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Abstract
Purpose: Medication errors (MEs) are a major factor limiting the effectiveness and safety of
pharmacological therapies in critically ill patients. The purpose was to determine if a preventive
interventions program (PIP) is associated with a significant reduction on prevalence of patients with
MEs in intensive care unit (ICU).
Methods: A prospective before-after study was conducted in a random sample of adult patients in a
medical-surgical ICU. Between 2 observational phases, a PIP (bundle of interventions to reduce MEs)
was implemented by a multidisciplinary team. Direct observation was used to detect MEs at baseline
and postintervention. Each medication process, that is, prescription, transcription, dispensing,
preparation, and administration, was compared with what the prescriber ordered; if there was a
difference, the error was described and categorized. Medication errors were defined according to the
National Coordinating Council for Medication Error Reporting and Prevention.
Results: A total of 410 medications for 278 patients were evaluated. A 31.7% decrease on the
prevalence of patients with MEs (41.9%-28.6%; P b .05) was seen. Main variations occurred in anti-
infectives for systemic use and prescription and administration stage.
Conclusions: The implementation of PIP by a multidisciplinary team resulted in a significant reduction
on the prevalence of patients with ME at an adult ICU.
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1. Introduction

Medication errors (MEs) are the most common clinical
error and account for 78% of serious clinical errors in the
ICU [1]. In addition, MEs represent the main factor limiting
the effectiveness and safety of pharmacotherapy [2]. Such
errors may occur at any stage of the medication use
procedure, namely, during prescription, transcription, prep-
aration, dispensing, or administration [3].

It is known that patients in intensive care units (ICUs)
experience approximately 1.7 clinical errors every day and
many of them are exposed to potentially fatal errors during
hospital stay [3].

Patient safety is critical in the ICU, but the complexity
of processes and the medical conditions of patients
make them more vulnerable to errors [4]. Indeed, ICU
patients normally use twice as many medications as
those with less complex problems. In addition, medica-
tions are administered mainly through parenteral routes
and often require complicated mathematical calculations
to establish optimal doses, which increase the potential for
MEs [5].

Several international studies have assessed MEs preva-
lence in the ICU, and results vary widely [6-9], mainly due to
differences in methodology, ME definitions, and reporting
[8]. Recently, a multinational study reported a 33% of MEs
prevalence over parenteral drug administration using volun-
tary reporting [7].

Availability of ME-related information enables the
assessment of processes more prone for generating errors
[9,10]. Only a few studies conducted in Latin American
countries allow the identification of part of the processes
and causes most responsible for errors. Those studies have
been carried out in hospitalized patients in Brazil [11-13],
Mexico [14], Uruguay [15], and Argentina [16], reporting
ME rates to a specific stage of medication process and
different setting than adult ICU. In addition, medical
record review has been the method mainly used for
detecting MEs [17]. Direct observation has demonstrated
being the best method for detecting and counting the
frequency of MEs [18].

In Chile, there are no data published on MEs. In
addition, multidisciplinary interventions including phar-
macist and related to medication use practices are
infrequent due to pharmacists are not included as a
permanent staff of the ICU or an active participant in
clinical rounds.

Until now, there are no data from Latin American
countries estimating the prevalence of patients with MEs
and MEs rate in every stage of process of medication
use. The purpose of this study was to determine if
the implementation of formal, structured preventive
intervention program (PIP) by a multidisciplinary team
to improve medication use in an ICU is in fact associated
with a significant reduction on the prevalence of patients
with MEs.
2. Methods

Hospital Clínico Universidad de Chile is a tertiary care
teaching hospital (600 beds) located in Santiago, capital of
Chile, a developing country in Latin America. In this
hospital, drugs are dispensed from the pharmacy using
unit-dose drug distribution system, and once drugs are
received by the nursing staff, any additional preparation
process is performed by them before administration. The
present study was carried out in the medical-surgical adult
ICU (12 beds) where approximately 500 patients are
admitted annually.

A prospective before-after study was conducted between
March 2009 and July 2011 to determine the effect of a
bundle of interventions on MEs in the ICU. Prevalence of
patients with MEs was determined at baseline and post-
intervention; after baseline assessment, a PIP to reduce MEs
in the ICU was developed and implemented.

