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Abstract

Objective: To evaluate the efficiency of the profocolization and centra-
lization of the preparation of infravenous vasoactive drug mixfures in the
treatment of crifically ill patients.

Method: A prospective interventional study (July 2012-December 2014)
was conducted to measure the impact of different vasoactive drug pro-
tocols on cosfs in the freatment of crifically ill patients. The economic
impact was measured by comparing the direct costs (fixed and variable)
of the preparation of infravenous vasoactive drug mixtures in the Pharmacy
Department with their traditional preparation in hospital care units. The va-
riables time and cost of preparation of an infravenous mixture were mea-
sured. Costs included pharmaceutical product, diluent, medical supplies,
cost of manpower, and use of laminar flow cabinefs in the Pharmacy
Department. Costs were measured in Euros.

Results: A siatistically significant difference was found between proce-
ssing fimes in the Pharmacy Department and those in the hospital care
unit (2.10 vs 2.86 minutes). Centralized preparation in the Pharmacy
Department was more efficient. The average cost of preparation was
€5.24+1.45 in the Pharmacy Department and €5.62+1.55 in the hospital
care unit, although this difference did not reach statistical significance. If
the analysis had included the cost of intravenous mixtures that had expired
prior to their use, the centralized preparation of the mixtures in the Pharma-
cy Department would have entailed a higher cost (€2 174/y).
Conclusions: The centralized preparation of intravenous mixtures in the
Pharmacy Department entails significant time savings compared with their
preparation in the hospital care unit.
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Resumen

Objetivo: Evoluar la eficiencia de la protocolizacion y centralizacion
de la elaboracién de mezclas intravenosas de farmacos vasoactivos en
el tfratamiento del paciente critico.

Método: Se realizé un esfudio prospectivo, de infervencién (julio
2012-diciembre 2014) para medir el impacto de la protocolizacién de
mezclas infravenosas en el coste del tratamiento del paciente crifico. Para
realizar el andlisis econémico se compararon los costes directos (fijos y
variables) de la preparacién de mezclas intravenosas de féarmacos va-
soactivos en el Servicio de Farmacia versus preparacién en planta. Se
midieron las variables tiempo y coste de elaboracién de una mezcla
intravenosa. Para la deferminacion del coste final de elaboracion se inclu-
yeron medicamento, diluyente, material fungible, personal y utilizacion de
las cabinas de flujo lominar. Los costes se midieron en euros.
Resultados: la diferencia enconirada en los tiempos de elaboracion
entre el Servicio de Farmacia y la Unidad de Enfermeria (2,10 versus
2,86 minutos) fue estadisticamente significativa y favorable a la elabora-
cién centralizada en el Servicio de Farmacia. El coste medio de elabo-
racién por mezcla fue 5,24 + 1,45 euros en el Servicio de Farmacia y
5,62 + 1,55 euros en planta, aunque la diferencia encontrada no alcanzéd
la significacion estadistica. Al incluir en el andlisis el coste de las mezclas
intravenosas caducadas anfes de su utilizacién, la preparacién centraliza-
da en el Servicio de Farmacia supuso un coste superior (2.174 euros/afio).
Conclusiones: La elaboracion en el Servicio de Farmacia supone un
ahorro significativo de tiempo en comparacién con la preparacién en
planta. La diferencia de coste de esta alternativa, debida principalmente
al impacto de las mezclas infravenosas caducadas, se eliminaria al opti-
mizar la produccién en la Unidad de Mezclas Intravenosas y al minimizar

las pérdidas por caducidad.
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Introduction

High-risk medications (HRM) are medications that incur a high risk of
causing severe or even fatal harm to patients when used incorrectly'?. The
Insfitute for Safe Medication Practices (ISMP) published a list of drugs consi-
dered to be high risk in hospitals®*. This list includes intravenous vasoactive
drugs (VAD), such as adrenergic agonists, dopaminergic agenfs, and orga-
nic nifrates. The inclusion of medications in this list does not mean that errors
associated with these medications are more frequent, but that if they were fo
occur, the consequences could be more severe!. For this reason, HRMs are
a priority for professional bodies concerned with patient safety.

No single practice can guarantee complefe safety when working with
HRMs. Thus, in order to reduce preparation errors, we recommend the im-
plementation of different specific practices, such as the use of defailed and
explicit protocols, and the centralization of the preparation of infravenous
mixtures of HRMs in the Pharmacy Department (PD)'.

