of pharmacovigilance systems, this topic should become part of con-
tinuing medical education for physicians. Each medical institution and depart-
ment should make training of their staff regarding pharmacovigilance activities 
an essential part of their quality management system. More complicated is the 
training of consumers, because they show low knowledge about available report-
ing systems and the reports depend on special situations. In Australia, consum-
ers’ reporting was 5.7 % of known adverse events between 2003 and 2009, 9.8 % 
in 2009 because of a H1N1 infl uenza and 3 % in 2011 [ 52 ]. To improve these 
defi cits, pharmacovigilance should become part of continuing medical educa-
tion, standard operating procedures in all medical institutes and practices guid-
ing training of the medical staff. 

 Errors in therapy with medicines may lead to serious adverse reactions. As a 
result, studies show that about 5.7 % of hospitalised patients are affected by a seri-
ous adverse reaction and that about 4.8 % of hospital admissions are due to serious 
adverse reactions. This percentage is signifi cantly higher for older patients with 
about 10–15 %. An analysis indicates that 31–58 % of these errors are mistakes in 
dosing. Particularly overdoses are observed, of which 30–40 % to a lack of dose 
adjustment in patients suffering from renal insuffi ciency and another 19 % are due 
to a failure to adapt the dose to the patient’s weight. The non-observance of aller-
gies and of therapeutically relevant interactions and contraindications leads to 
avoidable adverse reactions, because medicinal products are prescribed that are 
unsuitable for the patient [ 57 ]. 

 As many as 1.5 million Americans are injured or killed each year by inappro-
priate use (including errors and misuse) of FDA-regulated drugs [ 18 ], and fatal 
adverse reactions may be number 4–6 of the leading causes of death in the 
USA. Some of the defi cits in the pharmacovigilance systems do not only cause 
harm to patients but are also important for the national economy. If at least one 
in seven patient episodes is complicated by an adverse reaction, nearly 2 % of 
bed days in the UK were due to an ADR. The authors estimated roughly annual 
ADR costs of approximately ₤ 5,000 per hospital bed [ 58 ]. 
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 Individual and systemic strategies to avoid medication errors are available. It 
is important to implement a safety culture and to bring together the therapeutic 
expertise and cooperation between the partners in healthcare, in the interest and 
well- being of patients.     
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2.1            Introduction 

 Mononuclear phagocytes are defi ned as the descendants of haematopoietic stem 
cells that develop sequentially into monoblasts, promonocytes, monocytes and 
 macrophages. The newly formed monocytes leave the bone marrow and enter the 
circulation. They later leave the bloodstream to become resident tissue macro-
phages; the majority migrate to the liver, while others reside in the spleen, lungs 
and other tissues. There are also macrophages in the pleural and peritoneal cavi-
ties. Resident tissue macrophages are usually in a resting state, but they can eas-
ily become activated by various stimuli. The macrophage surface membrane 
contains a great variety of specifi c receptors. The activated macrophage is a 
potent phagocyte and serves as a scavenger of live or dead microorganisms, 
debris and dying cells. It is also a key player in the induction and regulation of 
acute and chronic infl ammation through its many bioactive secretory products, 
including cytokines, proteases, complement components and arachidonic acid 
metabolites (Figs.  2.1  and  2.2 ).   
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  Fig. 2.1    Histology of early OA ( a – c ) and RA ( d – f ) samples, indicating thickened synovium and 
infi ltration of infl ammatory cells. The histology changes in early OA can be quite suggestive of 
infl ammation, even resembling the changes seen in RA       
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  Fig. 2.2    A simplifi ed view of cell signalling in the OA synovium and the production of infl amma-
tory and destructive mediators       

 

 

J. Bondeson



33

 Rheumatoid arthritis (RA) is the most common of the infl ammatory arthritides 
and a both important and treatable disease. It is characterised by intense synovial 
infl ammation and proliferation, giving rise to cartilage destruction and bony 
 erosions. In RA, it is today accepted that both infl ammatory and destructive features 
of the disease are driven through synovitis. The RA synovium has a plentiful infi l-
trate of activated macrophages, particularly at the cartilage-pannus junction [ 1 ]. 
These macrophages produce tumour necrosis factor-α (TNFα), interleukin (IL)-1β 
and other proinfl ammatory cytokines. Since there is a ‘cytokine cascade’ with TNFα 
driving many of the other infl ammatory mediators, this cytokine has become a key 
therapeutic target in RA, with several anti-TNFα biologic agents being used with 
considerable success [ 2 ]. Although biologics with anti-B-cell and anti-T-cell co-
stimulation properties have since been introduced, as well as anti-IL6-receptor anti-
bodies, the anti-TNFα agents remain a mainstay of RA therapy, with long-term 
sustained effi cacy and safety. 

 Osteoarthritis (OA), one of the most common diseases among mammals, is char-
acterised pathologically by focal areas of damage on articular cartilage centred on 
load-bearing areas, associated with formation of new bone at the joint margins and 
changes in subchondral bone. Given the huge economic and personal burden of OA, 
and the fact that this disease is the major cause for the increasing demand for joint 
replacements, there is urgent need for disease-modifying treatments to stop or at 
least slow the development and progression of OA. Various drug candidates have 
been brought forward, but hitherto, none of them has been clearly demonstrated to 
have clinical benefi t in OA [ 3 ,  4 ]. Nor have the widely available ‘nutraceuticals’ 
glucosamine and chondroitin sulphate been demonstrated to have benefi t in this 
disease [ 5 ]. 

 The role of macrophages driving infl ammatory and destructive pathways in 
RA is still controversial. Clinically, OA patients have a variable degree of syno-
vitis, sometimes with quite aggressive large-joint arthritis with exudation. There 
is evidence that this synovitis is macrophage driven and that it contributes 
to disease progression in early stages of OA. When OA is clinically signifi cant, 
disease is already well advanced, however, and clinical trials of strategies 
directed against macrophage-produced cytokines have not been successful. The 
concept of infl ammatory synovitis contributing to OA pathology has attracted 
interest for some time [ 6 – 8 ], particularly the role of activated synovial macro-
phages in driving infl ammatory and destructive pathways in the OA synovitis [ 9 , 
 10 ], but the path from the introduction of this concept to its utilisation for the 
potential development of a disease-modifying anti-osteoarthritic drug remains a 
lengthy one. 

 This chapter will give an overview of some important recent fi ndings concerning 
the ability of macrophages to drive infl ammatory and destructive disease mecha-
nisms in RA and OA, the role of their proinfl ammatory cytokines in doing so and 
the potential for macrophages and macrophage-produced cytokines to be used as 
therapeutic targets for the development of disease-modifying drugs. The role of 
synovial macrophages in the mechanism of action of radiosynovectomy in RA and 
OA will also be discussed.  

2 The Role of Synovial Macrophages in Rheumatoid Arthritis and Osteoarthritis
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2.2     The Role of Macrophages in RA 

 RA is a common (prevalence 1 % in Europe and the USA) and potentially debilitat-
ing infl ammatory disease, recognised in Europe since the early 1800s. It mainly 
involves joint infl ammation but also has systemic manifestations in many patients, 
like rheumatoid nodules, anaemia and bone marrow changes, lung fi brosis, pleuritis 
and pericarditis, eye disease with scleritis or episcleritis and occasionally small ves-
sel vasculitis. Clinically, RA presents with symmetrical infl ammatory arthritis 
involving both large and small joints, typically the wrists, metacarpophalangeal 
joints and proximal interphalangeal joints, as well as early symmetrical involve-
ment of the metatarsophalangeal joints. Typically, there is visible and palpable joint 
swelling, caused by synovial infl ammation and hypertrophy, and exudation of 
excess of synovial fl uid. In severe early RA, there is pronounced morning stiffness, 
sometimes lasting for hours, and generalised weakness, malaise and low- grade 
fever. If RA is left untreated, there will be progressive development of joint erosions 
involving both cartilage and subchondral bone, as well as joint contractures leading 
to permanent disability. These joint erosions can be seen on plain X-rays, and early 
on an MRI scan, and they thus have diagnostic value. Since erosions are irrevers-
ible, causing permanent structural damage, there is a need for a swift diagnosis for 
the disease to be challenged with the most potent disease-modifying antirheumatic 
drugs (DMARDs). 

 The American College of Rheumatology (ACR) has established a set of seven 
criteria (symmetrical arthritis, hand arthritis, polyarthritis, signifi cant morning stiff-
ness, erosions, rheumatoid nodules and rheumatoid factor positivity) that are both 
useful and generally accepted. As soon as these criteria are fulfi lled, the practice is 
to institute treatment with one of the most potent DMARDs: methotrexate, sul-
phasalazine or lefl unomide. Therapeutic concentrations of some of the old- fashioned 
DMARDs, like auranofi n and the antimalarials chloroquine and hydroxychloro-
quine, appear to have an effect on macrophage-produced proinfl ammatory cyto-
kines [ 11 ], although nontoxic concentrations of methotrexate or lefl unomide do not 
[ 11 ,  12 ]. The problems with these DMARDs are that they are not suffi ciently potent 
in many patients, that they have severe and frequent side effects and that it is impos-
sible to predict the response to a certain DMARD. Partial control of infl ammation 
in RA does not appear to prevent joint damage in RA, and the majority of patients 
with active disease become disabled within 20 years. For those with active disease 
or extra-articular manifestations, the mortality is comparable to that of patients with 
three-vessel coronary arteriosclerosis or stage IV Hodgkin’s disease [ 13 ,  14 ]. 

 The infl amed RA synovium contains a mixed population of cells. Apart from the 
synovial fi broblasts, there are activated B and T cells, plasma cells, mast cells and 
activated macrophages. These cells have all been recruited via a neovascularisation 
process with associated lymphangiogenesis. In RA, the synovial lining, normally 
just two to three cells thick, becomes eight to ten cells thick, with infi ltration of 
synovial fi broblasts and macrophages. The sublining area of the synovium, which 
normally has relatively few cells, becomes heavily infi ltrated with infl ammatory 
cells, macrophages prominent among them. This accumulation of cellular infi ltrate 
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is accompanied by neoangiogenesis, with an extensive network of newly formed 
blood vessels. The hypertrophied pannus invades and destroys cartilage and sub-
chondral bone, and activated macrophages are particularly numerous at the cartilage- 
pannus junction. A study of synovial biopsies showed a clear correlation between 
macrophage activation markers and the general infl ammatory activity [ 15 ]. Another 
study observed a correlation between macrophage numbers in the lining and sublin-
ing layers of the rheumatoid synovium and the subsequent development of erosions 
[ 16 ]. Macrophages expressing the cytokines IL-1α and TNFα are prominent near 
the cartilage-pannus junction [ 17 ]. Apart from their antigen-presenting capacity, 
these macrophages probably do not have a direct causal pathogenic effect in RA, but 
they remain key players in mediating infl ammation and joint destruction in acute 
and chronic RA, as mediators of proinfl ammatory, destructive and tissue remodel-
ling in this disease. 

 The RA synovial macrophages are in a highly activated state, overexpressing a 
number of cytokines that mediate local and systemic infl ammation and tissue 
remodelling [ 1 ]. They also overexpress chemokines like IL-8, macrophage infl am-
matory protein 1 and monocyte chemoattractant protein 1, which stimulate migra-
tion of infl ammatory cells and stimulate angiogenesis. Although the synovial 
fi broblasts are the main producers of matrix metalloproteinases (MMPs) in RA, 
macrophages can produce MMP-9 and MMP-12, as well as tissue inhibitor of 
metalloproteases 1, which attempts to control excessive tissue destruction. In RA, it 
is today accepted that the synovitis is mainly cytokine driven, through a disequilib-
rium between proinfl ammatory (TNFα, IL-1) and anti-infl ammatory (IL-10, the 
IL-1 receptor antagonist, soluble TNF receptors) cytokines. These proinfl ammatory 
cytokines are largely produced by synovial macrophages. A key early observation 
was when cocultures of rheumatoid synovial cells were treated with neutralising 
anti-TNF antibodies, the production of another key proinfl ammatory cytokine, IL-1, 
practically ceased [ 18 ]. Further experiments showed that other proinfl ammatory 
cytokines, like IL-6, IL-8 and GM-CSF, were also driven by TNF in RA synovial 
cell cocultures [ 19 – 21 ]. These observations laid the foundation for the concept of 
macrophage-produced TNFα as the main mediator of disease, driving the other pro-
infl ammatory cytokines through occupying a key position at the apex of a cytokine 
cascade. 

 The hypothesis of TNFα as the dominant proinfl ammatory mediator in rheuma-
toid infl ammation was tested in a model of murine collagen-induced arthritis, using 
either specifi c anti-TNF monoclonal antibodies or a soluble TNF receptor fused to 
the immunoglobulin Fc fragment, both of which potently ameliorated clinical 
symptoms of arthritis and prevented joint destruction [ 22 ,  23 ]. The fi rst clinical trial 
of anti-TNF therapy in RA was begun in 1992, using the chimeric anti-TNF mono-
clonal antibody infl iximab. This short-term open-label trial enrolled 20 patients, and 
although it was primarily intended to test dosing and safety, patients experienced a 
marked reduction in pain, stiffness and joint swelling within 24 h [ 24 ]. A subse-
quent multicentre, placebo-controlled, randomised double-blind study in 73 patients 
with active RA used a single intravenous infusion of either placebo, 1 mg/kg of 
infl iximab, or 10 mg/kg of infl iximab. An intention-to-treat analysis showed that 
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only 2 of 24 placebo patients responded after 4 weeks, versus 11 of 25 patients 
treated with 1 mg/kg infl iximab and 19 of 24 patients treated with 10 mg/kg infl ix-
imab. In patients receiving the higher dose, response duration was 8 weeks. There 
were impressive reductions in tender joint count, as well as in laboratory markers of 
disease activity, such as IL-6, CRP and ESR [ 25 ]. In a longer-term multicentre 
placebo- controlled, randomised, double-blind phase II study in 101 RA patients 
who had active disease in spite of methotrexate treatment, patients who received 
3 or 10 mg/kg infl iximab again showed excellent responses, although patients who 
received 1 mg/kg had a shorter duration of response. There was a clear synergy 
between infl iximab and methotrexate in this study, indicating different mechanisms 
of action for these two compounds [ 26 ]. These data provided the rationale for a 
randomised phase III study of infl iximab, the Anti-TNF Therapy of Rheumatoid 
Arthritis with Concomitant Methotrexate (ATTRACT) trial, a multicentre study 
involving 428 patients with active RA in spite of methotrexate treatment. The 
patients were split into fi ve groups: one receiving placebo, the other four either 3 or 
10 mg/kg infl iximab at four-weekly or eight-weekly intervals. Again, benefi t from 
infl iximab was both swift and pronounced, with 60–70 % improvement in the tender 
joint count and normalisation of the CRP after the fi rst infusion [ 27 ]. The medica-
tion was well tolerated, and the response was sustained until the 54-week end point 
of the study. In this trial, it was also possible to evaluate the development of joint 
damage through modifi ed Sharp scoring of radiographs of the hands and feet. In the 
88 patients treated with methotrexate and placebo, the median increase in this index 
was 4.0, but in the 340 patients treated with methotrexate and different regimens of 
infl iximab, the score was unchanged. Thus, control of RA infl ammation by infl ix-
imab prevented cartilage degradation and bony erosions [ 28 ]. 

 As a consequence of the pivotal clinical studies quoted above, neutralisation of 
TNFα, the most important proinfl ammatory cytokine in the rheumatoid synovium, 
has become the preferred strategy to modulate macrophage function in 
RA. Infl iximab (Remicade) is today one of the established biologics for the treat-
ment of RA. The second anti-TNF therapeutic strategy in RA is the p75 TNF 
receptor Ig fusion protein etanercept (Enbrel), for which clinical studies were com-
pleted in 1998, with benefi t similar to that observed with infl iximab [ 29 ,  30 ]. The 
third available anti- TNF biologic was adalimumab (Humira), a fully human anti-
TNFα antibody; it was followed by the PEGylated certolizumab pegol (Cimzia) 
and by golimumab (Simponi). All these fi ve biologics have been widely approved 
for use on both sides of the Atlantic and are commercially available; there are even 
more anti-TNF biologics being developed, one of them the PEGylated soluble 
TNF receptor pegsunercept, as well as ‘biosimilars’ or follow-on biologics, which 
are likely to have an impact in the near future. Long-term data has shown that these 
anti-TNF biologics are both safe and effective: in the majority of patients, response 
is sustained over a 5-year period, or longer [ 31 – 33 ]. If patients are chosen wisely, 
and frail and elderly people avoided, along with those at risk for opportunistic 
infections, and careful screening for latent tuberculosis performed prior to treat-
ment initiation, the drugs are perfectly safe even for long-term use. Indications for 
the anti-TNF biologics have widened from RA and Crohn’s disease to encompass 
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other forms of arthritis, such as severe or moderate psoriatic arthritis, early and 
severe ankylosing spondylitis and polyarticular juvenile idiopathic arthritis; some 
of them have plaque psoriasis and ulcerative colitis as indications, and they are 
undergoing clinical trials in a variety of infl ammatory disorders. Regulatory 
authorities have been forced to ‘ration’ the anti-TNF biologics, and the current 
recommendation from the UK National Institute of Clinical Excellence is that to 
qualify for treatment with an anti- TNF biologic, patients must have failed two 
DMARDs, one of which must be methotrexate. 

 The development of biologic anti-TNF therapy against RA and other infl amma-
tory diseases invigorated the search for other therapeutic targets in RA, with much 
money invested from the pharmaceutic industry, and some very promising results. 
The biologic rituximab (MabThera), an anti-CD20 antibody targeting B cells, which 
was previously used for B-cell lymphoma, has been proven to be safe and effective 
in RA. Several other anti-B-cell biologics, like ocrelizumab, ofatumumab and ataci-
cept, are in clinical development. The humanised monoclonal antibody tocilizumab 
(RoActemra) that binds to membrane-bound and soluble forms of the IL-6 receptor 
has recently been found superior to adalimumab in monotherapy in a phase 4 trial 
in RA [ 34 ]. The anti-IL-6 antibody sarilumab and the anti-IL-6 receptor clazaki-
zumab are both in clinical development. Another novel strategy concerns blocking 
T-cell co-stimulation via the anti-CTLA4 antibody abatacept (Orencia). There are 
many more antirheumatic drugs in development, both biologics and small mole-
cules. The monoclonal antibodies secukinumab and brodalumab target the IL-17 
family of cytokines. The small molecule tofacitinib (Xeljanz) is a Janus kinase 
(JAK) 3 inhibitor, which has been approved for the treatment of moderate to severe 
RA in the USA but not in the UK or in continental Europe. Baricitinib and ruxoli-
tinib are two JAK 1/2 inhibitors in clinical development. 

 At the present time, making use of an anti-TNF biologic to block TNFα may well 
be the safest and most effective way to modulate macrophage function in RA, but 
much research has gone into investigating other options. For several decades, there 
has been a search for small-molecule inhibitors of TNFα production. Since it is 
known that in RA, the spontaneous production of TNFα from the synovial macro-
phages is NFκB dependent [ 35 ], there has been interest in inhibitors of this transcrip-
tion factor, although NFκB is too ubiquitous a transcription factor for systemic 
inhibition to be clinically feasible. There has been interest in intra-articular adminis-
tration of NFκB inhibitors, however, although this would only have a monoarticular 
effect [ 36 ,  37 ]. The phosphodiesterase 4 inhibitor apremilast (Otezla) has been 
reported to inhibit the spontaneous production of TNFα from RA synovial macro-
phages [ 38 ]. It is approved for the treatment of psoriatic arthritis in the USA but not 
as yet for RA. There is a good deal of recent literature on macrophages in RA, and 
the potential to induce macrophage apoptosis, to deplete synovial macrophages, or to 
change the macrophage polarisation from a M1 (classical, infl ammatory) to M2 
(alternative, anti-infl ammatory) [ 39 – 41 ]. It has been demonstrated that RA synovial 
lining macrophages express folate receptor-β, and there has been an interest in target-
ing this to administer either folate antagonists [ 42 ] or an immunotoxin reducing the 
number of macrophages and inducing benefi t in an animal model of arthritis [ 43 ].  
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2.3     The Role of Macrophages in OA 

 Clinically, RA and OA are usually easy to differentiate. In RA, X-rays of affected 
joints show erosions and periarticular osteoporosis, whereas in OA, they show 
reduction of joint space as a sign of cartilage degradation and, in later stages of the 
disease, bony sclerosis and osteophytes. The joint pattern differs, with early RA 
affecting the proximal interphalangeal, metacarpophalangeal and metatarsopha-
langeal joints and OA usually affecting the large joints, like the hips and knees, and 
also the distal interphalangeal joints. RA patients have an elevated erythrocyte 
sedimentation rate and C-reactive protein; the vast majority of OA patients do not. 
In RA patients, synovitis is a major feature of the disease, causing joint swelling 
and exudation and driving cartilage degradation and the formation of pannus and 
erosive changes. In OA, there is much less joint swelling and exudation and no 
pannus or erosions. But still, many OA patients have a variable degree of synovitis. 
Some of them may develop quite aggressive infl ammatory OA of the knee or hip 
joint, sometimes with marked exudation, which can be helped by arthrocentesis 
and injection of local steroids. Synovial infl ammation is likely to contribute to 
disease progression in OA, as judged by the correlation between biological mark-
ers of infl ammation and the progression of structural changes in OA [ 44 ,  45 ]. 
Histologically, the OA synovium shows hyperplasia with an increased number of 
lining cells and a mixed infl ammatory infi ltrate mainly consisting of macrophages 
[ 46 ]. Synovial biopsies from patients with early infl ammatory OA may even 
resemble RA biopsies morphologically, although the percentage of macrophages is 
lower (1–3 % as compared with 5–20 %) and the percentages of T and B cells 
much lower [ 47 – 49 ]. The marked differences in cell percentages in the infl amma-
tory infi ltrate between RA and OA would speak in favour of differences also in the 
cytokine interdependence in these two diseases. For example, the great scarcity of 
T cells in the OA synovium would tend to rule them (and their cytokines) out as 
potential drivers of synovitis in this disease. The synovial fl uid of patients with 
active RA synovitis and effusion contains numerous polymorphonuclear leuco-
cytes, something that is not the case in OA, another indicator that there is differ-
ence in pathophysiology between RA and OA synovitis. If it is accepted that 
synovial infl ammation, and the production of proinfl ammatory and destructive 
mediators from the OA synovium, is of importance for the symptoms and progres-
sion of osteoarthritis, it is a key question which cell type in the OA synovium is 
responsible for maintaining synovial infl ammation. In RA, macrophage-produced 
TNFα is a major therapeutic target, but much less is known about macrophage biol-
ogy in OA, although histological studies have demonstrated that OA synovial mac-
rophages exhibit an activated phenotype and that they produce both proinfl ammatory 
cytokines and vascular endothelial growth factor [ 46 ,  50 ]. 

 The spontaneous production of a variety of pro- and anti-infl ammatory cyto-
kines, including TNFα, IL-1β and IL-10, is one of the characteristics of synovial 
cell cultures derived from digested RA or OA synovium. In addition, the major 
MMPs and TIMPs are spontaneously produced by these cell cultures [ 47 ,  48 ]. Less 
TNFα and IL-10 is produced from OA samples, but the levels are still easily 
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detectable by ELISA [ 48 ]. It is possible to use effective adenoviral gene transfer in 
this model without causing apoptosis or disrupting intracellular signalling path-
ways. Using an adenovirus effectively transferring the inhibitory subunit IκBα, it 
was possible to selectively inhibit the transcription factor NFκB in synovial cocul-
tures from RA or OA patients. Macrophage-produced TNFα and IL-1β were very 
strongly NFκB dependent in the RA synovium, but in OA synovium, adenoviral 
transfer of IκBα did not affect IL-1β production and had only a partial effect on 
TNFα. Effects on other cytokines were similar in RA and OA synovium, with IL-6 
and IL-8 both being NFκB dependent, as well as the p75 soluble TNF receptor, 
whereas IL-10 and the IL-1 receptor antagonists were both NFκB independent. In 
addition, the matrix metalloproteinases (MMP) 1, 3 and 13 were strongly NFκB 
dependent in both RA and OA, but their main inhibitor, tissue inhibitor of metallo-
proteinases (TIMP)-1, was not [ 48 ]. The differential effect of NFκB downregulation 
on the spontaneous production of TNFα and IL-1β on RA and in OA would indicate 
that the regulation of at least one key intracellular pathway differs fundamentally 
between these diseases. It is known that both TNFα and IL-1β have functional 
NFκB elements on their promoters and that in various macrophage models, there 
are both NFκB- dependent and NFκB-independent ways of inducing TNFα and 
IL-1β [ 51 ,  52 ]. It would seem as if there are fundamental differences in the regula-
tion of macrophage- produced TNFα and IL-1β between RA and OA, with cytokine 
levels being higher and NFκB playing a more important role in RA [ 48 ,  51 ,  53 ]. 

