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Error recovery in a hospital pharmacy
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A ﬁeld study was performed in a hospital pharmacy aimed at identifying
positive and negative inﬂuences on the process of detection of and further
recovery from initial errors or other failures, thus avoiding negative
consequences. Conﬁdential reports and follow-up interviews provided data
on 31 near-miss incidents involving such recovery processes. Analysis
revealed that organizational culture with regard to following procedures
needed reinforcement, that some procedures could be improved, that building
in extra checks was worthwhile and that supporting unplanned recovery was
essential for problems not covered by procedures. Guidance is given on how
performance in recovery could be measured. A case is made for supporting
recovery as an addition to prevention-based safety methods.
Keywords: Error recovery; Near misses; Incident analysis; Medication error;
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1. Introduction
Research into incident causation (e.g. Wagenaar and Groeneweg 1987, Reason 1990, Van
der Schaaf 1996b, Svenson 2001) has demonstrated that there are usually multiple failure
factors underlying both accidents and near misses. Accidents are deﬁned here as incidents
where failure factors have caused human errors and/or other types of failures, which in
turn have led to at least some undesired safety-related negative consequences. Even though
near misses share the same underlying failure factors as accidents, negative consequences
have been avoided, which makes them a less serious form of incident (Van der Schaaf et al.
1991). This happens sometimes by coincidence, but more often through a timely detection
that something is wrong, as a ﬁrst step towards recovery, followed by timely and eﬀective
further recovery actions. Recovery factors explain what made such recovery possible.
In its recent report on safety data standards for the healthcare domain (Aspden et al.
2004), the US National Academy’s Institute of Medicine proposed that recovery factors
are an important complement to failure factors. Next to the traditional safety
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management approach of preventing failures by understanding the main failure factors,
understanding recovery factors oﬀers another way of improving safety. By introducing
conditions and system characteristics, which build in or strengthen opportunities for
successful recovery, an organization may protect itself against initial errors or other
failures turning into actual damage, injury or other negative consequences. Given that
this is a fairly novel approach, the literature does not contain much guidance on how this
may be achieved. This contribution starts ﬁlling this gap, by using near-miss data
collected in a ﬁeld study performed in the pharmacy of a large hospital in the
Netherlands.
Since they are responsible for preparing and dispensing the medication needed in the
hospital of which they form part, hospital pharmacies play a vital role in preventing or
recovering medication errors – or rather adverse drug events, as these adverse events are
not always caused by human error alone. Adverse drug events are one of the most
common types of medical adverse events (Leape et al. 1991). An extensive review by
Kohn et al. (2000) of studies into medical mishaps shows that medication errors or
adverse drug events occur quite frequently in hospital settings, ranging from anywhere
between approximately 3 to 53 per 1000 medication orders, or between approximately 65
to 200 per 1000 admissions, or between approximately 19 to 24 per 1000 patient days.
These numbers are most likely an underestimation of the actual amount as many errors
go unreported (e.g. Kohn et al. 2000, Lawton and Parker 2002, Armitage and Knapman
2003, Crawford et al. 2003). Even though not all medication errors result in actual harm
to (or even death of) the patient, when they do, considerable costs are involved (Kohn
et al. 2000). The need to tackle medication errors to increase patient safety has been
recognized for many years, dating as far back as at least the 1950s. One of the more
thorough studies performed in that era was done by Safren and Chapanis (1960). Since
then, numerous studies have documented and analysed errors in prescribing (e.g. Dean
et al. 2002, Van den Bemt et al. 2002), preparing and dispensing (e.g. Rolland 2004,
Ashcroft et al. 2005) or administering (for a review, see O’Shea 1999, Armitage and
Knapman 2003) medication. With the amount of available medications steadily
increasing, the potential for medication errors increases accordingly, thus making the
medication process to date an even more important target for safety measures. The
importance of measures aimed at error prevention notwithstanding, so far it has proven
to be impossible to rule out all errors, which makes it useful to also include safety
measures supporting error recovery.
The near-miss data collected in the present study makes it possible to take a closer look
at the processes that were followed in recovery, thus avoiding negative consequences. The
main research question was: Which factors have a positive inﬂuence on recovery
processes in the pharmacy and which factors have a negative inﬂuence? By promoting the
positive inﬂuences on recovery and removing the negative inﬂuences identiﬁed by
answering this question, the pharmacy can create an environment where the chances of
successful recovery are increased.
The next section starts with a brief overview of recovery processes and the factors that
inﬂuence these processes. After that, a description follows of the processes for preparing
medication that were included in the study, the risks of getting things wrong and the
procedures that are in place to ensure that this does not happen. Consequently, this study
addresses the process of data collection and the description and coding of the near misses
for further analysis. Then, the results are used to present an answer to the research
question and to provide guidelines for the pharmacy on how to improve their recovery
processes, their safety performance and thus patient safety. This paper concludes with an
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attempt to generalize these guidelines to health care activities other than medication
preparation.
2. Recovery
During the last decades, a few researchers have started to focus on recovery. Most
recovery research has been performed in domains other than health care, including
aviation (e.g. Wioland and Amalberti 1998, Helmreich et al. 1999, Sarter and Alexander
2000), air traﬃc control (e.g. Bove and Andersen 2001), process industry (e.g. Duncan
1987, Kanse and Van der Schaaf 2001b, Kanse 2004) and human – computer interaction
(e.g. Bagnara et al. 1988, Frese 1991, Rizzo et al. 1995). Edmondson (1996), Van der
Schaaf (1996a) and Van Vuuren and Kanse (2003) are among the few exceptions who
have studied recovery from errors and in the last case also other types of failures in
medical settings.
Researchers who have studied recovery processes seem to agree that there are three
main types of steps or phases involved in recovery (e.g. Bagnara et al. 1988, Van der
Schaaf 1988, Frese 1991, Zapf and Reason 1994, Rizzo et al. 1995, Kontogiannis 1999,
Kanse and Van der Schaaf 2001b, Kanse 2004). First, there is the detection of the
(combination of) failures or at least the immediate resulting deviation or problem. This is
followed by any combination of explanation of the problem and its causes and
countermeasures aimed at returning to the normal situation or at least limiting the
consequences, including recurrences, or even entirely skipping one or both of these last
two phases. Figure 1 contains a model of the recovery process that was developed and
validated by one of the authors based on studies in the chemical industry (Kanse 2004).
This model presents the three phases and possible transitions between them, as indicated
by arrows. Links are also made to the chain of events preceding (and necessitating) a
recovery process and the outcomes or end result of the process.
Only a few researchers (e.g. Kanse and Van der Schaaf 2001a, Bove 2002) have
speciﬁcally studied recovery factors; that is, the factors that inﬂuence recovery steps,
transitions between steps and their overall success. Person-related factors such as
experience and knowledge can play a role in recovery. Technical factors can also play a
role, such as the design of the workplace, equipment and interfaces, as well as

