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Abstract: Securing both the patient and radiopharmaceuticals (RPs) circuit is an essential concern
in nuclear medicine (NM). These circuits converge at the RP administration phase, a key step in
patient management in NM. In a continuous quality improvement approach, we developed and
implemented an evaluation of professional practices (EPPs) methodology focused on RPs injection
to identify and correct deviations from good practices. The nuclear medicine technologists (NMTs)
of a single center were evaluated. A specific audit grid was designed for this purpose, covering
4 main themes. Following the audit campaign, an improvement action plan was set up to address
the non-conformities observed. Nine NMTs were audited on 4 RPs injections each. The mean total
score was 93.36% with, on average, 7.01% and 3.00% of unmet and partially met criteria, respectively.
In view of the non-compliance rates of hygiene and radiation protection items, theoretical reviews
of these themes were included in the improvement action plan. As a part of the quality assurance
system of a healthcare unit, EPPs are useful for identifying and correcting practice deviations at an
early stage. They should be regularly repeated and combined with rigorous training and qualification
of operators involved in RPs injection.

Keywords: Nuclear Medicine; radiopharmaceuticals; drug administration; professional practices
evaluation; cancer patients management; quality of healthcare

1. Introduction

As a specific activity in hospital pharmacy, radiopharmacy essentially consists of the
management of the radiopharmaceuticals (RPs) circuit [1]. Due to the unique nature of
this activity and regarding the constraints related to the handling of unsealed radioactive
sources for both diagnostics and therapy [2], radiopharmacy is mainly practiced within
nuclear medicine (NM) departments, directly in the care unit where RPs are administered to
patients. The radiopharmacist, a specialized hospital pharmacist who guarantees the quality
and safety of the radiopharmaceutical drugs process, therefore, has significant potential
for clinical pharmacy and interdisciplinary missions within the NM department [3,4].
In conventional NM, most RPs are preparations, produced on a daily basis through the
radiolabeling of a vector molecule (e.g., a bisphosphonate in the case of bone scintigraphy)
by a gamma-emitting radioelement (e.g., metastable technetium-99). These preparations,
conditioned in multidose vials, are then dispensed in patient-name syringes, delivered as
needed, and administered by injection. As such, the administration of RPs is a key step
in both the radiopharmaceutical drug circuit and the management of patient care in NM.
Indeed, any error occurring during this step and any previous deviation not identified at
this step may result in a medication error, potentially causing harm to the patient. The most
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common errors encountered during the radiopharmaceutical injection phase are closely
related to the five rights of medication administration [5]. They may involve patient identity
mistakes, failure to check the RP and/or the radioactive dose in the syringe at the time of
injection [6], lack of asepsis during injection [7], or lack of radiation protection that may
overexpose the patient and/or the operator [8]. It is therefore important to ensure the
safety of the RPs injection step and to maximize the quality of patient care through the
training and qualification of the healthcare staff (in this case, nuclear medicine technologists
(NMTs)).

Healthcare audits are practice evaluation methods based on specific criteria that mea-
sure the differences between the actual practice observed and the expected or recommended
practice. Among these methods, the evaluation of professional practices (EPP) consists
of analyzing a clinical activity in relation to available and updated professional recom-
mendations, to set up an improvement action plan to optimize this professional activity
and the quality of care delivered to patients. In a quality management approach, several
methodologies for the evaluation of professional practices in radiopharmacy were reported
in the literature; however, these did not include the RPs administration step [9–11]. Thus,
we describe herein the development and implementation of an audit program focused on
the injection step of RPs for scintigraphy. This audit was registered within our center as a
program of institutional EPP and aimed at identifying possible non-conformities to good
practices, for which actions for improvement could be proposed.

2. Materials and Methods
2.1. Elaboration of the Evaluation Grid

Firstly, the scope of the audit in development was defined on the basis of several
guidelines in NM and radiopharmacy [8,12,13]. Then, the evaluation grid to be used
during the audit (see Table S1) was elaborated by a working group composed of a quality
officer, two radiopharmacists, a health executive NMT, a nuclear physician, and a medical
physicist.

