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Abstract
Objectives: The aim of this study is to present the adaptation and implementation of the recommendations of the National Institute for Safety and 
Health at Work (Instituto Nacional de Seguridad y Salud en el Trabajo – INSHT) in the authors’ hospital to achieve a safer handling of hazardous 
drugs. Material and Methods: In 2016, INSHT published the first document on hazardous drugs in Spain. In the authors’ center, a project was devel-
oped to implement the recommendations presented in that document in 2 phases: 1) analysis: to identify drugs and processes susceptible to not being 
handled as hazardous, and to search for safer alternatives and preventive measures; and 2) development: to ensure information, training, the adapta-
tion of standardized work procedures, the minimization of risks associated with handling, safety devices, personal protective equipment (PPE), as 
well as health monitoring. Results: The authors detected 80 commercial presentations manipulated without adhering to safety conditions, mainly 
oral (74%) from lists 1 (7.5%), 2 (37.5%) and 3 (55%) of the National Institute for Occupational Safety and Health. The following measures were 
envisaged to reduce the risk: introducing new presentations (4 lower doses, 1 liquid dose) and centralizing new preparations in the pharmacy service 
(11 oral formulas, 6 parenteral drugs). Management, spillage and exposure procedures were adapted. Safety measures were included in the prescrip-
tion and administration applications, and there were some indications of risks in the storage. Overall, 48 referents and 690 nurses were trained. Each 
unit was provided with PPE and safety devices (e.g., closed systems, RX CRUSH®). The steps prior to the administration were moved to the patient’s 
bedside to align patient and professional safety. During the first 6 months after the implementation, 22 cases of pregnancy (64% among the nursing 
staff), 4 cases of lactation, and 1 case of conceiving problems were reported. In the cases of oxytocin and the repackaging of list 3, risk management 
was applied. Conclusions: The multidisciplinary approach has allowed to achieve a global and safer control of hazardous drugs with a minimal impact 
on the center. It is important to continuously evaluate the effects of these measures, and to take into account the data of this analysis and any possible 
new evidence. Int J Occup Med Environ Health. 2020;33(5):621–34
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drugs registered in Spain and recommendations for their 
handling.
Based on this publication, an analysis was carried out in 
the authors’ hospital to identify drugs and risk processes 
that could be carried out without adequate protection 
measures. Once these needs were identified, the recom-
mendations from INSHT on the handling of hazardous 
drugs at that center were adapted, taking into account 
the following 2 premises: aligning patient safety with oc-
cupational safety and simplifying to the maximum the pro-
cesses to be carried out. The objective of this work is to 
present the adaptation and implementation of the recom-
mendations from INSHT at the center in order to achieve 
a more secure hospital use of hazardous drugs.

MATERIAL AND METHODS
The implementation process for the safe handling of haz-
ardous drugs at the center under consideration, which is 
a reference hospital in the province with 380 beds, con-
sisted of 2 phases.

The analytical phase
The analytical phase lasted 7 months. The pharmacy servi-
ce (PS) and the occupational risk prevention service (ORPS) 
conducted an evaluation of the situation in the hospital by 
following these steps:
 – Identification of the drugs included in the pharmaco-

therapeutic guide of the center, classified as hazardous 
by INSHT, which were not being handled as such.

 – Evaluation of processes carried out with these drugs 
that could constitute occupational exposure.

 – Search for safer alternatives for the handling of hazard-
ous drugs.

 – Definition of the preventive risk-adapted measures.
 – Preparation of a report for the managerial staff of 

the center, with an improvement action proposal and 
an estimation of the necessary resources.

 – Assessment of the training and information needs.

