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Introduction situation which could conceal a possible fault, active
The procedure for improving the quality and safetgr not. The crucial aspect is the problem of exposing
of any product or service, both directly related to thend managing latent errors, since it is particularly
characteristics of the process through which thdfficult to evaluate the direct and combined effects
product or service is generated, involves a series afsuch errors. The levels of safety for the patient must

common, preliminary steps: be improved by creating "protections" in which
1. a description of the processes related to the lifechnology plays an important role and is connected
cycle of the product, with the managerial and organisational systems.

2. identification of all the elements involved in the Various different methodological instruments can
processes (informatics systems, procedures, humamused for the analysis of processes, depending on
resources, infrastructures) with the creation of the level of detail required. All these techniques are
detailed inventory of the materials and equipmenaimed at an "early diagnosis" of possible faults,

3. the definition of measurable points of control fowithout neglecting the final client's satisfaction. Both
every element; the controls must be based @ualitative and semi-quantitative approaches can be
requisites identifieé priori and on a mechanism employed, these being based, respectively, on the use
in which the controller and the controlled persoonf purely descriptive terms or numerical indices
are not the same. assigned according to more objective definitions.

The information collected by quality management The concept ofjuality assuranceather than
systems and risk analysis techniques is combineddnality controlis now widely accepted in quality
order to determine the priorities for interventionsnanagement systems; that is, the tendency to

aimed at making improvements. guarantea priori the quality of a product or a service,
rather than ascertaining the qual#typosteriorion
Risk analysis techniques the final output. In general, two broad approaches can

The management of risks in complex processdse used:
such as those present in most health care activities,reactiveanalyses, in which a process is studied
must be conducted in a multidisciplinary manner. The after an event, in order to identify all the causes
main aim is to provide an efficacious service for which led to the occurrence of the event,
patients, recognising and managing both human errers proactiveanalyses, in which a process is reviewed
and system errors with the same level of detail as with the aim of detecting critical points of the

"good healthcare practices". system in order to remove or markedly reduce
The need to prevent human error has led to the them.
distinction of different types of faultscctiveerrors, Simplified greatly, it can be said that a reactive

which cause immediate consequences, lateht analysis is based on anposterioriexamination of

errors, which are not manifested until the occurreneehat has already happened in order to understand the

of a triggering event. causes of the failure; the strategies most widely used
The aim of prevention is to identify every criticalin this field are incident reporting, reviews, the



techniques of "sign research” and root causes analysis. full integration between risk management and
On the other hand, the proactive approach, typical VS, as experience from the industrial sector has
failure mode and effect analysis (FMEA) and failuralready demonstrated (see ICH Q9 Quality risk
mode, effect and criticality analysis (FMECA), ismanagememt)
based on a preventive study of the process with the At the Transfusion Service of Meyer University
aim of eliminating critical elements of a system, befordospital in Florence, we had carried out various non-
an incident occurs. systematic risk analyses; subsequently, thanks to the
Given the complexity and the wide variability ofinitiatives and opportunities made available through
their application, processes in a healthcare structuwrellaboration with external companies (Pharma
are excellent candidates for the use of these metho@siality Europe - PQE) and institutional activities
The possibility of using an analytic instrument tgPrevention and Protection Servitaye tested the
collect and manage all the elements necessary to rev&alictured use of a proactive technique of risk analysis
the critical points as well as the capacity to defin@MECA) in the real process of collecting, processing
synthetic and objective indicators that can be appli@shd distributing haematopoietic stem cells from
to the process are fundamental factors when choosimdated allogeneic donors in an attempt to identify risk
the most appropriate method. mitigation interventions that could be applied in this
From a rapid overview of existing literature, it carcontext. We tried to analyse the risks in a systematic
be seen that, in the field of healthcare, these methadanner, in part spurred by institutionsl and

are used predominantly to: professiona&l accreditation systems and by recent
- assess the potential advantage of introducing néegislation, which has given great emphasis to the
processes, equipment, etc.; quality and safety of this process that is subject to

- analyse processes in use, identifying their manegulations relating to both transfusion matters and
critical points, monitoring the effect of anytissue and cell bank%® The management of
changes, whether minimal or substantial, anglquipment and medical deviéeas well as the
evaluating their impact on the process structure's informatics system have emerged from risk

- compare, both retrospectively and prospectively, oklvaluations as critical points of great importance.
and new processes with various levels of criticitytndeed, the informatics system has become of

- guarantee the quality and safety of medical devicgsarticular relevance since the introduction of

Ministerial Decree 208/37In paragraph (q) of article

Clinical Risk Management and Quality Risk 1 of this decree, an "informatics system" is defined as

management a "system that incorporates data entry, electronic
The techniques for analysing risks are rishrocessing and the production of information to be

management instruments, which represent the setusid for the purposes of notification, automatic control
complex actions put in act to guarantee the safety afid documentation”. These systems, as indicated in
patients and healthcare staff and which constitutearious parts of the decree and, in particular, in article
together with quality management systems (QMS)5 "...must undergo regular controls of their reliability,
one of the main applications of "clinical governance'be validated before use and be subjected to periodic

