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ABSTRACT
Aim: To determine the prevalence and magnitude of medication errors and their association
with patients’ socio-demographic and clinical characteristics and nurses’ work conditions.
Design: An observational, analytical, cross-sectional and ambispective study was conducted
in critically ill adult patients. Methods: Data concerning prescription errors were collected
retrospectively from medical records and administration errors were identified through direct
observation of nurses during drug administration. Those data were collected between April
and July 2015. Results: A total of 650 prescription errors were identified for 961 drugs in 90
patients (mean error 7 [SD 4.1] per patient) and prevalence of 47.1% (95% CI 44-50). The
most frequent error was omission of the prescribed medication. Intensive Care Unit stay was
a risk factor associated with omission error (OR 2.14; 1.46-3.14: P <.01). A total of 294
administration errors were identified for 249 drugs in 52 patients (mean error 6 [SD 6.7] per
patient) and prevalence of 73.5% (95% CI 68-79). The most frequent error was interruption
during drug administration. Admission to the Intensive Care Unit (OR 0.37; 0.21-0.66: P
<.01), nurses’ morning shift (OR 2.15; 1.10-4.18: P=0.02) and workload perception (OR

3.64; 2.09-6.35: P <.01) were risk factors associated with interruption. Conclusions:
Medication Errors in prescription and administration were frequent. Timely detection of
Errors and promotion of a medication safety culture are necessary to reduce them and ensure
the quality of care in critically ill patients. Impact: Medication errors occur frequently in the
intensive care unit but are not always identified. Due to the vulnerability of seriously ill
patients and the specialized care they require, an error can result in serious adverse events.
The study shows that medication errors in prescription and administration are recurrent but

preventable. These findings contribute to promote awareness in the proper use of medications
and guarantee the quality of nursing care.
Key words: medication errors, intensive care unit, critical illness, patient safety, nursing
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INTRODUCTION
Medication errors (MEs) are a serious problem that may threaten the quality of care and
patient safety and possibly lead to mistrust in the system, institution and professionals’ work
(Di Simone et al., 2016; Kohn, Corrigan, & Donaldson, 1999; PSNet Patient Safety Network,
2019). The problem of MEs is complex. They may occur in any phase of the medication

process and can be related to different groups of healthcare workers. Of much concern is the
fact that most MEs are still widely under-reported (Otero López et al., 2008; RovinskiWagner & Mills, 2018; Shekelle et al., 2013).

Globally the impact of medication-related adverse events is nearly twice in middle-income
countries compared to high-incomes countries, in terms of the number of year of healthy life
lost. In the United States of America, medication errors cause at least one death every day
and injure approximately 1.3 million people every year (World Health Organization, 2017b).

The World Health Organization launched The Third WHO Global Patient Safety Challenge:
Medication Without Harm, to propose solutions to address many of the obstacles the world
face today to ensure the safety of medication practices. Therefore, one of the key action area

of this challenge is to promote and support research in this area as part of the overall agenda
of patient safety research(World Health Organization, 2017a).

Background
The potential of medication errors is particularly high in the prescription and administration
of drugs. Several studies have shown that the risk of MEs in prescription is related to
deficiency in management of dosage formulation and incomplete data (Grünewald & Mack,
2001; Krähenbühl-Melcher et al., 2007; Mack, Kuc, & Grünewald, 2000; Miasso et al., 2009;
Newsl & 2003, n.d.). Errors in administration are more closely related to environmental and
professional factors such as stress or work overload (Donati, Tartaglini, & Di Muzio, 2015;
Elganzouri, Standish, & Androwich, 2009; Frith, 2013; Kendall-Gallagher & Blegen, 2009).
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In intensive care units (ICU), MEs are particularly important due to the complexity of
healthcare and the patients’ limited physiological reserves, making them more vulnerable to
the occurrence of errors (George, Henneman, & Tasota, 2010; Merino et al., 2013; Nicole
Salazar, Marcela Jirón, Leslie Escobar, Tobar, & Romero, 2011). Critically ill patients
receive twice as many drugs as patients in other units and most of them are intravenous. As
these patients are frequently sedated and cannot participate consciously in the therapeutic
process, reversal in the case of errors is difficult (Armitage & Knapman, 2003; Di Giulio,
2018; Moyen, Camiré, & Stelfox, 2008).

Studies conducted in Spain found that a patient admitted to an ICU had a 22% risk of ME's
and that most of these occurred during drug prescription and administration (Merino et al.,
2013). Although most MEs are predictable and preventable, they are not completely
avoidable. It is thus crucial to know the conditions under which MEs occur so as to create
strategies to reduce them. This study was designed to determine the prevalence and
magnitude of MEs in the ICU and to analyze the association between medication errors,
patients’ socio-demographic and clinical factors and factors related to nurses’ work.