Figure 1. Recovery process model.
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organizational factors, such as culture, work design and procedures and management
priorities. Organizational factors may be the most important, as they determine the
context in which people work and thus aﬀect many of the other factors inﬂuencing
recovery.
Taking an organizational perspective on people’s behaviour during recovery processes,
Kanse and Van der Schaaf (see Kanse and Van der Schaaf 2001b, Kanse 2004) have
distinguished between planned and unplanned recovery steps. Planned recovery steps
involve the activation of defences or barriers that are built into the organization to avoid
negative consequences (Hollnagel 1999, Svenson 2001). Examples of barriers or defences
are automatic safety controls or procedures to follow under certain conditions. Such
procedures can either be formally documented rules or work instructions, or unwritten
but approved and generally followed work practices that people learn on the job or via
speciﬁc training. Unplanned recovery steps are usually more ad hoc and depend on the
creative problem-solving abilities of the people involved. Even though a person who
performs such unplanned recovery steps may have performed the steps before and may
have devised a plan as to what to do, as long as these steps are not a standard practice
and are not known to everyone in the same job, the steps qualify as unplanned behaviour.
Given this diﬀerence between planned vs. unplanned recovery steps, factors that inﬂuence
the former may be quite diﬀerent from factors inﬂuencing the latter.
3. The medication preparation processes
The main responsibilities of the pharmacy involved in the present study were to prepare
and provide on-demand medication to the various hospital wards, including chemotherapy medication, and to maintain local general medication stock levels in hospital wards.
The procedures in place to fulﬁl these responsibilities were quite elaborate. They required
the involvement of several pharmacy employees at various stages, ranging from senior
pharmacists to junior pharmacists and pharmacy assistants. Some of these stages were
supported by computer systems. Several stages involved checking for potential errors that
could lead to harm to a patient. Furthermore, especially the procedures for chemotherapy
medication preparation also included steps aimed at avoiding exposure of employees to
hazardous ingredients.
Chemotherapy medication orders are made by doctors using special request forms that
are sent via a pneumatic tube system to the pharmacy. The steps that follow after such a
request is received at the pharmacy are shown in ﬁgure 2.
For most medication other than chemotherapy, doctors write requests during their
daily rounds for each of their patients. Nursing staﬀ then put all the medication requests
for a ward in a single folder. Junior pharmacists visit the wards twice per week. They