Clinical risk management initially emerged as aervicing to ensure that they continue to fulfil the

response to financial aspects of healthcare relatedaanned requisites."

the growing number of medico-legal actions and

requests for compensation, but over the years RMEA/FMECA

becoming part of the structured, planned activities of From among the techniques mentioned above, we

the system and of the interventions to improve thgecided to test the FMECA one in this study. We will

quality of healthcare services. In fact, safety derivdwiefly describe the underlying principles of this
from the capacity to plan and manage procedures ali;hnique, starting from its basis, FMEA.

on the one hand, to limit the effects of errors that do FMEA is a method for analysing a system; its

occur (protection) and, on the other hand, to reduperpose is to identify possible modes of failures/errors,

the probability that such errors occur (preventionjheir causes and their effects on the performance of

For a system to be effective and efficient there muite system. It is a proactive method of analysis that



closely follows the logical process used by a good its function

planner. Its application makes it possible to identify a description

and, therefore, mitigate, the risk of defects/errors in-a the mode of failurethat is, the way in which the

product or in a service, at the same time as providing a product/process/service may not fulfil its function

reference against which to compare the real behaviour and thus satisfy the requisites, needs, expectations
of the product. This technique does, however, have the and requirements of the client (manifestation of
intrinsic limitation of considering the types of failure the failure or of the non-conformity);

as independent, which means that chain effects -of the mechanism of the failymat is, the chemical,

different types of errors are not taken into account. physical or other process that gave rise to the

The term FMECA is used when the analysis is failure;
extended to include the severity of the consequencesthe cause of the failuy¢hat is, the circumstances
of a non-conformity. FMECA incorporates a system related to the project, to its realisation, to the use
for classifying the severity of the modes of failure, of the product/service that generated the failure;
with the aim of enabling priorities to be made when the effectsdefined as "local" when they have
planning any corrective measures to adopt. The repercussions on the element itself and "final"
general considerations on FMEA that we make below when, on the other hand, the failure has an impact
are, therefore, also valid for FMECA. at a higher level,

The decision to undertake a FMEA may be made FMECA, applied in this study, has three additional
because of the need to identify failures capable p&rameters:
causing unwanted effects on the system, to satisfy O (Occurrence): the probability of the occurrence
specifications and requisites imposed by a "client” of a non-conformity (intended in our case as the
(within or outside the system) or to improve the combination of modes of failure and effects on a
reliability, safety and ease of maintenance of the patient, donor, or member of staff) in a
system itself. The aims of FMEA, therefore, include predetermined period of time;
the identification and classification of functional?2) S (Severity): the severity/criticalness of the failure;
failures of the system in relation to their relevan3) D (Detectability): the difficulty in detecting a non-
characteristics (measurability, ease of identification, conformity.
actions that can be taken, etc.), an estimate of the Each of these three non-dimensional parameters
severity and probability of the failure, the developmers arbitrarily assigned a value from 1 to 10 and the
of improvement plans to mitigate the types of faultgroduct of these three values provides a fourth index
and, finally, the possibility of supporting theknown as the Risk Priority Number (RPN)
development of maintenance projects designed to RPN=SxOxD
attenuate or reduce the probability of failures. which must be as low as possible.

The following steps are essential parts of the The value assigned to O is an increasing number
FMEA methodology: on the scale of integers from 1 to 10 (as done for the
a) establish the fundamental underlying rules for tHe@ parameter), rather than the probability of the

FMEA and the schedule guaranteeing theccurrence in a period of time; this approach, which

availability of skills and time necessary to staris widely used in the literature, simplifies the whole

the analysis; evaluation process considerably.

b) carry out the FMEA using appropriate spreadsheets The 'Detectability’ parameter, D, is an estimate of
or instruments, such as fault tree analysis, logictde probability of identifying and eliminating a fault
diagrams, etc.; before this has negative effects on one of the three

c) produce quantitative results and reports thaubjects considered (patient, donor, member of staff).
include the conclusions and recommendatiorf®or ease of calculation, this index is assigned values
triggered by the analysis; in an inverse order with respect to those used for S

d) maintain the FMEA updated. and O: high values of D (again expressed as an integer
According to the FMEA, the process/productfrom 1 and 10) indicate greater difficulty in detection

service must be broken down into its elementand, therefore, less probability of identification, thus

defining, for each of these: contributing to increasing the final value of the RPN.



