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Abstract

Background Medication errors occur frequently in intensive care units (ICU). Voluntarily reported medication errors form
an easily available source of information. Objective This study aimed to characterize prescribing, monitoring and medication
transfer errors that were voluntarily reported in the ICU, in order to reveal medication safety issues. Serting This retrospective
data analysis study included reports of medication errors from eleven Dutch ICU’s from January 2016 to December 2017.
Method We used data extractions from the incident reporting systems of the participating ICU’s. The reports were transferred
into one database and categorized into type of error, cause, medication (groups), and patient harm. Descriptive statistics
were used to calculate the proportion of medication errors and the distribution of subcategories. Based on the analysis, ICU
medication safety issues were revealed. Main outcome measure The main outcome measure was the proportion of prescribing,
monitoring and medication transfer error reports. Results Prescribing errors were reported most frequently (n =233, 33%),
followed by medication transfer errors (n =385, 12%) and monitoring errors (n=27, 4%). Other findings were: medication
transfer errors frequently caused serious harm, especially the omission of home medication involving the central nervous
system and proton pump inhibitors; omissions and dosing errors occurred most frequently; protocol problems caused a quarter
of the medication errors; and medications needing blood level monitoring (e.g. tacrolimus, vancomycin, heparin and insulin)
were frequently involved. Conclusion This analysis of voluntarily reported prescribing, monitoring and medication transfer
errors warrants several improvement measures in these processes, which may help to increase medication safety in the ICU.

Keywords Incident reporting system - Intensive care unit - Medication error - Medication safety - Patient safety - The
Netherlands - Voluntarily reports
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CPOE  Computerized provider order entry
CNS Central nervous system

ICU Intensive care unit

INR International normalized ratio
IRS Incident reporting system

IT Information technology
LMWH Low molecule weight heparin
ME Medication errors

MoE Monitoring errors

MTE Medication transfer errors

PE Prescribing errors

PIS Patient Information System
TDM Therapeutic drug monitoring

Impacts on practice

e The frequently reported prescribing errors can be pre-
vented by introducing or improving medication safety
practices like decision support in electronic prescribing,
and the daily attendance of a pharmacist during patient
rounds.

e Medication reconciliation at ICU admission should be
part of standard ICU care; this service should be com-
bined with the early continuation of high-risk home
medication, like medication involving the central nerv-
ous system and proton pump inhibitors.

e Medication needing blood level monitoring (e.g. tac-
rolimus, vancomycin, heparin and insulin) are prone to
medication errors in the ICU.

Introduction

Medical errors occur frequently in intensive care units
(ICU’s) [1, 2]. This can be attributed to complex patient
conditions, acute life-sustaining treatments and a consid-
erable workload fluctuation [1-4]. Medication errors (ME)
account for most of the medical errors in the ICU [2, 4] and
seem to occur at a higher frequency and with a greater likeli-
hood for harm in ICU patients compared to non-ICU patients
[5-7]. An ME can be defined as an unintended failure in the
medication process that leads to, or has the potential to lead
to harm to the patient [8]. The frequency of ME is estimated
to be 106 per 1000 patient days in adult ICU’s [6].
Kane-Gill et al. [6] found that the types of voluntarily
reported ME, contributing factors, drug classes and out-
comes were different in ICU’s compared to the general care
units. They concluded that there is a need for ICU specific
surveillance systems for ME, so that systematic improve-
ments specific to the ICU environment can be implemented.

There are a few studies on voluntarily reported ME in
the ICU available [6, 9—12], giving insight into the specific
epidemiology of ME in the ICU. However, since medica-
tion administration errors in general dominate the reports,
other important ME like prescribing errors (PE), monitoring
errors (MoE) and medication transfer errors (MTE) may be
overlooked in these studies, although these errors are known
as common and important causes of adverse events [13—15].