 In the abovementioned model of cultures of osteoarthritis synovial cells, specifi c 
depletion of synovial macrophages could be achieved using incubation of the cells 
with anti-CD14-conjugated magnetic beads [ 54 ]. These CD14+-depleted cultures 
of synovial cells no longer produced signifi cant amounts of macrophage-derived 
cytokines like TNFα and IL-1β. Interestingly, there was also signifi cant inhibition 
(40–70 %) of several cytokines produced mainly by synovial fi broblasts, like IL-6 
and IL-8, and also signifi cant downregulation of MMP-1 and MMP-3. This would 
indicate that OA synovial macrophages play an important role in activating fi bro-
blasts in these densely plated cultures of synovial cells and in perpetuating the pro-
duction of proinfl ammatory cytokines and destructive enzymes. That the regulation 
is not tighter than observed is probably because the fi broblasts have an activated 
phenotype when put into culture, with considerable spontaneous production of 
cytokines and other mediators. It can be speculated that once the macrophages are 
removed, the synovial fi broblasts change their phenotype and downregulate their 
production of both proinfl ammatory cytokines and destructive MMPs. To investi-
gate the mechanisms involved in this macrophage-driven stimulation of infl amma-
tory and degradative pathways in the OA synovium, specifi c neutralisation of the 
endogenous production of TNFα and/or IL-1β was used in the cultures of OA syno-
vial cell [ 54 ]. OA synovial cell cultures were either left untreated, incubated with 
the p75 TNF soluble receptor Ig fusion protein etanercept (Enbrel), incubated with 
a neutralising anti-IL-1β antibody or incubated with a combination of Enbrel and 
anti-IL-1β. As could be expected, TNFα production was effectively neutralised by 
Enbrel treatment and IL-1β by treatment with the neutralising anti-IL-1β antibody. 
There was no effect of Enbrel on IL-1β production nor did the neutralising 
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anti-IL- 1β antibody affect the production of TNFα. This is in marked contrast to the 
situation in RA, where IL-1β is strongly TNFα dependent in these cultures of syno-
vial cells [ 18 ]. This fi nding would seem to indicate yet another difference in macro-
phage cytokine biology between RA and OA: whereas TNFα is the ‘boss cytokine’ 
in the RA synovium, regulating the production of IL-1β, there is a redundancy 
between these two cytokines in the OA synovium, with neither TNFα nor IL-1β 
regulating the production of the other. 

 Both Enbrel and the neutralising anti-IL-1β antibody inhibited IL-6 and IL-8, 
with 60 % inhibition achieved when both IL-1β and TNFα were neutralised. The 
production of MCP-1 was not affected by the neutralising anti-IL-1β antibody, but 
it was signifi cantly decreased by Enbrel and by the combination of the two. It was 
also possible to study the effect of neutralising IL-1β and/or TNFα on the mRNA 
expression and protein production of the major MMPs and aggrecanases, using 
RT-PCR and ELISA analysis in parallel [ 54 ,  55 ]. The results indicate that although 
neither Enbrel nor the neutralising anti-IL-1β antibody had an impressive effect on 
the important collagenases MMP-1 and MMP-13, combination of the two led to 
signifi cant inhibition both on the mRNA and protein levels. These fi ndings indicate 
that in the OA synovium, the macrophages potently regulate the production of sev-
eral important fi broblast-produced cytokines and MMPs, via a combined effect of 
IL-1β and TNFα. There was no effect of either Enbrel or the neutralising anti-IL-1β 
antibody on ADAMTS5 expression, nor was it at all affected by a combination of 
these treatments. Thus, ADAMTS5 appears to be constitutive in OA synovial cells. 
In contrast, ADAMTS4 was signifi cantly ( p  < 0.05) inhibited by Enbrel and more 
potently ( p  < 0.01) inhibited by a combination of Enbrel and the neutralising anti-
IL- 1β antibody. This would indicate that in the human OA synovium, the upregula-
tion of ADAMTS4 is dependent on TNFα and IL-1 produced by the synovial 
macrophages, whereas the level of ADAMTS5 is not changed by these cytokines 
[ 54 ,  55 ]. Thus, there is good evidence that in OA synovium and cartilage, ADAMTS4 
is the aggrecanase induced by proinfl ammatory cytokines, whereas ADAMTS5 
appears to be constitutive [ 54 – 58 ]. If it is accepted that OA is a cytokine-driven 
disease, as indicated by some recent papers suggesting that macrophage-produced 
IL-1 and TNF play a role in driving destructive responses in OA, this fi nding would 
render it likely that ADAMTS4 is the aggrecanase responsible for aggrecanolysis in 
OA. This is a fi nding of some importance for the debate regarding the major aggre-
canase in OA, which is still ongoing. In murine models of degenerative joint dis-
ease, ADAMTS5 is the pathologically induced aggrecanase. Mice lacking 
ADAMTS4 develop normally and develop surgically induced OA in a similar man-
ner to wild-type mice, but deletion of ADAMTS5 protects mice from developing 
OA [ 59 – 61 ]. However, there is a discrepancy between human and murine cells with 
regard to the regulation of ADAMTS4 [ 62 ,  63 ]. If the human, but not murine, 
ADAMTS4 gene responds to IL-1 stimulation, this brings into question the use of a 
murine model for the study of human aggrecanolysis, particularly since the normal 
function of at least ADAMTS5 appears to differ between rodents and primates, the 
enzyme having vital importance for versican turnover and myofi broblast differen-
tiation in monkeys [ 64 ]. 
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 An important series of papers using injections of liposome-encapsulated clodronate 
to induce depletion of synovial lining macrophages has provided some intriguing new 
information about the role of macrophages in driving degenerative changes in a mouse 
model of experimental OA induced by injection of collagenase. The collagenase injec-
tion causes weakening of ligaments leading to gradual onset of OA pathology within 
6 weeks of induction, without any direct collagenase-induced cartilage damage being 
observed. If macrophage depletion had been achieved prior to the elicitation of experi-
mental OA, there was potent reduction of both fi brosis and osteophyte formation [ 65 , 
 66 ]. This would indicate that in this murine model of OA, synovial macrophages con-
trol the production of the growth factors that promote fi brosis and osteophyte forma-
tion, both key pathophysiological events in OA. In the same mouse model of OA, it was 
also possible to monitor the effect of macrophage depletion on the formation of the 
VDIPEN neoepitope that indicates MMP-induced cleavage of aggrecan [ 49 ,  67 ]. Some 
marginal VDIPEN expression could be observed already on day 7 after induction of 
collagen-induced arthritis, but there was only a slight decrease in macrophage-depleted 
joints. Between day 7 and day 14, however, VDIPEN expression more than doubled in 
non-depleted joints, whereas it remained unchanged in depleted ones. This would indi-
cate that, in agreement with the data from human OA synovium discussed above, the 
production of MMPs in this murine model of OA is macrophage dependent. Analysis 
of samples of synovium and cartilage from the murine OA joints in this model demon-
strated that MMP-2, 3 and 9 were induced in both these tissues when murine OA was 
induced by collagenase. But whereas the MMP levels in the cartilage were unaffected 
by macrophage depletion, those in the synovium were inhibited, suggesting that 
removal of the macrophages would downregulate the production of MMPs from the 
synovial fi broblasts and that the gradual decrease in the diffusion of these MMPs to the 
cartilage would prevent aggrecanolysis, as evidenced by the reduction in VDIPEN 
expression. In the same model of murine OA, MMP-3 knockout mice showed a 67 % 
reduction in the occurrence of severe cartilage damage, with a concomitant decrease in 
VDIPEN expression, indicating involvement of this MMP in the OA disease process 
[ 67 ]. This is a somewhat unexpected and controversial fi nding, since other studies have 
indicated an important role for the collagenase MMP- 13 in OA. This enzyme is 
strongly upregulated in the OA synovium [ 49 ,  68 ], and there is a correlation between 
MMP-13 levels and cartilage damage in human OA, as evidenced by arthroscopy [ 68 ]. 
It may well be that several MMPs contribute to the OA disease process, with an intri-
cate network between proMMPs and their activators. 

 ‘After the success of targeted biological therapy in RA, there was a good deal of 
interest in investigating anti-cytokine strategies also in OA. In a patient with infl am-
matory knee OA, with synovitis visible on an MRI scan, an anti-TNF biologic had 
marked benefi t on pain and walking distance, as well as synovitis, synovial effusion 
and bone marrow oedema [ 69 ]. In another early pilot study, concerning 12 patients 
with infl ammatory hand OA, the anti-TNF antibody adalimumab had no signifi cant 
effect, however, although some patients improved [ 70 ]. With regard to IL-1, an 
early study in 13 patients with knee OA has indicated that intra-articular administra-
tion of the interleukin-1 receptor antagonist had some degree of analgesic effect [ 71 ]. 
A later double-blind, placebo-controlled study could demonstrate no improvement 
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in knee OA symptoms after intra-articular injection of anakinra, however [ 72 ]. 
Thus, early results from anti-cytokine therapy in OA are not greatly impressive. The 
immediate effect of anti-TNF biologics in RA, with regard to infl ammation, pain 
and fatigue, has not been reproduced in OA [ 73 ]. Although it is likely that a sub-
group of patients with knee OA, with bone marrow oedema and synovitis visible on 
MRI, have benefi t from either anti-TNF of anti-IL-1 strategies, the majority of 
patients, with signifi cant irreversible bone and cartilage damage, the effect of these 
biologics would be less impressive. As with all potential disease-modifying strate-
gies in OA, a major obstacle for anti-cytokine therapy in OA will be the diffi culty 
of recruiting patients with early infl ammatory OA before gross bone and cartilage 
loss is obvious on X-rays and clinical examination. 

 The revolution in drug discovery for RA, with not only anti-TNF biologics but 
also effective anti-B-cell, anti-IL-6 and anti-T cell co-stimulation drugs gaining 
prominence, has led to more energetic work in the struggle to identify therapeutic 
targets in OA. None of the older drug candidates, including diacerein, doxycycline, 
licifelone, risedronate and strontium ranelate, could be clearly demonstrated to have 
clinical benefi t in OA [ 3 ,  4 ], nor have the widely available ‘nutraceuticals’ glucos-
amine and chondroitin sulphate been proven to affect either joint pain or joint space 
narrowing in human OA [ 5 ]. The concept that macrophage-produced cytokines 
from the infl amed synovium play a role in driving infl ammatory and destructive 
pathways in OA was a novel one when fi rst suggested, but much has since been 
written on this subject, and it appears that the contribution of macrophage-driven 
synovitis contributing to OA pathogenesis has become widely accepted [ 7 ,  8 ,  74 –
 77 ]. The problem of making clinical use of this concept has failed, however, with 
the anti-IL-1 and anti-TNF biologics not being effi cacious in established hand or 
knee OA, particularly in patients without evidence of active synovitis. A number of 
other potential therapeutic targets in OA have been defi ned in recent years, one of 
them the ADAMTS5 metalloproteinase. A study of the monoclonal antibody 
CRB0017, directed against the spacer domain of ADAMTS5, showed that in a 
spontaneous murine OA model in STR/ort mice, intra-articular administration of 
this antibody signifi cantly prevented disease progression in a dose-dependent man-
ner [ 78 ]. There was no comparison with systemic administration, nor was it assessed 
to what degree the antibody leaked from the synovial space. Another study found 
that systemic administration of the anti-ADAMTS5 antibody GSK2394002 in a 
model of surgically induced murine OA demonstrated both structural disease modi-
fi cation and alleviation of pain-related behaviour [ 79 ]. The effect of GSK2394002 
on cardiovascular physiology was carefully monitored in cynomolgus monkeys, 
and it was found that a single administration of the antibody caused increased mean 
arterial pressure, and ST elevations on the ECG indicating cardiac ischemia, effects 
that were sustained for up to 8 months after administration of the single dose [ 64 ]. 
These side effects were considered too formidable to allow for further clinical 
development of GSK2394002. Another potential therapeutic target was the induc-
ible nitric oxide synthetase (iNOS). In murine joint instability-induced OA, iNOS- 
defi cient mice developed signifi cantly less OA lesions than wild-type mice, with 
50 % reduction of both osteophytes and cartilage lesions [ 80 ]. In a canine model of 
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OA induced by joint instability, treatment with the oral selective iNOS inhibitor 
cindunistat led to signifi cant reduction of OA lesions. Still, a recent clinical study of 
cindunistat in patients with symptomatic osteoarthritis of the knee showed no sig-
nifi cant benefi t [ 81 ]. Another potential therapeutic target in OA is fi broblast growth 
factor-18 (sprifermin), which promotes cartilage development and repair. In a rat 
model of OA, intra-articular injections of sprifermin induced a signifi cant, dose- 
dependent reduction in cartilage degeneration. In a recent clinical study, sprifermin 
had no effect on medial femorotibial compartment cartilage volume, although it did 
signifi cantly and dose dependently reduce the loss of total and lateral femorotibial 
compartment cartilage volume [ 82 ]. In stark contrast to the situation in RA, where 
there is almost an embarrassment of riches when it comes to both biologics and 
small-molecule targeted therapy, the search for a disease-modifying anti- 
osteoarthritis drug has thus far ended in disappointment, with a number of promis-
ing drug candidates failing clinical trials.  

2.4     Discussion 

 Radiosynovectomy [also known as ‘radiosynoviorthesis’ in continental Europe] con-
sists of an intra-articular injection of radionuclides in colloidal form, as local therapy 
for chronic large-joint synovitis that is refractory to other treatment [ 83 – 85 ]. Both 
large and small joints can be treated, but in normal clinical practice, the knee and hip 
predominate. Radiosynovectomy has been used since 1952, and the radionuclide 
yttrium-90 has been preferred for knee radiosynovectomies since the 1970s, due to 
strong β radiation and little γ-radiation. It has been diffi cult to evaluate the technique 
using double-blind clinical trials, although two trials show superiority of yttrium-90 
knee radiosynovectomy over intra-articular triamcinolone [ 86 ] or methylpredniso-
lone acetate [ 87 ]. 

 Indications for radiosynovectomy include rheumatoid arthritis, other forms of 
chronic infl ammatory arthritis like psoriatic arthritis or ankylosing spondylitis with 
peripheral joint involvement, haemophilic synovitis and infl ammatory osteoarthri-
tis. The procedure has an established niche in hemophilic arthropathy, where surgi-
cal synovectomy is not an alternative; it has been proven to reduce the number of 
bleeding episodes, the joint pain and the degree of clinical synovitis [ 88 ]. In spite of 
the improved treatment of infl ammatory arthritis, with a number of effective biolog-
ics available, radiosynovectomy also has indications in these diseases, in cases of 
chronic mono- or oligoarthritis refractory to conventional treatment, including 
DRARMs, biologics and intra-articular steroids. The use of radiosynovectomy in 
osteoarthritis is rather more controversial. A New Zealand study showed that while 
yttrium-90 radiosynovectomy was safe and moderately effective in infl ammatory 
arthritides of the knee, it was of little benefi t in established OA, or in patients with 
secondary OA changes on X-rays [ 83 ]. A German study showed good or excellent 
improvement in clinical symptoms in 40 % of 35 patients with therapy-resistant 
joint effusions caused by severe OA [ 89 ]. A recent Greek study showed a good 
response to yttrium-90 knee radiosynovectomy in OA patients, with clinical 
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improvement inversely related to radiographic knee damage, patient age and 
 duration of disease [ 90 ]. 

 As pointed out earlier in this chapter, the disease mechanisms on RA and in OA 
are completely different. In RA, there are more synovial macrophages, driving 
synovial infl ammation and development of erosions through TNFα; in OA, there are 
much fewer synovial macrophages, driving other infl ammatory and destructive 
mediators through TNFα and IL-1, with neither cytokine being the dominant one. 
Early OA is likely to be quite a different disease to late-stage OA, with severe 
destruction of cartilage, and involvement of subchondral bone. A radiosynovectomy 
is likely to be effective in both RA and OA, through depleting synovial macro-
phages that drive the synovial infl ammation through their respective cytokines. 
There is no reason that a radiosynovectomy should not be effective in early infl am-
matory OA. As suggested by two clinical studies [ 83 ,  90 ], it is less likely to be 
effective in ‘dry’ osteoarthritis with little or no infl ammatory component or in 
patients with irreversible OA damage.     
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3.1            Introduction/History 

 On January 27, 1951, a study group led by Joseph Lee Hollander injected three 
rheumatoid arthritis patients with the fi rst intra-articular hydrocortisone injections. 
These three patients showed clinical improvements in local infl ammation. This 
group went on to inject 1,500 test patients with nearly 24,000 injections into the 
joints, bursae, and tendon sheaths. Fifty percent of these patients experienced clini-
cally signifi cant improvement of local infl ammation [ 1 ]. Over the last 65 years, 
 corticosteroid injections have become a valuable and effi cacious treatment option in 
the management of infl ammatory arthritis with an excellent safety record [ 2 ]. 

 This chapter will provide an overview of the indications for use of corticosteroid 
injections, the specifi c agents used, the adverse effects of corticosteroid joint injec-
tions, corticosteroid effects on the synovium, and overall effi cacy in select types of 
infl ammatory arthropathies. 

3.1.1     Indication 

 The most common indication for intra-articular injections in infl ammatory joint dis-
ease is the presence of joint pain. Corticosteroids have been used successfully in a 
number of infl ammatory arthritis conditions to include rheumatoid arthritis, crystal-
line arthropathies (gout and pseudogout), spondyloarthropathies (psoriatic arthritis, 
ankylosing spondylitis, reactive arthritis, infl ammatory bowel disease-associated 
arthritis), other connective tissue disease-associated arthritis (systemic lupus ery-
thematosus, mixed connective tissue disease, Sjogren’s syndrome), and juvenile 
idiopathic arthritis. Although frequently used in clinical practice, there is little sys-
tematic evidence to guide corticosteroid selection for therapeutic injections.  

3.1.2     Commonly Used Corticosteroids 

 Common corticosteroid preparations include topical, oral, and parenteral formula-
tions. Only depot preparations are suitable for joint injections. Depot formulations 
remain at the injected site for a longer period of time and display mainly localized 
effi cacy. Knowledge of the difference in potency and solubility of injectable corti-
costeroids is useful for clinical practice since the duration of action of the particular 
agent is inversely related to the solubility of the preparation – more soluble com-
pounds are thought to have a shorter duration of action [ 3 – 5 ].  

3.1.3     Solubility 

 Solubility is a key factor in effi cacy because compounds with lower solubility main-
tain effective intra-articular therapeutic response longer and produce lower systemic 
levels of corticosteroid than would compounds of greater solubility. A lower 
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systemic level of corticosteroid is generally viewed as a favorable feature of 
 intra- articular injections because of the potential to reduce systemic toxicity. To 
support this concept, in a comparison of two preparations with different solubilities, 
triamcinolone acetonide and triamcinolone hexacetonide, absorption rate was mark-
edly different with the less soluble compound, triamcinolone hexacetonide, and 
resulted in lower corticosteroid peak plasma levels [ 6 ].  

3.1.4     Duration of Action 

 Few controlled long-term studies assess pain relief after intra-articular corticoste-
roid injections in infl ammatory arthritis, and the reported ranges of duration of 
action vary widely between corticosteroids. Data suggests that decreased solubility 
correlates with increased duration of action with many depot preparations. In one 
clinical trial, however, triamcinolone hexacetonide showed less of a clinical effect 
when injected into osteoarthritic knees than a more soluble compound, methylpred-
nisolone acetate, suggesting that there may be a more complex explanation for dura-
tion of action in some disease states [ 3 ]. The most durable effect is achieved in the 
knee of patients with pauciarticular JIA with a mean duration of remission of 
13.9 months. This is in contrast to osteoarthritis where the duration of symptom 
relief is only 3 weeks and function is not improved [ 4 ]. Overall, the duration of 
response has been found to vary according to the type of corticosteroid preparation 
used, dose, subtype of arthritis, duration of disease prior to the injection, specifi c 
joint injected, and accuracy of the injection [ 4 ,  7 ].  

3.1.5     Frequency of Injections 

 Theoretical risks of cartilage loss and subsequent joint replacement are often cited 
when considering injection frequency. The optimal frequency remains controver-
sial. Raynauld and colleagues showed relative safety with corticosteroid injections 
every 3 months in a patient population with osteoarthritis [ 8 ]. Patients with rheuma-
toid arthritis receiving up to ten injections in a year on a single joint failed to show 
signifi cant increase in cartilage loss or need for joint replacement [ 8 ,  9 ]. In clinical 
practice, the inherent risk of cartilage loss and subsequent need for joint replace-
ment in patients with active infl ammation are well understood and often dictate 
frequency of injection.  

3.1.6     Local Anesthetics 

 Local anesthetics to include lidocaine 1 % and bupivacaine 0.25–0.5 % are com-
monly mixed with the corticosteroid depot preparation to provide temporary anal-
gesia and dilute the crystalline suspension for improved diffusion within the 
injection site. Local anesthesia can also be used to diagnostically confi rm the 
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correct placement of the preparation by improving pain in the local area with its 
quick onset of action. Manufactures advise against mixing corticosteroid prepara-
tions with lidocaine because of the risk of clumping and precipitation of steroid 
crystals; however, in clinical practice, lidocaine is a useful diluent. Patients rarely 
experience side effects directly related to the anesthetic. These side effects occur 
within 30 min of the injection and include fl ushing, hives, and chest or abdominal 
discomfort [ 5 ].  

3.1.7     Corticosteroid Preparations 

 The major depot preparations include methylprednisolone acetate, triamcinolone 
hexacetonide, triamcinolone acetonide, betamethasone acetate/betamethasone 
sodium phosphate, and betamethasone dipropionate/betamethasone sodium phos-
phate. All dissolve slower than earlier depot preparations such as hydrocortisone 
acetate in order to achieve a prolonged local effect [ 4 ]. 

 Potency of corticosteroids is measured against that of hydrocortisone and ranges 
from low-potency short-acting agents to high-potency, long-acting agents. 

 Hydrocortisone acetate (hydrocortisone acetate, 25 mg/ml) has the shortest dura-
tion of action of steroids mentioned in this chapter and is dosed at 10–25 mg for 
 small-joint injections and 50 mg for large-joint injections. It is very soluble and has 
limited utility in joint injections given its low potency and short duration of action [ 8 ]. 

 Methylprednisolone acetate (methylprednisolone acetate 40 mg/ml – concen-
trated) has intermediate potency and duration of action. It is dosed at 2–10 mg for 
small-joint injections and 10–80 mg for large-joint injections [ 8 ,  9 ]. 

 Triamcinolone acetonide (triamcinolone acetonide 40 mg/ml – concentrated) has 
intermediate potency and duration of action and is very similar to methylpredniso-
lone in structure and activity and is dosed similar to methylprednisolone for small- 
and large-joint injections [ 8 ,  9 ]. 

 Betamethasone sodium phosphate and acetate (betamethasone sodium phos-
phate and acetate 6 mg/ml) has high potency. This formulation combines a soluble 
ester (sodium phosphate) to provide prompt activity with a much less soluble beta-
methasone acetate to obtain sustained duration of activity. It is dosed at 2–6 mg for 
large joints and 1–3 mg for small joints [ 8 ,  9 ] (Table     3.1 ).

   Table 3.1    Corticosteroid agents by relative potencies [ 8 ,  9 ]   

 Steroid  Potency  Solubility 
 Relative anti- 
infl ammatory potency 

 Hydrocortisone acetate  Low  Soluble  1 

 Methylprednisolone 
acetate 

 Intermediate  Soluble  5 

 Triamcinolone acetonide  Intermediate  Relatively insoluble  5 

 Betamethasone sodium 
phosphate and acetate 

 High  Combination  25 
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3.1.8        Adverse Events 

 Although animal studies have suggested that corticosteroid injections may have 
damaging effects on articular cartilage, human studies have not shown similar 
results [ 11 ,  12 ]. Intra-articular corticosteroid injections have an excellent safety 
record, and its safe use is supported by a large body of clinical data. The American 
College of Rheumatology has endorsed corticosteroid injections as safe and effec-
tive when administered by experienced physicians [ 2 ]. Despite their relative safe 
use, known side effects exist. Table  3.2  lists common and uncommon local adverse 
effects of intra-articular corticosteroids.

   The most common reported side effects following corticosteroid injections are 
post-injection fl air, facial fl ushing, and cutaneous atrophy [ 13 ].  

3.1.9     Post-injection Flare 

 Pain in the injected joint or at the site of injection can occur within the fi rst 24 h after 
injection in up to 10 % of patients. Localized tissue damage resulting from needle 
puncture may be a partial cause for injection site reactions. More often, though, it is 
the crystalline structure of the particular corticosteroid agent used that results in a 
localized synovitis [ 14 ].  

3.1.10     Facial Flushing 

 Facial fl ushing occurs within a few hours post injection in up to 15 % of patients and 
is particularly common in women. Although benign, symptoms may linger for up to 
3–4 days [ 15 ].  

3.1.11     Cutaneous Atrophy 

 Skin or fat atrophy following corticosteroid injections usually develops within 
1–4 months. It occurs more commonly in patient with juvenile idiopathic arthritis 
and is reported in up to 8 % of injections [ 16 ]. Overall it is thought to occur at a 
rate of less than 1 % and may be accompanied with depigmentation of the 

  Table 3.2    Adverse effects 
following intra-articular 
corticosteroid injections [ 3 ,  4 ,  20 ]  

 Adverse effect  Estimated rate/frequency 

 Infection  Rare 1:1,000–1:50,000 

 Capsular calcifi cation  Common 25–50 % 

 Cutaneous atrophy  Uncommon <1 % 

 Flushing  Relatively common 1–15 % 

 Post-injection fl are  Relatively common 1–10 % 

 Tendon rupture  Uncommon <1 % 

 Osteonecrosis  Uncommon, reported cases 
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skin [ 13 ]. The atrophy and depigmentation is due to the leakage of the injected 
steroids into the skin and may improve over a few months. It is more likely to 
occur following the small-joint injections where the accuracy of injection is not 
guaranteed, the subcutaneous tissue is thinner, and a larger volume of corticoste-
roids are injected. Less soluble agents are also more likely to cause these cutane-
ous adverse effects [ 3 ,  4 ].  

