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Introductio n n 
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Chapterr 1 

1.11 RISK AND SAFETY IN HEALTHCAR E 

Healthcaree is for many people a matter of course. Patients expect to be cured and consider 

diseasee an exceptional event. In contrast, also many consequences of current medicine are 

unwantedd but unavoidable. They are accepted as complications, i.e. iatrogenic morbidity and 

mortality.. Every medical decision is based on a balance of risks and benefits. However, it is 

oftenn difficult to estimate the risks for a particular patient even when there is some knowledge 

off  the general risks associated with a treatment. In addition, the balance of risks and benefits 

iss different in the short and long term(l'2). Besides, healthcare is not considered a procedural 

process.. If danger threatens, the professional in charge feels justified in deviating from the 

protocoll  and they are free to apply unusual and unproven interventions simply with an appeal 

too their expert status. Personal skills, endurance and a successful record of coping well with 

riskss prove medical mastery. 

Doctorss have the obligation to inform patients about all possible complications involved with 

aa diagnostic or therapeutic intervention. However, the general public has high expectations of 

modernn healthcare, and a lack of acceptance or understanding of the risks underlies some of 

thee feelings of injustice experienced by patients whose disease does not respond satisfactorily 

too treatment or who suffer from complications. Besides, poor communication between patient 

andd health workers aggravates the patient's and relatives' perception of injustice, this being an 

importantt contributing factor in litigation(3). 

Itt will be a difficult multidisciplinary task to find out if an adverse outcome is due to an 

unavoidablee risk of the treatment or due to human error, shortcomings of an organisation, 

breakdownn of equipment or a device, inferior practice or violation of protocols and accepted 

standardss of practice. Harm to a patient may simply be a complication of treatment, but in 

manyy cases unsafe practice cannot be excluded as a contributory cause. 

Bignelll  defines risk management as "the process of making and carrying out decisions to 

minimisee adverse effects and accidental losses(4). Making these decisions requires 

identification,, analysis, choice, implementation, and monitoring with regard to risks". A risk 

andd safety assessment may concern a task, procedure, or process, or may be a feature of the 

performancee of a drug or device. When we look at an industrial (procedural) process in order 

too assess and manage its safety, five aspects can be taken into consideration(5,6): 

11 the chances of failure of the system as a whole or of its various subsystems 

22 the failure modes and scenarios 

33 setting a safety standard and maintaining and/or resetting norms of safety 

44 the potential or real damage related to the failure 

55 damage control, compensation, and preventive measures 

Whenn we talk about risk and safety management in healthcare, analysis of the adverse 

outcomee has to be based on observations at the individual level of the patient-doctor 
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relationship,, the organisational level dealing with the duties of institutional and professional 

bodies,, the sector level in which the various streams of healthcare are assessed and compared, 

andd the societal level at which policy making with respect to the funding of quality assurance 

off  healthcare, claim behaviour of patients, and public risk perception are controlled. 

Thee multidisciplinary approach is an upcoming perspective in medicine. For instance, when 

confrontedd with implant failure of abdominal aortic endovascular grafts, the Dutch Society of 

Vascularr Surgery and the Association for Intervention Radiology founded a multidisciplinary 

workingg group to promote the quality of the endovascular use of endoprostheses in the 

treatmentt of abdominal aneurysms. The working group recommended the introduction of a 

safetyy committee. This committee collects information from researchers and manufacturers, 

helpss doctors to control and solve problems, and acts as an advisor to the Health Care 

Inspectorate.. More or less the same approach is or could be used for various other professions 

thatt use 'critical' products like self-test devices for patients on oral anticoagulant therapy, 

bloodd products, or breast implants. However, these initiatives require a professional demand, 

aa vision of safety and a manual on how to do it. 

1.1.11 Professional credibilit y and the patient-doctor  contract in implant surgery. 

Basically,, patients and doctors have a contract in which the use of a device is incorporated. 

Priorr to treatment the patient is informed regarding the risks of failure, which may be 

acceptablee to him or not. So, the patient always has to accept certain risks of adverse 

outcome.. Depending on indication, disease state, the professional standard and the technical 

statee of the art, the patient is supposed to have accepted reasonable risks of adverse outcome 

includingg device failure. In case the expectations due to technical failure cannot be met, the 

patientt and or his relatives are entitled to be informed about the aetiology of the failure. 

Whetherr or not a device failure is due to any negligence on the part of the surgeon or the 

manufacturerr may be established in a legal procedure. However, violation of safety standards, 

lackk of preimplant tests, misrepresentation of patients by promising too much and substandard 

manufacturingg technologies provide in many law systems a basis for financial compensation. 

So,, it is profitable to invest in safety as it adds to the credibility of surgeons and industry for 

usingg high-profile implants and it also avoids litigation(7). 

1.1.22 Ethical considerations 

Firstt of all, the ethical principles are plain and simple(8): 

11 Do not harm the patient and respect the patient's autonomy and physical and mental 

integrity. . 

22 Doctors should do the utmost for patients and should not turn down a request for help. 
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33 Doctors should fully inform their patients about potential benefits and risks of harm. 

So,, it is clear that doctors need to act as safely as possible. 

However,, we know that all medical decisions whether or not to intervene may result in 

adversee outcome. An adverse event may potentially affect the perception of good quality and 

safetyy related to that decision. Today, the most commonly used ethical perspective to justify 

adversee outcome is an appeal to the utility principle*9, l0). This principle supports the concept 

off  exposing patients to real risks of death and disability in case the chance that the patient will 

benefitt from the intervention outweighs the chance of negative outcome. On the level of 

groupss of patients this means that the vast majority of the group will benefit and only a 

minorityy will not. Withholding the treatment to the whole group will cause all patients to die. 

Inn the worst-case application, this principle justifies the use of potentially lifesaving 

interventionss at very high risks of mortality, when a wait-and-see approach will certainly 

resultt in death in the very short term. The utility principle rules medical decision making in 

cardiacc surgery. In the extreme spectrum of this perspective, only relevant damage due to the 

lackk of safety will be taken into consideration, when looking at heart valve treatment. 

Thee balancing of risks and benefits may be tested from the perspective of the deontology 

principle*9'10*.. This principle encourages that each individual must be given the right to make 

hiss own decisions and that individual rights must be a priori respected and protected. 

Unwantedd restriction of these rights and damage due to such restrictions should be 

compensated.. In malpractice claims, testing of the reasonability of the risk-benefit 

considerationss and the respect for the patient's rights are operationalized. A third test 

perspectivee is found in the cost-effectiveness paradigm on which the assignment of scarce 

resourcess is justified. So wasting resources on avoidable losses due to the lack of reasonable 

safetyy measures, will affect the justification of a treatment. 

1.22 RISK AND SAFETY IN HEART VALVE REPLACEMENT 

Sincee the development of the heart-lung machine in the fifties and early sixties of the 20th 

centuryy open-heart surgery became a large-scale surgical procedure. Failing native heart valves, 

whichh may cause regurgitation or a high-pressure gradient over the valve due to stenosis, 

representss many of the heart diseases. Causes of diseased heart valves are infection, rheumatic 

fever,, degeneration and congenital malformation. In many cases valve replacement by means of 

aa mechanical valve is the common mode of treatment. An alternative is the use of a cadaver 

valvee or a valve composed of biological material, which have a limited durability or availability. 

Thee advantages of mechanical heart valves are custom ready availability and a lifelong 

durability.. The disadvantage of treatment with a mechanical valve is lifelong need for 

anticoagulantt therapy. 
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1.2.11 Mechanical heart valves 

Thee first mechanical heart valve prosthesis ever used was the Starr-Edwards cage ball valve in 

thee early sixties. The development of many other valves followed (the Medtronic-Hall 

monoleaflet,, the Edwards-Duromedics bileaflet, the St Jude Medical bileaflet and the Bjork-

Shileyy tilting disk). However, especially during the first decade of mechanical heart valve 

implantation,, many valves were hampered by mechanical failure^11"1 . Examples of valve 

failuree are metallurgical fatigue, cracks, and fracture of the welded outlet strut, finally leading 

too disk escape, leaflet fracture, increased wear, due to design and flaws in the pyrolytic carbon 

coatingg and impingement^11"17'. Other complications of valve replacement therapy, not directly 

affectingg the valve's structural function, are paravalvular leakage and endocarditis. Many 

studiess were executed to improve the design of the valve and to decrease the risk of valve-

relatedd complications. This thesis will go in detail into the cases of valve failure, risk and 

safetyy assessment of valves and the possible measures to take. 

1.2.22 Thromboembolic and bleeding complications in patients with mechanical heart 
valves s 

Despitee ongoing developments in material and design, one of the most frequent complications 

inn patients with a mechanical heart valve prosthesis is the occurrence of valve-related 

thrombosis^18'.. The increased tendency of blood clot formation around the artificial surface of 

thee valve can prevent it from opening or closing properly. Particles of the clot can migrate and 

thesee emboli may cause damage to the brain (cerebrovascular infarction or stroke) or other 

partss of the body. Furthermore, a thrombotic coating on the valve can be a breeding ground 

forr bacteria, ultimately resulting in a bacterial infection of the inner layer of the heart 

(endocarditis).. Hence, artificial heart valve-associated blood clot formation contributes 

considerablyy to long-term morbidity and mortality in patients that have received a mechanical 

heartt valve prosthesis. Oral anticoagulants (vitamin K antagonists) have been in use for years 

ass an effective modality for the prevention and treatment of these thromboembolic events. 

However,, anticoagulation is associated with another potentially fatal complication: bleeding. 

Thee treatment constitutes a delicate balance between the two complications. 

Factorss determining the risk for thromboembolic complications are partly dependent on 

concomitantt risk factors for thromboembolism in a particular patient, such as the presence of 

atriall  fibrillation, but also on properties of the prosthetic valve itself, such as flow 

characteristics,, valve design and use of modern biomaterials(18). These valve-dependent 

factorss have been improved over recent years. However, a considerable risk of systemic 

thromboembolismm still remains, for the prevention of which anticoagulant treatment is 

mandatory. . 
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Withh modern valve prostheses, most important factors that may determine the risk for the 

developmentt of thromboembolic complications are the position of the valve (i.e. the aortic 

positionn as compared to the mitral position), the number of artificial valves in a patient, and 

thee type of artificial heart valve(18,9). A patient with a St. Jude (bileaflet) valve in the aortic 

position,, who is not using any anticoagulant agent has a risk of thromboembolic 

complicationss of 12.3%/year, whereas the presence of a St. Jude valve in the mitral position is 

associatedd with a risk of 22.2%/year(20"22). The presence of more than one artificial valve 

furtherr increases the thromboembolic risk. Observations in patients who were not using 

anticoagulantt agents revealed an incidence of thromboembolic complications of 91%/year 

withh a St. Jude valve prosthesis in both the aortic and the mitral position. Differences between 

typess of artificial valves are illustrated by the observation that in patients who are not 

anticoagulated,, the risk of thromboembolic complications with a Björk-Shiley (spherical disk) 

prosthesiss in the aortic position is 23.0%/year, as compared to the 12.3%/year for a St. Jude 

valvee in the aortic position(23). The use of caged-ball valves is associated with even higher 

incidencess of thromboembolic complications. 

1.33 THE COMPLEXIT Y OF ANTICOAGULAN T THERAPY 

1.3.11 Anticoagulant therapy in patients with a mechanical heart valve 

Thee early evidence that oral anticoagulants are required for the treatment of patients with 

mechanicall  prosthetic valves came from observational studies that the high risk of systemic 

arteriall  embolism in untreated patients was reduced by anticoagulant therapy. For ethical 

reasons,, clinical trials directly comparing oral anticoagulants with an untreated control group 

inn patients with prosthetic heart valves have never been performed. However, randomised 

trialss comparing oral anticoagulants with antiplatelet treatment in the prevention of 

thromboembolismm in patients with prosthetic heart valves have clearly shown the superior 

efficacyy of Coumadins or warfarin(19,21). Most studies show that treatment with antiplatelet 

agentss alone for the prevention of thromboembolic complications in patients with prosthetic 

heartt valves is not as effective as treatment with oral anticoagulant agents. A number of 

studiess have focussed on the issue whether the addition of antiplatelet agents to oral 

anticoagulantt treatment in patients with a higher risk of thromboembolism would further 

decreasee the incidence of this complication*245. Aspirin in doses of 500 mg in combination 

withh oral anticoagulants was more effective than anticoagulant treatment alone in reducing 

thromboembolicc complications of prosthetic heart valves. However, the combination of oral 

anticoagulantss and aspirin considerably increased the incidence of serious gastro-intestinal 

bleeding.. Recent studies indicated that the use of low dose aspirin (100 mg daily) in 
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conjunctionn with oral anticoagulant agents significantly reduced the mortality, vascular 

mortalityy and major embolism in patients with mechanical heart valves with only a minor and 

acceptablee increase in the incidence of hemorrhage*24*. Some studies have suggested that 

dipyridamolee is effective in reducing valve-related thromboembolism when administered in 

combinationn with oral anticoagulants but these findings have been challenged. 

Thee beneficial effect of the anticoagulant treatment may (partly) be offset by the increased 

riskrisk on (major) bleeding associated with the use of oral anticoagulant therapy. Therefore, 

severall  studies have addressed the issue of the optimal intensity of the anticoagulant treatment 

inn patients with prosthetic heart valves. Accumulated results of these studies indicated that a 

therapeuticc target INR of 2.5-4.9 was associated with a minimal risk on thromboembolic 

complicationss of 1.6%/year with a hemorrhagic event rate of 1.2%/year. A lower intensity of 

anticoagulantt treatment, i.e. an INR in between 1.6 and 1.9, was associated with a higher 

thromboembolicc complication rate (2.7%/year) and a slightly lower hemorrhagic event rate 

(0.7%/year),, whereas higher treatment intensities (INR 4.9-7.4) resulted in a higher incidence 

off  hemorraghic events (1.7%/year) without a decrease in the thromboembolism rate 

(2.2%/year)) as compared with the target INR of 2.5-3.0(l9,25). 

Ann evaluation of anticoagulant therapy in 1608 patients with mechanical heart valves with a 

meann patient follow up of 4 years showed a thromboembolic complication rate of 0.7%/year, 

whereass the incidence of hemorrhagic events was 2.68%/year (CNS hemorrhage 0.57%/year 

andd major extracranial bleeding 2.11%/year)(26). Analysis of these data revealed an optimal 

intensityy of oral anticoagulant therapy (defined as the INR range at which the combined 

incidencee of thromboembolic complications and major bleeding complications was lowest) of 

2.5-4.9,, at which intensity the incidence of all adverse events (major thromboembolism, major 

bleedingg and unclassified stroke) was 2.0%/year. In conclusion, to date the optimal intensity 

off  anticoagulant treatment in patients with mechanical heart valves is aimed at an INR of 2.5-

4.9.. To achieve this, a target INR of 3.0 to 4.0 is recommended. 

Effortss have been made to come to a more refined assessment of the optimal level of INR in 

patientss with mechanical prosthetic heart valves dependent on the position and the type of 

valve.. Analysis of subgroups of patients revealed that within the optimal INR range 

differencess in the incidence of thromboembolic complications still exist. The incidence of 

thromboembolismm was 0.5%/year with a prosthetic heart valve in the aortic position, 

0.9%/yearr with a prosthetic mitral valve and 1.2%/year for both aortic and mitral valves. 

Thromboembolicc complications occurred in 0.5%/year of patients with bileaflet valves, in 

0.7%/yearr of patients with a tilting disk valve and in 2.5%/year in patients with caged ball or 

cagedd disk valves. Also, thromboembolic events were more frequent in patients 50 year of age 

orr older, whereas bleeding complications occurred preferentially in patients older than 70 

year(19'6).. There is, however, insufficient data to definitively address the issue which subgroup 

off  patient should receive anticoagulants at which intensity. Trends suggest that an INR of 2.0 
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too 2.9 might be more effective and safe in patients with bileaflet valves, whereas patients with 

tiltingg disk valves had lowest adverse events rates in the INR range of 3.0 to 3.9. Trends in 

patientss with caged ball or caged disk valves showed the lowest incidence of adverse events at 

ann INR of 4.0 to 4.9. 

1.3.22 Management of anticoagulant therapy 

Thee adequate control of anticoagulation is of utmost importance in the prevention of 

unwantedd clinical outcome in patients with mechanical heart valves. Regular control of the 

intensityy of anticoagulant treatment by means of the prothrombin time (PT) is therefore 

indicated.. Unfortunately, due to the variability of the dose-response of coumarin derivatives, 

maintainingg the intensity of anticoagulation in the appropriate therapeutic range is difficult, 

necessitatingg frequent laboratory control and dose-adjustments. 

Thee monitoring of the anticoagulant status by means of the prothrombin time (PT) and the 

advisee to dosage the therapy by means of coumarin derivates is usually carried out by special 

organisations.. In the Netherlands, the Thrombosis Service with a network of over 70 units 

takess regular blood samples to test the PT level, which results in a dosage advise to the 

patient.. Despite a strong organization, laboratory quality control, and automated, 

computerizedd dose-adjustments, for a substantial number of patients the intensity of 

anticoagulationn is not inside the "therapeutic target range" for considerable periods of timê  
30).. Besides, standard anticoagulation therapy requires frequent venepunctures and patients' 

visitss to the Thrombosis Service, which are time-consuming and -for some patients-

inconvenient. . 

Recently,, much effort has been undertaken to improve the methods of monitoring and 

managementt of anticoagulant therapy. Point-of-care testing of the prothrombin time 

(expressedd as International Normalized Ratio (INR)) on capillary whole blood represents one 

off  these developments. Point-of-care testing was initially developed for use by health care 

providerss but after a number of user-friendly improvements it became apparent that it had the 

potentiall  for patient self-monitoring and thus for patient self-managemenr ' '. Effectively, 

patientss with heart valve disease have to cope with two devices in order to regain and 

maintainn health. We hypothesize that self-management of oral anticoagulant therapy may 

resultt in increased patient responsibility for the management of oral anticoagulant therapy and 

potentiallyy improved regulation of anticoagulation. An additional advantage could be that 

patientss can perform the test at home and are less dependent of the Thrombosis Service. A 

potentiall  disadvantage could be a less optimal regulation of oral anticoagulant therapy, due to 

aa less "professional" management of anticoagulant treatment. However, in comparable 

circumstances,, self-management of blood glucose and dose-adjustments in insulin therapy by 

diabeticc patients has resulted in an improved glycemic control and an (appreciated) increased 
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independencee from hospital or laboratory. Recent studies in other countries already show a 

benefitt of patient self-management as compared with (general) physician-guided 

management.. So far, no controlled comparison with a well-organized anticoagulation clinic 

hass been conducted. Since in the Netherlands the management of anticoagulant therapy is 

virtuallyy exclusively executed by specialized anticoagulation clinics (Thrombosis Service), 

whichh is thought to represent the 'ideal' situation, this sets the stage for a proper comparison 

off  self-management of anticoagulant therapy with anticoagulation clinic-guided management. 

1.44 HOW TO MAKE MECHANICAL HEART VALVES SAFER 

Thiss thesis illustrates the application of the concept of systems safety management on the use 

off  devices for treatment of heart valve disease. The perspective is that of doctor and patient. 

Treatmentt failure due to device failure can be death or disability. This may be due to intrinsic 

orr structural failure of the valve. In case of patient self-management by means of the 

CoaguChek®,, failure of the device may be the cause. However, the intrinsic valve failure is 

duee to shortcomings at the part of the manufacturer. CoaguChek® failure will be mostly due to 

humann error or patient failure. The chapters two, three and four covering valve failure, and the 

chapterss six to nine referring to the patient self-management failure, present two different sets 

off  failure scenario's and risk control solutions. Chapter five is of interest as it describes a 

substantiall  risk to treatment failure by means of excessive bloodloss in the postoperative 

phase.. Due to the likelihood of occurrence and the perceived relevance of this safety threat a 

largee body of data and information with respect to risk figures and treatment options are 

available.. The aggregation and analysis of this information by means of a meta-analysis 

contributess to better decision making. So, this modus of evidence-based medicine enables 

saferr practices, but in a distinctly different way when compared with device failure. 

Anotherr marked difference between the topics treated in the various chapters, is reflected by 

failuree analysis methods used. Fractured valves are supposed to be a rare event, with 

enormouss litigation consequences. Very intensive technical analysis of a single valve and/or 

"accident""  must provide the evidence. Also the fact that post marketing surveillance and 

reportingg of these rare events don't seem very popular amongst the various interested parties, 

contributess to incomplete information. The chapter on the product life cycle and barriers 

describess the interdependence and intertwinement of interests and risk management actions. 

Learningg form a single or a limited number of accidents implies the willingness to improve 

designn on the basis of the information derived from the failure analysis. In chapters three and 

fourr we describe that appropriate risk control actions apparently also require a relevant 

stimuluss form the threat of litigation. In contrast with chapters two, three and four, in which 

thee thoroughness of the technical and case analysis has to compensate for the lack of 
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quantitivee certainty, chapters five and eight illustrate the possibilities of clinical research. The 

investigatorr controls the number of cases in order to reduce uncertainty. It is assumed that in 

dailyy clinical practice all components described in the chapters are to be controlled by the 

surgeon.. This implicates that handling a safety management challenge implicates the use of 

methodss and tools from various disciplines. This approach provides a more realistic view on 

thee difficulties and potentials of real world risk control practices, which are too frequently 

monopolizedd by a single discipline. 

Secondary,, each chapter gives an insight to the parties involved on how the others are dealing 

withh the risks specifically induced by their discipline. Chapters two and six present methods 

frequentlyy used by device industries, but now made accessible to clinicians and administrators. 

Att the other hand device industries often skip relatively simple methods such as the meta-

analysiss or the cross-over design (chapters five and eight). Therefore, the thesis can be seen as 

thee safety case study of the event failed heart valve treatment. Can we conclude that this safety 

casee study improves safety for individual patients? First of all the thesis and the separate chapters 

intendd to learn the interested reader about the occurrence of risks, the way risk information is 

acquiredd and analyzed, and how this knowledge may contribute to reduction of risks or their 

hazardouss effects. The new safety knowledge amongst other facilities such as the availability of 

riskk control tools and an adequate organization, and the existence of a positive safety culture may 

resultt in safer devices and practices. 
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2.11 INTRODUCTIO N 

Biomedicall  implants and devices are one of the most important developments of the 

biomedicall  industrial progress in modern health care (Starr, 1986). Highly skilled 

professionalss and stringent manufacturing processes are essential to ensure quality and long-

termm performance, but assessing the safety and risk of failure are equally important. However, 

analysess of safety are usually focused on technical qualities, neglecting problems with the 

implant/carrierr interface, limitations in durability, and the high expectations of both clinicians 

andd patients. In the near future, we are likely to see the development and use of so-called 

smartt devices, which are programmable in a similar way to pacemakers for cardiac 

stimulation,, raising new and more complex safety issues (de Mol et al., 1995; Black, 1996). 

Whenn the risk is lethal and the implant difficult to replace, risk control strategies are difficult 

too generate and to execute. Structural failures of mechanical heart valves pose great 

challengess for risk control (de Mol et al., 1994, 1995). Other frequent, disabling, and 

sometimess lethal, complications of a mechanical heart valve are bleeding and 

thromboembolismm in the presence of the mandatory use of anticoagulant therapy. Recently, 

self-testt kits in the form of a home-laboratory have become available for patients to keep the 

bloodd thinning well within the safe range. So, patients are now exposed to two devices: the 

valvee and the blood-thinning tester, both of which enhance survival but also introduce 

complexityy and additional risk. The self-test named CoaguChek® has been used by over 

15,0000 patients so far and is currently under investigation by several groups. (Hasenkam et 

al.,, 1997) 

Wee studied the unprecedented number of mechanical heart valve failures of Björk-Shiley 

convexo-concavee (BScc) mechanical heart valves, which were manufactured between 1979 

andd 1986. Failure of BScc valves has been reported for over 20 years, with the first fracture of 

thiss type reported in 1978. A poorly controlled design and manufacturing process have led to 

fatiguee fractures, in spite of corrective attempts by the manufacturer. Worldwide, 

approximatelyy 82,000 valves have been implanted and an estimated number of 650 fractures 

havee been reported. A US Congress Committee and investigators established shortcomings on 

thee part of the Food and Drug Administration, and fraud with manufacturing records ("the 

phantomm welder"), inadequately trained personnel, misrepresentation of risks of fracture by 

thee management and reworking of valves rejected in the process of quality control 

(Committeee on Energy and Commerce, 1990; van der Graaf, 1998). The manufacturer failed 

too report fractures to the FDA, while marketing activities were continued despite the 

awarenesss of the problems. When it came to communicating the risk of fracture to prescribers 

andd patients, no adequate implant register existed. Therefore, many patients either did not 
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knoww they carried a BScc valve or could not be tracked for risk information. Although 

basicallyy an engineering issue, the problem was compounded by inappropriate responses by 

doctors,, hospitals and health authorities (de Mol et al., 1997a). In The Netherlands, heart 

valvee failures were also observed with Hemex Duromedics (Baxter Inc.) and Medtronic 

Parallell  (Medtronic Inc.) valves. Disputes about resources and scientific research 

requirementss inhibited the development of an effective worldwide risk strategy. 

AA systemic safety management approach needs a structural and political basis in society at 

largee (Cromheecke et al., 1998). Professions are inclined to focus exclusively on the 

subsystemss and tasks they can control and tend to exclusively promote their view as the single 

riskk control solution. In The Netherlands, we were able to overcome public outrage and 

potentiall  conflicts of interest through the establishment of the so-called Bjork-Shiley 

convexo-concavee study group, in which all implanting centres were joined. A register of all 

patientss was established and continuous follow-up, in the sense of a longitudinal cohort study, 

wass carried out (de Mol et al., 1994; van der Graaf et al., 1992). Parallel technical analysis of 

retrievedd valves was carried out by the Delft University of Technology and Rice University, 

Texas.. The clinical records, incident data, and the technical information provided the input for 

reportss by the inter-university working group on cardiovascular implant retrieval analysis. In 

thiss working group, pathologists, metallurgists, cardiologists, and surgeons reviewed 

explantedd and fractured valves (de Mol et al., 1997b). Ultimately this work led to the concept 

off  the product life cycle-based safety management and Barrier Analysis, which were 

developed,, between 1992-1997. 

Inn this paper, we first focus on product life cycle-based safety management for implant failure 

onn the basis of our experience with the BScc valve problem. Second, adverse events and 

accidentss are reviewed and the analyses used to develop a safety management system. Third, 

thee components of the subsystem that represent barriers to undesired scenarios and outcome 

aree reviewed. 

2.22 TESTING MEDICA L DEVICES 

Sincee June 1998, all medical devices to be used in Europe are supposed to be certified for 

theirr safety and efficacy by a notifying body. Industry, health authorities and users have 

drawnn up standards of performance for different classes of device. Clinical tests are required 

but,, especially in the surgical arena, randomised clinically controlled trials are rarely carried 

out,, while the many observational studies provide conflicting information (Horton, 1996). 

