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ABSTRACT

Background Reusing routinely recorded data from electronic hospital records (EHR) may 
offer a less-time consuming, and more real time alternative for monitoring compliance 
by nurses with a protocol for the safe preparation and administration of injectable 
medication. However, at present it is unknown if the data necessary to calculate the 
quality indicators (QIs) are recorded in EHRs, or if these data are suitable for automated QI 
calculation. Therefore, the aim of this study was to determine the feasibility of monitoring 
compliance by nurses with a protocol for the safe injectable medication preparation and 
administration by reusing routinely recorded EHR data for the automated calculation  
of QIs.

Methods A cross-sectional study in 12 Dutch hospitals (October 2015-May 2016). 
The checks included in the currently prevailing national protocol for the safe preparation 
and administration of injectable medication were translated into 16 data elements 
required to calculate the QIs. At each hospital, one interview was conducted using a 
structured questionnaire to decide whether the data elements were available in EHRs. 
To present these results, descriptive statistics were used.

Results In total, 20 health-care professionals were interviewed and four different EHR 
systems were evaluated. The availability of data elements was comparable between the 
four evaluated EHR systems. Nine of the 16 required data elements were recorded in 
EHRs, eight in a structured format. The seven missing data elements were mainly related 
to checks such as ‘gather all materials needed’ or ‘conduct hand hygiene’. Furthermore, 
changes were identified in the process for the preparation and administration of injectable 
medication. These changes are mostly related to the increased use of electronic medication 
administration registration and barcode medication administration systems.

Conclusions Reusing EHR data to monitor compliance by nurses with the currently 
prevailing protocol for the safe preparation and administration of injectable medication 
is not entirely feasible. A decision should be made on which checks should be recorded in 
the EHRs and which checks should be audited in order to minimize the registration burden 
for nurses. Moreover, the currently prevailing protocol should be revised to bring it in 
line with work-as-done. Our results can be used as guidance for such a revision and also 
for designing new QIs that can be calculated by reusing routinely recorded EHR data.
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INTRODUCTION

Background

More than 90% of all hospitalized patients receive some form of injectable medication, 
i.e. through an infusion or subcutaneous or intramuscular injections.1 Because of 
the immediate therapeutic effects, errors with injectable medication have a higher 
risk of patient harm.2, 3 To prevent such errors, protocols for the safe preparation 
and administration of injectable medication have been established nationally and 
internationally.1, 4, 5

To monitor compliance with these protocols, most hospitals conduct periodic internal 
audits. An internal audit is defined as an “independent and objective assurance and 
consulting activity”.6 In such an audit, internal employees (peers) evaluate how the 
protocol is followed. Methods for this evaluation are observations, interviews, site visits, 
document analysis, and surveys.7 Data collected during internal audits can be used to 
manually calculate quality indicators (QIs). QIs are “explicitly defined and measurable 
items referring to the structures, processes or outcomes of care”.8 Internal audits have 
been shown to improve the effectiveness of risk management, control, and governance 
by identifying patient safety problems.9 However, conducting internal audits is time 
consuming and the audit provides only a snapshot of the compliance at that particular 
moment.9 Moreover, awareness among staff of being audited can lead to biased 
measurements (the Hawthorne effect).10

Reusing data that are routinely recorded in the Electronic Hospital Record (EHR) for an 
automatic calculation of QIs may provide a promising alternative monitoring strategy: 
data can be collected in real time, and represent work-as-done, and this approach is 
less time consuming than conducting an audit.11 Furthermore, such an approach may 
contribute to a faster plan-do-check-act cycle when quality improvement is needed. 
However, at present it is unknown to what extent the data that are necessary to monitor 
compliance with a protocol for the safe preparation and administration of injectable 
medication are recorded in EHRs, and whether these data are suitable for automated 
QI calculation.

4
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Objective

The aim of this study was to determine the feasibility of monitoring compliance by 
nurses with a protocol for the safe injectable medication preparation and administration 
by reusing routinely recorded EHR data for the automated calculation of QIs.