To ease the audit process, the chart items were divided into 4 chronological steps:
patient reception, administration phase, post-administration phase, and theoretical radia-
tion protection questioning. Each item on the chart was also assigned to one of the four
main themes evaluated during the audit: reception and administration, identity vigilance,
radiation protection, or hygiene. Finally, each item on the grid was weighted by a coefficient
ranging from 1 to 3 depending on its criticality (1 being the least critical and 3 the most
critical), as subjectively assessed by the working group. Several items were outside both
the scope of the themes evaluated and the scoring system, their purpose being to describe
the injection conditions or the patient population being managed (e.g., injection site or level
of disability of patients).

From a practical point of view, this audit campaign was planned over a period of one
month to allow for the evaluation of all NMTs who might be required to inject RPs into
our unit. The evaluation included observation of the NMT during 4 RPs injections: usually
4 intravenous (IV) injections for scintigraphy purposes, or 3 IV injections for scintigraphy
and 1 subcutaneous injection for lymphoscintigraphy purposes, when possible. A final
interview with the NMT completed the evaluation. The following rule was applied to score
the criteria of the audit grid:

• Criterion met (O) if all aspects of the item were fulfilled (the item scores the totality of
the points related to its weighting);

• Criterion partially met (I) when one of the aspects of the item was not satisfactory (the
item scores half of the points related to its weighting);

• Criterion not met (N) when none of the aspects of the item were correctly covered (the
item scores no points);

• Not applicable criteria (NA) when the aspects related to the item are not relevant to the
activity audited; NA criteria are therefore not considered in the calculation of rating
scores.
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To facilitate the calculation of rating scores and the interpretation of the results obtained
within the audited group of NMTs, a computer-based spreadsheet was created, allowing
the recording and archiving of the results collected for 10 NMTs during each audit cycle
(see Table S2). The total score in percentage, calculated for each injection audited and
considering the weighting of each item, was presented to the operator at the end of the
4 evaluations. An individual score for each of the 4 themes audited, calculated in the same
way, was also provided.

2.2. Audit Process

The evaluation was conducted in the NM department of a cancer center, which per-
forms about 6000 general NM imaging and 5000 positron emission tomography (PET)
imaging annually. The NM unit had 10 NMTs, among which 9 performed RPs adminis-
tration. These 9 NMTs had between 2 and 26 years of experience (mean = 12.9 ± 9.3 years)
in NM practice. For each audit, the examiner team was composed of the same two ra-
diopharmacists. The evaluation of 4 administrations and the interview with the audited
NMT were organized over a morning period and lasted 2 h on average. An audit grid was
completed by each radiopharmacist while observing the events listed among the items, as
they occurred. In case of a discrepancy between the two auditors in scoring a criterion of
the audit grid, immediate discussion to resolve the disagreement took place as soon as the
audited injection was finished. At the end of the whole audit campaign, the overall results
obtained by each NMT were presented anonymously during a staff meeting, with the listing
of the partially compliant and non-compliant criteria encountered. In response, to improve
the relevance of the corrective actions that could be proposed, each NMT was asked to
comment on the potential risk of an undesirable event associated with the non-conformities
encountered and on the possible improvements that they would like to be implemented.

2.3. Data Analysis

The data obtained during the audit campaign were recorded in the computer-based
spreadsheet created for this purpose (see Table S2). For each evaluation, the number and
proportion of criteria scored “O”, “I”, “N” and “NA” was expressed in absolute value
and percentage, respectively. A total score, expressed in percentage, was then calculated
considering the weight and the score of each criterion. An average score per operator,
expressed in percentage ± standard deviation, was finally calculated from the results
of four injection audits. The overall results and the NMT’s responses were compiled
and reviewed by the working group to provide improvement suggestions for each non-
compliant or partially compliant criterion.