3.1.12     Capsular Calcification 

 Capsular calcifi cation is the most common local adverse reaction following an intra- 
articular corticosteroid injection and occurs in up to 25–50 % of patients but is 
rarely clinically signifi cant [ 17 ]. Pericapsular or intracapsular calcifi cations are 
noted within 2 months to 1 year following the injection and are usually asymptom-
atic. The location of the calcifi cation is related to the site of the needle injection and 
is composed of hydroxyapatite [ 4 ].  

3.1.13     Tendon Ruptures 

 Ruptured tendons occur uncommonly and have been reported in patients following 
intra-articular corticosteroid injections that have been placed directly within a ten-
don and may occur following a single injection in nearly 25 % of reported cases. 
Achilles tendon ruptures make up 50 % of reported cases followed by patellar ten-
don and biceps tendon ruptures in 19 and 8 % of cases respectively [ 18 ]. Great care 
should be used to avoid inadvertent injections within tendons.  

3.1.14     Infections 

 The risk of causing a joint infection is one of the greatest concerns with the use of 
intra-articular corticosteroid injections, but it is one of the least common reported 
side effects. Pal B and Morris J reported the perceived risks of joint infection fol-
lowing intra-articular corticosteroid injections between 1 in 1,000 and 1 in 25,000 
among rheumatologists surveyed [ 19 ]. The reported incidences in another study 
following knee injections ranged from 1 in 3,000 to 1 in 50,000 [ 20 ]. 

 Systemic side effects on intra-articular injections are generally milder than with 
oral or intravenous formulations and often of unclear signifi cance when present. 
Reported systemic side effects of systemic glucocorticoids include weight gain and 
fat redistribution, osteoporosis and fracture, osteonecrosis, ocular complications, 
hyperglycemia and diabetes, cardiovascular effects, infection, gastrointestinal com-
plications, steroid-induced myopathy, hypothalamic-pituitary-adrenal axis suppres-
sion, and psychiatric complications. Table  3.3  lists drug-referenced side effects of 
glucocorticoids
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3.1.15        Hypothalamic-Pituitary-Adrenal Axis Suppression 

 Suppression of the hypothalamic-pituitary-adrenal axis following intra-articular 
injections is well-documented and usually mild and transient [ 3 ]. An average of 
21.5 % reduction in serum cortisol levels returning to baseline after 72 h has been 
reported. Less commonly, prolonged HPA axis suppression lasting 5–7 weeks has 
also been reported [ 21 ].  

3.1.16     Glucose Intolerance 

 Increased hepatic glucose synthesis and decreased insulin sensitivity have been 
shown to occur following corticosteroid therapy [ 22 ]. Intra-articular corticosteroid 
injections cause a transient increase in blood glucose levels; however no changes in 
fasting or predinner blood glucose readings were identifi ed over a 2-week time 
period in a report of diabetic patients who received a methylprednisolone acetate 
injection for rheumatic complaints [ 23 ].  

3.1.17     Steroid-Induced Myopathy 

 Steroid-induced myopathy is a known consequence of corticosteroid therapy 
and is more common with fluorinated corticosteroids (triamcinolone, dexa-
methasone) than with the non-fluorinated corticosteroids (hydrocortisone and 
methylprednisolone). It has not been reported following intra-articular injec-
tions [ 24 ].  

   Table 3.3    Adverse reactions of glucocorticoids for systemic therapy reported from manufacturers 
prescribing information   

 Adverse reactions 

 CNS  Euphoria, insomnia, psychotic behavior, pseudotumor cerebri, vertigo, 
headache, paresthesia, seizures 

 Cardiovascular  Heart failure, hypertension, edema, arrhythmias, thromboembolism 

 EENT  Cataracts, glaucoma 

 GI  Peptic ulceration, GI irritation, increased appetite, pancreatitis, nausea, 
vomiting 

 GU  Menstrual irregularities 

 Hepatic  Liver dysfunction 

 Metabolic  Hypokalemia, hyperglycemia, carbohydrate intolerance, hypocalcemia 

 Musculoskeletal  Muscle weakness, osteoporosis 

 Skin  Delayed wound healing, acne, various skin eruptions, hirsutism 

 Other  Cushingoid state, immunocompromise, growth suppression in children, 
acute adrenal insuffi ciency 
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3.1.18     Osteonecrosis 

 Osteonecrosis occurs in 5–40 % of patients treated with oral glucocorticoids with 
increased incidence at higher doses and longer duration. It is reported rarely in oral 
doses less than 20 mg/day and has been reported following multiple joint injections 
within days to months.  

3.1.19     Osteoporosis 

 Osteoporosis is a known side effect of systemic glucocorticoid use. Observational 
studies report the development of fracture-related bone loss in as high as 40 % of 
patients with systemic glucocorticoid use [ 25 ]. In contrast, no net effect on bone 
resorption and only a transient effect on bone formation were found in a study fol-
lowing single intra-articular triamcinolone acetonide injections [ 26 ]. A theoretic 
benefi t of increased mobility following intra-articular injections may also counter-
act osteoporotic effects.   

3.2     Effects of CSI on Synovium 

 The rationale for using corticosteroids in the treatment of arthritis is to suppress 
infl ammation, suppress infl ammatory fl ares, and disrupt the infl ammatory damage-
repair- damage cycle. While the clinical effi cacy of intra-articular glucocorticoids is 
well described, there is very limited data on the effects on human synovial tissue in 
infl ammatory arthritis. The systemic effects of glucocorticoids are well described 
and mediated by receptor antagonism of nuclear factor kappa beta (NF-kB). NF-kB 
antagonism results in decreased transcription of several genes involved in the 
immune infl ammatory response. It has also been shown to destabilize mRNA. These 
effects result in a dramatic reduction in cytokine production yielding pleotropic 
results to include effects on endothelial cells, cell migration, monocytes, macro-
phages, neutrophils, eosinophils, lymphocytes, fi broblasts, bone, cartilage, muscle, 
and the synovial tissue [ 27 ]. An in vivo study examining the synovial biopsy tissue 
of 31 patients with infl ammatory arthritis, mostly RA, sheds some light on what 
happens in the synovium. Synovial protein expression of tumor necrosis factor 
(TNF), interleukin (IL)-1 beta, extranuclear high-mobility group box protein 
(HMGB)-1, vascular endothelial growth factor (VEGF), and ICAM-1 was reduced 
but without signifi cant effects on vascularity [ 28 ]. Notably, macrophage infi ltration 
and proinfl ammatory endothelial cytokine expression were not reduced, possibly 
explaining the transient nature of improvements with intra-articular corticosteroids. 
In this study, all patients demonstrated clinical improvements, although it should be 
noted that many patients were on other DMARDs or systemic corticosteroids [ 28 ]. 
More recently, synovial citrullinated protein has been correlated with the degree of 
local infl ammation. Treatment with intra-articular corticosteroids has been shown 
to alter the expression of the synovial citrullinated proteins in the infl amed joint. 

C.L. Tracy and J.D. Edison



57

This downregulation has been correlated with glucocorticoid effects on a specifi c 
protein, peptidylarginine deiminase 4 (PAD4). PAD4 activation, induction, and sig-
naling pathway is dependent on NF-kB suggesting glucocorticoids may affect 
citrullination through PAD4 downregulation in an NF-kB-dependent pathway 
[ 29 ,  30 ]. A summary of the described cellular effects following glucocorticoids is 
listed in Table     3.4 .

   Table 3.4    Cellular effects following glucocorticoid administration [ 27 ]   

 Endothelial cells and 
cell migration 

 Inhibits MHC class II antigen, ICAM-1, ELAM-1, E-selectin, 
TNF-α, IL-1, IL-6, and COX-2 expression; inhibits nitric oxide, 
arachidonic acid metabolites, complement proteins, and 
angiogenesis. Blocks endothelin receptor expression, stabilizes 
vascular permeability, upregulates lipocortin 1 

 Monocytes, 
macrophages, and 
neutrophils 

 Inhibit neutrophil functions of superoxide generation, chemotaxis, 
adhesion, apoptosis, and phagocytosis; inhibit arachidonic acid 
metabolites 

 Decrease migration to sites of infl ammation 

 Induce lipocortin 1, lipomodulin, macrocortin 

 Inhibit macrophage antigen presentation to T lymphocytes 

 Suppress NF-kB and COX-2 

 Inhibit production of cytokines (e.g. IL-1, TNF, IL-6) 

 Decrease monocyte Fc receptors 

 Decrease Fc receptors on phagocytes 

 Eosinophils  Decrease migration to sites of infl ammation 

 Lymphocytes  Induce lymphopenia due to redistribution (e.g., in the bone marrow) 
of lymphoctyes 

 Decrease IL-2 and IFNγ production and signal transduction 

 Regulate thymopoiesis, primarily via apoptosis 

 Inhibit T cell function and natural killer cell activity 

 Suppress T cell function and natural killer cell activity 

 Fibroblast  Decrease proliferation and protein synthesis 

 Decrease synthesis and metalloproteinases (e.g., stromelysin and 
collagenase) 

 Inhibit IL-6, IL-8, and GM-CSF 

 Bone  Inhibit bone formation, inhibit osteoblast function, increase 
osteoclast life span and function 

 Cartilage 
(chondrocytes) 

 Increase glycosaminoglycan and DNA synthesis 

 Muscle  Induce atrophy 

 Synovium  Decrease expression of collagenase, TIMP, PIIINP, TNF, IL-8, 
E-selectin, ICAM-1, hyaluronate, CCP 

   MHC  major histocompatibility complex,  ICAM-1  intercellular adhesion molecule 1,  ELAM-1  
endothelial leukocyte adhesion molecule 1,  TNF  tumor necrosis factor,  IL-1  interleukin-1,  COX-2  
cyclooxygenase 2,  NF-kB  nuclear factor kB,  IFNγ  interferon-γ.  GM-CSF  granulocyte-macrophage 
colony-stimulating factor,  TIMP  tissue inhibitor of metalloproteinase,  PIIINP  N-propeptide of 
type III procollagen  
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3.3        Efficacy 

3.3.1     Rheumatoid Arthritis 

 Clinical results following intra-articular corticosteroid injections show immediate 
effect and demonstrate decreased synovial membrane volume within the fi rst 
24 h. Mean duration of improvement is up to 8-week duration following knee 
joint injection. Reduction in PMN leukocyte number and decrease in pannus size 
have been shown [ 4 ]. Following knee joint corticosteroid injections, patients show 
signifi cant improvement in pain, morning stiffness of the injected knee, and 
decreased circumference of the knee and improved range of motion and walking 
distance when assessed at 1 and 3 months with no benefi t with rest following 
injection [ 31 ]. 

 The failure of IAGC to modulate disease, however, has also been noted in a 
small study evaluating the effects of IAGC with MRI and US. Intra-articular 
glucocorticoid injection into the wrist failed to arrest bone marrow edema or 
progression of erosions in rheumatoid arthritis when assessed by MRI and ultra-
sound at 4 weeks post injection; however, the patients enjoyed a signifi cant clini-
cal response [ 32 ].  

3.3.2     Juvenile Idiopathic Arthritis (JIA) 

 Juvenile idiopathic arthritis is a heterogeneous group of disorders, and the use of 
intra-articular corticosteroids for treatment of joint infl ammation can provide sig-
nifi cant relief of pain and improved overall function in regard to walking velocity, 
joint movement, and gait pattern [ 33 ]. Patients who receive intra-articular cortico-
steroids as the primary therapy for oligoarticular JIA were less likely to experience 
localized growth disturbances versus NSAIDs alone [ 34 ]. Total remission has been 
shown in greater than 80 % of patients with a mean duration of nearly 15 months 
in patients with knee involvement [ 35 ]. Sustained remission has been found in 
patients with higher ESR and earlier treatment interventions. Shorter duration of 
effi cacy has been found in patients with higher synovial fl uid PMN% and + ANA 
status [ 36 ]. Unlike adult rheumatoid arthritis, there is evidence to support knee rest 
following intra-articular corticosteroid injections. MRI has shown long-lasting 
suppression of infl ammation and pannus without evidence of cartilage destruction. 
Concern exists regarding the impact on growth in children exposed to corticoste-
roids, but there is currently no evidence to support any effect on statural growth 
with IAGC injections [ 37 ]. 

 Multiple published reports have shown increased duration of effi cacy with the 
use of less soluble corticosteroid preparations. The less soluble triamcinolone hex-
acetonide (THA) has shown to have superior effi cacy to more soluble depot prepa-
rations, betamethasone and triamcinolone acetonide; however, increased rates of 
cutaneous/subcutaneous atrophy occurred with the less soluble depot formulation, 
THA, and ranged from 2.3 to 8.3 % [ 34 ,  38 ].  
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3.3.3     Spondyloarthropathy 

 Infl ammatory back pain and sacroiliitis are major clinical features of a heterogeneous 
group of infl ammatory disorders: seronegative spondyloarthropathy.    Conventional 
treatments which include nonsteroidal anti-infl ammatory drugs (NSAIDs) and dis-
ease-modifying antirheumatic drugs (DMARDs) are not completely effective. 3 
NSAIDs and physiotherapy have been shown to be only partially effective as noted in 
a 1992 analysis in patients with ankylosing spondylitis [ 39 ]. In more recent studies, 
antitumor necrosis factor-α (TNF-α) agents have shown signifi cant and sustained 
improvements in symptoms [ 40 ]. Many studies have shown effi cacy with the use of 
intra-articular glucocorticoid treatments into the sacroiliac joint in the treatment of 
spondyloarthropathies. In one published review of 30 patients receiving CT-guided 
IACI at the sacroiliac joint using 40 mg of triamcinolone acetonide, 83 % had a sig-
nifi cant reduction in back pain symptoms lasting greater than 8 months. Magnetic 
resonance imaging was completed to evaluate for infl ammation and showed a mean 
duration of signifi cant improvement of infl ammation lasting 5.2 months [ 41 ]. In a 
meta-analysis, 58–90 % of patients showed greater than 6-month improvement of 
sacroiliitis following intra-articular corticosteroid injections [ 4 ]. Prevention of dis-
ease-related joint damage regardless of mode of therapy remains to be shown [ 42 ].  

3.3.4     Crystalline Arthropathy 

 Crystalline arthropathies to include gout and pseudogout are infl ammatory disor-
ders characterized by the deposition of crystals in synovial fl uid and other tissues 
resulting in exquisitely painful, infl ammatory arthritis affecting one or more joints. 
Although the safety and effi cacy of glucocorticoids has been established in other 
infl ammatory arthropathies, there is little or no published evidence to support their 
safety and effi cacy in this setting as noted in a 2013 systematic review [ 43 ]. Despite 
this lack of published evidence to establish effi cacy, the use of intra-articular corti-
costeroid injections for acute gout remains an established therapeutic intervention 
and is deemed highly effective [ 44 ] (Table  3.5 ).

   Table 3.5    Clinical effi cacy following intra-articular injections [ 4 ,  44 ,  49 ]   

 Rheumatoid arthritis 

   Knee  Improved pain and ROM for 1–3 months 

   Wrist  Improved tender joint score for 4 weeks 

 Juvenile idiopathic arthritis 

   Knee  Remission in pauciarticular for >6 months 

 Seronegative spondyloarthritis 

   Sacroiliac  Subjective improvements lasting up to 10 months 

 Crystalline arthritis (gout) 

   Knee  Resolution of symptoms at 48 h with single 
injection 
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3.3.5        Musculoskeletal Ultrasound 

 Using physical exam techniques by palpating the surface anatomy, skilled orthope-
dic surgeons and rheumatologist have shown poor accuracy on proper needle place-
ment for intra-articular corticosteroid treatments. Unintended non-intra-articular 
injection rates are as high as 50–60 % [ 45 – 47 ]. In contrast, sonographic image 
guidance has shown to improve accuracy with proper positioning of the needle in up 
to 96–100 % accuracy [ 47 ,  48 ]. Integration of image-guided procedures into clinical 
practice, however, has been slowed due to the limited evidence supporting improved 
outcomes using sonography relative to palpation techniques.    In a more recently 
published review, 148 patients were randomized to IA triamcinolone acetonide 
injection by conventional palpation – versus sonographic image – guided technique. 
Relative to conventional palpation technique, sonographic needle guidance resulted 
in 43 % reduction in procedural pain, 58.5 % reduction in absolute pain scores at 
2-week follow-up, 25 % increase in the responder rate, and 62 % decrease in the 
nonresponder rate.    Sonography also increased the detection of effusion by 200 % 
and resulted in the increased volume of aspirated fl uid by 337 % [ 47 ].   

    Conclusion 
 Intra-articular glucocorticoid injections have been used enthusiastically and suc-
cessfully since 1951, but much remains to be understood regarding their optimal 
use in clinical practice. A large body of clinical trial data supports the effi cacy of 
intra- articular corticosteroid injections. Used appropriately, injectable cortico-
steroids can improve pain and allow patients to regain mobility, but wide vari-
ability exists in their effi cacy in any given disease state. IAGCs are generally safe 
with rare occurrences of serious adverse events such as infection or avascular 
necrosis. Despite their long history of use, questions remain concerning the com-
parative effectiveness and safety of different preparations in various conditions. 
Factors affecting the durability of treatment effects are also incompletely under-
stood, and a better understanding may lead to more effective therapeutic agents 
in the future [ 3 ].     
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      NSAIDs 

             Wolfgang     W.     Bolten    

4.1            Nonsteroidal Anti-inflammatory Drugs 

4.1.1     Efficacy and Tolerability 

 Nonsteroidal anti-infl ammatory drugs (NSAIDs) are the most favorite drugs for the 
treatment of somatoform pain in osteoarthritis, rheumatoid arthritis, psoriatic 
arthritis, or pain associated with other arthritides from unknown origin, as well as 
peripheral and axial spondyloarthritides. Thus, NSAIDs cover the entire area of the 
treatment of infl ammatory pain in musculoskeletal disorders [ 1 ]. Regarding their 
effectiveness NSAIDs surpass other analgesics including opioids. Comparing the 
mean effi cacy of different NSAIDs, no relevant differences can be found if the 
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approved maximum daily dose is used for each NSAID. However, from the 
 perspective of an individual patient, the effectiveness of different NSAIDs differs 
widely. Thus, the change to a different NSAID in case of insuffi cient pain relief 
still may reach the therapeutic goal. 

 Because of the frequent use of NSAIDs, their spectrum of side effects is well 
known. Among </=65-year old and otherwise healthy patients with rheumatic pain, 
clinically relevant side effects belong to the rare events. Thus, prophylactic thera-
peutic interventions or routine monitoring for prevention of serious adverse effects 
in this patient group is not necessary, and therapy costs remain to be low. 

 However in about 15 % up to 40 % of patients, the NSAID therapy interferes with 
heartburn, dyspeptic complaints, nausea, or abdominal pain without any endoscopi-
cally proven severe gastrointestinal lesions. Proton pump inhibitors are recom-
mended for the treatment of dyspeptic complaints. Changing the NSAID may also be 
a good choice in this clinical setting. Regardless of the symptomatic effi cacy of the 
therapy, 10 % of patients with GI complaints discontinue the NSAID treatment.  

4.1.2     Increased Intolerance in Patients at Risk 

 Common patients suffering from painful musculoskeletal disease, particularly from 
arthrosis of the large joints, are older patients >65 years in daily clinical practice. 
The average effectiveness of NSAIDs is also satisfying. But with increasing age, the 
rate of clinically signifi cant side effects rises. Among the most serious adverse 
events, gastrointestinal mucosal defects, impairment of renal function, and – more 
frequently analyzed in the last few years – cardiovascular damage dominate the 
scientifi c discussion. In addition to the higher age, other risk factors emerged from 
postmarketing clinical trials. If individual risk profi les are considered, appropriate 
preventive measures can be done to monitor and improve the safety of the patient.  

4.1.3     Gastrointestinal Side Effects 

 Important and meaningful risk indicators for increased gastrointestinal (GI) risk are 
GI diseases (e.g., history of a GI ulcer), higher age (>60–65 years old), severe con-
comitant diseases, and comedication with glucocorticoids, anticoagulants, or anti-
depressants from the type of selective serotonin/serotonin noradrenalin reuptake 
inhibitors (SSRI/SSNRI) which emerged [ 2 ]. Important GI risk indicators are listed 
in Table  4.1 . Helicobacter pylori infection increases the risk of ulcer regardless of 
the therapy with traditional NSAIDs [ 3 ]. Similarly, nicotine and alcohol consump-
tion act as independent risk factors and affect the GI tract regardless of the NSAID 
therapy.

   Upper gastrointestinal ulceration, bleeding, and perforation are the most frequent 
serious, life-threatening NSAID side effects. They occur in 1–2 % of patients under 
long-term treatment with traditional NSAIDs, in about half of the cases without any 
preceding clinical alarming symptoms. Under regular intake of NSAID, the GI risk 
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increases by a factor 2–4. The mortality rate is 10–15 %. Of 1,200 patients treated 
with traditional NSAIDs for more than 2 months, one dies due to the associated GI 
complications [ 4 ]. 

 The lower GI tract is less well studied. Occult chronic bleeding in the small 
intestine or colon is lately recognized by worsening of an anemia [ 5 ]. In patients 
with infl ammatory bowel diseases (e.g., Crohn, ulcerative colitis), an exacerbation 
threatens during treatment with traditional NSAIDs. 

 GI risk remains unchanged during the entire course of the NSAID therapy [ 6 ]. 
They will not occur during discontinuations of therapy and not after cessation of 
NSAID treatment [ 7 ,  8 ]. However, there are no meaningful data from studies with 
an observation period longer than 1 year [ 6 ].  

4.1.4     Cardiovascular Side Effects 

 Vascular events such as myocardial infarction, stroke, or fatal cardiovascular com-
plications occur about three times more often in patients with NSAIDs than in 
patients without NSAID medication. This signifi cant increase was statistically 
proven in large clinical trials and meta-analyses for coxibs and diclofenac. An 
increase of the coronary risk could be shown for higher-dosed ibuprofen (1,200 mg/
day) (RR 2.22;  p  = 0.0253). A similar high cardiovascular (CV) risk can be assumed 
for other less-investigated NSAIDs. High-dosed naproxen as an exception behaves 
neutral in terms of CV risk (RR 0.93). Low-dose ibuprofen does not increase the 
thromboembolic CV event rates. With all NSAIDs the risk of severe heart failure is 
doubled [ 6 ]. Increase in blood pressure is more common in patients taking etori-
coxib than others taking naproxen or ibuprofen. In several observational studies, 
rofecoxib, celecoxib, and diclofenac dose dependently increased the risk of vascular 
adverse drug reactions by 20–30 % [ 6 ,  9 ]. One year of NSAID treatment with 1,000 
patients at moderate CV risk results in three additional clinically relevant CV events 
including one fatal event [ 6 ,  7 ]. 

 The common CV risk factors (e.g., hypertension, diabetes mellitus, hyperlipid-
emia, smoking, a history of CV disease such as coronary heart disease or 

   Table 4.1    Gastrointestinal risk indicators   

 High NSAID dose 

 Age (60 to) 65 years of age or older 

 History of gastroduodenal ulcer, GI bleeding, or gastrointestinal perforation 

 Adjuvant treatment with anticoagulants, platelet aggregation inhibitors, glucocorticoids, or 
antidepressants (SSRIS and SSNRI a ) 

 Severe comorbidity, such as cardiovascular disease, heart failure, liver or kidney functional 
impairment (including dehydration), diabetes mellitus, hypertension 

 Long-term needs of a NSAID therapy (e.g., spondyloarthritis, rheumatoid arthritis, or 
osteoarthritis or chronic low-back pain in patients over 45 years) 

   a Selective serotonin/serotonin noradrenalin reuptake inhibitors  
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myocardial infarction, positive family history with CV disease in ≤50-year-old 
patients) also apply to NSAID patients as predictors of increased CV risk; also the 
average risk increases with the NSAID dose and the duration of treatment [ 10 ]. But 
even without a corresponding risk factor, the rate of NSAID-associated CV side 
effects is slightly increased [ 6 ,  11 – 13 ]. Especially the risk of severe heart failure 
under any NSAID therapy is doubled independently of the platelet function [ 6 ]. 
Other studies have found an increased risk of stroke. However, the data in this area 
are not suffi cient for a fi nal assessment. Even after many years of NSAID treatment, 
an adaption of risk cannot be observed. After cessation of NSAIDs, the individual 
risk quickly disappears [ 10 ]. 

 The FDA alerts of an increased CV risk in any NSAID therapy. In patients with 
coronary heart disease or congestive heart failure (NYHA grade ≥2) or history of 
stroke, the EMA declares the coxibs and diclofenac as contraindicated. With any 
NSAID therapy in patients at CV risk, the EMA urges caution [ 14 ]. 

 CV and GI risks often are increased at the same time, especially in elderly 
patients. In patients with moderate combined CV and GI risks, vascular or gastroin-
testinal complications are expected to occur in 4–19 % [ 7 ] after a 10-year high-dose 
NSAID therapy.  

4.1.5     The Renovascular Risk 

 Several physiological products of the COX enzymes are signifi cantly involved 
in the regulation of renal function. NSAIDs interfere with the COX-1- and 
COX-2- dependent renal tissue level of prostaglandins. During the fi rst 30 days 
of NSAID treatment, elderly patients (>65 years) have a signifi cantly increased 
risk of acute renal failure (RR: 2.05. [ 15 ]), and a NSAID therapy lowers the 
glomerular fi ltration rate in patients with chronic kidney disease [ 16 ]. The risk 
of hypertension is increased [ 17 – 20 ]. In damaged kidneys water retention and 
edema are common events. 

