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Abstract

Existing FMECAs

Background The Institute of Medicine’s 2000 report entitled To Err is Human states that as many
as 98,000 people die each year as a result of medical error in the United States. Subsequent
studies indicate that this may be an underestimate. Awareness of the patient safety problem has led
to widespread attempts to encourage quality improvement in America, from legislation requiring
incident reporting to pay-for-performance programs. Evaluating and improving process design has
been recognized as a critical element in improving patient safety. The Joint Commission on the
Accreditation of Healthcare Organizations (JCAHO) recommends a technique called failure mode
effect and criticality analysis (FMECA), which has been widely used in improving the safety of
medical processes. This tool's uses are limited because of its inability to examine the possibility of
multiple errors occurring in a process.

Methods Efforts were centered on the creation of a generalizable schema that could be used in
creating models more descriptive of the possibility of multiple errors contributing to undesirable
outcomes. For this purpose, we used a Bayesian Network (BN) to incorporate both the process
flow diagram and the probabilities/frequencies of various failures and their consequences for a
given procedure. Steps from process flow diagrams used in creating FMECAs are categorized into
action steps and validation steps, which are organized with potential outcomes and probabilities into
a resulting matrix that represents all possible combinations of errors as well as the probability that
any given error (or combination of errors) will occur. The model is first used as an influence diagram
to determine which possible branches in a chain of steps may be eliminated. Once branches with
higher probabilities of error are eliminated, the streamlined BN will indicate the probability that any
outcome is reached by any combination of steps with any combination of errors. An existing
FMECA completed for blood transfusion is used to illustrate our method.

Results The resulting model is useful for several reasons. Decision analysis can be performed to
ascertain what potential errors can simply be eliminated from the process. High probability errors
are noticeable, but more importantly, dangerous combinations of error are highlighted. Depending
on the level of specificity achieved in the initial FMECA, specific health outcomes can be attached to
specific errors, creating a diagnostic tool for use in later root-cause analyses. The model can be
adjusted readily, so proposed changes in the process can be examined in a hypothetical setting
before being tested in an actual health care setting.

Conclusion Creation of a BN model increases the value of time intensive labor already performed
during FMECAs. This method shares some of the benefits of more sophisticated modeling
approaches but builds off of the widely used FMECA framework already recommended by JCAHO.
It achieves the goal of determining which combinations of error lead to undesired outcomes.

Existing work on the process of completing a blood transfusion was used as an example of our method’s utility.
The above process flowchart illustrates the steps which must occur during a blood transfusion. This diagram was
elicited from personnel in an unnamed hospital as an initial step in the FMECA.

References
ot Corrgan 3, Donldson, M ds. Toen s human: buldng a sfe healthsystem, Wastingon,DC: Nt Academy Pres, 1590, p. 175
2. Zhan C. Millr stay, charges, to medical
5. ey M, Shackiond SR, Oslr Tt o . Complcatons gl panems ‘Arch Surg. 2002:137.611-618.
4. Wenzel R, Edmond M. The impact of hospital-acquired bioodsirear infections. Emerg Infect Dis. 2001,7:174-177.
. Patnt Safty and Qualty Improverrent Acof 2005, Pub L. No. 109-41, (S0 i by Pt Bush, u 2, 2005),
6. Rowe J. P related themt care. Ann Intern Med.
7 Luri 3, Mihig 5, Schoetker P, o 1 Reiablty Science and Pabirt Saey. PediarGin Norh Am. 2006.53-1121.33

8 Roberls K, Madsen P, Desa V, et al. A case of the birth and death of @ igh reliabity health care organization. Qual Saf Health Care. 2005;14:216-20.
9. Helmreich R. On erfor management: lessons from aviation. Bt Med J. 2000.320.781-785,

10, JCAHO, in health care: 2nd ed. Oakbrook Terrace, IL: JCAHO; 2005.
11 Ran . (Process Mapping, Value Stream Mapping, Fault Tree Analysis, and Failure Mode and Effects Analysis). Int. J. Radiation Oncology Biol. Phys. 2008:71:S167-90.
12. Nickerson T, Jenkins M, Gveenal\] Using e of o FMEAS. Healfic 0. 2005114040

Ri rs Manage. 2006:3.26.3
12 Doy S Dt . et saton o e eecs anaiyses in rums pemem leg\smnun Gt g Hoalh Care, 2007

15 Sty b fror el v —

16 Linom . Wagper K. VoyiouihA_ 1o, oo emors m New vork Se. o analas of 10 years experence. Trsfuson, 2000 0-I07 1725

17. Coles G, Fuller B, Nordquist K, etal. Using failure pials. Jt Comm J Qual Patient Saf. 2005,31:132-140
18. Jensen F, Nielsen T. New York: 2007.

19, Visscher S, Kruisheer EM, Schurink CA, et al. Predicting B
20 Safa S, Kobayssh K. Nakamura . Toyabe S, Arazava k.

21. Sanders DL, Aronsky D. D [ Network. AMIA. 2006:684.8
55 Norngon. oty 3 R Ao s i . Modang in Bayesian

35 Hovor &, Cbomel . rahaiions sk Ay f Wedcaton Exer @ Manage Heath Cre. 3001 16:545.55.

network model. J 2008:62:184..
Methods of Information in Medicine. 2007,46:723-6,

Safety. 2008:93:940.9.

© Camten b preshact ot
3 o

- il

Development of a Bayesian Network Model Schema that Builds on
John Madsen, Paul Whitney PhD, Garill Coles PhD

- A -~ S

°ua mnnmrm oF

Pacific Northwest
NATIONAL LABORATORY

The complete influence diagram
at left has five decision nodes.
These decision nodes allow the
program to “decide” what the best
course of action is to ensure that
no adverse events occur. The
program indicates that orders
should never be faxed. Computer
orders are far more reliable.
Additionally, physicians should
never rely on verbal orders for
transfusions. They should always
use an MD order sheet. The
entire series of 2.0 steps can be
eliminated.

After eliminating all event chains
with a higher probability of error, a
streamlined BN remains. This BN
can be used to determine which
combinations of error are most
likely to result in particular
consequences. The more critical
errors can then be addressed in a
prioritized order that takes into
account the possibility of multiple
errors leading to adverse events.

A Note on Bayesian Networks and Bayes’ Theorem: Bayesian Networks are driven by calculations based on Bayes’ Theorem. The Theorem relates the “prior”
probability (a priori, also called the “direct” probability) of a hypothesis, conditional upon certain evidence, P¢(H), to the “posterior” probability (a posteriori, also called

the “inverse” probability) of the evidence, conditional upon the hypothesis, Py(E).

Pe(H) = [P(H) / P(E) ] P(E)

BNs’ calculations of posterior probabilities make them useful in diagnosing causal relationships. For example, Bayesian Network models have been used to
successfully diagnose which pathogens cause ventilator-associated pneumonia, which patients have acute appendicitis, and which patients are eligible for asthma

guideline treatment. BNs have also been used to assess the reliability of processes.

This body of nodes represents the generic matrix pattern developed for transferring
data from existing FMECASs to new influence diagrams and Bayesian Networks. An
influence diagram differs from a BN because it includes decision nodes.

This table is a portion of the FMECA worksheet completed in
conjunction with the process flowchart. F1 and F2 stand for “Less
than once a year” and “Once a year” respectively; the highest
frequency category, F4, stands for “Once a week”. These
frequencies can be transformed into numerical values which are
entered into the model. CP1, 2, and 3 stand for “little,” “some,” and
“significant” impact on the probability of a wrong-type blood
transfusion occurring. S2 is the second highest safeguard
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