METHODS

Design and setting

A cross-sectional multicenter study was conducted in 12 Dutch hospitals (October 2015-
May 2016): one university hospital, seven tertiary teaching hospitals, and four general 
hospitals. These hospitals originated from two random samples of respectively 19 and 
3 hospitals, selected for a larger study which aimed to evaluate compliance with Dutch 
protocols on injectable medication.12, 13 Both samples were stratified based on area 
and type of hospital (university, tertiary teaching, and general). Of these, 12 agreed 
to participate in the current study. Hospitals participated voluntarily on the basis of 
willingness and availability (convenience). No criteria were used to select hospitals. 
However, we made sure that the most frequently used EHR systems in the Netherlands 
were represented in our sample. At the time of the study, 11 Dutch hospitals were 
using EPIC (13% of all Dutch hospitals) and 41 (47%) were using ChipSoft.14 Also, many 
hospitals were in the process of selecting new EHR systems, with ChipSoft and EPIC 
being the most probable choices. Reasons for hospitals’ non-participation in this study 
were that they were currently implementing a new EHR system (n=3), time constraints 
(n=2), and no interest (n=5).

The STROBE guideline for observational studies in epidemiology, including cross-
sectional studies, was used to report this study.15

Participants

At each hospital, at least one health-care professional with knowledge of the 
functionalities within the local EHR system used during the process of injectable 
medication preparation and administration was invited to participate in an interview. 
These health-care professionals could be hospital pharmacists, quality and safety 
officers, or information technology (IT) experts with a medication safety background. 
After the hospital board gave consent for participation, we were referred directly to 
these health-care professionals.
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Ethical considerations

The medical ethics committee of the Amsterdam UMC, Vrije Universiteit Amsterdam 
concluded that the study did not fall within the scope of the Dutch Medical Research 
(Human Subjects) Act and gave a waiver for the requirement of informed consent 
(protocol number: 2015/430). Nevertheless, all hospitals were asked to sign a written 
consent form for participation in the study and all interviewed participants were 
informed prior to the interview about the purpose of the study and the fact that 
participation was voluntary.

Data collection

We focused on two QIs within the currently prevailing Dutch national protocol for the 
safe preparation and administration of injectable medication in a non-acute setting: 
(1) the number of correctly conducted checks during the preparation of injectable 
medication; and (2) the number of correctly conducted checks during the administration 
of injectable medication.4, 16 The Dutch protocol is comparable to other protocols 
implemented in other countries17-20 and it was implemented in all Dutch hospitals in 
2009. The most important and verifiable checks were translated into data elements. 
Data elements are pieces of information necessary to calculate QIs, for example 
a timestamp for medication administration or identification of the right patient.21  
For each QI, eight data elements were required to be able to calculate their outcome, 
i.e. compliant or not compliant (Table 1).

Second, to determine whether the data elements were recorded in the studied EHRs, 
a structured questionnaire was developed with 29 questions. The questionnaire was 
tested in a pilot interview in one hospital and changes to the questionnaire were made 
accordingly.

Third, in each hospital one interview was conducted by one senior researcher (JK). 
During the interview, the researcher filled in the structured questionnaire together 
with the participants. The interviews were not recorded, but the researcher took notes. 
Moreover, a copy of a completed questionnaire was sent back to the participant(s) to 
ascertain validity of the information. If needed, screenshots of EHR functionalities were 
collected to clarify where the data elements could be found.

4
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Table 1 Required data elements for two quality indicators: (1) ‘the number of correctly conducted 
checks during the preparation of injectable medication’; and (2) ‘the number of correctly 
conducted checks during the administration of injectable medication’, based on Schilp et al.16

Data elements Brief explanation of data elements and the underlying check
Preparation phase
1. Verify medication order 

and check guidelines
Verify the injectable medication order based on the patient’s 
medication list and check local handbook of injectable drugs for 
a guideline on how to prepare the medication.

2. Create medication label Create injectable medication label based on information from 
injectable medication order and handbook of injectable drugs.

3. Calculate right amount Calculate the right amount of injectable medication to be 
prepared based on the patient’s medication order.

4. Conduct hand hygiene 
and disinfect preparation 
surfaces

Conduct hand disinfection before preparation or wear gloves 
during the preparation. Make sure that the preparation surfaces 
are clean.

5. Gather all materials 
needed

Gather the materials needed for the preparation.

6. Check right ingredients 
and prepare the 
medication

Check whether the right ingredients are present (e.g. right vials 
or ampules of medication, and diluent if applicable) and prepare 
the injectable medication.

7. Sign for preparation Sign for preparation of injectable medication immediately after 
completing it.

8. Check and co-sign by a 
second nurse

A second nurse checks whether the right injectable medication 
order was chosen, the right ingredients were collected, the 
right amount was calculated, the shelf life of the ingredients 
has not expired, the right preparation method was used, 
and the right injectable medication label was created with 
the right expiration date on it. The second nurse co-signs for 
preparation.