The concept of the Intravenous Mixtures Unit (VMU appeared in the
1960s as a way to guarantee the stability and compatibility of infrave-
nous mixtures (IVM). However, the centralized preparation of IVMs other
than parenteral nutrition and chemotherapeutic agents is common in the
USA, but not in Europe. In Spain, the preparation of IVMs that require
the handler to be profected is widely accepted. Compared fo the rest of
Europe, the situation is better in Spain®¢, where 9.5% of PDs prepare most
of the IVMs.

The preparation of IVMs in hospital care units involves a range of factors
that can generate errors. In addition, the preparation of different concentra-
tions increases the risk of error’®?. For these reasons, an VMU is a key assef
in the prevention of medication errors'®'". Furthermore, the centralization of
the preparation of infravenous mixtures of HRMs enables their standardiza-
tion', as corroborated by the Guide to Good Practices for the Preparation of
Drugs in Hospital Pharmacy Departments'?.

Although there are still few studies on the costs of preparation of IVMs
in the PD compared to their preparation in hospital care units, it has been
suggested that the batch preparation of IVMs in an IVMU may be more cost
effective than their preparation in hospital care units'®1413,

The centralization of the preparation of infravenous VADs in our hospital
led to improved patient safety'®. Based on this result, we conducted a time-
cost analysis fo assess the efficiency of the process.

The main objective of this study was to evaluate the efficiency of proto-
colization and centralization of the preparation of infravenous VADs in the
treatment of critically ill patients. The specific aims were:

To analyse the preparation times of vasoactive IVMs with or without
profocolization and centralization in the PD.

To assess the economic impact of the profocolization and centralization
of the preparation of vasoactive IVMs on costs in the treatment of crifically
ill patients.

Methods

A prospective inferventional study was conducted in a ferfiary hospital
(July 2012-December 2014) to measure the impact of the implementation
of vasoactive IVM protocols on safety, efficacy, and costs in the treatment
of critically ill patients'®. Firstly, a working group was set up fo select the
drugs and preparations to undergo protocolization and standardization. Se-
condly, the group organized the centralization of the preparation of profo-
colized IVMs in the PD. The preparation of IVMs in the PD was sequentially
implemented in the following Intensive Care Units (ICU): General Medicine
(10 beds), General and Digestive Surgery (10 beds), Cardiovascular Sur
gery (10 beds), and Coronary Care Unit (13 beds).

From these ICU units, we selected patients >18 years receiving
treatment with 1 or more of the protocolized vasoactive IVMs. Patients
participating in clinical trials were excluded, as well as patients from the
neurosurgical ICU, because of the lack of an electronic prescription system
in that unit.

Results on safety and efficacy have already been published'. To per
form the cost analysis, the following variables were measured:

. IVM preparation fime: time in minutes of the complefe process of the pre-
paration of an VM in the hospitalization unit or in the PD. The complete
process included: time of preparation of materials; and preparation of
the VM and labelling.

To defermine the time of preparation of an IVM in the PD and in the
hospital care unif, we recorded the time needed to complete all the fasks in
the preparation process: verification of the VM 1o be prepared; preparation
of the materials; preparation of the IVM; disinfection of materials and work
surface; and labelling. The pharmaceutical validation of prescriptions was
assumed fo be similar in both setfings.

A. Pharmacy Department:

¢ Pharmaceutical fime necessary to establish Standard Operating Proce-
dures (SOP) relying on the data available in the Product Catalogue and
Invoicing of the Spanish Society of Hospital Pharmacy [SEFH)” for each
new VM, and time spent in training staff.

e Creation of worksheets and labels. Subsequent verification (pharmacist).

e Preparation of the medication and packaging materials (pharmacy as-
sistant).

e Disinfection of materials and work surface, and preparation of the IVM
(Batchelor of Science in Nursing [BSN]).

e labelling (BSN).

e Final check of the prepared IVM using the worksheet [BSN).

B. Nursing control:

e Using of the nursing checklist to confirm the prescribed IVM and the
guidelines to follow in its preparation (BSN).

e Preparation of the medication and packaging material (BSN).

e Disinfection of the work surface and preparation of the IVM [BSN).

e Preparation of the label and labelling of the IVM [BSN).