INTRODUCTION
The concept of hazardous drugs refers to a criterion of oc-
cupational safety. These are agents capable of producing 
harmful effects on workers’ health if adequate prevention 
measures are not taken.
The American Society of Health-System Pharmacists 
(ASHP) coined this term in 1990. It was subsequently ad-
opted by the National Institute for Occupational Safety 
and Health (NIOSH) in the warning they published in 
2004. In this warning, they mentioned a possible occupa-
tional exposure associated with the manipulation of anti-
neoplastic drugs and other drugs, such as antivirals, hor-
mones or antiepileptic drugs. The criteria that a drug must 
meet to be considered a hazardous drug are as follows: 
carcinogenicity, teratogenicity, genotoxicity, reproductive 
toxicity, toxicity in any organ at low doses, and, in general, 
when a new drug is registered with a structure and/or tox-
icity profile similar to another hazardous drug, it is classi-
fied as a dangerous drug [1,2].
Hazardous drugs are classified by NIOSH into 3 catego-
ries:
 – antineoplastic drugs (list 1),
 – non-antineoplastic drugs that meet any of the hazard 

criteria mentioned above (list 2),
 – drugs with reproductive toxicity (list 3) [3].

These lists are updated periodically [4,5].
In Spain, carcinogenic and mutagenic substances are regu-
lated by Royal Decree 665/1997 [6] and its modification, 
Royal Decree 349/2003 [7]. In September 2016, the Na-
tional Institute for Safety and Health at Work (Instituto 
Nacional de Seguridad y Salud en el Trabajo – INSHT) 
published a document on preventive measures to avoid 
exposure to hazardous drugs during the preparation and 
administration of these drugs [8]. Despite certain guide-
lines from official organizations and scientific societies 
from other countries, there had been no document of this 
type in Spain [3,9–11] until the appearance of the afore-
mentioned publication which includes a list of hazardous 
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tors of the application of the new SOPs of implemented 
hazardous drugs. All the nursing staff of the hospital, 
including the reference people, took an online training 
program using the virtual platform at the center.

 – Health monitoring: the health monitoring program was 
redefined for the workers of the center, in accordance 
with the hazardous drugs and periodicity of controls ac-
cording to the HD to which they are exposed to. In addi-
tion, the staff were made aware of the obligation to notify 
ORPS as soon as possible of 3 situations susceptible to 
individual assessment, i.e., pregnancy, lactation and con-
ceiving problems. Once a health professional reported 
a case of special susceptibility to health surveillance, 
a proficiency report was issued specifying the appropriate 
recommendations. This report was then sent to that pro-
fessional, to human resources, to the correspondent med-
ical or nursing direction, and to the immediate superior 
of the worker practically responsible for guaranteeing 
that these recommendations were complied with.

RESULTS
The list of hazardous drugs, classified according to the 3 
NIOSH categories and included in the center, can be seen 
in Table 1.
Among the processes that may constitute a risk for 
the manipulator, some are carried out in PS, among which 
the repackaging and elaboration of drugs appear to stand 
out due to changes to be carried out. The manipulation 
of any drug prior to its administration (opening capsules, 
fractioning, crushing or pulverizing tablets, reconstitut-
ing and/or diluting drugs) and the administration process 
itself were also considered risky. Eventually, 80 presenta-
tions of hazardous drugs that could be handled without 
adhering to safety conditions were detected. The distribu-
tion of these drugs, depending on the pharmaceutical form 
(PF) and NIOSH classification, can be seen in Figure 1.
The repackaging of drugs is a process performed in PS 
in those cases in which the pharmaceutical industry does 

The development phase
The development phase lasted 7 months. In order to im-
plement the necessary measures, a multidisciplinary com-
mittee was created with representation from the Medical 
Direction, Nursing Management, Nursing Staff, Material 
Resources Manager, Preventive Medicine, ORPS and PS. 
The actions to be developed by the committee were de-
fined, creating several lines of work. One person was as-
signed for each of the actions to be developed, and a work 
schedule was established. 
The lines of work were:
 – Information on hazardous drugs: the communication 

channels to be used to disseminate information to 
the personnel were established.

 – Minimization of the handling of hazardous drugs in 
the nursing units: the preparations that would be cen-
tralized in PS and those that could be manipulated in 
the nursing units were established, determining how to 
act in both cases.

 – Standard operating procedures (SOP): the processes 
in which hazardous drugs were involved were reviewed 
and the corresponding SOPs were updated.

 – Resources needed: the security devices and person-
al protective equipment (PPE) that were needed at 
the center, as well as the human resources needed in PS, 
were determined.

