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Abstract

Objective: The global professional risk assessment applied to the central unit of antineoplastic agent preparations is part
of a mandatory approach required by the European legislation for workers. This study identified the hazardous situations
related to the staff activity and then enabled the preparation of a formal plan of occupational prevention.

Methods: The nature of study approved by a working group constituted by experts was the global risk analysis. After
identifying the hazardous situations, the global risk analysis estimated the risk level of each hazardous situation based on
a criticality score, including severity and frequency. The global risk analysis highlighted the initial and residual risks after
establishing a plan to reduce the high criticality risks.

Results: Hence, 33 unacceptable hazardous situations were identified. The critical categories of professional risks were
“Product, emissions, and waste risks” with 17 (55%) hazardous situations; “Psychosocial risk factors” with 8 (24%) hazardous
situations; and “Risks related to work equipment” with 6 (18%) hazardous situations. Once the risk reduction plan was in
place, all hazardous situations were considered under control. The corrective actions led to a reorganization of human
resources, the update of protection protocols, and optimization of ergonomic work tools. Staff-specific medical monitoring
and regular surface contamination tests have been scheduled annually. In addition, initial and continuous training, specific to
product and waste risks, has been updated.

Conclusion: The global professional risk assessment related to centralized antineoplastic agent preparation unit generated
failure in our system and enabled corrective actions for staff safety.
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Introduction requirements.! In addition, hospital managers are required
by law to identify hazards and conduct a comprehensive
occupational risks assessment of the clinical activity. The
processes of hazard identification and risk assessment will
define the actions required to ensure the safety and protection
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Figure |. Accident scenario description.

of the physical and mental health of the workers. They
involve in the first place actions for the prevention of occu-
pational hazards, information and training for workers, and
the implementation of the resources and organization nec-
essary to achieve the objectives. The prevention measures
in the risk management plan cover the intelligent deploy-
ment of techniques, working organization and conditions,
social relations, and the impact of work-related issues. In
our hospital, it emerged that data on occupational risks
were not available for personnel working in the centralized
antineoplastic agent preparation unit.

In this context, the objectives of this study were to evalu-
ate potential occupational risks associated with the central-
ized antineoplastic agent preparation unit; to identify
hazardous situations for each danger; to develop a work
safety plan; to limit the costs of work-related accidents,
occupational illnesses, and absenteeism; and to improve
work safety, standards, and conditions.

Materials and methods

Selected method

The nature of the selected method is a global risk analysis
(GRA) used in multiple fields covering industrial, military,
financial, environmental, and health care activities. The
GRA is a systemic, rigorous, and inductive approach per-
formed in two steps: the GRA system and the GRA scenario.?
The GRA system determines the general and specific hazard-
ous situations and constructs the risk map. The GRA
scenario associates each hazardous situation with a scale of
severity, frequency, effort, and acceptance of risk level. For
each hazardous situation, the occurrence of an accident can
be dreaded depending on the association of possible causes
that may trigger it (Figure 1). The severity scale is built at
five levels corresponding to consequences on the system per-
formance and on the system safety. The frequency scale is
associated to recurrence periods. The effort scale is classified
in three levels attributed to each risk management action.
Then a criticality matrix derived from these scales is built to
score the hazardous situations in acceptable, under control,
or unacceptable risk. The map highlights the initial and
residual risks after establishing a plan to reduce these risks.

The GRA was applied to draft the global risk document—
related global process (Figure 2).

Figure 2. Steps to draft the global risk assessment.

Prepare the approach

The occupational risks were in part directly detected in the
workplace in real situation. Furthermore, a working group
was created to conduct an a priori occupational risk assess-
ment, composed of PhD, PharmD, pharmacy dispenser,
agent, and hospital technician. The working group assigned
a project leader who was trained in the risk analysis meth-
ods. A participative process on knowledge, understanding,
and thinking about work is necessary to evaluate the occu-
pational risks in each work unit. The sample size selected in
the study was justified by the knowledge of the staff work-
ing in the unit about potential occupational risks with anti-
neoplastic agents.