An ME was defined as a failure in the treatment
process that leads to or has the potential to lead to harm
to the patient [19]. It is included any error occurring
during medication use procedure of a patient, that is,
prescription, transcription, preparation, dispensing, and
administration stages, regardless of having an adverse
consequence or not [20]. Therefore, not all MEs cause an
adverse event [19].

Each ME detected was classified according to criteria
adapted from the National Coordinating Council for Medica-
tion Error Reporting and Prevention [21] (Appendix E1).

2.1. Prevalence of patient with ME: before and
after PIP

Prospective observational monitoring of each medication
use-related process was conducted by external and previ-
ously trained pharmacists.

Prevalence of patients with at least 1 ME detected was
estimated during a given period studied as follows: [(number
of patients with at least one ME detected)/(total number of
patients studied)] × 100.

In addition, theME ratewas calculated as follows: [(number
of MEs detected)/(total number of observations)] × 100.

2.1.1. Sample size and selection
At baseline, a random sample of 124 patients in ICU was

calculated based on the 33% of prevalence reported on the
international literature [7], with a significance level of 95%.
Each patient was selected using a random number
generator, based on bed number assigned in the ICU,
administration time schedule, and day of week. In case of
requiring a replacement (patient with no medication at the
time schedule selected or bed with no patient), the next bed
in a clockwise direction was selected, until achieving the
required assessment.

Patients were included if theywere prescribedmedications
in a day-bed-randomized time schedule, during daytime, and
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Monday to Friday over a 3-month period each phase of study.
The 5 most common time schedules were assessed, and only
patients being administered enteral or parenteral medications
were studied. Inhalers and drugs administered through
continuous infusion pumps were excluded.

2.1.2. Procedures and data collection
Direct observation was used to detect MEs based on the

method of Barker and McConnell [22]. On each day of
observation, pharmacists arrived on the ICU in time to
attend to clinical rounds, being witness of medication use
process, that is, prescription, transcription, preparation,
dispensing, and administration stages. Pharmacists
watched the actual medication process and wrote down
exactly what subject did, including all details about the
medication and the patient selected. Each medication
process was compared with what the prescriber ordered; if
there was a difference, the error was described and
categorized. Near misses events and close calls were
considered as an ME.

Similarly to the reports by Kopp et al [23], only the error
considered as the origin of the problem was documented as a
ME. For instance, if a physician placed an incorrect order,
which resulted in other MEs, the root of the problem consists
of the prescription error, even if additional errors had
occurred after the initial event.

A form and its protocol of use were specially designed
and validated by iterative sampling up to reach saturation
for data collection [24]. The validation of the form was
performed before the study was begun. This form included
medication characteristics, error type and subtype, time
schedule, day of the week, type and number of medications
at the same time schedule, patient demographic data,
diagnosis upon admission to ICU, and Acute Physiology
and Chronic Health Evaluation (APACHE) II score. Drugs
were classified using Anatomic Therapeutic Chemical
classification system [25].

2.1.3. Information quality
Ten percent of the patients randomly selected were

followed up by an external and independent supervisor,
who witnessed the medication use process. Medical error
detection was performed using the same method used
by pharmacists. Supervisor filled out her own forms,
and data recorded were compared with what the
pharmacist recorded. No differences were found between
supervisor and pharmacist records. There was no interrater
reliability assessment.

The ICU staff was blinded of the study to avoid influencing
their usual behavior. However, when an ME was detected
that might be life threatening to the patient, the staff in charge
of providing care to that patient was immediately informed
so as to assure patient safety.

The present study does not include reports of the
frequency, the capacity of being intercepted, or the seriousness
of adverse events.
2.2. Design and implementation of PIP

Preventive intervention program development began after
baseline assessment. Each strategy to be implemented was
selected based on types and causes of MEs detected during
the baseline period.

Finally, a multidisciplinary team including physicians,
nurses, and pharmacists developed and implemented a PIP
over a period of 6 months, which included the following
(Appendix E2):

2.2.1. Incorporation of a clinical pharmacist into the ICU
The specially trained clinical pharmacist was placed in

charge of direct supervision and monitoring of the stages
of prescription and transcription, coordination, and logis-
tics within the hospital pharmacy (dispensing) and
maintained an active participation during daily morning
clinical rounds and educational activities. Clinical phar-
macist main responsibilities were focused on evaluate
appropriate drug, dose, route, dosage form and dosing
intervals, monitoring efficacy and safety, providing
pharmacokinetics monitoring and consultation, participate
in the development and implementation of drug related
policy, procedure and guidelines, and participate on quality
improvement activities.