 – Staff training: a training program was established for all 
nursing staff. This program combined training sessions 
with video tutorial support for each of the administra-
tion routes in which all the steps to be performed for 
a secure administration could be visualized. Nursing ref-
erence people were appointed in all the units and shifts 
that received a face-to-face training program. These 
reference people acted as a liaison between the work 
group and the rest of the personnel of their service. 
Their functions involved solving any doubts to the rest 
of the personnel of their service, transmitting any inci-
dents or comments to the group, and acting as guaran-
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sentations, the automatic repackaging was maintained, 
applying a risk management procedure for the profession-
als by ORPS, if needed.
In the case of oral solid dosage forms, there are certain sit-
uations in which it is necessary to manipulate them prior to 
administration in order to adapt them to the patient’s needs 
and/or clinical situation (dosage adjustment, swallowing 
problems, administration via a nasogastric tube, etc.).  
The measures adopted to reduce the manipulation of 
these drugs in the nursing units included:
 – the introduction of commercial presentations of lower 

doses, as were the cases of the tablets of paroxetine 10 mg, 
clonazepam 0.5 mg, risperidone 0.5 mg, mycophenolate 
mofetil 250 mg, tacrolimus 0.5 mg, the inclusion of liquid 
presentations (cyclosporine 100 mg/ml oral solution),

 – the introduction of PF that require less previous ma-
nipulation (megestrol acetate tablets),

 – the centralization of the drugs preparation in PS,
 – the introduction of new devices that allow the crushing 

and pulverizing of tablets in a safer way.
That is why it was established that the pulverizing and dis-
persion of tablets (as long as there was no pharmaceutical 
contraindication) could be performed in the nursing units 

not correctly label all units of oral solid dosage forms with 
batch numbers and expiration dates. Overall, 20 presenta-
tions of hazardous drugs were detected for which the con-
dition was not taken into account and an automatic re-
packaging system was being used. As many as 10 of these 
presentations belonged to drugs from lists 1 and 2, and 
an average of 2300 units of these presentations were re-
packed per month. In this case, the automatic repackaging 
system was modified into a manual system. With regard to 
list 3, 10 presentations, of which an average of 5300 units  
were repacked per month, were detected. For these pre-

Table 1. Lists of hazardous drugs included in the hospital guide, Joan XXIII-University Hospital, November 2018

List Drugs

List 1 abiraterone, aflibercept, afatinib, amsacrine, axitinib, azacitidine, bacillus Calmette-Guerin (BCG), bendamustine, 
bexarotene, bleomycin, bortezomib, bosutinib, brentuximab vedotin, busulfan, capecitabine, carboplatin, carfilzomib, 
carmustine, cyclophosphamide, cisplatin, cytarabine, cladribine, chlorambucil, crizotinib, dacarbazine, dasatinib, 
daunorubicin, goserelin, hydroxycarbamide, idarubicin, ifosfamide, imatinib, irinotecan, letrozole, megestrol, melphalan, 
mercaptopurine, methotrexate, mitomycin, mitoxantrone, nilotinib, nintedanib, nivolumab, oxaliplatin, paclitaxel, 
panitumumab, pazopanib, pembrolizumab, pemetrexed, pertuzumab, pomalidomide, ponatinib, raltitrexed, regorafenib, 
sorafenib, sunitinib, temozolomide, thiotepa, topotecan, trastuzumab, arsenic trioxide, vinblastine, vincristine, vindesine, 
vinorelbine, vismodegib, ziv-aflibercept

List 2 abacavir, azathioprine, carbamazepine, cyclosporine, entecavir, spironolactone, phenytoin, phenoxybenzamine, 
fingolimod, ganciclovir, lenalidomide, medroxyprogesterone, methimazole, mycophenolate mofetil, nevirapine, 
propylthiouracil, tacrolimus, thalidomide, valganciclovir, zidovudine