 Other manifestations of diseases and serious side effects (liver, skin, etc.) are 
possible but occur rarely.  

4.1.6     Mechanism of Action 

 All NSAIDs inhibit the enzyme cyclooxygenase (COX) which interferes with the 
paracrine synthesis of prostaglandins (PGs) [ 21 ]. Prostaglandins regulate specifi c 
physiological processes via two different COX enzymes, dependent on the tissue 
location. COX-2 is induced in injured tissues. This isoenzyme synthesizes PGs, 
which locally induce infl ammatory processes and mediate pain. 

 In other tissues, prostaglandins are synthesized continuously. This is especially 
important in the GI tract whose mucosa constantly expresses COX-1 and produces 
PGs to protect the tissue against low pH levels. Traditional NSAIDs (tNSAIDs) 
inhibit both isoenzymes of cyclooxygenases. Desired effects (pain relief through 
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inhibition of COX-2-specifi c PG synthesis), as well as adverse effects (mucosa 
lesions due to elimination of the COX-1-mediated protective PGs), are attributed to 
the same principle, the inhibition of the synthesis of PGs. Individual effect and side- 
effect differences result from differences in organ tissue and metabolic reactions. 

 In therapeutic doses, selective COX-2 inhibitors (coxibs) virtually do not react 
with the COX-1, and therefore the gastrointestinal toxicity of coxibs is less than that 
of tNSAIDs [ 22 ]. 

 NSAIDs usually are administered orally and are absorbed in the intestine. Thus, 
their effect is systemically mediated. This is true for the infl amed articular tissue as 
well as for the gastrointestinal tract. Some NSAIDs undergo an enterohepatic cycle 
and pass multiple times through the small intestine. In this case an additional local 
potential of harm could be added to the systemic toxicity. 

 Parenteral routes of administration have no advantage related to the gastrointes-
tinal potential danger but bear greater local risks. Thus, this kind of application 
should be avoided. Suppositories have a longer residence time in the rectum, and 
therefore, local toxic effects cannot be ruled out. On the other hand, they are fre-
quently eliminated in advance via naturalis, or they are insuffi ciently absorbed. That 
is why suppositories do not provide benefi ts in clinical trials, and therefore they are 
not recommended for pain therapy [ 23 ,  24 ]. 

 Topical NSAIDs – containing ointments, gels, solutions, or patches, applied on 
the intact skin – alleviate musculoskeletal pain better than placebo [ 25 ] and are not 
inferior compared to oral NSAIDs therapy [ 25 – 27 ]. Their mode of action is unclear. 
Thus, topical NSAIDs can be used tentatively as low-risk NSAID preparation.  

4.1.7     Prophylactic Aspects 

 The risk of GI complications can be reduced by 50 % if a coxib instead of a tNSAID 
is used. An equally effective approach is to use a proton pump inhibitor (PPI) or 
misoprostol accompanying the intake of a NSAID. The PPI protects the gastroduo-
denal part of the GI tract but not the lower GI tract; misoprostol in turn has a higher 
potential for adverse GI symptoms. In high-risk patients where NSAID therapy is 
planned to be resumed despite an occurred GI complication, a treatment strategy 
with a coxib in combination with a PPI is recommended, thus avoiding recurrence 
of ulcers. 

 Naproxen should be the fi rst choice in patients with higher CV risk requiring 
high doses of NSAID because of its CV-neutral action. Patients with increased GI 
and CV risks at the same time should also use naproxen (to cover low NSAID need 
instead of naproxen, low-dose ibuprofen is recommended) in combination with 
PPI. In case of a comedication with low-dose aspirin, one has to consider that the 
cardioprotective effect of aspirin can be limited via interaction with tNSAID par-
ticularly ibuprofen competing at the COX-1 receptor. 

 Patients with mild-to-moderate renal impairment (GFR 30–60 ml/min) and 
urgent NSAID demand should be treated with reduced NSAID dose, and periodical 
test of renal function is recommended. NSAID therapy is no longer recommended 
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below a GFR of 30 ml/min. In any case the NSAID dose has to be chosen as low as 
reasonably practicable, and the benefi ts of additional physical treatment have to be 
exhausted. 

 If NSAID therapy is not effective or contraindicated, other pharmacological 
approaches (glucocorticoids, analgesics) have to be considered. Patients with mono- 
or oligoarthritis without permanent pain relief despite exhausted pharmacological 
therapy potentially benefi t from surgical or radiation synovectomy.      
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      Synovectomy of Rheumatoid Joints 

                Josef     Zacher    

5.1            Introduction 

 Rheumatoid arthritis (RA) like similar other infl ammatory joint diseases is an auto-
immune disease targeting also the synovial lining of all joints. Synovitis and pannus 
formation may actively destruct articular cartilage and subchondral bone if untreated 
(Fig.  5.1 ). During the last three decades, the development of new medical treatments 
especially the so-called biologicals alone or in combination with standard disease- 
modifying antirheumatic drugs made enormous progress in controlling the infl am-
matory and destructive process. Despite this there are still patients with chronic 
synovitis of their joints and progression of destruction.  

 Surgical removal of all macroscopic detectable infl amed synovial tissue – syno-
vectomy – is an established method of treatment for longer-lasting synovitis for 
rheumatoid patients complaining of joint swelling, tenderness, and pain despite 
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regular medical therapy for 6 months. The exact timing for surgical intervention 
should be the result of an interdisciplinary discussion between internal and orthope-
dic rheumatologist. 

 Synovitis in osteoarthritis in contrast to rheumatic diseases is a cytokine- 
dependent reaction to detritus originating from cartilage breakdown. The rationale 
to remove synovitis by surgical means does not work in osteoarthritis because the 
underlying disease is the problem of cartilage breakdown which is not addressed by 
synovectomy. Synovectomy in osteoarthritic conditions has shown little short- 
lasting benefi t and overall disappointing clinical outcomes and therefore is not rec-
ommended in recent guidelines. 

 Early synovectomy is performed in radiological Larsen stages 0-II, late synovec-
tomy in Larsen stages III-IV (Table  5.1 ). It is thought that an early synovectomy 

  Fig. 5.1    Synovitis and pannus growing over the articular cartilage at the lateral femur condyle in 
a patient with rheumatoid arthritis of the knee       

   Table 5.1    Larsen’s grading system for RA   

 Grade  Defi nition 

 0  Normal 

 1  Soft tissue swelling, slight joint space narrowing (<25 % of the original 
joint space), periarticular osteoporosis 

 2  Defi nite early abnormality, one or several small erosions 

 3  Medium destructive abnormality, marked erosions 

 4  Severe destructive abnormality, large erosions 

 5  Gross deformity, the bony outlines of the joint have disappeared 
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may prevent further joint destruction but clinical trials of high quality to prove this 
are lacking. Late synovectomies have the goal to decrease pain and improve 
function.

   At present there are no comparative clinical data for a staged algorithm if syno-
vectomy or radiosynoviorthesis should be performed fi rst or which intervention is 
superior to the other. RSO may be preferred as it is less invasive needing no sys-
temic anesthesia. RSO can be repeated and has the possibility of open surgery if 
being not successful. On the other hand there are hints that synovectomy closely 
followed by RSO may lead to better outcomes in knee synovectomy. Further con-
trolled trials are needed. 

 As a result of the tremendous progress in medical treatment, the need for surgical 
interventions in arthritic joints declined over the last three decades in many coun-
tries. Especially the numbers of synovectomy dropped steadily also in Germany 
from a reported 5.6 % of rheumatoid patients in 1993 to 3.5 % in 2000 to 0.3 % 
in 2008 [ 1 ].  

5.2     Synovectomy of the Knee 

 As synovectomies of the knee are the most common interventions, there are more 
data about results of treatment available than in other joints. 

 Synovectomy of the knee may be performed as an arthroscopic or open surgery. 
Arthroscopic synovectomy is mostly performed in early Larsen stages and demon-
strated its effectivity in a multicenter trial of 93 knee joints in 81 patients with early 
forms of rheumatoid arthritis at a follow-up time of 33 months [ 2 ]. The Lysholm score 
(an established knee score relating to pain, swelling, instability, and functional out-
come: 0–100 points) increased from 43.2 points preoperatively to 78.1 points. The 
Insall knee and functional score (an established knee score especially for use in knee 
joint replacement relating to pain and range of motion, 100 points, and additionally to 
knee function, 100 points) showed a highly signifi cant increase of 25.7 and 25.2 
points to 71.2 and 80.2 points, respectively. Among the individual variables investi-
gated, pain, swelling, and walking distance in particular were improved. Larsen stages 
worsened slightly from 1.57 preoperatively to 1.95 at follow-up. 

 Even in advanced Larsen stages, open synovectomy of the knee demonstrated 
over a period of more than 10 years (10.1; range 6.4–12.7) a long-lasting improve-
ment of function [ 3 ]. Despite reasonable functional results radiographic progression 
of disease was observed (Larsen stage 2.2–3.7). The need for joint replacement in 
nearly three-quarters of the patients could be delayed for more than 10 years. 

 A recent meta-analysis [ 4 ] analyzed all published synovectomy trials to fi nd out 
whether open or arthroscopic surgery leads to better results. Arthroscopic and open 
synovectomy provided similar pain relief (Fig.  5.2a ) at last follow-up for knees 
( p  = 0.16).  

 Arthroscopic synovectomy was more likely than open synovectomy to lead to 
recurrence of synovitis at knees ( p  < 0.001) and to lead to radiographic progression 
(Fig.  5.2b ) for knees ( p  = 0.001). Open synovectomies were more likely to require 
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joint replacement or arthrodesis ( p  = 0.01) at last follow-up, but this may be infl u-
enced by an indication bias as the number of patients with advanced rheumatoid 
arthritis at time of intervention was nearly double as high in open synovectomy. 

 In the multicenter trial with a mean follow-up of 33 months [ 2 ], patients receiv-
ing additional radiation synovectomy showed a highly signifi cantly better result 
than those receiving synovectomy alone. In contrast to this fi nding, this positive 
effect does not seem to last over time as in a 14-year follow-up trial, it was found 
that after 5 years there was a steadily increase in worsening of joint destruction lead-
ing to joint replacement. Nearly half of the knees were converted to joint replace-
ment after 10 years and 60.4 % after 14 years. This observation challenges the 
long-term benefi t of the combined procedure.  

5.3     Synovectomy of the Hip 

 There have been disappointing results in cases of synovectomy of the hip joint in adults 
especially in late-stage cases. Therefore, it is not recommended as a standard procedure 
at time although clinical trials are lacking. It seems to be more promising to perform 
total joint replacement in advanced stages of rheumatoid hip involvement instead. 

 There are data in patients with juvenile arthritis showing that even in late stages 
of the disease (Larsen III and higher) open synovectomy combined with soft tissue 
procedures leads to an improvement in function [ 6 ]. Merle d’Aubigné hip score (an 
established hip score relating to pain, range of motion, and walking ability: 0–18 
points) signifi cantly improved from 9.5 ± 2.5 points at baseline to 16.3 ± 1.0 points 
at the time of follow-up ( p  < 0.001). The individual scores for pain, mobility, and 
walking ability were signifi cantly increased as well (all  p  < 0.001). Eighty-fi ve per-
cent of the 56 hips were observed to have a very great or great improvement in 
function. Osteonecrosis of the femoral head was not observed. Five hips required 
total hip arthroplasty during the follow-up period. Thus, the survival rate for the 
hips was 94 % at a mean of 4 years following the synovectomy.  
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  Fig. 5.2    Mean results after synovectomy of the knee. ( a ) Percentage of patients with pain relief. 
( b ) Percentage of patients with radiologic progression [ 4 ]       
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5.4     Synovectomy of the Ankle Joint 

 Open synovectomies in the ankle joint may still be the standard of care as in more 
than 90 % of the patients additional surgical procedures at tendons have to be per-
formed. Arthroscopic synovectomies may be performed in isolated ankle joint 
involvement. 

 An observation trial [ 7 ] showed a signifi cant, but clinically moderate, gain in the 
Kofoed ankle score (a score established for evaluation in ankle arthroplasty: 50 
points for pain, 20 for range of motion, and 30 for ankle function) from 42.4 to 55.9 
points ( p  = 0.042), which was mainly caused by pain reduction and gain of mobility, 
whereas a decline of function was detected. Pain (VAS) decreased from 7.6 to 3.3 
( p  < 0.001) and 81.5 % of the patients assessed the results of the synovectomy as 
good or very good. But as in other joints, progression of the Larsen grade was found 
in 62 % of the ankle joints.  

5.5     Synovectomy of the Shoulder 

 In the natural course of rheumatoid arthritis, the shoulder joint is affected in most of 
the patients. Synovitis not only leads to pain and lack of function of the glenohu-
meral joint but also destroys tendon structures (rotator cuff, long head of the biceps 
tendon) and causes subacromial bursitis. 

 There is only little evidence of outcome after open surgical interventions. But 
case series clearly showed pain relief in 80–100 % for at least 5–8 years despite 
some worsening in radiological Larsen score over time. 

 Arthroscopic synovectomy may be suitable in uncomplicated cases, but if 
any major tears of the rotator cuff have to be treated, a mini open access 
allows better visibility. Refixation of the rotator cuff to bone with suture 
anchors may be compromised by poor bone stock. Suture technique has to be 
adjusted [ 8 ]. 

 One case series [ 9 ] in patients with synovitis of the glenohumeral joint and 
no affection to the rotator cuff showed an improvement in pain at a mean follow-
up of 5.5 years in 13 of 16 patients ( P  < 0.001). The results regarding improve-
ments in range of motion were less predictable. Seven of eight shoulders 
followed-up radiographically for more than 1 year showed radiographic pro-
gression of disease.  

5.6     Synovectomy of the Elbow 

 About half of the rheumatoid patients have an involvement of the elbow joint after 
15 years of disease duration. Synovitis of the elbow early decreases the range of 
motion regarding supination/pronation and an extension lag occurs. In later stages 
also fl exion beyond 90° will be lost. 
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 Open surgery is well established and allows a very extensive completeness of 
synovectomy. Elbow arthroscopy is known as a technically challenging procedure 
and bears the potential risk of nerve injuries. 

 A recent meta-analysis [ 4 ] analyzed all published synovectomy trials to fi nd out 
whether open or arthroscopic surgery leads to better results. Arthroscopic and open 
synovectomy provided similar pain relief (Fig.  5.3a ) at last follow-up for elbows 
(79.4 ± 31.1 % vs. 80.0 ± 9.7 %;  p  = 1.00).  

 Arthroscopic synovectomy was more likely than open synovectomy to lead to 
recurrence of synovitis for elbows (21.9 ± 7.9 % vs. 9.3 ± 8.9 %;  p  = 0.03) and to lead 
to radiographic progression (Fig.  5.3b ) for elbows (65.6 ± 29.9 % vs. 27.7 ± 22.7 %; 
 p  < 0.001). Both interventions were equally likely to require subsequent arthroplasty 
in elbows ( p  = 0.91). 

 Similar results were observed in a case series of open and arthroscopic interven-
tions in Japan [ 10 ] and South Korea [ 11 ].  

5.7     Synovectomy of the Wrist 

 Wrist involvement is very common in rheumatoid arthritis: about 40 % during the 
fi rst 2 years up to 90 % in the long term [ 12 ]. During the natural course of the dis-
ease in most patients, there is not only an isolated involvement of the wrist, but also 
the tendons are affected by tenosynovitis. 

 Thus, the surgical intervention mostly cares for both: synovitis and tenosynovi-
tis. Results of case series up to 10 years after intervention showed an increased 
range of motion, improvement of pain and function at follow-up, but also a marked 
worsening of the radiological Larsen stage at the wrist. 

 Arthroscopic synovectomy is a well-accepted method in early stage rheumatoid 
arthritis (RA), but its use is controversial in advanced RA of the wrist [ 13 ]. The 
results of a small case series showed pain relief, improvement in function, but no 
improvement in range of motion or grip strength. 

 Overall early synovectomies at the rheumatoid wrist may delay further complex 
surgery as wrist arthrodesis or wrist arthroplasty.  
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  Fig. 5.3    Mean results after synovectomy of the elbow. ( a ) Percentage of patients with pain relief. 
( b ) Percentage of patients with radiologic progression [ 4 ]       
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5.8     Synovectomy of Finger Joints 

 Finger joints are typically involved at any stages in the course of rheumatoid arthri-
tis, especially all metacarpophalangeal (MCP) and the proximal interphalangeal 
(PIP) joints. Chronic synovitis at these joints not only leads to destruction of carti-
lage and bone but also to a distension of the capsule and a dealignment of tendons 
causing typical deformities like 90/90 deformity of the thumb MCP joint or bouton-
niere deformity of the PIP joints (Fig.  5.4 ).  

 If synovitis is accompanied by one of these deformities, open synovectomy is the 
standard of care to address the pathology of the synovium and the deformity of the 
tendons and capsule. There is only limited evidence about the outcome regarding 
pain, function, or radiological progress of the rheumatoid disease. 

 As arthroscopic instruments for small joints improved and surgical experience 
grows, also the small joint of the fi ngers were addressed by arthroscope for syno-
vectomy [ 14 ,  15 ]. Because the PIP joint space was not wide enough to insert the 
arthroscope into the palmar cavity, the palmar part of the articular surfaces and the 
volar synovium could not be inspected. 

 Short-term (12-month) results and patient satisfaction have been quoted excellent.  

5.9     Surgical Complications After Synovectomy 

 Little data from prospective trials are available about surgical complications of syn-
ovectomies in different joints. In one prospective study in 201 patients [ 16 ], compli-
cations after arthroscopic synovectomy of the knee included septic arthritis (0.5 %), 
superfi cial wound healing problems (2 %), and intraarticular hematoma (3.5 %). 
Complete recovery was achieved after complications were treated, and the result of 
the synovectomy was not compromised.     

  Fig. 5.4    Synovitis of PIP joint with synovial protrusion through the joint capsule and develop-
ment of boutonniere deformity       

 

5 Synovectomy of Rheumatoid Joints



78

   References 

          1.    Carl HD, Rech J. Large-joint synovectomy in the era of biological therapies. Z Rheumatol. 
2011;70(1):9–13.  

     2.    Klug S, Wittmann G, Weseloh G. Arthroscopic synovectomy of the knee joint in early cases of 
rheumatoid arthritis: follow-up results of a multicenter study. Arthroscopy. 2000;16(3):262–7.  

    3.    Jüsten HP, Pommer S, Leeb I, Pilhofer C, Kisslinger E, Wessinghage D. Long-term results of 
open knee synovectomy in later cases of rheumatoid arthritis. Z Rheumatol. 1999;58(4):201–6.  

       4.    Chalmers PN, Sherman SL, Raphael BS, Su EP. Rheumatoid synovectomy: does the surgical 
approach matter? Clin Orthop Relat Res. 2011;469(7):2062–71.  

   5.    Goetz M, Klug S, Gelse K, Swoboda B, Carl HD. Combined arthroscopic and radiation 
synovectomy of the knee joint in rheumatoid arthritis: 14-year follow-up. Arthroscopy. 
2011;27(1):52–9.  

    6.    Carl HD, Schraml A, Swoboda B, Hohenberger G. Synovectomy of the hip in patients with 
juvenile rheumatoid arthritis. J Bone Joint Surg Am. 2007;89(9):1986–92.  

    7.    Anders S, Schaumburger J, Kerl S, Schill S, Grifka J. Long-term results of synovectomy in the 
rheumatoid ankle joint. Z Rheumatol. 2007;66(7):595–602.  

    8.    Kiekenbeck A, Preis M, Salzmann G. Rheumatoid shoulder: does minimally invasive therapy 
make sense? Z Rheumatol. 2008;67(6):462–70.  

    9.    Smith AM, Sperling JW, O’Driscoll SW, Cofi eld RH. Arthroscopic shoulder synovectomy in 
patients with rheumatoid arthritis. Arthroscopy. 2006;22(1):50–6.  

    10.    Tanaka N, Sakahashi H, Hirose K, Ishima T, Ishii S. Arthroscopic and open synovectomy of 
the elbow in rheumatoid arthritis. J Bone Joint Surg Am. 2006;88(3):521–5.  

    11.    Kang HJ, Park MJ, Ahn JH, Lee SH. Arthroscopic synovectomy for the rheumatoid elbow. 
Arthroscopy. 2010;26(9):1195–202.  

    12.    Dinges H, Fürst M, Rüther H, Schill S. Operative differential therapy of rheumatic wrists. 
Z Rheumatol. 2007;66(5):388–94.  

    13.    Kim SJ, Jung KA. Arthroscopic synovectomy in rheumatoid arthritis of wrist. Clin Med Res. 
2007;5(4):244–50.  

    14.    Wei N, Delauter SK, Erlichman MS, Rozmaryn LM, Beard SJ, Henry DL. Arthroscopic syn-
ovectomy of the metacarpophalangeal joint in refractory rheumatoid arthritis: a technique. 
Arthroscopy. 1999;15(3):265–8.  

    15.    Sekiya I, Kobayashi M, Taneda Y, Matsui N. Arthroscopy of the proximal interphalangeal and 
metacarpophalangeal joints in rheumatoid arthritis. Arthroscopy. 2002;18(3):292–7.  

    16.    Kuzmanova SI, Atanassov AN, Andreev SA, Solakov PT. Minor and major complications of 
arthroscopic synovectomy of the knee joint performed by rheumatologist. Folia Med (Plovdiv). 
2003;45(3):55–9.    

J. Zacher



       

   Part II 

   Radiosynoviorthesis – Possible Side Effects 
and Complications 



81© Springer International Publishing Switzerland 2015
W.U. Kampen, M. Fischer (eds.), Local Treatment of Infl ammatory Joint 
Diseases: Benefi ts and Risks, DOI 10.1007/978-3-319-16949-1_6

        E.   Kresnik     
  Department of Nuclear Medicine ,  Private Hospital , 
  Dr. Walter Hochsteiner Strasse 4 ,  Villach   9504 ,  Austria   
 e-mail: kresnik@utanet.at  

  6      Radiosynovectomy: Introduction 
and Overview of the Literature 

             Ewald     Kresnik    

6.1                Introduction 

 Rheumatoid arthritis (RA) and local degenerative changes such as osteoarthritis 
(OA) are the most common reasons for synovitis that lead to chronic pain, swelling, 
destruction and dysfunction of the joints. 

 Systemic treatment including non-steroidal anti-infl ammatory drugs (NSAIDs) 
as well as disease- modifying antirheumatic drugs (DMARDs), like biologicals, 
glucocorticoids (GC) and intraarticular GC injections is performed to control 
synovitis. In case with persisting synovitis, further therapy options are necessary. 
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Studies have reported that surgical removal of the infl amed synovium can improve 
symptoms and function of the affected joints. However, due to insuffi cient removal 
of the infl amed synovial membrane in arthroscopic synovectomy, recurrence rate of 
synovitis was high [ 1 – 3 ]. 

 Radiosynovectomy, also known as radiosynoviorthesis or RSO, is an important 
alternative to surgical or chemical synovectomy for the treatment of rheumatoid 
arthritis. The use of this therapy method had increased in the last years and is cur-
rently performed in about 100,000 joints per year in Europe. 

 A wide list of indications for RSO is reported in the literature, but the clinical 
outcome differs and depends on the primary disease, the type of the affected joint 
and the pre-existing degenerative changes.  

6.2     Indications for Radiosynovectomy (RSO) 

 The indication for RSO is worked out in cooperation with the rheumatologists, 
orthopaedists and the nuclear medicine specialists. Only an expert in nuclear medi-
cine is permitted to perform radiosynovectomy and is also responsible for the 
therapy. 

 RSO is reasonable if infl ammation of the synovial membrane (synovitis) occurs. 
Therefore, before therapy diagnostic requirements such as arthrosonography and 
multiphase bone scintigraphy of the joints are mandatory to demonstrate synovitis 
(Fig.  6.1 ).  

 The main indications for RSO according to the European procedure guide-
lines for radiosynovectomy and with modifications to the German and Austrian 

  Fig. 6.1    A female patient, 72 years with rheumatoid arthritis of the hands. Before radiosynovec-
tomy, scintigraphy is performed to clearly localize the infl amed joints. Tc-99m methylene diphos-
phonate (Tc-99m MDP) bone scintigraphy shows a typical symmetrical increased tracer uptake in 
both wrists and small fi nger joints due to synovitis ( right image ). Also in the distal interphalangeal 
joints, synovitis can be seen. The localization is not typical for rheumatoid arthritis and is second-
ary caused by degenerative changes       
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guidelines [ 4 – 6 ] are persisting synovitis after a 4- to 6-month systemic 
 treatment in:

•    Rheumatoid Arthritis  
•   Seronegative spondyloarthropathy (e.g. reactive or psoriatic arthritis)  
•   Other infl ammatory joint diseases, e.g. Lyme disease and Behcet’s disease  
•   Undifferentiated arthritis (where the arthritis is characterized by synovitis, syno-

vial thickening or effusion)  
•   Persistent synovial effusion (e.g. after arthroscopic synovectomy)  
•   Persistent effusion after joint prosthesis  
•   Osteoarthritis (activated osteoarthrosis)  
•   Pigmented villonodular synovitis (PVNS)  
•   Haemophilic arthritis 
•  Contraindications  
•   Pregnancy  
•   Breast-feeding  
•   Local skin infection  
•   Acute rupture of popliteal cyst (Baker’s cyst of the knee) 
•  Relative Contraindications  
•   The radiopharmaceuticals should only be used in children and young patients 

(<20 years), if the benefi t of treatment is likely to outweigh the potential 
hazards.  