The range of whole numbers between 1 and 1y the use of "open processes”, the use of complex
was chosen to maintain a certain conformity with theastruments (e.g. apheresis equipment,
fields of application in which the use of FMECA hasmmunomagnetic separators, freezing systems,
been consolidated for some time, such as analysegyrocontainers), the lack of standardised quality
the car industry of planning processes (DFMEA eontrol tests, the use of potentially infective material,
design failure mode and effects analysis) and ahd the clinical status of the recipient.
production processes (PFMEA — production failure The FMECA was planned by the head of the
mode and effects analysis). In order to lower thifransfusion Service's QMS and lecturers at the
index, project modifications are introduced to redud@epartment of Electronics and Telecommunication at
the value of at least one of the indicators (the Severitye University of Florence, who also compiled the
is difficult to reduce). These strategies are known asbles and subsequent processed the information. The
design reviews (corrective actions). occasion was taken to review the description of the

The RPN can be useful for defining the scale gfrocesses carried out in the Service, in order to a have
priorities for mitigation interventions to adopt for thea complete, updated overview of the micro- and
various types of failure. However, as will be clarifiednacro-activities, staff, equipment and informatics
later, the RPN must always be evaluated together wikistems (software/hardware — SW/HW) involved. The
the three values that generate it. For example, for thellaboration of Pharma Quality Europe (PQE) was
same RPN, it would be wise to give precedence tseful in the evaluation of the SW/HW systems, which
resolving those modes of failure for which the severitwere given particular attention. The head of the
values, S, are highest. hospital's Protection and Prevention Service

The choice of method to use to select items for riglontributed to evaluating the risks to staff. Besides
reduction interventions is subjective and depends strictlye professional experience of the staff, the data
on the type of application. According to the aimrecorded by the structure's QMS (non-conformities,
intervention thresholds can be set based on the RBAVerse events in patients and donors, etc.) were of
(often corrective measures are taken for the items wiikelp in evaluating the probabilities of certain
the highest RPN in each phase, then the FMEA is updaterturrences. Indeed, one of the greatest difficulties
and the procedure repeated), or on other parametews evaluating these probabilities, particularly for
(typically the Severity factor, S) ignoring the RPN events that are so rare that they have never occurred

in the Service and for which the scientific literature
Application of FMECA to the process of does not provide useful data.

collecting, manipulating and distributing The level of detail to use must be established in
haematopoietic stem cells in the Transfusion order that each phase can, in its turn, be analysed in
Service of Meyer University Hospital more depth, by breaking it down yet further.

In this context the risk mitigation strategies should
be developed to protect the product, the patient aidhe critical points and description of the
the staff, without undervaluing the risks related to nogprocess of collecting, processing and
conformities with current legislation. The first task tadistributing haematopoietic stem cells
perform with the purpose of managing risks is to Given its characteristics (treatment of "non-
identify them. In a first analysis, the risks can beepeatable” products, type of diseases treated,

grouped into the following general categories: involvement of healthy donors, use of complex

1. Adverse effects in the patient prior toequipment, etc.)the process under study is recognised
transplantation as having numerous critical points that can be

2. Adverse effects in the donor examined from two points of view: that of the people

3. Adverse effects in members of staff involved (donors, recipients and members of stéff)

4. Loss of product and that of the process.

5. "Insufficient” product "Flow charts" representing the whole process of

6. Contaminated product collecting, manipulating and distributing

7. Non-conformity with legislation. haematopoietic stem cells were used to highlight all

These risks can, for example, be caused or fostetdeé relative critical points which could be identified



either theoretically, according to the literature, othe lack of standardised scales of values for the O, S
through the professional experience of the $t&ff and D parameters and the consequent difficulty in
The overall process was divided into six macrophasedentifying criteria with which to assign the scores in
each identified by a number indicating itssuch a way as to reduce the subjective component

chronological position: related to direct, personal experience.
1. Selection and suitability of the donor The Occurrence and Detectability scores were
2. Stem cell mobilisation divided into three classes (low, medium, high),
3. Collection whereas for the Severity score, the values between 6
4. Manipulation and validation and 10 were left independent as representative of well
5. Freezing and cryopreservation identifiable and particularly severe (sometimes
6. Thawing and distribution catastrophic) adverse events. Indeed, the most severe
For each of these macrophases, a table divided ictdverse events were used as the end of the scale for
four parts was used (Figure 1). the S values, attributing maximum valé&$ to the
The tables consisted of a: most severe events conceivable, for example, the death

1) Schematic description of the activity, includingof a healthy donor, distribution of an unsuitable
(a) a list of the phases, (b) staff, (c) equipment, (gproduct, loss of the product.
software, (e) documents, (f) materials, and (g) Those &ctors with consequences on subsequent
premises. phases were considered worsening factors of the
Each entry is repeated for each type of fault, iBeverity parameter (see tables I, II, 111).
order to enable its unique identification.

2) Description of the failure and its relative effectdMlethodology and results of the data analysis

on patients, donors and staff The data were analysed, independently for each
3) Quantitative evaluation of the failure of the six macrophases identified, as follows: the
4) Any corrective or preventive actions taken. various items of the PBS — which represent, as said,

The mechanisms and causes of faults were rnibe possible combinations between subphases, types
recorded, nor were the mild side effects inextricablgf faults and effects on patients, donors, and staff —
related to the process (e.g. headache or bone paiare re-ordered by decreasing RPN in order to
during stem cell mobilisation); furthermore, a choicéighlight the points with the highest priority for
was made not to describe and consider phases of itervention.
transplant programme managed by others or not During this operation, all the items with a RPN=0
directly interfaced with the structure. were excluded since they did not represent any type

The choice of combining an analysis of the procesd failure. This first operation led to a list of items
with an evaluation of the effects of the modes of failumeithout any chronological consequences, although
was found to be useful for a better identification anthese could easily be identified since the above-
classification of the risks. In fact, the attribution of Odescribed PBS code had been adopted.