Therefore,, safety is only really assessed in long-term observational studies after the devices 
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aree in use with patients. 
Standards,, however, are lagging behind the newest developments and tested devices in real 

usee may not to live up to expectations. As regards in-vivo durability and long-term 

biocompatibility,, there is littl e consensus on the test results of implants such as heart valves 

(dee Mol, 1996a). Therefore, the explantation (removal) of implants and subsequent analysis is 

importantt to assess whether the degradation process predicted prior to implantation is similar 

too the observed wear. In the overwhelming majority of cases there is no reason for the 

explantationn and further examination of hip prostheses, pacemakers, breast implants or heart 

valves.. Therefore, only in cases of evident failure of an implant, studies are carried out to 

assesss and explain the failure mode. Devices to support patient self-management are even 

moree complex to assess. Apart from the reliability of the device, effective and safe patient-

managementt is also determined by the user who acts interactively with the device. The 

patient'ss capability depends on their physical status, training and education, support and 

confidencee in the physician, the device and himself. 

Conclusionss from these studies will only be valid where several analyses of implants of the 

samee type are carried out and where there are guidelines regarding preservation and analysis 

off  the implant. These data only become meaningful in conjunction with epidemiological data, 

manufacturingg records and comparisons of performance with other brand types. The findings 

off  such studies may have serious financial implications for manufacturers and pose a liability 

problemm for manufacturer and prescriber alike (de Mol and Fielder, 1997a). 

AA structured approach to investigation of device failures and the control of risk for the 

remainingg implant bearers is therefore required. The observations and conclusions of the 

failuree analysis provide the input for risk control and safety management measures. This 

interdependencee explains why poor failure analysis results in poor damage limitation (de Mol 

andd Fielder, 1997a). The threat of litigation and the fact that the failure analysis may be biased 

byy hindsight generate disputes between interested parties about the observations and analyses. 

Judiciall  tests regarding engineering and managerial decisions are especially difficult. Should 

engineerss and manufacturer have known, ten years ago, according to the scientific evidence 

availablee at that time, that their provisions to warrant durability were faulty and defective and, 

beingg so, to what extent? 

Fromm the point of view of safety management, learning, improving and preventing damage 

aree the primary objectives of a failure analysis. Second, safety management has to be 

executedd within a systems approach (Bignell and Fortune, 1984), aiming ultimately at a better 

designn for the system. As the systems approach in health care safety is relatively undeveloped, 

attemptss to explain accidents often result in blaming some person or party. This contribution 
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aimss to illustrate the value of a systems approach to enhancement of device safety. A 

transparentt and structured approach to analysing device failure is presented which is used in 

thee development of both safety management systems and risk communication strategies. 

2.33 TREATMEN T OF HEART VALV E DISEASE AND VALV E 
FAILUR E E 

Thee heart consists of two pump chambers, which have an inlet and outlet valve. One chamber 

sendss the supply of oxygenated blood to the various organs such as brain, kidneys, legs etc. 

Thee other chamber pumps oxygen-depleted blood from the heart to the lungs where it is re-

oxygenated.. The first system is more vulnerable to infections and rheumatic fever, and 

degeneratess faster due to ageing. Generally, younger people have to undergo valve 

replacementt because of valve deformation and leakage due to infection or birth defects, while 

olderr people tend to undergo valve replacement for degenerative disease. Progress in 

technologyy enables us to carry out open-heart surgery with the aid of a heart-lung machine, in 

sickerr and older people. Valves of biological material such as bovine and porcine 

pericardium,, and even human allografts, are available. However, their limited durability and 

scarcityy mean that the large-scale use of mechanical heart valves is necessary. Mechanical 

heartt valves are designed to outlive the patient in terms of durability. In contrast to biological 

substitutes,, the mechanical heart valves require lifelong anti-coagulation therapy. The level of 

anticoagulationn has to be regularly checked, usually by visiting a special anticoagulant clinic. 

Self-managementt by a finger-prick, however, provides more frequent testing and reduces 

time-consumingg visits to a clinic. 

2.44 VALV E FAILUR E IN A SYSTEM'S PERSPECTIVE 

Betweenn April 1993 and April 1997, the Interuniversity Working Group on Cardiovascular 

Implantt Retrieval examined three types of valve failure: 

Typee 1 failure related to leakage of the valve due to compression, which was later explained 

ass a combination of design shortcoming, surgical error, and special disease. This series of four 

casess appeared to be an institutional problem. 

Typee 2 failure was related to the fact that a suture wedged between the ring and the closure 

disk,, which caused impingement or blockage. This failure mode is predominantly a surgical 

error.. The valve cannot open and the patient dies. Since 1982, this event has been reported for 

thatt type of valve at a rate of 0.5 % of implantations. In 1997, we studied two cases. 
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Typee 3 failures were the fractured BScc valves, resulting in escape of the disk within the 

valve,, which leads to the patient's death. The failure mode is considered a technical 

shortcoming,, and is the type of failure discussed in this chapter. Due to the number of failure 

off  the BScc valve (type 3) and the duration of the problem (since 1979), we were able to 

identifyy the steps in the failure cascade. 

2.55 BARRIER ANALYSI S OF THE BSCC FAILUR E 

Thee descriptions that follow of the shortcomings in the system, mark barriers which were 

supposedd to prevent the failure in the first place or at least to reduce the damage toll to 

patientss and the system. Barrier analysis may be used to investigate accidents, considering the 

reasonss for the failure of barriers and whether sufficient barriers exist. Although the concept 

wass developed to investigate the impact of physical violence or energy on vulnerable objects 

(e.g.. people), barriers may be also administrative. Another potential of barrier analysis lies in 

itss focus on human error to be overcome by reinforcing barriers or designing more reliable 

barrierss to decrease vulnerability. Referring to the description of the string of failures and the 

productt life cycle-based system, the connections between components are similar to barriers. 

a)) The primary cause of BScc valve failure was fatigue due to design and manufacturing 

flaws.. Originally, the valve had two struts, which were welded into the flange. Due to a 

relativelyy low but serious number of strut fractures, it was decided to make the major strut out 

off  one piece and to weld the minor strut. Although never confirmed by clinical tests, the 

manufacturerr also decided to enlarge the opening angle and to change the flat disk into a 

convexo-concave-shapedd disk. Although welding of the alloy used in this ring was, even at 

thatt time, a substandard technique, the new design requirements asked for a special welding 

procedure,, which made the welding even more critical. Therefore, welding could not even at 

thatt time be considered an appropriate technology (van der Graaf et al., 1992; de Mol et al, 

1997b). . 

b)) Lack of training and qualified personnel to carry out the welding resulted in numerous 

valvess of poor quality and a high rate of rejection. Drug and alcohol abuse was also 

discoveredd among factory workers during manufacturing, which was a continuous, 24-hour 

operation. . 

c)) The valve was a commercial success thanks to aggressive marketing. Reports of strut 

fracturee were known to the manufacturer, but valves that were not accepted by quality control 

weree repolished or remilled and declared acceptable for implantation. 
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d)) In spite of FDA (Food and Drug Administration) orders, the manufacturer refused to 

adjustt the quality control procedures. 

e)) Due to shortcomings within the FDA, no adequate measures were instituted and the 

managementt was able to deliberately mislead the health care authorities. 

f)) Due to the lack of procedures on authority and communications between the FDA and 

thee Dutch health inspectorate, valves that were prohibited for the USA market could still be 

implantedd in The Netherlands. 

g)) Cardiac surgeons allowed themselves to be impressed by the tough marketing 

approachh of the manufacturer. Claims of superiority were never proven but made this valve 

commerciallyy one of the most successful. 

h)) The risk control of this problem was initially left completely to the manufacturer in the 

hopee that they were monitoring any problems worldwide. Although cardiac surgeons also are 

supposedd to be in charge of risk control, they delegated this responsibility to cardiologists, 

whoo in turn had their own responsibilities. 

i)) There was no register of implanted valves or patients, either in the hospital or with the 

manufacturer.. No follow-up was carried out. In The Netherlands, approximately 2,300 valves 

weree implanted and it took 16 fractures and 14 deaths before the problem in our small country 

becamee clear. 

j )) The problem was played down by health authorities, manufacturer, and the cardiac 

profession.. Hard data on the number of cases and the aetiology of failure remained scarce or 

weree deliberately made confusing. The manufacturer approached cardiac surgeons and health 

authoritiess with reassuring, and misleading 'Dear Doctor' letters. 

k)) Risk communication was extremely diffuse and provided only on an occasional basis 

byy all parties involved, including consumer organizations. All media, from consultation room 

too prime time television, were used. So far, only the responsibility of the manufacturer and his 

parentt Pfizer Inc. has been established. Criminal prosecution for that could be settled with 20 

millionn U.S. dollars. 

1)) Patients with BScc implants arrived at a class action settlement with Pfizer Inc. on 

behalff  of Shiley Inc. In the case of a strut fracture, BScc carriers were entitled to a fixed 

amountt of compensation, which differed between countries and carriers. The settlement also 

19 9 



Chapterr 2 

providedd 17 million dollars for research in order to develop diagnostic tools in order to 

monitorr the technical status of the valve. So far, in spite of spending 37 million dollars in a 

five-yearfive-year period, no useful or beneficial medical strategy for patients has been developed. 

m)) The settlement between carriers and manufacturer is supposed to be supervised by an 

U.S.. judge. The stakes for the lawyers representing the class and Pfizer are high. Regarding 

thee technical and "scientific" implementation, a supervisory panel of scientists appointed by 

thee parties is taking care of so-called clinical guidelines and future scientific research. The 

locall  professional communities, who usually draw up practice guidelines, remain excluded. 

Inn 1995 and 1997, the seven patients who suffered a BScc strut fracture died, in spite of the 

twoo risk control strategies (de Mol and Fielder, 1997a). 

2.66 THE PRODUCT LIF E CYCLE-BASED SAFETY MANAGEMEN T 
SYSTEM M 

Thee industrial concept of risk and quality management can also be applied to device and 

implantationn manufacturing (Bignell and Fortune, 1984; Perrow, 1987; Wagenaar and van de 

Schrier,, 1997). The product life cycle-based safety management system includes all persons, 

hospitall  departments, and health care authorities involved with a product. This system is 

dividedd into four subsystems, which correspond with phases according to the product's life 

cycle. . 

Phasee A: Design and manufacturing 
Inn this phase, direct involvement with design and manufacturing is provided by designers, 

employers,, and the quality assurance division. However, interests related to the design and 

manufacturingg process are also attributed to the parent company, venture capitalist funding, 

subcontractors,, unions, and share holders. 

Phasee B: Regulation and marketing 

Althoughh a marketing strategy is developed as soon as a product is taking shape, access to the 

markett is determined by the regulatory authorities. In this phase, user instructions and proper 

indicationss for use are developed and tested. The secondary interests to the process lie with 

thee licensing agency, marketing organization, distributing organization, and clinical research 

institutes. . 
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Phasee C: Implantation and control of patient risks 
Inn this phase, implantation of the device takes place. In the case of heart valves, the 

implantationn centre is also the referral centre where problems after implantation must be 

diagnosedd and resolved. The implementation of the indication for implantation, user 

instructions,, information to patients, and provisions for follow-up take place in this phase. 

Inn phase C, product handling is carried out by the purchasing department, operating room 

storage,, all operating room (OR) personnel, surgeons, and in a remote sense, by the team 

providingg the aftercare. The secondary interests relating to the process He with hospital 

organizationn and management, budget control section, insurance company, participating 

specialitiess such as cardiology and physiotherapy, and the inpatients complaint agency. 

Phasee D: Performance and follow-up 
Thee device is now carried by the patient and serves its purpose. However, adjustments and 

maintenancee are carried out within or without a planned follow-up scheme. Only active 

devices,, such as pacemakers, can be adjusted. However, we know that devices can migrate or 

showw minor changes, which can be diagnosed on X-ray, as is the case with hip prostheses and 

breastt implants. In this phase, an assessment has to be made as to whether the implants are 

fulfillin gg their expectations, from the point of view of the carrier as well as the health care 

provider.. Registration, follow-up, and early-warning and quick-rating schemes have to be 

madee operational in this phase. 

Figuree 3 gives a more detailed overview of the processes controlled by persons and 

institutions.. The authorities involved are subdivided into pro subsystem or life cycle phase, 

andd connected to each other as components. The primary involvement with the product lies 

withh the patients, the family doctor, or the controlling specialists in the community hospitals. 

Thee secondary interests lie with the health authorities, which, together with manufacturer and 

implantingg hospital, are supposed to carry out the post marketing surveillance. Pathologists, 

ambulancee services, and patient/consumer organizations may also have an interest when 

problemss arise in this phase. Action by these secondary interested parties is essential for 

acceptablee and successful intervention in case of failure of the device. They are important as 

theyy represent the potential sources of conflict of interest. The way these people and 

organizationss interact on the basis of their task to control risk provide the foundation for 

applicationn of the barrier concept (Kirwan and Ainsworth, 1993). 

Designingg barriers for protection is difficult and complex, requiring input from designers 

(phasee A), safety people (phase B), and operators (Phase C), and have to be tested in the 

accident-pronee environment (Phase D). The accident analysis approach based on barrier 

analysiss also provides a strong basis for the product life cycle-based safety management system. 
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FigureFigure 3: The product life cycle-based safety management system. It includes all persons, 
hospitalhospital departments, and health care authorities involved with a product. 
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2.77 ACCIDENT REPORTS, ANALYSI S AND RISK PERCEPTION 

AA product life-cycle safety management system approach is a generic framework that 

describes,, understands and anticipates people, interests and authorities in the area of safety 

maintenancee and risk control. It may be applied to classes of events related to devices or to 

equipment,, which may have a shorter or longer life cycle. 

Priorr to applying the product life cycle-based concept, a phase of recognition has to be 

passed.. The events must have been primarily attributed to device failure, a substantial number 

off  events must have occurred and there must have been a substantial threat to patients. Large-

scalee failure of devices may have a large or small time window. When the adverse events are 
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scatteredd around the world in several centres, the number of failures and the effectiveness of a 

riskk control strategy are difficult to assess. Public outrage may mobilize consumer 

organizationss but may also cause large conflicts of interest, hampering solutions. However, 

whenn a product life cycle-based safety management system as a concept is adopted, one may 

anticipatee frictions as summarized above. 

Therefore,, incident reporting and analysis remain the central means of both discovering and 

learningg from adverse events. Within the framework of post marketing surveillance and duty 

too follow up, adequate incident reporting at higher aggregation level provides the data 

essentiall  for activating supra-institutional risk control by means of product life cycle-based 

safetyy management. Our group developed a systematic incident identification system, an 

easy-to-handlee digital form, which provides data for analysis and the maintenance of a 

registerr (Wagenaar and van de Schrier, 1997). 

Temporaryy paralysis due to thromboembolic events is a common complication or 

performancee endpoint in mechanical heart valve failure. The rate of thromboembolism is 

consideredd a measure of technical performance. However, we found that in several cases, in 

whichh at first sight the mere presence of a valve was held responsible for the complication, 

shortcomingss in patient management were partly responsible for the adverse outcome. Of 

course,, the presence of a mechanical heart valve remains under all circumstances a dominant 

riskk factor, which narrows the safety margins. 

Thee type of failure determines the type of action to be taken by doctors and patients. The 

wedgingg of a suture was considered by surgeons as an "all-in-the-game" event, which was 

consideredd completely unacceptable by the patient. This results in a continuation of the usual 

practisee by surgeons, but patients will sue the hospital and/or the manufacturer for negligence 

andd so far they have done that successfully (Vincent et al., 1994). 

Inn conclusion, accident monitoring and risk perception determine largely whether the product 

life-cyclee systems approach will be activated. However, once operationalized, actions and 

effectss do occur within subsystems and components. This process follows basically the Risk 

Assessmentt and Control cycle as described by Hale (1995). In the BScc application nearly all 

relevantt parties eventually embarked on effective actions. However, the timing, 

communicationn and effectiveness of the actions remained questionable. Risk communication 

andd effective assessment of control actions therefore need further description. 
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2.88 CONTROL STRATEGIES AND RISK COMMUNICATIO N 

Riskk control for medical implants is extremely complicated. In case of failures and threats to 

thee interests of stakeholders within the subsystems of the product life cycle, logical alliances 

andd agreements may fail completely when other subsystems and components are not taken 

intoo consideration. Good examples are the 'Dear Doctor' letters of the manufacturer in order 

too minimize the risk and to protect the interest of shareholders (Fielder, 1993, 1994). The 

manufacturer'ss information to health authorities, doctors and patients was established to be 

misleading,, due to the conflict of interest between all parties involved. But positive actions 

mayy also be frustrated by one-direction communication. Parts of the settlement agreement 

betweenn patients and manufacturer regarding new research and indications for operative 

treatmentt were never implemented, because the health authorities and medical profession 

weree not included. With respect to scientific approaches of risk estimation, the medical 

professionn will accept these new findings only if they are scientifically credible and when all 

prerequisitess for transforming these findings into new practise guidelines have been fulfilled. 

Thee health authorities on the other hand, are left with a public-health problem in the sense that 

theyy have to care for the patients falling victim to outlet strut fractures and the costs of dealing 

withh the ongoing problem. 

Ass society and life are full of risks, risk communication mainly serves the purpose of 

increasingg the acceptance of risk with the parties involved (Bignell and Fortune, 1984; 

Perrow,, 1987; Caiman, 1996; Fitzpatrick, 1996). In the case of the BScc valve carriers, the 

riskk of outlet strut fracture has been established by "body counting". The population at risk 

wass known, as was the number of documented outlet strut fractures. The risk of fracture 

dependedd on the opening angle, the age of the patient, the size of the valve, and the position 

off  the valve in the heart. The risk varied from 0.5% to 2% per year (van der Graaf et al., 

1992).. Technical research revealed that there was a tremendous variation in fracture patterns 

(dee Mol et al., 1997b). It is virtually impossible to make any prediction within relevant time 

framess of months to one year. Given the size of the substrate it is unlikely that, with 

conventionall  diagnostic tools, prefracture signals can be detected. 

Therefore,, basically two risk control strategies were available (Koornneef et al., 1996): 

1.. Preventive explanation of the valve 

Inn this strategy, the immediate risk of the reoperation to remove the risky heart valve varies 

fromm 2 to 5% and has to be balanced against the cumulative risk of fracture within the 

estimatedd life expectancy of the patient. 

2.. The run-for-your-life option 
Whenn there is no obvious gain of life expectancy after balancing the risks the patient is left 
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withh the 'run-for-your-life' option, which requires immediate access to cardiac surgical care 

inn the event of failure. However, this strategy depends on an early diagnosis by lay people in 

thee community, availability of ambulance and helicopter services, immediate referral to a 

cardiacc surgical centre and instant emergency reoperation. Past experience with the series of 

sevenn consecutive deaths makes clear that ambulance services, community hospitals, family 

practitioner,, and cardiac surgical centre do not co-operate and communicate adequately. In all 

cases,, the patient himself or the relatives were able to make the instant diagnosis of strut 

fracturee and valve failure, but they were simply ignored by the experts. 

Whenn taking a closer look at the parties involved in emergency care in The Netherlands, and 

thee way their tasks and obligations are bureaucratically separated and fragmented, it becomes 

obviouss that survival depends largely on luck and personal strength of the patient. Ambulance 

driverss are daily briefed on where to bring cardiac emergency cases and may refuse to 

transportt patients dying from a valve fracture to a cardiac surgical unit. Seven deaths in a row 

obviouslyy diminish the credibility of the medical authorities in the handling of the crisis (de 

Moll  and Fielder, 1997a; Koornneef etal., 1996; Sandman, 1991). 

Thee patient's quality of life may be affected by carrying a risky device continuously and 

receivingg disquieting messages from the media (Fielder, 1994; Kallewaard et al., 1997). On 

thee other hand, risk communication may improve communication and effectiveness of risk 

controll  strategies and increase the acceptance of the residual risks to the patient (risk taker), 

thee doctor (risk controller) and the public (justice). 

AA risk communication programme should serve the following objectives: 

1.. Awareness of the danger 

2.. Information with respect to the individual exposure 

3.. Counselling with respect to risk control and prevention 

4.. Providing new information in order to decrease uncertainty 

5.. Ensuring that solutions accord with principles of justice 

Thee societal impact of dangers and the willingness to embark on a risk communication and 

controll  strategy depend on the safety culture. As medical devices are designed and 

manufacturedd with the aim of zero failure and high durability, the safety culture with respect 

too the technical performance is highly developed in phase A and phase B. However, in phase 

CC and phase D, the primary controllers of risk and performance of the device have to monitor 

manyy other implants. They therefore rely heavily on the intrinsic safety generated in phases A 

andd B, though the awareness and expression of safety culture in phases C and D differ in 

termss of intensity and effectiveness. 
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Thee product life cycle-based safety management system provides a model that may guide the 

contentss of the message as well as the number of people / components to be informed in order 

too achieve the effect of re-enforcing barriers, changing duties in order to co-operate 

effectivelyy and communicating the nature of the risk. So, sender, receiver, copyholders, and 

contentss of the message may be guided by the product life cycle-based safety management 

system.. The system also allows predictions on acceptance of the message as risk perception 

andd safety culture / awareness of the parties can be described. 

2.99 SYSTEMS CONTROL AND ASSESSMENT 

2.9.11 Systems control 

Safetyy management is expensive and demands many resources, especially when a crisis 

materializes.. Effective decision making relies on adequate information being available. Safety 

crisess in relation to implants were characterized by incomplete data and uncertainty regarding 

riskss and the effectiveness of risk control strategies. Therefore, within the subsystems or 

productt life cycle phases, platforms must be created with a hierarchy of risk control. We 

proposee in phase A the management of a manufacturing company is in charge, in phase B the 

healthh authority, in phase C the implanting physician, and in phase D the controlling 

physiciann closest to the patient. 

Reviewingg the problems with the BScc valves, the root causes of failure in the various 

subsystemss varied. In phase A, the management was fraudulent, in phase B, the health 

authoritiess were incompetent, in phase C, the physicians in charge were ignorant, and in phase 

D,, the general practitioner or controlling cardiologist was still not informed and so was 

unaware.. In phase D a dedicated relationship is lacking as attending physicians take care of 

manyy risks, which fortunately rarely materialize and therefore cannot take on the task of 

monitoringg specific devices, though they should report failures. So, in terms of system 

control,, an information and communication platform is required as well as knowledge of 

devices,, risks, and tools to estimate risks and their consequences. In phase C, specialities, 

suchh as cardiovascular surgery, plastic surgery, and orthopaedic surgery, may create their own 

statutoryy safety committees based on self-regulation. These rulings relate to topics such as a 

registerr of patients, follow-up criteria to carry out clinical studies with devices, and guidelines 

ass to how to deal with technical and marketing information provided by manufacturers. 

Inn phase B, health authorities may, as with the licensing process for drugs, draw up regulatory 

andd technical committees to assess devices. In phase A, the risk of product liability and 

competitionn on safety and performance are supposed to force the manufacturer to comply 
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withh the safety standards. A safety board for medical devices should have the expertise to deal 

withh the actual risk control within the system but also to execute the political and societal 

demandss from the point of view of individual and public health care. 

2.9.22 Assessment of effectiveness 

Thee efficacy of the model can only be finally assessed by its outcome. For this purpose, and 

appliedd to the BScc valve problem, Koornneef et al. describe a risk intensity assessment 

modell  (RIA). Such a model enables the assessment of the level of system integrity as a 

thresholdd for containing damage due to device failure. 

Thee model uses the parameters of the former DIN 19250 standard: 

1.. The "consequence/risk" parameter, reflecting the seriousness of harm or loss, which 

variess from minor injury to a catastrophe with many fatalities 

2.. The "frequency and exposure-time risk" parameter, reflecting duration of exposure to 

harmfull  conditions, which may vary from seldom to permanent 

3.. The "possibility of avoiding risk" parameter, reflecting options to divert/control 

imminentt danger, which varies from possible under certain conditions to hardly 

possible e 

4.. The "probability of risk realization" parameter, reflecting prevalence of failure, which 

mayy vary from a very low probability to a relatively high probability 

Riskk control measurements may be directed towards one or several of these thresholds, which 
shouldd result in reinforcement of the system integrity and an overall reduction of potential 
injuryy and damage. 

Thee RIA model indicated that the preventive replacement strategy of risky BScc valves was 

thee strategy to be preferred, but Dutch cardiac surgical centres took a different approach. 

Somee centres opted for many preventive reoperations of the valve, others gave preference to 

explantationn of the valves most at risk and the wait-and-see options for others. The latter 

groupp paid a higher death toll in outlet strut fracture (six of the seven deaths, the other death 

refusedd to be operated on even though it was recommended) and is now forced to carry out 

moree reoperations, at still higher risk, as patients have grown older. So, three years later it is 

confirmedd that according to the point of view of systems control, preventive explantation has 

providedd the most effective damage control. 

Wee must be aware that the medical speciality primarily focuses on strategies aimed at 

individuals.. Risk strategies for populations belong to the public health sector, which did not 

27 7 



Chapterr 2 

recognizee the BScc problem. However, on an individual basis, it is the decision of the doctor 

andd the patient to opt for one of the two strategies, based on the best information available. 

However,, this supposes that the best information is available to the decision-making doctor 

andd patient. This tends to be information which they feel confident with, as it is generated 

withinn their own professional discipline, though it may not always be the best available (de 

Moll  and Fielder, 1997a; Fielder, 1994 and 1996). 

2.100 RESOURCES AND MULTIDISCIPLINAR Y RESEARCH: THE 
NEEDD FOR A NATIONA L DEVICE SAFETY BOARD 

Reporting,, analysing and learning from adverse event reports is expensive, especially with 

large-scalee enterprises. Usually, funding for prevention is only allocated where it can be 

attributedd to the price of a device. Pre-implant testing is an accepted manufacturing cost. The 

costss of maintaining a register of heart valve carriers are still not determined or allocated to 

anyy party. Are these costs to be paid by the manufacturer, institution, or any other authority? 

Thiss raises questions about the control, confidentiality, the extent of a register and its cost 

effectiveness.. Research might reveal not only shortcomings on the part of the manufacturer, 

butt also on the part of health authorities and doctors. 

Doctorss might anticipate questions about why they selected the BScc valve amongst others, 

whyy they ignored early reports on strut fracture, why they kept the extent of the problem from 

patientss at risk and how they judged the technical and clinical research supporting the market 

approvall  of the BScc valve. These questions usually arise when a design or material failure 

causee implant dysfunction (de Mol and van Gaaien, 1996b). In the BScc case, it could be 

arguedd that the manufacturer should promote and fund technical research to confirm the 

liability ,, clarify the extent of the problem, and result in the recognition of many cases to be 

compensated.. On the other hand, critical research carried out by an interested party will lack 

scientificc credibility and objectivity. However, health authorities that are publicly funded 

weree also reluctant to fund investigation. As it is obvious that the manufacturer is liable for 

thee damages, the authorities refused to take any funding initiative. They referred to the legal 

obligationn of the manufacturer, who in his turn had his own damage control agenda. 

Inn The Netherlands a small grant was only made available from the Health Authority after the 

threatt of a legal procedure by the Consumer Organization. This provided the basis for 

substantiall  technical and epidemiological research, providing some basic information to 

enhancee decision making, in spite of its chronic under-funding. For less spectacular device 

failures,, dedicated research programmes to fil l the gaps of knowledge are still lacking. Lack 
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off  funding and delays in obtaining information are hampering the development of risk control 

strategies. . 