•   Extensive joint instability with bone destruction     

6.3     Radiopharmaceuticals 

 The radionuclides that are injected into the articular cavity are phagocytized by the 
synovial cells. The irradiation leads to fi brotic and sclerosing changes of the syno-
vial membrane and to an occlusion of the superfi cial capillaries. The infl ammation 
as well as the proliferative and destructive process is stopped. Clinically, the pain 
and effusion of the treated joints, as well as the mobility get improved [ 7 ,  8 ]. 

 In RSO β-emitting radionuclides are used. 
 Essential for the choice of the nuclides is the penetration depth of the emitted 

irradiation in correspondence to the thickness of the synovium and the nuclide’s 
half-life. The most often used and approved nuclides for RSO in Europe are:

   (Nuclide, half-life, mean/maximum penetration depth in tissue)
•    Yttrium-90 citrate (Y-90, 2.7 days, 3.6/11 mm) – used for large joints like the 

knee joints  
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•   Rhenium-186 sulphide (Re-186, 3.7 days, 1.2/3.7 mm) – used for medium- 
sized joints such as shoulder, elbow, wrist, hip and ankle  

•   Erbium-169 citrate (Er-169, 9.4 days, 0.3/1.0 mm) – used for small joints in the 
fi ngers and the toes, sterno- and acromioclavicular and temporomandibular       

 Furthermore, not so widespread used radionuclides for RSO are dysprosium-165 
ferric hydroxide, holmium-166 hydroxyapatite and samarium-153 hydroxyapatite [ 9 ].  

6.4     Radiosynovectomy in Rheumatoid Arthritis (RA) 

 The effectiveness of radiation synovectomy in rheumatoid arthritis was investigated 
by several authors. 

 In a meta- analysis 2,190 treated joints were evaluated [ 10 ]. There were 1,880 
joints with rheumatoid arthritis and 37 patients with seronegative arthritis including 
psoriatic arthritis, ankylosing spondylitis and Reiter’s disease. One hundred twenty- 
one had osteoarthritis. The period of observation was 1 year. The mean improve-
ment rate for rheumatoid arthritis was 66.7 ± 15.4 %. For osteoarthritis the success 
rate was 56 ± 11 %. The results were dependent on the pre-existing morphological 
changes according to the American Association’s staging criteria (Steinbrocker). 
The best results were achieved in patients without morphological changes. However, 
RSO in patients with changes according to Steinbrocker I was successful in 
72.8 ± 12.3 % and in 64 ± 17.3 % in Steinbrocker II. Even in joints staged with 
Steinbrocker III and IV had a success rate of 52.4 ± 23.6 %. 

 Based on the clinical outcome after RSO, three groups were defi ned where RSO 
was indicated. In case of deformed or unstable joints, there was no clinical response. 
Therefore, RSO was not indicated (Table  6.1 ).

   Most of the treated joints were large joints like knees (64 %). Medium-sized 
joints like shoulder, elbow, wrist, ankle and small fi nger joints were presented in 17 
and 19 %. 

 Several studies were performed to determine the clinical response in the different 
types of joints. 

6.4.1     Radiosynovectomy of Large Joints 

 Kampen et al. [ 11 ] reported in a summary of prospective studies in which 796 knee 
joints were treated using yttrium-90 colloid (Y-90) that the success rate ranged from 
50 to 100 %. The overall follow-up duration was 6–36 months. 

 Several authors also compared yttrium-90 colloid (Y-90) with the intraarticular 
injection of corticosteroids. It turned out that RSO was effective in 78 and 70 % of 
RA patients in whom corticosteroids were ineffective [ 12 ,  13 ]. 

 Furthermore, in a double-blind study by Urbanova et al. [ 14 ], the authors com-
pared Y-90 in combination with corticosteroids. Corticosteroids alone and the 
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combination with Y-90 colloid showed comparable effi cacy in reduction of pain and 
effusion for a short time. But in the long term (after 12 months), Y-90 colloid was 
superior. The improvement was seen with the variables of pain, functional disabil-
ity, joint tenderness and swelling. 

 Similar results were also found in a 6-year follow-up study by Grant et al. [ 15 ] 
in 21 patients with RA. After 6 years, 75 % of the patients that were treated ini-
tially with glucocorticoid (GC) needed other treatments (e.g. surgical synovec-
tomy, knee arthroplasty, Y-90 reinjection) versus 66 % of patients in the RSO 
group ( p  > 0.05). 

 In another study [ 16 ] the combination therapy was also investigated in 15 patients 
with chronic pyrophosphate arthropathy of the knee. They found that all outcome 
parameters were signifi cantly better for the combination of Y-90 and GC injection 
with regard to pain, stiffness, effusion, range of movement ( p  < 0.01) and joint cir-
cumference ( p  < 0.05). Therefore, the combination therapy was favoured in chronic 
pyrophosphate arthropathy. 

 It seems that the combination therapy is also the preferred therapy concept in 
clinical routine because, in a survey of radiation synovectomy in Europe, 60 % of 
the responders reported that they used corticosteroid co-injection with radiophar-
maceuticals. Rheumatoid arthritis was the most prevalent disease in patients treated. 

 Regarding steroids, triamcinolone hexacetonide was most frequently used due of 
its relatively long residence time in joints. 

 It was also suggested that corticosteroids reduces lymph node uptake of radiocol-
loids [ 17 ,  18 ].  

    Table 6.1    Groups for RSO [ 10 ]   

 Group 
 Clinical 
response rate  Disease 

 Pre-existing 
morphological changes 

 A (appropriate)  >80 %  Rheumatoid arthritis 
 Haemarthrosis in 
haemophilia 
 Haemarthrosis in 
Willebrand’s disease 
 Villonodular synovitis 

 No changes 

 B (acceptable)  60–80 %  Rheumatoid arthritis 
 Seronegative arthritis 
 Osteoarthritis 
 Repeating injection in 
previous responder 

 Steinbrocker I, II a  
 Minimal or moderate 

 C (helpful)  <60 %  Rheumatoid arthritis 
 Osteoarthritis 

 Steinbrocker III, IV a  
 Severe destruction 

 D (not indicated)  No response  Need for surgical 
interventions 
 Previous nonresponder 
 Deformed joints 
 Unstable joints 

   a Classifi cation according to the American Association’s staging criteria (Steinbrocker)  
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6.4.2     Surgical Synovectomy and Radiosynovectomy 

 Surgical synovectomy is well established in the local treatment of RA. 
 However, due to traumatization and insuffi cient removal of all pathological tis-

sue with minimal arthroscopic synovectomy, the recurrence rate was high and 
amounted to 30 % in a long-term follow-up [ 2 ,  3 ]. 

 Therefore, several authors reported the usefulness of the combination of 
arthroscopic subtotal synovectomy and radiosynovectomy. 

 In a recent study by Akmese et al. [ 19 ], the authors compared the combined 
arthroscopic synovectomy and RSO in the treatment of chronic non-specifi c syno-
vitis of the knee. They found that the limitation of motion and effusion was signifi -
cantly regressed. Also pain and synovial membrane thickness were signifi cantly 
reduced (82 and 54 %). Clinically and radiologically on MRI, there was no recur-
rence after 3 years. 

 Similar results were also found from other authors. Kerschbaumer et al. [ 20 ] 
reported about signifi cantly better long-term clinical results (8 years) in 141 knee 
joints that were treated with the combination therapy than patients that were treated 
with RSO alone. 

 Furthermore, in another study by Goetz et al. [ 21 ], 32 patients with RA of the 
knees were successfully treated with the combination therapy and also did not need 
any surgical re-intervention in 84, 44 and 34 % after 5, 10 and 14 years. Similar 
results were also found from other authors with better results for the combination 
therapy in the early stages of rheumatically swollen joints. Therefore, the authors 
suggested to perform the combined therapy for the treatment of early rheumatoid 
stages of the ankle joint. Additionally, open synovectomy should be preferred to 
arthroscopic synovectomy if tenosynovectomy is simultaneously required [ 22 ,  23 ]. 

 Regarding the time of RSO, it was suggested to perform RSO 6 weeks after sur-
gery, because after this time the postoperative edema had diminished and the surgical 
wound is almost closed to avoid any leakage of the injected radionuclide. Moreover, 
the postoperative infl ammatory changes were at the maximum at this time and the 
effi cacy of the anti-infl ammatory effect of the RSO was thus increased [ 19 ]. 

 Further studies are needed to establish this favourable therapy concept for the 
chronic non- specifi c synovitis in the long-term follow-up.  

6.4.3     Radiosynovectomy in Knee Endoprosthesis 

 Radiosynovectomy was also under investigation for treating recurrent joint effu-
sions after knee endoprosthesis. 

 First results about the usefulness of RSO in knee endoprosthesis were reported 
by Mödder et al. [ 24 ]. In their study 107 patients with chronic joint effusion due to 
“polyethylene disease” were treated with Y-90. In 93/107 (87 %) patients, joint 
effusion completely diminished after therapy. 

 In a recent study by Mayer-Wagner et al. [ 25 ], 55 patients with chronic joint effu-
sion after endoprosthetic knee replacement were treated with Y-90 colloid. 
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Signifi cant improvement in pain, effusion and function was seen in 54 %. Most of 
the patients in whom RSO treatment failed, complications like infection, loosening, 
allergy and trauma were detected. 

 In summary, RSO represents a valid therapeutic option in persistent effusion 
after joint prosthesis. However, in case of treatment failure, endoprosthetic compli-
cations should be excluded.  

6.4.4     Radiosynovectomy of Medium- and Small-Sized Joints 

 Rhenium-186 is used for the hip, shoulder, elbow, wrist, ankle and subtalar joint and 
erbium-169 for fi nger and toe joints, acromio-/sternoclavicular joints and temporo-
mandibular joints. 

 It was reported that the effi cacy of RSO for medium-sized joints in RA varies 
from 60 to 90 % (Fig.  6.2a, b ).  

 In two prospective studies by Göbel et al. [ 26 ,  27 ], the authors evaluated the 
effi cacy of rhenium-186 for medium-sized joints ( n  = 50) and erbium-169 for digital 
joints ( n  = 131) in patients with RA. The injection of rhenium-186 and erbium-169 
was combined with triamcinolonhexacetonid. The synovitis in the control groups 
was treated by the injection of cortisone alone. Follow-up time was 3 years. Pain, 
synovial swelling, joint motion and stage of radiological destruction (based on the 
staging by Larsen-Dale-Eek) were assessed. 

a b

  Fig. 6.2    ( a ) Arthrogram of the ankle joint during the RSO. The puncture needle can be seen on 
the left side. ( b ) Patient with rheumatoid arthritis was submitted for RSO of the right ankle joint. 
After the injection of 74 MBq rhenium-186, single-photon emission computed tomography 
(SPECT) is showing the distribution within the ankle joint ( arrow )       
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 Signifi cantly better clinical results were achieved in the group with combined 
injection of radionuclide and cortisone. The results of the small metacarpophalan-
geal joints (MCP) and the medium-sized joints were comparably good. However, 
proximal interphalangeal joints (PIP) responded less than other joints, which was 
explained by a leakage of the nuclide due to increased movement during manual 
activities. 

 Therefore, a suffi cient immobilization (up to 72 h) by using a fi nger splint is 
recommended to avoid leakage. However, according to the guidelines, if immobili-
zation of the treated joint cannot be ensured, hospitalization is mandatory. 

 In the study mentioned above, the progression in radiological joint destruction 
correlated also with the clinical results and was signifi cantly lower in comparison 
with the groups that were injected with cortisone alone. 

 The results are in concordance with other authors. In an international multicenter 
double-blind and placebo-controlled study on patients suffering from rheumatoid 
arthritis, 82 fi nger joints were investigated. After 6 months the results showed that 
pain and swelling signifi cantly decreased (95 % vs. 42 %) and mobility increased 
(64 % vs. 42 %) after RSO [ 28 ]. 

 In a similar study by van der Zant et al. [ 29 ], joints of the upper extremities were 
treated. The clinical effect was better when radionuclide plus cortisone was injected 
into the joints (69 %) than cortisone alone (29 %). Furthermore, there was no sig-
nifi cant difference in clinical outcome for patients with RA and with non-RA. It 
seems that the destruction process of the joints as well as the localization also has 
an infl uence on the clinical effect of joint motion and pain. 

 In a study by Kraft et al. [ 30 ], the authors found that pain was signifi cantly 
decreased after RSO, whereas the infl uence of joint motion was minimal. This was 
most likely due to the progressive destructive processes of the joints. Furthermore, 
the best results were observed for shoulders and elbows. Ankle joints responded 
worst. 

 Also other authors reported that the effect of RSO was higher for upper extremity 
than for lower extremity joints. It was supposed that this was due to mechanical 
forces in weight-bearing joints that could perpetuate the joint damage and recur-
rence of synovitis [ 12 ,  29 ,  31 ].   

6.5     Radiosynovectomy in Osteoarthritis 

 Osteoarthritis (OA), which is also known as degenerative joint disease, is caused by 
mechanical abnormalities leading to a secondary synovitis with cartilage and subchon-
dral bone destruction. Symptoms include joint pain, stiffness and sometimes joint effu-
sion. Most often the weight-bearing joints of the lower extremities are affected. In 
fi nger polyarthrosis the distal interphalangeal (DIP) joints and/or proximal interphalan-
geal joints (PIP) and/or the fi rst carpometacarpal (CMC) joints are involved. 

 RSO is indicated when synovitis occurs with pain and joint effusion. 
 In the literature the success rate ranges from 45 to 85 %. We also found in an own 

meta- analysis of 121 patients with OA that the mean success rate was 56 ± 11 %. 

E. Kresnik



89

The observation period was 1 year. Furthermore, it could be demonstrated that the 
improvement rate depended on pre-existing degenerative morphological changes. It 
turned out that the improvement rate was >80 % when there were no degenerative 
changes and 60–80 % in case of moderate changes (Fig.  6.3 ). However, the response 
rate decreased in cases of severe degenerative changes, but in clinical routine it was 
still classifi ed as “helpful” with a success rate <60 % (Table  6.1 ).  

 Similar results were also found from other authors. It was reported that in patients 
with OA of the knee, the overall success rate in pain was 86 % and knee fl exibility 
was improved in 65 %. Furthermore, the clinical improvement was inversely related 
to radiographic knee damage, patient’s age and duration of the disease [ 32 ,  33 ]. 

 Based on these results it seems that the therapy effect also depends on the under-
lying disease and the type of joint. 

 Zuderman et al. [ 34 ] reported that the success rate of RSO for the small-, 
medium- and large-sized joints were 89, 86 and 79 %. It was higher in RA (89 %) 
than in patients with OA (79 %). Furthermore, for the fi nger, ankle and wrist joints 
in RA, RSO was so promising that it should be preferred over the sole intraarticular 
corticoid injection. 

 Rau et al. [ 35 ] also found in a multicenter study that clinical outcome was signifi -
cantly better in large joints for OA, but the response rate was similar for small- and 
large-sized joints in patients with RA. 

 However, in a study by Kampen et al. [ 36 ], the authors found that the therapy was 
also highly effective in digital joint OA with local synovitis. The best results were 
obtained in the thumb base joints. All patients also reported an improvement in their 
manual activities. 

 We also performed a double-blind controlled prospective study on 22 patients 
with local synovitis in OA of the thumb base joints. The effect of erbium-169 in 

  Fig. 6.3    A female patient, 50 years with chronic synovitis in osteoarthritis. Before radiosynovec-
tomy, Tc-99m methylene diphosphonate (Tc-99m MDP) bone scintigraphy shows an increased 
tracer uptake in the early phase of scintigraphy of the right knee ( arrow  on the  left image ). Six 
months after radiosynovectomy, synovitis diminished and tracer uptake in Tc-99m MDP bone 
scintigraphy was signifi cantly reduced ( arrow  on the  right image )       
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combination with corticosteroids was compared to corticosteroid injection alone. 
The follow-up duration was 1 year. 

 It turned out that RSO in combination with steroids was signifi cantly effective 
regarding reduction of pain, infl ammation and improvement of the motion. 
Corticosteroids showed a signifi cant reduction of pain for a limited time up to 
6 weeks after injection, but after this time the pain worsened. There was also a dis-
ease progression in this group after 1 year [ 37 ].  

6.6     Radiosynovectomy in Haemophilic Patients 

 Haemophilia is a hereditary disorder which causes bleeding into joints. Repeated 
joint bleedings cause joint and cartilage destruction. RSO is indicated when chronic 
synovitis occurs in chronic haemorrhagic arthropathy. 

 Several studies reported that the frequency of bleeding is reduced after 
RSO. Therefore, also the factor usage is reduced. 

 In an own meta-analysis of 15 patients with Willebrand’s disease and 116 with 
haemophilia, a reduction of joint bleedings and factor usage after RSO was found in 
91 ± 4.3 % [ 10 ]. 

 This is in concordance with a recent study about haemophilic synovitis by 
Turkmen et al. [ 38 ]. The authors investigated 82 knee joints in a 10-year retrospec-
tive analysis. After 1, 3 and 5 years, there was no repeated bleeding in 89, 73 and 
63 %, respectively. In addition, RSO was effective independent of the type of joint 
and the degree of synovial hypertrophy. However, it was also reported that the more 
severe synovites and the knee joints reqiured more injections than the elbow or the 
ankle joints [ 39 ,  40 ]. 

 Kastersen et al. [ 41 ] also reported a reduction of the frequency of joint bleed-
ing after RSO in 94 % during the fi rst year. Patients with minor or no radiologi-
cal changes of the joints showed the best results. This is in concordance with 
other authors of more than 250 treated joints. Furthermore,RSO turned out to 
be safe and highly cost effective in comparison to surgical synovectomy 
and should be performed early before the appearance of articular cartilage dam-
age [ 42 – 44 ].  

    Conclusion 
 Radiosynovectomy (RSO) represents an effective therapy method in the treat-
ment regime of infl ammatory joint diseases. Several indications for RSO accord-
ing to the guidelines are reported in the literature. 

 RSO is appropriate in the treatment of rheumatic arthritis and haemophilic 
arthropathy with a high clinical response rate. RSO also provides acceptable 
clinical results in patients with osteoarthritis according to the degenerative 
changes. 

 Large- as well as medium- and small-sized joints are suitable for RSO. 
 The co-injection of glucocorticoids and radiation synovectomy provide favour-

able clinical results and is therefore most often performed in clinical routine. 
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 In case of arthroscopic synovectomy, the combination with RSO provides 
signifi cantly better clinical results than the surgical method alone. 

 Therefore, close cooperation with the rheumatologists and orthopaedists is 
necessary to consider RSO in each patient to ensure optimal medical care.     
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7Dosimetry and Radiation Exposure 
of Patients

Michael Lassmann

7.1	 �Introduction

Radiosynoviorthesis is a local radionuclide therapy of inflamed synovial mem-
branes involving either Y-90, Er-169, or Re-186. Although the radioactive substance 
is not supposed to leave the joint after the injection, it might leak to the adjacent 
lymph nodes and, subsequently, to the remainder of the body. Data on this leakage 
to regional lymph nodes is provided in various publications [1–5]. Furthermore, 
since faint uptake in the liver can be seen in some patients, it can be assumed that a 
fraction of the radioactively labeled colloids reach the blood circulation and are 
taken up by the reticuloendothelial system.
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The purpose of this chapter is to provide an assessment of leakage rates, absorbed 
and effective doses to the remainder of the body by leakage, by external irradiation 
from the joint itself, and absorbed doses to the neighboring lymph nodes.

Due to the low amount of activity injected and the physical properties of the 
radionuclides used, the exposure of relatives and the public by these patients is 
extremely low and can be neglected.

7.2	 �Leakage Rate After Injection

One of the major sources for radiation exposure of the patient is leakage of the 
radioactive compound from the joint to the adjacent lymph nodes or other organs 
and tissues. A number of authors reported data on leakage rates.

Gedik et al. [5] determined the leakage rate 48 h after administration of Y-90 or 
Re-186  in 35 patients with persisting synovitis. The mean leakage of 19 joints 
treated with Y-90-citrate was 3.2 % (maximum 13 %) and of 21 joints treated with 
Y-90-silicate 2.3 % (maximum 5 %). There was no statistically significant differ-
ence. In addition Gedik et al. [5] observed a mean leakage in 13 patients treated with 
Re-186-sulfide of 2.5 % (maximum 6 %). Turkmen et al. [6] published leakage data 
showing that the 50 % percentile of the leakage was 1.8 % and the 84.1 % percentile 
was 4.8 %. Turkmen et al. [7] determined leakage rates in 20 juvenile hemophilia 
patients by measuring the uptake with a gamma camera 48 h after injection. The 
authors observed, in 11 patients, a mean leakage of 0.2 % in lymph nodes and 4.7 % 
in the liver (maximum, 7.6 %).

Klett et al. [8] measured, for ten patients, the leakage 3 days after injection of 
50–60 MBq Re-186. Eight of the ten patients showed a mean leakage of 3.9 % 
(maximum, 23.4 %) to the axillary lymph nodes. Two patients showed uptake in the 
liver, one in the spleen.

Van der Zant et al. [4] reported on leakage of Er-169 and Re-186 in 31 patients 
with arthritis by bremsstrahlung scintigraphy. The mean leakage was 2.1  % for 
lymph nodes (Re-186, maximum 9.9 %), 0.11 % (Er-169, 1 case), and for liver/
spleen 0.5 % (maximum 6.8 %). Van der Zant et al. [9] also determined the leakage 
from the ankles about 24 h after the injection of 75 MBq Re-186 by imaging. The 
mean leakage to lymph nodes (2.4 ± 3 %) was higher than to the liver (0.8 ± 1.7 %).

Manil et al. determined the leakage rate from scintigraphic images with the iso-
tope Re-186 using a dual-head gamma camera [3]. Whole body and static images of 
the injection sites and lymph node chains were obtained. A measurable extra-
articular activity was only found in drainage lymph nodes and in the hepatosplenic 
area. The proportion of the whole body activity in lymph nodes was 4.5 % at 6 h, 
4.4 % at 24 h, and 6.0 % at day 7. For the hepatosplenic area, the corresponding 
results were 0.9 % at 6 h, 1.1 % at 24 h, and 2.1 % at day 7. Van der Zant et al. [9] 
observed the leakage from the ankles about 24 h after the injection of 75 MBq by 
Re-186 by imaging. The mean leakage to lymph nodes (2.4 ± 3 %) was higher than 
to the liver (0.8 ± 1.7 %). The maximal observed leakage to a single lymph node was 
4  % and to the liver 5.5  %. For 12 patients with hemophilia, Grmek et  al. [2] 

M. Lassmann



97

calculated leakage rates after the injection of Re-186 colloids. The author observed 
a mean leakage of 20 ± 10 % (maximum, 40 %). Four of the 12 patients showed 
uptake in lymph nodes. Overall, leakage rates up to 8 % have been observed.

7.3	 �Radiation Exposure of Healthy Organs

7.3.1	 �Generic Model

For calculating the absorbed doses, data on distribution of colloids were taken from 
the ICRP Publication 53 [10]. In this publication, slightly different data sets are 
provided for large colloids (diameter 100–1,000 nm) and for small colloids (diam-
eter <100 nm) for the conditions “normal liver.”

As suggested in the ICRP Publication 53, immediate uptake by the listed tissues is 
assumed. Furthermore, it is assumed that the biological half-life in the specified tis-
sues is long compared with the physical half-life of the radionuclide. Under the above 
assumptions, the residence time in an organ is determined by the physical half-life, the 
organ uptake, and the percentage of injected activity that leaks out of the joint:

	
Residence time per of leakage Organ uptake physical half life% / l= ×  nn /2 100( ) 	

With a half-life of the physical decay of Y-90, Er-169, and Re-186, the resulting 
residence times per % of leakage were calculated. With these residence times, the 
absorbed doses to healthy organs and tissues were calculated using software 
OLINDA/EXM [11]. Organ doses and effective doses as a function of the percentage 
of leakage are displayed in Table 7.1 for the isotopes under consideration.

7.3.2	 �Observed Absorbed Doses

According to data on Y-90 published by Klett et al. [12], the median absorbed doses 
to the liver and spleen were 62 and 62 mGy, respectively. Somewhat higher mean 
doses for the liver, spleen, and kidneys (265, 119, and 671 mGy) were reported by 
Gratz et al. [1]. The organ doses to the liver and spleen published by Klett et al. [12] 
are consistent with mean leakage to the blood system of about 2 %. While the spleen 
doses reported by Gratz et al. [1] are consistent with 2 % leakage, the liver doses are 
higher requiring 8 % leakage. The high kidney doses are not consistent with the 
model assumptions.