2.2.2. Standardization of medication use
Standard operating procedures (SOPs) were created for

enteral and parenteral medication use (preparation and
administration) based on supplier information and scien-
tific literature regarding drug incompatibilities and drug
formulations, among others. In addition, there was a
reorganization of medication administration to reduce the
number of medications concurrently.

2.2.3. Training and motivation
An organized educational program was made by the

clinical pharmacist incorporated into the ICU health care
team (residents, interns, nursing staff, and physical thera-
pists). This program included workshops and conferences
on the culture of safety in the ICU, medication use system,
and SOPs to be implemented. In addition, motivational
conferences were provided to show the achievements
in other areas of safety and quality in the ICU, such as
reduction in nosocomial infection rates: ventilator-associated
pneumonia, catheter-related bloodstream infection, and
urinary tract infection.

2.2.4. Creation of a MEs reporting system
Specially designed mailboxes and report forms were

placed in the ICU, intended to receive staff self-reporting.
Reporting included basic information related to the error or
near miss, to allow learning from the error or risk situation, to
generate preventive interventions. The report was voluntary,
anonymous, and nonpunitive.



Table 1 Sample characteristics before and after a PIP to reduce ME in an ICU

Characteristic Control Postintervention P

n 124 154
Male, n (%) 85 (68.5) 89 (57.8) .0654 a

Age, mean (y) ± SD 51.1 ± 17.8 60.9 ± 15.0 b .0001 b

APACHE II, mean ± SD 20 ± 2 21 ± 6 .0774 b

Nurse:patient ratio 1:2.5 1:2.5
Admission diagnosis, n (%) .0026 a

Septic shock/ARDS 67 (54.0) 59 (38.3)
Pancreatitis 8 (6.5) 3 (1.9)
TBI 6 (4.8) 0 (0.0)
SAH 5 (4.0) 16 (10.4)
Hemorrhagic shock 3 (2.4) 14 (9.1)
OLT 2 (1.6) 7 (4.5)
Postneurosurgery 0 (0.0) 7 (4.5)
Other c 33 (26.6) 48 (31.2)
Therapeutic groups, n d (%) b .0001 a

Anti-infectives for systemic use 41 (21.1) 71 (32.9)
Nervous System 30 (15.5) 46 (21.3)
Blood and blood forming agents 26 (13.4) 21 (9.7)
Cardiovascular system 26 (13.4) 31 (14.4)
Others 71 (57.3) 47 (30.5)
Time schedule, n (%) .7207 a

9 AM 46 (37.1) 59 (38.3)
12 AM 18 (14.5) 27 (17.5)
13 PM 18 (14.5) 21 (13.6)
16 PM 18 (14.5) 26 (16.9)
17 PM 24 (19.4) 21 (13.6)
Days of the week, n (%) .7997 a

Monday 26 (21.0) 27 (17.5)
Tuesday 30 (24.2) 33 (21.4)
Wednesday 27 (21.8) 32 (20.8)
Thursday 20 (16.1) 30 (19.5)
Friday 21 (17.0) 32 (20.8)
No. of medications at the same time schedule, n (%) .2652 a

1 84 (67.7) 104 (67.5)
2 24 (19.4) 38 (24.7)
≥3 16 (12.9) 12 (7.8)
Dosage forms used, n d (%) .0003 a

Tablets 58 (29.9) 89 (41.2)
Parenteral solutions 43 (22.2) 18 (8.3)
Ampoules 41 (21.1) 50 (23.1)
Lyophilized powder for IV reconstitution 12 (6.2) 12 (5.6)
Viaflex 15 (7.7) 30 (13.9)
Vial 25 (12.9) 17 (7.9)
Others

Route of administration, n d (%) b .0001 a

Intravenous
CVA 103 (53.1) 103 (47.7)
PVA 6 (3.1) 4 (1.9)
Enteral
NGT 65 (33.4) 50 (23.1)
NJT 14 (7.2) 14 (6.5)
Oral 1 (0.5) 25 (11.6)
Other 5 (2.6) 20 (9.2)