Notwithstanding the known limitations of voluntarily
reported ME, such as under- and selective reporting [16,
17], analyzing voluntarily reported PE, MoE and MTE in the
ICU in a multi-center sample provides a valuable insight into
high-risk situations and may help to identify opportunities
for improvement [18].

Aim of study

This study aimed to characterize and analyze prescribing
errors, monitoring errors and medication transfer errors that
were voluntarily reported in the ICU, in order to reveal ICU
medication safety issues related to prescribing, monitoring
and ICU medication transfer.

Ethics approval

Since data used in this study neither contained patient infor-
mation nor reporter information, a waiver from the Zuid
Holland Medical Ethics committee (METC, nr: 18-098) was
obtained.

Method
Design and setting

We designed a retrospective data analysis study of incidents
reported in 11 of the 83 (13%) Dutch adult ICU’s. For this
purpose, we used datasets derived from seven different web-
based, voluntary IRS systems from the first of January 2016
until the 31th of December of 2017.

Data were obtained from two university hospitals (Eras-
mus University Medical Center Rotterdam and University
Medical Centre Groningen) and five general teaching hos-
pitals (HMC general teaching hospital Den Haag (location
Bronovo, location Westeinde and location Antoniushove),
Haga general teaching hospital Den Haag, Franciscus
Gasthuis and Vlietland Rotterdam, Reinier de Graaf Hospi-
tal Delft and Jeroen Bosch Hospital Den Bosch. Data were
collected without identifiers of patients and staff members.
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Description of the IRS systems

The involved hospitals all participated in the nationwide
patient safety program which aims to minimize patient harm
through reducing medical errors. Part of this program is the
presence of a local incident reporting system (IRS) for vol-
untarily reporting of medical errors (including ME) by the
hospital staff [19]. These IRS systems are characterized by
their decentralized management. All included hospitals used
a web-based intranet reporting tool (Iprova version 4.8, Info-
land, Veldhoven, The Netherlands) [20], which was locally
available and was easily accessible for hospital staff. After
registration of the incidents by the healthcare provider, the
incidents were periodically reviewed, analyzed and managed
by a local multidisciplinary incident report committee in
the ICU, consisting of ICU nurses, ICU doctors and quality
officers. The reviews of the incidents were also documented
in the IRS systems.

Al IRS reports contained a combination of structured and
non-structured data. However, since there was no obligatory
Dutch standardization regarding the registration of incidents,
every IRS system had a different structure.

Data collection
Hospital data

We collected the following information:

Organization related information type of hospital (uni-
versity hospital, general teaching hospital), type of ICU
(general versus specialized, and medical versus surgical),
number of ICU beds.

Information technology (IT) related information: avail-
ability of CPOE (computerized provider order entry) (yes/
no), one CPOE for the entire hospital including the ICU
(yes/no).

Clinical pharmacy related information pharmacist attend-
ance in the ICU (number of times a week), dedicated ICU
pharmacist (yes/no), medication reconciliation at ICU
admission (yes/no), how pharmacists provide medication
surveillance (electronic medication surveillance in the phar-
macy, patient round attendance, after consultation).

Based on the pharmacist attendance we defined three
levels: level 0: no pharmacist attendance, level 1: some
pharmacist attendance at the ICU and level 2: a dedicated
pharmacist, five days a week.

Based on the medication reconciliation group we defined
two groups: level 0: no medication reconciliation at the ICU
and level 1: medication reconciliation at the ICU.

@ Springer

ME data screening process and inclusion in final data set

All reported ME in 2016 and 2017 occurring in the ICU
were extracted from the hospital IRS databases. The fol-
lowing data of an ME-report were collected: date of error,
origin of report (hospital type, ICU type), description of the
incident, preventive measures as suggested by the reporter
(whenever available), hospital ME analysis and follow up
(whenever available), drug name and route of administra-
tion (whenever available), potential causes, potential con-
sequences (whether the error reached the patient, whether
harm occurred, estimated risk of severity and estimated risk
of reoccurrence of the error). The data frequently contained
timelines and perspectives and it included (whenever per-
formed) a root cause analysis, improvement measures and
recommendations for improving medication safety by the
ICU incident report committee.