List 3 valproic acid, zoledronic acid, acenocumarol, bosentan, cabergoline, clonazepam, colchicine, dinoprostone, efavirenz, 
finasteride, fluconazole, human chorionic gonadotropin, icatibant, macitentan, mifepristone, misoprostol, oxytocin, 
paroxetine, plerixafor, ribavirin, teriflunomide, topiramate, tretinoin, voriconazole, warfarin
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Figure 1. Presentations not controlled by pharmaceutical  
form (PF) and the National Institute for Occupational Safety 
and Health (NIOSH) list
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raneous PF, such as fluconazole suspension, valganciclovir 
suspension or mycophenolate mofetil suspension, its re-
constitution was centralized in PS. During the first 6 post-
implementations, 4 units of fluconazole suspension and 1 
mycophenolate suspension were reconstituted.
The preparation of parenteral PF was also centralized in 
PS in those cases that require manipulation prior to ad-
ministration. Depending on the stability and consumption 
of the drug at the center, a ready-to-use preparation or 
an intermediate version was set up, reducing the risk in 
the units. Of the commonly used drugs, the authors es-
tablished 2 exceptions: clonazepam and oxytocin. For 
the clonazepam ampoules, due to the poor stability in 
dilution, its preparation was carried out in the nursing 
units with PPE. In the case of oxytocin, due to the fact 

using the RX CRUSH® device [12], and with the com-
plete PPE. Figure 2 shows the performance algorithm 
proposed for oral solid PF. In those cases in which it was 
not possible to guarantee the safe handling of drugs in 
the nursing units, the preparation of magistral formulas was 
centralized in PS. Overall, 11 new formulas were included, 
and the guide for the preparation of the rest of the HD for-
mulas was updated. The new portfolio of services consists 
of 14 magistral formulas of oral hazardous drugs that can 
be seen in Table 2. This portfolio includes 4 formulas avail-
able in stock for the cases of greatest use, and 10 formu-
las that are prepared individually for each patient in those 
cases in which their use is less frequent. The preparations 
made during the first 6 months after the implementation 
can also be seen in Table 2. In the case of oral extempo-

Given oral intake

HD prescription of tablets, capsules or dragees
Not open

Not fraccionated 
Not crush

Oral/enteral syringe

Own oral intake

1 pair of glovesPPE not necessary

Full dose

NoYes

Safe alternativePrescription change

Fractional dose

Prescribed full or submultiple dose

Liquid Disintegration 
in a syringe
(RX CRUSH)

PPE: gown, 2 pairs of gloves,
FFP3 mask, glasses

Figure 2. Performance algorithm for oral solid pharmaceutical form (PF) in the nursing unit, Joan XXIII-University Hospital, 
November 2018
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processes related to hazardous drugs were analyzed, up-
dating the SOP of waste treatment, higher exposure, and 
the spillage of hazardous drugs. Regarding the adminis-
tration, a new SOP was made regarding the handling of 
hazardous drugs in the nursing units, and the administra-
tion SOP was updated. Taking into account the 2 prem-
ises of process simplification and the alignment of patient 
safety with occupational safety, all the steps prior to ad-
ministration, including the placement of PPE, were trans-
ferred to the patient’s bedside. It was decided to leave 
the SOP of excretion, the intrathecal administration of 
hazardous drugs and the recommendations to caregivers 
for the second phase.
In order to be able to manipulate hazardous drugs more 
safely, a series of materials and devices were included in all 
the nursing units. For the liquid forms dosing, the use of oral 

that the risk is in the third trimester of pregnancy, it was 
decided that it would be prepared in the nursing units ap-
plying a risk management procedure of the professionals. 
The preparation of the first urgent doses of cyclosporine, 
mycophenolate, tacrolimus and voriconazole, due to their 
sporadic use at the center, was decided to be carried out 
in the units with a closed system (in the operations where 
this is possible) and with PPE.
In all cases, the administration of HD by parenteral route 
is carried out with a closed system and the corresponding 
PPE. Table 3 and Table 4 show the services portfolio of 
hazardous drugs administered by parenteral route and 
the number of preparations of the new drugs absorbed 
by PS, respectively. To undertake the increased work of 
the centralized preparation of these drugs in PS, a new 
technician was hired for the afternoon shift. The different 

Table 2. Services portfolio of magistral formulas of hazardous 
drugs in the pharmacy service, Joan XXIII-University Hospital 
(November 2018–April 2019)

Formula Preparations
[n]

Individualized per patient
azathioprine 10 mg/ml oral suspension 3
cyclophosphamide 10 mg/ml oral suspension –
chlorambucil 2 mg/ml oral suspension –
mercaptopurine 50 mg/ml oral suspension –
methotrexate 2.5 mg/ml oral suspension –
sunitinib 10 mg/ml oral suspension –
tacrolimus 0.5 mg/ml oral suspension 1
thalidomide 20 mg/ml oral suspension 1
temozolomide 10 mg/ml oral suspension –
topiramate 6 mg/ml oral suspension 22

In stock
carbamazepine 50 mg/ml oral suspension* 72
clonazepam 0.1 mg/ml oral suspension 24
spironolactone 5 mg/ml oral suspension* 30
phenytoin 15 mg/ml oral suspension* 33

* Manufactured by third parties.