Some of the preliminary process times (clarification of questions, phar-
macy refrigerator checks, calculations needed for scheduling, etc) were
not taken into account, because some of these actions were not performed
in the hospital care unit. Rest breaks and hospital porter times were also
not included, because IVMs were distributed from the PD to the clinical
units with other medications while refilling the Automated Dispensing Sys-
tems (ADS).

In the PD, the time needed to prepare the batches of IVMs was recorded
over 8 working days (405 MIV in fotal). In the hospital care unif, 2 expe-
rienced nurses from 2 different ICUs prepared 3 different IVMs per day for
5 consecutive working days (30 MIV in total). Taking info account the daily
batch preparation of the new IVMs in the PD, and individualized prepara-
tion per patient in the ICUs according fo usual practice, we estimated that
the samples would be adequate to perform the analysis®. Process times
were recorded by the research pharmacist.

Il Preparation costs: final price of an IVM in 2014 Euros (€). Costs inclu-
ded:

Cost of medication and diluent (Average Invoicing Price [AIP]): net
cost, including 4% VAT and applicable discounts (€).

Staff costs: gross salary of healthcare staff (€).

Medical supplies costs: net cost, including VAT (10% or 21% according
to the arficle) and applicable discounts (€).

Costs associated with the use of laminar flow cabinets (LFC).

To assess the impact of the protocolization on the cost of treatment, we
compared direct costs (fixed and variable] of the preparation of vasoactive
IVMs in the PD and in the hospital care unit. The cost of the faciliies and
the purchase cost of the cabinets were not faken into account because they
were already amortized. The cost of maintaining the area was not included
in the calculations. To establish the LFC operating, maintenance, and annual
filker change costs, we calculated the percentage of the LFC operating time
dedicated to the production of IVMs per week.

Net costs of drugs and diluents were obtained from the PD mana-
gement software database. The cost of medical supplies was obtained
from the Supply Service. Staff costs were obtained from the Official
Bullefin of the Community of Madrid of January 31, 2014, taking into
account the total annual salary in the categories BSN and Medical
Specialist. Table 1 shows gross staff salaries and net medical materials
and supplies costs.

To determine the final cost of preparation of IVMs, we included medica-
tion, diluent, medical supplies, staff costs, and use of LFC.

We also calculated the cost of unused and expired IVMs in the PD or
in the ADS of the hospital care unit. The cost of disposal of expired IVMs
was not included.
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BSN Time 13.35
Salary costs
PS Time 22.99
............................................... Annuqlﬁ“‘erchqnge ——
(Elgumi?nn(:sgto;?it:bineﬂ Annual review/certification 265
Operation 1 kw/h 0.13
SE—— Syr|nge3m|_ ...................................... Y
Syringe 5 mL 0.03
Syringe 10 mL 0.05
Syringe 20 mL 0.22
Syringe 50 mL 0.19
Needle 16 G 0.08
. Needle 21 G 0.28
Costs of materials
Coat 2.31
Hat 0.02
Mask 0.03
Footwear 0.04
Sterile surgical glove 0.29
Vinyl glove 0.02
e Sk Photorprotection AG ... o

BSN, Bachelor of Science in Nursing; PS, Pharmaceutical Specialist.

Finally, we conducted a univariate deterministic sensitivity analysis o
assess whether the results obtained in the baseline analysis were sensitive
to changes in the main variables susceptible to uncertainty or with a certain
margin of variability. Thus, the following scenarios were considered:

- Exclusion of the cost of expired IVMs. We also estimated to what degree
preparation could be optimized to achieve a reduction in the total num-
ber of expired IVMs per year.

—  Exclusion of the fime-cost of the pharmacist required to create new SOPs.
To facilitate the analysis, a spreadsheet was designed using Excel 2007

All estimates were made for a 95% confidence interval (95%Cl), and a P

value of <.05 was used as a cutoff for statistical significance. Time and cost

variables were expressed as mean and standard deviation. The symmetry
of the variables was examined using graphic methods and the Shapiro-Wilk
normality test. Means were compared using the Student t test for indepen-

dent samples using the Stata software package version 12.0.

Results

IVM preparation time

In the IVMU, 18 bafches were prepared [average 23 + 12 units/batch)
with @ mean IVM preparation time of 2.10 = 0.77 minutes (95%Cl, 1.33
-2.87).