Proceduress to recognize and analyse serial device and implant failures will be well founded 

whenn based on the product life cycle-based management system. Involvement of public 

bodiess to facilitate research, funding and execution of strategies can be achieved only if a 

succinctt and objective presentation is made by the parties involved. This requires a proactive 

andd continuous effort to assure the safety of implants and devices. To avoid difficulties with 

accesss and bureaucracy, national agencies or safety boards, similar to the Transportation 

Safetyy Boards or Pharma Vigilance System, should be instituted. 

2.111 CONCLUSIONS 

Wee demonstrated with the BScc valve failures the value of the concept of product life cycle-

basedd safety management at the supra-institutional level. Incident reporting, incident analysis 

andd risk perception largely determine the threshold for institutional or supra-institutional 

safetyy management. Safety management identifies the key players, a hierarchy of risk control, 

andd guides the content and flow of risk communication. Last, but not least, it discriminates 

betweenn parties really "touching" the implant and parties taking a recognized societal interest 

inn the implantation process. The potential for conflicts of interests can be clarified and 

anticipated.. In close conjunction, the risk intensity assessment model enables estimations 

aboutt the effectiveness of damage control. For a device such as CoaguChek®, which also 

enabless patient self-management of anticoagulant therapy, extra classes of risks, conflict of 

interestss and pitfalls in communication can be identified. 

Puttingg these concepts into practice depends largely on public awareness, political 

responsibilityy and legal liability. Lack of knowledge, funding and safety management tools 

cann be overcome, once a proactive approach is chosen by the key role players in the life cycle 

phases:: the manufacturer (A), the Health Authority (B), the Doctor (C) and the patient (D). A 

nationall  device safety board could provide the administrative platform to harbour knowledge, 

experiencee and factual guidance of safety management. 
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3.11 ABSTRACT 

Explantedd mechanical heart valves were examined non-destructively, and the findings were 

relatedd to guidelines, technical reports, and other information in order to judge the risk of 

failuree and its possible impact on valve design and clinical practice. Diagnoses for single 

valvess could be made, but risks and rates of failure for patient populations could not be 

predictedd due to insufficient information concerning manufacturing process and valve and 

patientt numbers. 

Basedd on the results of this study and the principle that decisions on recalls and patient 

counsellingg must be based on scientific knowledge rather than on wait-and-see policies, the 

followingg is recommended: 

1.. registration of all implanted valves 

2.. follow-up of a large cohort of valve carriers 

3.. comparison of wear test results of pre-implant and post-retrieval valves 

4.. maintenance of a reference stock of valves and materials 

5.. submission of failure scenarios to certifying bodies 
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3.22 INTRODUCTIO N 

Althoughh mechanical heart valves are known to provide a durable and effective solution to 

restoree heart function, implant retrieval analysis, representing the final phase of an implant's 

lif ee cycle, continues to be recommended (,"3). Implant retrieval is often not initiated until 

(suspected)) failure, but it can also be conducted to prove that retrieved implants still meet the 

specifications,, thereby restoring or strengthening patient and doctor confidence (4'5). 

Implantt retrieval can thus serve a number of purposes: 

1.. Confirmation of the implant's expected function and durability 

2.. Control of the risk of implant failure and patient damage by means of guidelines for 

earlyy diagnosis, close-watch procedures, and implant explantation 

3.. Partial or complete redesign of implant 

Thee interuniversity working group on Cardiovascular Implant Retrieval Analysis (iwCIRA), 

combiningg expertise from the departments of Cardiology, Cardiopulmonary Surgery, and 

Cardiovascularr Pathology of the Academic Medical Center of the University of Amsterdam, 

andd the departments of Materials Science and Safety Science of the Delft University of 

Technology,, studied between 1991 and 1997 the following mechanical heart valves: Björk-

Shileyy convexo-concave (BSCC) (n=67), Edwards-Duromedics (EDUR) (n=5), Medtronic 

Parallell  (MPAR) (n=2), St. Jude Medical Aortic High-Performance (SJMA) (n=4), Sorin 

Bicarbonn (SBC) (n=4), and Medtronic Hall (MHAL) (n=2). 

Inn this paper, we describe the findings of this study in terms of types and consequences of 

implantt failure as well as impact on design and clinical practice. We also make 

recommendationss for the assessment of failure risks, the interpretion of technical analyses, 

andd the communication towards doctors and patients. 

3.33 PATIENT S AND METHOD S 

Withh the permission of the patients or their relatives/legal representatives, all retrieved 

mechanicall  heart valves discussed in this paper were assessed by members of iwCIRA. 

Althoughh many valves examined by iwCIRA come from patients abroad, this paper refers to 

valvess retrieved from Dutch patients. Presented findings solely refer to non-destructive 

technicall  analysis by means of stereoscopy and scanning electron microscopy (SEM). Patient 

characteristicss and dates of valve explantation were stored in a data base for analysis (6). 

Guidelines,, technical reports, and information of health authorities or manufacturers relating 
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too prophylactic mechanical valve replacement, instant diagnosis, and communication towards 

doctorss and patients were collected and studied. The January 1995 to July 1996 Website of 

thee American Food and Drug Administration (FDA) was also studied, as this would enable us 

too estimate type and number of valve-related failures. 

3.44 RESULTS 

Non-destructivee technical analysis, guidelines, technical reports, and information from health 

authoritiess and manufacturers: 

Björk-Shileyy convexo-concave (BSCC) valve (n=67) 

Failuree rate was high. The generally accepted explanation for this observation was that the 

designn and manufacturing flaws, which had remained undetected for a long period of time, 

hadd led to accelerated metallurgical fatigue, cracks, and fracture of the welded outlet strut, and 

finallyy to disk escape (fig. la-c). All retrieved valves, which varied widely in terms of 

implantationn duration, were screened for prefracture signs (6). Of the 67 valves, 10 (15%) 

showedd minor defects and 20 (30%) showed major cracks or single-leg fracture (6"8). Review 

off  all manufacturing records in order to determine the risk of fracture more accurately (8'9) had 

onlyy littl e effect on risk assessment based on valve type, size, and position. However, its 

effectt on risk assessment based on manufacturing date was considerable. Informal guidelines 

weree available on prophylactic explanation (mainly based on a patient follow-up study) and 

instantt diagnosis. Also available were the results of several population-based and technical 

studies,, which had been made possible thanks to the availability of a complete registry, which 

includedd all implantations (7). 

Edwards-Duromedicss (EDUR) bileaflet valve (n=5) 

Thiss valve showed a limited but unacceptably high number of unexplained leaflet failures (l0). 

Threee of the five examined valves had failed and showed severe "chipping-away" of the 

pyrolyticc carbon, while five out of seven "intact" leaflets showed severe pitting (fig. Id). Most 

likelyy causes of these phenomena were increased wear, due to design and flaws in the 

pyrolyticc carbon coating (still under investigation), and increased susceptibility to cavitation. 

AA task force (with the manufacturer as one of its members) investigated the problems and 

dreww up guidelines for instant diagnosis. Guidelines for prophylactic explantation were not 

availablee because they had been considered unwarranted by the task force. 

Medtroni cc Parallel (MPAR) bileaflet valve (n=2) 

Bothh valves had been explanted prophylactically in 1995, within one year following 
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implantation,, because of a strongly increased risk of thrombus formation and 

thromboembolism,, probably caused by the valve's parallel-leaflet design, which can lead to 

insufficientt "washing-out" of the hinge area ( l l , l2 ) . Apart from a very small apposition of a 

freshh thrombus in the hinge area in one valve, no functional abnormalities or relevant signs of 

wearr could be observed. Guidelines for instant diagnosis (i.e., when to suspect and how to 

diagnosee valve-related thromboembolic complications) were available. 

FigureFigure 1: a-c: Various stages of strut leg failure of a Bjork-Shiley convexo-concave heart 
valve:valve: dislocated strut leg fracture (a), major crack preceding fracture (b), and striation due 
toto fatigue (c); d: Surface of an intact Edward-Duromedics leaflet. Note the "porosity" and 
chippedchipped defects. 
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St.. Jude Medical Aorti c High-Performance (SJMA) valve (n=4) 

Threee of the four retrieved valves, which had all been implanted at the same center between 

19944 and 1995, were explanted prophylactically due to severe bloodpressure-dependent 

prostheticc incompetence, probably caused by the use of an oversized implant. Examination 

revealedd no structural obstructions (free leaflet movement) and no relevant signs of wear. 

Guideliness were not available. 

Sorinn Bicarbon (SBC) valve (n=4) 

Thesee valves were retrieved in 1994, 1996, and 1997, with an implantation time varying from 

sixx days to 14 months. High-SEM magnification showed evident loss of some of the 5u-thin 

pyrolyticc carbon coating in the hinge area but no signs of wear on the titanium surface or the 

pyrolyticc carbon coating of the leaflets(13). Guidelines were not available. 

Medtroni cc Hall (MHAL ) valve (n=2) 

Bothh valves had been retrieved in 1996 following a post-mortem study because of suspected 

valve-relatedd death. Disk movement had been blocked completely due to impingement, most 

likelyy caused by surgical error. Examination revealed negligible wear of the disk and no signs 

off  wear of the flange. Guidelines were not available. 

FDAA Website January 1995 to July 1996 (table 1): 

Off  the 369 reported valve-related incidents, 98 ^{26.6%) were strictly device-related, 

consistingg of fracture, leaflet escape, and impingement. The remaining reports referred to 

circumstancess related to the valve replacement therapy, such as paravalvular leakage and 

endocarditis,, not affecting the valve's structural function, or to unknown causes. The 

relevancee of the absolute numbers listed in table 1 is unclear due to observed underreporting 

andd lacking knowledge of exact numbers of valves implanted. 

TableTable 1: Number of valve-related reports from the FDA registry 

valvee type 

BSCC C 

EDUR R 

MPAR R 

SJMA A 

SBC C 

MHAL L 

numberr  of reports 

66 6 

104 4 

--
148 8 

--

51 1 

numberr  of valve-

relatedd reports 

50 0 

5 5 

--
38 8 
--

5 5 

numberr  of valve-related deaths 

(%%  of valve-related reports) 

255 (50%) 

11 (20%) 

--
6(16%) ) 

--
33 (60%) 
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3.55 DISCUSSION 

3.5.11 Interpretatio n and impact of implant retrieval analysis 

Ass all valves presented different problems and failure scenarios, interpretation and impact of 

technicall  analyses varied, depending on number of failures, degree of failure acceptance by 

doctors,, and kind of information obtained from other sources (e.g., follow-up studies and 

manufacturingg records). 

BSCCC valve 

Manufacturingg date was singled out as the strongest determinator for the risk of fracture (e.g., 

nonee of the reported fractures involved valves manufactured after April 1, 1984). Certainty 

aboutt the relevance of these findings for accurately predicting failure number and time 

interval,, however, could not be obtained due to lack of preimplant references. The "improved" 

BSCCC valve, with the opening angle changed from 60 to 70, turned out to have a much higher 

chancee of fracture(7). Manufacturing of the BSCC valve was halted in 1986. 

EDURR valve 
Off  the roughly 1015 valves distributed in The Netherlands, the fate of 65 was unclear, while 

off  the remaining 950 valves which had been implanted, 17 were lost to follow-up. Given the 

loww number of fractures (five) and the mean follow-up time of about seven years, the risk of 

fracturefracture was assumed to be well under 1% per year. The EDUR valve was distributed 

worldwidee between 1984 and 1988. 

MPARR valve 

Thiss valve was still going through the first phase of a clinical trial which was conducted in 16 

Europeann centers. Although preimplant tests on flow patterns and thrombogenicity had been 

carriedd out according to the current international standards (11'12), test results were still subject 

off  discussion. 

SJMAA valve 

Valvee failure was related to surgical error and not to structural defects. 

SBCC valve 

Thee hemodynamic performance of this valve was good. Release of the ultra-thin pyrolytic 

carbonn coating in the hinge area seemed without significance because there was no evidence 

off  related complications of structural failures (13). Although the naked titanium housing 

showedd no signs of wear and harmful effects on patients were not expected, the purpose of a 
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carbonn coating in the most critical area of the valve ring that apparently wears off soon after 

implantation,, was questioned. 

MHA LL  valve 
Thee two cases of impingement represented a regularly reported problem (e.g., five times on 

thee FDA's Website). Predominant factors are surgical skills and attentiveness. Considering the 

factt that this valve had been on the market for more than 15 years, one may wonder whether 

minorr changes in the sewing ring still represent a design challenge. However, we must keep 

inn mind the numerous examples of "minor design changes", which only increased the number 

off  failures. 

3.5.22 Retrieval analysis and preimplant tests 

Inn this study, we observed that the release of technical information by manufacturer, 

independentt investigators, or both always led to two questions: 

1.. What is the relevance of this information for still implanted valves (2'l4)? 

22 Are expectations in relation to implantation duration still being met? 

Thee total number of mechanical valves discussed in this paper is 84, which is small when 

comparedd with the 1500 annual implants in The Netherlands. As it lies in the nature of an 

implantt retrieval study that chance and bias determine which implants become available for 

examination,, the results of preimplant in-vitro tests, animal tests, and specific wear tests 

shouldd be regarded as a first reference to establish whether wear or defects meet expectations. 

Onee should also check whether similar materials (e.g., pyrolytic carbon) have been used for 

otherr valves, so that data may be compared. However, results of preimplant material tests 

mightt be hard to obtain for reasons of confidentiality and liability (315). Equally essential is the 

availabilityy of information about user circumstances (e.g., surgical reports, basic patient 

information,, implantation time, and patient follow-up). 

3.5.33 Incident reporting and analysis 

Thee damage toll on the FDA Website (table 2) revealed that roughly 75% of the reported 

"failures""  were not structural in nature. Although this information might be interesting, it has 

noo value for implant redesign, as this requires exact information on all potentially contributing 

factors.. Adverse-event reporting should therefore be carried out with a special focus on the 

interactionss between device and patient/user, preferably by means of state-of-the-art digital 

andd structured incident reporting systems (16'17). 
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Inn the series of the four SMJA valves, which appeared insufficient, we observed that the 

surgeonn finally responsible for the implantation had been the same person in all cases. 

Furthermore,, incorrect sizers were used and all valves were positioned improperly. This then 

probablyy led to excessive forces on the flange in the hinge area, thereby affecting leaflet 

motionn due to plastic deformity of whole pyrolytic carbon valve rings(,8,19), 

Adequatee adverse-event reporting should allow failure analysis, which is especially relevant 

inn cases of non-structural failure, as observed in the MPAR, SJMA, and MHAL valve. What 

initiallyy may look like failure due to human error may prove later to be due to organizational 

errorss or design shortcomings (8,20\ 

3.5.44 Guidelines, practice changes, and communication 

Thee availability of guidelines and recommendations for the recall of implants from the market 

dependss not so much on type of failure but rather on number of failures. Also awareness plays 

aa role. For example, in the early 1980's, it took more than 100 failed BSCC valves before 

adequatee action was taken, whereas in the late 1980's 20 failed EDUR valves already led to 

devicee withdrawal from the market, followed in the 1990's by discontinuation of MPAR valve 

implantationn after just three thromboembolic events. 

Inn this study, it was not possible to measure the impact of "failure information" on doctors in 

termss of changing to prescribing other valves. Only few doctors had access to data on failure 

scenarioss and retrieval analysis, because these data mostly remained in the hands of the 

manufacturers,, as classified information (2l). However, it is currently generally accepted that 

patientss have the right to know and that doctors have the duty to warn. This then should 

preventt manufacturers from retaining information and doctors from not wanting to know. 

Moreover,, retrieval analysis may very well become part of quality assessment protocols 

whichh require the involvement of doctors and patients, as may be concluded from the recent 

attentionn for "the wear phenomenon" in valves(22). 

3.66 CONCLUSIONS AND RECOMMENDATION S 

Implantt retrieval analysis can only be effective if based on a comprehensive programme in 

conjunctionn with the availability of preimplant test results, patient information, and protocols 

onn how to retrieve the implants and how to analyze the data. 

Shortcomingss in design and manufacturing process and threats of market withdrawal can 

forcee manufacturers to embark on the expensive and sometimes painful process of implant 

redesign,, which can be critical for a company's survival. The fact that improved versions of 
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thee failed EDUR and BSCC valves appeared on the market indicates that manufacturers are 

indeedd at times prepared to change design and manufacturing process. It remains puzzling, 

however,, that manufacturers hardly ever attempt to prevent implant failure due to surgical 

error.. In doing so, they not only miss a fine opportunity to increase product confidence, but 

theyy also play into the hands of competitors. They should realize that the general public is 

thrilledd mostly by absolute numbers and types of failures rather than by hazard rates (23). The 

absencee of good patient follow-up programmes usually leads to underreporting of valve-

relatedd complications and problems with interpreting data pertaining to retrieval analysis, 

therebyy limiting the impact on guidelines and risk control measures. 

Basedd on the information we collected, we conclude that implant retrieval analysis can have a 

substantiall  impact on design and clinical practice in terms of improving the safety of artificial 

heartt valves, and that the following can be done to achieve this: 

1.. Surgeons should keep a registry of all implanted mechanical heart valves. (It appeared 

sheerr luck that the retrospective BSCC cohort in The Netherlands could be completed.) Such 

aa registry should contain patient and implant characteristics, because this information is 

essentiall  for hazard calculations and risk control action. 

2.. A long-term close-watch patient follow-up study of a large cohort, which can provide 

ann epidemiological background in case of (suspected) failure, so that quick rating and early-

warningg thresholds as well as input for structured retrieval and incident analysis programmes 

cann be defined. 

3.. Structured retrieval analysis programmes by independent research groups in order to 

comparee in-vitro outcome with in-vivo outcome. In view of potential conflicts of interest 

betweenn patients and manufacturers and from the perspective of patient confidentiality, 

surgeonss should participate actively. 

4.. Maintenance of a reference stock of materials and documentation pertaining to the 

manufacturingg process, which can be extremely helpful in case of future problems. 

5.. The testing of class-Ill device manufacturers by certifying bodies should include the 

manufacturers'' capabilities with respect to the administration of components, the verification 

off  failure scenarios, crisis management, and the communication of both good and bad news. 
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4.11 INTRODUCTIO N 

Heartt valve replacement by means of implantation of a mechanical prosthesis is beneficial to 

largee numbers of patients. The rare failure of such prostheses, however, can impose life-

threateningg risks on patients and may generate individual as well as public outrage. Therefore, 

onee must learn from the relatively few completely documented cases of failure. This paper 

reportss on the use of industrial-risk control methods and the relevance of patient 

communicationn and risk perception on understanding the causes of failure, its sequelae, and 

thee potential liability of the medical profession [1,2]. Although failure of a mechanical heart 

valvee might seem primarily a shortcoming of the manufacturer, a multifactorial aetiology, 

includingg doctor's failure, appears more likely for patient injury [3-5]. 

4.22 PATIENT S AND METHOD S 

Betweenn April 1993 and April 1997, the following eight mechanical heart valves failures 

weree examined: 

threee St. Jude Medical (SJM) mechanical heart valves (all placed in the aortic position) 

twoo Medtronic Hall (MH) valves (one in the aortic and one in the mitral position) 

threee fractured Björk-Shiley convexo-concave (BScc) valves (one in the aortic 

positionn and two in the mitral position. 

Thee SJM valve is a bileaflet valve, whereas the MH and BScc valve have a tilting disk, which 

occludess the valve opening. 

Valvess and medical records came from five different hospitals and were examined by 

memberss of the interuniversity working group on Cardiovascular Implant Retrieval Analysis, 

inn which expertise is combined from the departments of Cardiology, Cardiopulmonary 

Surgery,, and Cardiovascular Pathology of the Academic Medical Center of the University 

Amsterdam,, and the departments of Material Science and Safety Science of the Delft 

Universityy of Technology, The Netherlands. 

Detailss of heart and mechanical valve became available by means of autopsy or photography 

andd transesophageal echocardiography in case of repeat valve replacement. Retrieved valves 

weree also subjected to non-destructive examination by means of scanning electron 

microscopyy (SEM). 

Thee Product Life-Cycle and Hazard Barrier Analysis Model were used, because device failure 

andd not operator failure determined the appearance of the incident [2,5,7,10-12]. A product 

lif ee cycle consists of four phases: 

phasee A: design and manufacturing 

phasee B: regulation and marketing 
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phasee C: implantation and patient risk control 

phasee D: follow-up, adverse-event control, and input for redesign 

Withinn these phases, components, such as institutions, persons, and resources, are identified, 

whichh may act as functional barriers to prevent accidents and to minimize damage (table 1). 

TableTable J: Phases A-D represent the main evolutionary stages of the mechanical heart valve's 
lifelife cycle. In each phase, the key processes for carrying out evaluation, risk assessment, and 
riskrisk control are described. These processes imply control barriers operated by professionals. 
TheseThese professionals may be held responsible for failure of their control tasks or, in case of a 
veryvery critical failure, of the complete system. 

Evaluation n 

Riskk control 

Risk k 

assessment t 

Productt  Life-Cycle-based 
HAZAR DD BARRIER ANALYSI S 

A A 
Designn / 

Manufacturin g g 

Science e 

Design n 

Engineering g 

Production n 

B B 
Certificatio nn / 

Marketin g g 

Technicall  tests 

Clinicall  tests 

Certification n 

Distribution n 

C C 

Implantatio n n 

Purchase e 

Referral l 

Informedd Consent 

Surgery y 

Postoperativee Care 

D D 
Follow-up p 

Usee Device 

Check-upp Patient 

Informationn Supply 

Emergency y 

Referral l 
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Thee Hazard Barrier Analysis Model exposes the control measures supposed to be taken by 

thosee components in order to prevent failure and/or to reduce its consequences. At this level, 

alsoo operator and organisational failure may be investigated. 

Byy means of a questionnaire, which was also used to document certain facts for legal 

purposes,, patients and relatives were assessed with respect to their knowledge about heart 

valvee and risk of failure [8,13]. 

4.33 RESULTS 

St.. Jude Medical valve 

Threee patients (aged 59, 63 and 69 years) had undergone implantation of a SJM aortic valve. 

Seventeenn months after implantation, two patients, both from the same hospital, had to 

undergoo repeat valve replacement due to severe valve leakage and haemolysis. Moderate 
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leakagee had been observed immediately after the initial operation, but this had not been 

thoughtt to be of clinical relevance. During repeat surgery of the first patient, no abnormalities 

hadd been observed. Valve leaflets had moved freely. On transesophageal control 

echocardiography,, however, blood pressure-dependent valve insufficiency had been present. 

Inn the second patient, blood pressure-dependent valve insufficiency had been diagnosed 

alreadyy preoperatively. Both patients had made an uneventful postoperative recovery. 

Becausee we were unaware of earlier cases of this type of valve failure, we reviewed the 

medicall  records of 69 patients who had undergone implantation of a SJM valve during the 

samee one-year period [14], but no further cases of valve leakage or signs of relevant 

haemolysiss were found. Small SJM valves (diameter 19-21 mm) showed an average peak 

gradientt of 35 mm Hg (range 20-52) and a mean gradient of 23 mm (range 15-36), which may 

bee considered normal. In these two patients, who both had suffered from severe left 

ventricularr hypertrophy, high gradients across the native valve, and a heavily calcified aortic 

annulus,, we contemplated the possibility of surgical error because the valves had been 

implantedd by the same surgeon. At this stage, our attention was drawn to a third patient with 

thee same history, who was operated on by the same surgeon in another hospital. Further 

examinationn revealed that all three valves had been placed in an atypical direction, with the 

pivott area between the muscular ventricular wall and the stiff, calcified, non-coronary aortic 

annulus.. The surgeon had taken a lot of effort to place the largest possible valve in the narrow 

aorticc annulus, without using the sizers recommended by the manufacturer. 

Inn our opinion, this procedure may very well have led to implantation of oversized valves. We 

speculatee that in these three patients, compression had prevented leaflet closure. Increased 

susceptibilityy to external forces as well as leaflet escape in the SJM valve due to high-impact 

traumaa have been reported earlier [14-16]. 

Patientss had not considered the doctors' initial failure to recognize and explain their physical 

deteriorationn a medical shortcoming, nor had they perceived their initial valve replacement as 

such.. Instead, they had considered their "difficul t heart" to be the primary cause of valve 

failure. . 

Thee fact that repeat surgery had been successful had erased negative feelings, if any, in all 

threee patients. Claims for financial compensation had not been considered. 

Medtroni cc Hall valve 
Thee first patient was a 5 3-year-old man who had undergone implantation of a 29 mm aortic 

MHH valve for aortic insufficiency and mild aortic stenosis, as well as coronary artery bypass 

grafting.. He had died suddenly three weeks after the operation. Post-mortem examination of 

thee heart had revealed a closed disk, which had been blocked into the ring due to entrapment 

off  a suture without a knot. The second patient was a 45-year-old woman who had undergone 

repeatt valve replacement due to an increased gradient of 30 mm Hg and insufficiency of a 
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BSccc valve in the mitral position. At surgery, pannus overgrowth at the ventricular side of the 

valvee had been observed. Much effort had been required to replace the BScc valve via left 

atriotomyy by a 27 mm MH valve. Two weeks after the operation and following discharge to a 

communityy hospital, the patient had deteriorated rapidly and died. Post-mortem examination 

hadd revealed that the disk had been locked-in in the ring due to entrapment of a tissue and felt 

pledgetss used for reinforcement. Both MH valves were intact. Accident analysis supported the 

validityy of the hypothesis that in both patients valve failure had been due to surgical error 

[17].. The surgery in the first patient had been a routine case. In the second patient, however, 

surgeryy had been unexpectedly complex, even though echocardiography had indicated 

retrospectivelyy that it would be difficult anyhow, because of anatomical abnormalities due to 

aa small left atrium and a small hypertrophic left ventricle. 

Wee found that limited experience on the part of the surgeon, the difficult anatomical 

exposure,, and the application of a routine suture technique, which perhaps should not have 

beenn used in this particular patient, had been the basis of poor surgical outcome. 

Thee relatives of both patients had argued that the course of events, in particular in view of the 

lethall  outcome, should have been avoided under all circumstances and they had pressed for 

legall  charges. In the first case, both experts and judges had considered it a minimum safety 

standardd of performance for qualified cardiac surgeons to make absolutely sure that sutures 

aree knotted. In the second case, they had judged that the shortcoming had been due primarily 

too the patient's disease and anatomical abnormalities. 

Björk-Shileyy convexo-concave valve 

Thee mitral BScc valves of the three patients involved (aged 55, 62, and 72 years), two with a 

diameterr of 31 mm and one with a diameter of 29 mm, had been known to carry an increased 

riskrisk of fracture. After fracture had occurred indeed, all patients had undergone initially 

successfull  emergency surgery in a cardiac surgical unit. Postoperative recovery, however, had 

beenn complicated and all patients had died within one week to up to three months. 

Duee to metallurgical fatigue subsequent to poor welding and also due to poor quality 

assessmentt during the manufacturing process, valves with minor damage, similar to signs of 

wear,, had been released onto the market for clinical use. As time progressed, this type of 

minorr damage had developed into crack and fracture, which had caused strut fracture and disk 

escape,, leading to heart failure with often lethal consequences [18,19]. 

Inn The Netherlands, BScc valves of this particular type were implanted between 1979 and 

1984.. On several occasions, patients have been informed about the risk of fracture and its 

implicationss with respect to litigation. Uncertainty among the medical profession had related 

mainlyy to advising patients about the possibility of prophylactic valve replacement. Repeat 

surgeryy would have a roughly 5% risk of instant death or serious disability, whereas the 

likelihoodd of future valve fracture is an accumulated risk over a number of years, which, 
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givenn enough time, will exceed the reoperation risk [20]. 