ARDS indicates acute respiratory distress syndrome; TBI, traumatic brain injury; SAH, subarachnoid hemorrhage; OLT, orthotopic liver transplantation;
NGT, nasogastric tube; NJT, nasojejunal tube; CVA, central venous access; PVA, peripheral venous access; IV, intravenous.

a χ2 test.
b Student t test.
c Other: status epilepticus, status asthmaticus, polytraumatized patient, acute liver failure among others.
d Data calculated based on number of observations n = 194 (control) and n= 216 (postintervention).
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2.3. PIP assessment

The same study design was used to determine the
prevalence of patients with at least one ME before and after
PIP over the same 3-calendar-months period each time. The
PIP was assessed 6 months after the implementation of the
whole preventive measures (“bundle”). After PIP, all patients
received the PIP bundle; however, only randomized patients
were selected to determine the prevalence of patients with at
least 1 ME and MEs rate postintervention.

A postinterventional sample size of 154 patients was
calculated, considering an expected reduction on 30% of the
prevalence of patients with at least 1 ME found at baseline, a
significance level of 95%.

Continuous data were reported as mean ± SD, and the
Student t test was used when comparisons were made for
parametric data. Categorical variables were reported as
frequency distributions, and χ2 or Fisher exact tests were
used to test whether differences existed between groups. All
tests were 2 tailed, and an α b .05 was predetermined to
represent statistical significance. Analyses were done using
the STATA 10.1 (Texas, USA) software package.

Confidentiality of data was safeguarded by the use of a
numeric system code, known only by the principal investiga-
tor. The present study was approved by the institutional ethics
committee that exempted it from the informed consent.
3. Results

A total of 278 patients were assessed, of whom 124
(44.6%) were included in the sample selected at baseline in
2009, and 154 (55.4%) patients at the postintervention
assessment in 2011. When comparing the study samples
(control and postintervention groups), statistically significant
differences were noted with the mean age (51.1 vs 60.9
years, P b .05). There were no significant differences for the
other variables. Demographic data concerning morbidity for
each assessment year are shown in Table 1.

Table 1 also shows pharmacotherapy characteristics of
samples studied before and after PIP. Anti-infectives for
systemic use were the therapeutic group more prescribed;
administration time schedule was mainly at 9 AM in control
and postintervention group. The route of administration most
used was intravenous, mainly by central venous access.
There were no significant differences among groups related
to day of week, time schedule, and number of medications at
the same time schedule before and after PIP.

3.1. Medication errors and PIP

Over the study period, the implementation of PIP was
associated with a significantly lower prevalence of patients
with at least 1 ME in ICU, reducing by 31.7% (41.9%-28.6%;
P b .05) between 2009 and 2011. Medical error rate decreased
25% (34.0%-25.5%, P = .058). At baseline, 52 patients
(41.9%) were exposed to at least 1 ME, whereas postinterven-
tion, this value was 44 (28.6%). A total of 410 medications
were assessed (194 before PIP and 216 after PIP).

The highest differences at the prevalence of patients with
ME before and after PIP were seen at the prescription and
administration processes, representing 50% lower prevalence
at each of such stages (Fig. 1).

Among commons causes of MEs seen at baseline were
as follow:

• Lack of SOPs related to preparation and admini-
stration of drugs in ICU (wrong preparation and wrong
time schedule).

• Insufficient knowledge on safety and quality of care
related to MEs and their consequences by the health
care team. No other training on these topics existed
before PIP in this ICU.

• Insufficient monitoring of medication use procedure
and preventive strategies for MEs detection, such as
proactive interventions.

• Prescription errors were due to missing data and
inappropriate dosage form for the selected route of
administration. For instance, modified-release tablets
through a nasogastric tube.

Table 2 shows ME occurrence before and after PIP by
characteristics studied. There was a significant decrease on
the ME rate on Thursday and Friday, no special explanations
for these results. In addition, a significant decrease on ME
rate at 12 PM and 16 PM was seen, mainly due to antibacterial
administrations have been scheduled at those time schedules
at this ICU.