Table 2. Processing Costs in the Hospital Care Unit (2014 Euros)

In the hospital care units, the mean IVM preparation time was 2.86 =+
1.22 minutes (95%Cl, 1.64 - 4.08).

The difference in preparation times (2.10 vs 2.86 minutes) was stafisfica-
lly significant (P = 0.002), showing that preparation in the VMU was more
efficient. Preparation time in the VMU was 26.41% lower than preparation
time in the hospital care unit.

In 2014, 8433 IVMs were prepared in the IVMU. The mean time gained
by preparation in the VMU was 0.76 min/IVM (1.26 h/100 IVM [95%Cl
0.50 - 2.00] and 106.26 h/y [95%Cl, 42.02 - 16992]).

Preparation time was lower in the IVMU for all types of IVM, except for
adrenaline; however, the only difference in preparation time that reached
statistical significance was for noradrenaline (p = 0.007).

Cost of IVM preparation

Tables 2 and 3 show the cost of medicines, saline solutions, and medi-
cal supplies, and the cost of preparation in the hospital care unit and in the
PD. The unit cost per VM was lower in the IVMU for all IVMs.

IVM preparation required 58.82% of the operating time of an LFC wor-
king surface, entailing filler change costs [€676.47), annual maintenance
cosfs [€155.88), and operating costs (€34.58). Taking into account the fofal
number of IVMs prepared per year, the additional cost of using the LFC was
€0.10 per VM.

The establishment of protocols for each new IVM prepared in the PD
needed 180 minutes of pharmaceutical time (5 new SOPs = 15 hours in
total)’”. Taking into account the total number of IVMs prepared per year, the
additional cost in pharmacist time was €0.04 per VM.

Table 4 shows the final cost of each type of IVM by hospital care unit
and PD. The average cost per VM was €5.24 + 1.45 in the PD and €5.62
+ 1.55 in the hospital care unit, entailing a saving of 6.76% in the IVMU.
The difference did not reach statistical significance (P = 0.701).

Given that 8,433 MIVs were prepared in 2014, the overall cost of pre-
paration was €44,188.92 in the PD and €47,393.46 in the hospital care
unit. However, the inclusion in the analysis of VMs that reached their expiry
date before use showed that centralized preparation in the PD was more
expensive than preparation in the hospital care unit (€2174/y).

Sensitivity analysis

Scenario 1: Exclusion of the cost of prepared IVMs that reached their
expirafion date before use. In this scenario, the centralized preparation of
IVMs in the IVMU entails a potential saving of €3165/y.

We also considered the optimization of IVM production, and assessed
the impact of halving the total number of expired IVMs. In this case, the
difference in costs, although lower, would still be favourable to centralized
production with savings of €449/y.

Scenario 2: Exclusion of pharmacy time needed to design the new
SOPs. The average cost of preparation per IVM would be €5.20 + 1.44
in the PD and €5.62 + 1.55 in the hospital care unit. However, the overall
cost difference would not be favourable fo centralized preparation in the PD
[E1921 more per year).

Combining the 2 scenarios showed that centralized preparation would
enfail a potential saving of €3511 per year, although this result did not
reach statistical significance.

IVM adrenaline IVM dobutamine IVM dopamine IVM nitroglycerin IVM noradrenaline
Medlcahon 044 .I.\Aedico'rion 3.74 Me“c.i.i;oﬁon ...... 0.37 Me“cél.i’c.:oﬁon ...... 0.69 Mé.c.l.i;o’rion ...... 8.00
GS 100 mL 0.84 | GS 250 mlL 1.03 | GS 100 mL 0.84 | GS 250 mlL 1.03 | GS 250 mL 1.03
Syringe 3 mlL 0.07 | Syringe 20 mL 0.22 | Syringe 5 mL 0.03 | Syringe 10 mL 0.05 | Syringe 50 mL 0.19
Needle 16 G 0.08 |Needle 16 G 0.08 | Needle 16 G 0.08 | Needle 16 G 0.08 | Needle 16 G 0.08
Needle 21 G 0.28 | Needle 21 G 0.28 | Needle 21 G 0.28 | Needle 21 G 0.28 | Needle 21 G 0.28
Vinyl glove 0.02 | Vinyl glove 0.02 | Vinyl glove 0.02 | Vinyl glove 0.02 | Vinyl glove 0.02
TOTAL IVM adrenaline | 1.74 | TOTAL IVM dobutamine | 5.37 | TOTAL IVM dopamine | 1.62 | TOTAL IVM nitroglycerin | 2.15 | TOTAL IVM noradrendline | 9.61