Reliable measurements of the whole body activity after administration of Er-169 
are not available as almost no direct radiation leaves the body. Manil et al. [3] mea-
sured the total blood activity after Er-169 therapy of finger joints in 11 patients and 
found less than 1 % of the administered activity in all but 1 patient with scinti-
graphic evidence of extra-articular injection. The effective dose was maximal for 
this patient and was estimated to be 0.045 mSv/MBq. For Er-169 Gratz et al. [1] 
estimated the radiation dose to the whole body to be 0.11 mGy/MBq.
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For Re-186 the effective dose, according to Manil et al. [3], calculated from the 
whole body dose due to gamma emission from injection point(s) and uptake foci, as 
well as from organ doses due to blood activity, was 380 μSv/MBq. According to 
Manil et al. [3], the radiation dose to the blood ranged between 0.07 and 0.88 mGy/
MBq (mean value: 0.34 mGy/MBq). Gratz et al. [1] determined the doses to the 
hands and other organs by gamma imaging. The authors evaluated whole body and 
organ time-activity curves using conjugate views to generate residence times. In the 
23 cases injected with 74 MBq Re-186 for the ankles (n = 7), elbows (n = 3), and 
wrists (n = 4) and 111 MBq for shoulders (n = 8) and hips (n = 1)], the mean absorbed 
doses to the whole body, liver, spleen, and kidneys were 53 ± 27 mGy, 100 ± 81 mGy, 
203 ± 228 mGy, and 94 ± 113 mGy, respectively. Van der Zant et al. [9] observed an 
absorbed dose to the liver of 7.5 mGy. Manil et al. [3] and van der Zant et al. [9] 
have published data of Re-186 uptakes in the hepatosplenic area which are consis-
tent with leakage to the blood system of about 1–2 %. The corresponding values for 
the mean whole body dose and the organ doses published by Gratz et al. [1] are 
much higher requiring 50 % leakage or even more.

7.4	 �Radiation Dose from Penetrating Radiation 
from the Joint

The mean synovial thickness in joints treated with Y-90 is 6.8 mm [1]. The energy 
loss of the beta radiation (Emax = 2.27 MeV, range 10 mm in water) is expected to be 
mainly in the synovia and the production of bremsstrahlung will be similar to that 
in water. An experimentally verified calculation of the radiation dose from brems-
strahlung of Y-90 has been published by Stabin et al. [13]. Production of brems-
strahlung is proportional to the square of the beta energy. The doses in 5, 10, 20, and 
30 cm distance are 0.056, 0.011, 0.0015, and 0.0004 mGy/MBq, respectively.

The dose to organs and gonads from the bremsstrahlung from 200 MBq Y-90 in 
the knee is less than 0.1 mSv. The gonad dose per % of leakage into the inguinal 
lymph nodes can be estimated to be less than 0.1 mSv for males and approximately 
0.02  mSv for females. The dose from bremsstrahlung from the inguinal lymph 
nodes to other organs is negligible.

The γ-dose rate constant for the penetrating radiation of Re-186 is 2.4 μSv × m2/h/
GBq. With an attenuation coefficient (energy absorption coefficient) of 0.03/cm the 
doses in 10, 15, and 30 cm distance are calculated to 0.023, 0.009, and 0.001 mGy/
MBq, respectively. The expected radiation dose to the gonads (mean distance 
10–15  cm) from a therapy of a hip with 150  MBq Re-186 is between 1.4 and 
3.5 mSv. The gonad dose from therapies of other joints with less activity will not 
exceed 0.1 mSv.

The mean synovial thickness in joints treated with Er-169 is 2.4 mm [1]. The 
beta radiation (Emax = 0.35 MeV, range 1 mm in water) is expected to be stopped in 
the synovia and the production of bremsstrahlung will be similar to that in water. 
Production of bremsstrahlung is proportional to the square of the beta energy. 
Taking into account the square of the ratio of the mean beta energies and differences 
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in emission probabilities (EP) and residence times (RT) and neglecting differences 
in the energy absorption coefficient which are expected to be small, the dose per 
MBq administered is expected to be

	
D D E EEr-169 Y-90 Er-169 Y-90

2

Er-169 Y-90 Er-169= / RT / RT EP / EP×( ) × × YY-90 Y-90= 0.04×D 	

With DY-90 taken from [13], the dose from Er-169 bremsstrahlung in 10 cm distance 
is 4 × 10−4 mGy/MBq and, therefore, negligible.

The mean synovial thickness in joints treated with Re-186 is 3.7 mm [1]. The 
beta radiation (Emax = 1.05 MeV, range 4 mm in water) is expected to be stopped in 
the synovia and the production of bremsstrahlung will be similar to that in water. 
Taking into account the square of the ratio of the mean beta energies and differences 
in emission probabilities (EP) and residence times (RT) and neglecting differences 
in the energy absorption coefficient which are expected to be small, the dose per 
MBq administered is expected to be

	
D D E ERe-186 Y-90 Re-186 Y-90

2

Re-186 Y-90 Re-186= / RT / RT EP / EP×( ) × × YY-90 Y-90= 0.2×D 	

With DY-90 taken from Stabin et al. [13], the absorbed doses from bremsstrahlung 
from Re-186 in 10, 15, and 30 cm distance are 0.002, 0.0006, and 0.0001 mGy/
MBq, respectively. The absorbed dose from the bremsstrahlung is an order of mag-
nitude below the dose from the γ-radiation, and the corresponding absorbed dose to 
the gonads from a therapy of a hip with 150 MBq Re-186 is less than 0.3 mSv.

7.5	 �Radiation Exposure of the Lymph Nodes

7.5.1	 �Generic Model

For Y-90 the dose to a spherical node with homogeneous activity concentration and 
a mass of 1 g is 380 mGy per MBq administered activity and per % of the residence 
time accounting for the node. The correspondent values for nodes with other masses 
are 2,610 mGy/MBq/% at 0.1 g, 702 mGy/MBq/% at 0.5 g, and 202 mGy/MBq/% 
at 2 g. Due to the high energy of the beta particles emitted by Y-90, an increasing 
fraction of the radiation energy is deposited outside the node for decreasing diam-
eters, and the absorbed fraction is shape dependent. The values given above will 
overestimate the dose in nodes with pronounced nonspherical shapes. Using the 
same assumptions for the biokinetics as for Re-186, the doses to the affected lymph 
nodes are 366 mGy/MBq/% if the activity is distributed in a mass of 1 g, 183 mGy/
MBq/% if the mass is 2 g, and 91 mGy/MBq/% if the total mass is 4 g.

For Er-169 the dose to a spherical node with homogeneous activity concentra-
tion is 190 mGy*g/MBq/%. The dose is dependent on the residence time in the 
lymph node masses and the total mass of the involved lymph nodes but is almost 
independent of size and shape of individual lymph nodes. Using the same assump-
tions for the biokinetics as for Re-186, the doses to the affected lymph nodes are 
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190 mGy/MBq/% if the activity is distributed in a mass of 1 g, 95 mGy/MBq/% if 
the mass is 2 g, and 48 mGy/MBq/% if the total mass is 4 g.

For Re-186, according to the sphere model in OLINDA/EXM [11], the dose to a 
spherical node with homogeneous activity concentration and a mass of 1 g is 234 mGy 
per MBq administered activity and per % of the residence time accounting for the 
node. The correspondent values for nodes with other masses are 2,150 mGy/MBq/% at 
0.1 g, 458 mGy/MBq/% at 0.5 g, and 119 mGy/MBq/% at 2 g. The product of dose and 
mass is 225 mGy*g/MBq/% ±5 % for all sizes indicating that the dose is dependent on 
the residence time in the lymph node masses and on the total mass of the involved 
lymph nodes but is almost independent of size and shape of individual lymph nodes.

The time-activity function of the activity leaking out of the joint is undefined. 
Activity release may be limited to a short time interval after the administration; it 
may occur sporadically after joint movement, or activity may leak out of the joint 
continuously. With the simplified assumption of a short-term leakage immediately 
after activity administration and for the worst-case scenario that the activity taken 
up by the lymph node masses stays there until decay, the percentage of the residence 
time accounting to the lymph node mass is identical to the uptake in % of the admin-
istered activity. The doses to the affected lymph nodes are 225 mGy/MBq/% if the 
activity is distributed in a mass of 1 g, 113 mGy/MBq/% if the mass is 2 g, and 
56 mGy/MBq/% if the total mass is 4 g.

7.5.2	 �Observed Absorbed Doses

For Er-169 Gratz et al. [1] observed an absorbed dose of 2.3 ± 2 Gy (62 mGy/MBq) 
for single lymph nodes, van der Zant et al. 3 Gy [4].

For Re-186 Gratz et al. [1] report doses to lymph node masses of 25.9 ± 53.8 Gy 
(maximum 189 Gy) and to single lymph nodes of 14.7 ± 11.2 (maximum 63 Gy) 
after the application of 74–111 MBq Re-186. Van der Zant et al. determined the 
maximal observed dose to a single lymph node to 35 Gy [9]. For 12 patients with 
hemophilia, Grmek et al. [2] calculated absorbed doses after the injection of Re-186 
colloids. The author observed a mean absorbed dose in those lymph nodes of 15 Gy. 
Van der Zant et al. [11] calculated the doses using the MIRD algorithms and found 
a maximum absorbed dose of 86 Gy.

Data for Y-90 are not available.

�Conclusions
For RSO the exposure to organs/tissues other than the treated joint is negligible 
if there is no leakage. If there is leakage, the absorbed dose to neighboring lymph 
nodes could be higher than a few hundred mGy, thus leaving the deterministic 
range of radiation effects however depending upon the amount of leakage and 
the size of the lymph node of the individual patient. For the remainder of the 
body, the highest exposure of much less than one Gray is expected in the liver. 
The external exposure by the joint itself is low and does not contribute signifi-
cantly to the patient exposure.

7  Dosimetry and Radiation Exposure of Patients
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  8      Radiation Exposure of Medical Staff 
and Radiation Protection Measures 

                   Ilona     Barth      and     Arndt     Rimpler    

8.1            Introduction 

 Radiosynoviorthesis (RSO) requires the use of unsealed radioactive sources in the 
form of radionuclide solutions or colloidal suspensions. 

 The three common RSO nuclides, Yttrium-90, Erbium-169 and Rhenium-186 
emit beta (β − ) particles. Y-90 and Er-169 are pure beta emitters, whereas Re-186 
also produces gamma radiation in 12 % of the decays. Relevant physical and radio-
logical parameters of these nuclides are listed in Table  8.1 . For comparison, the data 
of the most frequently used nuclides for diagnostics, Tc-99 m, are also given.

   Obviously, as can be derived from the last three columns of the table, the dose 
rate factors (dose rate per unit of activity) and, thus, the hazard of skin exposure of 
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staff members are much higher for beta particles than for gammas and also depends 
strongly on the maximum beta energy. 

 In situations of low radiation protection standards, the medical staff may receive 
high exposures (mainly to the skin on their hands) that might exceed the annual skin 
dose limit of 500 mSv [ 2 ]. Therefore, appropriate safety standards have to be strictly 
complied with.  

8.2     General Radiation Protection Principles 

 Radiation protection is based on three rationales: justifi cation, limitation and 
optimisation. These principles are defi ned and elucidated in numerous interna-
tional recommendations (e.g. IAEA 1996 [ 3 ]) and national regulations. 
Particularly, the International Commission on Radiological Protection (ICRP) 
has addressed the nuclear medical community with several publications focusing 
on radiation protection of staff and patients in general and nuclear medicine 
 [ 4 – 8 ]. In addition, the International Atomic Energy Agency (IAEA) has issued 
some comprehensive publications on this topic [ 9 – 11 ]. In the European Union, 
the basic safety standards for protection against the dangers arising from expo-
sure to ionising radiation were implemented in the Council Directive 2013/59/
Euratom (2013) [ 12 ]. 

8.2.1     Justification 

 A general defi nition of the justifi cation principle is given in the European basic 
safety standards: “Medical exposure shall show a suffi cient net benefi t, weighing 
the total potential diagnostic or therapeutic benefi ts it produces, including the direct 
benefi ts to health of an individual and the benefi ts to society, against the individual 
detriment that the exposure might cause, taking into account the effi cacy, benefi ts 
and risks of available alternative techniques having the same objective but involving 
no or less exposure to ionising radiation” [ 12 ]. In the EANM procedure guidelines 
for radiosynovectomy (2003) [ 13 ] and in Mödder (1995) [ 14 ], general justifi cation 
criteria for RSO are given. 

 In the context of this article, the justifi cation, i.e. the individual medical indica-
tion for a radionuclide therapy, is taken for granted and shall not be discussed here; 
however, it is a further precondition also for the justifi cation of the occupational 
exposure of medical staff.  

8.2.2     Limitation 

 The ICRP has defi ned dose limits for workers, which have been implemented in 
most countries [ 15 ]. 
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 The limit on the effective dose for occupational exposure shall be 20 mSv in any 
single year. However, in special circumstances or for certain exposure situations 
specifi ed in national legislation, a higher effective dose of up to 50 mSv may be 
authorised by the competent authority in a single year, provided that the average 
annual dose over any fi ve consecutive years – including the years for which the limit 
has been exceeded – does not exceed 20 mSv. 

 In most countries, the limit on the equivalent dose for the eye lens is still defi ned 
as 150 mSv in national legislation, but ICRP (2011) [ 16 ] and EURATOM (2013) 
[ 12 ] recommend 20 mSv in a single year or 100 mSv in any fi ve consecutive years 
(subject to a maximum dose of 50 mSv in a single year). 

 In addition to the limits on effective dose, several limits on equivalent dose shall 
apply. 

 Especially in nuclear medicine, the limit on the equivalent skin dose (500 mSv 
per year) is of specifi c concern. In this case, the dose shall be averaged over an area 
of 1 cm 2 , regardless of the area exposed. For keeping the limit, the area considered 
is that where the highest dose is suggested. 

 For pregnant and breastfeeding workers, the equivalent dose to the unborn child 
shall be as low as reasonably achievable and unlikely to exceed 1 mSv during at 
least the remainder of the pregnancy after pregnancy    has been notifi ed to the 
employer. These members of staff shall not do work which involves a signifi cant 
risk of intake of radionuclides or bodily contamination. 

 For apprentices aged between 16 and 18 years and for students aged between 
16 and 18 years who, in the course of their studies, have to work with radiation 
sources, the limit on their effective dose shall be 6 mSv in a year. The equivalent 
dose limit for the eye lens shall be 15 mSv and for the skin, for extremities, 150 mSv 
in a year, respectively. 

 For emergency situations, the occupational exposure limit shall be set, in gen-
eral, below an effective dose of 100 mSv. In exceptional situations, in order to save 
lives, prevent severe radiation-induced health effects or prevent the development of 
catastrophic conditions, a reference level for the effective dose from external radia-
tion of emergency workers may be set above 100 mSv but no higher than 500 mSv. 
Before they start working, the workers must be informed clearly and comprehen-
sively about the associated health risks and the available protection measures. They 
undertake these actions voluntarily.  

8.2.3     Optimisation 

 To make sure that a worker does not receive or exceed the dose limits, all procedures 
that may cause exposures of staff members have to be optimised regarding radiation 
protection. The most common rule of optimisation in radiation protection is the 
“ALARA principle”. The acronym refers to the principle of keeping radiation doses 
“as low as reasonably achievable”. In this context, economic aspects, i.e. the costs 
of protection measures, should be taken into account.   
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8.3     Radiation Protection Measures 

8.3.1     Shielding 

 Shielding is a very effective protection measure, and it should be a matter of 
course that appropriate shielding for vials and syringes are used in everyday 
nuclear medicine and radiopharmacy operations. Materials with high density, i.e. 
with high atomic numbers  Z , such as tungsten or lead are most suitable for the 
protection against gamma radiation. Generally, these shields are also appropriate 
for mixed beta/gamma emitters, for example, Re-186. However, its larger weight 
makes handling diffi cult. Therefore, shields from low- Z  materials, e.g. transparent 
plastic such as acrylic glass or polycarbonate, are preferred for radionuclides that 
emit high- energy betas, such as Y-90 and Re-186. Besides, the use of low- Z  
shields minimises secondary bremsstrahlung. Though, it should be mentioned 
that the contribution of bremsstrahlung to the (total) exposure is often overesti-
mated, and top priority is given to the effi cient shielding of the betas. Monte Carlo 
simulations showed that Y-90 is shielded more effectively by 5 mm tungsten than 
by 10 mm acrylic glass because of the additional absorption of the bremsstrahlung 
[ 17 ]. This, however, is only important when high activities must be shielded and 
is not relevant for RSO. 

 The shielding thickness required depends on nuclide type and the activity. 
Moreover, a syringe shield should have a manageable size and weight. Beta parti-
cles are completely absorbed if the thickness of the shielding material exceeds the 
maximum particle range (see Table  8.1 ). For Y-90 ( E  β,max  = 2.3 MeV), the nuclide 
with the highest beta energy used in nuclear medicine, the range in plastic is about 
9 mm. Therefore, shields that are designed for Y-90 are also appropriate for Re-186 
( E  β,max  = 1.08 MeV), which has a maximum range of 3.4 mm. Handling of Er-169 
does not require vial or syringe shields. Their low-energy beta particles 
( E  β,max  = 0.35 MeV) have a short range (plastic: 0.8 mm, glass: 0.5 mm), and they are 
not able to penetrate the walls of common syringes or vials. The dose rate is addi-
tionally decreased due to the self-shielding within the radionuclide solution. Further 
attenuation of the exposure is provided by protective gloves. 

 There are several types of shields for vials, syringes and containers available that 
are used for therapeutic radiopharmaceuticals. Most of them are also appropriate for 
beta emitters and should also be employed for RSO procedures. Figure  8.1  shows a 
typical syringe shield designed especially for the 1 ml syringes common in RSO.  

 However, the use of suitable shielding does not guarantee tolerable radiation 
exposures. Even when applying a syringe shield, there is still an unshielded area 
with high dose rates at its base. In particular, during the injection of the nuclides into 
the joints, the needle has to be placed carefully in the joint. Usually, the needle hub 
is fi xed with two fi ngers during the injection for some seconds. This common prac-
tice, during which the almost unshielded fi nger tips are in close contact with the 
Y-90 activity, may cause very high local skin exposures within a short period of 
time. To avoid this, a special protective ring has been developed. It provides both 
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shielding and distance to the needle. This Macrolonring ™  (Fig.  8.2 ) is available in 
sterile packages. It fi ts to Braun-type needles only and must be put over the needle 
before performing the puncture. The ring should also be used to reduce skin expo-
sure during the preparation of active syringes (Fig.  8.3 ).   

 Of course, shields often hamper handling, especially when injecting the radio-
pharmaceutical into the joint. However, it is wrong to believe that shielding might 
as well be ignored if only you work faster. An acrylic shielding reduces the dose rate 
by one or two orders of magnitude. In contrast, it is impossible to increase your 
working speed by such a factor. 

 The whole body and eye exposure of staff during preparation can be reduced 
signifi cantly when the withdrawal of syringes is performed behind conventional 
bench top shields such as lead walls, castles or lead glass windows. RSO staff can 
also protect themselves against beta radiation by means of special commercially 
available or “home-made” acrylic benchtop shields. 

  Fig. 8.2    One-way Macrolonring ™  connected to a needle; available commercially from IBA 
Molecular ( left ); use of the Macrolonring ™  during an injection of Y-90 into the knee ( right )       
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  Fig. 8.1    Impact of an acrylic shield on the dose rate (μSv/s) around a Y-90 syringe containing 
185 MBq Y-90. In  brackets : dose rate without shielding       
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 The syringes fi lled with radiopharmaceuticals should be stored and transported 
to the treatment room in an acrylic glass box (Fig.  8.4 ) or, alternatively, in a com-
mon glass tray with a lid.  

 Due to the fact that used and apparently empty needles, syringes, vials, etc. may 
contain considerable amounts of radionuclides, waste containers also have to be 
shielded adequately. 

 When manipulating nuclides that emit high-energy betas – such as Y-90 – 
 exposure of the eye lens must also be taken into consideration.  

8.3.2     Distance 

 Even experienced radiopharmaceutical or clinical staff often does not know that 
the high-energy betas from Y-90 have a maximum range of about 9 m in air. 
However, it should be well established that good enough, the dose rate decreases 
with the square of the distance to the source. Therefore, keeping the distance is 
the easiest and cheapest measure in terms of radiation protection, and all 

  Fig. 8.3    Use of a Macrolonring ™  during withdrawal of the syringes       
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opportunities should be used to take advantage of the distance to radioactive 
substances. This is especially important in all situations where the processing of 
unshielded radiopharmaceuticals cannot be avoided. In such situations, the use 
of tools (such as clamps and pincers), which also diminish the risk of skin con-
tamination, is strongly recommended. Figures  8.5  and  8.6  exemplify the use of 
such tools in RSO.   

  Fig. 8.4    Transport and storage box made of acrylic glass       

  Fig. 8.5    Special forceps for plugs       
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 The principle to never make direct contact with unshielded vessels containing 
radionuclides with your fi ngers should be observed. This also holds true for any 
potentially contaminated vessels such as vials, syringes, tubes, etc. after discharg-
ing a radioactive liquid. The remaining activity within apparently empty vessels 
may be in the order of some 10 MBq, and careless direct contact to the skin may 
result in unnecessarily high exposures. Therefore, shielding and keeping your dis-
tance should also be considered when disposing of contaminated material and 
radioactive waste. Adequate waste management and disposal are a special task 
that cannot be discussed here in detail. IAEA (2006) [ 10 ], for example, gives 
additional advice. 

 Admittedly, there is a high degree of dexterity necessary in order to inject a 
solution into a joint using forceps, instead of gripping the needle with a hand. 
Moreover, the risk for injection outside of the joint increases. This practice requires 
special training. Alternatively, the above-mentioned Macrolonring ™  should    be 
used (Fig.  8.2 ). 

 Moreover, when manipulating beta-emitting nuclides with high-energy, e.g. 
Y-90, exposure of the eye lens must also be taken into consideration, especially 
against the background of the recent ICRP (2011) [ 16 ] recommendation to reduce 
the annual dose limit to the eye lens from 150 to 20 mSv. The use of shielding and 
increasing the distance also improve the protection of the eye lens. For answering 
the question of whether wearing protective glasses in the fi eld of RSO is necessary, 
studies are still in progress.   

  Fig. 8.6    Special forceps used for holding the needle during injection       
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8.4     Monitoring 

8.4.1     Personal Dosimetry 

 Nuclear medicine staff must be routinely monitored for occupational radiation 
exposure, both to their whole body and parts of their bodies, if 3/10 of the dose 
limits might be exceeded, e.g. 150 mSv for the skin dose. Commonly, a personal 
dosimeter for monitoring the effective dose is worn on the chest, usually with fi lm, 
thermoluminescence (TLD) or optically stimulated luminescence (OSL) dosime-
ters. It is also recommended to wear an additional extremity dosimeter for monitor-
ing the skin dose to the hands for the majority of radiation workers in nuclear 
medicine, including radiopharmacy staff. Mostly TLD ring dosimeters are worn on 
the fi ngers for this purpose. Usually, these dosimeters are designed to measure pho-
ton radiation, e.g. in interventional radiology. In nuclear medicine, the more suitable 
solution is to wear ring dosimeters designed for mixed beta and photon fi elds. These 
dosimeters consist of a special TLD with a thin cover. Figure  8.7  shows three differ-
ent types of these well-established dosimeters.  

 Even if appropriate individual dosimeters are available and actually worn by the 
exposed staff, monitoring does not necessarily provide results suitable to prove that 
the skin dose limit is observed. There is another essential issue to be considered: 
when handling radiopharmaceuticals in medical practices, staff in particular is 
exposed to rather non-uniform radiation fi elds. It is advisable to measure the skin 
dose at the part of the body which presumably receives the highest exposure. 

 The problem of valid skin dose monitoring was subject of the European research 
project ORAMED (“optimisation of radiation protection for medical staff”) [ 17 ]. 
Measurements of individual doses and their distribution across the hands of staff 
were performed in nuclear medicine diagnostics and therapy. This extensive study 
confi rmed earlier results from RSO [ 2 ] as well as from other fi elds of nuclear 

  Fig. 8.7    Different types of ring dosimeters       

 

I. Barth and A. Rimpler



113

medicine [ 18 ]: the thumb or index fi nger tips on the nondominant hand most 
 frequently receives the highest dose [ 19 ]. 

 Since the fi ngertip is not suited to wear a ring dosimeter, it should be worn pref-
erably on the index fi nger base (fi rst phalanx) of the nondominant hand, with the 
detector turned to the palmar direction [ 20 ]. The dosimeters should not be worn on 
the ring fi nger of the dominant hand, as it is common. 

 However, even if the routine ring dosimeter is attached to the base of the nondomi-
nant hand’s index fi nger, the maximum skin dose is underestimated by a factor of 
about 6 on average. This factor increases considerably when wearing the dosimeter, 
e.g. on the ring fi nger or on the wrong hand. The deviation between the dosimeter 
reading and the maximum dose also increases when the radiation fi eld is more inho-
mogeneous, e.g. due to insuffi cient protection measures, such as working without 
shields. Routine skin dose monitoring often results in severe underestimation of actual 
skin exposure and, consequently, in a belittlement of the hazard. Therefore, more 
effort has to be put into improving radiation protection measures.  

8.4.2     Contamination Monitoring 

 Since RSO requires the handling of unsealed liquid radionuclides, there is an 
increased risk of skin contamination and incorporation. It goes without saying that 
eating, drinking and smoking are prohibited in controlled areas. 

 Nitrile or vinyl instead of latex gloves should be worn to avoid hand contamina-
tion, since some radioactive solutions may easily penetrate latex. Before leaving the 
controlled area, hands have to be routinely checked for contamination with an 
appropriate contamination monitor that should be in stand-by mode in any nuclear 
medical facility. The responsible staff members must be trained both in performing 
measurements of contamination measurements and in decontamination measures. 