Evaluate the risks

Once the working group was formed, the occupational risks
were identified. Information on occupational risks faced by
employees was gathered based on ad hoc meetings. Each risk
was determined using assessment parameters approved by
the working group in terms of severity and frequency. For
each identified risk, a least two observations were made to
incorporate this risk in the study. As defined in Table 1, a
value range from 1 to 4 was attributed to each hazardous
situation to quantify severity and frequency. The severity
scale was built by taking into account discomfort, degree of
physical harm, possibility of hospitalization, and psycholog-
ical integrity (Table 1). All the scales were established by the
working group according to the methodology described pre-
viously by Desroches.? The occupational risk was then rated
by combining severity and frequency to provide a criticality
matrix and prioritized (Table 2). To visualize initial and
residual risks for hazard categories, radar charts, also called
Kiviat diagrams, were built from the data values as repre-
sented in Figure 3 and plotted from criticality scale. The
radar charts were developed using the software StatCart
(V2.0, MAD-Environnement, Nailloux, France).

Elaborate a program of corrective actions

Preventive actions have been classified by priority based on
risk level and the expected effort to apply corrective actions.
The working group prioritized unacceptable hazardous situ-
ations. The residual risks were re-rated by the criticality of
hazardous situations following corrective actions. If new
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Table |I. Severity and frequency scales.

Severity scale

Sl Minor consequences Discomfort, minor damage

S2 Significant consequences Accidents with damage without cessation of work (i.e. irritant dermatitis with antineoplastic agent)

S3 Serious consequences Accident with sequelae (reversible damage with cessation of work) or hospitalization (i.e. burn
marks on skin)

S4 Catastrophic consequences Accident with irreversible damage (i.e. eye burns) or death

Frequency

Fl Exceptional One or less time a year

F2 Occasional Between 2 and 5 times a year

F3 Frequent Once a month

F4 Very frequent More than once per month

Table 2. Criticality matrix.

Severity Frequency

FI F2 F3 F4

sS4 4

S3
S2

Sl

| to 3: the risk was considered as acceptable.
4 to 7: the risk was considered as tolerable under control.
8 to |6: the risk was considered as unacceptable.

criticality indices were unacceptable, then additional correc-
tive actions were proposed.

Results

Global analysis

The working group was constituted of four hospital dispens-
ers, three hospital pharmacists, one hospital agent, and one
technician. All of them were regularly operated in the cen-
tralized antineoplastic agent preparation unit. The working
group drew up the global document on occupational risks
based on the identified occupational hazards and their
assessment (Figure 3). Thus, 33 hazardous situations have
been identified and considered unacceptable. The critical
categories of professional risks were “Product, emissions,
and waste risks” with 17 (55%) hazardous situations;
“Psychosocial risk factors” with 8 (24%) hazardous situa-
tions; and “Risks related to work equipment” with 6 (18%)
hazardous situations. To visualize initial and residual pro-
fessional hazards, radar charts (i.e. Kiviat diagrams) were
built (Figures 4 and 5). After the risk reduction plan was
designed, all hazardous situations were under control.

Psychological risk factors

The working group identified some critical psychological risks
such as workload, repetitive movements, and organization.

Hazardous situations included stress, fatigue, lack of medi-
cal supervision, staff turnover, and absence of training in
occupational risk prevention. This may lead to sick leave,
needle stick, toxic contamination, and a perception of
ineptitude. To reduce these occupational risks, the working
group suggested four corrective actions: adjust the number
of staff to the activity, provide a break for every 2h, plan
ongoing training on occupational risks for each worker, and
request an annual health checkup for each activity. The esti-
mated time to implement corrective actions ranged from 1
to 6 months.

Risks related to work on screen

In the centralized preparation unit, the pharmacists who vali-
date prescriptions and edit production sheets worked all day
on the computer screen. The working group noted ocular
signs of irritation, dryness, eye fatigue, headache, and visual
pain. To reduce incidence of eye symptoms among computer
users, eye pauses, appropriate workstation adjustments,
lighting control, and dazzle reduction have been instituted.