3. Results

The working group collaboratively developed a 36-item grid, consisting of 13 items
for the Patient reception step, 15 items for the Administration step, 3 items for the post-
administration step, and 5 items for the Theoretical radiation protection questioning (see
Table S1). Concerning the 4 themes considered, the subdivision of some items into sub-idem
increased the number of scored criteria to 51, respectively 7 criteria related to Reception
and administration, 9 criteria related to identity vigilance, 15 criteria related to radiation
protection, and 20 criteria related to hygiene. Almost half of these criteria (n = 25) were
weighted with an intermediate criticality (weight = 2), 11 were considered highly critical
(weight = 3) and 15 qualified as low critical (weight = 1). Seventeen criteria were not related
to any of the themes studied, 7 to characterize the patient population under care, and 10 to
specify the conditions of administration. Table 1 summarizes the structure of the audit grid.
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Table 1. Distribution of the audited items according to their theme and criticality.

Criteria and Criticality

Topics Reception and
Administra-

tion

Identity
Vigilance Hygiene Radiation

Protection Total

High criticality (3)

7

0

9

2

20

5

15

4

51

11

Intermediate criticality (2) 1 7 10 7 25
Total number of

criteria in the
category Low criticality (1) 6 0 5 4 15

The entire NMT team of our unit (n = 9) was audited over 1 month. The detailed results
obtained are summarized in Figure 1. Of the 36 injections evaluated, 33 (91.67%) were
conventional intravenous injections for scintigraphy and only 3 (8.33%) were subcutaneous
injections for lymphoscintigraphy. The average total score, on all themes evaluated, for
the 36 injections observed was 93.36% ± 3.52% (min-max: 85.87–97.20%) (Figure 1A). The
average proportion of unmet and partially met items during one injection was 7.01% (min-
max: 0–20.51%) and 3.00% (min–max: 0–8.82%), respectively. The themes for which the
proportions of unmet items were the most important were Reception and administration
(17.22%) and Radiation protection (10.19%) (Figure 1B). The proportion of conformity of
the studied items seemed to be related to their criticality, with 97.24% of the criteria of high
criticality in conformity, 90.61% of the criteria of intermediate criticality in conformity, and
83.13% of the criteria of low criticality in conformity (for 1.39%, 4.47% and 15.94% of non-
conformity, respectively) (Figure 1C). Out of the 4 themes evaluated, 12 criteria (23.53%)
had a non-conformity rate above 50%, including the introduction of the NMT (83.3% non-
conformity, n = 29/36), the use of a lead apron (55.6%, n = 20/36), the questioning of
patients of childbearing age about potential breastfeeding (83.3%, n = 5/6) or the proper
4-step detersion when placing a catheter (100%, n = 5). Conversely, 28 of the criteria
assessed (54.90%) had a compliance rate of 100%, 6 criteria (11.76%) had a compliance rate
between 50% and 99%, and 13 criteria (25.49%) had a compliance rate between 0% and 49%
(Figure 1D).

Regarding the patient population managed, the majority (n = 34/36, 94.4%) were valid
patients; two patients in a wheelchair (2.8%) were also managed. Only one patient (2.8%)
verbally expressed anxiety about the examination. Most patients were administered in
a conventional injection booth (n = 33/36, 91.7%), 2 patients (5.6%) were managed in an
adjoining injection box normally used for therapies administration, and 1 patient (2.8%) was
injected directly under the camera. During the injections audited, none of the deviations
identified had a direct impact on the appropriate management of the patient within the
NM unit.

During the staff meeting to report the results of this EPP, all the evaluated criteria were
reviewed, with a particular emphasis on those listed above with the highest non-conformity
rates. These partially compliant and non-compliant criteria are summarized in Table 2.
The main points of vigilance that emerged were related to identity vigilance items (items
numbers 2, 5, 8, 24, and 25) and hygiene items (items numbers 15, 16, and 21).

In response to the suggestions and requests of the NMTs, several measures for im-
provement emerged to address the deviations encountered. Theoretical reviews focused on
hygiene and radiation protection were given in small groups of 3 NMTs by the radiophar-
macists and the medical physicist of the NM unit, respectively; these interventions have
been instituted with an annual frequency. Moreover, a poster reminding the five rights of
medication administration was designed and placed in each injection room of our unit (see
Figure S1).
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Table 2. Details of the most critical non-compliant criteria identified during the EPP campaign.