S and D values can differ substantially depending on The mean RPN, represented in the graph by a
the consequences for patients, donors and membéashed horizontal line, was then calculated for each
of staff. For this reason, the process breakdownacrophase. The mean RPN is useful for both an
structure (PBS) codes reported in the tables, identifieghalysis of the distribution of the priority of
by progressive numbers, take into account the differenterventions within the lifecycle of the whole process
effects on the people involved in the process. The PB8)d because possible threshold levels for risk
in analogy to work breakdown structure (WBS)nitigation interventions can be related to it.
techniques used in the field of project management, The results of the FMECA analysis carried out are
is structured hierarchically in three levels whossummarised in tables IV, V and VI.
numerical values identify, respectively, macrophases, The analysis of the mean RPN and standard
phases and types of faults with their effects. deviation for each of the single macrophases shows
that these values remain similar to those calculated
Criteria for attributing the O, S and D values for the whole "population”, that is, all the individual
One of the major limitations of the technique iphases of the whole process (Table V).



q q A : Probability | Severity | Detectability
4 - Manipulation and validation T Effects on: ) ) ) RPN Correctivelpreventive
PBS Phase Staff Equipment oty Documents Materials FUI Patient Donor Staff Sole) Sore] Scorsd actons
are ses 1-10 1-10 1-10
Transport of bags (plasma Clinic- | Fall by member ) Staff training/review of
40101 and HPC) from clinic Nurse, LT Lab of staff Injury L 6 1 6 procedures
402,01 Control of laminar flow T Hood Lab Malfunctlonl Remfuspn of Contamination 3 5 135 Ordllnary/preventwe
hood before use incorrect use non-sterile cells maintenance
Slow
4.03.01 Opgaining bags from the LT Lab communicgtipn Qrganisa_tional 5 2 1 10 Staff training/review of
clinic between clinic inconvenience procedures
and lab.
403,02 | Obteining bags from the | Lab | Lack of staff Organisational 2 4 1 8 | Budget negotiations
clinic inconvenience
Reinfusion of
403.03 Ovbt.alnlng bags from the T Lab Presence of incorrectly Legal 2 3 4 m Staff training/review of
clinic untrained staff | processed consequences procedures
product
Control of the requisites for - Product with . )
4.04.01 | conformity: conforming LT Lab Acqul|smon of unsuitable Legal 1 4 36 Staff training/review of
b invalid bag - consequences procedures
ags characteristics
Control of the requisites for ; Need to - . ]
4.05.01 | conformity: non- LT Lab Eon-conformlng Loss of cells repeat Qrgamsaponal 2 1 16 Staf training/review of
" ag .| inconvenience procedures
conforming bags apheresis
4.06.01 Notlﬂcat!on of non- T Lab TUD not _Orgamsa‘tlonal 1 5 1 5
conformity to the ward available inconvenience
Registration of donor's R751 Freezing . Erroneous Loss of No guarantee of Staff training/ SW/HW
4.07.01 data in the freezing form BCUD Excel form, PBSC Clinic registration Loss of data data traceability 4 5 8 60 validation
Reinfusion of
Malfunction of | cells preserved
4.08.01 | Refrigeration of plasma LT Refrigerator Lab refr|g§rat|on ina More work than 2 4 4 32 Ord|nan//prevent|ve
and discarded | replacement planned maintenance
plasma solution and
not in plasma
Errorin Product with
4.09.01 Determination of thel T Weighing Lab we|gh|r}gland unsuitable Legal 2 4 64 Ordlnary/preventlve
volume of the collection scales determining the h - consequences maintenance
volume characteristics
410.01 Sampling for quality control T Hood Test-tubes, Lab Insufficient Need .to repeat 2 5 4 40 | Staff training
of the product labels sample sampling
410.02 Sampling for quality control T Hood Test-tubes, Lab m:\; enous Incorrect 2 7 5 70 | Staff trainin
e of the product labels samp% evaluation 9

LT, laboratory technician; BCUD, blood collection unit doctor; PBSC, peripheral blood stem cells; TUD, transplant unit doctor

Figure 1 — As an example, part of the table used to analyse macrophadarpsulation and validation