THE STUDY
Aim

To determine the prevalence and magnitude of MEs in the ICU and to analyze the association
between medication errors, patients’ socio-demographic and clinical factors and factors
related to nurses’ work.

Design
We conducted a single-centre, observational, cross-sectional and ambispective study.

Sample/Participants
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Inclusion criteria were patients over 18 years who had been in the Intensive Care Unit (ICU)
or the Intermediate Care Unit (IMCU) for more than 24 hours. Patients had to have the
prescription and administration of at least one drug by oral or parenteral route. Patients
without medical prescriptions were excluded. All patients were included consecutively except

for those who met some exclusion criteria.

Setting
The ICU in our centre has 30 beds for patients with medical or surgical illnesses requiring
healthcare from specialist ICU physicians. The IMCU has 24-beds for critically-ill medical
patients who need specialist care but are not on mechanical ventilation. The nurse-patient
ratio is 1:2 in the ICU and 1:4 in the IMCU. The medical prescription is written manually
every day and may include one or more medications.

Data collection
We collected the following demographic and clinical variables from the medical records: age,
sex, diagnosis at admission (medical or surgical), care unit (ICU or IMCU), comorbidity and
family of drugs prescribed in accordance with the anatomical therapeutic classification
(digestive and metabolic system, blood and hematopoietic organs, cardiovascular system,
nervous system and others). Other variables collected in the administration stage were factors

related to nurses’ working situation.
In accordance with Category A of the classification of the National Coordinating Council for
Medication Error Reporting and Prevention (NCCMERP), we evaluated only the
circumstances or events capable of causing errors or near-misses (Cousins & Heath, 2008;
World Health Organization, 2009, 2010). We evaluated five types of errors in the prescription

of medications and six errors in their administration (Table 1). We also rated the overall
prevalence of errors, the prevalence for each type of error and the magnitude of the error for
each stage of medication. The magnitude of the errors was assessed by dividing the total
number of MEs in the prescription or administration between the total number of prescribed
or administered drugs multiplied by the total number of possible errors.
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To determine the most frequent MEs and their related factors in daily clinical practice we
designed an ad-hoc questionnaire for each stage through a participatory and consensus
process with nurses from both participating units. We next carried out a pilot test to evaluate
the reliability of this questionnaire. All data were collected from medical records between
April and July 2015.
Errors in prescriptions were evaluated retrospectively using the information from the
previous day (24 hours). Administration errors were analyzed prospectively through direct
observation and over five days as a maximum. Each drug administered was considered as one
observation and the perception of workload was evaluated immediately after each
administration. Two nurses from each unit were trained to participate in the study by the
research coordinator. Nurses from the ICU and IMCU were blinded to the study hypothesis.
A minimum inclusion of 500 records in total was established for accuracy of 3% and losses
of 5%. This calculation was based on a pilot test and previous studies (Merino et al., 2013;
Nicole Salazar et al., 2011).

Ethical considerations
The study was approved by the Clinical Research Ethics Committee at our centre and was
carried out following the ethical standards of the Declaration of Helsinki (2013). All the
patients or their relatives provided written informed consent.

Data analysis
Categorical variables were described as frequencies and percentages and quantitative
variables as means and standard deviations (SD). In the comparative analysis, we used the
chi-square test and Fisher’s exact test for categorical variables and we used the MannWhitney U test for quantitative variables. The 95% confidence interval was used to express
prevalence and magnitude of the error. We performed a multivariate logistic regression to
examine the association between the factors that were clinically relevant or significant and
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MEs. The results of the regression were expressed as odds ratios (OR) with 95% confidence
intervals (95% CI). All analyzes were performed with the SPSS program (V 22.0) using a
bilateral approach and establishing a significance level of 5% (α = 0.05).

Validity, reliability and rigour
We carried out a pilot test to evaluate reliability of the ad hoc questionnaire, before data
collection. To optimize the rigour of the study, data on prescription and administration were
collected at different times to avoid professionals modifying their behavior in response to
their awareness of being observed (Hawthorne effect). This meant that the same drugs were
not evaluated in the two stages. All these data were integrated into a single database and
reviewed to ensure validity and completeness.