Theme Item
Partially Compliant

Records
(n)

Non-
Compliant
Records (n)

Overall
Non-Compliance

Proportion (%)

A

The nuclear medicine technologist introduces himself 1/36 29/36 83.3

In case of injection of blood-derived drugs: verbal
information of the patient before injection 0 2/3 66.7

In case of injection of blood-derived drugs: written
information provided to the patient 0 2/3 66.7

I

Concordance with the examination checked in the
patient file 0 5/36 13.9

Once installed, the patient asked to confirm their
last name 0 3/36 8.3

Once installed, the patient asked to confirm their
first name 0 2/36 5.6

Patient was asked to confirm the purpose of the
examination by open question (O)/By closed question (I) 25/36 0 69.4

Concordance between the examination and the
radiopharmaceutical checked just before administration 4/36 0 11.1

R

Woman of childbearing age asked about breastfeeding 0 5/6 83.3

Secure transport of the RP syringe 0 1/1 100

Shielded case used for RP syringe transport 0 1/1 100

Mobile cart used for RP syringe transport 0 1/1 100

Shielded apron worn for RP injection 0 20/36 55.6

H

Preparation of an injection tray with pads, plasters,
needles, gloves, tourniquet, and syringe 5/36 0 13.9

Catheter placed after 4-step detersion 0 5/5 100

Check of the catheter line by opening infusion of
NaCl 0.9% 0 4/5 80

A = Reception and administration; I = Identity vigilance; R = Radiation protection; H = Hygiene.

The results of this monocentric study provide a snapshot of how NMTs manage
patients in our unit when injecting an RP drug. Some deviations may not be identified by
this audit, especially since we describe here its first year of implementation. In addition,
since the audit grid was designed according to our internal procedures, it may require a
slight revision before being transposed to another center. Concerning the results presented
above, they may be slightly distorted by the Hawthorne effect, a reference to the propensity
of individuals to behave more appropriately when they know they are being observed [14].
Lastly, this type of evaluation tends to essentially highlight major deviations and can hardly
identify minor practice deviations, although their rapid correction after detection would
ensure the best possible quality of patient care.
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Figure 1. Results of the 36 RP injections audited during the EPP campaign with (A) Mean scores (%)
in total and according to the themes evaluated; (B) Mean proportions (%) of unmet, partially met and
compliant criteria based on the theme assessed; (C) Mean proportions (%) of conform (compliant)
and non-conform (unmet or partially met) criteria depending on their criticality; (D) Distribution (n)
of items according to their conformity rate.

4. Discussion

In view of the very specific activities carried out in NM departments, ensuring the
safety of both the patient care process and the RPs circuit is a major and daily concern
in this discipline [15]. Within this context, Kasalak et al. examined in a recent study the
patient safety incidents recorded in the incident reporting system of their nuclear medicine
unit [16]. Medication was identified as the main type of incident (24.5%), followed by
clinical administration errors (19.0%) and clinical procedure issues (18.4%). Several security
measures can therefore be considered to ensure the safety of patient management in NM,
particularly at the RPs administration step. A commonly accepted action might be, for
example, the implementation of an efficient quality management system [17]. It should also
imply strict adherence to validated internal procedures and extensive operator training,
which can sometimes be lacking [18]. The creation of electronic connections between
management systems (e.g., integrative NM/radiopharmacy software or bar code system
for RPs tracking) can also play an important role in securing both the medication circuit
and the patient course [19,20]. Nevertheless, the risk of administration errors in NM
can never be totally excluded, as their causes are multiple, most often involving either
the radiopharmaceutical used (incorrect RP or activity) or the patient being managed
(incorrect patient injected) [21]. Kearney and Denham published a study of the NM errors
reported in Australian radiation incident registers in 2016 [22]. They highlighted that
the primary cause of radiation incidents in NM was a failure in patient management
before or during the administration of the RPs. Comparable results have already been
shown by Martin, who studied an incident reporting system in Scotland and evidenced
that 47% of radiation incidents in NM were due to the administration of the incorrect
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radiopharmaceutical or incorrect dose [23]. Previous studies by Larcos et al. rather tended
to show that the preparation and dispensing of RPs was the riskiest step in the process
(n = 71/149 maladministrations), however, injection errors still accounted for 26.8% of the
maladministration reports studied (either injection of the wrong RP, n = 27/149, or injection
to an incorrect patient, n = 13/149) [24,25]. This underlines the importance of securing the
RP administration step, specifically the patient reception and pre-injection phase. More
generally, this securing approach should also be extended to other NM activities such
as targeted radionuclide therapy (TRT), where an error would be highly detrimental to
the patient, and even more so considering the growing interest for new intravenous TRT
drugs (e.g., 177Lu-DOTATATE, 177Lu-PSMA-617 or even alpha emitters such as radium-223
dichloride or 225Ac-DOTATATE) [26].

