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ABSTRACT
Objectives To evaluate implementation of safety
standards of compounded sterile preparations in different
hospitals.
Methods This cross-sectional study included 124
hospitals from 19 countries. A survey was developed
based on the guidelines and safety practices of the
Institute for Safe Medication Practices (ISMP) for sterile
preparations compounding, and was sent to the
members of the Intravenous and Parenteral Nutrition
experts’ network (IV PN experts’ network) in the Gulf
region and beyond using SurveyMonkey software.
Results 124 pharmacists were invited to participate
in this study. Only 39 (31.5%) pharmacists from seven
countries responded: 16 (41%) of the participants were
pharmacy supervisors, and 23 (59%) had >10 years
of work experience. However, a majority, 27 (69%),
of the respondents were from Saudi Arabia. Written
policies and procedures for sterile preparations
compounding were available in 37 (95%) hospitals.
The concentrated electrolytes were removed from all
patient care areas in 28 (72%) hospitals, and 30
(77%) hospitals clearly labelled those as high-alert
medications. The use of advanced technologies, such
as bar code verification or IV robotics, for compounding
sterile preparations were not implemented in 27 (69%)
hospitals.
Conclusions Minimum standards and best practice
recommendations to ensure safety of sterile preparation
compounding were implemented in many hospitals of
different countries. However, advanced technologies
were not implemented by the majority of the hospitals.

INTRODUCTION
The process of compounding sterile preparations in
hospital pharmacies encompasses the preparation
of medications that are not commercially available
based on the medical need of individual patients.
Compounded sterile preparations are commonly
used for adults and children admitted to hospitals
and home healthcare services for a range of indica-
tions. Therefore, it is essential that they must be
prepared, labelled and administered with appropri-
ate care, so that the highest standard of safety and
efficacy can be ensured and serious adverse reac-
tions can be avoided.
Compounding errors in sterile preparations can

cause fatal injuries to the patients and may even
lead to tragic deaths.1–7 A number of studies have
demonstrated that the incidents of serious com-
pounding errors that frequently occur in hospital

pharmacies were largely due to the improper medi-
cation dose/concentration,1–3 infectious contamin-
ation,4–6 or incorrect product labelling.7 Moreover,
an observational study, where five hospital pharma-
cies in the USA were observed for 5 days, found
that error rates were highest for parenteral nutri-
tion (PN) solutions and the mean error rate in
intravenous (IV) products compounding combined
was 9%.8 Another study conducted in a teaching
hospital reported that about 34% of medication
errors in the critical care unit were linked to IV
admixtures compounding.9 In Saudi Arabia, a
national survey found that 47 out of 78 hospitals
had concentrated electrolyte solutions in their floor
stocks, and only 34% of the hospitals labelled the
diluted electrolyte solutions as ‘high risk’.10 In add-
ition, independent verification or double-checking
of the final concentrations of prepared electrolyte
solutions was not done in >40% of the surveyed
hospitals.10

The Institute for Safe Medication Practice
(ISMP) has developed guidelines and safety prac-
tices for sterile preparations compounding in order
to maximise patient safety and minimise the risk of
errors.11 The guidelines include mandatory require-
ments that should be established by law or regula-
tions, minimum standards to ensure safe sterile
preparation compounding, and best practice recom-
mendations that should be highly encouraged.11

The implementation of these guidelines and safety
practices is a prerequisite in compounding sterile
preparations to ensure utmost patient safety.
Therefore, in this study, we have aimed to assess
the hospitals’ practices in different countries
toward implementing the safety standards of com-
pounded sterile preparations.

METHOD
Study design
This was a multinational cross-sectional study. A
survey instrument was developed based on the
ISMP guidelines and safety practices for the safe
preparation of sterile compounds.11 To ensure the
questions were unambiguous, the survey was sub-
jected to a pilot test with five pharmacists who did
not participate in the final survey. The final
version of the survey was sent to the members of
the IV and PN experts network in the Gulf region
and beyond using SurveyMonkey software in
December 2013. This network was established
in February 2013. It included 282 IV and PN
therapy experts from 19 countries and 124 health
institutions.
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The survey investigated the following areas:
1. Country and level of hospital care in the different countries.
2. Qualification of the health professionals in sterile com-

pounding: current position, types of training, and profes-
sional experience of the contacted pharmacists.

3. Design and structure of the rooms, complying with the US
Pharmacopeia (USP) 797 requirements for a clean room.

4. Implementation of minimum standards and best practice
recommendations for safe sterile preparation compounding.

Setting
The study included 124 hospitals from 19 countries (Saudi
Arabia, United Arab of Emirates, Bahrain, Oman, Kuwait, Qatar,
Lebanon, Jordan, Morocco, Egypt, Ghana, Turkey, Pakistan,
USA, France, Canada, UK, Australia, and Malta).