Risks related to work equipment

The centralized antineoplastic agent preparation unit is a
confinement area where staff was fully isolated from the rest
of the pharmacy and particularly from the fire alarm relay. To
prevent any fire risk, a fire alarm report was installed in the
centralized preparation unit. Moreover, the risk of back pain
due to extend sitting time during the preparation process was
minimized by purchasing ergonomic chairs. The staff was
also impacted by the information technology (IT) system due
to a bad network connection that caused staff irritation. A
general analysis of the IT system identified the slowness of
the process. A further hazardous situation reported by per-
sonnel was the potential exposure to the toxic vapors ema-
nating from the plastic of the automatic welding machine. A
filtering facepiece particles type 2 (FFP2) mask was subse-
quently requested by the working group to prevent this kind
of inhalation toxicity.
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Figure 3. Part of global risk assessment.
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Figure 4. Radar chart for initial occupational hazards.
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Table 3. Relevant indicators of occupational health and safety.

Subject Strategic target

Indicator

Work conditions No occupational accident

Decrease work stoppage

No exceedance of normal work hours
Each staff member should be trained
Each staff member should be trained
Each staff member should be evaluated

Each staff member should be evaluated

Training

Human conditions

Budget devoted to professional safety

Each staff member should have a medical visit
No more than 2 consecutive hours for the production
No area contamination by antineoplastic drugs

Number of incident related to needles

Number of days lost

Number of overtime hours

Number of hours of training by employee
Percentage of topics related to occupational safety
Number of staff evaluated for professional risks
Percentage of employees trained

Percentage of members having a medical visit per year
Number of hours exceeded

Variation in contamination rate

Amounts spent annually
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Figure 5. Radar chart for residual occupational hazards.

Products, emissions, and waste risks

This hazard category is the most risky part of the global occu-
pational risk assessment covering 17 hazardous situations.
Exposure to the antineoplastic drug may be due to ocular, inha-
lation, or skin contact. The use of the isolator mitigates the
inhalation risk and is a highly effective device for reducing sur-
face contamination. The main route for exposure is mainly the
skin route via possible contamination of the external surface.

Indicators of occupational health and safety

The management of occupational risks related to the central-
ized antineoplastic agent preparation unit involves the estab-
lishment of specific occupational health and safety indicators.
The indicators will quantify specific issues related to working
conditions. A dashboard was constructed with some relevant
indicators (Table 3). In a recent study, safety of occupational
exposure to residual contamination with antineoplastic drugs
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was investigated, and the main corrective action was to
strengthen the training program.’

Discussion

The drafting of the global occupational risk document for
the centralized antineoplastic agent preparation unit in our
hospital made it possible to identify corrective actions in
the field of personnel health and safety. This report high-
lighted the main gaps in our workplace health system. The
psychological pressures identified by personnel can have a
negative impact on the mental or physical health of the
worker. Data showed that psychological stress at work was
associated to depression, emotional distress, anxiety, burn-
out, and psychoactive drug use.*® The psychosocial work
environment is critical to mental health, especially for
employees operating in stress areas such as centralized
antineoplastic drug preparation units. The study focused
on implementing corrective measures for work stressors. A
key approach to preventing work-related stress consists of
professional training.® The time spent on the computer
screen was reported as high by the working group. Because
eye symptoms were noted (irritation, dryness, eye strain,
headache, and pain), working time on screen should be
reduced to a minimum, if possible.!0:11