GS, 5% glucose solution; IVM, intravenous mixture.
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Table 3. Processing Cosfs inthe Pharmacy Service [2014Euros)
IVM adrenaline IVM dobutamine IVM dopamine IVM nitroglycerin IVM noradrenaline
Cost of materials per batch Cost of materials per batch Cost of materials per batch Cost of materials per batch Cost of materials per batch
e T — T — TS — TS — e
Hat 0.02 | Hat 0.02 | Hat 0.02 | Hat 0.02 | Hat 0.02
Mask 0.03 | Mask 0.03 | Mask 0.03 | Mask 0.03 | Mask 0.03
Footwear 0.04 | Footwear 0.04 | Footwear 0.04 | Footwear 0.04 | Footwear 0.04
Sterile surgical glove | 0.29 | Sterile surgical glove | 0.29 | Sterile surgical glove | 0.29 | Sterile surgical glove | 0.29 | Sterile surgical glove | 0.29
Syringe 3 mlL 0.07 | Syringe 20 mL 0.22 | Syringe 5 mL 0.03 | Syringe 10 mL 0.05 | Syringe 50 mL 0.19
Needle 16 G 0.08 | Needle 16 G 0.08 | Needle 16 G 0.08 |Needle 16 G 0.08 | Needle 16 G 0.08
Needle 21 G 0.28 | Needle 21 G 0.28 | Needle 21 G 0.28 | Needle 21 G 0.28 | Needle 21 G 0.28
Photo-protection bag | 0.04 | Photo-protection bag | 0.04 | Photo-protection bag | 0.04 | Photo-protection bag | 0.04 | Photo-profection bag | 0.04
Total/batch 3.16 | Total/batch 3.30 | Total/batch 3.11 | Total/batch 3.13 | Total/batch 3.28
Total/unit 0.32 | Total/unit 0.22 | Total/unit 0.08 | Total/unit 0.21 | Total/unit 0.16
IVM Cost IVM Cost IVM Cost IVM Cost IVM Cost

Drug ............. v Dn.J.é. ........ .7 Dn.jé ........ e DrJé ........ e Dn;é ........ co
GS 100 mL 0.84 | GS 250 mL 1.03 | GS 100 mL 0.84 | GS 250 mL 1.03 | GS 250 mL 1.03
Material 0.32 | Material 0.22 | Material 0.08 | Material 0.21 | Material 0.16
TOTAL IVM adrendline | 1.60 | TOTAL IVM dobutamine | 4.99 | TOTAL IVM dopamine | 1.29 | TOTAL IVM nitroglycerin | 1.93 | TOTAL IVM noradrenaline | 9.19

GS, 5% glucose solution; VM, intravenous mixture.

Discussion

The difference between preparation time in the PD and preparation time
in the hospital care unit was favourable to centralization in the PD. However,
in the hospital care unit, the preparation time of adrenaline was shorter,
which could be because the new standard dilution (1.6 mg/100 ml) uses
only part of the content of 1 ampoule rather than the full unit. The use of part
units could increase preparation fime in the VMU, because only the use of
whole units would make it possible to systematize the procedure.

The activities included in the measurement of IVM preparation times are
not homogeneous in the literature, which makes it difficult to compare results.
In this study, the preparation times in the PD and in the hospital care unit
were slightly longer than those reported in other studies®'®. However, the
times were shorter than those reported in other studies that used a similar
methodology'®'*, although these studies included preliminary activities not
included in the present study (medical order franscription, label printing,
double checking by the nursing staff). Nonetheless, our results are supported
by the overall similarity between the methodology used in the present study
and that used in these other studies (method used to measure time, similar
preparation process in the PD and in the hospital care unit, the specific
definition of all the activities included in the process).

It should be noted that in one of these studies'®, a pharmacy technician
prepared most of the medications prepared in the IVMU. However, in our
IVMU, BSNs prepared the medications, which should be taken into account
when comparing staff costs. Increasing the number of technical staff would
reduce staff costs in the PD. Nevertheless, the main cause of the reduction in
preparation fimes in the PD was centralized preparation, which permits batch
production instead of individual dose production. Every 100 IVMs prepared
in the IVMU saves nursing time, which could be used to greater effect in the
hospitalization unit fo improve patient care. Therefore, centralization is an op-
portunity fo improve efficiency in the use of medication'? and in the use of hu-
man resources, which in itself could be considered a means to contain costs?.