Figure 2. Preparation process for chemotherapy medication.
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update the pharmacy’s list of medication currently needed in each ward, take the selfcarbonated copies of all new medication requests and leave the originals in the ward’s
medication requests folder. Via this folder, they also notify the nursing staﬀ which
medication is available locally in the ward’s own stock and which medication will be
delivered as on-demand medication for individual patients. The preparation process for
on-demand medication is summarized in ﬁgure 3. The process of maintaining ward
medication stock levels is summarized in ﬁgure 4.
Despite all the precautions that are built into these medication preparation processes,
occasionally things still go wrong. The dosages and mixtures of chemotherapy medication
vary greatly between individual patients and most steps in the preparation process
involve human activity with plenty of opportunities for error. Things regularly go wrong
in the process of preparing on-demand medication, entering requests into the computer
system and delivering to the ward. Furthermore, there are often shortages in medication
kept in stock locally at the hospital wards. To avoid further development of these
problems into negative consequences for patients in the hospital wards, who depend on
the right medication being available for them in the right dose via the right route at the
right time, pharmacy employees regularly engage in recovery actions. Sometimes people
from outside the pharmacy are involved in the recovery process. For example, the nursing
staﬀ at a hospital ward may detect problems with the medication supply and inform the
pharmacy about this.
4. Data collection and description and coding of near misses
A few years before the start of this study, with the approval and support of management
and employees, the pharmacy had set up a voluntary, conﬁdential and blame-free nearmiss reporting system, following the principles outlined in Van der Schaaf and Wright
(2005). Near misses were reported via paper-based reporting forms and were de-identiﬁed
and entered into a database by a trusted person to whom the role of near-miss reporting
coordinator was assigned. Even though the number of near misses reported had
decreased after the end of an initial study based on data obtained via the reporting
system, the basics were available. After gaining the cooperation and trust of the
pharmacy’s management and employees, one of the authors revived the reporting system
(Vrijland 2004). From the new reports that came in, he followed up all of the 36 near
misses from the medication preparation areas described above that were reported within
a 6-week period, by conducting conﬁdential interviews with the people involved. These
interviews provided additional data about both the failure processes and the recovery
processes involved. A semi-structured interview approach was used, based on the critical

Figure 3. Preparation process for on-demand medication.

Figure 4. Process of maintaining ward medication stock levels.