Participants
One hundred and twenty-four clinical/operational IV and PN
therapy experts from different countries were invited to partici-
pate. A purposive sampling technique was applied. An email
message was sent to one pharmacist from each hospital, mostly
pharmacy supervisors or clinical pharmacists, inviting them to
participate in the survey. They were chosen because they had a
wealth of knowledge and experience in clinical and practical
issues of IV fluid and PN management, design and structure of
clean rooms, and handling of IV drug shortage. The confidenti-
ality of the information gathered was emphasised.

Data analysis
The Statistical Package for Social Science (SPSS) V.18 was used
to analyse the study data. Results are displayed as counts and
percentages. Descriptive statistics were used to illustrate respon-
dents’ demographic characteristics and the frequency of safety
standards. Categorical variables were presented as count and
percentages.

RESULTS
One hundred and twenty-four pharmacists were invited to par-
ticipate in this study, of whom only 39 (31.5%) pharmacists
from seven countries responded. Sixteen (41%) of them were
pharmacy supervisors, and 23 (59%) participants had >10 years
of work experience. However, a majority of these respondents
(27, 69%) were from Saudi Arabia. In addition, among the
studied hospitals, 20 (51%) were government tertiary hospitals
(table 1).

Eleven of the pharmacists reported that they have taken
courses or training in sterile compounding as part of their
undergraduate degrees. The other sources of basic training
include online courses (n=10), continuing education (n=20),
audiovisual materials (n=18), and comprehensive orientation
and training programmes in the workplace (n=25).

The study found that 30 (77%) hospitals complied with the
USP (797) clean room requirements. Written policies and proce-
dures on how to compound sterile preparations and guidelines
for drug stability and compatibility were available in 37 (95%)
hospitals. A second pharmacist verified orders of chemothera-
peutic drugs, PN and other high-alert medications in 30 (77%)
hospitals. The concentrated electrolytes were removed from all
patient care areas in 28 (72%) hospitals, and 30 (77%) hospitals
clearly labelled those as high-alert medications (see online sup-
plementary table S1).

Eleven (28%) hospitals did not involve pharmacy services for
the compounding of all sterile preparations. Standard concentra-
tions for complex sterile preparations, such as PN, cardioplegia

solutions or dialysis solutions, were not used in seven (18%)
hospitals, and 23 (59%) hospitals permitted one pharmacist to
work in the compounding room for the compounding of
chemotherapy and complex sterile preparations. In addition, 27
(69%) hospitals used commercially premixed parenteral pro-
ducts (see online supplementary table S1).

Errors related to the pharmacy compounding of sterile pre-
parations, including near misses, were reported in 31 (79.5%)
hospitals. The implementation of automation and technology
was not in the strategic plans of 14 (36%) hospitals. The use of
advanced technologies, such as bar code verification or IV
robotics, for compounding sterile preparations was not imple-
mented in 27 (69%) hospitals. Furthermore, 25 (64%) hospitals
did not utilise IV workflow software (see online supplementary
table S1).

All mandatory requirements of the ISMP for sterile prepara-
tions compounding were implemented by all US hospitals and
>80% of Saudi hospitals. Removal of concentrated electrolytes
from all patient care areas and use of commercially premixed
parenteral products were implemented in all hospitals in the
USA and the Emirates. The use of automation and technology
was in the strategic plans of all the US hospitals (see online sup-
plementary table S2).

In Saudi Arabia, high-alert medications were verified by a
second pharmacist in 22 (81.5%) hospitals, concentrated electro-
lytes were removed from all patient care areas in 19 (70%) hospi-
tals, and they were clearly labelled as ‘high-alert medications’ in
21 (78%) hospitals (see online supplementary table S2).

DISCUSSION
The study found that 77% of the hospitals adhered to the USP
(797) clean room requirements. This finding can be inferred as
a very positive sign of improvement; however, it also suggests
that full adherence to the USP requirements has still been a
daunting challenge for many hospitals.

Policies and procedures for the compounding of sterile pre-
parations and written guidelines for drug stability and

Table 1 Demographic information

Demographic data N (%)

Countries
Saudi Arabia 27 (69.2)
United Arab Emirates 6 (15.4)
Bahrain 1 (2.6)
Kuwait 1 (2.6)
Egypt 1 (2.6)
Malta 1 (2.6)
USA 2 (5)

Level of care
Governmental hospital (primary/secondary care) 10 (25.6)
Governmental hospital (tertiary care) 20 (51.3)
Private hospital (primary/secondary care) 3 (7.7)
Private hospital (tertiary care) 6 (15.4)

Position of contact pharmacist
Clinical 14 (35.9)
Manager/supervisor 16 (41)
Staff member 9 (23.1)

Professional experience of contacted pharmacist
<5 years 4 (10.3)
5–10 years 12 (30.8)
>10 years 23 (58.9)
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compatibility were available in 96% of the Saudi hospitals. A
previous study conducted in Saudi Arabia reported that 69.2%
of the hospitals had a written policy for parenteral preparations
compounding,12 a finding that clearly suggests a significant
improvement in overall pharmacy compounding. However, this
also indicates that there is still a need to enforce these require-
ments further. High-alert medication orders were verified by a
second pharmacist in 81.5% of Saudi hospitals, which is consid-
erably better compared to the findings of the previous report.12

This statistic implies a good consideration of patient safety
before administering these medications. Clearly, countrywide
regulatory efforts are required to make the double-checking of
medication orders by a second pharmacist mandatory for the
dispensing of high-risk medications.