Administration phase
1. Check right medication Check the injectable medication label based on the patient’s 

medication order list (right medication, right dose, right time).
2. Prepare for 

administration
Check the local handbook of injectable drugs for a guideline 
regarding infusion rate and right infusion route for the 
medication.

3. Gather all materials 
needed

Gather the materials needed for the administration.

4. Identify the right patient Identify the right patient.
5. Check by a second nurse A second nurse checks whether the right patient, medication, 

and time, and right administration route and rate have been 
chosen.

6. Conduct hand hygiene 
and disinfect the 
preparation surfaces

Conduct hand disinfection before administration or wear 
gloves during administration. Make sure that the administration 
surfaces are clean.

7. Check right infusion rate 
and flow

Administer the medication and set the right infusion rate (via 
drip or pump mode). Check if infusion is flowing correctly.

8. Sign medication order As the administrator, sign for the administration of the 
medication order.
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Outcomes

The primary outcome was the availability in the EHR of the data elements required to 
calculate the two QIs automatically. Data elements were recorded as available if that 
data element was recorded in the EHRs. If a data element was recorded, information was 
collected about the recording method (i.e. manual or automated), type of data format 
(i.e. structured or unstructured), and type of health-care professional responsible for 
recording the data element.

Data analysis

All information from the interviews, and additional information received after the 
interviews if applicable, was entered in an Excel spreadsheet (Microsoft Office 
Professional Plus 2016). For the primary outcome, the number of available data 
elements, the number and description of recording methods, and the description of 
the data format were described. Automatic computation of QIs would only be feasible if 
all required data elements were available in the EHR in a structured, computer-readable 
format. For hospital and health-care professional characteristics, we used descriptive 
statistics.

Table 2 Characteristics of the hospitals and health-care professionals in the study.

Characteristics Number of hospitals (n=12) or 
health-care professionals (n=20)

Hospital characteristics
Type of hospitals, n (%)
 University 1 (8)
 Tertiary teaching 7 (58)
 General 4 (33)
Type of EHR system, n (%)
 ChipSoft (EZIS) 3 (25)
 ChipSoft (HIX) 3 (25)
 EPIC 3 (25)
 Siemens-i.s.h. med 2 (17)
 NEXUS (xCare-EPD) 1 (8)
Health-care professional characteristics
Type of profession, n (%)
 Hospital pharmacist 14 (70)
 EHR expert 4 (20)
 Quality and safety officer 2 (10)
Number of professionals per interview, median (range) 1.5 (1-4)

4
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RESULTS

Participants

In 12 Dutch hospitals, 20 health-care professionals were interviewed (one to four 
professionals per hospital), of whom 14 (70%) were hospital pharmacists (Table 2). 
Four different EHR systems were reviewed during the interviews: ChipSoft (HIX or EZIS), 
EPIC, NEXUS, and Cerner/SAP. The hospitals were at different stages of post-going live, 
varying from a few months to several years after implementation. In nine hospitals 
(75%), health-care professionals worked with a fully integrated EHR system (i.e. a system 
in which all functionalities are placed in the same technical layer and utilize a single 
clinical data repository, e.g. administrative data, patient demographics, notes, vital signs, 
diagnoses, medication, images, and lab results).

Table 3 Availability and recording method of data elements for preparing injectable medication.

Data element Availability,
n hospitals (%)

Description of 
recording method,
n hospitals (%)

Type of 
recording 
method

Type of data 
format

1. Verify medication 
order and check 
guidelines

0 (0) n/a n/a n/a

2. Create medication 
label

8 (67) 1. Log file of printed 
label, 8 (67)

1. Automated 1. Structured

3. Calculate right 
amount

0 (0) n/a n/a n/a

4. Conduct hand 
hygiene and disinfect 
preparation surfaces

0 (0) n/a n/a n/a

5. Gather all materials 
needed

0 (0) n/a n/a n/a

6. Check right 
ingredients and 
prepare the 
medication

2 (17) 1. Scan barcode of 
the ingredients,  
2 (17)

1. Automated 1. Structured

7. Sign for all 
preparation steps

8 (67) 1. Log file of printed 
label, 8 (67)
2. One sign-off for 
all steps, 1 (8)

1. Automated
2. Automated

1. Structured
2. Structured

8. Check and co-sign 
by a second nurse

1 (8) 1. One sign-off for 
all steps, 1 (8)

1. Automated 1. Structured

n/a=not applicable
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QI for the safe preparation of injectable medication

Of the eight required data elements, four (50%) were available in all the EHR systems 
reviewed (‘create medication label’, ‘check right ingredients and prepare the medication’, 
‘sign for all preparation steps’, and ‘check and co-sign by a second nurse’, see Table 3). 
In all hospitals, these data elements were recorded in a structured format. All hospitals 
used the same recording method for three of these four data elements.