Noo strategies had been made available on how to counsel and to instruct the vast majority of 

patientss who, for different reasons, had not undergone prophylactic explantation and who thus 

hadd continued to be exposed to risk of valve fracture. 

Accidentt analysis revealed shortcomings in terms of risk communication and risk control 

amongg all parties involved, i.e. manufacturer, cardiac surgeons, cardiologists, and health 

authorities.. Although relatives had stated in interviews to consider the lack of adequate 

instructionss for the instant diagnosis of valve fracture and the doctor delays examples of 

substandardd care, they had pointed to manufacturer negligence as the primary cause of valve 

failure.. This then may serve as an explanation of the fact that the relatives had made the 

manufacturerr their target for litigation. 

4.44 DISCUSSION 

Cardiacc surgery, which depends heavily on the availability and proper use of sophisticated, 

potentiallyy life-saving medical technology [2,21], draws much public attention in case of 

failuree [24]. So far, risk management efforts have been focused mainly on internal auditing, 

benchh marking, and finding ways to reduce the risk of operative mortality [22,23]. Recent 

publicationss focus on methods to assess the personal-performance parameters of individual 

surgeonss in single institutions [25-27]. In case of suspected device failure, investigations 

focuss on device and technology, rather than on professionals. The Product Life-Cycle and 

Hazardd Barrier Analysis Model expose the people and organizations behind the technology at 

thee various phases of device evolution. Table 1 shows also a tentative list of the components 

responsiblee for risk control during the four main evolutionary stages. 

4.4.11 Accident analysis 

Inn the three cases of failure of the SJM valve, the dominant cause of failure was found in die 

implantationn phase C, due to surgical error. Nevertheless, one might argue that also designers 

inn phase A failed, because the occurrence of compression under extreme circumstances was 

nott prevented. Furthermore, user instructions were found to have been inadequate with 

respectt to how to deal with failure. It appeared that in the preimplant licensing phase B, both 

aspectss had been overlooked. Also, during postoperative care (phase D) the early signs of 

valvee leakage had been misinterpreted. The patients, however, had perceived the course of 

eventss and the complex interconnection as a rather unique combination of fate and their 

complexx heart problem. In the end, patients had felt as good as they had expected to become 

afterr the initial valve replacement. 
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Inn the two cases of failure of the MH valve, type of failure and outcome following suture 

entrapmentt had been perceived primarily as an avoidable surgical error and violation of a 

safetyy standard (phase C). One wonders, however, whether the occurrence of such an error 

cann also be reduced by design adjustments (phase A). 

Inn the three cases of failure of the BScc valve, primary responsibility of manufacturer (phase 

A)) and surgeon during follow-up (phase D) was exposed, and they were both blamed for poor 

riskk control. Patients and relatives had had high expectations regarding the safety of their 

valvee and chances to avoid fracture. As the manufacturer had accepted liability for patient 

damagee due to valve fracture, relatives had made use of the financial compensation scheme 

thatt had been made available for this purpose. 

4.4.22 Risk perception 

Althoughh accident analysis exposed violation of professional safety standards, patient 

perceptionn differed, depending on the degree of risk acceptance [9,28,29], which is influenced 

byy the outrage factor associated with a particular accident. According to Sandman [30], public 

outragee increases when accidents are associated with 

1.. poor physical outcome (death or serious disability) 

2.. large-scale occurrence 

3.. the fact that the risk had been imposed (as opposed to for example the risks of sports) 

4.. the fact that the risk is considered unfair (other valves do not fail). 

Vincentt observed that in the cases in which doctors were sued, explanations for failure 

occurrencee were considered satisfactory in less than 15% [9]. Concerns about the standard of 

caree and the possibility that similar incidents would re-occur sometime in the future, as well 

ass the need for explanations and the opinion that doctors should give account for their actions 

weree the driving forces for holding the medical profession liable. Although risk 

communicationn is an important factor, liability is largely determined by the final injury, 

circumstancess leading to failure, and disappointment regarding expectations about safety. 

Thee Hazard Barrier Analysis Model has been developed primarily to investigate the impact of 

physicall  violence on vulnerable subjects (for example, electricity short-circuit violence on 

people).. The method can be applied in conjunction with conventional epidemiological tools to 

aa limited number of incidents, as was done in the cases of SJM valve failure [14]. 

Otherr methods, such as the Tripod Accident Causation Model (TRIPOD) and the 

Managementt Oversight Risk Tree (MORT), basically provide fault tree analysis. They require 

aa higher number of incidents and victims, as they aim for a quantitative analysis [31,32]. 

Ourr study of risk perception was mostly based on structured interview techniques. 

Particularlyy when accidents are relatively rare, with few survivors, such as in the cases 
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presentedd in this paper, the absence of controls warrants caution. In a comparative study 

involvingg BScc valve patients at risk and a control group, the controls proved to worry more 

thann their counterparts as they were not regularly informed [17]. 

4.55 CONCLUSION 

Thee above-described accident analysis may be used in order to understand better and to 

preventt the risks of relatively rare device failures. The outcome of such an analysis may not 

matchh with the risk perception of patients, relatives, and the public. Therefore, apart from the 

manufacturerr also doctors may be blamed. The perception that safety standards have been 

violatedd and an outlook on financial compensation determine litigation. 
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5.11 ABSTRACT 

Backgroundd Excessive bleeding may complicate cardiac surgery and is associated with 

enhancedd morbidity and mortality. Pharmacological strategies aimed to reduce perioperative 

bleedingg have been investigated in a large number of controlled trials, most of which show a 

reductionn in blood loss. However, most studies lack sufficient power to detect a beneficial 

effectt on clinically more relevant outcomes. 

Methodss We performed a meta-analysis of all randomised controlled clinical trials of the 

threee most frequently used pharmacological strategies aimed to reduce perioperative blood 

losss (aprotinin, lysine analogues (s-aminocaproic acid and tranexamic acid) and DDAVP). 

Studiess were included if they reported at least one clinically relevant outcome (i.e. mortality, 

re-thoracotomy,, the proportion of patients needing a transfusion, or perioperative myocardial 

infarction)) in addition to perioperative blood loss. An assessment of the methodological 

qualityy of the studies was made and a separate analysis was performed for only those studies 

withh the highest score. In addition, a separate meta-analysis was done for studies concerning 

complicatedd cardiac surgery. Methodological grading and data extraction was performed by 

twoo independent investigators. 

Findingss We identified 72 trials (8409 patients) that met the inclusion criteria. Treatment 

withh aprotinin was shown to result in an almost twofold reduction in mortality (odds ratio 

(OR)) 0.55, 95% confidence interval (CI) 0.34-0.90) as compared with placebo. Both 

treatmentt with aprotinin and lysine analogues resulted in a reduction in the incidence of 

surgicall  re-exploration (OR 0.37, 95% CI 0.25-0.55 and OR 0.44, 95% CI 0.22-0.90, 

respectively).. These two treatments also resulted in a significant reduction in the proportion of 

patientss receiving any allogeneic blood transfusion. In contrast, the use of DDAVP resulted in 

aa small reduction of perioperative blood loss, but was not associated with a beneficial effect 

onn other clinical outcomes. Aprotinin and lysine analogues did not increase the risk of 

perioperativee myocardial infarction, however, DDAVP was associated with a 2.4-fold 

increasee in this complication. Studies in patients undergoing complicated cardiac surgery 

showedd essentially similar results. 

Interpretatio nn The results of our meta-analysis indicate that pharmacological strategies that 

potentlyy reduce perioperative blood loss in cardiac surgery, in particular aprotinin and lysine 

analogues,, reduce mortality, the need for re-thoracotomy, and the proportion of patients 

receivingg a blood transfusion. 
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5.22 INTRODUCTIO N 

Althoughh the complication rate of coronary artery by-pass grafting (CABG) or heart valve 

replacementt has been reduced significantly in recent years, excessive perioperative bleeding 

continuess to complicate these procedures1. Management of perioperative blood loss requires 

transfusionn of packed cells and other blood products, which may carry the risk of transmission 

off  infectious agents or immunological complications. In some medical centres, at least a 

quarterr of all blood products are used for cardiac surgery patients, which obviously imposes a 

substantiall  burden on the limited supply of these products. Moreover, excessive postoperative 

bleedingg may result in the need for re-exploration, which is associated with additional 

morbidityy and mortality1'2. 

Factorss that contribute to the blood loss in cardiac surgery are related to both surgical damage 

too large blood vessels and acquired defects in haemostasis. The impaired function of the 

haemostaticc system is due to several factors, such as the loss of platelets and impairment of 

platelett function, haemodilution, heparin given during cardiopulmonary by-pass, and an 

inadequatee function of the fibrinolytic system3. 

Overr recent years several approaches to minimise blood loss and reduce transfusion 

requirementss in patients undergoing cardiac surgery have been developed. Amongst these 

strategiess pharmacological interventions are most widely used. Generally, three types of 

pharmacologicall  agents are available4: 

1.. aprotinin , a 58 amino acid polypeptide, mainly derived from bovine lung, parotid gland 

orr pancreas, which directly inhibits the activity of various serine proteases, including 

plasmin,, coagulation factors (such as kallikrein and thrombin) or inhibitors. It has been 

shownn that aprotinin is able to preserve platelet function and to inhibit accelerated 

fibrinolysisfibrinolysis during cardiopulmonary by-pass. 

2.. lysine analogues, such as e-aminocaproic acid and tranexamic acid, which are potent 

inhibitorss of fibrinolysis. It has been shown that treatment with these agents is effective in 

thee reduction of blood loss in a variety of bleeding disorders. 

3.. desmopressin or De-amino d-arginine vasopressin (DDAVP), a vasopressin analogue that 

inducess release of the contents of the endothelial cell associated Weibel Palade bodies, 

includingg von Willebrand factor. The administration of DDAVP results in a marked 

increasee in the plasma concentration of von Willebrand factor (and associated coagulation 

factorr VIII) , with as a consequence a potentiation of primary haemostasis. 

Alll  three pharmacological interventions have been studied in a large number of clinical trials, 

oftenn employing a randomised, controlled study design. Due to their size, most of the trials, 

however,, lacked sufficient power to detect significant differences in important clinical 

outcomes,, such as mortality and the need for re-exploration. Two previous meta-analyses of 

thesee trials (including 33 and 60 studies, respectively) primarily focused on perioperative 
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bloodd loss and the need for transfusion5'6. Both analyses found that these interventions 

significantlyy decreased the perioperative exposure of cardiac surgery patients to blood 

products.. Here we report our findings of a meta-analysis of 72 randomised, controlled trials 

onn the effect of pharmacological strategies that prohibit perioperative blood loss on mortality, 

re-thoracotomy,, the number of patients receiving any transfusion, and the occurrence of 

adversee effects, in particular perioperative myocardial infarction. 

5.33 METHOD S 

5.3.11 Literatur e search 

AA literature search in MEDLINE and EMBASE databases from 1966 until December 1998 

wass performed. Terms that were used for the search were both MESH terms and (part of) the 

textt words "heart surgery", or "heart valve prosthesis", or "myocardial revascularization", or 

"coronaryy artery bypass", or "heart bypass" in combination with "hemostatics", or 

"antifibrinolyticc agents", or "aprotinin", or "trasylol", or "tranexamic acid", or "cyklokapron", 

orr "aminocaproic acid", or "caprolest", or "desmopressin", or "DDAVP". The search results 

weree then limited to "humans" and "clinical trials". All titles and abstracts of the remaining 

studiess were screened for controlled clinical trials investigating the efficacy of one of the 

threee pharmacological strategies in reducing perioperative blood loss and associated clinical 

outcomes.. The references of all reports were crosschecked for other potentially relevant 

studiess and the manufacturers of the pharmacological agents were asked to indicate missing 

trialss or unpublished data. Studies were included regardless of the type of publication or the 

languagee that was used. Of all studies that reported incomplete data the authors were 

contactedd to retrieve additional information, if available. 

Forr the analysis, only studies were included of which at least one clinically relevant outcome 

(i.e.. mortality, the incidence of re-thoracotomy, the proportion of patients receiving a 

transfusionn and the number of transfusions, and the incidence of perioperative myocardial 

infarction)) in addition to the perioperative blood loss could be retrieved. Studies that after 

carefull  examination were not truly randomised trials were excluded from the analysis. Other 

exclusionn criteria consisted of trials performed in children and double publications. 

5.3.22 Methodological grading 

Ann assessment of the methodological quality of the selected randomised, controlled trials was 

madee by two independent investigators on the basis of the following criteria: 

1.. Was the randomisation procedure performed properly? 
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2.. Were consecutive patients included? 

3.. Was the study double-blind? 

4.. Were the groups similar at the start of the trial? 

5.. Were the groups (aside from the intervention) treated equally? 

6.. Was the assessment of the end-points performed adequately? 

7.. Were all patients who entered the trial properly accounted for? 

Forr each of these criteria, a score of 1 point could be given (maximal score 7) to each article. 

5.3.33 Data extraction and outcome definition 

Dataa from the study reports were independently recorded by two investigators and entered 

intoo separate databases. The results were compared and disagreements were resolved by 

consensus.. Authors were contacted for clarification, if necessary. 

Perioperativee mortality was defined as mortality during hospitalisation for cardiac surgery, 

regardlesss of the cause of death. Re-thoracotomy was defined as the need for re-exploration 

withinn 72 hours after the initial operation, regardless of the reason. The proportion of patients 

receivingg at least one unit of allogeneic red blood cells was determined. In almost all studies a 

hematocritt between 0.20 and 0.30 or active bleeding in combination with cardiovascular 

instabilityy was used as a trigger for transfusion. Also, the use of plasma and platelet 

concentratess was recorded. The mean number of units of red cells transfused per patient was 

determinedd and if reported in millilitres transfusion requirements were recalculated to units 

(onee unit being 275 ml). Blood loss was defined as millilitres chest tube loss within 24 hours 

afterr the operation. The occurrence of myocardial infarction was defined on the basis of 

cardiacc enzyme elevation and electrocardiographic appearances. 

5.3.44 Analysis 

Ann analysis was made of the effect of each of the three pharmacological interventions (i.e. 

aprotinin,, lysine analogues and DDAVP) versus placebo on the various outcome parameters. 

Sincee a number of studies addressed the issue whether a lower aprotinin dose than the 

conventionall  regimen (i.e. 3 x 280 mg, which equals 3 x2 million kallikrein inhibitor units 

(KIU))) was equally effective, a separate analysis was performed of studies directly comparing 

thiss conventional dose with a lower dose (ranging from 1 x 70 mg to 3 x 140 mg). Treatment 

withh lysine analogues consisted of tranexamic acid (dose 3-10 gram) or e-aminocaproic acid 

(dosee 10-30 gram). The dose of DDAVP was 0.3-0.6 mg/kg in all studies. A direct 

comparisonn between the various treatment strategies was only performed if sufficient trials 

weree available, which was only the case for treatment with aprotinin versus lysine analogues. 

AA separate analysis was done for those studies concerning complicated cardiac surgery. 
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Complicatedd cardiac surgery was defined as repeat cardiac surgery or surgery in patients that 

weree using aspirin preoperatively, both conditions that are associated with increased blood 

losss and associated complications1'3. Finally, all outcome events were separately analysed for 

onlyy those studies with the highest methodological score (7 points). 

Dataa were analysed using RevMan version 3.1 and odds ratio's (OR) with 95% confidence 

intervall  (CI) for dichotomous data were calculated according to the fixed effects model 

accordingg to Peto and Mantel-Haenszel and the random effects model according to 

DerSimoniann and Laird. Data presented are derived from the fixed effects model. Continuous 

dataa (units of red cells per patient and blood loss) were analysed using the weighted mean 

differencee method. Tests for heterogeneity were performed with each meta-analysis (and were 

nott significant). 

5.44 RESULTS 

5.4.11 Results of the search and methodological grading 

Thee search yielded a number of 128 clinical trials and reference cross checking resulted in 14 

additionall  studies. Of these 142 trials, 95 concerned randomised controlled studies at first 

sight7"101.. Nine studies were excluded because no clinical outcome other than blood loss was 

available7"15,, eight studies turned out not to be randomised after all16"23, five studies concerned 

cardiacc surgery in children24"28, and there was one double report29. After exclusion of these 23 

reportss the remaining 72 trials were further analysed. In 45 trials aprotinin was compared with 

placebo30"74,, in 16 trials a comparison was made between lysine analogues and placebo31,58'61" 

63,65,75-85̂̂   ̂ m jg tnals there was a direct comparison between desmopressin and 

placebo66'75'86"99.. In addition, 12 studies compared treatment with the conventional dose of 

aprotininn with lower doses of aprotinin30'38'40'41'44'46'48'50'56'59'69'70. Lastly, in 8 trials a direct 

comparisonn was made between treatment with aprotinin and lysine analogues ' ' * ' ' * . 

Theree was only one trial directly comparing DDAVP with aprotinin and one trial directly 

comparingg DDAVP with lysine analogues75. 

Off  the trials in which aprotinin was studied, 31 of 45 studies yielded the highest 

methodologicall  score of 7, whereas 11 and 3 studies had a score of 6 and 5, respectively. 

Reasonn for a score lower than 7 was that the study was not completely double blind 

throughoutt its execution (9 studies) or that subsets of patients were not accounted for 

(55 studies). Other reasons were some differences in treatment between the study groups other 

thann the treatment with the study agents (1 study) and an incorrect randomisation procedure 

(22 studies). To 11 of 17 studies with lysine analogues a methodological score of 7 could be 

assigned,, whereas 5 studies had a score of 6 (all not completely double-blind) and 1 study a 
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scoree of 5 (not completely double-blind and incorrect randomisation procedure). Of the 16 

desmopressinn studies, 12 studies reached the maximal methodological score, 3 studies had 6 

pointss (all not completely double-blind), and one study a score of 5 points (not completely 

doublee blind and differences in treatment between the study groups other than the treatment 

withh different study agents). 

Thee results of the meta-analysis on all studied clinical outcomes of the three interventions are 

summarisedd in figure 1. In figure 4 the outcome of the subset of studies in complicated heart 

surgeryy is shown, and figure 2 and 3 show the data of the studies with the maximal 

methodologicall  score (7 points) only. 

FigureFigure 1: Summary of the results of the meta-analysis of all placebo-controlled trials with 
pharmacologicalpharmacological agents that prevent excessive bleeding and trials directly comparing 
treatmenttreatment with the conventional dose of aprotinin with lower doses of aprotinin on the 
incidenceincidence of mortality and re-thoracotomy, the need for any transfusion of allogeneic blood 
andand the occurrence of perioperative myocardial infarction. Results are expressed as the OR of 
thethe active treatment as compared with placebo. In case of the comparison between high and 
lowlow dose aprotinin the OR of the high dose as compared with the lower dose is given. 
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FigureFigure 2: Overview and meta-analysis of the randomised controlled trials comparing 
treatmenttreatment with aprotinin, lysine analogues, or DDAVP with placebo on the incidence of 
mortality.mortality. The total number of patients in the trial is indicated. A not estimable result 
indicatesindicates no mortality in both treatment groups. There were 25 deaths in 1687 aprotinin-
treatedpatientstreatedpatients and 43 deaths in 1525 control patients. In 604 patients that were treated with 
lysinelysine analogues, there were 7 deaths compared to 8 deaths in 466 controls. Mortality in 
DBADBA VP-treatedpatients and controls was 5 out of 3 72 and 5 out of 330, respectively. 
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5.4.22 Mortalit y 

Dataa on perioperative mortality from 26 studies (comprising 3212 patients) in which aprotinin 

wass compared with placebo was available. A meta-analysis of these data showed an almost 2-

foldd reduction in mortality (from 2.8% to 1.5%, OR 0.55, 95% CI 0.34-0.90) (figure 2). 

Analysiss of only those studies with the highest methodological score (7 points) did not 

significantlyy change this result (OR 0.53, 95% CI 0.28-0.98). In 6 studies (693 patients) the 

conventionall  dose of aprotinin was compared with a lower dose (figure 1). These studies 

showedd a non-significant reduction in mortality in patients treated with the conventional 

regimenn as compared with patients treated with lower doses (OR 0.50, 95% CI 0.21-1.18). 

Fromm 11 placebo-controlled studies with lysine analogues (1070 patients) data on mortality 

couldd be retrieved, showing an OR for mortality in the lysine analogue-treated patients of 0.78 

(95%% CI 0.27-2.16) (figure 3). Mortality in DDAVP-treated patients was recorded in 8 trials 

(7022 patients) and was not different from placebo-treated patients (OR 1.02, 95% CI 0.29-

3.56).. The low incidence of mortality in the limited number of studies directly comparing the 

variouss treatment regimens did not allow a proper analysis. 

Inn complicated surgery (figure 4) the OR for the reduction in mortality in aprotinin-treated 

patientss and lysine analogue-treated patients was 0.59 (95% CI 0.30-1.16) and 0.59 (95% CI 

0.19-1.80),, respectively. Mortality in DDAVP-treated patients undergoing complicated 

surgeryy was identical to placebo-treated patients. 

5.4.33 Re-thoracotomy 

Dataa on the need for re-thoracotomy were available from 26 studies (3644 patients) 

comparingg aprotinin with placebo. All reported re-thoracotomies, regardless of the reason 

(whichh was usually reported as excessive bleeding) were included in the study. Meta-analysis 

off  these data showed a considerable reduction in the incidence of re-exploration in aprotinin 

treatedd patients from 5.0% to 1.8% (OR 0.37, 95% CI 0.25-0.55) (figure 3). The meta-

analysiss of studies with the highest methodological score yielded an identical result. Patients 

treatedd with the conventional dose of aprotinin had a lower risk of re-thoracotomy as 

comparedd with those treated with lower doses (OR 0.41, 95% CI 0.16-1.04) (figure 1). 

Treatmentt with lysine analogues (11 studies, 1026 patients, figure 3) also significantly 

reducedd the incidence of re-thoracotomy from 4.7% to 1.9% (OR 0.44, 95% CI 0.22-0.90) and 

alsoo this result was not changed by including studies with the highest rating only. From 8 

placebo-controlledd trials with DDAVP (including 694 patients) data on re-thoracotomy could 

bee retrieved, showing a non-significant OR of 0.67 (95% CI 0.33-1.37) in favour of DDAVP 

treatment. . 
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FigureFigure 3: Overview and meta-analysis of the randomised controlled trials comparing 
treatmenttreatment with aprotinin, lysine analogues, or DDAVP with placebo on the incidence ofre-
thoracotomy.thoracotomy. The total number of patients in the trial is indicated. A not estimable result 
indicatesindicates no re-thoracotomy in both treatment groups. There were 40 re-thoracotomies in 
21302130 aprotinin-treated patients and 77 re-thoracotomies in 1514 control patients. Of 564 
patientspatients that were treated with lysine analogues, 11 patients underwent a re-thoracotomy 
comparedcompared to 22 patients in 462 controls. The incidence of re-thoracotomy in DDA VP-treated 
patientspatients and controls was 13 out of 343 and 19 out of 351, respectively. 
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Inn 6 trials directly comparing aprotinin with lysine analogues (comprising 565 patients) the 

incidencee of re-thoracotomy could be analysed. This analysis did not show superiority of 

eitherr therapy on the incidence of re-thoracotomy (OR 0.92. 95% CI 0.28-3.07). 

Thee effects of the pharmacological interventions on the incidence of re-exploration in 

complicatedd cardiac surgery are shown in figure 4. Studies concerning complicated surgery in 

whichh either aprotinin or lysine analogues were compared with placebo showed a reduction in 

thee need for re-thoracotomy (aprotinin versus placebo: OR 0.40, 95% CI 0.20-0.79 and lysine 

analoguess versus placebo: OR 0.40, 95% CI 0.18-0.92, respectively). The OR for re-

thoracotomyy in DDAVP-treated patients undergoing complicated surgery was 0.67 (95% CI 

0.33-1.37). . 

FigureFigure 4: Summary of the results of the meta-analysis of placebo-controlled trials with 
pharmacologicalpharmacological agents that prevent excessive bleeding in patients undergoing complicated 
cardiaccardiac surgery on the incidence of mortality and re-thoracotomy, the need for any 
transfusiontransfusion of allogeneic blood and the occurrence of perioperative myocardial infarction. 
ResultsResults are expressed as the OR of the active treatment as compared with placebo. 
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5.4.44 Proportion of patients receiving a blood transfusion 

Bothh treatment with aprotinin and with lysine analogues resulted in a considerable reduction 

off  the proportion of patients receiving any blood transfusion. Meta-analysis of 40 placebo-

controlledd trials of aprotinin (4821 patients) showed an OR of 0.37 (95% CI 0.32-0.42). The 

meann percentage of patients receiving any transfusion was 62.7% in the placebo group as 

comparedd with 42.5% in the aprotinin group. Also here, the conventional dose of aprotinin 

wass more effective than lower doses (OR 0.75, 95% CI 0.58-0.98). The OR for receiving any 

transfusionn in lysine analogue-treated patients was 0.46 (95% CI 0.34-0.64, 14 studies with 

8011 patients). In a small number of trials directly comparing aprotinin with lysine analogues 

(77 trials, 635 patients), there was a significant reduction in the risk of receiving a blood 

transfusionn in aprotinin-treated patients (OR 0.69, 95% CI 0.48-0.98). The OR for the risk of 

receivingg a blood transfusion after DDAVP treatment as compared with placebo was 0.79 

(95%% CI 0.56-1.11, data from 7 studies comprising 578 patients). 

Inn studies of complicated cardiac surgery the overall proportion of patients receiving a blood 

transfusionn was higher but also here a significant reduction by the pharmacological agents 

wass observed (figure 4). The OR for the reduction in the proportion of patients receiving any 

bloodd transfusion after treatment with aprotinin (15 studies), lysine analogues (7 studies) and 

DDAVPP (5 studies) were 0.33 (95% CI 0.26-0.42), 0.43 (95% CI 0.26-0.72), and 0.82 (95% 

CII  0.55-1.23), respectively. 

5.4.55 Blood loss and number  of transfused units 

Thee effect on blood loss and the number of units of red cells transfused for all three 

interventionss is presented in table 1. All three pharmacological strategies resulted in a 

significantt reduction in blood loss. Treatment with the conventional dose of aprotinin resulted 

inn less perioperative blood loss and fewer units of red cells transfused per patient in 

comparisonn with treatment with lower doses of aprotinin, although the differences were 

relativelyy small. In trials in which a direct comparison between aprotinin and lysine analogue 

treatmentt was made, a small reduction in blood loss and red cell transfusion in favour of 

aprotininn was observed. 

5.4.66 Perioperative myocardial infarction 

Thee incidence of perioperative myocardial infarction could be retrieved from 18 trials (1995 

patients)) of aprotinin treatment versus placebo (mean incidence 6.1%). As shown in figure 1, 

thee OR for the incidence of perioperative myocardial infarction in these trials was 1.13 (95% 

CII  0.76-1.67). The incidence of perioperative myocardial infarction was two times higher 
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(8.1%% versus 3.9%) in patients in which treatment with the conventional dose of aprotinin was 

comparedd with lower doses (OR 2.15, 95% CI 1.12-4.11, 7 trials, 666 patients). In 6 trials 

(7255 patients), in which treatment with lysine analogues was compared with placebo, no 

significantt difference in the incidence of perioperative myocardial infarction was observed 

(ORR 0.48, 95% CI 0.20 -1.13). In 5 of 7 trials in which DDAVP was administered and the 

incidencee of myocardial infarction was recorded, there was a trend towards a higher incidence 

off  perioperative myocardial infarction in DDAVP-treated patients. In the meta-analysis 

DDAVPP treatment was associated with an almost 2.4-fold increased risk of perioperative 

myocardiall  infarction as compared with placebo (OR 2.39, 95% CI 1.02-5.60). Analysis of 

studiess in complicated cardiac surgery (figure 4) or limitation of the analysis to only those 

studiess with the highest methodological score did not change these outcomes. 