508

L. Kanse et al.

incident technique originally developed by Flanagan (1954) and resembling a more recent
extension of this technique called critical decision method (e.g. Hoﬀman et al. 1998,
Wong 2004, Klein et al. 2005). First, a person involved in a reported near miss was asked
for a step-by-step account of the event, to develop a timeline of what happened, for both
the ‘what went wrong?’ part of the near miss as well as the ‘how was it recovered?’ part.
After that, for every element of this story the probe question was asked: ‘why could this
happen?’ or ‘how was this possible?’ or ‘what contributed to this?’. This probing was
repeated to derive not only the direct or immediate causes but also the underlying indirect
causes. Furthermore, for the recovery side of the near miss, the interviewer asked if the
actions involved were standard, prescribed by the organization, something everyone else
would do too or rather something this person spontaneously thought of at the time. The
interviewees’ accounts were also veriﬁed by cross-checking with procedure manuals, by
comparing their claims with information obtained for similar near misses, and by asking
co-workers, trainers or supervisors, while maintaining the conﬁdential nature of the
interviews.
Only those near misses about which enough information could be obtained were used
to ﬁnd an answer to the research question. This led to a total of 31 events, 15 involving
the preparation of chemotherapy medication and 16 involving on-demand and hospital
ward local stock medication. These events included reports made by junior pharmacists,
senior pharmacists, pharmacy assistants and pharmacy administrative staﬀ members.
Had there been no recovery, the reported events would have resulted in at least one of the
commonly (e.g. Benjamin 2003) referred to ﬁve wrongs in medication:
1.
2.
3.
4.
5.

Wrong patient (e.g. a case involving two patients with same name but diﬀerent
birthdates, where the wrong patient was selected to be printed on the labels).
Wrong drug (e.g. confusing drugs with similar names or reading wrong line on
standard drug order list).
Wrong route (e.g. intravenously instead of subcutane).
Wrong dose (e.g. using standard dose instead of requested dose or making a mistake
in writing down quantities or wrong position of decimal point).
Wrong time (e.g. rush order after the detection by nursing staﬀ who requested
medication had not been delivered).

Next to these ﬁve categories of medication ‘wrongs’, sometimes two additional categories
are also distinguished (e.g. Safren and Chapanis 1960): medication omission and extra
medication. Among the near misses that were collected, there were also events that
without recovery would have produced outcomes in these categories (e.g. medication
omission after a misplaced medication repetition request; extra medication after
preparing a chemotherapy that was already cancelled).
Each near miss was analysed according to the Prevention and Recovery Information
System for Monitoring and Analysis (PRISMA) method (e.g. Van der Schaaf 1992,
1996b). PRISMA is a risk management method in which incidents and process deviations
are continuously and systematically monitored, analysed and interpreted. Following this
method, based on the notes taken by the interviewer, ﬁrst the near misses were described
using the ‘causal tree’ approach, which is derived from fault tree analysis (e.g. Kirwan
1994). A causal tree starts with the reported symptom as the top event and traces this to
direct causes of the event, then to the indirect causes, until ﬁnally the causes at the most
fundamental level (which should still be within the organization’s control) are identiﬁed.
In the case of near-miss incidents the causal tree has both a failure side, identifying