In eight hospitals (66%), injectable medication labels were automatically generated 
based on medication order information in the electronic medication administration 
record (eMAR), an application integrated in the EHR system. By printing these labels, 
an EHR system automatically captures the name of the nurse and a timestamp for 
label printing. In these hospitals, this method was used to capture the data elements 
‘create medication label’ and ‘sign for all preparation steps’. In the remaining four 
hospitals (33%), medication labels were created manually, and signed and checked by 
two nurses. In two hospitals (17%), a barcode scanner was used to verify if the right 
ingredients were chosen. By scanning the barcode on the ingredient’s container, the 
EHR system automatically captures the name and strength of the ingredient and checks 
for mismatches with the related medication order. In these hospitals, this method was 
used to capture the data element ‘check right ingredients and prepare the medication’. 
In one hospital (8%), it was possible to automatically sign off for preparation by using an 
identification badge. In this hospital, this method was used to capture the data elements 
‘sign for all preparation steps’ and ‘check and co-sign by a second nurse’.

QI for the safe administration of injectable medication

Of the eight required data elements, five (63%) were available in all the EHR systems 
reviewed (‘check right medication’, ‘identify the right patient’, ‘check by a second nurse’, 
‘check right infusion rate and flow’, and ‘sign medication order’, see Table 4). Of these 
data elements, four were recorded in a structured format, and the same recording 
method was used for these data elements in all hospitals.

The entire registration of medication administration checks was conducted manually in 
one hospital (8%). In the remaining 11 hospitals (92%), nurses used eMAR. Nurses need 
to log into eMAR with their own login name and password in order to verify patients’ 
medication orders and to record the administration of medication. Therefore, in these 
hospitals this login procedure is used to capture the data element ‘sign medication 
order’. In two of these 11 hospitals, eMAR is used in combination with barcode scanning 

4
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technology to check for the right patient by scanning the barcode on the patient’s 
wristband and for the right medication, dose, and time by scanning the barcode on the 
injectable medication label. This captures the data elements ‘check right medication’ 
and ‘identify the right patient’. In four of the 11 hospitals, only the barcode scanning 
of the patient’s wristband is operational. In 11 hospitals, a ‘check by a second nurse’ 
pop-up window is shown to capture the related data element. A second nurse needs 
to log into the system to complete the pop-up window. To capture the data element 
‘check right infusion rate and flow’, all 11 hospitals use a free-text field in the eMAR 
system to record the related information. No data elements related to the check and 
second check of the right administration route and rate were identified.

Table 4 Availability and recording method of data elements for administering injectable 
medication.

Data element Availability,
n hospitals (%)

Description of 
recording method,
n hospitals (%)

Type of 
recording 
method

Type of data 
format

1. Check right 
medication

4 (33) 1. Scan barcode on 
patient’s wristband 
and barcode on 
injectable medication 
label, 4 (33)

1. Automated 1. Structured

2. Prepare for 
administration

0 (0) n/a n/a n/a

3. Gather all 
materials needed

0 (0) n/a n/a n/a

4. Identify the right 
patient

6 (50) 1. Scan barcode on 
patient’s wristband, 
6 (50)

1. Automated 1. Structured

5. Check by a 
second nurse

11 (92) 1. One signature in 
eMAR for all steps, 
11 (92)

1. Automated 1. Structured

6. Conduct hand 
hygiene and 
disinfect the 
preparation 
surfaces

0 (0) n/a n/a n/a

7. Check right 
infusion rate and 
flow

11 (92) 1. Free text field in 
eMAR, 11 (92)

1. Manual 1. Unstructured

8. Sign medication 
order

11 (92) 1. Log-in to eMAR and 
record administration, 
11 (92)

1. Automated 1. Structured

n/a=not applicable
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DISCUSSION

Our study shows that only half of the data elements required for automatic QI calculation 
(in order to monitor nurses’ compliance with the protocol for safe preparation and 
administration of injectable medication), are routinely recorded in the evaluated EHR 
systems. Various data recording methods are used by nurses and most of these methods 
have the same structured format. Furthermore, we found that all four evaluated EHR 
systems are comparable regarding the availability of the required data elements. 
Therefore, monitoring compliance with the currently prevailing protocol using routinely 
recorded EHR data, is not entirely feasible. The current EHR systems are not fit for the 
purpose of monitoring compliance with this protocol.