To assess the risks of antineoplastic agents to workers,
some publications report an investigation of potential occu-
pational exposure survey by measuring concentrations of
antineoplastic drugs on surfaces. In Sugiura et al.’s'? study,
surface contamination by cyclophosphamide was measured at
the nursing station and in the biological safety cabinet (BSC).
The results showed contamination on surface telephone table
(4.45ng/cm?), floor in front preparation table (1.12ng/cm?),
and floor below IV stand (4.82ng/cm?). Near BSC, lower lev-
els of contamination were noted on floor in front of BSC
(0.11ng/cm?). In a recent study, skin contact monitoring of
antineoplastic drugs was performed using wipe samples
from exposed surfaces.!* The analysis in the preparation
room ranged from < limit of detection to 276 ng/cm? with
contamination on computer and telephone (14%), door (5%),
cupboard (35%), table (10%), and floor (18%). Further stud-
ies have shown that surfaces of commercial vials, pre-filled
syringes, and infusion bags can be contaminated by cyto-
toxic drugs.!416 In the study of Turci et al.,'¢ the determina-
tion of antineoplastic drug contamination on the surfaces
showed high levels of 5-fluorouracil (FU) on drug vials
(156 pg) and IV tubing set (22.2 ug). Because no occupa-
tional exposure limits have been established for antineoplas-
tic drug concentrations, safe exposure levels should be at
zero contamination. The cleaning protocol must be effective
depending on the cleaning solution used, volume, exposure
time, and application mode.!” In addition, the efficacy of the
decontamination process would include both the surface
materials and the physicochemical properties of antineoplas-
tic drugs.!” Standardization, evaluation, and validation of the

cleaning procedures are required to guarantee an optimal
washing process. While safety precautions were applied in
the centralized preparation unit, potential hazards were
identified by the working group such as skin or inhalation
exposure, unsafe needle punctures, and accidental contami-
nation due to a lack of occupational hazard knowledge. To
remove as much as possible these occupational risks, the
exposure time was reduced to a minimum and personal res-
piratory equipment was supplied. Cytotoxic contamination
tests were performed on technical areas. To manage anti-
neoplastic drug exposure in emergencies, safety protocols
and protective kits accessible to staff have been established.
Moreover, a health program was suggested by the working
group for the individual monitoring of personnel health sta-
tus based on their activities in the centralized preparation
unit. The pharmacy manager in charge of this unit assessed
for each employee the risks of occupational exposures that
could affect them. To support this initiative, the risk man-
ager has planned information and training workshops for
staff. Since dermal or inhalation exposures are not excluded,
women of childbearing age who wish to have a child were
immediately exempted from the centralized preparation
unit. Likewise, pregnant women or women who are breast-
feeding were inevitably prohibited to work in any activity
related to antineoplastic agents. To assess chemical con-
tamination of surfaces when handling antineoplastic drug
preparation, antineoplastic agent levels were determined by
an external organism. The cartography of most contami-
nated areas could allow remedial action for cleanup. In the
study by Kiffmeyer et al.,!8 it was suggested that repeated
monitoring of contaminated areas should be scheduled.
Decontamination and cleaning procedures for all devices in
contact with antineoplastic drugs have been set up, inde-
pendently of the mandatory use of gloves. Moreover,
potential toxicity in humans was assessed by determining
concentrations of antineoplastic substances in the urine.
Contact exposure to antineoplastic drugs and technical risk
assessment tools should be considered by the director of
risk management.

In the present work, the global occupational risk docu-
ment identified hazardous situations in a centralized anti-
neoplastic agent preparation unit and defined occupational
risks for each worker depending on their activities and
measures to control them. The fields of corrective action
concerned information on occupational risks for workers in
contact with antineoplastic agents, updating emergency
procedures, setting up regular health monitoring and con-
tinuous training. For each antineoplastic substance, a safety
data sheet containing instructions for its safe use should be
readily available to staff. In addition, accurate information
on the potential risks of exposure to antineoplastic sub-
stances was also vital for a risk management strategy. The
work tasks that could expose workers to toxic agents were
identified and allowed the risk to be reassessed for each
worker. The limitations of the analysis were the subjective
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appreciation of the experts, the need for sustained analysis,
and the sample size of participants.

Conclusion

The drafting of the global occupational risk document for the
centralized cytotoxic preparation unit revealed failures in our
system and enabled corrective actions for personnel safety.
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