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Chapterr 4 

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 

Retrievall  Analysis 

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. 

4.66 REFERENCES 

1.. Bignell V, Fortune J. Understanding system failures. Manchester: Manchester University 
Press,, 1984. 

2.. Andrews LB, Stocking C, Krizek T, Gottlieb L, Krizek C, Vargish T, Siegler M. An 
alternativee strategy for studying adverse events in medical care. Lancet 1997;349:309-13. 

3.. Laffel G, Blumenthal D. The case for using industrial quality management science in health 
caree organizations. JAMA 1989;262:2869-73. 

4.. Leape LL. Error in Medicine. JAMA 1994:272:1851-7. 
5.. Perrow Ch. Normal accidents. Living with high-risk technologies. New York: Basic Book 

Publl  Inc. 1987. 
6.. Fielder JH. Getting the bad news about your artificial heart valve. Hastings Center Report 

1993;23(2):22-8. . 
7.. Mol de BA, Fielder JH. Systemic accident analysis of deaths due to failed Björk-Shiley heart 

valves.. Int J Risk and Safety in Med 1996;10:243-7. 
8.. Fitzpatrick R. Telling patients there is nothing wrong. BMJ 1996;313:311-2. 
9.. Vincent Ch, Young A, Philips A. Why do people sue doctors? A study of patients and rela-

tivess taking legal action. Lancet 1994;343:1609-13. 
10.. Wagenaar WA, Schrier van de J. Accident analysis. The goal and how to get there. Safety 

Sciencee 1997;26:25-33. 
11.. Kirwan B, Ainsworth LK. A guide to task analysis. Taylor and Francis. London 1993:169-78. 
12.. Koornneef F, Gaaien van GL, Mol de BA. A risk assessment and control model for the failing 

Björk-Shileyy convexo-concave heart valve. Int J Tech Assess in Health Care 1996;12:141-5. 
13.. Kallewaard M, Defauw JJ, van der Graaf Y. Psychological distress among Björk-Shiley cc 

valvee recipients: the impact of information. Heart 1997. 
14.. Istre GR, Gustafson TL, Baron RC, Martin DL, Orlowski JP. A mysterious cluster of deaths 

andd cardiopulmonary arrests in a pediatric intensive care unit. 
NEJMM 1985;313:205-11. 

15.. Cao H, Richard G, Macris M, Conger J. An in-vivo characterization of myocardial annular 
loadss on prosthetic heart valves. Am Soc Int Artif Org J 1995;41:40. 

16.. Hasenkam JM, Nygaard H, Paulsen PK, Kim WY, Hansen OK. What force can the 
myocardiumm generate on a prosthetic mitral ring? An animal experimental study. J Heart 
Valvee Dis 1994;3:324-9. 

52 2 



Liabilit yy for Failed Mechanical Heart Valves 

17.. Masters RG, Pipe AL, Walley VM, Keon WJ. Comparative results with the St. Jude Medical 
andd Medtronic-Hall mechanical valves. J Thorac Cardiovasc Surg 1995; 110:663-71. 

18.. Swieten van HA, Mol de BA, Defauw JJ, Overkamp PJ, Vermeulen FEE. Metallurgical 
analysiss of the Björk-Shiley convexo-concave valve prosthesis to assess the cause of late 
outlett strut fracture. In: E. Bodnar (ed.), Surgery for heart valve disease. London: ICR Publ 
1990:616-27. . 

19.. Mol de BA, Overkamp PJ, Gaaien van GL, Becker AE. Non-destructive assessment of 62 
Dutchh Björk-Shiley convexo-concave heart valves. Eur J Cardio-thorac Surg 1997;11: 703-9. 

20.. Blackstone EH, Kirkli n JW. Recommendations for prophylactic removal of valve prostheses. J 
Heartt Valve Dis 1992;1:3-14. 

21.. Starr A. The thoracic Surgical Industrial Complex. Ann Thorac Surg 1986;42:124-32. 
22.. Williams SV, Hash DB, Goldfarb N. Differences in mortality from coronary artery bypass 

surgeryy at five teaching hospitals. JAMA 1991 ;266:810-5. 
23.. O'Connor GT, Plume SK, Olmstead EM, Morton JR, Maloney ChT, Nugent WC, Hernandez 

F,, Clough R, Leavitt BJ, Coffin LH, Marrin ChA, Wennberg D, Birkmeyer JD, Charlesworth 
DC,, Malenka DJ, Quinton HB, Kasper JF. A regional intervention to improve the hospital 
mortalityy associated with coronary bypass graft surgery. JAMA 1996;275:841-6. 

24.. Committee on Energy and Commerce. U.S. House of Representatives. The Björk-Shiley heart 
valve:: "Earn as You Learn". Shiley Inc.'s breach of the honour system and FDA's failure in 
medicall  device regulation. 
U.S.GPOO 26-766, Washington, Febr. 1990. 

255 Kirkli n JW, Blackstone EH. The discipline of the cardiac surgeon. Thorac Cardiovasc Surg 
1986;34:211-6. . 

26.. Leval de MR, Francois K, Bull C, Brawn W, Spiegelhalter D. Analysis of a cluster of surgical 
failures.. Application to a series of neonatal arterial switch operations. J Thorac Cardiovasc 
Surgg 1994;107:914-24. 

27.. Lovegrove J, Valencia O, treasure T, Sherlaw-Johnson C, Gallivan S. Monitoring the results 
off  cardiac surgery by variable life-adjusted display. Lancet 1997;350:1128-30. 

28.. Fielder JH. More bad news about Björk-Shiley c/c heart valves. IEEE Engin & Med Biol 
1994;; 182-4. 

29.. Caiman KC. Cancer: science and society and the communication of risk. BMJ 1996;313:799-
802. . 

30.. Sandman PM. Emerging communication responsibilities of epidemiologists. J Clin Epid 
199I;44(suppl.. 1):41S-5S. 

31.. Hudson P, Reason J, Wagenaar W, Bentley P, Primrose M, Visser J. Tripod Delta: Proactive 
approachh to enhanced safety. J Petroleum Techn 1994;46:5862. 

32.. Mol de BA. Monitoring cardiac surgical results. Letter. Lancet 1998;351:144. 

53 3 