TableTable 1: Reduction in blood loss and units of transfused blood in all included trials. Results of 
thethe meta-analysis (weighted mean difference) with 95% CI (in brackets) are given. 

studies s 
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reductionn in 
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aprotinin n 

versus s 
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43 3 
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0.98 8 
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conventional l 

dosee versus 
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12 2 
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130.77 ml 
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5.55 DISCUSSION 

Thee present meta-analysis shows that pharmacological interventions that significantly reduce 

perioperativee blood loss in cardiac surgery may also have a beneficial effect on clinically 

moree relevant outcome events, such as perioperative mortality, the necessity of re-

thoracotomyy and the need for a blood transfusion. In particular treatment with aprotinin and 

lysinee analogues appears to be effective in this regard. Aprotinin treatment resulted in an 

almostt 2.0-fold reduction of mortality and a 3.2-fold reduction in the incidence of re-

thoracotomy.. Patients treated with lysine analogues had a 2.4-fold reduction in the risk of 
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undergoingg a re-thoracotomy, but the difference in mortality with this intervention was not 

statisticallyy significant. When the analysis was limited to studies in complicated cardiac 

surgery,, defined as repeat surgery or surgery in patients that were taking aspirin 

preoperatively,, a similar effect of these pharmacological regimens could be established. 

Comparingg the effect of the pharmacological strategies on all outcome events, it appears that 

aprotininn and lysine analogues are the most efficacious agents, with aprotinin being somewhat 

moree effective than lysine analogues. The latter observation is supported by the direct 

comparisonn between aprotinin and lysine analogues in a relatively small number of studies, 

whichh showed a 2-fold reduction in the number of patients receiving any transfusion and a 

trendd towards a lower incidence of re-thoracotomy, in favour of aprotinin. The beneficial 

effectt of aprotinin and lysine analogues may for the major part be explained by a parallel 

mechanism,, i.e. the inhibition of accelerated fibrinolysis and the potential improvement of 

platelett function. Both mechanisms may play an important role in perioperative bleeding in 

cardiacc surgery. By reducing excessive bleeding, the need of re-exploration to achieve 

haemostasiss can be prevented, which will positively affect perioperative mortality  . As an 

additionall  mechanism it may be speculated that the rather aspecific anti-protease effect of 

aprotininn may inhibit pro-inflammatory mediators that may be detrimental in postoperative 

patients.. DDAVP had a modest effect on the reduction of perioperative blood loss, but this 

wass not translated into a significant reduction of transfusion requirements, re-thoracotomy 

ratess or mortality. Interestingly, the analysis of studies in complicated cardiac surgery did not 

showw a beneficial effect of DDAVP in this respect. An earlier meta-analysis of studies in 

whichh DDAVP was used to reduce perioperative blood loss confirmed this relatively weak 

efficacyy of DDAVP but suggested that a beneficial effect of DDAVP was particularly present 

inn patients with large perioperative blood loss or taking aspirin preoperatively . This latter 

findingg was not confirmed in the present analysis, although our definition of "complicated 

surgery""  might not completely overlap the earlier situations in which DDAVP appeared to be 

effective.. The effect of DDAVP on the reduction of perioperative blood loss and related 

adversee events appears to be smaller than the effect of the other two interventions. Direct 

comparisonss between DDAVP and aprotinin and DDAVP and lysine analogues (one 

randomisedd trial each) confirm this difference in efficacy. 

Inn earlier meta-analyses a similar reduction in blood loss and transfusion requirements by the 

threee pharmacological interventions was observed and one of these reports also indicated a 

reductionn in the risk of re-thoracotomy in patients that were treated with aprotinin5'6. The 

presentt meta-analysis adds to these previous reports a number of recently published trials. 

Moreover,, we actively pursued data on relevant outcome parameters, such as mortality and 

thee incidence of re-thoracotomy or perioperative myocardial infarction, by trying to contact 

thee authors of articles that did not report these events. Lastly, we have performed a separate 

analysiss for studies with an optimal study methodology, thereby introducing a method to 
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controll  for effects as a result of bias due to inadequate study design. Reassuringly, however, 

thee analysis of these methodologically most robust studies did not change the outcome of the 

analysis. . 

Pharmacologicall  strategies to improve haemostasis during and after surgery may have a 

procoagulantt potential, which can result in an enhanced risk of thrombotic adverse events. 

Onee of these thrombotic adverse events in cardiac surgery is the occurrence of perioperative 

myocardiall  infarction, for example due to thrombotic occlusion of the by-pass grafts. There is 

aa lot of controversy whether this theoretical complication represents a genuine concern in 

clinicall  practice103. Some anecdotal observations, uncontrolled studies, and retrospective 

subgroupp analyses of clinical trials indicate that this may indeed be the case104 whereas 

randomisedd controlled studies have not shown a significant difference in the occurrence of 

myocardiall  infarction, but may have been underpowered to observe such an effect. There are 

aa number of methodologically sound studies in which the occurrence of graft occlusion in 

aprotinin-treatedd patients was systematically investigated. Most of these trials show no 

significantt differences between aprotinin-treated patients and controls41'43,53'59'73'74. Only in 

onee study a small increase in the proportion of patients with an occluded graft after aprotinin 

treatmentt was observed . Our meta-analysis of the occurrence of perioperative myocardial 

infarctionn did not show an increased incidence of this complication in the aprotinin-treated 

patientss as compared with placebo-treated patients. There was, however, an increased 

incidencee of perioperative myocardial infarction in the comparison between the conventional 

dosee of aprotinin and the lower dose of aprotinin. This observation is hard to explain. It can 

bee hypothesised that the relatively higher dose of aprotinin is indeed prothrombotic, causing a 

higherr incidence of perioperative myocardial infarction and that this effect is "diluted" in the 

analysiss of trials with differing doses of aprotinin. However, when only the placebo-

controlledd studies that were using the higher dose of aprotinin were analysed, there was no 

increasedd incidence of myocardial infarction in aprotinin-treated patients versus placebo-

treatedd patients (data not shown). Hence, our meta-analysis cannot draw definitive 

conclusionss on a possibly enhanced incidence of perioperative myocardial infarction due to 

aprotininn dose. Also, this possible disadvantage of the relatively higher dose of aprotinin 

needss to be offset against the apparent benefit of this treatment in comparison to the lower 

dosee in terms of mortality and the risk of re-thoracotomy. In addition, some studies indicate 

thatt the incidence of stroke may be lower in aprotinin-treated patients40,105, although there is 

noo convincing evidence to support this so far. Treatment with lysine analogues was not 

associatedd with an increased risk of perioperative myocardial infarction but instead was 

associatedd with a trend towards a reduction in the incidence of this complication. It is 

important,, however, to realise that a meta-analysis may easily miss a specific subset of 

patientss to whom an intervention such as aprotinin or lysine analogues may be harmful. The 

analysiss of studies with DDAVP showed a significantly higher incidence of perioperative 
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myocardiall  infarction in DDAVP-treated patient. This effect was in fact consistent in almost 

alll  studies from which data on myocardial infarction were available. At first sight, it might be 

surprisingg that the agent that showed the most modest effect on the reduction of blood loss 

andd associated clinical events, was most prominently associated with this complication. 

However,, the mechanism of action of DDAVP, in particular directed at the improvement of 

primaryy haemostasis, is definitively different from the effect of the antifibrinolytic agents, 

suchh as aprotinin and lysine analogues, and this is apparently of relevance for the 

developmentt of myocardial infarction. Moreover, DDAVP does not only have a 

prohaemostaticc effect but may also induce haemodynamic changes, which may play a role in 

thee occurrence of perioperative myocardial infarction. 

Inn conclusion, the present meta-analysis shows that pharmacological interventions that 

potentlyy reduce perioperative blood loss in cardiac surgery reduce the incidence of mortality, 

thee need for re-thoracotomy and the proportion of patients receiving a blood transfusion. This 

clinicall  benefit effect could be demonstrated for aprotinin and the lysine analogues in 

particular.. Hence, the present meta-analysis further supports the use of aprotinin or lysine 

analoguess in clinical practice. However, only a large prospective controlled trial with 

mortalityy as the primary outcome will provide definitive evidence. At present, there is 

insufficientt data to definitively conclude that aprotinin treatment results in a better clinical 

outcomee than lysine analogues, although some preliminary analyses suggest a slight benefit of 

aprotinin.. However, in the decision on using one of these agents in patients undergoing 

cardiacc surgery, also costs (in particular relevant for aprotinin) may play a role. 
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6.11 ABSTRACT 

Orall  anticoagulation requires INR and dosage control. The availability of a portable device, 

calledd the CoaguChek® system, allows patient self-monitoring. In this study, this self-

monitoringg system is described. Then a risk analysis by means of Failure Mode & Effect 

Analysiss and Fault Tree Analysis were applied. This systemic risk analysis revealed system 

weaknessess with respect to education, compliance, and technical reliability. This type of risk 

analysiss used by the prescribing physicians can assist in recognizing increased risks of failure 

inn the individual case as well as in analysing adverse events. 
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6.22 INTRODUCTIO N 

6.2.11 Oral anticoagulant therapy 

Orall  anticoagulation by means of coumarin derivatives (vitamin-K antagonists) is an effective 

modalityy for the treatment and prevention of thromboembolic events in patients with 

prostheticc heart valves, deep-vein thrombosis, pulmonary embolism, peripheral vascular 

disease,, after myocardial infarction, and during chronic atrial fibrillation (1). 

Thee biological effect of coumarin derivatives (measured by means of the prothrombin time 

(PT))) is extremely variable, which can be aggravated by various drugs, inconstant vitamin-K 

intake,, and illnesses (vomiting, diarrhea, and febrile infection). PT fluctuations can also be 

duee to inadequate patient counselling and poor patient compliance with respect to medication 

intakee (2). Incorrect dosage, with either too much or too littl e of the medication, increases the 

riskrisk of hemorrhagic or thromboembolic complications, respectively, necessitating frequent 

laboratoryy visits for venepunctures and dose adjustments. 

Recently,, a portable device, called the CoaguChek system, has been granted CE 

certification,, which means that an instrument for instant PT checks from one drop of capillary 

wholee blood is now commercially available. 

Thee CoaguChek® system is supposed to have advantages that could lead to patient self-testing 

andd self-adjustment of the coumarin dose: 

1.. tests can be done with a minimal amount of capillary whole blood, thereby avoiding 

venepunctures s 

2.. tests can be done anywhere, thereby avoiding laboratory visits 

3.. tests can be done anytime, thereby improving dosage control 

4.. test results become instantly available, thereby avoiding delays in dose adjustments 

6.2.22 The CoaguChek® system 

Thee CoaguChek® system (manufactured by Roche Diagnostics, Germany) consists of the 

CoaguChek®® monitor, CoaguChek® test strips, a lot-specific code chip and the CoaguChek® 

controll  solution. The Softclix® lancing device is used for blood collection. The CoaguChek® 

testt strip is calibrated against HepatoQuick by the manufacturer. The calibration curve is 

storedd for each strip number in the corresponding code chip. 

Applicationn of the CoaguChek® system involves the following action: 

1.. turn on the CoaguChek® meter 

2.. opt for either an INR blood test or a quality control procedure 

3.. insert a test strip 

4.. collect blood by means of a finger prick 
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5.. apply blood onto the test strip 

6.. register the test result (the CoaguChek® monitor can store in its memory only the 30 

mostt recent test results along with time and date) 

7.. determine and register the medication dose 

Itt takes two minutes for the test result to become available. The CoaguChek® monitor 

measuress the time from the blood's first contact with the thromboplastin in the test strip until 

completionn of coagulation. The results are displayed in the selected unit of measurement 

(INR,, % Quick, or PT-calculated seconds). A quality control solution, called CoaguChek® PT 

Controls,, is available to check the technical performance of the CoaguChek system. After 

thee capsule has been broken, followed by mixing of the calcium chloride solution and 

lyophilisedd citrated rabbit plasma for two minutes, the solution is ready for application onto 

thee test strip. The CoaguChek® test result can then be compared with the predefined PT value 

off  the control solution. 

6.2.33 Aim of the study 

Thiss study was conducted in addition to a randomised crossover study comparing self-

managementt of oral anticoagulation with management by a specialized anticoagulation clinic. 

Thee reason for doing this additional study was that although measures to prevent technical 

failuree and human error had been taken, difficulties during the use of the CoaguChek® system 

byy patients were observed, and evaluation of type and incidence of hazardous risks was 

consideredd necessary. A questionnaire on self-management was sent to patients in order to 

delineatee the anecdotal problems they had encountered when using the CoaguChek system 

(seee appendix A). 

Inn this paper, we describe two different methods of risk analysis and the impact of the results 

onn patient self-management of oral anticoagulation by means of the CoaguChek system. 

6.33 THE BASIC SYSTEM 

Patientss with an indication for long-term oral anticoagulation can determine the correct 

medicationn dose on their own by using the CoaguChek® prothrombin time (PT) monitor. 

Afterr proper education and training in the use of the CoaguChek system and adjustment of 

thee dose, patients are able to decide when to do a PT check and how to modify the dose. 

Whenn a result falls outside the predefined ranges, the patient must contact the controlling 

body,, which will interpret the situation and test result and provide feedback. The result can be 

sentt to the controlling body by (E-)mail or telephone (in the future, results can possibly be 

passedd on automatically via a connection between the CoaguChek system and the laboratory 
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computer).. Four main categories or subsystems are thus involved (see figure 1). 

FigureFigure 1: The four main categories or subsystems, which function together as a system ' '. 

Patient t 

a a 
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device e 

Controlling g 

Body y 

Data a 
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Basedd on this system, failure modes per subsystem and possible measures to prevent failure 

cann be described (failure mode & effect analysis). In addition, the probability of occurrence of 

adversee events can be estimated (fault tree analysis). 

6.44 ANALYSI S BY MEANS OF FAILURE MODE AND EFFECT 
ANALYSI S S 

Failuree mode and effect analysis (FMEA) is an inductive, bottom-up process (I2,I3). By means 

off  FMEA one can identify the failure modes of components in a system and estimate how 

criticall  they are for the functioning of the system as a whole. In table 1 different failure-modes 

inn relation to their subsystems are shown. The consequences of the possible failure modes are 

assessedd (e.g., what happens in case of wrong decisions or a mixing-up of data?) and both 

frequencyy and severity of failure are evaluated. A matrix can be developed to identify risk 

andd tolerance in order to allow effective risk control (figure 2). Possible measures per 

componentt can than be then estimated. 

FigureFigure 2: Risk analysis matrix uses both the probability and the severity of a potential failure. 
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TableTable 1: Failure-modes and possible measures in relation to their subsystems. 

subsystem m 

components s subcomponents s failur ee mode measure e 

patient t 

patient t 

education/training g 

test/dosage/medication n 

informationn over test, 

dosage,, and 

medication n 

no/wrongg test result 

wrongg dose 

no/wrong g 

medication n 

clearr and repeating 

trainingg program, 

instructionn of family 

members, , 

backup/helpdesk k 

device e 

CoaguChek® ® 

teststrip/codechip p 

technicall  function, 

energyy supply, 

calibration, , 

environmental l 

conditions,, expiry date 

no/wrongg test result 'easyy to use' hard- and 

software,, sufficient 

powerr supply, technical 

backup,, correct storage 

off  equipment, regular 

qualityy control 

dataa infrastructur e 

CoaguChek® ® 

patient t 

(E-)mail/fax/phone e 

controllingg body 

dataa registration and 

transportation n 

no/wrongg data 

registration n 

no/wrongg data 

transport t 

double-checkk data and 

transport,, compatible 

softwaree and backup 

system m 

controllin gg body 

personnel l 

equipment t 

dataa handling, 

dataa interpretation, 

andd advice 

wrongg data handling 

wrongg interpretation 

no/wrongg advice 

compatiblee hard- and 

software,, training 

programss and update for 

(competent)) personnel 

6.55 RISK ANALYSIS BY MEANS OF FAULT TREE ANALYSIS 

Faultt tree analysis (FTA) is a deductive, top-down approach. Allowing identification of the 

globall  chance of occurrence of potential adverse consequences of a danger (top events) (e.g., 

death,, complications of treatment, and missed or delayed diagnosis), in which the same 

conditionss and quantitative estimations are used as in FMEA. Device or system design then 

cann be improved in order to reduce or eliminate conditions that can cause undesirable or 

unacceptablee consequences {4\ 
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Thee main potential top events (TE) in case of failure of the CoaguChek® system are 

hemorrhagicc or thromboembolic complications. The risk of these complications is expected to 

bee lowest when the PT is inside predefined target limits and increases when the PT is out of 

targett limits. 

(Sub)eventss that can lead to the top event are: 

1.. no/wrong test result 

2.. wrong dose 

3.. no/wrong medication 

1.. no/wrong advice 

Ass mentioned earlier, the patient self-management system can be divided into four 

subsystemss for FMEA. This division does not match that of the four events leading to the top 

eventt described above, which explains the different nature of FMEA and FTA. However, use 

off  both methods leads to extra information and enables generation of FTA. 

Too calculate the probability of the top event (P(TE)), information is required about the 

incidencee of failure of the components involved in the event. However, information about the 

naturee of a component or the risk of subsystem failure is often not easily available. It requires 

activee action to retrieve information or to consult independent experts to generate useful 

estimations.. Information could be obtained by sending questionnaires to the patients and the 

personnell  of the controlling body for information on the subsystems, and by creating a system 

forr the reporting of component failures. 

Thee probability of the top event can then be calculated by adding to the probability of the top 

eventt in the 'ideal' situation (Pj (TE)), which means a PT inside the predefined target ranges, 

thee probabilities of occurrence of the four (sub)events described above: 

PP (TE) = P, (TE) + {P (1) + P (2) + P (3) + P (4)} 

Attentionn must also be paid to the dominance of the different components, because failure of 

somee components lead faster to the top event than others. Based on the information on the 

incidencee and dominance of failure of the different components, measures can be taken to 

reducee the occurrence of the top event. 

Figuree 3 shows the top of the fault tree analysis. The fault tree can be made as detailed as 

necessary.. The subsystems can be divided in components. The components can be divided in 

subcomponentss etc. 
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FigureFigure 3: Top of the fault tree analysis. Description of the subsystems of the FMEA, whose 
componentscomponents can lead to the top events of the FT A. 

TOPP EVENT 

hemorrhagicc or thrombotic complications 
P(TE) ) 

Pi(TE) ) {P(l)+P(2)+P(3)+P(4)} } 

PTT inside target limits PTT outside target limits 

P(l) ) P(3) ) P(2) ) 

no/wrongg result no/wrongg medication wrongg dose 

P(4) ) 

no/wrongg advice 

CoaguChekk device Patient Data Infrastructure Controlling Body 

6.66 COMMENTS 

Thee CoaguChek® monitor seems to be an adequate instrument to accurately determine PT 

valuess (6'8,9). The manufacturer has taken several quality assurance measures with respect to 

thee device adjuncts. The manufacturer calibrates the CoaguChek® test strip.The calibration 

curvee is stored for each strip number in the corresponding code chip. The technical 

performancee of the CoaguChek® can be tested by means of the quality control solution. The 

solutionn contains a predefined prothrombin time value. Following the manual for quality 

control,, there is a (predefined) target value and a control range. Recent studies have shown 

thatt the mean difference of CoaguChek® PT test results compared to standard laboratory 

methodss is between 5 and 14 percent (7,8,l6). A target value of 4.6 INR units and a control 

rangee of 3.0-6.6 INR units (PT Control Lot No 241751) permits an unacceptable difference of 

moree than 30 percent. Adjustment of the target range of the control solution will be necessary 

too make the quality control a valuable method in order to determine the technical performance 

off  the device. However, FTA showed that adverse events can be caused not only by device 

failuree but also by failure of many other components (14,15) ) Inn addition, system analysis by 

meanss of FMEA and FTA reveals that subsystems and components are interdependent, and 

thatt failure of each of them can evoke a chain of events resulting in treatment failure. 
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Thee patient plays a crucial role in the system's success or failure. He is the initiator for 

control,, communication and treatment, and accurate PT determination greatly depends on 

patientt skills and education. Handling the CoaguChek® comprises multiple steps, which 

requiree the patient's full attention. From the outcome of the questionnaire about the 

CoaguChekk system, sent to 48 patients on self-management in the Netherlands (appendix 

A),, we know that it is considered easy to use, but that the test strips are too sensitive to 

surroundingg temperatures. In fact, the CoaguChek system can only be used at temperatures 

betweenn 18 and 32 degrees Celsius. It was also reported that too much blood was required for 
®® ® 

thee CoaguChek PT test strips. If less than 25 ml was applied, the CoaguChek system could 

nott measure the PT and the display showed 'sample error'. The manufacturer solved the 

problemm by making a new test strip, the CoaguChek® PT test mini, which requires only 10 ml 

off  blood. No sample errors occurred by using the mini strip. Another patient complaint is the 

confusingg question 'Is this a control?' after the monitor has been switched on. This question 

referss to the quality control, but is often explained by patients as blood control or PT control. 

Whenn blood rather than the control solution is applied and this question is answered with 

'YES',, the display will show 'sample error'. This problem might be solved by the use of 

softwaree in the patient's native language. The CoaguChek® can operate in six different 

languages,, however, so far the Dutch language is not available. These flaws did not lead to 

adversee events, but they were responsible for many of the cases of test failure. Success of 

devicee and patient self-management therefore also depends on risk redundancy and patient 

tolerancee in terms of patient skills in coping with deviations from normal process action. It 

thereforee remains beyond doubt that good and structured training must be given to device 

userss and prescribers. Furthermore, regular retraining programs, counseling, and learning 

fromfrom an adverse event registry can prevent patients from making mistakes due to lack of 

knowledgee or experience. 

Makingg wrong dose adjustments or taking the wrong medication increases the risk for under-

treatmentt or overdosing. However, the human body tolerates incorrect dose adjustments, 

irrespectivee of cause, very well. Although apparently not rare, they do not seem to lead 

invariablyy to adverse events ( ' ' \ According to the risk analysis matrix (figure 1), the 

probabilityy of occurrence of adverse events would be occasional and the severity minimal. 

However,, such qualifications largely depend on the definition of defined target performance 

andd the comparison of performance with that of other strategies for oral anticoagulation. 

6.77 CONCLUSION 

Soo far, the number of adverse events due to patient self-management of oral anticoagulation 

byy means of the CoaguChek® PT test has been low. However, when one has to analyse an 
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adversee event from hindsight, it is difficult to discriminate between an adverse event due to 

thee natural course of the underlying disease and that due to an avoidable treatment error. 

Basedd on FMEA and FT A, one can 

1.. detect system flaws 

2.. provide a framework for process analysis and risk awareness 

3.. provide a reference to assess past incidents and safety performance (of both the system 

ass a whole and its major components) 

4.. generate measures (often simple) to prevent potential failures 

FMEAA and FT A are transparent analyses, which can be done easily by a doctor functioning as 

aa quality assurance manager, and assisted by workers on the floor. Besides, the addition of 

FMEAA and FTA by prescribers and users would generate a more comprehensive 

understandingg of risks and safety of a device ' ' " . This would also offer the chance to set 

standardss on how to measure and to compare outcome, either before the device is marketed or 

afterr an adverse event has been reported. 

6.88 REFERENCES 

1.. van den Besselaar AM, Breddin K, Lutze G, Parker-Williams J, Taborski U, Vogel G, 
Tritchlerr W, Zerback R, Leinberger. Multicenter evaluation of a new capillary blood 
prothrombinn time monitoring system. Blood Coagul Fibrinolysis 1995;6:726-732. 

2.. Sawicki PT. A structured teaching and self-management program for patients receiving oral 
anticoagulation:: a randomized controlled trial. JAMA 1999;281{2): 145-150. 

3.. Ansell JE, Patel N, Ostrovsky D, Nozzolillo E, Peterson AM, Fish L. Long-term patient self-
managementt of oral anticoagulation. Arch Intern Med 1995;155:2185-2189. 

4.. Ansell JE, Holden A, Knapic N. Patient self-management of oral anticoagulation guided by 
capillaryy (fingerstick) whole blood prothrombin times. Arch Intern Med 1989;149:2509-2511. 

5.. Preston FE. Quality control and oral anticoagulation. Thromb Haemost 1995;74(1 ):515-520. 
6.. McCurdy SA, White RH. Accuracy and precision of a portable anticoagulation monitor in a 

clinicall  setting. Arch Intern Med 1992;152(3):589-592. 
7.. Hasenkam JM, Kimose HH, Knudsen L et al. Self-management of oral anticoagulation after 

heartt valve replacement. Eur J Cardiothorac Surg 1997;! l(5):935-942. 
8.. Hasenkam JM, Kimose HH, Knudsen L et al. Practicability of patient self-testing of oral 

anticoagulantt therapy by the INR using a portable whole blood monitor. A pilot investigation. 
TrombResl997;85(l):77-82. . 

9.. Ansell JE. Empowering patients to monitor and manage oral anticoagulation therapy (ed.) 
JAMAA 1999;281(2): 182-183. 

10.. Douketis JD, Lane A, Milne J et al. Accuracy of a portable INR monitor in outpatients 
receivingg long-term oral anticoagulant therapy: comparison with a laboratory reference 
standardd using clinically relevant criteria for agreement. Thromb Res I998;92 (l):l 1-17. 

11.. Lasky FD, Boser RB. Designing in quality through design control: a manufacturers 
perspective.. Clin Chem 1997;43(5):866-872. 

12.. Bignell V, Fortune J. Understanding systems failures. Manchester: Manchester University 
Presss 1984. 

13.. Kirwan B, Ainsworth LK. Guide to task analysis. London-Washington DC: Taylor and Francis 
1992;; 184-193. 

86 6 



Failuree Mode & Effect and Fault Tree Analysis 

14.. Perrow Ch. Normal accidents. Living with high-risk technologies. New York: Basic Book 
Publl  Inc. Wiley and Sons, 1987. 

15.. Leape LL, Woods DD, Hatlie MJ et al. Promoting patient safety by preventing medical error 
(ed.)) JAMA 1998;280(16): 1444-1447. 

16.. Horstkotte D, Piper C, Wiemer M, Schulte HD, Schultheiss HP. Improvement of prognosis by 
homee prothrombin estimation in patients with life-long anticoagulant therapy. Eur Heart J 
1996;17(suppl.):230. . 