Table 3. Services portfolio of parenteral drugs  
in the pharmacy service, Joan XXIII-University Hospital  
(November 2018–April 2019)

Preparation type Drug

Individualized drugs  
per patient

cyclosporine*
parenteral drugs from list 1
mycophenolate mofetil*
plerixafor
tacrolimus*
voriconazole*

Drugs prepared  
in stock

valproic acid 20 mg/ml pre-filled 
syringes with adapter*
ganciclovir 5 mg/ml bag
phenytoin 50 mg/ml pre-filled 
syringes with adapter*
methotrexate 80 mg syringe 3.2 ml  
pre-filled with adapter

Marketed  
ready-to-use drugs

zoledronic acid 4 mg/100 ml bag
zidovudine 200 mg/100 ml bag
fluconazole 200 mg/100 ml bag

* New preparations undertaken by the pharmacy service.
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the Medical Board and union delegates. There were also  
4 informative sessions for the center’s medical practitioners.
The training program was taught by PS, ORPS and 
the nursing staff, with video support. The following 10 vi-
deos were recorded:
 – topical route administration,
 – entire oral solid PF (taking into account whether 

the patient takes it independently or it is administered 
by the nurse),

 – administration by a nasogastric tube (dispersion in a sy-
ringe or liquid PF),

 – intramuscular or subcutaneous administration,
 – direct intravenous administration,
 – intravenous infusion administration (taking into account 

whether it was a pre-filled syringe in the PS that requires 
dilution in the unit or a ready-to-use preparation),

 – vesical instillation.
Overall, 48 reference people were trained in 6 face-to-face 
editions of 2 h, imparted on 3 days. In addition, an online 
course was carried out using the center’s virtual teaching 
platform. In this case, in addition to the videos, training 
sessions were recorded using the Camtasia® program. 
The 770 nurses who were active at the time of the start 
of the course enrolled on the online course, and 91% of 
the enrollees ended up taking the course, with a 99% ap-
proval. The course was active for 3 weeks.

or enteral syringes was recommended, and obturators were 
included allowing the drugs to be loaded using Enfit® enter-
al syringes [13] for adults and Nutrisafe® [14] for neonates. 
The RX CRUSH® device [12] was also included, a tablet 
crushing system that allows it to be pulverized and dispersed 
in a sealed bag which has an Enfit® syringe attached [13], pre-
venting the dispersion of the powder to the environment.
For the preparation and administration of parenteral haz-
ardous drugs, the use of closed systems was established. 
At the center, Chemoclave® devices [15] were used for 
the preparation and administration of antineoplastic drugs. 
Its use was extended to the parenteral HD from the 3 lists. 
For the dilution of urgent doses in the units of some paren-
teral drugs in vials (voriconazole, mycophenolate), Viaflex® 
with Baxter adapter was included [16]. In all cases, the prim-
ing intravenous tubing with serum was formalized for par-
enteral drugs, except in pediatric cases. To avoid volume 
overload in preterm infants, the priming of the intravenous 
tubing was done with drugs, using 2 closed devices [15] at 
the beginning and end of the line. For the preparation of sy-
ringe pumps for pediatrics, closed syringe to syringe connec-
tors were also included (CH33 Adapter ICUMEDICAL).
The recommended PPE based on PF and the process to be 
performed can be consulted in Table 5. The PPE, whose 
characteristics can be checked in Table 6, were distributed 
in all the nursing units of the center.
The methods chosen to inform the staff were:
 – accessibility to the updated list of hazardous drugs of 

the center on the intranet;
 – inclusion of information on the safe handling of each of 

the drugs, according to the established recommenda-
tions, in the prescription and administration computer 
programs;

 – hazard pictograms in the place of drug storage and post-
ers with general information about HD in all the nurs-
ing controls [17].