All ME reports were thoroughly reviewed and checked to
ensure that no duplicates or medical events without medi-
cation involvement were included. Since the structure and
categorization of the databases were different, we made a
new standardized database structure and transferred the data
into this new database. This new structure was based on the
Dutch standard [21], and can be found in “Appendix 1".

After categorizing we selected the PE, MoE and MTE for
inclusion in the study.

For most reports our classifications were more or less
available in the primary datasets or easy to detect from the
available written non-structured information in the reports.
The first author double-checked all available classifications
and corrected several inconsistencies made by the report-
ers. Whenever a classification was missing, the first author
categorized the report, based on the abundant non-structured
available information. However, whenever a classification
was not available nor traceable based on the non-structured
data, a “not known” classification was given to the report.
All original information was saved in the final database, this
made extra checks for correctness possible during the ana-
lyzation process. Figure 1 shows the study flow.

Data analysis

All data were processed and classified in MS Excel 2016
(Microsoft Corp., Redmond, USA) and analyzed with IBM
SPSS Statistics version 24.0 (IBM Corp., Armonk, New
York, USA). Descriptive statistics were used to determine
the proportion of PE, MoE and MTE in the ICU, as well
as the subtypes, the type of medication involved, the route
of administration, the causes and patient harm. Through
reviewing all ME, we revealed some ICU medication safety
issues. These were used to discuss suitable ICU medication
safety practices which could be introduced (when not avail-
able) or improved (when available).



International Journal of Clinical Pharmacy (2021) 43:66-76

69

Fig.1 Study flow. ICU = inten-
sive care unit, ME = medication
errors

Review of 10 different datasets with voluntarily
reported ME from 11 ICUs,

763 potential ME reports

43 non-ME and 19
duplications excluded

Transfer of 701 ME to one database

701 ME categorized, according to stage of medication
process, medication groups, types, causes and patient

harm

Included ME: 234 prescribing, 27 monitoring and 84
medication transfer errors

Excluded ME:

270 administering, 30
compounding, 45 dispensing
and 11 storage & logistics

Review and analyses of the prescribing, monitoring
and medication transfer errors

To be able to give an indication of the differences between
ICU’s in reporting, we divided the total number of reports
per ICU by the number of beds and the number of years.

For the comparison of reporting rates between ICU’s with
different pharmacy services (pharmacist attendance level
0,1 and 2 and medication reconciliation level 0 and 1), we
divided the total number of ME of a group of ICU’s with
the same level of pharmacy service by the number of beds
in the ICU’s of that level.

Results
Setting

Relevant characteristics of the ICU’s are summarized in
Table 1.

Characteristics of included ME reports

The number of voluntarily reported ME was 701, which
amounts to 2—6 reports per bed per participating ICU.

We included 345 (49%) ME reports, among which most
were PE (n=233, 33%), followed by MTE (n =385, 12%) and
MoE (n=27, 3.9%).

ME involving a single medication occurred in 277 (80%)
cases, 43 (12%) two or more medications and 25 (7%) did
not specify the medication.

Compared to nursing staff, the medical staff tended to
report more serious errors (12% vs. 4%).

ICU’s with pharmacist attendance had higher report
rates and percentages of reported PE. Likewise, ICU’s with
a medication reconciliation service had a higher report rate
and percentage of reported MTE.

The following subgroups were only reported in ICU’s
with attending pharmacists: wrong frequency, contraindi-
cation, wrong time, incorrect actions based on monitoring
results, allergies and wrong strength.

MTE were most frequently associated with serious harm
(MTE=11, 13%, PE=5, 2% and MoE =4, 15%), most fre-
quently omissions during the ICU admission process (n =9,
3%). Other error types leading to serious harm were moni-
toring problems (n=5, 1%) and wrong dose (n=4, 1%).

Table 2 summarizes the main characteristics of the PE,
MoE and MTE reports.