Table | — Criteria for attributing the score for the Severity parameter

Score Class Description (examples)
1-3 Mild Repeition of the organisational inconvenience/activity causing loss of efficiency/efficacy
4-5 Moderate Medico-legal problems/loss of information/interruption of the process
6 Severe Distribution of a quantitatively insufficient product
7 Loss of the product (breakage, tampering)
8 Distribution of a qualitatively inadequate product (contaminated)
9 Distribution of an unsuitable product, in that it is destined for another recipient
10 Adverse events in healthy donor/staff member leading to irreversible lesions up to death
Table Il — Criteria for attributing the score for the Occurrence parameter
Score Class Description (examples)
1-3 Low Event that has never occurred and/or is rarely reported in the literature or in benchmarking analyses
4-6 Medium Event that has occurred occasionally since starting the activity
7-10 High Event that has occurred many times since starting the activity
Table 1l — Criteria for attributing the score for the Detectability parameter.
Score Class Description (examples)
1-3 High Event detectable during the performance of the activity
4-6 Medium Event not detectable during the performance of the activity, but for which there are reliable
instruments for detection in the subsequent phase
7-10 Low Event not detectable or detectable only at the end of the process
Table IV — Summary of the mean, mode, median, range and standard deviati on of the RPN values for each
macrophase and for the whole process
RPN Mean Mode Median Range Standard Deviation
Macrophases
1. Donor selection and suitability 62.55 70 70 120-10 29.72
2. Stem Cell mobilisation 51.86 63 56 90-15 22.21
3. Collection 57.50 72 56 120-10 28.16
4. Manipulation and validation 47.61 40 40 135-5 28.14
5. Freezing and cryopreservation 61.06 126 52 126-8 39.57
6. Thawing and distribution 49.46 72 48 108-6 24.45
Overall value 55.49 48 54 135-5 30.05




These findings, although far from representing a The phases taken into particular consideration were
particular statistical result, do support the choice those with an RPN of 100 or more and those with a
apply risk mitigation interventions by analysing the&Severity score greater than 8, subdivided by
individual macrophases separately and then repeatimgcrophase (Table V). The results are discussed below
the procedure on the whole "population”. phase by phase.

Table V — List of items with an RPN greater than 100, in decreasing or der. S scores of 8 or above are shown in grey

PBS Phase O S D RPN
4.02.01 Control of the level of contamination prior to entry 3 9 5 135
5.03.01 \Alidation of the bag 2 9 7 126
5.23.03 Dénitive storage in liquid nitrogen (liquid or vapour phase) 2 9 7 126
5.25.02 Evaluation of the report on the sterility controls 2 9 7 126
5.15.01 Labelling of daughter bags 2 9 7 126
5.15.03 Labelling of daughter bags 2 9 7 126
1.05.02 Information to the donor and release of informed consent 5 6 4120
3.03.01 Pdgormance of the medical visit 3 8 5 120
5.06.01 Entry of data into the SW form/number of aliquots/calculation of volume 4 6 5120
5.06.02 Entry of data into the SW form/number of aliquots/calculation of volume 3 8 5120
3.26.01 Post-donation information 4 7 4 112
5.05.01 Registration of donor’s and patient’s data on the freezing form 4 7 4112
5.19.01 Freeing at -80°C 2 8 7 112
5.15.02 Labelling of daughter bags 2 8 7 112
5.15.04 Labelling of daughter bags 2 8 7 112
5.23.02 Dénitive storage in liquid nitrogen (liquid or vapour phase) 2 8 7 112
3.06.01 Labelling of bags 3 9 4 108
3.11.04 Claning and disinfection of the skin - venipuncture — connecti on to the cell separator 3 9 108
3.25.05 Blood sampling and sending test-tubes for analysis 3 9 4108
6.06.01 Veification of the correct storage of the bags 3 9 4 108
3.07.01 Evaluation of venous accesses: unsuitable accesses 6 6 308
1.06.01 Pdormance of the medical visit 3 7 5 105
1.10.05 Blood sampling and sending test-tubes for tests of suitability 3 7 5105
1.10.07 Blood sampling and sending test-tubes for tests of suitability 3 7 5105
1.14.01 Updating of the donor’s healthcare records 4 5 5 100
Selection and suitability of the donor cultural mediator and/or information documents not

The risks requiring particular attention in thigranslated into the potential donor's language can lead
macrophase are those related to carrying out thea delay or even lack of harvesting of haematopoietic
medical visit, the correctness of the donors' recordsogenitor cells for transplantation; a donor can be
the release of informed consent and the managemartuced to undergo procedures at risk during the stem
of examinations of suitability for donation. The firstcell mobilisation with severe clinical complications
two points are particularly important in the(e.g. rupture of the spleen) and legal consequences
management of foreign donors: the inability to find &r the donor and staff, respectively. The RPN analysis
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also confirmed the importance of both a carefudontamination can lead to the collection of a
medical assessment, in that a less than meticulaaentaminated product and, therefore, of a risk of
evaluation can lead to the acceptance of an unsuitalsieection for the patient, with legal consequences for
donor, again with possible clinical consequences (ftine staff. Incorrect performance of the procedure can
the donor) and legal implications (for the staff), antkad to severe adverse effects in the donor (e.g.
of the correct compilation of clinical records, sinceonvulsions, hypovolaemic shock, gas emboli). The
incomplete records imply a lack of registration ophase of removing the product is also critical in that
relevant clinical information and will have severe legat involves risks related to the seal of the connecting
consequences for the staff. tubes and to the removal of the bag.