87 7 





Chapterr  7 

Thee Accuracy of Home-Monitoring of Oral Anticoagulant 
Therapyy in Comparison to a Standard Laboratory Setting 

M.E.. Cromheecke', M. Levi2, B.A.J.M. de Mol', M.H. Prins3, L. Colly4, J.W. ten Cate2 

'Departmentt of Cardiothoracic Surgery, Department of Vascular Medicine and Department 

off  Internal Medicine, and department of Clinical Epidemiology and Biostatistics, Academic 

Medicall  Center of the University of Amsterdam, the Netherlands 
4Amsterdamm Thrombosis Service, the Netherlands 

Submitted d 



Chapterr 7 

7.11 ABSTRACT 

Backgroundd Coumarin therapy is an effective modality for prevention and treatment of 

thromboembolicc events. However, the effect of coumarins is variable, necessitating frequent 

laboratoryy control and dose-adjustments. Recently, small devices have become available, 

allowingg the determination of the INR from capillary blood. Application of these devices may 

resultt in self-monitoring of anticoagulation and self-adjustment of the coumarin dose, potentially 

associatedd with improved control of anticoagulation. The aim of this study was to assess the 

feasibilityy of self-management of oral anticoagulant therapy. 

Methodss Patients (n=15) with a chronic indication for oral anticoagulation were educated to 

performm self-measurement of the INR and to adjust their coumarin dose. Hereafter, for a period 

off  6 weeks patients determined their INR at weekly intervals and proposed a dosing scheme for 

thee next period. At the same day of self-measurement, the INR was determined and a dosing 

schemee was established at the anticoagulation clinic. 

Resultss All patients were able to perform home monitoring of the INR. Mean difference 

betweenn home INR and anticoagulation clinic INR was 12.3% (SD 10.1). Home INR was less 

thann 0.5 different from anticoagulation clinic INR in 80% of measurements and less than 1.0 

differentt in 95% of the measurements. The correlation coefficient (r) was 0.845. The agreement 

wass 0.64. A difference of >10% in the dose of anticoagulant agents between the self-devised 

schemee and the clinic scheme was found in 13.3% and a difference of >15% between the 

schemess was present in 1.8% of the occasions. 

Conclusionn Home monitoring of INR is feasible with an acceptable reliability of the test result 

ass compared with an anticoagulation clinic setting. After proper education, patients are in 

principlee able to self-manage their anticoagulation dose. 
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7.22 INTRODUCTIO N 

Patientss with indications like mechanical heart valve prostheses, atrial fibrillation or familial 

thrombophiliaa need to be treated with oral anticoagulants for a prolonged period of time, even 

life-long.. Oral anticoagulant agents usually are coumarin derivatives, which act as vitamin K 

antagonists.. However, the biological effect of these compounds, i.e. inhibition of the synthesis 

off  vitamin K-dependent coagulation factors, is extremely variable, both inter- and intra-

individually(,).. Factors influencing this variability include fluctuating inconstant dietary 

vitaminn K intake and variable binding to plasma proteins. To prevent under-treatment or 

overdosing,, frequent laboratory control (by means of the prothrombin time, expressed as 

Internationall  Normalized Ratio, INR) of the intensity of anticoagulation and dose-adjustments 

aree necessary. However, even in specialized anticoagulation clinics like the Thrombosis 

Servicee in the Netherlands, the intensity of anticoagulation is for a large number of patients 

oftenn not in the therapeutic range(2"5). Besides, the visits to the anticoagulation laboratory are -

forr some patients- inconvenient. Recently, easy and reliable devices have become available, 

allowingg the determination of the prothrombin time (expressed as INR) from capillary blood. 

Thesee devices provide self-monitoring of anticoagulation and self-adjustment of the coumarin 

dose,, potentially associated with improved control of anticoagulation^"7'8'910'. Previous 

studiess described the accuracy and reliability of the CoaguChek® system under laboratory 

conditionss " \ This study assessed the feasibility of self-monitoring and self-dosing by 

patientss in the home situation and established the concordance between self-measured INR 

andd the INR measured at a specialized anticoagulation clinic (Thrombosis Service) as well as 

betweenn self-dosing of oral anticoagulants and physician-based dosing of oral anticoagulants. 

7.33 PATIENT S AND METHOD S 

7.3.11 Patients 

Fifteenn patients with a mean age of 39 years (range, 19 to 58 years) who appeared to have a 

goodd understanding of their therapy and who were on long term oral anticoagulant therapy for 

att least three months were asked to give written informed consent to participate in this study. 

Theyy were recruited from practices of physicians and cardiologists at our hospital on the basis 

off  a subjective assessment of their potential ability to perform self-management of 

anticoagulation.. More precisely, we considered patients who were leading an independent life 

andd were able to take care of themselves and their household potentially fit to participate in 

thee self-management project. 

Thee patients were educated by the first author in two sessions of about four and a half hour. 
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Theyy underwent a structured educational program to be able to carry out anticoagulation self-

management.. This educational program was adapted from previously published educational 

programs.. After being educated the patients had about a three weeks training period to 

demonstratee their ability to perform self-measurement of the INR and to adjust their coumarin 

dose. . 

7.3.22 Measurement of INR 

Venouss blood (9 vol) was collected in 3.2% sodium citrate (1 vol) and plasma was obtained 

byy centrifugation at 1,800 x g for 20 min. The prothrombin time (PT) was measured in plasma 

usingg Tromborel-S reagent (Dade Behring, Leusden, the Netherlands, ISI value 1.19) on an 

Elektraa 1600 coagulometer (MLA, Pleasantville, NY). PT values were expressed in INR 

accordingg to international convention. The self-measurement of the INR was performed in 

capillaryy blood using the CoaguChek® system (Roche Diagnostics, Almere, the Netherlands). 

Thee CoaguChek® consists of the CoaguChek® monitor, a lot-specific code chip, CoaguChek® 

PTT test carriers and a Softclix® lancing device. The reaction zone of the test carrier contains 

rabbitt brain thromboplastin (International Sensitivity Index (ISI) value = 1.0). The 

CoaguChek®® monitor warms the inserted strip to 37 °C. Using Softclix , a drop of capillary 

bloodd (15 ul) is obtained from the finger and applied to the application zone of the test strip. 

Thee blood is drawn into the reaction chamber by capillary forces and mixed with iron oxide 

particless and thromboplastin triggering the coagulation cascade. A permanent and a pulsed 

electromagnett force the iron particles to move in different directions. The pulsation pattern is 

monitoredd photometrically. Development of the blood clot inhibits the movement of the 

particles.. Cessation of the movement is detected by the monitor as the endpoint of the 

measurement.. The system determines the INR based on the thromboplastin-induced clotting 

timee in about two minutes. The CoaguChek® test strip is calibrated against HepatoQuick by 

thee manufacturer. The calibration curve is stored for each strip number in the corresponding 

codee chip. 

7.3.33 Study design 

Thee study was approved by the Institutional Review Board of the Academic Medical Center 

off  the University of Amsterdam. The patients were requested to determine a capillary whole 

bloodd INR once weekly at home for a period of 6 weeks. Based on this INR value the patients 

proposedd a dosing scheme for the next period. On the same day as the self-measurement, 

withinn a time period of one hour after the home-determination, a reference INR was 

determinedd in a venous blood sample. An experienced physician of the anticoagulation clinic 

thenn established a dosing scheme, guided by the reference INR. The anticoagulation clinic 
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INRR and dosing scheme would be the basis for patient management. 

Thiss part of the study allowed us to establish the feasibility of self-measurement and self-

dosingg of anticoagulation by patients and the concordance between self measured-INR and 

clinic-INRR as well as between self-dosing of oral anticoagulation and physician-based dosing 

off  oral anticoagulation. It was decided before the start of the study that at this stage of the 

studyy the anticoagulation clinic INR and dosing scheme would be the basis for patient 

management. . 

7.3.44 Accuracy of the portable monitor 

Thee accuracy of the CoaguChek® measurements was evaluated by examining the agreement 

betweenn the INR values from the monitor and the anticoagulation clinic. Monitor and 

referencee INR were plotted and linear regression(14) was performed. The difference in INR 

valuess between the two methods was calculated as the monitor value minus the clinic value. 

Thee clinic-INR was used as the criterion standard. 

Usingg a nine-field comparison table with three different INR ranges (<2.5; 2.5-4.5; >4,5) we 

calculatedd the agreement by counting the number of test results in the overlapping fields of 

correspondingg ranges. In the same table we assessed the intraclass correlation coefficient. The 

meann difference between the paired INR values was calculated in percentage  the standard 

deviation. . 

7.44 RESULTS 

Alll  fifteen patients completed the study. Relevant patient characteristics are given in table 1. 

Al ll  patients were able to perform home monitoring of the INR and to come up with a dosing 

schemee for the next week. Each of the fifteen patients measured over a period of six weeks six 

capillaryy whole blood INRs and had six reference INRs obtained at the Thrombosis Service, 

providingg 90 capillary INRs and 90 matched samples. 

Figuree 1 and 2 show the correlation between the self-measured INR and the clinic (reference) 

INR.. The mean (absolute) difference (  SD) between the capillary INR and the reference INR 

wass 12.3% . There is no significant difference in percentage of values in the therapeutic 

rangee between patients who are using phenprocoumon (mean difference 10.6  9.6) and those 

whoo use acenocoumarol (mean difference 13.1%  10.3). Eighty percent of the paired INR 

measurementss were within 0.6 INR units; 95% were within 1.0 INR units. We calculated to 

whichh extent such a deviation of the test result would lead to a different dosing scheme 

(accordingg to the proposed dosing algorithm), and found this to be the case in 2.1% of 

measurements.. The relationship between the self-measured INR value (y) and the reference 
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FigureFigure I: Accuracy of the CoaguChek'V-INR versus the anticoagulation clinic-INR. 
CoefficientCoefficient of correlation: r = 0.845; regression analysis: y = 0.993 x -0.057. 
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FigureFigure 2: Plot of delta INR, calculated as the anticoagulation clinic-INR minus the 
CoaguChek*'-INRCoaguChek*'-INR for paired samples versus the clinic-INR.. 
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laboratoryy value (x) could be expressed by the linear regression equation: y=0.993x - 0.057. 

Thee correlation (r) between the self-measured INR and the anticoagulation clinic INR was 

0.845.. The agreement between the two methods is 0.64 (limits of agreement = 0.08  1.04). 

Thee intraclass correlation coefficient (a) is 0,9099 (95% C.I.: 0,8631 - 0,9407). 

AA complete agreement in dosing scheme (total week dose of anticoagulant agent and division 

off  this dose over the days of the week) was found in 68% of the cases. The mean difference in 

self-proposedd versus clinic-based dosing schemes (expressed as total week dose of oral 

anticoagulantt agent) was 3.9% . A difference of >10% in the dose of anticoagulant 

agentss between the self-devised scheme and the clinic scheme was found in 13.3% and a 

differencee of >15% between the schemes was present in 1.8% of the occasions. There was no 

discrepancyy concerning the dosing schemes in divergent directions (i.e. patients proposing to 

takee a higher dose and clinic physicians proposing to take a lower dose) in any of the dosing 

schedules. . 

TableTable 1: Patient characteristics 

Age e 
-- Range 

-- Mean age 

Sex x 

-- Male 

-- Female 

Typee of anticoagulation 
-- Acenocoumarol 

Phenprocoumon n 

Reasonn for  anticoagulation 
-- Mechanical heart valve 

-- Chronic atrial fibrillation 

-- Venous thromboembolism 

Targett  range 

-- 2.0-3.0 

-- 2.5-3.5 

-- 3.0-4.0 

-- 3.5-4.5 

Patientss (n= 15) 

18-58 8 

39 9 

7 7 

8 8 

10 0 

5 5 

5 5 

4 4 

6 6 

3 3 

5 5 

5 5 

2 2 

Percentage e 

47% % 

53% % 

67% % 
33% % 

33% % 

27% % 

40% % 

20% % 

33% % 

33% % 

14% % 
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7.55 DISCUSSION 

Previouss studies evaluated the accuracy of the portable monitor compared to the standard 

laboratoryy INR values {1 '~13'16) under laboratory conditions. Van den Besselaar et al conducted 

ann evaluation of the accuracy of the CoaguChek® versus different central laboratory methods. 

Correlationss were acceptable against two different reagens (r=0.888 and r=0.895). We 

assessedd the accuracy and feasibility of self-monitoring by patients in the home-situation. 

Theree was a good correlation between the self-measured INR at home and the clinic INR 

(r=0.845).. The difference between the INRs were less than 0.6 INR units in 80% of all the 

pairedd values and less than 1.0 in 95% of the values. Mc Curdy et al found 75% to be within 

0.77 INR units and 90% within 0.9. The samples in their study were all taken by the same 

physician. . 

However,, one should take into account that using the correlation coefficient can be 

misleadingg (15). The correlation coefficient measures the strength of a (linear) relation between 

twoo variables, not the agreement between two methods. For example, if the difference 

betweenn the CoaguChek® INR and lab INR is constantly 2.0, the correlation would be very 

highh but the two methods would have an unacceptable agreement. To calculate the agreement, 

wee focused on the difference between the CoaguChek® and the clinic INR in different INR-

ranges(16\\ The agreement is expressed as the percentage of paired measurements within the 

overlappingg fields of corresponding ranges. We found a good agreement (0.64). 

Thee agreement, however, not only ignores the extent of agreement expected by chance, but it 

alsoo ignores partial agreement and disagreement. Therefore, in our study we also computed 

thee intraclass correlation coefficient. The intraclass correlation coefficient (a) gives different 

weightss to the frequencies in each cell of the table according to the magnitude of discrepancy 

(i.e.. the distance from the diagonal that indicates agreement/I7). 

Att first sight, this discrepancy between the results of PT self-testing and the laboratory results 

mayy seem worrysome. However, one needs to realize that many factors may affect the results 

off  the PT assay and that also between laboratories or even within the same laboratory a very 

largee variation between PT results may exist. In fact, the 12.3% difference between the 

capillaryy INR and the reference INR, as established in the present study, is similar to inter-

laboratoryy differences in PT testing of the same sample*1 l,l2). Other factors that may have 

contributedd to the difference are that self-tested INR is derived from capillary blood and the 

referencee INR was assayed in whole plasma obtained by venepuncture, as well as minor 

influencess caused by the time difference between the moment of self-testing and the 

venepuncture. . 

Thee relevance of the 12.3% difference needs to be established. However, it may be 

hypothesizedd that this will mainly cause minor changes in the prediscribed dose of 

anticoagulantss and the consequent intensity of anticoagulation. In fact, the differences in INR 
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valuess did not lead to (significant) differences in dosing schemes in our study. There was a 

goodd agreement between self-devised and anticoagulation clinic-prescribed dosing scheme. 

Wee can conclude that home monitoring is feasible with an acceptable agreement between the 

CoaguChekk test results and the clinic values. After proper education, patients are in principle 

ablee to self-manage their anticoagulation dose. This method gives the opportunity for patients 

too be more independent and self-supporting. 
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8.11 ABSTRACT 

Backgroundd The development of portable prothrombin time monitoring devices allows the 

determinationn of the prothrombin time (expressed as INR) from capillary whole blood and 

thuss facilitates self-monitoring of anticoagulation and self-adjustment of the coumarin dose, 

potentiallyy associated with improved control of anticoagulation and more convenience for 

patients.. This study compared self-management of oral anticoagulant therapy with 

conventionall  management by a specialized Thrombosis Service in a randomized crossover 

study. . 

Methodss 48 educated patients were randomized to perform self-management or to be 

managedd by the Thrombosis Service for a period of three months. After this period the 

alternativee strategy was followed in each patient. INRs were collected on weekly basis in both 

periods.. The accuracy of the regulation of anticoagulation was defined as the number of INR 

determinationss within the therapeutic range and the total time (by means of linear 

interpolation)) of "adequate" anticoagulation (in the target range) compared to the results of 

thee management by the Thrombosis Service. 

Resultss During self-management patients were 57.7% of the time in the target range, as 

comparedd to 51.7% in the Thrombosis Service management period (p=0.067). Patient were 

85.9%% and 80.1% of the time (=83.2% and 77.4% of the INR values) within a range of  0.5 

INRR units from the target range during self-management and Thrombosis Service 

management,, respectively (p=0.027). Serious under- or over-anticoagulation (INR<1.5 or 

>5.0)) occurred during 3.5% of the self-management period and during 5.3% of the 

anticoagulationn clinic management period (p=Q.07). 

Conclusionn Self-management of oral anticoagulant therapy is safe and results in control of 

anticoagulationn that is equivalent to management by the Thrombosis Service. Self-

managementt of anticoagulation may be considered an effective strategy to improve long-term 

treatmentt with anticoagulant agents. 
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8.22 INTRODUCTIO N 

Orall  anticoagulants have been in use for years for the prevention of thromboembolic events in 

variouss clinical circumstances like prosthetic heart valves, atrial fibrillation, but also in the 

treatmentt and prevention of (recurrent) deep-vein thrombosis and pulmonary embolism. The 

requiredd minimal therapeutic anticoagulation level depends on the origin of the 

thromboembolicc process and different target ranges have been recommended for various 

clinicall  states(1). The risks of side effects in terms of thromboembolic or hemorrhagic 

complicationss are closely related to the intensity of anticoagulation and correlate to the length 

off  time patients spend outside the individual established therapeutic interval(2). Retrospective 

andd prospective studies have shown an exponential increase in thromboembolic events in 

patientss with heart valve prostheses or atrial fibrillation as the INR drops below a level of 

1.5(l'' '. In addition, there is also an exponential increased risk of bleeding above the level of 

5.0(1'4).. Due to many intrinsic and extrinsic factors that influence the intensity of anticoagulant 

therapy,, and the high risk of thromboembolic or hemorrhagic complications, patients are 

restrictedd to frequent routine PT control and dose-adjustments by experienced physicians to 

achievee and maintain a stable therapeutic level. 

Thee formation of specialized anticoagulant clinics was a welcome development that could 

improvee the management of oral anticoagulant therapy by maintaining a more effective 

therapeuticc anticoagulation level and thereby reducing the bleeding and thromboembolic 

events0'7'8'9*.. Despite the well-organized Thrombosis Services, the management of 

anticoagulantt therapy is still labour intensive for both patient and health care system. Besides, 

thee frequent venous access and patient's visits to the laboratory can also affect the patient's 

compliancee with the therapy. Therefore, the need for simpler, cheaper and more convenient 

strategiess still challenged thought. 

Thee development of portable monitoring devices allows the determination of the prothrombin 

timee (expressed as INR) from capillary whole blood. Previous studies have indicated the 

benefitt of portable whole blood PT time monitoring systems for patient self-management of 

orall  anticoagulant therapy0 °"15). The anticipated advantages of patient self-management 

includee improved convenience for the patients and better compliance. In addition, self-testing 

allowss for more frequent control(I6). Although these studies indicate the feasibility of patient 

self-management,, no cross-over studies have been executed, which could exclude influence of 

life-style,, medication, education or other external factors on the quality of anticoagulation 

therapyy in comparing the patient self-management with the anticoagulation-clinic guided 

management. . 

Thiss study investigated the safety and efficacy of self-management of oral anticoagulant 

therapyy by patients and to assess whether this self-management results in an equally well or 

evenn improved regulation of oral anticoagulation. To compare patient self-management with 
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conventionall  management, the typical situation of well-organized Thrombosis Services in the 

Netherlandss sets the stage for an optimal reference standard. 

8.33 MATERIA L AND METHOD S 

8.3.11 Study population 

Inn total, 51 patients were included in the study. 12 patients were already recruited for the pilot 

phasee as described in the previous chapter. An additional 39 were selected over the next year. 

Thee patients were selected based on their physicians' (not investigators') assessment of their 

understandingg of anticoagulation therapy. 

Inclusionn criteria were: 

-- indication for chronic oral anticoagulant treatment 

-- oral anticoagulation therapy for at least three months before inclusion 

-- minimal age of 18 years 

Exclusionn criteria are (relative) contraindications for oral anticoagulant agents. 

Thee study protocol was approved by the Institutional Review Board of the Academic Medical 

Centerr of the University of Amsterdam. All patients gave oral and written informed consent 

too participate in the study. 

8.3.22 Patient education 

Alll  eligible patients underwent a structured educational program to be able to carry out 

anticoagulationn self-management. This educational program was adapted from previously 

publishedd educational programs. The patients were educated by the author in two sessions of 

aboutt four hours. 

Inn the first session a small group of patients (4-6 per group) received structured and 

interactivee teaching on the function of the anticoagulation system, the principles of 

anticoagulantt therapy and monitoring of anticoagulant therapy. Instructions on self-

measurementt of the INR by means of a capillary finger stick and utilization of an automated 

devicee was given using a video presentation and a live demonstration. Patients then were 

givenn the opportunity to measure their own INR (at least once or as many times as they 

wished)) in the presence of an instructor. In the ten-days interval between the first and the 

secondd session, patients had the opportunity to self-measure their INR in their own 

environmentt and to report their experience in the second session. Furthermore, this second 

sessionn was devoted to teaching and practicing how to device a proper oral anticoagulant 

dosingg scheme. For teaching purposes, a standard dose-adaptation normogram was used, but 
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patientss were encouraged to adjust and tailor this normogram according their individual 

experience.. After concluding the educational program the patients had about a 4-6 weeks 

trainingg period to demonstrate their ability to perform self-measurement of the INR and to 

adjustt their coumarin dose. A 24-hours helpdesk was instituted to answer any question or to 

assistt with any problem that might arise. 

8.3.33 Measurement of INR 

Venouss blood (9 vol) was collected in 3.2% sodium citrate (1 vol) and plasma was obtained 

byy centrifugation at 1,800 x g for 20 min. The prothrombin time (PT) was measured in plasma 

usingg Tromborel-S reagent (Dade Behring, Leusden, the Netherlands, ISI value 1.19) on an 

Elektraa 1600 coagulometer (MLA, Pleasantville, NY). PT values were expressed in INR 

accordingg to international convention. The portable instrument used was the CoaguChek® 

monitorr (Roche Diagnostics, Almere, the Netherlands), described previously (17,18) In brief, a 

dropp of capillary whole blood is collected by finger stick (using Softclix®) and dropped onto a 

testt carrier that has been inserted into the monitor. The blood is drawn to the 'reaction zone' 

byy capillary forces. The reaction zone of the test carrier contains rabbit brain thromboplastin 

(Internationall  Sensitivity Index (ISI) value = 1.0). Blood contact with the thromboplastin 

triggerss the coagulation cascade. The system determines the INR based on the 

thromboplastin-inducedd clotting time in about two minutes. Each production lot of 

CoaguChek®® test strip is calibrated against HepatoQuick by the manufacturer. The 

correspondingg code-chip stores the calibration data of the used thromboplastin in the strips. A 

qualityy control to evaluate the performance of every single CoaguChek is made by the 

investigatorr at the start of the use of the equipment using the standardized CoaguChek PT 

controll  plasma. 

8.3.44 Study design 

Fifty-onee patients on chronic anticoagulant therapy with oral agents were educated and 

trainedd to perform self-management of anticoagulation. After the training period the patients 

weree randomized to 

1.. Three months anticoagulation treatment managed by their own Thrombosis Service: The 

Thrombosiss Service would perform a standard venous blood test every week and establish a 

dosiss scheme for the next week. 

2.. Three months self-management of anticoagulation. The patients were requested to measure 

thee INR once weekly at home, using the CoaguChek. Based on the INR they had to make 

dose-adjustmentss without consultation. 

Afterr three months the alternative management strategy was employed. 
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8.3.55 Statistics 

Alll  data are presented as mean  SD. The accuracy of the regulation of anticoagulation using 

thee CoaguChek®, was assessed by evaluating the number of INR values within the therapeutic 

rangee and by measuring the proportion of time of adequate anticoagulation (in the therapeutic 

targett range) by the self management group compared to the results of the management by the 

thrombosiss Service. The proportion of time in the target range is computed by means of linear 

interpolationn (Rosendaal). For comparisons of groups the independent sample /-test was used. 

8.44 RESULTS 

Threee of the 51 patients included in the study dropped out. One during the education period 

duee to a difficulty in performing the finger stick (visual impairment). One because of a car 

accident,, which made it impossible to continue the self-management and one because of an 

unexpectedd operation during the study period. These three were not included in the final 

analysis.. The relevant demographic and medical characteristics of the remaining 48 patients 

aree presented in table 1. 

Thee mean difference of all measured INRs from the target value was 10.1% ) during 

thee three months period of self-management as compared with 11.9% ) in the period 

managedd by the thrombosis service. This difference was not significant. 

Thee mean percentage of INR values that patients were in the predefined target range was 

55.3%% for the self-management period and 49.7% for the Thrombosis Service period. Outside 

thee range, in both periods about two-third of the values were under the target range and one-

thirdd above. Patients were for 82.8 % and 77.4 % of the INR values within a range of  0.5 

fromm the therapeutic target range during self-management and Thrombosis Service 

management,, respectively (figure 1). The mean percentage of time that patients were in the 

predefinedd target range was 57.7 % for the self-management period and 51.7% for the 

Thrombosiss Service period (p=0.067). 

Thee number of patients that was more than 50 % of the time in the therapeutic target range 

wass 30 (62.5 %) in the self-management period versus 26 (54.2 %) in the thrombosis service 

period.. The number of patients that was more than 75% of the time in the therapeutic target 

rangee was 13 (27.1%) during self-management versus 6 (12.5%) in the thrombosis service 

periodd (p<0.05, odds ratio 2.47, 95% confidence interval 1.01-6.69) (figure 2). 

Off  the 48 patients 27 had a better control of anticoagulation (defined as the period of time in 

thee therapeutic target range) during self-management than during anticoagulation clinic-

guidedd management (odds ratio 4.64, 95% confidence interval 2.1-10.2). In 3 of 49 patients 

theree was no difference and in 17 of 49 patients the anticoagulation clinic management 
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resultedd in a better control of anticoagulation than self-management. The order of 

managementt modality in the study did not affect any of these parameters. 

Seriouss under- or over-anticoagulation (INR<1.5 or >5.0) occurred during 3.5 % of the self-

managementt period and during 5.3 % of the anticoagulation clinic management period. In the 

anticoagulationn clinic-management group three minor bleedings occurred (one joint bleeding 

afterr minor trauma at an INR of 7.5, one calf muscle bleeding at an INR of 4.2, and one 

episodee of recurrent nose bleeding at an INR of 6.5), whereas in the self-management period 

onee minor nose bleeding (INR 2.4) occurred. In the anticoagulation clinic-management period 

theree was one episode of clinically suspected recurrent deep-vein thrombosis (though not 

confirmedd by objective testing) at an INR of 1.4 and one patient with a prosthetic aortic valve, 

whoo suffered from a transient ischemic attack (TIA). During self-management there were no 

symptomss and signs of thrombotic complications. The differences in clinical outcome are not 

statisticallyy significant. 