On the other hand, the prevalence of patients with at least 1
ME was higher when the number of medications administered
at the same time schedule increased (Table 2), but this was
not statistically significant. In addition, during postinterven-
tion period, an increase of MEs rate was seen among albumin
users due to wrong manipulation of a new container of a
different supplier.

Anti-infectives for systemic use was the therapeutic group
with the highest MEs rate at baseline (65.9%), mainly due to
errors during administration process in association with
problems with doses administered or wrong time schedule.
Nevertheless, after the PIP, a statistically significant decrease
of 50.8% on MEs rate was seen (65.9%-32.4%) (Table 2).
4. Discussion

It has been reported that critical patients have a higher
risk of MEs by virtue of (a) usually being under sedation,
making it more difficult for the provider to detect possible
adverse event due to error; (b) receiving a large numbers of
different medications; and (c) receiving mainly parenteral
medications, requiring calculations for their administration
[26]. Therefore, safe management of medication is



Table 2 Prevalence of patients with at least 1 ME and ME rate before and after the PIP by studied characteristic

Characteristic Control
n = 194 observations, 124 patients

Postintervention
n = 216 observations, 154 patients

No. of errors No. of Obs. Error rate, % % Patients
≥1 ME a

No. of errors No. of Obs. Error rate, % % Patients
≥1 ME a

Day
Monday 11 39 28.2 34.6 11 42 26.2 33.3
Tuesday 12 53 22.6 26.7 13 43 30.2 27.3
Wednesday 18 41 43.9 59.3 16 45 35.6 40.6
Thursday 10 31 32.6 45.0 5 43 11.6 ⁎ 16.7 ⁎

Friday 15 30 50.0 47.6 10 43 23.3 ⁎ 25.0
Administration time schedule
9:00 AM 21 86 24.4 34.8 20 85 23.5 27.1
12:00 PM 13 18 72.2 61.1 10 35 28.6 ⁎ 29.6 ⁎

13:00 PM 7 23 30.4 38.9 5 30 16.7 23.8
16:00 PM 12 18 66.7 55.6 12 35 34.3 ⁎ 38.5
17:00 PM 13 49 26.5 33.3 8 31 25.8 23.8
No. of medications
1 or 2 51 132 38.6 38.9 49 180 27.2 27.5
≥3 15 62 24.2 62.5 6 36 16.7 41.7
Therapeutic group
Anti-infectives 27 41 65.9 54.3 23 71 32.4 ⁎ 36.2
Nervous system 9 30 30.0 40.0 6 46 13.0 18.8
Blood agents 9 26 34.6 36.8 8 21 38.1 42.9
CV system 9 26 34.6 42.9 4 31 12.9 17.4
Others 12 71 16.9 26.7 14 47 29.8 25.9
Total 66 194 34.0 41.9 55 216 25.5 28.6

Obs indicates observations; no. of medications, number of medications on the same time schedule; anti-infectives, anti-infectives for systemic use; blood
agents, blood and blood forming agents; CV, cardiovascular; others included alimentary tract and metabolism drugs; systemic hormonal preparations,
excluded sex hormones and insulins; respiratory system drugs; sensory organs drugs; various.

⁎ P b .05, χ2 test.
a Prevalence of patients with at least 1 ME.
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particularly challenging because of the complexity of the
different stages involved in their use. Thus, the administra-
tion of a single dose of a medication at a hospital may require
the appropriate undertaking of between 80 and 200 steps [27]
increasing the opportunity for many errors.

The present study is the first in Latin America to assess
every stage of medication use procedure in an adult ICU.
Fig. 1 Prevalence of patients with at least 1 ME before and after
the PIP by stage of the medication use process. P b .05, χ2 test.
Differences were significant only for the total. There were no
significant differences at the analysis by stage.
Our study has shown that a bundle of multidisciplinary
nontechnological interventions reduced significantly the
prevalence of patients with at least 1ME (from 41.9% before
to 28.6% after PIP). The most common MEs at baseline
occurred during administration stage, accounted for half of
the MEs detected. The subtypes were mainly wrong time
schedules and to the administration technique. Several
international studies have reported similar prevalence and
causes mentioned at present research, using different
methods [28-30].