During the implementation phase, the status of the process 
was reported to the Steering Committee, the Clinical Board, 

Table 4. Preparations of new parenteral drugs in the pharmacy 
service, Joan XXIII-University Hospital (November 2018–
April 2019)

Drug Preparations
[n]

Valproic acid injectable 201
Cyclosporine injectable 16
Phenytoin injectable 559
Mycophenolate mofetil injectable 1
Tacrolimus injectable 1
Voriconazole injectable 13
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Table 5. Personal protective equipment (PPE) recommended according to pharmaceutical form (PF) and the process to be carried 
out, Joan XXIII-University Hospital, November 2018

Administration route/Activity and task
PPE

Observations
gloves waterproof  

gown glasses FFP3 mask

Oral solid form
preparation
repackage a pair no no no manual repackaging

split, crash, open capsules 2 pairs yes no* yes BSC I
compounding 2 pairs yes no* yes BSC I

administration
oral solid PF 1 pair no no no

Oral liquid form
preparation

compounding 2 pairs yes no* yes
re-dosing 2 pairs yes no* yes BSC I
dispersion in a syringe 2 pairs yes yes yes

administration
oral suspensions, solutions and syrups 2 pairs yes yes ** yes**
suspensions, solutions and syrups by tube 2 pairs yes yes yes

Topical form
preparation

compounding 2 pairs yes no* yes BSC I
vesical instillations 2 pairs yes no* yes BSC II

administration
dermatological and ophthalmic forms 2 pairs yes no no** for dermatological preparations, 

use spatulas to spread 
the substance, if necessary

patches 1 pair no no no
bladder instillations 2 pairs yes yes yes closed systems

Parenteral form
preparation

compounding 2 pairs yes no* yes BSC II; deliver purged of air; 
closed systems

administration
syringe or serum 2 pairs yes no* no* closed systems

Inhalation form
preparation

compounding; re-dosing 2 pairs yes no* yes BSC II
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an increase in notifications of lactation was detected 
(4 cases), given that until the implementation of the pro-
cedure, no communication had been received whatsoever 
in ORPS. Since the implementation of the protocol, 1 no-
tification has been received during the preconception 
period that has been managed by restricting tasks.

DISCUSSION
The occupational exposure associated with drugs manip-
ulation has been known for 4 decades [19–24]. The pos-
sible risk for health professionals, related to drugs, is de-
termined by the inherent toxicity of the active principle, 
but the level of risk is also determined by the process or 
manipulation that must be carried out with the drug. Since 
ASHP published the first recommendations for the safe 
handling of hazardous drugs in 1990 [1], in Spanish PS 
the preparation of these drugs began to be centralized, 
but these units are mainly dedicated to the preparation 
of chemotherapy. Despite having a centralized unit for 

The implementation of the new recommendations for 
the safe management of HD also implies a new focus in 
the health surveillance program, since potentially exposed 
professionals can be in any unit of the hospital. In 2018, 
the number of workers at the center was 1624, of whom 
76.3% were women. The average age of the workers was 
42.7 years, with a standard deviation of 12.1 years.
In the case of personnel exposed to drugs from list 1, they 
continued under the specific program of health surveil-
lance and they had the same periodicity of controls that 
was already being carried out, based on the health surveil-
lance protocol for exposure to chemical risk of the com-
pany [18]. In the case of lists 2 and 3, it was considered that 
the level of exposure was not as intense as in list 1, so it was 
decided to continue with the health surveillance program 
established in the corresponding unit. For especially vul-
nerable workers, it was established that, in general, preg-
nant women cannot manipulate any HD, and women who 
are breastfeeding cannot manipulate HD from lists 1 and 2; 
with the exception in both cases of the administration of 
the entire oral solid dosage forms and patches. Women in 
breastfeeding can administer drugs from list 3, except some 
specific drugs incompatible with breastfeeding.
During the first 6 months of the implementation, 22 cases 
of pregnancy were reported, 14 of them being nursing staff. 
In the corresponding period of the previous year, 25 cases 
were reported, 17 of them being nursing staff. However, 

Administration route/Activity and task
PPE

Observations
gloves waterproof  

gown glasses FFP3 mask

Inhalation form – cont.
administration

inhaled PF 2 pairs yes yes yes

BSC – biological safety cabinets.
* Use if there is a risk of splashing.
** Use if the patient does not collaborate.