Error recovery in a hospital pharmacy

509

factors causing things to go wrong, and a recovery side, explaining how this problem was
detected and further recovered. As soon as they were constructed, each causal tree was
veriﬁed by everyone involved in the depicted near miss, i.e. the reporting person as well as
any others, plus one or more other local subject matter experts, always resulting in a total
of at least three reviewers. This process also made it possible to collect further
information where needed. The failure factors at the bottom or root of the failure side of
the causal trees were coded using the PRISMA failure factor classiﬁcation model (also
called Eindhoven Classiﬁcation Method). This classiﬁcation model is built on the notions
of latent failures (Reason 1990), most often taking the form of either technical factors or
organizational and management characteristics, and the skill-, rule- and knowledge-based
behaviour model (Rasmussen 1986) for the human contribution to the incident. For the
purpose of this study, the medical version of the model was used (Battles et al. 1998,
Kaplan et al. 1998), which acknowledges the inﬂuence of patient-related factors.
Recovery factors were coded using the PRISMA recovery taxonomy (Nyst and Van
der Schaaf 2001, Van der Schaaf 2002) by distinguishing between planned and unplanned
steps as outlined in section 2, as well as by diﬀerentiating between technical provisions
such as computer systems, organizational provisions, such as prescribed checks and other
procedures, and human actions.
To assess reliability of the coding, three of the authors, all trained in the coding system,
independently coded all the failure and recovery factors identiﬁed at the roots of the
causal trees. An inter-rater agreement check, using the method proposed by Siegel and
Castellan (1988) for measuring agreement between multiple coders, corrected for chance
agreement, revealed k ¼ 0.80 (p 5 0.001). Following guidelines provided by Landis and
Koch (1977), this result indicated substantial agreement. Where diﬀerences in coding
were identiﬁed, consensus was reached between the coders regarding the ﬁnal coding
assigned to the factors involved before proceeding to further analysis.
5. Findings regarding negative and positive inﬂuences on recovery processes
To identify which factors had a negative inﬂuence on recovery, this study looked at the
failed or missed recovery opportunities before the eventual successful recovery in the near
misses in the dataset and identiﬁed the factors that contributed to this happening. With
regard to missed recovery opportunities, one can diﬀerentiate between planned and
unplanned recovery opportunities from the organization’s point of view, as explained in
section 2. The planned recovery opportunities available to pharmacy employees
concerned mainly built-in, prescribed checks, as described in section 3. The unplanned
recovery opportunities available mainly concerned using one’s knowledge and experience
to detect or further recover from things that were not as they should be, without being
told to do this by speciﬁc procedures or instructions. The factors that contributed to
missing or failing of these planned and unplanned recovery opportunities, i.e. negative
recovery inﬂuencing factors, could be coded as failure factors. Only in three near misses,
no recovery opportunities were missed at all. In total in the 31 near misses, 25 unplanned
recovery opportunities were missed, as a result of 33 failure factors, and 30 planned
recovery opportunities were missed, as a result of 37 failure factors – note that in one
missed opportunity multiple failure factors could have played a role.
Table 1 shows that in terms of the medical version of the PRISMA failure factor
classiﬁcation model, the dominant failure factor contributing to missing planned recovery
opportunities was organizational culture. A certain slackness had crept into performing
all of the prescribed checks. This appeared to be shared among all pharmacy personnel.
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Over time, people had started to perceive the abundance of checks aimed at catching
errors before patients could be harmed as too much and had become less aware of their
importance. Other failure factors that played a role in missing planned recovery
opportunities were organizational factors other than culture, such as management
priorities, shortcomings in or lack of procedures, insuﬃcient transfer of knowledge and
information to personnel, technical factors related to the design and programming of the
computer system used for medication preparation, a skill-based human error and several
rule-based human errors.
Table 2 shows that the dominant failure factor in missing unplanned recovery
opportunities was shortcomings in, or lack of, procedures or protocols, making it very
diﬃcult for people to detect and further recover from errors and other failures. Other
factors that played a role were technical design of the computer system used in the
pharmacy for medication preparation, organizational culture, errors made by people

Table 1. Failure factors involved in missing planned recovery opportunities.
Failure factor
Organizational – culture

Organizational – management
priorities
Organizational – procedures

Number of times
factor played a role
25

3
2

Organizational – transfer of
knowledge and information
Technical

2

Human – skill-based
Human – rule-based

1
3

Total

1

Example
Negligence in performing planned checks;
negligent authorization of medication
requests; rushing to be back in time for break
Low priority given to checking for
expired medication
No standard check of previous steps
during preparation
Employee lacks knowledge of correct dosages
No overdose settings for own product in
computer system
Remark that request was provisional not noted
Poor communication about task distribution

37

Table 2. Failure factors involved in missing unplanned recovery opportunities.
Failure factor
Organizational – culture
Organizational – procedures