Systematic evaluation of every stage of medication use
enabled the identification of causes of MEs at our ICU. Work
overload as a result of inadequate organization, inappropriate
standardization of medication preparation and administra-
tion, lack of coordination between the ICU and the
pharmacy, and the simultaneous administration of medica-
tion at the same time schedule were some of the causes
identified, as was reported by other authors [31].

We also learned that lower prevalence of patient with
MEs found at the dispensing stage might be explained by the
availability of ICU staff in charge of reviewing each delivery
from and to the pharmacy. Delivery revision from and to the
pharmacy was a regular procedure at this ICU before the
study was conducted. Therefore, it was not considered part
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of the PIP. In addition, this strategy may underestimate
dispensing errors prevalence.

Baseline information was critical for the development of
the PIP. The constitution of multidisciplinary teams in the
ICUs has been shown to improve the quality and the safety of
critical patient care and to generate a positive impact on
clinical outcomes [32-34].

Monitoring, measurement, and improvement of safety
and quality represent a great challenge to the health care
staffs in charge of providing care to critically ill patients [35].
Many authors have reported a significant decrease of MEs
prevalence when individual preventive interventions are
implemented, such as medication standardization [36],
education and training programs for the health care team
[23], voluntary MEs reporting [37], and the incorporation of
a pharmacist into the clinical rounds [38-41].

In addition, technology-based interventions have been
proposed, such as computerized physician order entry and
bar codes [42-44]. Nevertheless, although technology-based
interventions have the potential to reduce MEs prevalence,
their implementation is not simple and implies new risks if it
is not carried out adequately [45]. Moreover, they require a
considerable investment of economic resources that many
institutions in our region are not able to bear.

Different Latin-American studies have addressed the
effect of individual interventions on specific stages of the
medication management process [11-16]. However, there is
no published information on the evaluation of a bundle of
preventive measures, applied by a multidisciplinary team to
all the stages of medication use.

The present study is the first of its kind to demonstrate that
a formal and structured PIP was associated with a significant
reduction of prevalence of patients with at least 1 ME in an
ICU. Our results provided evidence of a reduction in the
most critical stages of the medication use procedure, such as
prescription and administration.

Among the strengths of the study is the evaluation of all
stages in themedicationuse procedure. In fact, this studydiffers
from others that have focused mainly on the prescription and
administration stages [28,29,46,47]. A relevant aspect to be
taken intoconsideration is that not onlyparenteral dosage forms
were included, as reported in some studies [4,28], but also
enteral forms, thus allowing the identification of the MEs
related to such drugs. The random design for patient selection
and schedules of the study, the reportingmethodused, based on
an external and independent pharmacist, and the programmed
supervision of data collected provided more reliability and
internal validity to the results achieved. In addition, the
assessment of the impact of the PIP was not carried out
immediately after its implementation, as is usually reported, but
was intentionally delayed.The results of the presentwork could
reflect a change in the culture of safety of the health care team;
however; there were no data to confirm this association.
Finally, the nature of the intervention, not technology-based,
could make the results reproducible at other institutions within
Latin America or developing countries in general.
However, the present work has several limitations. The
study was conducted in only 1 center, a feature that might
attenuate external validity. Nevertheless, the number of
patients included was enough to detect statistical differences,
and multicenter international studies have reported similar
results to ours [7].

The design (before-after) is not as robust as a randomized
control trials. The case matching of patient was not done, and
potential confounding factors would affect theME occurrence.
However, the nurse:patient ratio and APACHE II were similar,
and no other interventions related to medication processes and
safety were implemented beyond PIP during the study period.
In addition, control and postintervention assessment were
performed during the same 3 months of the calendar year, to
control bias due to possible seasonal variations.

Medical errors immediately informed to staff could
change or improve their behavior related to medication
procedures. In addition, medications administered through
continuous infusion were not evaluated, thus excluding
drugs commonly used in ICUs. These biases may have
generated an underestimation of ME occurrence. Neverthe-
less, the latter only highlights the importance of the issue.

The observations carried out during this study only occurred
during the daytime, working hours and recorded by pharma-
cists; therefore, they did not include information regarding
medication management processes that take place during
night shifts, weekends, or by multidisciplinary collection.