Although the overall cost analysis showed that centralized preparation
was nof more economical than traditional preparation when the cost of
expired VMs was included in the analysis, we consider that the marginal in-
crease in costs is acceptable given the marked improvements in safety, since
there was a significant decrease in prescription errors (55.89%), validation

errors (68.05%), and administration record errors (/8.75%)'¢. Some studies
have found an association between reduced costs and avoided errors. In
Spain, a study conducted in a tertiary hospital used the calculated cost of
an adverse event in the United States, concluding that medication errors
caused an average increase of 303 days in hospitalization fime, with an
annual increase in costs of approximately €76,000%°.

We believe that the result “not favourable” to centralization may be
due fo the low cost of the drugs studied. In fact, other studies conducted
with antibiofics, antifungal agents, and drugs with greater economic impact
have shown savings following centralization®'%?'22, Furthermore, the present
study did not take into account savings in drug costs that would have been
generated by the use of multidose vials®. It was not possible to assess
this scenario using the specialty pharmaceuticals marketed for the active
ingredients studied. If an increase in the number of IVMs prepared in our
VMU was under consideration, we would recommend the use of multidose
vials. Savings in the VMU could be increased by the use of large-volume
saline solution for the reconstitution of lyophilized specialty pharmaceuticals.
Furthermore, centralization would lead to cost savings in medical supplies.
For example, the centralized preparation of a batch of medication uses 1
syringe and needle, whereas the preparation of each IVM in the hospital
care unit uses 1 syringe and needle. This study found that the costs of medi-
cal supplies were 3.4 times higher in the hospital care unif, which result is in
line with those of other studies'®*.

Sensifivity analyses showed that centralization always entails a potential
saving if the IVMU optimizes its production by adjusting sfock according to
need, thus reducing the number of IVMs that unnecessarily expire before
use. This aspect particularly applies fo the case of noradrenaline, which is
the most expensive and less stable IVM'®. This approach would also avoid
stock shortages, which would lead to higher costs in the preparation of
IVMs in hospital care units. This point should be confirmed by further studies.
Likewise, the implementation of protocols would eliminate pharmacy time
costs in the creation of new SOPs, and thus these costs would not affect the
average cost of preparation per IVM in subsequent years.

Although the use of multivariate probabilistic sensitivity analysis is gene-
rally recommended for this type of study, some aspects, such as the effect
of changing some assumptions, can only be assessed using deterministic
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Table 4. Final Cost of Preparation in the Pharmacy Department vs
the Hospital Care Unit (2014 Euros)

T . S, S
IVM adrenaline
Produchoncostl" ............................ ] 74 ................ ] 60 ...............................
LFC use 0.10
BSN Time 0.42 0.71
PS Time 0.04
TOTAL IVM adrenaline 2.16 2.45 -0.29
IVM dobutamine
Produchoncosfl ............................ 537 ............... 499 ...............................
LFC use 0.10
BSN Time 0.71 0.65
PS Time 0.04
TOTAL IVM dobutami 6.08 5.78 0.30
IVM dopamine
Produchoncosfl ............................. ] 62 ................ ] 29 ...............................
LFC use 0.10
BSN Time 0.46 0.38
PS Time 0.04
TOTAL IVM dopamine 2.08 1.81 0.27
IVM nitroglycerin
Producnoncostl ............................ 2]5 ................ ] 93 ...............................
LFC use 0.10
BSN Time 0.77 0.74
PS Time 0.04
TOTAL IVM nitroglycerin 2.93 2.81 0.11
IVM noradrenaline
Produchoncos’rl ............................ 96] ................ 9]9 ...............................
LFC use 0.10
BSN Time 0.81 0.41
PS Time 0.04
TOTAL IVM noradrenaline 10.42 9.75 0.67

“Processing cost | includes medication, saline soluftion, and materials. BSN, Ba-
chelor of Science in Nursing; CFL, laminar flow cabinet; PS, Pharmaceutical
Specialist.
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sensitivity analysis. Despite its limitations, we consider that the univariate
deterministic sensitivity analysis used in this study was adequate fo meet its
objectives?® 24,

Another limitation is that the measurement of preparation time was not
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