During the phase of blood collection and sending
samples for controls of suitability, errors in labellingvianipulation and validation
or malfunction of the SW/HW systems involved can The most critical point of the whole process (with
lead to an incorrect evaluation of the donor making@n RPN of 135) occurs in this macrophase: the control
necessary to repeat the investigations (with possil@é contamination (of the laminar flow hood and
legal consequences and/or organisationplemises) before their use. In the case of malfunction
inconvenience for the staff). The validation of SWér inappropriate use, not only can non-sterile cells be
HW systems could limit the frequency andeinfused, but staff may also become contaminated.

consequences of their malfunction. Another delicate step is the determination of the
volume of the collection, because an error in weighing
Stem Cell Mobilisation and in calculating the volume can lead to an erroneous

There were no RPN of 100 or more for thigvaluation of the product and to the product being
macrophase, because although severe adverse effguiscessed using the wrong parameters. Centrifugation
death and delayed onset severe adverse events inttheduce the volume, during which the bag can break
donor have very high S values, the RPN values andth consequent loss of the product, is another critical
medium or medium-high given that the probabilityoint. Finally, the step of verifying the conformity of
of occurrence of such events is very low. The onihe bags should not be overlooked, given that the
point to highlight is the risk connected to errors imcceptance of unsuitable bags could prejudice the
evaluation of the conformity of the drug used in theutcome of the manipulation process.
mobilisation.

Freezing and cryopreservation
Collection The control of contamination (of the laminar flow

The problems related to providing foreign donoreood and premises) is a critical step also in this
with correct information recur in this macrophase. Themacrophase, being important in various phases, such
aim is to prevent donors from carrying out potentiallgs the fractioning of the collection bag into aliquots
harmful activities after the stem cell collectionto freeze and the addition of the cryopreservation
Likewise, risks associated with careless medicablution.
assessments (acceptance of an unsuitable donor, withThe donors' and patients' data are recorded on the
possible clinical consequences for the donor and ledetezing form through the use of a calculation
implications for the staff) must be avoided. In thispreadsheet which, if set out poorly (overwriting of
macrophase, faults in labelling blood samples ordata, wrong formulae, lack of protection) can lead to
malfunction of SW/HW can cause errors in the critical product with unsuitable characteristics, with possible
phase of validation, with effects ranging from the neddgal consequences for the staff. The number of
to repeat the investigations of the donor to the far maadéiquots and their volumes are also calculated using
serious erroneous validation of the product, while @n electronic spreadsheet: in this case a damaged
fault in labelling the bags can lead to the re-infusiodatasheet or underestimate or overestimate of the
of a wrong bag or contribute to the disposal of theumber of CD34 cells can lead to an error in the
unit. subdivision of the cells collected; in particular, an