 More detailed instructions related to radiation protection in radionuclide therapy 
are given in IAEA (2006) [ 10 ]. Advice that is particularly useful for several radio-
nuclides is also available on a number of websites, among them the American 
Health Physics Society’s (HPS) [ 21 ] homepage.      
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9.1            Introduction 

 Radiosynovectomy (RSO) is performed by intra-articular injection of three differ-
ent radiocolloids, normally guided by fl uoroscopy; the radiopharmaceuticals are 
phagocytized by the synovial lining cells leading to a radiogenic sclerosis and 
fi brosis of the infl amed synovial membrane and thus to a signifi cant reduction of 
joint effusion and pain. Apart from unavoidable systemic side effects like the low 
whole-body radiation load and a transient fl ush associated with coadministered 
intra-articular corticosteroids, possible serious local side effects or complications 
after radiosynovectomy are:

    1.    Superfi cial skin or needle track ulceration   
   2.    Radionecrosis of the juxta-articular soft tissue   
   3.    Intra-articular infection   
   4.    Thromboembolic complications due to posttreatment joint immobilization     
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 Most of these side effects are preventable if the injection is carefully done under 
aseptic conditions, if the intra-articular needle placement is secured, and if the cor-
rect radionuclide in an appropriate activity is chosen for therapy. However, some 
cases are documented in the literature and should be discussed in this chapter.  

9.2     Radiogenic Tissue Damage of Different Severity 

 Local skin and needle track ulceration or even severe necrosis of periarticular soft 
tissues are the most serious complications of radiosynovectomy. A refl ux of the 
radiocolloid during retraction of the needle with concomitant deposition of a small 
amount of activity in the subcutaneous tissues is probably the most frequent reason 
for superfi cial skin lesions or a so-called needle track ulceration. In a retrospective 
study covering 83 RSO procedures in 45 patients, 1 local skin lesion was docu-
mented [ 1 ]. Ruotsi et al. described “bullous eruptions” in two fi nger joints 3 weeks 
after RSO and one case of a “slight erythema” after 1 month in a total of 83 fi nger 
joints treated with Er-169 colloid [ 2 ]. Another case of a local skin necrosis was 
described at the site of injection of Y-90 colloid in a patient with severe bone 
destruction [ 3 ]. However, no details are mentioned on the need of a special treat-
ment or the clinical course in these cases. 

 The author has observed one case of local skin redness and pain after treatment 
of a hip joint with 150 MBq Re-186 colloid which occurred 2 days after RSO. The 
distribution scan showed no abnormality and, thus, there was not a fear of a severe 
necrosis of deeper tissue layers. The symptoms regressed over a period of 3 weeks 
under increased resting and frequent local cooling using ice packs (see Fig.  9.1 ).  

 Savaser and colleagues reported a case of needle track ulceration after RSO of an 
ankle joint with Re-186 in 1999 [ 4 ]. The lesion showed scarred healing after a few 
weeks without any further treatment. In a series of 38 knee joints treated with 
Yttrium-90, three patients showed “minor pigmentation at the injection site”; a needle 
track ulceration was documented in two other patients [ 5 ] which required treatment 
with skin grafting in one case. 

 While superfi cial lesions often show (scarred) healing without any special ther-
apy, larger necroses with radiogenic damage of deeper tissue layers should be 
promptly treated to shorten the course of the disease and to minimize the complaints 
of the respective patients. Necrosis of para-articular tissue by accidental para- 
articular injection of the radionuclide is indeed the worst local complication after 
radiosynovectomy. Due to a restricted blood supply of the necrotic area, the healing 
process is additionally hampered by a low oxygen content. 

 The frequency of larger skin or soft tissue necroses is generally assumed to be 
very low which is proven by the analysis of the periodic safety update reports (see 
chapter by Fischer et al. in this book). Two necroses from a total of 11,000 RSO 
procedures were reported by Kolarz and Thumb in 1982 [ 6 ]. In another study which 
involved interrogation of both 260 nuclear medicine physicians performing radio-
synovectomy throughout Germany and 20 insurance companies engaged in medical 
liability using a standardized questionnaire and covering 5 years, a total of 
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  Fig. 9.1    Distribution scan after injection of 150 MBq Re-186-colloid into the left hip joint.  Lower 
left : Circumscribed redness of the skin with a small moistened blain at the site of puncture 4 days 
after therapy.  Lower right : Considerable fading of infl ammatory activity 10 days after RSO, central 
defect is completely closed without any secretion       
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29 necroses were documented [ 7 ]. However, the response rate was only 25.7 % after 
9 months. Thus, the true number of radionecroses after para-articular radionuclide 
application is probably higher but will never be reliably documented. 

 Deeper skin necroses have been documented in case reports [ 8 ,  9 ]. Due to the 
more pronounced deterioration of deeper tissue layers, a spontaneous healing can-
not be expected, and surgical debridement and closure of the defect by skin grafting 
seems to be the adequate treatment. 

 Besides an insuffi cient injection technique, the choice of an inappropriate radio-
nuclide and/or an excessive activity may be the reason for a radionecrosis. The 
choice of the appropriate radionuclide for a joint depends mainly on the tissue pen-
etration depth of the beta particles which is particularly dependent on the energy of 
the radionuclide. This penetration depth must be suitable for the size of the joint 
which should be treated. Yttrium-90 has a maximum beta energy of 2.2 MeV result-
ing in a maximum tissue penetration depth up to 11 mm (mean value 3.6 mm). 
Thus, Y-90 is expected to be the most hazardous radionuclide used for radiosyno-
vectomy and is approved for treatment of the knee joint only. Small joints (fi nger or 
toe joints, acromioclavicular, sternoclavicular, temporomandibular) must be injected 
with the low-energy beta emitter Erbium-169 (mean beta energy 0.34 MeV) which 
has a mean penetration depth of only 0.3 mm. Rhenium-186 is approved for treat-
ment of mid-sized joints like wrist, elbow, ankle, or hip joint and has a mean pene-
tration depth of 1.2 mm. 

 A further alignment to the different joints is accomplished by using different 
activities for joints of different sizes. This is documented in both national and inter-
national guidelines for radiosynovectomy, although not a legal requirement [ 10 ,  11 ]. 

 Examples of radiogenic damage of the surrounding soft tissue following inap-
propriate choice of a radionuclide with an energy too high for the treated joint are 
published in the literature. Two necroses from RSO using Yttrium-90 in fi nger 
joints (metacarpophalangeal joint and proximal interphalangeal joint) were docu-
mented in an old study from 1972, covering a total of 250 treatment sessions [ 12 ]. 
However, no further information on the clinical course or treatment modalities is 
given in this paper. More recent studies showed severe complications with large, 
deep tissue ulcerations in ankle joints treated with Yttrium-90. Two cases of severe 
necroses were seen in a series of 7 RSO procedures of ankle joints treated with 
555 MBq Yttrium-90 [ 13 ]. Another case report showed the same complication after 
RSO using Yttrium-90 in an ankle joint; however, the injected activity is not docu-
mented in this publication [ 14 ]. Thus, the combination of the “wrong” radionuclide 
(Yttrium-90 instead of Rhenium-186) and an excessive activity led to these serious 
complications which needed aggressive treatment with surgical excision of the 
necrotic soft tissue and closure with a fasciocutaneous fl ap. 

 The treatment of choice for these complications is still under debate. Some 
advice may be gained from therapy of radiogenic lesions after external beam radia-
tion therapy. The common problem in both clinical settings is that radiation leads 
to parenchymal stem cell and vascular damage. This results in a reduced capacity 
of tissue regeneration from local hypoxia, fi nally leading to tissue necrosis [ 15 ]. 
Apart from a “wait-and-see” strategy or local conservative treatment, hyperbaric 
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oxygen therapy may be used to overcome the local oxygen shortage. The higher 
oxygen partial pressure induces revascularization of irradiated tissue and thus pro-
motes its self-healing mechanisms [ 16 ] with clinical success rates up to 93 % in 
treatment of radiation-induced edema, ulceration, and bone necroses [ 15 ]. In our 
own survey, hyperbaric oxygen therapy was used in three cases of tissue necrosis 
after para-articular injection of Re-186 colloid with clinical success in two of them. 
However, in one patient with a local radiogenic tissue defect from Yttrium-90, 
40 sessions of hyperbaric oxygen did not prevent tissue necrosis, and surgical ther-
apy was needed [ 7 ]. 

 Successful treatment requires complete resection of the damaged tissue with 
consecutive closure of the defect with well-vascularized, nonirradiated tissue. 
Depending on the severity and the dimensions of the local defect, either regional 
pedicled fl aps or free-tissue transfer has been used [ 7 ,  9 ]. Despite appropriate sur-
gery, complications with local wound dehiscence, seroma, or blood vessel thrombo-
sis are seen, sometimes resulting in complete fl ap loss [ 17 ]. Due to the very low beta 
energy, skin ulcers from Er-169 colloids are likely to heal spontaneously with less 
pronounced tissue damage.  

9.3     Intra-articular Infection 

 Joint infection is a severe complication which is not related to the radiopharmaceu-
tical agent itself but might occur from any joint puncture performed either for diag-
nostic or therapeutic purposes. The individual risk for intra-articular infection 
depends on several predisposing factors, e.g., systemic infl ammatory disease (rheu-
matoid arthritis), immunocompetence, ongoing pharmacotherapy, existence of joint 
replacement, and others. The frequency of joint infections after intra-articular injec-
tions is generally assumed to be very low and ranges from 1:3000 down to 1:100.000 
[ 18 ]. In a survey covering 126.000 arthrographies, only three intra-articular infec-
tions were documented [ 19 ]. 

 Apart from poor non-aseptic injection technique or contamination of the injected 
drug preparation, an infection may arise from bacterial infection of deeper tissue 
layers not eliminated by skin disinfection [ 20 ] or from hematogenous spread along 
the needle track [ 21 ]. 

 Published data concerning joint infections after RSO are very rare. Three cases 
with intra-articular infection were documented in a very early paper by Menkes in 
1979 [ 22 ], reviewing a total of >9,000 RSO procedures between 1969 and 1975. 
One case of a septic arthritis after repeated RSO was described by Taylor et al. [ 23 ] 
in a series of 121 knee joint treatments using Yttrium-90. However, there is no fur-
ther information about any treatment strategy or the clinical course of such 
complication. 

 In our data pool [ 7 ], a total of 13 intra-articular infections were documented. 
In seven of these patients, oral antibiotics did not lead to restitution and, thus, intra- 
articular antibiotics were needed. An endoscopic joint lavage was performed in four 
additional patients. 
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 In our experience, two patients developed severe pain and massive joint swelling 
with redness and skin hyperthermia a few hours after treatment with RSO for 
chronic effusion after endoprosthetic knee joint replacement. As the clinical symp-
toms were typical for joint infection, the patients were immediately treated with oral 
antibiotics (fi xed combination of amoxicillin 875 mg and clavulanate 125 mg twice 
a day) and showed complete regression of complaints and symptoms after 3 weeks. 

 Early and intense therapy is necessary in case of septic arthritis to prevent severe 
joint damage and ankylosis or even systemic complications. According to the guide-
lines, aspiration of joint fl uid must be done if an intra-articular infection is sus-
pected. This is mandatory for establishing the diagnosis and the choice of an 
appropriate pharmacotherapy according to the antibiogram. If the symptoms 
increase within 24–48 h or if repeated aspiration is unsuccessful, surgical treatment 
is indicated [ 24 ]. An early (“primary”) surgical therapy was also recommended in 
the literature [ 25 ]. A lower intra-articular bacterial count rate, the clinical decom-
pression after joint lavage, and the avoidance of a possible “non-responding” to the 
antibiotic treatment are possible advantages compared to the primary antibiotic 
therapy.  

9.4     Thromboembolic Complications 

 As with intra-articular infections, thromboembolic complications are not specifi c 
for radionuclide joint treatment but may occur following the mandatory immobili-
zation of the treated joint using a tight bandage and a splint. This holds especially 
true for radiosynovectomy of lower limb joints in old and immobile patients or for 
those with a concomitant high risk of thrombosis, e.g., varicose veins or coagulopa-
thies for any reasons. However, there are no documented cases of a thromboembolic 
complication in the literature so far, which is defi nitely linked to the radiosynovec-
tomy procedure. 

 In our survey, a total of 12 cases of thrombosis after radiosynovectomy of lower 
limb joints were documented: 1 of them after treatment of both the knee and the hip 
joint in the same patient. An elevated risk profi le was documented in 6 of 12 patients, 
and no prophylactic anticoagulation was performed. Most of these patients (8/12) 
were successfully treated with routine anticoagulation pharmacotherapy. A guide-
line for effective treatment of venous thromboembolic disease recommends short- 
term treatment with subcutaneous low-molecular-weight heparin or unfractionated 
heparin given intravenously [ 26 ]. 

 Provided there are no preexisting risk factors in the individual patient, the risk of 
a thromboembolic complication must be carefully weighed against possible side 
effects from anticoagulation therapy, and thus, a general thromboembolic prophy-
laxis cannot be recommended. If RSO is performed in two adjacent joints of the 
lower limb (knee and hip joint or knee and ankle joint), the immobilization of both 
joints leads to an increased (“medium”) risk with 10–20 % deep venous thromboses 
of the shank, 2–4 % of more proximal thromboses, 1–2 % of clinically relevant 
pulmonary embolism, and 0.1–0.4 % of lethal pulmonary embolism [ 27 ]. In such 
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patients and in those with two or more predisposing risk factors, an effective 
 antithrombotic prophylaxis is mandatory [ 28 ]. Ready-to-use syringes containing 
low molecular heparin should be used for this purpose if the respective patient does 
not display any contraindications like bleeding abnormalities and cerebral or dis-
sected aortic aneurysms.  

9.5     Other Possible Complications: A Critical Review 

 Other complications published in the literature which are not direct results of RSO 
procedure and of minor severity include a transient and frequently self-limiting 
radiogenic effusion which has been documented in 2 % of patients several hours 
after radionuclide instillation [ 29 ]. A co-injection of a corticosteroid during radio-
synovectomy helps to avoid this adverse event in the vast majority of patients [ 30 ]. 
Probably due to a tight bandage after RSO with compression of the local nerves, a 
transient fi bular nerve paresis and symptoms mimicking Sudeck’s dystrophy and 
carpal tunnel syndrome were documented in our survey, but there was no informa-
tion on the further clinical course. A case of a radiogenic dermatitis has been 
 documented which was probably a result of extended fl uoroscopy during radiosyno-
vectomy in a severely destroyed joint [ 7 ]. 

 In a recently published study, a very high rate of osteonecroses (ON) and joint 
infections was found after RSO in patients suffering from osteoarthritis [ 31 ], and 
the authors stated that radiosynovectomy might not be as safe as it has been described 
before. However, this paper contained several methodological fl aws which could 
have led to potentially incomplete or misleading conclusions. 

 First of all, the selection of patients is highly questionable. Kisielinski evaluated 
only 93 patients with 161 RSOs from a total of 80.000 RSOs within 12 years. The 
conclusion in the publication was thus made on a very small subgroup of 93/80.000 
treatments (0.2 %), and nothing is stated about the eligibility criteria. Out of these 
93 patients, 22 (with 49 of 80.000 RSOs) = 0.05 % suffered from ON and/or infec-
tion which is a very low rate of these serious events. 

 Most patients (50/79) had a Kellgren-Lawrence stage 4 with pronounced mutila-
tions of the treated joint. Due to the considerably increased bone turnover in osteo-
arthritis, bone scanning cannot differentiate exactly between osteonecrosis and 
osteoarthritis if performed prior to RSO. To exclude preexisting osteonecrosis, 
a normal bone scan (or MRI) must be postulated but is never seen in patients with 
osteoarthritis in a Kellgren-Lawrence stage 3 and 4. In addition, osteonecrosis after 
RSO was diagnosed by methods with higher sensitivity and specifi city (even intra-
operatively or by histopathology). Therefore, it is not possible to point out whether 
osteonecrosis has developed after RSO or has been already present prior to RSO. 

 Osteonecrosis is a disease characterized by disturbance of local blood circulation 
but in many patients connected with several risk factors: cortisone for rheumatoid 
arthritis or COPD, cytostatics, abuse of alcohol and nicotine, trauma, irradiation, 
diabetes mellitus, and osteoporosis [ 32 ]. One main bias of the retrospective evalua-
tion by Kisielinski et al. is the lack of a control group suffering from same risk 
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factors. Franchi and Bullough [ 33 ] reported on 11.7 % avascular necroses in  femoral 
heads removed because of osteoarthritis; in about 20 % of specimens with ON, there 
was evidence of microfractures in the trabecular bone. In the publication of 
Kisielinski et al., 13 of 22 patients suffering from ON were postmenopausal women, 
only 2 of them less than 60 years. The probability of osteoporosis in this group is 
quite high. In most patients included in this study, Kellgren Lawrence stage 4 dis-
ease was confi rmed. By defi nition, stage 4 is characterized by an advanced narrow-
ing up to total loss of the joint space; articular cartilage is destroyed widely. This 
may lead to a loss of functioning buffer capacity resulting in traumatic microfrac-
tures in these parts of the bone, especially in osteoporotic patients. Seven of them 
had additional risk factors (RA on continuous corticosteroid therapy, COPD, and/or 
diabetes mellitus) enhancing the risk of ON. 

 To judge the risk of radiation to the subchondral bone with possible induction of 
local osteonecroses, no exact data about radiation doses to bone surface are dis-
cussed. The calculated radiation dose to bone surface after RSO of the knee joint 
using Yttrium-90 was 27–30 Gy [ 34 ]. The threshold for causing ON is 30 Gy [ 35 ]. 
Höller et al. reported ON of the pelvis after irradiation dose exceeding 50 Gy in 
14 % [ 36 ]. Thus, local radiation of the bone is a clear risk factor for osteonecrosis, 
but radiation dose to the bone surface in RSO with Yttrium-90 is below threshold 
and with Rhenium-186, far less. 

 The authors argued that intra-articular infection was caused by RSO in fi ve 
patients. Infection following RSO was strongly correlated to arthroplasty with a 
high degree of signifi cance. However, a possible “low-grade” infection was never 
excluded prior to RSO, especially in patients with total knee replacement (three of 
fi ve). In 2009, Jämsen et al. [ 37 ] published an incidence of 0.9 % surgical revisions 
in a register-based analysis of 43,149 otherwise uncomplicated cases. Hyperglycemia 
is also known to be signifi cantly associated with infected knee replacement [ 38 ]. 

 In the publication of Kisielinski, there are no data given relative to clinical signs 
of infection in joints that showed a positive bacteriology. Especially in patients with 
proven  Staphylococcus epidermidis  and  S. oralis , it seems possible that infection 
was caused by diagnostic puncture and not during RSO. Thus, a clear correlation 
between intra-articular infection and joint puncture during RSO is not proven by the 
authors. 

 In addition to RSO, the patients showed many other factors that may have cause 
a higher risk for osteonecrosis. Therefore, a multifactorial analysis should have 
been done. The authors simply used Spearman’s rank test. This is a test to fi nd cor-
relations, but simple correlation gives no information about causality. 

 Therefore, in this retrospective study, it is not possible to conclude that RSO 
leads to osteonecrosis or infection. The general problem of any retrospective evalu-
ation is the quality of data and how they can be controlled. In the publication of 
Kisielinski et al., a small number of patients with a large number of different vari-
ables are evaluated. Moreover, the variation of diagnostic procedures with different 
sensitivity and specifi city prior to and after RSO confi rming osteonecrosis probably 
is attributable to the quality of the study. The methodology used has signifi cantly 
biased the presented results which should not be taken too seriously.  
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    Conclusion 
 Radiosynoviorthesis is a safe local treatment option for patients suffering from 
infl ammatory joint disease. However, appropriate patient selection, the choice of 
the correct radionuclide with an adequate activity for the respective joint, a skill-
ful and aseptic injection technique, and a reasonable follow-up are indispensable 
to achieve a maximum of therapeutic effi cacy with a minimum of possible 
hazards. 

 In case of any complications, the following  treatment recommendations  can 
be stated from literature data and own experiences:

•    Any complaints of the patients must be taken for serious.  
•   Early surgical therapy with broad excision of the necrotic tissue and closure 

of the defect should be done in case of tissue damage from Yttrium-90.  
•   Hyperbaric oxygen therapy may be suffi cient for treatment of Rhenium-186- 

induced ulcers. In case of therapeutic failure, surgery seems advisable.  
•   Lesions from Erbium-169 will probably heal by conservative treatment.  
•   Clinical signs of intra-articular infection after RSO should be secured by 

immediate fl uid aspiration and bacterial culture. If an initial oral antibiotic 
treatment does not improve the situation signifi cantly within 24–48 h, the 
infection should be treated by joint lavage or endoscopy together with the 
local application of intra-articular antibiotics.  

•   Prophylactic anticoagulation against thromboembolism from posttreatment 
immobilization is recommended only in patients after RSO of two adjacent 
joints of the lower limb and in patients with at least two risk factors.        
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10.1             Introduction 

 Medical use of radiation is now an indispensable part of modern healthcare, and 
correct risk estimation is essential for justifi cation of radionuclide therapy espe-
cially in benign disease. Radiosynoviorthesis is a local intra-articular injection of 
radiopharmaceuticals for radionuclide therapy. It has now been applied for more 
than 50 years for treatment of resistant synovitis of the different joints in various 
infl ammatory joint diseases. While there is growing interest in the use of radio-
synoviorthesis especially in patients with rheumatoid arthritis and hemophilic 
synovitis, concerns regarding potential toxicity including a fear of genotoxic 
effects and carcinogenesis still exist. Throughout this chapter, we will describe 
specifi c studies of radiosynoviorthesis and risk of carcinogenesis, touching on 
strengths and limitations, the need for caution interpretation, and implications 
for risk assessment.  
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10.2     Radiation Carcinogenesis 

 Biological effects of ionizing radiation result largely from DNA damage, caused 
directly by ionizations within the DNA molecule or indirectly from the action of 
chemical radicals formed as a result of local ionizations. Ordinarily, a high propor-
tion of radiation-induced DNA damage is repaired by the cell, with long-term bio-
logical consequences related to a defective DNA repair system [ 1 ]. Exposure to 
ionizing radiation may cause both deterministic and stochastic biologic effects. 
Deterministic effects are those that typically occur soon after exposure and that 
increase in magnitude with increasing doses above a threshold dose level. 
Deterministic doses such as the intended dose on the synovial surface result in cell 
death. Stochastic effects of radiation typically occur later after exposure, and the 
probability but not the magnitude of the effects is dose dependent. A threshold dose 
level for stochastic effects is generally not assumed. Examples of stochastic effects 
include cancer induction and genetic changes. 

 Epidemiological studies which attempt to determine the association between 
radiation exposure and a health outcome have been the main source of information 
defi ning the radiation risk. Today, there is also growing interest in biodosimetry 
techniques to assist in long-term epidemiologic investigations so that radiation-
related cancer risks can be estimated as well as possible [ 2 ]. These studies have 
demonstrated that children are considerably more sensitive to the carcinogenic effects of 
ionizing radiation than adults. Furthermore, children live longer and thus have a larger 
window of opportunity for expressing radiation damage. Based on epidemiological 
studies of Japanese atomic bomb survivors and children and infants irradiated for 
benign diseases such as tinea capitis and skin hemangioma, a distinct pattern of risk 
for radiation-related tumors has emerged. Dose-related increased risks for cancers 
of the thyroid gland, breasts, brain, nonmelanoma skin cancer, and leukemia have 
been observed in adults who were irradiated for benign diseases in childhood [ 3 ]. 
These studies show that the risk of getting cancer rises in a straight line with expo-
sure exceeding doses of 100 mSv. Below that 100-mSv level, however, the risk of 
cancer induction becomes uncertain. 

 Both epidemiological and biodosimetric studies of cancer risks associated with 
exposure to ionizing radiation have some limitations. A major limitation is related 
to exploring risks to a population from low doses of radiation from high-dose expo-
sure studies, for example, in studies of the survivors of atomic bombing in Japan 
and in Chernobyl recovery operation workers. There are typically other uncertain-
ties in evaluating the association between radiation exposure and cancer risk. There 
may be uncertainties in the “transfer” of risk estimated from one population to 
another, uncertainties in the effect of confounding factors, and uncertainties in the 
uptake and metabolism of specifi c radionuclides. Additionally, many factors con-
tribute to the risk for radiation carcinogenesis, some specifi c to the patient and some 
of which are specifi c to radiation treatment. Various kinds of ionizing radiation like 
electromagnetic (X-rays, gamma rays) or particulate (alpha, beta, neutrons) show 
remarkable differences of their biological effectiveness. For instance, thyroid can-
cer has been the single largest health impact of the Chernobyl nuclear disaster, with 
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6,000 cases identifi ed by 2005, according to an UNSCEAR report, but there is no 
likelihood of a thyroid cancer being induced by nuclides other than radioiodine [ 4 ].  

10.3     Risk of Radiosynoviorthesis 

 Concerns about radiosynoviorthesis include the risks from exposure to ionizing radi-
ation and cancer induction. Since it is a local form of radionuclide therapy, there 
should be a differentiation of tumor entities and their likelihood of being theoreti-
cally induced by radiosynoviorthesis agents. Its safety will depend on the fact which 
normal structures are in the target of the radiation and the percentage of the dose 
delivered. Beta-emitting colloidal particles are phagocytized by infl amed hypertro-
phic synovial tissue, including that part of the synovial lining which lies adjacent to 
hyaline cartilage at margins. It is therefore an inevitable event that there will be some 
irradiation of cartilage and subchondral bone during radiosynoviorthesis. 
Nevertheless, it is established that different tissues (or organs) of the body have dif-
ferent sensitivities for the induction of cancer by radiation. Bone marrow is very 
sensitive, but hyaline cartilage and muscle tissue tolerate a very high-dose radiation 
[ 5 ]. The dose to the bone marrow in large- or midsize joints is considered negligible 
owing to the fact that the distance to the radiation source is greater than the mean 
tissue penetration of radionuclides used for radiosynoviorthesis. Radiocolloid parti-
cles which leak out of the treated joints could potentially accumulate in the regional 
lymph nodes, reticuloendothelial system, bone marrow, and liver [ 6 ]. In this context, 
leakage of beta emitters causes little stochastic exposure especially in the hematopoi-
etic system. No published studies have directly attributed any cancer risk to radiosy-
noviorthesis. But it is important to recognize how diffi cult it would be to perform 
such a study. Because low-dose risks are small and diffi cult to detect, epidemiologi-
cal studies with suffi cient statistical power would require extremely large popula-
tions and careful matching of the subjects in the study to ensure an accurate result. 