Medication involved

Figure 2 shows the medication groups involved in the ME.

Within the anti-infectives group (J=64, 19%), cephalo-
sporins (n=17, 5%) and vancomycin (n=11, 3%) accounted
for almost half of the reported ME. The vancomycin reports
were mostly related to problems with therapeutic drug moni-
toring (TDM).

The antithrombotic agents (B05=58, 17%) most fre-
quently leading to a report were the low molecule weight
heparins (LMWHs =31, 69%). Noteworthy, besides the
common types of error (i.e. wrong dose (n=11, 24%)
and omissions (n=10, 22%), “duplicate medication”
errors (n=7, 16%) were frequently reported errors in the
antithrombotic agents. For example, 3 reports described
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Table 1 Characteristics of participating ICU’s

n=11ICU’s
in 7 hospitals

ICU characteristics

Type of patients, n (%)

Mixed (surgical and medical) 10 91%)

Cardiothoracic 1 (9%)
Type of hospital, n (%)

University Hospital 2 (29%)

General teaching Hospital 5(71%)
Beds per ICU, median (range) 14 (6-44)
CPOE available, n (%) 11(100%)
Same CPOE on general ward and ICU, n (%) 9 (82%)

Attendance of pharmacist in the ICU (days/week)*, n (%)

0 3 (27%)

1-2 3 (27%)

4-5 5(45%)
ICU specialized or dedicated pharmacists, n (%)

Specialized ICU pharmacist 3 (27%)

Group of pharmacists dedicated to ICU 3 (27%)

Not specialized nor dedicated 5 (45%)
How do pharmacists address interventions, n (%)

Electronic medication surveillance 11 (100%)

Patient rounds/ in the ICU 8 (73%)

After consultation/on request 11 (100%)
Pharmacist attending patient rounds, n (%)

Level 0 3(27%)

Level 1* 5 (45%)

Level 2 3(27%)
Medication reconciliation service, n (%)

No service available 5 (45%)

Service available 6 (55%)

CPOE = computerized provider order entry, ICU = Intensive Care
Unit, ME = Mediation Error

*Level 1 contained different forms of pharmacy service; some ICU’s
had pharmacists working in groups dedicated to the ICU and attended
the ICU 1-3 times a week, where others had no dedicated/specialized
pharmacist, these ICU’s had the pharmacists on duty attending the
ICU patient round on a daily basis

starting a therapeutic dose of LMWH, without noticing that
the patient still had an INR (international normalized ratio,
based on vitamin K antagonist use) within the target range.

Besides frequently occurring, CNS medications (n =57,
17%; opioids =25, 44%), were also most often associated
with serious harm (n="7, 2%), primarily omissions of home
medication at ICU admission. The induced harm was, for
example, inadequate pain regulation, or patient agitation.

Twenty-five ME with insulin were reported (7%), most
of them being MoE (n=18, 72%), five insulin cases led to
serious temporary harm.

Hypoglycemia due to erroneous continuation of insu-
lin infusion after stopping or reducing enteral feeding was

@ Springer

reported ten times (3%) in 6 of the 7 hospitals, leading to
serious harm in two cases. Moreover, the omission of insulin
treatment after ICU discharge of patients with DM type I
was another type of ME occurring several times, leading to
serious harm in one case.

The three serious harm errors involving proton pump
inhibitors were all omissions of home medication at ICU
admission leading to a gastro-intestinal bleeding.

Fifteen ME with tacrolimus were reported in the univer-
sity hospitals, accounting for 10% of the reported ME in the
2 university hospitals, predominantly occurring in the first
days of the post-transplantation period. Like vancomycin,
these errors were in general caused during the TDM process,
such as forgetting to measure blood levels or forgetting to
adjust the dose after the results of TDM became available.

“Appendix 2” shows examples of the reported ME.

Causes

Figure 3 shows the primary causes of error related to patient
harm.