The present study does not include reports of the frequency,
the capacity of being intercepted, or the seriousness of adverse
events. Therefore, it was not possible to calculate clinical and
economical outcomes of MEs detected. However, we believe
these improvements would likely translate to a benefit to the
patients and health care system.

Finally, because bundle interventions were implemented,
the identification of the relative contribution of each individual
intervention was not possible. However, as reported other
authors [37,48,49], we believe that a pharmacist in the ICUwas
critical to the results obtained. The presence of a pharmacist
spending time with residents and nursing staff allowed more
comprehensive application of the PIP and proactive participa-
tion on each intervention implemented.
5. Conclusion

The implementation of a formal and structured PIP by a
multidisciplinary team was associated with a significantly
reduction of the prevalence of patients with ME in an adult
medical-surgical ICU.
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Appendix E1. Definitions, types and subtypes
of medication errors assessed in 278 study
patients
Medication error
 Study definition
 Subtypes
Prescription
 Any error or omission
occurring during the
writing/placing of
the medical order,
regardless of the
quality of the
selection of the
prescribed
medication.
–Wrong dose
–Wrong frequency
–Wrong route
–Missing data (order
not complete)
Transcription
 Any omission or
difference between
the prescription and
the data documented
on the nursing
procedure cards.
–Omission
–Transcription
different to
prescribed data
Dispensing
 Any omission or
difference between
the data requested on
the medical order and
the product dispensed
from the pharmacy.
–Deteriorated
medication (expired,
wrong preservation,
wrong labeling)

–Medication different
from prescribed
product.

–Omission
–Wrong dosage form
–Wrong dose
Preparation
 Any difference
between data
indicated in the
scientific literature
and/or the
manufacturer versus
the procedures carried
out by the ICU staff.
–Wrong preparation
(wrong dilution,
diluent, or
fractioning)

–Wrong manipulation
(contamination)
Administration
 Any omission or
difference between
the indications on the
order and the product
administered to the
patient.
–Wrong time a

–Missed
administration

–Wrong dose
–Wrong route
–Medication different
to medication
prescribed

–Different patient
–Wrong rate
a Wrong time: related medication error was considered when the
medication was administered with more than 30 minutes anticipation
or delay with regard to time schedule for administration.
Appendix E2. Bundle components of preventive
interventions program to reduce medication
errors in ICU

1. Incorporation of a clinical pharmacist into the ICU,
responsible for the following activities:
5 To evaluate drugs, dose, route, dosage form, and

dosing intervals.
5 To monitor efficacy and drug safety
5 To provide pharmacokinetics monitoring and

consultation
5 To participate in the development and implementation

of drug related policy, procedure, and guidelines
5 To determine a specific schedule to fill the medical

prescriptions.
5 To check medical indications and prescriptions for

potential corrections.
5 To determine a specific schedule to send medical

prescriptions to pharmacy.
5 To cross-checking of nurses list with the planning of

medications.
5 To check medications dispensed by the pharmacy

before they are sent to the ICU.
5 To determine a specific schedule for the delivery of

medical prescriptions to the pharmacy and the
reception of medicaments at the ICU.

5 To establish a record of the administration of pre-
scriptions including the identification of the responsi-
ble person.

5 To participate actively during daily clinical rounds.
5 To participate on quality improvement activities.

2. Standardization of medication use:
5 Development of a standard operating procedure (SOP)

for the preparation of medications administered by
nasoenteral tube.

5 Development of a SOP for the administration of
medications by nasoenteral tube.

5 Development of a SOP for the preparation of
medications administered by intravascular device.

5 Development of a SOP for the administration of
medications by intravascular device.

5 Reorganization of the administration of medications,
reducing drugs concurrently, if possible.

3. Training and motivation:
5 Conference regarding medication errors and security

culture in the ICU.
5 Conference regarding the importance of the adequate

filling of medical prescriptions at the ICU.
5 Workshop about preparation and administration of

medications by nasoenteral tube.
5 Workshop about preparation and administration of

medications by intravascular device.
5 Conference and workshop about the implementation

and importance of the medications errors reporting
system.
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5 Motivational conferences showing the achievements
of the ICU in other areas of safety and quality.

4. Medication errors reporting system:
5 Periodical checking of reporting files to promote

the continuous improvement of the medications
utilization system.
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