Another delicate problem is the management aiverestimate of the number of cells in the sample will
invasively obtained vascular accesses, whose possilaelad to the final product being insufficient and the
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type of fault is, therefore, more serious, even for thepheresis or infuse a contaminated product. To avoid
same RPN. infusion of a wrong bag, care must be taken during
As far as concerns the management of the bagjse phases of identifying and assigning the bag,
an error in labelling can lead to the wrong bag bein@inting the labels and making the delivery report,
infused or contribute to the disposal of the unit; duringghich depend on the good function of the SW/HW
the transport of the bags to the cryopreservation arsgstemsThe viability of the product and the residue
a fall by the person carrying the units can lead to los$§ the infusion must be controlled to determine their
of the product, particularly if the containers used amfficacy. Finally, all the risks related to the use of liquid
not suitable, and to injury to the member of staffjitrogen in the cryopreservation process (burns,
during the phase of freezing to -80°C, a malfunctioadhesion, inhalation, contact with the eyes, freezing,
of the freezer can lead to a defective freezing procadsath) must be taken into due consideration.
(e.g. too slow) with consequent damage to the product;
finally, during the definitive storage in liquid nitrogenConclusions
(liquid or vapour phase) an error in the placement of The first finding to report is the compression of
the bag can lead to the risk of it being lost. Thehe scale of RPN values which occurs when applying
placement of a serologically positive unit (e.g. positivEMECA in this context: against a theoretical range of
for hepatitis B or C virus) in a liquid phase can leaBPN values from 0-1000, the actual range was
to contamination of the container and a risk for theompressed to between 5 and 135. Since the RPN is
other units, while malfunctioning of the equipmenthe product of the values for three factors parameters
can expose staff to severe adverse events. (O, S and D), its increase is not linear and it is
The validation of the product involves transfusiomparticularly sensitive to non-parallel increases in the
managment software but, unlike the same phase tbree parameters. In fact, in our case the most severe
the blood components, is not automated. There iegents (with high S values) were also usually the rarest
risk of erroneous validation of products withones and the ones most easily detected (i.e. with low
unsuitable characteristics. O and D values). The mean values of O, S and D
The evaluation of the sterility of the sample i£0,=2.86; D = 3.21; $=6.33) bear witness to this
important because if this is not carried out, there istandency.
risk of releasing uncontrolled products: if the product As can be deduced from the data presented in table
is not sterile and cannot be replaced, there are riskB, the highest scores (5-10) were assigned more
inherent in the management of a contaminatdoequently to the S parameter: this fact limits the
transplant, while mistaken interpretation of results cgyossibility of improvement, because the severity of
lead to the infusion of a contaminated product witho@in event, even if it can be reduced by protective-type
the possibility of taking the appropriate precautionsnterventions, is the most difficult parameter to control.
When deciding the priority of interventions, it is
Thawing and distribution clearly important to use a critical approach rather than
Before thawing the samples, the request itself mustlying on a purely numerical method of selection:
be evaluated and the presence and correct storagéoofexample, the most catastrophic types of faults
the bags must be verified; furthermore, the bags storg®k=10) do not appear in the list of PBS with the highest
in liquid phase must be transferred to the vapour phaR8N. Furthermore, the same type of fault can be
before thawing. If the request is evaluated by untrain@dsociated with different RPN depending on the effects
staff, errors may occur in the subsequent phases; ttaeised: an "error of labelling” during the activity
consequences of missing, incorrectly stored dblood sampling for analysis" in the mobilisation
damaged bags are varied (delay or lack of transplaphase (item 2.08.05) has a RPN score of 90, while
infusion of an unsuitable product, need for the dondine same item at the end of the collection phase (item
to undergo repeat apheresis), but all have obvio08.25.05) reaches a RPN of 108. It can also occur
clinical consequences for the recipient and leg#bat an item with a lower RPN, for example, item
consequences for the staff. Breakage and/@r05.01 ("lack of request of informed consent from
contamination of the bag during thawing or transpothe donor", RPN=63) but a higher S score (S=7)
to the ward can make it necessary to repeat tharrants the same or greater attention than an item
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Table VI — Means and respective ranges of the O, S and D values

Macrophases O: Mean Range S: Mean Range D: Mean Range
1. Donor selection and suitability 3.36 2-8 5.73 3-7 3.39 1-5
2. Stem Cell Mobilisation 3.00 1-5 6.14 4-10 3.24 1-9
3. Collection 3.19 2-6 6.33 3-9 2.88 1-*9
4. Manipulation and validation 2.45 1-5 5.66 2-9 3.39 1-5
5. Freezing and cryopreservation 2.50 1-4 6.98 3-10 2.58 1-7
6. Thawing and distribution 2.62 1-5 6.89 5-10 2.78 1-5
Overall score 2.86 1-8 6.33 2-10 3.21 1-9

Table VII — Relative frequencies of the scores attributed to the O, S an d D parameters,
calculated for the whole process. The highest frequencies for each score
are shown in grey

Score Relative frequency (%)
Occurrence (O) Severity (S) Detectability (D)
1 22.0 0.0 78.0
2 70.9 0.7 28.4
3 53.7 3.7 42.5
4 33.1 7.4 59.5
5 12.0 63.2 24.8
6 8.9 91.1 0.0
7 1.7 83.3 15.0
8 2.7 97.3 0.0
9 0.0 95.2 4.8
10 0.0 100.0 0.0

with a higher RPN, for example, item 1.14.02, (anitigation. The latter effects, also related to staff
"malfunction of software" which prevents updatingerrors, are explained by the criticality of the process
of the donor's clinical records, RPN=75), but that hasd the recent proliferation of overlapping regulations
a lower S score (S=5). which make conformity of the systems ever more
Organisational inconvenience and legadifficult. Although the FMECA technique was not

consequences are among the most frequent effectsdonceived to prevent intrinsic staff errors, it can help
staff members. The former occurs in part becausetofidentify, as in our analysis, fundamental preventive
the difficulties in managing a process included in thactions, such as staff training, and thus contribute
complex pathway of haematopoietic transplantatiandirectly to the management of this type of error
and, therefore, opportune interventions to improvgigure 2).

organisational aspects are essential features of riskTable V, which reports the items with a RPN above
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100, highlights the importance of "traditional” criticalgiving due attention to the separation of the roles
points in the process, such as controllingetween clients and provider, so that there is no
contamination of the product, obtaining informeaverlapping or conflicts of interests.

consent from the donor and managing cryogenic In summary, in sectors in which the safety of

equipment, whose great importance could have bepeople is at great risk (e.g. the aeronautic, nuclear,

hypothesisea priori.