TableTable 1. Patient characteristics 

Age e 
-- Range 

-- Mean age 

Sex x 

-- Male 

-- Female 

Typee of anticoagulation 
-- Acenocoumarol 

-- Phenprocoumon 

Reasonn for  anticoagulation 
-- Mechanical heart valve 

-- Chronic atrial fibrillation 

-- Venous thromboembolism 

Targett  range 
-- 2.0 - 3.0 
-- 2.5 - 3.5 
-- 3.0 - 4.0 
-- 3.5 - 4.5 

Patientss (n=48) 

22-71 1 

42 2 

29 9 

19 9 

30 0 

18 8 

23 3 

10 0 

15 5 

2 2 

15 5 

25 5 

6 6 

Percentage e 

60% % 

40% % 

63% % 

37% % 

48% % 

21% % 

31% % 

4% % 

31% % 

52% % 

13% % 
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FigureFigure 1: Cumulative proportion of total measurements per INR unit outside the target range 
forfor the self-management group and the conventional care group. 
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8.55 DISCUSSION 

Orall  anticoagulation with coumarins is an effective therapeutic modality for treatment and 

preventionn of arterial and venous thromboembolism. However, the substantial inter- and intra-

individuall  variation in the biological effect of coumarin renders many patients outside the 

therapeuticc target range over a considerable period of time. This is cumbersome for several 

reasons.. Firstly, clinical studies show that under- and over-coagulation enhance the risk of 

adversee clinical outcomes, i.e. thromboembolism or bleeding, respectively. For example, a 

0.9-2.5%% annual incidence of major bleeding in patients on coumarin for various indications 

hass been demonstrated and the risk of bleeding increases several-fold in patients with higher 

INRs.. Hence, the variability in the intensity of anticoagulation necessitates frequent 

laboratoryy control and dose-adjustment, which forms a second drawback of oral 

anticoagulation.. Previous studies have shown that anticoagulation management by a 

specializedd anticoagulation clinic results in a superior control of anticoagulation as compared 

withh control in general practice, however, in certain areas this may even amplify the practical 

problemm of relatively frequent checks. Self-management of anticoagulation may overcome the 

needd for frequent visits to an anticoagulation clinic and may still be associated witfi an 

optimall  control of anticoagulation. Self management may achieve maximal individualization, 

frequentt control when necessary, and improved compliance, which are all factors that have 

beenn shown to improve the number of occasions that patients are in the therapeutic range of 

anticoagulation.. In the present study we demonstrate that self-management of oral 

anticoagulationn results in an identical control of anticoagulation that is at least as good and 

potentiallyy superior to control by a well-organized anticoagulation service in a randomized 

crossoverr trial. Patients appeared to be well able to measure their INR and to devise 

appropriatee dosing schemes for their anticoagulant agents. There was a slight benefit in the 

controll  of anticoagulation during the self-management period in comparison with the period 

thatt anticoagulation was managed by the anticoagulation clinic. 

Previouss studies have also shown the feasibility of self-management of oral anticoagulation 

andd a number of retrospective cohort studies have indicated that self-management of 

anticoagulantt treatment was equivalent or superior to conventional care. In multicenter 

prospectivee randomized trials from Germany and the US it was demonstrated that control of 

anticoagulationn was better in patients that managed their anticoagulation themselves as 

comparedd to patients who had their anticoagulation managed by a general practitioner. The 

presentt report is the first to indicate that self-management is at least as effective as 

managementt of anticoagulation by specialized anticoagulation centers. 

Inn this study the adequacy of anticoagulant control was established in terms of being in the 

targett range. In fact, the incidence of bleeding or thrombotic episodes would provide a 

potentiallyy more relevant outcome assessment. However, the sample size, study period and 
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studyy design did not permit to establish a statistical significant difference in these parameters, 

thoughh there was a trend in favor of self-management. Nevertheless, clinical studies 

invariablyy show that there is a clear relationship between adequate control of anticoagulation 

andd a lower incidence of bleeding and thrombotic complications in patients on oral 

anticoagulants.. Hence, the equivalent control of anticoagulation between anticoagulant clinic-

guidedd therapy and self-management of oral anticoagulation, as demonstrated in our study, 

mayy potentially be extrapolated to a beneficial effect of this management strategy on clinical 

outcome.. Although we did not specifically select eligible patients for our study, a certain 

degreee of patient selection cannot be excluded. Indeed, relatively young patients or patients 

withh a busy working or social life might be overrepresented in our study group. Strictly 

spoken,, we can only limit our conclusions on the safety and efficacy of self-measurement of 

INRR and self-dosing or coumarins to the type of patients included in our study. However, 

similarr to others, we have encountered that all patients who are able to lead an independent 

andd self-sufficient life, are in principle capable of self-management of anticoagulation, 

regardlesss of the level of education and social status. Interestingly, a similar experience has 

beenn gathered for self-control and self-management of insulin-dependent diabetes 

mellitus(l9,20).. In our practice, limiting factors for performing self-measurement of the INR 

withh the CoaguChek® device were mainly physical factors, such as visual impairment or 

tremor. . 

Despitee the ability of patients to perform self-management of oral anticoagulation, adequate 

supportt remains necessary. Follow-up, repeat education, counsel in case of sustained 

dysregulationn of anticoagulation, or advice on interruption of therapy in case of bleeding or 

thee need to undergo an invasive procedure are -amongst others- issues that need to be taken 

caree of. In the organization of such support the anticoagulation clinics may play a major role. 

Nevertheless,, self-management of anticoagulation may be a cost-effective approach, as was 

shownn in a previous analysis. 

Inn conclusion, this study showed that self-management of oral anticoagulant therapy is safe 

andd as effective as management by a specialized anticoagulation clinic. In addition, self-

managementt was well accepted and appreciated by the participating patients. Self-

managementt of anticoagulation may be considered as a novel, patient-friendly, and effective 

strategyy to improve long-term treatment with anticoagulant agents. 
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9.11 ABSTRACT 

Backgroundd Patients on long-term oral anticoagulant therapy need frequent laboratory 

controlss and visits to specialized anticoagulation clinics (in the Netherlands executed by the 

Thrombosiss Service) to achieve and maintain a stable therapeutic level of anticoagulation. 

Thee awareness of the risk of thromboembolic and hemorrhagic complications in combination 

withh the prospect of life-long medication with anticoagulants may render the treatment a 

relativelyy heavy burden and may possibly influence patients' perception of quality of life in a 

negativee fashion. The development of portable capillary whole-blood prothrombin time 

analyzers,, combined with an effective self-management program for patients, could 

theoreticallyy reduce the morbidity of therapy and result in improvements in quality of life. 

Thee aim of this study was to investigate the effect of patient self-management of oral 

anticoagulantt therapy on patients' perception of quality of life. 

Methodss 48 patients on self-management of oral anticoagulant therapy were invited to report 

theirr opinion on their current quality of life. A group of 48 patients on Thrombosis Service-

guidedd anticoagulation, matched for age, sex, type of agent they were using (either 

phenprocoumonn or acenocoumarol) and indication for anticoagulation, formed the control 

group.. The questionnaire contained 32 items, covering 5 treatment-related categories: general 

treatmentt satisfaction, self-efficacy, daily frictions/worries, (psychological) distress and social 

network. . 

Resultss The quality of care questionnaire was completed by 45 patients (94%) of the self-

managementt group and 43 patients (90%) of the Thrombosis Service-guided group. The 

internall  reliability of the questionnaire was acceptable as indicated by the Cronbach-a values. 

Theree was statistically significant difference in all 5 categories of the questionnaire in favor of 

thee self-management group. 

Conclusionn In conclusion, self-management was well accepted and appreciated by the 

participatingg patients. Patients who are on patient self-management using a portable PT time 

monitorr seem to have a better treatment-related quality of life compared to patients on 

conventionall  management. This would make patient self-management a good and friendly 

alternativee for management at a specialized anticoagulation clinic. 
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9.22 INTRODUCTIO N 

Inn the Netherlands, about 270.000 patients are on oral anticoagulant therapy for prevention 

andd treatment of thromboembolic events in various clinical circumstances. The antithrombotic 

effectt of coumarin derivatives on the one hand and the incidence of anticoagulant-related 

hemorrhagicc complications on the other hand are closely correlated with the intensity of 

treatment.. Frequent laboratory controls by means of the prothrombin time (PT), expressed as 

Internationall  Normalized Ratio (INR), are required to achieve and maintain a stable 

therapeuticc level. In the Netherlands, these activities are coordinated by the Thrombosis 

Service,, an organisation specialized in antithrombotic therapy. Standard anticoagulation 

therapyy includes frequent lab control and patients' visits to the Thrombosis Service, which 

interferess with the patient's lifestyle. The venous punctures, the fluctuating prothrombin 

times,, the lack of opportunity for monitoring therapy at weekends or public holidays or when 

travelingg abroad are feared by the patient and restrict their freedom of movement. Added to 

thee awareness of the risk of thromboembolic and hemorrhagic complications, the prospect of 

life-longg medication with anticoagulants makes the treatment a heavy burden and may 

possiblyy influence their perception of quality of life in a negative fashion. 

Thee recent development of a portable capillary whole-blood analyzer (The CoaguChek® 

System,, manufactured by Roche Diagnostics, Almere, the Netherlands), combined with an 

effectivee self-management program for patients, could reduce the morbidity of therapy and 

resultt in an improvement in quality of life. The current study was designed to assess the 

impactt of patient self-management on patients' quality of life. 

9.33 PATIENT S AND METHOD S 

9.3.11 Patients and inclusion criteri a 

Thee study group existed of 48 patients who were on self-management of anticoagulant 

therapyy with the CoaguChek® capillary blood PT monitor for at least six months. The control 

groupp consisted of patients who were also receiving long term oral anticoagulant therapy, but 

whoo had never been brought into contact with the CoaguChek® System. Their therapy was 

managedd by the Thrombosis Service solely. Patients were matched for age, sex, type of agent 

theyy were using (either phenprocoumon or acenocoumarol) and indication-category. The 

indicationss for long-term anticoagulant therapy were divided into three categories: heart valve 

disease,, cardiac arrhythmias or cardiac dysfunction and thrombophilic disorders. 
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9.3.22 The questionnaire 

Sawickii  and coworkers developed with the help of the national self-help group of patients 

receivingg oral anticoagulation a questionnaire regarding anticoagulation treatment-related 

qualityy of life(2\ The questionnaire was used and validated in the comparison study between 

self-managementt and conventional management by family physicians. We wanted to 

investigatee the difference in quality of life between self-management and Thrombosis 

Service-managementt and decided to use a translated version of the questionnaire Sawicki 

developedd and made some minor modifications to make it compatible with the Dutch 

situation.. A translation was made by three different people and the modifications consisted of 

changingg the phrase 'doctors office' into ' the anticoagulation clinic'. The structure and the 

orderr in which the questions were put remained the same, in order to be able to make a 

comparisonn between the results and to make sure that the internal reliability of the 

questionnairee was kept the same. 

Itemss were selected on the basis of the 'impact method', that selects items that are most 

frequentlyy perceived as important by patients(7). The questionnaire contained 32 items, which 

coveredd 5 treatment-related topics: general treatment satisfaction, self-efficacy, strained social 

network,, daily hassles and distress. Patients estimated the impact of every item on their self-

perceivedd treatment-related quality of life by a graded scale ranging from a minimum of 1 

(totall  disagreement) to a maximum of 6 (total agreement). Graded scales with only 2 or 3 

optionss are not suitable because patients cannot give their complete opinion. More than 9 

optionss is confusing and does not yield more information* . 

Forr every topic the total score was divided by the number of items included, resulting in a 

minimumm score of 1 and a maximum score of 6 for every topic. The internal reliability of the 

questionnairee was assessed by using Cronbach a. 

9.44 RESULTS 

Forty-fivee patients (94%) on patient self-management of anticoagulant therapy and forty-three 

patientss (90%) of the control group returned the questionnaire. The relevant patient 

characteristicss of both groups are shown in table 1. 

Inn 23 of the 32 questions we found a significant difference (p<0.05) between the self-

managementt group and the conventional care group. No significant difference we found in 

questionn 4, 10, 12, 13, 19, 21, 28, 29 and 31 (see appendix B). Table 2 shows the five 

treatmentt related topics and the mean score of the study group and the control group on every 

topic.. The Cronbach a varies from 0.70 to 0.83. The results of every single item are shown in 

tablee 3. 
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TableTable 1: Patient characteristics. 

Age e 

M/FF rati o 

Indicationn for  anticoagulation 

-- artificial heart valve 

-- arterial thromboembolism 

-- venous thromboembolism 

Targett  INR 
-- 2.0-3.0 

-- 2.5-3.5 

-- 3.0-4.0 

-- 3.5-4.5 

Highestt  school education 
-- university/advanced education 

-- intermediate education 

-- primary education 

self-management t 

groupp (n=45) 

422 2 

27:18 8 

222 (48,9%) 

122 (26,7%) 

11(24,4%) ) 

22 (4,4%) 

133 (28,9%) 

244 (53,3%) 

6(13,3%) ) 

200 (44,4%) 

211 (46,7%) 

44 (8,9%) 

conventionall  care 
groupp (n=43) 

411 2 

24:19 9 

19(44,2%) ) 

111 (25,6%) 

133 (30,2%) 

22 (4,7%) 

16(37,2%) ) 

211 (48,8%) 

44 (9,3%) 

18(41,8%) ) 

211 (48,8%) 

44 (9,3%) 

TableTable 2: Outcome of the structured questionnaire in the self-management group and the 
groupgroup managed by the Thrombosis Service. 32 items covered the 5 treatment related topics. 
TheThe minimum score was 1 and the maximum score was 6. Cronbach a indicates the internal 
reliabilityreliability  of the questionnaire. 

generall  treatment satisfaction 

self-efficacy y 

dailyy frictions/worries 

distress s 

strainedd social network 

Cronbach h 

0.74 4 

0.70 0 

0.83 3 

0.76 6 

0.79 9 

self-management t 

groupp (n=45) 

meann (SD) 

4.76(1.19) ) 

5.388 (0.59) 

1.78(0.54) ) 

2.455 (0.77) 

1.655 (0.55) 

conventionall  care 

groupp (n=42) 

meann (SD) 

4.011 (1.57) 

4.48(1.03) ) 

2.588 (0.90) 

2.92(1.08) ) 

2.688 (0.94) 

p-value e 

0.015 5 

O.001 1 

O.001 1 

0.022 2 

O.001 1 

Thee topic 'general treatment satisfaction' contained five questions. The score of three of the 

questionss were not significantly different. These questions handled about the time the patients 

spentt on the control of the treatment. In the topic 'psychological distress' four of the seven 

itemss were not significantly different. 
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TableTable 3: Mean scores in the 32 items of the quality of life questionnaire in the study and the 
controlcontrol group, and the p-values for every item. 

Item m 

3 3 
6 6 
14 4 
23 3 
26 6 
27 7 
28 8 
29 9 

self-managementt group 
meann (SD) 

daily y 
1.48(0.90) ) 
1.42(0.97) ) 
1.91(1.38) ) 
1.511 (1.14) 
2.16(1.64) ) 
1.82(1.19) ) 
2.47(1.34) ) 
1.44(0.99) ) 

conventionall  care group 
meann (SD) 

frictions/worries s 
2.42(1.33) ) 
2.67(1.57) ) 
2.911 (1.60) 
2.49(1.52) ) 
3.02(1.54) ) 
2.58(1.50) ) 
2.70(1.47) ) 
1.88(1.18) ) 

/7-value e 

O.001 1 
O.001 1 
0.002 2 
0.001 1 
0.012 2 
0.010 0 
0.443 3 
0.061 1 

self-efficacy y 
5 5 
9 9 
18 8 
24 4 

5.444 (0.92) 
5.22(1.06) ) 
5.13(1.38) ) 
5.755 (0.53) 

4.511 (1.47) 
4.35(1.45) ) 
3.811 (1.69) 
5.300 (0.83) 

0.001 1 
0.002 2 

O.001 1 
0.004 4 

generall  treatment satisfaction 
2 2 
4 4 
12 2 
15 5 
21 1 

4.36(2.01) ) 
4.60(1.86) ) 
5.24(1.30) ) 
5.44(1.06) ) 
4.18(1.99) ) 

3.377 (2.09) 
3.811 (1.97) 
4.533 (1.97) 
4.40(1.76) ) 
3.93(1.82) ) 

0.027 7 
0.058 8 
0.051 1 
0.001 1 
0.545 5 

distress s 
1 1 
10 0 
13 3 
19 9 
25 5 
30 0 
31 1 

2.04(1.19) ) 
2.911 (1.28) 
2.02(1.27) ) 
4.044 (1.77) 
1.91(0.95) ) 
1.62(0.96) ) 
2.58(1.44) ) 

2.83(1.67) ) 
3.49(1.59) ) 
2.53(1.56) ) 
3.79(1.88) ) 
2.67(1.36) ) 
2.33(1.61) ) 
2.72(1.69) ) 

0.014 4 
0.065 5 
0.096 6 
0.517 7 
0.003 3 
0.016 6 
0.670 0 

strainedd social network 
7 7 
8 8 
11 1 
16 6 
17 7 
20 0 
22 2 
32 2 

2.11(1.56) ) 
2.16(1.28) ) 
1.82(1.01) ) 
1.11(0.75) ) 
1.311 (0.79) 
1.67(1.26) ) 
1.76(1.30) ) 
1.27(0.54) ) 

3.422 (1.88) 
3.19(1.72) ) 
3.07(1.58) ) 
1.70(1.12) ) 
2.233 (1.44) 
2.57(1.56) ) 
2.933 (1.74) 
2.19(1.31) ) 

0.001 1 
0.002 2 

O.001 1 
0.005 5 

<0.001 1 
0.004 4 
0.001 1 

O.001 1 
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Thee patients in both groups were concerned about their health, future and adverse events. But 

inn the self-management group patients feel they have less worries about the treatment and 

otherr people's reaction on it. In the 'daily frictions' patients in the conventional care group 

havee more problems on their jobs or other activities probably because they have to spend 

moree of their working time on the treatment. The largest difference we found in the 'strained 

sociall  network'. On all eight items the self-management group had a significant lower score. 

Thee same for the topic 'self-efficacy', which had the highest mean score (5.38) in the self-

managementt group. 

9.55 DISCUSSION 

AA large number of patients are for several reasons on chronic anticoagulant therapy. To 

achievee and maintain a stable therapeutical anticoagulation level is important to minimize the 

riskk of anticoagulant therapy related complications. This requires frequent, time-consuming 

laboratoryy controls. The treatment is an interference in lifestyle. Together with the awareness 

off  the risk of thromboembolic and hemorrhagic complications and the prospect of life-long 

medicationn with anticoagulants it can be a heavy burden and possibly affects the compliance 

off  the patients. However, the perception of treatment will also be affected by worries about 

underlyingg disease. 

Walterr et al state that 'questions must be clearly defined to enable arrival at justifiable 

conclusions,, each aspect of quality of life must be separately covered, and questionnaires 

mustt be standardized to enable meaningful comparison'. Quality of life includes social and 

medicall  status, psychological and practical aspects. These items were all included in the five 

topicss of Sawicki's questionnaire, listed in table 2. The questionnaire was already validated 

forr the same purpose as we used it for. In addition, using the same questionnaire gives the 

opportunityy to compare results. 

Thee fluctuating prothrombin times and the risk of adverse events are feared by the patient. In 

thee management of diabetes, studies have shown that increased knowledge leads to better 

adherencee to treatment regimens(9,0). The background information in the educational program 

aboutt the coagulation system, anticoagulants and their side-effects could be one of the reasons 

forr the significant lower score in daily worries and psychological distress in the self-

managementt group. 

Patients'' general satisfaction regarding the management of anticoagulation was significantly 

largerr in the self-management group as compared with a group receiving conventional care. 

Patient-independencee of the clinics increased the self-efficacy and considerably improved 

patientt satisfaction with their anticoagulant treatment, which confirms identical findings in 

onee of the previous studies(2). The less time-consuming self-monitoring is also an important 
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factorr of the general treatment satisfaction in the patient self-management group. In addition, 

thee opportunity for monitoring therapy at weekends or public holidays or when traveling 

abroadd is affecting patients' social life in a positive way and enlarge their freedom of 

movement. . 

However,, the treatment satisfaction is also quite high in the conventional care group. The 

controll  patients at the thrombosis service did not know about the alternative control strategies. 

Itt may be interesting to investigate whether this difference in quality of life remains if the 

patientss on conventional care would be informed about patient self-management. The other 

possibilityy to investigate improvements of quality of life is the strategy Sawicki et al used in 

hiss study(2). He assessed the quality of life of the study group and the control group at baseline 

andd after six month. Quality of life improved significantly in the self-management group 

comparedd to the control group. 

Inn conclusion, self-management was well accepted and appreciated by the participating 

patients.. Patients who are on patient self-management using a portable PT time monitor seem 

too have a better treatment-related quality of life compared to patients managed by the 

Thrombosiss Service. This would make patient self-management a good and friendly 

alternativee to management at a specialized anticoagulation clinic. 
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Vragenn over  de CoaguChek 

Instructie::  Deze onderstaande stellingen gaan over verschillende aspecten van de 

CoaguChek®.. Met behulp van deze gegevens kan worden bekeken wat er nog aan het 

apparaatt verbeterd kan worden en waar andere mogelijke knelpunten zich voordoen, 

uww antwoorden worden anoniem verwerkt. Geef uw mening over elke stelling door het cijfer 

vann uw keuze aan te kruisen. Als u niet zeker weet hoe u een vraag moet beantwoorden, geef 

dann het best mogelijke antwoord. Vult u a.u.b. alle vragen in. 

Technischee aspecten van de CoaguChek: 

55 = helemaal mee eens 

44 = mee eens 

33 = niet mee eens, niet mee oneens 

22 = niet mee eens 

11 = helemaal niet mee eens 

1.. Het gebruik is ingewikkeld. 5 4 3 2 

2.. De tekst op de display is goed te begrijpen. 5 4 3 2 

3.. Ik heb liever nederlands op de display 5 4 3 2 

dann bijvoorbeeld duits of engels. 

4.. De vingerprik is niet vervelend. 5 4 3 2 

5.. Ik heb moeite om een goede druppel bloed 5 4 3 2 

uitt mijn vinger te krijgen. 

6.. Er is genoeg tijd om het bloed op de strip 5 4 3 2 

aann te brengen. 

7.. Als de test niet lukt komt dat meestal 5 4 3 2 

doordatt er te weinig bloed op de strip 

komt. . 

8.. Ik heb zelden een'strip-error'. 5 4 3 2 

9.. De heb vaak een' sample-error'. 5 4 3 2 
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55 = helemaal mee eens 

44 = mee eens 

33 = niet mee eens, niet mee oneens 

22 = niet mee eens 

11 = helemaal niet mee eens 

10.. Ik moet vaak overnieuw testen omdat er 5 4 3 2 1 

ietss is misgegegaan. 

11.. De geheugenfunctie gebruik ik veel 5 4 3 2 1 

12.. Ik zou graag de waarden uitgeprint willen 5 4 3 2 1 

hebben. . 

13.. Ik maak het apparaat regelmatig schoon. 5 4 3 2 1 

14.Ikk besteed gemiddeld minuten per keer 2 min. 5 min. 10 min. 15 min. +15 

datt ik moet controleren. min 

Mobiliteit : : 

1.. Ik word belemmerd in mijn dagelijkse 5 4 3 2 

bezighedenn door het gebruik van de 

CoaguChek.. . 

2.. Ik controleer mezelf ook op andere 5 4 3 2 

plaatsenn dan thuis. 

3.. Mensen vinden het een raar gezicht als ik 5 4 3 2 

mezelff  controleer. 

4.. Het apparaat is eigenlijk te groot om mee 5 4 3 2 

tee nemen. 

5.. Door de CoaguChek® kan ik nu reizen 5 4 3 2 

wanneerr en waarheen ik wil. 

6.. Ik durf niet alle sporten te beoefenen die ik 5 4 3 2 

zouu willen doen. 

7.. Met de CoaguChek ondervind ik geen 5 4 3 2 

nadelenn van mijn behandeling met 

betrekkingg tot mijn werk. 

8.. Ik moet activiteiten in de prive-sfeer soms 5 4 3 2 

latenn schieten vanwege mijn behandeling. 
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55 = helemaal mee eens 

44 = mee eens 

33 = niet mee eens, niet mee oneens 

22 = niet mee eens 

11 = helemaal niet mee eens 

9.. Ik kan nu dingen ondernemen die ik 5 4 3 2 1 

zonderr de CoaguChek niet zou doen. 

Self-management: : 

1.. Ik heb nu meer verantwoordelijkheid voor 

mijnn eigen gezondheid. 

2.. Deze verantwoordelijkheid vind ik 

vervelend. . 

3.. Ik ben niet langer afhankelijk van 

medischee instanties. 

4.. Het zelf reguleren van de medicatie vind ik 

niett prettig. 

5.. Ik ben blij zelf de controle-momenten te 

kunnenn bepalen. 

6.. Ik heb nu ik zelf controleer te weinig 

contactt met artsen om alles te kunnen 

vragenn wat ik wil weten. 

7.. Ik weet preciess wat te doen bij waarden 

buitenn de range. 

8.. Thuis-controles doen me denken aan mijn 

ziektee en daar heb ik moeite mee. 

9.. Sinds het gebruik van de CoaguChek® ben 

ikk me meer bewust van het wisselen van 

mijnn stollingswaardes. 

10.. Ik voel me veiliger nu ik zelfde medicatie 

kann reguleren. 

11.. Ik heb niet genoeg informatie gekregen om 

mett de CoaguChek® te kunnen werken. 

12.. Als er problemen zijn wordt ik goed 

geholpen. . 
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33 = juist 

22 = weet niet 

Kennis::  1 = onjuist 

1.. Als mijn INR buiten de range valt moet ik direct naar de 3 2 

trombosedienst. . 

2.. Controle van het apparaat is elke week nodig. 3 2 

3.. Als ik niet goed ben ingesteld, is het nodig dat ik mij elke 3 2 

dagg test. 

4.. Ik moet de code van de chip en de strip controleren, want 3 2 

diee kunnen verschillen. 

5.. De trombosedienst is duurder dan het zelf controleren van 3 2 

mijnn INR. 

6.. Als ik vergeet mijn pillen in te nemen, moet ik meteen m'n 3 2 

INRR bepalen om te zien wat het effect is. 

7.. Wanneer ik een bloeding heb, hoef ik dat niet te melden 3 2 

aann mijn arts. 

8.. Hoe lager de INR, hoe groter de kans op bloedingen. 3 2 

9.. Bij problemen of twijfel over de uitslag van de test of over 3 2 

dee medicatie kan ik altijd iemand bellen. 
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Ruimtee voor  opmerkingen / aanmerkingen en / of suggesties over  problemen bij  het 
gebruikk  van de CoaguChek®: 

1.. Betreffende mijzelf (hierbij kunt u bv. denken aan te weinig informatie, problemen met de 

bloedvatenn waardoor u slecht bloed kunt prikken, misschien vergeet u wel eens wat 

voorschriftenn waardoor de meting fout gaat enz.): 

2.. Betreffende de CoaguChek® (hierbij kunt u bv. denken aan een onduidelijke display, een 

niett functionerende geheugenfunctie, codechips die niet werken enz.): 
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3.. Betreffende de strips (hierbij kunt u bv. denken aan temperaturen die te hoog ofte laag 

zijn,, kapotte verpakkingen, vochtigheid die via de koelkast misschien de strips aantast 

enz.): : 

4.. Overige problemen (hierbij kunt u denken aan dingen die u in geen van bovengenoemde 

categorieënn kunt plaatsen): 
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Kwalitei tt  van leven 
inn geval van langdurige behandeling met orale antistollingsmiddelen 

66 = helemaal op mij van toepassing 

55 = grotendeels op mij van toepassing 

44 = redelijk op mij van toepassing 

33 = enigszins op mij van toepassing 

22 = nauwelijks op mij van toepassing 

11 = helemaal niet op mij van toepassing 

1.. Vanwege de behandeling ben ik soms bezorgd of 6 5 4 3 2 

gespannen. . 

2.. Als ik weg ben van huis, is de moeite die ik moet doen 6 5 4 3 2 

omm me te controleren vervelend. 