 Epidemiological cohorts continue to play an important role in low-dose radiation 
research and health risk evaluation in medical exposures as well as other cohorts 
with high-dose radiation exposure. Unfortunately, there are only two retrospective 
cohorts published specifi c to research on cancer incidence among patients treated 
with radiosynoviorthesis. One small study on the long-term risks of cancer in patients 
with rheumatoid arthritis who have been treated with Y-90 was reported by Vuorela 
et al. [ 7 ]. It included 143 rheumatoid arthritis patients with a single radiosynoviorth-
esis of the knee with Y-90, between the years 1970 and 1985, and other rheumatoid 
arthritis patients not treated with radiosynoviorthesis. The incidence of cancer in 
patients with and without radiosynoviorthesis was compared with that of the local 
population during the period starting in 1979 and ending in 1999. Adjusting for age, 
gender, and calendar period, the study reported no excess cancers in either of the 
two cohort groups (treated and not treated with radiosynoviorthesis) in comparison 
with the reference population. More precisely, the standardized incidence ratio for 
all cancers was 0.6 (95 % confi dence interval (CI) 0.3–1.1) for the treated patients 
and 1.1 (95 % CI 0.9–1.3) for patients not treated with radiosynoviorthesis. 
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 In a larger cohort, Infante-Rivard C et al. studied cancer incidence in patients 
with rheumatoid arthritis or haemophilic synovitis receiving one or more radiosyn-
oviortheses. Follow-up covered over 25 years and compared the incidence in this 
group with background rates from the province of Quebec and from other parts of 
Canada [ 8 ]. This study reached similar conclusions with Vuorela et al., but it was 
substantially larger; it included subjects who had received more than a single treat-
ment and was able to consider quantitative estimates of exposure such as dose and 
number of radiosynoviorthesis. A total of 4,860 radiosynoviortheses were recorded 
for the cohort, with subjects receiving between 1 and 16 treatments and a majority 
(79 %) getting 1 or 2. Treatments were most often administered to the knee joint. 
Most procedures were done with Y-90 (71 %) or P-32 (29 %). Category-specifi c 
rates in this cohort including 2,412 adult patients were compared with rates in simi-
lar categories from the general population generating standardized incidence ratios 
(SIR). No increase in the risk of cancer was observed (SIR 0.96; 95 % CI 0.82–
1.12). Additionally, there was no dose–response relationship with the amount of 
radioisotope administered or number of radiosynoviorthesis. 

 Epidemiological evidence that low doses of radiation may induce cancer in 
humans is only available for doses higher than 100 mSv [ 4 ]. The effective doses for 
radiosynoviorthesis given in the dosimetric studies seem to be in the low-dose range 
(<50 mSv) [ 9 – 11 ]. For example, the effective dose with Re-186 remains approxi-
mately 30 times lower than with other treatments such as I-131 in benign thyroid 
diseases [ 12 ]. Also, effective doses in radiological imaging range easily in the same 
magnitude of 20 mSv, when computed tomography (CT) is used repeatedly. It is 
almost twice the dose of an abdominal CT image [ 13 ]. But that risk is very low 
overall and may be diffi cult to measure with epidemiologic techniques. 

 There have been two cases of acute lymphocytic leukemia reported in hemo-
philia patients receiving chromic phosphate-32 [ 14 ]. Both children, aged 9 and 
14 years, had uncomplicated radiosynoviorthesis and developed leukemia within 
1 year. Interestingly, both patients had a history of autoimmune disorder, and the 
interval between exposure and the development of leukemia was less than the 
expected peak of radiation-induced leukemia. A recent survey of hemophilia treat-
ment centers in the United States (US) identifi ed that approximately 1,100 P-32 
radiosynoviortheses were performed in 700 patients with hemophilia, both adults 
and children, since 1988. While the overall cancer rate in persons with hemophilia 
is not known, according to one prospective study of malignancy in over 3,000 indi-
viduals with hemophilia in the United States, the rate of leukemia was low, less than 
1 in 33,000 person-years [ 15 ]. Pediatric ALL has a yearly incidence of 1 in 2,500 
children under age 15. Estimates from the US national registry would suggest that 
there should have been 1.5 cases of ALL in the hemophilia population over the last 
10 years [ 16 ]. It is also kept in mind that there are differences in radiation sensitivity 
between individuals, depending on their gender, age, genetic factors, lifestyle, and 
concomitant exposures to other agents. As a consequence of these arguments, the 
Medical and Scientifi c Advisory Council of the National Hemophilia Foundation 
recommends discussion about the risk–benefi t ratio of radiosynoviorthesis, includ-
ing the potential risk of cancer, with all individuals or with their parents considering 
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the procedure, and written informed consent should be obtained which clearly docu-
ments that these two cases of malignancy were discussed [ 17 ]. Today, Y-90, Re-186, 
and Er-169 have gained widespread acceptance for radiosynoviorthesis in Europe, 
and P-32 is no longer mentioned in European guidelines because it has disadvan-
tages such as half-life and high lymphatic transport [ 18 ]. Until now, an increased 
risk of cancer after radiosynoviorthesis with Y-90, Re-186, and Er-169 radiocol-
loids has not been reported. 

 Biomarkers that could be used for molecular epidemiological studies in radiation- 
exposed cohorts are of particular interest. While the validation of potential biomark-
ers of low-dose ionizing radiation is questioned, there is extensive research in this 
fi eld [ 19 ]. The measurement of chromosome aberrations in peripheral lymphocytes 
whether stable (balanced translocations) or unstable (dicentrics, ring chromosomes) 
has been frequently used in studies of patients treated with radiosynoviorthesis. 
Recently, we studied the cytogenetic analyses such as chromosomal aberration anal-
ysis, micronuclei, and sister chromatid exchange as indicators of radiation-induced 
cytogenetic damage in 38 hemophilic children undergoing radiosynoviorthesis 
using Y-90 or Re-186 [ 20 ,  21 ]. The results of our studies indicate that high radiation 
doses, which would induce genotoxic effects, are not obtained by peripheral blood 
lymphocytes in children after radiosynoviorthesis. Dicentric aberrations are the 
main interest in these types of studies as the formation of dicentric chromosomes in 
human peripheral lymphocytes is a specifi c effect of ionizing radiation [ 22 ]. We 
could not detect any persistent dicentric chromosomal aberrations after the therapy, 
and there was no statistically signifi cant increase in the number of chromosomal 
aberrations in children who were treated with Y-90 or Re-186 radiosynoviorthesis. 
Several studies have confi rmed that there was no signifi cant increase in the number 
of dicentric chromosomes following radiosynoviorthesis in patients who were 
treated with different radioisotopes [ 23 – 25 ]. 

 Kavakli et al. reported some chromosomal aberrations in 40 patients with hemo-
philia after radiosynoviorthesis using Y-90 and Re-186. Three months after radioiso-
tope exposure, chromosomal breakages still continued in 21 patients of whom 15 
already had chromosomal breakages prior to radiosynoviorthesis, and mean values 
of chromosomal breakages were not found to be signifi cant. They also pointed out 
that, after 1 year following the radiosynoviorthesis, four patients had persistent same 
level chromosomal breakages [ 26 ]. Due to the high frequency of chromosomal 
breakages in the patient group before radiosynoviorthesis and concomitant factors 
during follow-up, it is diffi cult to establish a relation between these nonspecifi c chro-
mosomal breakages and radiosynoviorthesis. Falcon de Vargas et al. carried out a 
study on 31 hemophilic patients (age range 9–24 years) with no chromosomal aber-
rations; only nonspecifi c chromosomal structural changes (breakages) were observed 
6 months after Re-186 injection for radiosynoviorthesis, and these changes were 
reversible after 1 year postinjection [ 23 ]. In contrast to these fi ndings, Manil et al. 
reported a signifi cant cumulative increase in dicentric aberrations 7 days after radio-
synoviorthesis in 45 rheumatoid arthritis patients treated with Re-186 [ 27 ]. However, 
as there was no follow-up after 7 days in this study, it is unclear whether this signifi -
cant increase in dicentrics would be persistent afterward or not. 
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 Even if the relationship of cancer risk with micronuclei is not well substantiated, 
as is that with chromosomal aberrations, this method has been proven to be useful 
as a “biologic marker of early effects” in biomonitoring studies on the human popu-
lation exposed to genotoxic agents. Micronuclei represent small, additional nuclei 
formed by the exclusion of chromosome fragments or whole chromosomes lagging 
at mitosis. Micronuclei rates, therefore, indirectly refl ect chromosome breakage or 
impairment of the mitotic apparatus. We have observed mildly increased frequency 
of micronuclei in the peripheral lymphocytes of hemophilic children 2 days after 
radiosynoviorthesis in both Y-90 and Re-186 group. But this effect was not persis-
tent in the peripheral lymphocytes of the children in our study and had disappeared 
at the day 90 control. Kavakli et al. also confi rmed these results, and they have 
reported that there was no signifi cant difference between the hemophilic patients 
with and without radiosynoviorthesis with respect to micronuclei values [ 28 ]. 
Prosser et al. also analyzed 22 patients with rheumatoid or osteoarthritis of the knee 
treated with Y-90 silicate, and no signifi cant increase in micronucleus frequency 
was observed [ 29 ]. 

 The long-lasting clinical practice and the lack of any well-documented cases of 
malignancy resulting from radiosynoviorthesis suggest a very low and acceptable 
risk compared with the benefi t for the patient. The tumor morbidity rate as a result 
of whole-body irradiation was calculated as 0.4 per 1,000 related to International 
Commission on Radiological Protection (ICRP) 60 risk data [ 30 ], and the genetic 
radiation risk related to United Nations Scientifi c Committee on the Effects of 
Atomic Radiation (UNSCEAR) data was described as being several orders of mag-
nitude below 1 per 1,000 [ 31 ]. On the other hand, because of the complexity of 
biomonitoring of genotoxicity, we need further investigations to understand the 
radiation effects in untargeted living systems exactly. Furthermore, radiation effects 
are thought to be cumulative, which is of particular importance in children diag-
nosed with hemophilia. Debate continues on what cumulative level is acceptable for 
cancer risks for the patients need recurrent radiosynoviorthesis due to chronic dis-
ease. Patients should understand that radionuclide therapies should only be per-
formed when the effectiveness to be gained justifi es the potential harm. 
Decision-making about radiosynoviorthesis should include a thorough conversation 
between patients and their doctors regarding the benefi ts and risks of the procedure. 
While the benefi ts of radiosynoviorthesis outweigh the risks of developing subse-
quent cancers, the presence of such risks could implicate the need for further inves-
tigation into methods of minimizing the radiation dose delivered to joint and 
surrounding tissues.     
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      Baker’s Cysts: A Relevant 
Contraindication? 

                Rigobert     Klett    

11.1            Anatomy, Etiology, and Pathogenesis 

 Popliteal cysts, also called Baker’s cysts, are fl uid-fi lled masses in the popliteal 
fossa. Based on anatomical aspects, three types of popliteal cysts can be distin-
guished: synovial, meniscal, and ganglion cysts [ 1 ]. Relative to radiosynoviorthesis 
(RSO) in particular, the synovial popliteal cysts are of interest. In the group of syno-
vial popliteal cysts, the most frequent one has its origin in a bursa located at the 
medial head of the gastrocnemius muscle. Together with another bursa located 
beneath the tendon of the semimembranosus muscle, a communicating gastrocnemio- 
semimembranosus bursa can be found. Contemporarily this communicating bursa is 
the most frequent origin of a popliteal cyst [ 2 ]. At the level of the medial femoral 
condyle, the posterior capsule of the knee shows weaker regions with the possibility 
of herniations of the articular synovial membrane. In this area the gastrocnemio- 
semimembranosus bursa usually communicates to the knee [ 3 ]. Cysts communicat-
ing to the knee joint also are called secondary cysts, instead of primary cysts without 
any communication to the knee joint. Most of the primary cysts are found in 
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children and develop before the age of 15. In adults almost all popliteal cysts are 
secondary cysts associated to different knee joint pathologies. For example, menis-
cal tears are responsible for the development of these cysts in 71–82 % [ 4 ], degen-
erative cartilage lesions in 30–60 %, and anterior cruciate ligament insuffi ciency in 
30 % [ 5 ,  6 ]. The    prevalence rate of popliteal cysts in knee magnetic resonance imag-
ing was between 5 and 19 % [ 5 ,  6 ]; using ultrasound as imaging modality, Mödder 
reported a prevalence rate of 25 % in 980 RSO of the knee joint [ 7 ].  

11.2      Hydrostatic Aspects, Valvular Mechanism 

 Pressures in the knee joint and a corresponding Baker’s cyst were measured by 
Jayson and Dixon [ 8 ] in 12 patients with rheumatoid arthritis. Simultaneously 
arthrograms of the knee joint were performed. In all cases the contrast media passed 
from the knee into the cyst. In the extended position of the knee and the heel ele-
vated on a small block, the intracystic pressures (mean 72.2 mmHg) were signifi -
cantly higher than the intra-articular pressures (mean 13.6 mmHg). Cyst squeezing 
resulted in an increased pressure in the cysts up to several hundred mmHg but 
showed no signifi cant pressure increase in the knee joint. Measurement under knee 
fl exion (45° and 90°) was performed in fi ve knees with the result of decreasing cyst 
pressure in all cases. Two cysts could be reduced into the knee with fl exion and 
manipulation. In one cyst a valvular mechanism could be demonstrated. After 
squeezing the distended knee, the knee pressure decreased below its initial value, 
and the cyst pressure increased in comparison to the initial pressure. Similar results 
are found by Lindgren [ 9 ]. Based on those results, Jayson and Dixon [ 8 ] discussed 
two possible forms of valve mechanisms. One model resembles a ball valve due to 
large quantities of fi brin within the cyst blocking the connection to the knee under 
high pressure (Fig.  11.1 ). Alternatively, a Bunsen-type valve is possible, consisting 
of a narrow curved passage in which walls collapse under direct cyst pressure.  

 In an anatomical study, Rauschning [ 3 ] found a communication between the 
knee joint and Baker’s cysts in 58 of 108 knees. The communication becomes pro-
gressively wider with increasing fl exion as the gastrocnemius tendon was pulled 
away from the femoral condyle. On extension the capsule of the knee joint was 
compressed between the tendon and the femoral condyle. This result can explain the 
decreasing pressure in the Baker’s cysts under knee fl exion. Because of the anatomi-
cal structure of the communication between the cyst and knee, Rauschning contra-
dicted the hypothesis of a valve mechanism of the Bunsen type. Considering the 
observation of Pindler [ 10 ] who could empty all 14 popliteal cysts into the joint 
cavity during anterior synovectomy in spite of containing fi brin masses, Rauschning 
also contradicted the hypothesis of a true valve mechanism of the ball type. Instead, 
he interpreted the closing mechanism as a functional action concerning both direc-
tions and excluded a unidirectional valve mechanism. 

 Some other study results are also in contradiction to a unidirectional valve mech-
anism. Wilson    et al. [ 11 ] found that air, injected in a popliteal cyst, promptly passed 
into the joint even if it is not possible to empty the cyst into the joint. Maudsley and 
Arden [ 12 ] described an activity trespassing into the knee joint after injection of 
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yttrium into a popliteal cyst. In ten patients Smith et al. [ 13 ] measured activity dis-
tribution into Baker’s cysts after RSO of the knee using single-photon emission 
computed tomography (SPECT) and found 0–40 % of the activity in the cysts. Up 
to 46 h, repeated measurements over time showed no activity accumulation; during 
this time the patients were confi ned to bed.  

11.3     Treatment Results of Baker’s Cysts After RSO 

 Up to now, only a small number of studies described the effect of RSO of the knee joint 
to Baker’s cysts. Grahame et al. [ 14 ] treated 15 patients: 13 showed a Baker’s cyst, and 
in 2 cases the cyst extended into the calf. In 4 of the 13 patients, the cyst disappeared. 
The time difference of control and treatment was between 6 and 11 months. 

 Topp et al. [ 15 ] described a study of 112 RSO of knee joints; the treatment results 
were controlled up to 5 years. Twelve patients had a popliteal cyst or synovial rup-
ture or both, and in all cases the lesion disappeared or decreased in size. 

 In a prospective study of 150 RSO of knee joints with Baker’s cyst, Mödder 
[ 16 ] reported on 87 disappeared cysts after the fi rst RSO. Another 57 cysts disap-
peared after a second RSO. Time difference of control and treatment was not 
mentioned. 

  Fig. 11.1    Example of a Baker’s cyst with a possible ball valve mechanism due to large quantities 
of fi brin within the cyst as assumed by Jayson and Dixon [ 8 ]       
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 Our own data of 60 RSO with Baker’s cysts in 45 patients showed a signifi cant 
reduction of the median cyst volume of 73 % after a median follow-up of 6 months 
(Fig.  11.2 ). In 25 % of cases the cyst disappeared, and in 55 % the volume was 
reduced, whereas in 20 % the volume increased [ 17 ].   

a

b

  Fig. 11.2    Volume reduction of a Baker’s cyst due to RSO of the knee joint. ( a ) Baker’s cyst before 
RSO. ( b ) Baker’s cyst 5 months after RSO       
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11.4      Risk Estimation for Baker’s Cyst Rupture 

 Neither of the above-cited treatment studies reported any complication correspond-
ing to Baker’s cyst. Nevertheless, Asavatanabodee et al. [ 18 ] described a Baker’s 
cyst rupture in 5 of 133 treated knee joints; time difference between RSO and rup-
ture was not mentioned. In addition, Davis and Jayson [ 19 ] reported two cases of a 
knee joint rupture occurring 43 and 63 days after RSO. 

 The most severe complication would be the rupture of a Baker’s cyst directly 
after RSO, draining the activity into the calf. Therefore, for risk estimation not only 
the probability of cyst rupture but also the quantity of activity present within the 
fl uid inside the cyst needs to be assessed. Standard of care mandates the immobili-
zation of the knee joint for 48 h after RSO, so cyst rupture based on external stress 
can be expected earliest after the end of this immobilization period. 

 Because of aggravation of symptoms and recurrence of effusion, a puncture of the 
knee joint in one patient and of the Baker’s cyst in another patient had to be performed 
in our institution to exclude infection 12 days after RSO with the possibility of activity 
measurement in the aspirated fl uid. Table  11.1  depicts the results of activity per ml 
aspirated fl uid, decay-corrected activity per ml 48 h after RSO of the aspired fl uid, and 
activity in the whole lumen of the knee joint and Baker’s cyst due to the injected activ-
ity 48 h after RSO. In addition, for risk estimation, the activity per 100 ml fl uid 48 h 
after RSO as a worst case was calculated due to the activity in the aspirated fl uid.

   The results show a huge difference between the calculated activity inside the 
joint due to the injected activity and the measured activity of the aspirated fl uid with 
decay correction. This difference can be explained by the fast phagocytosis of the 
injected radiocolloids into the synovial membrane. Therefore, also in the unlikely 
case of a rupture of the Baker’s cyst, the emptied activity into the calf is very low, 
and a distinctive damage of the popliteal and calf tissue should not be expected.  

11.5     Discussion 

 Initially Baker’s cyst was classifi ed as an absolute contraindication for RSO of the 
knee joint because of some reports of spontaneous rupture, especially correspond-
ing to patients with recurrent joint effusion [ 20 – 22 ]. Even today some authors still 

   Table 11.1    Activities in knee joint fl uid and Baker’s cyst fl uid, respectively, 12 days after RSO 
and decay-corrected activities 48 h after RSO   

 Aspirated 
activity/ml 
[kBq] 

 Decay-corrected 
aspirated activity/ml 
48 h after RSO [kBq] 

 Activity/100 ml 
48 h after RSO 
[kBq] 

 Injected activity 
48 h after RSO 
[kBq] 

 Patient 1 (joint 
puncture) 

 3  40  4,000  137,000 

 Patient 2 (cyst 
puncture) 

 <1  <13  <1,300  120,000 
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classify Baker’s cyst as an absolute contraindication [ 23 ]. Nevertheless, 20 years 
ago, Mödder [ 16 ] introduced a more differentiated view of the topic. He suggested 
the use of ultrasound to differentiate between Baker’s cyst with and without a valve 
mechanism and classifi ed only Baker’s cysts with valve mechanisms as an absolute 
contraindication. 

 Considering the results described in Sect.  11.2 , a unidirectional valve mecha-
nism is very unlikely and can be classifi ed as irrelevant relating to the risk of cyst 
rupture directly after RSO. In general, activity will be injected into the knee in the 
extended position. Under this condition, the study of Rauschning [ 3 ] in combination 
with the results of Smith et al. [ 13 ] suggested either an immediate homogenous 
activity distribution into the cyst or a lack of activity distribution, depending on the 
special anatomical situation of the patient. In particular an activity and fl uid trap-
ping within Baker’s cyst resulting in increasing pressure are very unlikely under the 
condition of joint immobilization. Nevertheless, Asavatanabodee et al. [ 18 ] 
described a rupture of Baker’s cyst after RSO in fi ve cases. Because knee joints 
were not immobilized in their study, this reported complication is not transferable 
to today’s situation. The additionally reported knee joint rupture by Davis and 
Jayson [ 19 ] cannot be pointed out as a direct consequence of the RSO because of 
the long time interval between RSO and rupture (43 and 63 days, respectively). 

 The risk of damage to the soft tissue due to released activity is established as low, 
based on the low free fl uid activity estimated 48 h after RSO (see Sect.  11.4 ). The 
few reports of knee joint RSO in the presence of a synovial or cyst rupture without 
any damage of the soft tissue [ 15 ,  18 ] support this risk assessment. 

 In addition, in an inquiry of 260 nuclear medicine physicians and 20 medical 
liability insurances about the kind and frequency of complications corresponding to 
RSO between 1998 and 2003, no rupture of a Baker’s cyst was reported [ 24 ]. 

 Overall, a Baker’s cyst should not be classifi ed as a relevant contraindication for 
RSO of the knee joint. Rather with respect to the reported positive effect of RSO in 
knee joints with Baker’s cyst [ 14 – 17 ], RSO should be included into a multimodal 
therapy regime of Baker’s cyst. 

 Consistent with the above considerations, current literature and especially guide-
lines classify only a ruptured Baker’s cyst as a contraindication [ 25 – 27 ]. Even 

a b

  Fig. 11.3    ( a ) Ultrasound with possible fl uid leakage from the Baker’s cyst into the surrounding 
tissue ( arrows ). ( b ) Joint cavity scintigraphy excludes leakage from the Baker’s cyst       
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though risk can be assumed as low, a ruptured Baker’s cyst should be classifi ed as a 
relevant contraindication based on the very limited and only theoretical data. 
Therefore, it is recommended to exclude a rupture of an existing Baker’s cyst before 
RSO by ultrasound. In case of doubt a joint cavity scintigraphy with Tc99-labeled 
colloids should be performed to exclude leakage from the cyst into the surrounding 
tissue (Fig.  11.3a, b ).      
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                       Summary 

    Willm     Uwe     Kampen     and     Manfred     Fischer    

  Reasons for infl ammatory joint disease are as variable as possible strategies to treat 
its clinical signs like joint effusion, pain and restricted joint motion. These symp-
toms lead to a signifi cant decrease of the patient’s quality of life and should be 
 satisfactorily treated. 

 In patients with systemic rheumatoid diseases, with severe osteoarthritis or even 
with acute joint effusion after trauma or surgery, the infl ammation of the synovial 
membrane, i.e. synovitis, is the reason for the above-mentioned infl ammatory 
 complaints. Thus, synovitis is the main target of any treatment modality which 
might be chosen from the large armamentarium available today. 

 This book gives a review over both systemic pharmacotherapies and local 
 treatment options, the latter consisting of conservative, surgical and nuclear medical 
therapies. Since there is a large spectrum of clinical appearances in different patients, 
a “golden standard” of treatment cannot exist. Thus, different medical specialists 
like rheumatologists, orthopedists, surgeons, nuclear medicine physicians and 
 others should develop the tailored treatment for the individual patient from an 
 interdisciplinary approach. 

 Especially due to this interdisciplinarity, everyone who is engaged with the treat-
ment of infl ammatory joint diseases should be aware of both the basic effects and 
possible side effects of the different therapies. This should infl uence the decision 
how to treat the individual patient. 

 We hope that this book will help to decide about the proper treatment approach 
and to weight the desired therapeutic effects against possible risks to choose the best 
therapy with an optimal outcome. 

        W.  U.   Kampen     
  Nuklearmedizin Spitalerhof ,   8, Hamburg 20095 ,  Germany   
 e-mail: kampen@nuklearmedizin-spitalerhof.de  
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 Moreover, we hope that the chapters dealing especially with radiosynoviorthesis 
might be helpful in recurring discussions on possible risks and side effects of this 
classical nuclear medicine therapy. Based on a substantial knowledge, the reader 
should be able to set the true indication for this treatment or even to refuse it in 
patients where there is no perspective for any clinical benefi t or when possible risks 
prevail the expected effects.       

Summary
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