pharmaceutical and health care industries) reactive

However, the table also highlights the particulatlype risk analyses and mitigation techniques based
attention that must be given to riskelated to the on adverse events and non-conformities are not
SW/HW systems which, also in this systematisufficient. What is needed is proactive instruments
analysis, are shown to warrant a high priority. Athat are able to provide the management system with
already emphasised, the introduction of automationformation useful for introducing appropriate
leads to more efficient, but not necessarily safgpreventive actions and evaluating the priority of
systems, because these are associated with nawerventions. It is clear that the QMS and risk
important critical points, whose treatment requiresanagement information and instruments must be
sophisticated and expensive instruments. Althoughtegrated in order to function effectively and
there is less automation and integration of SW/H\Wfficiently. Many operations involved in both
systems in the process of collecting and manipulatiragpproaches are the same or so similar as to be able to
haematopoietic stem cells than in the "standardbe carried out in a coordinated manner. The integrated
transfusion process, the role of such integrated systens® of FMECA was found to be very useful in this
is determinant and increasing in many criticagbarticular context.
decisional steps. Indeed, the results of the FMECA The underlying concepts of FMEA/FMEC%are,
show that possible corrective actions for risk reductidn brief, the breakdown of the system with the
include the development of plans to test and validatkefinition of the relative functional diagrams and the

these systems (Figure 2).
The recent ministerial decree 20870Which

indication of modes of failure and critical points. Some
considerations can be made regarding these elements,

makes this type of intervention unavoidable, does nethich are the real contribution to the problem of risk
however, report the immediately applicable modelmanagement in a process such as that under
or standards. In the absence of these, the only possialuation:

option seems to be to introduce, also into health caae The methodology can really be applied also to this
processes, the instruments used to guarantee the safettype of process, with the advantage of making the
of SW/HW systems foreseen by pharmaceutical Good various phases of the process "objective", thus

Manufacturing Practice (GMP¥° according to the
fourth edition of Good Automated Manufacturing

Practice (GAMP4#}. The definition of "validation" b.

reported in the decrée"the preparation of

decreasing the probability of overlooking some of
them in the risk analysis.

The multidisciplinary team (staff who are expert
in health care, technical and organisational aspects)

documented and objective evidence demonstrating is involved in every stage of the work, with the
that the predefined requisites of a procedure or of a advantage of providing a global perspective both
specific process can be systematically met", is the during the application of the method and
same as that reported in the GMP since its earliest identification of the types of fault, and during the

versions (1987). The GAMP4 calls for the planning
of a "life-cycle" of an informatics system, which goes
from the initial version of the User Requirement
Specifications through to the phase of final validation
(Performance Qualification) according to a "V model"
(Figure 3).

The V model is based on the principle that.

validation documentation must be integrated
synergistically with the planning documentation,

paralleling this latter's development, although always
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analysis of the critical points and possible
solutions; this ensures less loss of time, given that
the various aspects of each problem are
immediately discussed by everyone, and, overall,
better results in terms of the efficacy of the
solutions proposed.

The methodology used does not provide solutions,
but focuses attention on problems. The breakdown
of the process highlights the possible faults of the
system, attributing them a semi-quantitative weight



Risk analysis related to managment of peripheral blood stem cells
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Figure 2 — The frequency of two of the main preventive/corrective actions (staff training and SW/HW validation) in
the various phases
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Figure 3 —The life-cycle of the planning, realisation and validation of a SW/HW system
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and indicating the priorities for both more detailed S and D. In some cases it could be worth modifying
analysis and subsequent improvement plans, oncethe effects of the single parameters on the RPN
again demonstrating how the integration between product by using factors of correction.

"quality systems" and risk management improves

the efficacy and efficiency of the management deywords
processes and rationalises the choice of the priority Risk analysis, FMECA, peripheral blood stem cell

of interventions.
There are situations in which critical points are

transplantation

related to activities conducted externally (e.g. ibegislation and references

other laboratories) for which the lack of directl)
control constitutes the main "weak" factor,
highlighting the need to broaden the evaluation &
suppliers.

FMECA, effective in relation to system errors due
to technical-organisational faults, is ineffective ir8)
preventing intrinsic staff errors (e.g., a mistaken
clinical evaluation). It can, however, help to
identify, as in our analysis, fundamental preventiv,_eé
actions, such as staff training, thus contributing
indirectly to the management of this type of fault.
FMECA, by facilitating the creation of an
integrated system between technical, health care
and organisational aspects, moves out of line or
eliminates some of the "holes" in the Swiss cheesg
described by Reas#ri,

It is customary that the last step of the FMECA
procedure is a periodic update of the analysis to
"measure" the progress of the improvement plans.
This partially corrects one of the limitations of the
method, the way the various indices are assigned,;
indeed, the repetition of the analysis reveals t
trend, making it less important to establish the
starting point exactly.

. One of the assumptions of the technique, which

partially limits its field of action, is that of !
considering the faults as independent (an all the
more critical aspect when considering processes
that involve both software and hardware). This
prevents a chain effect of different errors from
being taken into account. In these cases it is worth
supporting the FMECA with other analyticg)
instruments, such as fault tree analydts

. The RPN index has some limitations that should

be taken into consideration, such as excessive
sensitivity to small changes in one of its three
constituent parameters when the other two
parameters have high values and vice versa. Thus,
although it is a useful, synthetic index, it must bg)
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