Table 5. Personal protective equipment (PPE) recommended according to pharmaceutical form (PF) and the process to be carried 
out, Joan XXIII-University Hospital, November 2018 – cont.

Table 6. Characteristics of personal protective equipment (PPE)

PPE Characteristics

Gloves nitrile, latex or neoprene; powder-free
Gown waterproof, long sleeves, tight cuffs,  

closed at the front, heat-sealed seams
Mask FFP3 for respiratory protection 
Glasses universal frame, anti-splash, side protection
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the recommendations of the Institute for Safe Medication 
Practices, to avoid potentially fatal administration errors 
with oral liquid dosage forms, it was established that 
the dosing of these medications would be through oral or 
enteral syringes [30]. However, the authors could not find 
any device that would allow them to safely connect these 
syringes to the package. In addition, many commercialized 
presentations of these drugs, such as Depakine® solution, 
do not have obturators. The PS at the center under con-
sideration cannot assume the re-dosing of all ready-to-use 
liquid hazardous drugs and, therefore, some adapters for 
Enfit® syringes were included in the case of adults, and Nu-
trisafe® syringe adapters in the case of neonates [31,32].
The authors are aware of the limitation that this implies, 
since in both cases they are open devices. Although the in-
troduction of these adapters facilitates the loading of liquid 
PF drugs with oral or enteral syringes, there is a great line 
of improvement in this field from the safety’s point of view. 
The design created by the industry of closed devices, simi-
lar to those used in parenteral drugs, that also connect only 
with oral or enteral syringes would allow a safer dosing of 
these drugs in the units without overloading PS.
The administration of intravenous infusion drugs in neo-
nates has also been a challenge. The general safety recom-
mendation in the case of intravenous HD is using closed 
systems [33,34] and performing priming with serum [11], 
but in the case of some groups of patients, such as pre-
term infants, this can suppose a big volume overload. 
The authors have not found any closed device for this 
purpose either. Therefore, in this case, it was decided to 
add the Spiros Closed Male Luer® device to the distal 
end of the infusion line and perform the priming with 
the drug [15]. The authors are aware that this system is 
not completely closed because, although it has a sealed 
terminal, it is possible to disconnect it from the line; there-
fore, as in the case of oral liquid forms, they believe that 
it would be important for the industry to develop a device 
that would allow the system to be closed.