To our knowledge, no other studies have been published of the feasibility of automated 
calculation of QIs related to the preparation and administration of injectable medication 
using routinely recorded EHR data. However, studies of other hospital processes also 
showed limited opportunity regarding automatic QI calculation by reusing EHR data. 
Chazard et al. showed in their review that only 98 of 440 QIs (22%) found in the literature 
could be calculated automatically.22 In line with this review, a data requirement review 
of Roth et al. showed that only one third of 400 QIs studied, covering 29 conditions and 
preventive care, were readily accessible from the EHRs.23 Finally, automatic calculation 
of a set of 10 colorectal cancer surgery QIs in a Dutch hospital was also deemed not 
feasible.24

Two key reasons why QIs cannot be easily calculated by reusing EHR data are that data 
are missing or unavailable,22, 24, 25 and data are captured in an unstructured format (e.g. 
free-text fields).21-23, 25-28 These limitations were also identified in our study. In particular, 
data elements related to checks when getting ready for preparation or administration 
(e.g. ‘gather all materials needed’) or conducting hygiene activities (e.g. ‘conduct hand 
hygiene’) were missing in EHR systems. Furthermore, the use of free-text fields for 
‘checking for right infusion rate and flow’, hinders use of this check in automated QI 
calculations.

More specific to our setting and the injectable medication preparation and 
administration process is the fact that the protocol we used was implemented in 2009. 
At that time, many hospitals in the Netherlands were still using paper charts for the 
preparation and administration of injectable medication. The protocol is, however, 
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still the prevailing protocol and hospitals are inspected by the Health and Youth Care 
Inspectorate for compliance with this protocol. Besides, we have found that hospitals 
have implemented various IT tools such as eMAR and barcode medication administration 
(BCMA) systems in addition to EHR systems, resulting in changes in how the process of 
the preparation and administration of injectable medication is conducted. Therefore, 
in our opinion the currently prevailing protocol should be revised in order to utilize the 
benefits of automation in hospitals and to address possible new risks resulting from 
such automation.

Based on our results, we recommend taking the following three steps:

1) Revise the prevailing protocol for safe injectable medication preparation and 
administration to bring it in line with work-as-done. Our study shows that BCMA 
has additional advantages for monitoring protocol compliance. When used in 
combination with an eMAR, data elements are captured along with safety warnings 
when mismatches occur. For example, the medication order in the eMAR is checked 
against the information from the barcode on the patient’s wristband (the right 
patient), the barcode on the medication label (the right medication, dose, and 
time), and the barcode of ingredients (the right medication ingredients). However, 
although use of IT has reduced risks in the process of preparation and administration 
of injectable medication, it has also created new risks (i.e. workarounds).29, 30  
This should be taken into account when revising the current protocol.

2) Define which checks should be recorded in the EHRs and which checks should 
be monitored differently so that the EHRs are fit for the purpose of automated 
calculation of QIs. In our opinion, there is no added value from recording checks 
such as ‘gather all materials needed’ or ‘conduct hand hygiene and disinfect 
preparation surfaces’ in an EHR. This has been confirmed by almost all interviewed 
participants, who indicated that these checks are not suitable for translation into 
data elements. Besides, the Dutch nursing organization has been trying for several 
years to reduce the administrative burden on nurses, because 92% of nurses argue 
that the registration of many activities has gone too far and is often unnecessary.31 
Other forms of monitoring are probably more appropriate for these checks, such as 
site visits or periodic observations.
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3) Formulate new QIs. To be able to compare QI outcomes between hospitals and learn 
how to improve accordingly, we recommend standardizing the data elements in 
EHR systems that are needed for QI calculation. Several international and national 
information standards have been developed to achieve interoperability in health-care 
information. One example is the identification of medicinal products (IDMP) standard, 
which specifies standardized definitions of medicinal products for human use,  
and covers aspects about which standards to use for medication names, frequencies, 
doses and routes of administration.32 Furthermore, as formulated by Nictiz, the 
Dutch information standard for the medication process covers aspects of how to 
record and exchange information with other care providers regarding prescribing, 
dispensing, administering, and using medication.33 With respect to medication 
administration, additional guidance is provided about how to record the double 
check. Any information that is covered by these standards and is needed as a data 
element for the QIs should preferably be standardized in EHR systems according to 
these standards, especially given the efforts to develop such standards and their 
(intended) widespread use. However, as this study reveals (Table 1), there are still 
many data elements that are not (yet) covered by these standards, for example, 
elements recording that the ‘right amount was calculated’, ‘medication label was 
created’, ‘hand hygiene was conducted’ and ‘right infusion rate and flow was set’. 
To standardize these elements, other tools could be valuable, such as the CLinical 
quality Indicator Formalization (CLIF) method developed by Dentler et al.34 CLIF is 
an eight-step method that helps its users in transforming quality measures (often 
recorded in unstructured text fields) into precise queries that can be computed on 
the basis of EHR data. CLIF can lead to reproducible results, but input is required from 
trained experts with clinical and medical informatics expertise. The experts need to 
agree on the terminology, definitions, and registration methods for data elements 
and must consider these as a minimum dataset.35 Besides data elements monitoring 
the quality of the process, data elements should also be considered that give insight 
into the safety of the process, for example the number of barcodes on ingredients 
and medication labels that can be scanned, or the number of mismatch pop-ups 
because of a wrong time window or a wrong patient.