Noteworthy, 90 (26%) of the primary causes of error were
related to problems with protocols, especially “protocol or
guideline not followed” (n=67, 19%), followed by “unclear
protocol” (n=17, 5%), “protocol or guideline not imple-
mented” (n=5, 1%) and “no protocol or guideline” (n=1,
0.3%).

The errors made while using CPOE (n=283, 24%) were
reported in all hospitals, regardless of the type of CPOE
used.

Four PE were due to sound-alike medication names:
nitroprusside confused with nitroglycerine, dipyridamole
confused with dipidolor, ketanserine confused with Ketan-
est® (esketamine) and finally calcium with citrate which are
both used in continuous renal replacement therapy systems.

As was expected, half of the MTE were due to commu-
nication factors, especially unclear or no communication
between health care providers (both 16 reports, 19%).

Discussion

This study is the first to systematically explore voluntarily
reported prescribing, monitoring and medication transfer
errors in a representative group of Dutch ICU’s, enabling
us to identify ICU medication safety issues. The prescribing
(PE=233, 33%), monitoring (MoE=27, 4%) and medica-
tion transfer errors (MTE =85, 12%) accounted for half of
the ME reports and were further analyzed.

The percentage of reported ME associated with harm
was higher as compared to literature [6, 12], which may be
explained by cultural or organizational differences [22] and
the fact that a relatively large number of reports were made
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Table 2 Characteristics of voluntarily reported ME

PE MoE MTE Total
233 (68%) 27 (8%) 84 (25%) 345 (49%)
Type of error, n (%)
Errors related to the choice of medicine
Omission 43 (18%) - 44 (52%) 87 (25%)
Wrong medication 17 (7%) - 2 (2%) 19 (6%)
Wrong route of administration 4 2%) - 0 (0%) 4 (1%)
Wrong dosage form 2 (1%) - 1 (1%) 3(1%)
Errors related to dosing, frequency and duration of therapy
Wrong dose 41 (18%) - 11 (13%) 52 (15%)
Wrong infusion rate 11 (5%) - 1(1%) 12 3%)
Wrong frequency/duration 22 (9%) - 2 (2%) 24 (7%)
Wrong strength 4 2%) - 1 (1%) 5 (%)
Wrong time of administration 10 (4%) - 1 (1%) 11 (3%)
Errors related to medication surveillance
Allergy/intolerance 3 (1%) - 1 (1%) 4 (1%)
Contraindication 12 (5%) - 2 (2%) 14 (4%)
Double medication 18 (8%) - 3 (4%) 21 (6%)
No indication 52%) - 3 (4%) 8 2%)
Patient monitoring errors
Incorrect actions based on monitoring results 1(0.4%) 4 (15%) 4 (5%) 9 (3%)
Insufficient monitoring 8 (3%) 23 (85%) 0 (0%) 31 (9%)
Others
Dose change or start not correctly communicated 11 (4%) - 3 (4%) 14 (4%)
Error with CPOE 18 (8%) - 0 (0%) 18 (5%)
Wrong patient 3(1%) - 0 (0%) 3 (1%)
Non-specified 0 (0%) - 6 (7%) 6 2%)
Cause of Error, n (%)
Technical factors 86 (37%) 3(11%) 2 (2%) 91 (26%)
Organizational factors 16 (7%) 5 (19%) 8 (10%) 29 (8%)
Communication factors 40 (17%) 4 (15%) 42 (50%) 86 (25%)
Human performance factors 90 (39%) 14 (52%) 30 (35%) 134 (39%)
Unknown 1 (0%) 1 (4%) 3 (4%) 5(1%)
Did ME reach patient, n (%)
Yes 165 (711%) 26 (96%) 68 (81%) 259 (75%)
No 52 (22%) 1 (4%) 12 (14%) 65 (19%)
Unknown 17 (%) 0 (0%) 4 (5%) 21 (6%)
Patient harm, n (%)
Serious permanent harm 1 (0%) 0 (0%) 0 (0%) 1 (0%)
Serious temporary harm 4 (2%) 4 (15%) 11 (13%) 19 (6%)
Minimal/mild harm 33 (14%) 14 (52%) 14 (16%) 61 (18%)
No harm 164 (70%) 8 (30%) 48 (57%) 220 (64%)
Unknown 31 (13%) 1 (4%) 12 (14%) 44 (13%)
Pharmacist attending patient rounds, n(%*/PE/bed)
Level 0 12 (23%/0.32) - - -
Level 1 96 (30%/0.81) - - -
Level 2 125 (39%/0.59) - - -
Medication reconciliation service, n (%" 1 MTE/bed)
No service available - - 27 (10%/0.18) -
Service available - - 58 (14%/0.27) -