In Saudi Arabia, concentrated electrolytes were removed from
all patient care areas in 70% of the hospitals. In addition, 78%
of the hospitals used labelled red boxes to stock all concentrated
electrolytes in their pharmacies, and they were clearly identified
as high-alert medications. This can be interpreted as a note-
worthy improvement compared to the previous findings.10

However, further improvement is required to ensure the safe
use of concentrated electrolytes.

Pharmacy services were not involved in the compounding of
all sterile preparations in 28% of the hospitals, although the
Joint Commission (TJC) recommends that such practice should
only be available in emergencies or when the medication’s sta-
bility period is short.13 Furthermore, standard concentrations
for complex sterile preparations were not used in 18% of the
hospitals, and only 59% of the hospitals allowed one pharma-
cist to work in the compounding room for the compounding
of chemotherapy and complex sterile preparations. These prac-
tices can be considered a risky behaviour, since these hospitals
did not follow the minimum safety practices to ensure patient
safety.

In this study, we also found that the majority of the hospitals
used commercially premixed parenteral products over manual
preparations. The increased use of these products could reduce
the incidence of compounding and prescribing errors and infec-
tious contamination.8 14 However, the premixed products are
not the final solution to the problem because they can raise
some safety issues as well, such as dispensing errors.15

The errors that occurred during the pharmacy compounding
of sterile preparations, including near misses, were reported in
79.5% of the hospitals. An observational study involving two
hospitals in the UK found that 49% of IV preparations had a
minimum of one error.16 Another UK based study found that
reported errors related to IV compounding in hospital pharma-
cies were mostly near misses.17 Therefore, reporting of phar-
macy compounding errors can provide lessons to avoid similar
incidents,1–7 and promote safety culture practices.17

The implementation of automation and technology was not
in the strategic plans of 36% of the organisations. This indicates
poor strategic planning, because automation and robotic tech-
nology utilisation have been reported to improve medication
safety, accuracy, and the quality of service.18 19 However, the
use of automation and technology in sterile preparation com-
pounding is not common in many hospital pharmacies of differ-
ent countries, because adoption of this system involves not only
a large budget for equipment, licensing, training, and mainten-
ance,20 but also a hospital commitment to redesign the way of
practice. Furthermore, this will also require devoting significant
time in staff training to operate the system.20 Nevertheless, even
if the financial and resource difficulties are attained, the adop-
tion of automation and technology may raise structural

challenges to make the system and data interoperable and tech-
nical barriers to harmonise it with the coexisting systems.21

The current study noted a lack of studies that aim to assess
the implementation of ISMP safety standards for sterile prepar-
ation compounding in other countries such as the Emirates,
Kuwait, Bahrain, Egypt, and Malta. This study might be the first
to assess ISMP standards in those countries.

One of the study’s limitations is the small sample size. While
124 pharmacists from 19 countries were invited to take part in
this survey, only 39 pharmacists from seven countries
responded. Moreover, the participants were predominantly
from Saudi Arabia, and in some countries only one pharmacist
responded. Therefore, the data might not be representative of
the hospitals in the respective countries. Another limitation is
that some of our findings came from primary/secondary hospi-
tals; thus, the results cannot be generalised to include tertiary
hospitals that provide specialised inpatient care.

In conclusion, minimum standards and best practice recom-
mendations to ensure safety of sterile preparation compounding
were implemented in many hospitals of different countries.
However, there is still a lack of standardisation in compounding,
labelling, and order verification of sterile preparations. In add-
ition, advanced technologies for compounding sterile prepara-
tions were not implemented in the majority of the hospitals.
Therefore, collaborative efforts and more research for optimis-
ing sterile preparation compounding are needed to improve
overall patient safety and service efficiency.

Key messages

What is already known on this subject
▸ The Institute for Safe Medication Practice (ISMP) has

developed guidelines and safety practices for sterile
preparation compounding.

▸ Many studies have reported the incidence of medication
errors related to parenteral preparations.

What this study adds
▸ Minimum standards to ensure safety of sterile preparation

compounding are widely implemented, whereas advanced
technologies such as bar code verification or intravenous
robotics are not implemented by the majority of the
hospitals.
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