Finally, the revised protocol should be implemented and the ability to record the data 
elements required for automated calculation of the (new) QIs should be configured in 
the EHR systems in order to make them fit for purpose. Cooperation with EHR vendors 
will be of added value. Future studies could then focus on monitoring nurse compliance 
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with the revised protocol by reusing EHR data and on gaining insight into the effects of 
this new approach to medication safety. Moreover, reusing EHR data for quality-of-care 
monitoring provides opportunities to audit and obtain feedback on the nurse’s own 
compliance without reliance on internal or external auditors. This might encourage 
employees to take control and responsibility for their compliance, since compliance 
results, and the effects of improvement measures, are readily available.

Strengths and limitations

The strengths of our study are its random selection of 12 participating hospitals and 
appropriate representation of the Dutch EHR landscape (25% were EPIC hospitals 
and 50% were ChipSoft hospitals). Furthermore, one of our participants (MD) was a 
representative of the Dutch ChipSoft user group for medication processes and familiar 
with the possibilities and limitations of the ChipSoft EHR system. One of our researchers 
(JK) was in the lead of the medication processes configuration and implementation 
of the EPIC EHR system and was familiar with the possibilities and limitations of that 
system. Therefore, given the sufficient representation of EHR systems and involvement 
of experts, we are confident that our results give a realistic overview of the possibilities 
of both systems. Nevertheless, our study also has some limitations. Firstly, this study 
was an explorative study and relied on information provided by the participants, not on 
information extracted from the EHR systems. However, at the time of the study we did 
not know to what extent EHR systems were used to support the process of injectable 
medication preparation and administration and therefore which data to extract to 
calculate the QIs. Given these unknowns and taking into account the strict regulations 
regarding patient privacy when extracting data for research, we decided that the best 
option to meet the aim of our study (within the available time and resources) would be 
via interviews with local EHR experts. Besides, these experts were highly knowledgeable 
about the EHR systems, the protocol for the safe preparation and administration of 
injectable medication, and the underlying processes. Furthermore, parallel to this study, 
we were conducting direct observations of nurses at the same hospitals to measure 
compliance with the same protocol.12 Therefore, we are confident that this combined 
strategy provided us with sufficient knowledge of clinical practice and how the EHR 
system was used in order to reliably determine whether it would be feasible to calculate 
injectable medication QIs by reusing data recorded in the EHRs. Secondly, since this 
study was conducted in 2015-2016, it is possible that the participating hospitals have 
since implemented a new version of their hospital’s EHR system and that some data 
elements can now be recorded and retrieved for the automatic calculation of QIs. 
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However, implementing new IT tools or changes in EHR systems is often very complex 
and time-consuming, which suggests that our findings provide a valid overview.

CONCLUSION

Currently, reusing EHR data to measure compliance with the protocol for the safe 
preparation and administration of injectable medication is not entirely feasible. 
This finding applies across the four EHR systems reviewed. To move forward, several 
steps are needed to make sure that the current protocol for the safe preparation and 
administration practices for injectable medications is in line with work-as-done, and 
to establish the most appropriate monitoring strategies for measuring compliance. 
In our opinion, using information technology such as EHR systems, eMAR, barcode 
scanning, and smart infusion pumps, and reusing routinely recorded data in these 
systems should be pursued as ways to optimize medication safety and to support an 
efficient, transparent, safe, and reliable plan-do-check-act cycle.
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