Number of times
factor played a role
4
15

Technical

2

Human – rule-based

6

Human – knowledge-based

4

Human – external

2

Total

33

Example
Insuﬃcient attention paid to dosage during
authorization
No procedure for checking requests submitted
via telephone; no procedure for reporting
delays to wards
During input in computer system no feedback
re. errors
Wrong form in tray not noticed; no attention
paid to requested dosage, which diﬀered
from standard
Incomplete correction only on form not in
computer system
Nursing staﬀ did not report missing medication
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outside the pharmacy or human error inside the pharmacy (both rule-based and
knowledge-based mistakes).
To ﬁnd out which factors had a positive inﬂuence on recovery, this study looked at the
recovery processes that were eventually followed in the near misses to successfully return
the situation to normal (see table 3).
Most recovery processes took the form of detection followed by countermeasures, and
only two processes included an explicit step aimed at ﬁnding an explanation for the
detected problem and its causes. In terms of the PRISMA recovery taxonomy, detection
was most often the result of a planned organizational provision. In the remaining cases,
the detection involved unplanned, more ad hoc human activity. In 18 cases, the detection
was done by people from outside the pharmacy, in these cases hospital ward nursing staﬀ.
In all but one of these 18 cases, the nursing staﬀ followed a standard procedure or
protocol that led to the detection. Both the explanation steps observed were planned,
using organizational provisions such as available documents and systems, and were
performed by pharmacy employees. All of the countermeasures, or corrections, were
performed by pharmacy employees. Nearly all countermeasures were based on planned,
organizational provisions; only two involved ad hoc, unplanned human action.
The above results indicate that even though some (early) planned checks may fail, the
eventual recovery is mostly still the result of (later) steps pre-planned by the organization,
especially with regard to countermeasures. Without such provisions, it could have been
much harder to recover. Therefore, organizational provisions such as procedures and
training also served as positive recovery inﬂuencing factors. The importance of people’s
own reasoning abilities, however, most obvious in the unplanned detections, should not
be underestimated. The knowledge and experience of the people involved, applied in a
way not prescribed by the organization, were a positive inﬂuence on the recovery process.
In addition, in half (i.e. four) of the near misses involving unplanned detection, no earlier
planned recovery opportunities were missed, indicating that these situations depended
completely on ad hoc unplanned detection to be recovered.

Table 3. Successful recoveries.
Process phase
Detection

Explanation

Countermeasures

No.
planned
23

2

29

Example
During planned check
senior pharmacist
detects wrong
administration
form indicated
in protocol
Junior pharmacists
traces back all steps
performed so far
during preparation
to ﬁnd a suspected error
Pharmacy employees
following standard
procedures to prepare
required medication
to replace missing
or wrong
medication

No.
unplanned
8

0

2

Example
Based on ward knowledge
junior pharmacist detects
medication has incorrectly
been indicated the day
before as available in
local stock
Not applicable