3.. Ondanks mijn behandeling ben ik in staat mijn vrije 6 5 4 3 2 

tijdd in te delen zoals ik dat wil. 

4.. Ik ben ontevreden over de hoeveelheid tijd die ik kwijt 6 5 4 3 2 

benn aan het controleren van mijn stollingswaarden. 

5.. Ik heb goed leren omgaan met mijn behandeling. 6 5 4 3 2 

6.. Ondanks de kans op ongelukken kan ik het werk in 6 5 4 3 2 

huiss gewoon doen zonder me belemmerd te voelen. 

7.. Vanwege de kans op ongelukken vermijd ik sommige 6 5 4 3 2 

activiteiten. . 

8.. Mijn behandeling baart mijn familieleden zorgen. 6 5 4 3 2 

9.. Ik kan goed omgaan met de problemen die voortkomen 6 5 4 3 2 

uitt mijn behandeling. 

10.. Ik maak me zorgen over mijn gezondheid in de 6 5 4 3 2 

toekomst. . 

11.. Vanwege een hoge kans op ongelukken, ben ik bang 6 5 4 3 2 

voorr lichamelijke inspanning zonder 

voorzorgsmaatregelen. . 

12.. Ik vind dat ik lang moet wachten op de uitslag van 6 5 4 3 2 

mijnn controles. 
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66 = helemaal op mij van toepassing 

55 = grotendeels op mij van toepassing 

44 = redelijk op mij van toepassing 

33 = enigszins op mij van toepassing 

22 = nauwelijks op mij van toepassing 

11 = helemaal niet op mij van toepassing 

13.. Ik maak me zorgen dat mijn behandeling mijn 

levensduurr zou kunnen bekorten. 

14.. Ik vind het vervelend om tot in detail mijn activiteiten 

tee moeten plannen. 

15.. De onzekerheid terwijl ik moet wachten op de uitslag 

vann mijn bloed controles, vind ik vervelend. 

16.. Ik heb minder contact met vrienden sinds ik deze 

behandelingg moet ondergaan. 

17.. Ik vermijd vakanties omdat de invloed van vreemd 

etenn op mijn bloedstollingswaarden onzeker is. 

18.. Ik weet goed wat ik moet doen om mijn 

bloedstollingswaardenn binnen de gestelde grenzen te 

houden. . 

19.. Ik voel me afhankelijk van mijn 

antistollingsmedicijnen. . 

20.. Ik vermijd reizen omdat ik bang ben inadequaat 

behandeldd te worden als mijn bloedstollingswaarden te 

hoogg ofte laag zijn. 

21.. Ik vind dat ik teveel tijd moet besteden aan het 

bezoekenn van medische instanties voor mijn controle. 

22.. Ik zou actiever aan sport doen als ik geen 

antistollingsmiddelenn hoefde te nemen. 

23.. Omdat ik vanwege mijn behandeling vaak afwezig 

ben,, heb ik problemen op mijn werk. 

24.. Soms denk ik dat mijn behandeling niet meer is op te 

brengen. . 

25.. De heb de neiging me zorgen te maken over dingen. 

26.. Ondanks regelmatige controles voel ik me nauwelijks 

belemmerd. . 
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66 = helemaal op mij van toepassing 

55 = grotendeels op mij van toepassing 

44 = redelijk op mij van toepassing 

33 = enigszins op mij van toepassing 

22 = nauwelijks op mij van toepassing 

11 = helemaal niet op mij van toepassing 

27.. Het stoort me dat veel mensen niets begrijpen van de 

problemenn die met mijn behandeling samenhangen. 

28.. Als ik naar de tandarts of naar andere artsen moet, 

maakk ik me zorgen dat ze niet genoeg van antistolling 

afweten. . 

29.. Mijn behandeling heeft invloed op mijn sexleven. 

30.. Ik vind het vervelend dat ik soms als een invalide 

behandeldd word. 

31.. Ik maak me zorgen over de bijwerkingen die de 

antistollingsmiddelenn kunnen veroorzaken. 

32.. Ik maak me zorgen over hoe anderen op mijn 

behandelingg reageren. 
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Sincee the development of the heart-lung machine in the fifties and early sixties of the 20th 

centuryy open-heart surgery became a large-scale surgical procedure. Many of the heart 

diseasess are characterised by failing native heart valves, for which valve replacement by 

meanss of a mechanical valve is the mode of treatment. In many cases mechanical heart valves 

aree used because of the custom ready availability and lifelong durability. 

Inn spite of the technical progress there is still a need for improvement of mechanical heart 

valves.. Adverse effects of treatment by means of mechanical heart valves and failures due to 

design,, material or surgical shortcomings generate the development of new devices. This 

thesiss reflects research on the steps or phases that are essential for recognizing critical safety 

risksrisks as well as the ways to apply safety management. 

Chapterr  2 describes what difficulties arise in recognizing negative outcomes as a safety risk 

duee to the complexity of the system and the potential conflicts of interests. However, the 

productt life cycle-based safety management concept also clarifies who are stakeholders to 

controll  risks and how they interact with other players and disciplines. Surgeons and desig-

ners/manufacturerss have a pivotal role. This also has consequences for appreciating the role of 

thee healthcare administration and the need for professional safety boards 

Chapterr  3 investigates whether technical analysis of failures and failed valves has 

contributedd to an increased knowledge of failure modes. Also the impact such knowledge may 

havee on (re)design of valves and clinical practice is explored. So far, no structural effort has 

beenn undertaken to retrieve valves and to analyse them in order to assess whether they meet 

thee expected wear specifications. Therefore, it takes too long before technical problems valves 

becomee recognized and initiatives for a market withdrawal or redesign are undertaken. 

AA number of failed valve cases are described in chapter  4. Failed technology often results in 

questionss as who is to be held responsible, and is there someone to blame. Product liability is 

ann issue for mechanical heart valve development. However, whether a surgeon and/or a 

manufacturerr will be sued depends on a number of circumstances such as information to the 

patient,, attempts to avoid morbidity and mortality due to the failure, public outrage, and last 

butt not least, communication within the triangle surgeon, patient, and manufacturer. Basi-

cally,, the patient's and/or his relative's perception of the "accident" that occurred determine 

thee risk of litigation. The threat of litigation influences the speed accountable parties will 
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applyy to control risk and to reduce damage in general and for individual patients. 

Inn the current situation, surgical implantation modes for mechanical heart valves are hardly an 

issue.. However, perioperative complications are responsible for a considerable risk of 

mortality.. Chapter  5 gives an example of the meta-analysis technique as method to acquire 

clinicallyy relevant knowledge on how to reduce the risk of perioperative bleeding and re-

exploration.. Besides the method also the outcome is relevant for the way surgeons can reduce 

risksrisks of adverse outcome in mechanical heart valve replacement therapy. 

Afterr the implantation the patient and the surgeon rely on the built-in safety capability or 

intrinsicc safety of the mechanical heart valve. Assuming that the valve technically performs 

accordingg to the expectations, adverse events in the sense of complications still may occur. 

Thiss thesis focuses on the optimal regulation of the anticoagulant therapy by means of patient 

self-management.. The CoaguChek® provides the technical basis. However, before 

encouragingg the use of an additioned device to neutralize unwanted side effects of mechanical 

heartt valve therapy, the technical risks of failure of the devices and potential difficulties with 

thee treatment concept must be made clear to prescribers and patients. Chapter  6 shows that 

functionall  analysis, a failure mode & effect analysis, and a fault tree analysis, are easy to 

conductt for interested clinicians. The use of these methods proved an insight in the potential 

dangers,, but also provides a framework to assess reported near accidents and adverse events. 

Afterr having answered the safety questions with respect to the technology, one has to 

establishh the efficacy and safety of the technology in practice. Chapter  7 describes the way in 

whichh the reliability and accuracy of patient self-monitoring of the INR has been assessed. It 

iss essential to compare new technologies with the existing practices, especially when the latter 

havee been proven to be safe enough and highly satisfactory. The INR values obtained by 

meanss of patient self-monitoring do not significantly differ from INR values obtained in the 

hospitall  laboratory setting. 

AA crossover comparison study was conducted to establish whether the safety and efficacy of 

thee patient self-management concept could match the level obtained in management by the 

Trombosiss Service in the Netherlands. Chapter  8 shows that outcome and efficacy in both 

managementt strategies are good. 

Patientt self-management of anticoagulant therapy is also advocated for selected patients, as it 

mayy contribute significantly to an improvement of the quality of life. Comparing quality of 

lif ee in a group of patients on patient self-management with CoaguChek® and patients 

attendingg the Trombosis Service confirms the claims of increased freedom to move and good 
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feelingss about patient self control. Chapter  9 provides a method to assess the quality of life 

forr patients on anticoagulant therapy. It also confirms the impression that the concept of self 

controll  by educated patients indeed improves quality of life and can be accomplished with 

devicess such as CoaguChek®. 

Inn conclusion, this thesis aims to increase awareness of safety risks within a treatment track 

suchh as mechanical heart valve replacement is. It describes how the professionals in the 

individuall  disciplines can carry out a part of the safety concept within the framework of the 

systemm approach. This multidisciplinary study on the safety management of mechanical heart 

valvee prostheses also aims to convince clinicians, engineers and administrators that they may 

operatee safety management in their day-to-day practice. 

131 1 





Samenvatting g 

Sindss de ontwikkeling van de hart-long machine in de vijftiger-zestiger jaren van de 20s e 

eeuww wordt open-hart chirurgie op steeds grotere schaal toegepast. Een deel van deze 

operatiess bestaat uit hartklep vervangingen. Hiervoor worden veelal mechanische hartkleppen 

gebruiktt vanwege de beschikbaarheid en de duurzaamheid. Bijwerkingen of complicaties als 

gevolgg van de behandeling met een (kunst) hartklep of problemen met het ontwerp of 

materiaall  en chirurgische tekortkomingen zijn echter geen zeldzaam verschijnsel. Ondanks de 

technologischee vooruitgang blijf t de behoefte aan verbeteringen van de huidig beschikbare 

mechanischee hartkleppen aanwezig. Dit proefschrift belicht een aantal stappen die essentieel 

zijnn voor het herkennen van veiligheidsrisico's als mede ideeën voor risicocontrole. 

Hoofdstukk 2 beschrijft wat de moeilijkheden zijn bij het herkennen van een complicatie als 

veiligheidsrisicoo als gevolg van de complexiteit van het systeem en de mogelijke 

belangenconflicten.. Het veiligheidsmanagement-principe op basis van de levenscyclus van 

hett product verheldert het systeem wat betreft hoofdpersonen en hun interactie met andere 

spelerss en disciplines in het systeem. Artsen en ontwerpers/fabrikanten spelen hierin een 

belangrijkee rol. Dit heeft ook consequenties voor de logistiek van de gezondheidszorg en de 

noodzaakk voor professionele veiligheidsplatformen. 

Inn hoofdstuk 3 is onderzocht of technische analyse van falende kleppen heeft geleid tot een 

vergrotee kennis over de wijze van falen en de impact van die kennis op het ontwerp en de 

klinischee praktijk. Tot nu toe is er nog geen structureel onderzoek gedaan naar gebruikte, 

geëxplanteerdee kleppen om te onderzoeken of ze nog voldoen aan de van tevoren vastgestelde 

eisenn met betrekking tot slijtage. Hierdoor gaat te veel tijd verloren voordat technische 

problemenn worden herkend en initiatieven worden genomen voor herontwerp of het van de 

marktt halen van kleppen die niet aan de veiligheidseisen voldoen. 

Inn hoofdstuk 4 worden voorbeelden van falende kleppen beschreven. Falende technologie 

resulteertt vaak in een vraag over verantwoordelijkheid en aansprakelijkheid. Of een chirurg of 

fabrikantt aansprakelijk wordt gesteld hangt af van vele factoren zoals informatie aan de 

patiëntt en pogingen om complicaties als gevolg van het falen te voorkomen. Eén van de 

belangrijkstee factoren is echter de communicatiedriehoek arts, patiënt en fabrikant. Het inzicht 

datt de patiënt krijgt in het probleem bepaalt voor een groot deel de kans op een juridische 

procedure.. De dreiging van een juridische procedure bepaalt weer de snelheid waarmee 
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risicocontrolerisicocontrole en schadebeperking in het algemeen en voor de patiënt in het bijzonder 
plaatsvinden. . 

Dee chirurgische operatie technieken zijn tegenwoordig nauwelijks een probleem. Peri-

operatievee complicaties daarentegen zijn verantwoordelijk voor een aanzienlijk sterfterisico. 

Hoofdstukk 5 beschrijft de meta-analyse techniek als methode om klinisch relevante 

informatiee te verzamelen over het verkleinen van de kans op peri-operatieve bloeding en re-

operaties.. Naast de techniek is ook de uitkomst van belang voor de manier waarop chirurgen 

dee kans op complicaties bij hartklep vervangingen kunnen verkleinen. 

Ookk als de geïmplanteerde klep technisch goed functioneert, bestaat er nog steeds een risico 

opp thrombo-embolische complicaties. De patiënten zijn hierdoor levenslang aangewezen op 

oralee antistollingstherapie. Er wordt in dit proefschrift ingegaan op een in Nederland nieuwe 

methodee voor de controle van de antistolling: zelfregulering van de antistolling door de 

patiëntt met behulp van capillair bloed en de CoaguChek® prothrombine tijd meter. Tot op 

hedenn ligt de controle van de antistollingstherapie geheel bij de Trombosedienst. Voordat 

weerr een extra apparaat wordt gebruikt om complicaties van de hartklep vervanging te 

voorkomen,, is het goed om de kans op (technische) storingen en de mogelijke problemen die 

bijj  deze nieuwe vorm van therapie kunnen ontstaan in kaart te brengen. Hoofdstuk 6 laat zien 

datt een functionele analyse, een faal wij ze en effect analyse en een foutenboom analyse inzicht 

kunnenn verschaffen in de mogelijke problemen die kunnen ontstaan, maar ook een raamwerk 

verschaffenn voor het beoordelen van bij na-ongelukken. 

Inn hoofdstuk 7 wordt er gekeken naar de betrouwbaarheid en de nauwkeurigheid van de 

CoaguChek®® als deze wordt gebruikt door de patiënt. Het is essentieel om een nieuwe 

technologiee met een bestaande te vergelijken, vooral als deze laatste als veilig en goed wordt 

beschouwd.. De testresultaten van de patiënt zijn niet significant verschillend van de 

testresultatenn van de Trombosedienst. De CoaguChek® wordt hiermee een betrouwbare 

testmethodee als alternatief voor de bestaande controle met behulp van veneus bloed bij de 

Trombosedienst. . 

Inn hoofdstuk 8 wordt in een cross-over studie bij 48 patiënten gekeken of het 

zelfreguleringconceptt het behandelniveau van de Trombosedienst kan evenaren. Er is in deze 

(kleine)) groep geen significant verschil tussen beide behandelmethoden, hoewel er wel enige 

tendenss naar een beter antistollingsniveau te bespeuren is in het voordeel van de 

zelfregulering. . 

Hoofdstukk 9 behandelt een methode om de kwaliteit van leven met betrekking tot een 
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behandelingg te meten. De vergelijkende studie tussen de zelfregulerende patiënten en de 

patiëntenn die door de Trombosedienst worden gereguleerd bevestigt de theorie van het 

toegenomenn gevoel van bewegingsvrijheid en zelfstandigheid. Zelfregulering, dat door een 

apparaatt zoals de CoaguChek* mogelijk wordt, is dus een betrouwbare en door deze 

patiëntengroepp gewaardeerde manier van antistollingscontrole die in ieder geval leidt tot een 

significantt verbeterde kwaliteit van leven. 

Concluderend,, het doel van dit proefschrift is de bewustwording van veiligheidsrisico's met 

betrekkingg tot een behandeling zoals de hartklep vervanging te vergroten. Het beschrijft hoe 

professionalss in de individuele disciplines een deel van het veiligheidsconcept binnen het 

raamwerkk van de systeembenadering kunnen uitvoeren. Deze multidisciplinaire studie over 

veiligheidsmanagementt heeft daarnaast ook tot doel om alle professionals in het proces ervan 

tee overtuigen dat veiligheidsmanagement in de dagelijkse praktijk uitgevoerd zou kunnen en 

moetenn worden. 
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Dankwoord d 

Hett is zover, het proefschrift is voltooid. Maar nu komt eigenlijk nog het moeilijkste 

gedeelte.... het dankwoord. Ik wil graag iedereen bedanken, die hieraan steentjes in allerlei 

soortenn en maten hebben bijgedragen. Ik zal er hieronder een aantal bij name noemen en 

diegenenn die ik niet genoemd heb bij deze alvast mijn geweldige dank voor de hulp bij het 

onderzoekk en dit proefschrift. 

Prof.. dr. mr. dr. Bas de Mol, mijn promotor, ji j was het die me bijna drie jaar geleden er toe 

aanzettee om onder jouw begeleiding onderzoek te gaan doen op de afdeling thoraxchirurgie. 

Daarr ben ik je nog steeds dankbaar voor. Ik heb in deze periode enorm veel van je geleerd 

zowell  op medisch als op zakelijk gebied. Ondanks dat je een erg druk leven leidde, had je 

altijdd tijd voor mijn vragen en sterker nog, je wist ook altijd wel een oplossing voor mijn 

problemen.. Maar je hebt dan ook niet voor niks vier titels. Van je eindeloze stroom aan goede 

ideeënn heb ik er helaas maar een paar tot uitvoer kunnen brengen. Maar ik hoop dat je 

desondankss trots zult zijn op het resultaat in de vorm van dit proefschrift wat er zonder jou 

hulpp nooit zou zijn geweest. Oja, de kast staat nog steeds. 

Prof.. dr. Harry Büller, mijn tweede promotor, ik vond het een hele eer dat ik deel uit mocht 

makenn van jouw afdeling. Ondanks dat ik er niet officieel bij hoorde, voelde ik me er toch 

thuis.. Ik heb er een hoop geleerd over onderzoek in het algemeen, en stollingsonderzoek in 

hett bijzonder. 

Dr.. Marcel Levi, mijn co-promotor, ik ben blij dat ik een deel van mijn onderzoek met jou 

hebb mogen doen. Jij hebt me kennis laten maken met de stolling en met name de antistolling, 

enn niet te vergeten de stollingsafdeling. Bedankt voor alle goede raad, de hulp bij de 

organisatiee van het patiënten onderzoek, voor de backup wat betreft de patiënten, voor het 

doorlezenn van alle stukken en voor je niet aflatende enthousiasme en optimisme waarmee je 

mee menigmaal hebt opgebeurd als ik er weer eens geen gat meer in zag. 

Dee hoogleraren Jacobs, Briët, Sturk, Hale en Spaan ben ik zeer erkentelijk voor hun 

bereidwilligheidd om in de promotie commissie plaats te nemen. 

Geerdaa van Gaaien, bedankt voor het nakijken van bijna al mijn teksten. Jouw kennis van de 

engelsee taal heeft me voor menig fout behoed. 
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Verderr wil ik graag alle mede-auteurs van mijn artikelen bedanken voor hun inzet en hulp. 

Mij nn delftse collega's voor hun tips en commentaar over het veiligheidskundige gedeelte, 

mijnn AMC collega's voor het ontstolde gedeelte. Met name Barbara Hutten ben ik dank 

verschuldigdd voor het te pas en te onpas beantwoorden van mijn statistische vragen, en het 

oplossenn van mijn sommetjes. 

'Mijn '' student Rachel Mak, bedankt voor de korte maar gezellige tijd dat je me bent komen 

helpen. . 

Erikk Westenberg, onze koffiepauzes waren goed om eens even de gedachten op alledaagse 

dingenn te richten. Ik weet nu (bijna) alles over kinderen en over computers. Zonder jou tips 

voorr mijn vele malen vastgeslagen computer had ik dit boekje niet kunnen laten drukken. 

Albertt van den Brink, ik vond het gezellig om met jou aan het POWl-onderzoek te werken. Je 

vondd het geen probleem om daarvoor je kamer met me te delen. En gelukkig vond je dat ook 

geenn probleem toen ik aan mijn promotie-onderzoek begon. Uiteindelijk zijn we ruim drie 

jaarr kamergenoten geweest. Ik heb genoten van onze vele gesprekken. Leuke gesprekken, 

maarr ook serieuze gesprekken. Bedankt vooral je adviezen en goede raad. Ik zal ze ter harte 

nemen. . 

Veell  dank ben ik verschuldigd aan mijn collega promovendi op de andere afdelingen. Als ik 

zee allemaal bij name zou noemen zou ik er zeker een paar vergeten. Maar ik wil julli e allen 

bedankenn voor de leuke tijd op congressen en symposia, in de wildwaterbaan in Houthalen, de 

bossenn van Lunteren en vooral ook Paleyrac, waar we het werk eens achter ons konden laten 

enn ik voor het eerst Haloween gevierd heb. 

Katinkaa Keyzers, mijn paranymf, ik ben je ontzettend veel dank verschuldigd voor al het werk 

watt je me uit handen hebt genomen voor mijn INR-studie. Het te woord staan van mijn 

patiënten,, de vele strips die je hebt uitgedeeld, de bijeenkomsten die je hebt geregeld. 

Regelmatigg heb je me achter de vodden gezeten met wat ik nog allemaal moest regelen voor 

dee promotie (en terecht overigens). Bedankt datje me tot op de laatste dag blijf t helpen. 

Wendyy Ouali, we kennen elkaar sinds het begin van onze studie. In de loop der jaren is onze 

vriendschapp steeds hechter geworden. Ik kon altijd bij je aanbellen voor een praatje of een 

kopp koffie (of doe maar thee) en als ik op tijd was kon ik nog mee-eten. Het betekent veel 

voorr me datje me op de promotiedag terzijde wilt staan. 

Mijnn ouders, lieve paps en mams, ik hoop dat julli e genieten van de promotiedag. Ik heb veel 
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aann julli e te danken. Jullie hebben me altijd de ruimte gegeven om de dingen te doen die ik 

graagg wilde doen, zowel binnen als buiten school, studie of werk. Jullie hebben me gesteund 

inn mijn idee om eens naar het buitenland te gaan (als ik maar niet met een Italiaan thuis 

kwam,, hè mam?). Dit was overigens gelijk een goede reden om me daar te komen opzoeken 

natuurlijk.. Jullie hebben me geleerd om zelfstandig te zijn en mijn eigen boontjes te kunnen 

doppen,, maar één ding is duidelijk: zonder julli e liefde, steun en vertrouwen was ik nooit 

zoverr gekomen. 

Lievee Patrick, hier kan ik natuurlijk niet meer onderuit. Ik ben je dankbaar voor alle steun die 

jee me in deze periode hebt gegeven. Voor de afleiding die je me bezorgde door me af en toe 

uitt het werk te halen om te gaan wakeboarden of andere leuke dingen te doen. Voor de 

gesprekkenn waarin je me moest opkrikken als ik weer eens een onderzoeks'dipje' had (watje 

overigenss goed lukte). Bedankt dat ik voor het schrijven van dit boekje gebruik mocht maken 

vann jouw computer als de mijne weer eens vastsloeg, alleen jammer datje geen textverwerker 

hebt.. Je grenzeloze vertrouwen in me gaf me de energie om dit af te ronden. Hoe noemde je 

hett ook al weer., je was de olie voor mijn motor. 
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Curriculu mm Vitae 

Manonn Elizabeth Cromheecke werd op zondag 31 december 1967 geboren in Zaandam. In 

19866 behaalde ze haar gymnasium P diploma aan het Stedelijk Gymnasium te Breda. 

Vanwegee uitloting voor de studie geneeskunde heeft ze één jaar biologie gestudeerd aan de 

Rijksuniversiteitt van Leiden, waarna ze in 1987 is begonnen met de studie geneeskunde aan 

dezelfdee universiteit. Na een bruisend studentenleven die gedeeltelijk in het buitenland werd 

doorgebrachtt (een halfjaar Bari, Italië, een halfjaar Siena, Italië en een halfjaar Kopenhagen, 

Denemarken),, behaalde ze in augustus 1993 haar doctoraal diploma. De co-schappen werden 

afgeslotenn met een keuze-co-schap van 4 maanden op de afdeling algemene heelkunde van 

hett staatsziekenhuis van Siena, Italië. Na het behalen van het arts-diploma in augustus 1995 

werktee ze als arts-assistent thoraxchirurgie in het Academisch Medisch Centrum te 

Amsterdam.. In mei 1997 starte ze met een promotie-onderzoek onder begeleiding van prof. 

dr.. B.A.J.M. de Mol en dr. M.M. Levi op de afdeling thoraxchirurgie en de afdeling 

hemostasee en thrombose van het Academisch Medisch Centrum, en bij de Safety Science 

Groupp van de Technische Universiteit te Delft, waarvan dit proefschrift het resultaat is. Op 1 

januarii  2000 starte ze met de opleiding algemene heelkunde in de regio AMC, te beginnen in 

hett Albert Schweitzer Ziekenhuis, locatie Dordwijk te Dordrecht (opleider dr. K.G. Tan). 
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Stellingenn behorende bij het proefschrift 

Safetyy management in mechanical heart valve replacement and oral 
anticoagulantt  therapy 

1.. Vanuit het oogpunt van patiëntenbescherming moet de verantwoordelijkheid voor 
hett opsporen, vastleggen en analyseren van (kunst-)klepfalen bij de implanterend 
hartchirurgg worden gelegd, (dit proefschrift) 

2.2. Het "product life cycle / hazard barrier model" illustreert verstrengeling en 
tegenstellingg van belangen, waardoor ineffectief risico management in gevat van 
hartklepfalenn wordt verklaard, (dit proefschrift) 

3.. Gezien de vitale consequenties moet complete en langdurige follow-up van 
hartklepdragerss worden ingesteld, opdat vroege opsporing van behandel- en 
implantaatt falen kan leiden tot betere beheersing van bekende risico's. 
(dit(dit proefschrift) 

4.. Tegenwoordig is de snelheid waarmee risicocontrole en schadebeperking van 
klepfalenn plaatsvindt recht evenredig met de kans op een juridische procedure. 
(dit(dit proefschrift) 

5.. De morbiditeit en mortaliteit na klep vervangende operaties worden gunstig 
beïnvloedd door de kans op postoperatief bloedverlies met farmacologische middelen 
tee verkleinen, (dit proefschrift) 

6.. Zelfregulering van orale antistollingstherapie is een goed en veilig alternatief voor 
reguleringg door de Trombosedienst. (dit proefschrift) 

7.. In het geval van antistollingstherapie wordt de kwaliteit van leven steeds meer door 
dee patient zelf bepaald, (dit proefschrift) 

8.. Het gebruik van de term complicatie in de chirurgie bevordert de acceptatie van 
tegenvallerss maar verhult tekortschieten. 

9.. Een wetenschappelijke tekst is een gestold conflict tussen werkelijkheid en 
woorden.. (Kees de Vey Mestdagh) 

10.. Evaring is de naam, die we aan de som van onze fouten geven. (Abraham Lincoln) 

11.. Ook een chirurg kan meer leren door 1 mijl te reizen, dan door het lezen van 1000 
boeken,, (naar Confucius) 

12.. Kunsthartkleppen en Microsoft Windows hebben gemeen dat een populair low-tech 
ontwerpp moeilijk te verbeteren valt. 

Manonn E. Cromheecke, 31 maart 2000 
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