Given the lack of RPs administration audit methodology in the literature, we designed
an easy-to-use tool to identify deviations in RPs administration practices. Within an NM
unit, the radiopharmacist appears particularly qualified to conduct this type of quality
assurance and proper use of medicinal products mission. An evaluation led by a team
of two radiopharmacists also limits subjectivity bias. The audit grid was developed by
selecting specific key criteria to maintain a relevant evaluation, while reducing the time-
consuming aspect of such audits. Considering the variability of care procedures between
centers and the diversity of NM activities, this grid can be modulated or even adapted to
other NM tasks such as PET RPs injection.

With an average score per operator above 90%, the results of this first audit campaign
within our NM unit are encouraging. Interestingly, global scores were not correlated
with the years of experience of the NMTs (R2 = 0.1); nevertheless, several deviations from
good practice were highlighted. About the reception of the patient and identity vigilance
concerns, it appeared necessary to reconsider the nature of the initial interactions with
the patient in order, firstly, to limit as much as possible the risks associated with identity
vigilance and, secondly, to better promote patient-centered care in NM, proven to have
a positive impact in patient management [27]. Just prior to administering an RP drug,
increased vigilance was requested for the final check between the examination, the RP
syringe label, and the patient’s identity. Indeed, even if the overall non-compliance of this
item (n◦25) was only 11.1%, it describes the last time point before injection where potential
discrepancies can be identified and corrected.

The improvement action plan set up in accordance with the results of this audit
included hygiene (with a particular emphasis on the proper disinfection associated with
peripheral IV catheter insertion) and radiation protection reminders, whose benefits will
have to be evaluated on a longer term with annual repetitions of this EPP. These theoretical
and procedural reminders also called for the promotion of flexibility and resilience within
the NMTs team, in an attempt to optimize the security of the RPs injection position [28].

5. Conclusions

This work led to the development of an audit tool for EPP at the administration step
of injectable RP drugs. Implementation of this method in the NM department of a cancer
center revealed several non-conformities, notably on admission and injection, patients’
identity monitoring, and radiation protection points. These results led to the set-up of an
improvement action plan with corrective measures to address the identified gaps. The
annual repetition of this EPP on RPs injection practices would be especially useful for
the early identification and correction of practice discrepancies; moreover, future EPP
campaigns using this tool could be extended to more than one center with the possibility of
cross-evaluation. As a complement to other global audit approaches in nuclear medicine
and radiopharmacy [29,30], this work provides a turnkey EPP methodology focused on
a critical step of patient care in NM. It addresses the constant need for evaluation and
requalification of paramedical workers, in a positive error culture, to avoid deviations in
healthcare practices. This tool can be part of the continuous quality improvement process
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of a hospital care unit, as defined by several certification authorities, and can be a support
for departments willing to undertake such processes.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/healthcare10112247/s1, Table S1: EPP evaluation grid; Table S2: computer-
based spreadsheet for EPP results recording; Figure S1: five rights of medication administration
poster.
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