Junior pharmacist retrieving
required medication during
weekend from other ward
where he knows it is
available
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6. Guidelines for improving recovery processes in the pharmacy
For the pharmacy to improve their performance with regard to recovery and thus
increase patient safety in the hospital, they should aim to reduce the identiﬁed negative
inﬂuences on recovery and reinforce the positive inﬂuences.
This analysis suggests several ways in which the pharmacy can reduce negative
recovery inﬂuences. First, given that organizational culture was a major factor in missing
recovery opportunities, such as planned checks, pharmacy management needs to change
this culture by increasing awareness among all employees that these checks are vital to
prevent patients from being harmed either by receiving the wrong medication or by delays
in receiving the required medication. One of the ways such awareness may be fostered is
the continuation and strengthening of the current near-miss reporting scheme: each
decision by an employee to report a deviation is another step towards a better culture
(Aspden et al. 2004). Demonstrating this by sharing information on real, de-identiﬁed
examples of failed recovery from the near-miss database should also help to drive this
message home. In addition, recovery was regularly made very diﬃcult because of
shortcomings in, or lack of, procedures. The pharmacy needs to address these problems,
too. If procedures do not work, people are less likely to follow them. Finally, the
computer system used in the pharmacy was another negative inﬂuence on recovery.
Computer systems can facilitate recovery processes by helping to detect conﬂicts in data,
but they need to be programmed to do this. This often involves feeding data such as
standards into the system and keeping it up to date. Currently, the system is not reaching
its full potential with regard to supporting recovery. This is another area that the
pharmacy should address.
The ﬁndings presented in section 5 also indicated ways to increase positive inﬂuences
on recovery. For example, having procedures and protocols to support detection and
further recovery turned out to have a positive eﬀect. Since some checks might fail, it pays
to have several checks (double or triple checks) built into procedures if the severity of the
potential negative consequences warrants this. But since it may not be possible to foresee
all potential problems, and not practical or cost-eﬀective to put procedures in place for all
eventualities even if they can be foreseen, pharmacy employees must have the knowledge
to detect and further recover from problems without the support of procedures. It is the
responsibility of the pharmacy’s management to ensure that knowledge and skill levels
are up to date. Special training could use problem scenarios inspired by reported near
misses to maintain everyone’s creative problem-solving skills. Furthermore, as many
recovery processes depended on involvement from people outside the pharmacy in the
detection that something was wrong, the pharmacy should encourage this role and keep
communication between the hospital wards and the pharmacy as easy as possible.
If organizations implement improvement measures, obviously they want to know if the
measures lead to the desired eﬀect. Similarly, it would be useful for the pharmacy’s
management to be able to measure whether their performance with regard to recovery
has improved, that is, if their recovery processes have become more successful, after
making the changes recommended above. Several indicators can be used to measure the
success of a recovery process (e.g. Kanse 2004). One indicator is what consequences
remain after all the recovery steps have been taken – more successful outcomes involve as
few negative remaining consequences as possible. The remaining consequences of the near
misses in this dataset, for example, varied from no negative consequences at all to having
to process rush orders, delays in getting correct medication to patients, temporary
shortages in medication stocked locally at hospital wards or having to throw away
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incorrectly prepared or unneeded expensive medication. One may also want to take into
account what the potential consequences were that were avoided as a result of the
recovery process, both with regard to type and severity level. Another aspect worth
considering is the resources (e.g. working hours and money) spent on recovery. It may be
acceptable to spend more resources on avoiding very severe potential consequences than
on cases where only minor consequences can result from doing nothing. In addition, one
may want to include how widespread the eﬀects have been before the recovery was
complete and how many recovery opportunities had been missed or failed before
eventually a successful recovery attempt was made. To a certain extent, as can be seen
from the remaining consequence examples given above, the resources spent, the aﬀected
area and the missed recovery opportunities could even be incorporated into the remaining
consequences, as speciﬁc types of remaining consequences. For each speciﬁc type of
remaining consequence, with the assistance of domain experts several categories can be
distinguished, corresponding with amount, size or level of severity. Weights can be
assigned to these categories from low to high. These weights can be summed across all
applicable types of remaining consequences per near miss and the result subtracted from
a potential consequence score obtained in a similar manner. Larger results thus obtained
indicate more successful recovery processes. By averaging a recovery process success
score over all the reported incidents an overall recovery performance measure can be
obtained.
Taking the above into consideration, the pharmacy can develop their own, tailor-made
recovery performance measure, to help them determine if they are improving their
recovery processes. A recovery performance measure would also add a positive measure
to the list of safety performance measures that generally only count negative events.
7. General conclusion
Even though the guidelines presented above are based on data collected at one speciﬁc
hospital pharmacy, some conclusions can be drawn that are potentially equally applicable
for other pharmacies or even other areas in (and outside) the medical domain. For
example, comparable ﬁndings from other domains, such as the chemical process industry
(e.g. Kanse 2004), indicate that what was pointed out above regarding the importance of
focusing on and supporting recovery is applicable in a variety of settings. With the shared
concern being patient (or general) safety, any health care (or other) organization or
organizational unit will beneﬁt from measures aimed at strengthening opportunities for
successful recovery.
Whether the guidelines given above regarding which negative inﬂuences to remove and
which positive inﬂuences to reinforce are the most appropriate depends on how similar
the processes and problems are to those in the pharmacy involved in the present study.
When investigating a new domain, it would be advisable to study local near misses and
recovery processes ﬁrst, to identify speciﬁc areas in need of improvement. The description
of how this was done in the present study can serve as guidance. The authors tried to
minimize the potential for bias to which retrospective accounts of events are prone,
especially events involving one’s own errors, by ensuring that there should be no worry of
repercussions, focusing on what went right and not only what went wrong, minimizing
the time between the event and the follow-up interview, consulting several people about
an event instead of only one and studying any written documentation relevant for the
event such as procedures, requests and preparation forms. In future research, where
possible, the use of additional data collection methods such as observations can help to
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further reduce the sources of bias. The guidelines given above regarding how recovery
performance can be measured are quite general and could equally apply in other
organizations and organizational units.
It is to be hoped that with this contribution available insights have been added into
how near-miss data can be used to increase the chance of successful recovery. It is also
hoped that others have been encouraged to start focusing on recovery as a more positive
alternative to strictly prevention-based safety management methods.
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