the preparation of hazardous drugs in PS, the authors 
found that there was a series of drugs that were handled 
without adequate prevention measures. These drugs, in-
cluded in list 1, were mainly identified in the repackag-
ing process; it was detected that only 1 drug from list 1 
(megestrol acetate granules for oral suspension) was not 
controlled in the units, for which the presentation, which 
should have been in sachets, was replaced by tablets. As in 
other hospitals in the same area [25], the drugs detected 
corresponded mainly to drugs from lists 2 and 3, probably 
due to the lack of specific recommendations in the au-
thors’ country so far.
After detecting the drugs and processes that were being 
carried out at the center without adequate protection 
measures, and once the measures to be developed were 
established, the implementation was carried out integral-
ly and simultaneously throughout the hospital, including 
the drugs from the 3 lists by NIOSH [3,8]. Like other 
centers in Spain, the implementation of measures to 
reduce the occupational exposure related to drugs caused 
an increase in the activity of PS, expanding its services 
portfolio for sterile and nonsterile compounded prepara-
tions [25–28].
Of note, INSHT recommends the manipulation of oral 
dosage forms in a class 1 biological safety cabinet [8]. Some 
authors recommend the dispersion in a syringe as an al-
ternative to performing the process of crushing oral drugs 
in biological safety cabinets in PS [29]. Manual disper-
sion is a slow process that can increase nursing time. For 
this reason, the authors have included the RX CRUSH® 
device [12] in the nursing units, which allows dispersion to 
be done in an easier and safer way without overloading PS. 
In those cases in which it was not possible to split or crush 
the tablet, and in the case of capsules, it was recommended 
to replace it with a liquid dosage form, a commercial form 
or magistral formula, depending on the case.
Among the encountered difficulties in implementing this 
measure is the safe handling of these liquid PFs. Following 
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avoided or reduced simply by choosing the most appropri-
ate drug presentation for the posology or the clinical situ-
ation of the patient at the time of prescribing the drug.
The availability of the information in the workplace is 
vital so that health personnel can work in safety condi-
tions. In this hospital, the prescription and administration 
process is computerized throughout the center, except in 
the emergency room, the operating room and the day hos-
pital. In addition, the computer program in use does not 
allow adding any information regarding drugs that should 
not be substituted or suspended during admission, when 
such information is not already included in the pharmaco-
therapeutic guide of the center. For this reason, in order to 
mitigate these deficiencies, in addition to including the in-
formation in the systems, a poster with general informa-
tion on the handling of hazardous drugs [17] was displayed 
in all the nursing units and more detailed information was 
posted on the intranet, so that all the staff could access it.
Among all the necessary measures to reduce the exposure 
of workers to HD, PPE is the last barrier to be used [35]. 
The necessary PPE has been defined according to the process 
to be carried out and it has been distributed in all the nurs-
ing units. In this sense, it is important to take into account 
the implication that the increase in the use of PPE may have 
in other processes such as the nosocomial infection control. 
In order not to interfere with the hand hygiene program and 
to prevent the misuse of PPE, it was decided to transfer all 
the steps prior to administration, including the placement 
of PPE, to the patient’s bedside and to stress the importance 
of using only the PPE established for each process.
Both INSHT and NIOSH recommend measures adapt-
ed to the risk. In relation to the drugs in list 3, they both 
mention the need to adopt protection measures in any of 
the 3 cases of risk: pregnancy, lactation or active intention 
to conceive [3,8]. Due to the characteristics of this center, 
the infrastructure, the rotation of nursing staff and its 
distribution regarding sex and age, it is difficult to isolate 
areas and people. This is why it was decided to universalize 

A key aspect to address the implementation is the par-
ticipation of the center’s managerial staff [26]. In the case 
described by the authors, their involvement was essential 
to promote the project, creating a multidisciplinary team, 
with representation from all the professionals involved, 
and providing the necessary resources.
The participation of the hospital staff is also important. 
Therefore, to act as a link between the working group and 
the professionals, some reference people were appoint-
ed in the different nursing units and work shifts. Their 
roles as interlocutors and guarantors of the fulfillment of 
the measures were fundamental.
The implementation of security measures can increase 
the time necessary for performing certain tasks. Despite 
this fact, it is important to note that the application of 
these measures is not the problem but the solution to it. 
Staff training is essential to normalize the issue [25,26]. 
In the present case, the authors chose a mixed training 
process, face-to-face and online, which was mandatory 
for all nursing staff. The multidisciplinary approach to 
the training is also important to ensure the approach from 
all points of view, and the complicity of the personnel in 
the project. The adopted approach envisaged carrying out 
a specific training addressed to the reference people of 
different units and shifts, which was completed in person. 
These training sessions served as feedback to exchange 
opinions and discuss with the nursing staff the feasibility 
of the proposed measures at the patient’s bedside. After-
wards, all the nursing staff carried out the same online 
course in the virtual campus. The proposed training strat-
egy made it possible to unify the training and to train all 
the nursing staff in a relatively short period of time, en-
abling the implementation of the project simultaneously 
throughout the center. It will also be included in the re-
ception plan of the center for the training of new profes-
sionals joining the facility.
Several informative sessions were also carried out with 
the center’s doctors, since in many cases the risk can be 
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fying the processes to the minimum, in order to have as 
little impact as possible on the nursing activities, the oc-
cupational risk prevention service and PS. It is important 
to evaluate the real impact of these measures at the center 
and to address the issues that the authors have left for 
the second phase due to the size of the project. It should 
also be borne in mind that it is a dynamic process that re-
quires updating based on the results of more recent anal-
yses and any new evidence that might appear. It is also 
important to develop closed devices for oral route, as well 
as for intravenous infusion in neonates, allowing safe ad-
ministration in both cases.
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