“Percentage of all reported ME

ME = medication errors, MoE = monitoring errors, MTE = medication transfer errors, PE = Prescribing errors, PE/bed = number of prescrib-
ing errors per ICU bed, per year, MTE/bed = number of medication transfer errors per ICU bed, per year
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Fig.2 Medication groups
involved in the reported medica-
tion errors, related to conse-
quences (harm)

Cardiovascular system (C)

KX-

Antidiabetics (A10) - 11 1
Antineoplastic & immunomodul. agents (L) - 5 3
Systemic drugs (H) -2 3
Blood replacement (B05) - 4 2

Proton pump inhibitors (A02)

M no harm

by physicians, who are known for reporting more severe
errors [23].

Prescribing errors

The PE percentage was in line with data from self-reporting
studies in the UK and the USA [11, 12] but lower compared
to Kane-Gill et al. [6]. The higher number of PE found by
Kane-Gill et al.could be attributed to the absence of an ICU
CPOE at the time of study, while in our study all ICU’s had
a CPOE. Other reasons for this difference may be due to
cultural or organizational differences [22].

Most frequently reported PE were wrong dosages and
omissions, which is in line with literature [6, 12]. These PE
can be prevented by introducing or improving medication
safety practices, like decision support software in the CPOE
[24, 25] and the attendance of an ICU pharmacist during
patient rounds [26-34]. Clearly, one should understand that
none of these suggested medication safety practices will
eliminate the occurrence of PE, so additional improvement
measures remain needed [35-37].

Noteworthy, we found higher numbers and percentages of
PE in the ICU’s with a pharmacist attending patient rounds.
This increase makes sense, since IRS data always suffer from
important underreporting. Therefore, reporting rates prob-
ably relate more to organization and safety culture than to

@ Springer

minimal harm

o

10 20 30 40 50 60

M serious temporary harm M serious permanent harm unknown

the actual number of ME. In other words, the positive asso-
ciation between pharmacist attendance and higher reporting
rates might be explained by a higher awareness of medica-
tion safety issues. Contrarily, the highest level of pharmacist
attendance was associated with less PE. Noteworthy these
ICU’s were all academic, so organization differences might
have caused this lower rate.

Medication transfer errors

MTE were not previously documented as such in literature,
but their proportion was in line with “transcribing and docu-
menting” ME in other studies, which varied from 11-22%
of all reported ME [6, 12]. Surprisingly we found relatively
more MTE associated with serious harm, compared to PE.
Two thirds of the serious harm MTE were omissions of PPI
and CNS home medication, suggesting that these groups are
home medications needing early restart at ICU admission.
Interestingly, the consequence of omission at ICU admis-
sion of home CNS medication was recently studied [38].
Early restart of CNS medication proved to be optimal for
the patient, as it was associated with maintaining lower lev-
els of sedation, less delirium and potentially fewer ventila-
tion days. Since it is known that MTE can be prevented by
medication reconciliation [13], we emphasize that medica-
tion reconciliation at ICU admission, with an early restart of
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«Fig. 3 Primary causes of reported medication errors, in the medica-
tion errors, related to consequences (harm) CPOE = computerized
provider order entry, PIS = Patient Information System

relevant home medication, should be part of ICU standard
care. Notably, as with the other medication safety practices,
the introduction of medication reconciliation will never be
able to eliminate all MTE, indeed for this practice the effec-
tiveness must be evaluated and improved on a regular basis
[35-37]. Just like ICU’s with a pharmacist attending service,
ICU’s with a medication reconciliation service had a higher
percentage and reporting rate of MTE.

Half of the MTE were caused by communication prob-
lems. Once more this finding underlines the importance of
good face to face handover, combined with written informa-
tion [39].

Protocol adherence problems and blood level
monitoring medications

Non-adherence to protocol and guidelines was a frequent
cause of the reports, which is in line with literature [6,
12]. Making protocols will not result in better adherence
or improved outcomes [40], therefor efforts should be paid
to first improve protocols and processes, followed by thor-
ough implementation, including strategies for education and
adherence [41]. We think that especially medications requir-
ing additional blood level monitoring will benefit from such
a multi-faced, system-based approach, since the complexity
of their monitoring process makes these medications prone
to ME [42]. A good example of such an approach is the
Six Sigma, a process performance improvement approach
described by Egan et al. [43].

Our high number of insulin monitoring errors leading to
hypoglycemia are in line with a previous review on severe
incidents reports in England [11]. Clinical guidelines rec-
ommend target blood glucose between 7.8 and 10 mmol/L
(140 and 180 mg/dL) for most patients in the intensive care
unit (ICU) in order to reduce the potentially harmful effect
of stress hyperglycemia on morbidity and mortality [44].
However tight glycemic control using intermittent blood glu-
cose measurements is associated with a risk of hypoglyce-
mia [44], as was seen in our study. The prevention of severe
hyperglycemia and hypoglycemia, i.e. effective glucose
management should be considered an objective of ICU’s
[45]. A relatively new medication safety practice is the con-
tinuous glucose monitoring combined with a validated insu-
lin infusion protocol (including an algorithm), which may
improve patient outcomes and reduce workload [45, 46].

Finally, antithrombotic ME were frequently reported in
our study, this was also noticed in a study in the UK [11]. In
this UK study many PE with heparin were found, whereas
in our study nadroparin was most often involved. Based on
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the high number of reports, the potential risk of ME with
antithrombotic agents and our review of the ME reports, we
suggest that ICU’s should develop a protocol, that is process
based, focusing on safe (dis)continuation of therapeutic anti-
coagulants during ICU admission and discharge, the preven-
tion of unintended duplicate ME, as well as safe dosing of
heparin during the ICU stay.

Strengths

A strength of this study on voluntary reported ME was that
it concerned 11 ICU’s, including university hospitals and
general teaching hospitals from different regions of the
Netherlands, making the results of this study generalizable
to different types of ICU’s.

Moreover, thorough review of the non-structured writ-
ten information as well as thorough categorization of the
ME by our team, made the categorization more precise and
consequent, as compared to similar research where this was
only performed by the reporting healthcare providers [6, 12].

Another strength of this study was that we were able to
point out several medication safety issues, that in our opin-
ion need further attention.

Limitations

An important limitation of our study was the fact that vol-
untarily reported ME are always underreported [11, 18, 22],
making sound conclusions or statistics based on the num-
ber of errors reported not feasible. Second, like all studies
on voluntarily reported ME, our study suffered from “self-
report bias”, with the consequence that different types of
ME were not equally reported [47]. The consequence of
this “self-report bias” was that a statistics-based compari-
son between the different error groups or different settings
could not be performed. Third, the MTE from the ICU to
the general ward were underreported, since they were not
present in most datasets, most probably because they were
reported on the general ward instead of in the ICU, with the
consequence that they were not part of the selection of our
ICU datasets.

Future research should focus on developing, validating
and assessing the impact of proposed medication safety
practices in ICU quality improvement studies.

Conclusion

This analysis of voluntarily reported prescribing, monitor-
ing and medication transfer errors revealed several medica-
tion safety issues that warrants improvement measures in
the ICU.
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