RESULTS
Medication errors were analysed in 142 patients. (Figure 1). The analysis of prescription
included 90 patients, 63 men and 27 women, with a mean age of 64 years (SD 16). Nine
hundred and sixty-one drugs were prescribed and medical errors were identified in 453.
Administration errors were analysed in 52 patients, 19 men and 33 women, with a mean age
of 65 years (SD 17). A total of 249 drugs were administered, 32.5% (81) in the morning, 31%

(77) in the afternoon and 36.5% (91) at night. We identified one or more errors in 183
administrations. In 76% of observations, more than 1 drug was administered simultaneously.
(Table 2)

Medication errors in prescriptions and association between patients’ socio-demographic
factors and clinical factors
The mean number of drugs prescribed per patient was 11 (SD 4.5). Five (SD 2.7) drugs

prescribed had one or more of the 5 types of errors included. We detected 650 MEs in 453
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drugs, that is, 7 (SD 4.1) errors per patient. The prevalence of MEs in the prescription of

medications was 47% (CI 44%-50%) and the magnitude of error was 13.5%.

Almost 37% of the errors detected were related to the omission of the form, frequency or
route of administration of the dosage and 29% were related to illegible handwriting on
prescriptions. Concerning family of drugs, over 50% of errors in prescription were identified

in drugs acting on the nervous system and cardiovascular system. In the assessment by type
of errors, significant differences were found in prescription and administration between being
admitted to ICU or to the IMCU. (Table 3)

In the bivariate analysis, ICU stay was a risk factor for omission errors (OR 2.14; 1.46-3.14:
P <.01). ICU stay was also a risk factor in the multivariate analysis (OR 2.42; 1.62-3.62: P

<.01). The prescription of a cardiovascular drug showed a higher risk of omission errors than
other families of drugs (OR 2.12; 1.25-3.60: P <.01). (Appendix 1)

Medication errors in administration and association between patients’ socio-demographic
and clinical factors and nurses’ work factors
The mean number of drugs administered per patient was 4.8 (SD 5.3) and one or more of the
6 types of errors considered in this study were observed in 3.5 (SD 3.9) of these. The overall
number of errors was 294 in 183 drugs, that is, 6 (SD 6.7) errors per patient. The prevalence
of MEs in the administration was 73.5% (CI 68% - 79%) and the magnitude of error was

19.7%.
The most recurrent error was interruption during the administration, found in 47% of the
direct observations. (Table 3). The nurses reported "workload" perception in 47% (CI 41% 54%) of the observations and the prevalence was statistically higher in nurses on the night
shift (39%) than in those on the morning (38%) and afternoon shifts (23%).
In the bivariate analysis, ICU stay was a protector factor for interruptions (OR 0.38; 0.220.66: P <.01) and it remained significant in the multivariate analysis (OR 0.37; 0.21-0.66: P
<.01). Furthermore, drugs received in the morning shift (OR 2.15; 1.10-4.18: P=0.02) and
workload perception of nurse (OR 3.64; 2.09-6.35: P <.01) increased the risk for
interruptions. Patient characteristics such as sex, diagnosis and comorbidities were not

associated with MEs in administration. (Appendix 2)
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DISCUSSION

This study shows that MEs in prescription and administration in our ICU were frequent, with
a relevant magnitude of error. Furthermore, patients’ clinical characteristics and nurses’ work
conditions were associated with medication errors both in prescribing and administering
medication. Patients` socio-demographic characteristics were similar in prescription and
administration and most patients had a non-surgical medical diagnosis.
The average of eleven prescribed drugs and 7.2 errors per patient differed from results in a
multicenter study conducted in the United Kingdom (Ridley et al., 2004), where the average
errors per patient was lower (2.2%). The overall prevalence of MEs in prescribing drugs in
our study (incorrect name, omission error, illegible handwriting, commercial name and
abbreviation) was 47.2% and at least one error was found in each medical prescription. These
results are similar to those in a previous study (Catchpole, 2013), that reported a prevalence
of 37%. However, the prescriptions in the mentioned study were evaluated separately from
the transcription of medications. In our clinical practice, the physician carries out the
prescription and transcription onto the patient's record sheet.

In the present study, the most frequent type of error in prescription was omission of dosage
form, frequency, or route of administration. This represented 36.3% of the total number of
errors, while illegible handwriting represented 28.8% of the total number of errors. In the
same context, Ridley et al. (2004) found that not writing the order as standard and writing
illegibly accounted for 47.9% of all errors.
In agreement with prior studies we found that MEs were more frequent in drugs with effects
on the nervous system and cardiac system. In contrast, Salazar et al. (2011) found that the
highest rate of MEs was related to antibacterial drugs (Carayon et al., 2014; Kuo, Phillips,
Graham, & Hickner, 2008; Muroi, Shen, & Angosta, 2017).
MEs in administration of drugs were the most frequent errors in our study. We found three
errors in four administered drugs. The overall prevalence of MEs in administering drugs was
73.5% in contrast with findings of Salazar et al. (2011) who reported a lower prevalence,

51%, in drug administration. One possible reason for these difference could be that we
included interruptions as a circumstance of causing error and other authors did not consider
this (Lacasa & Ayestarán, 2012; Merino et al., 2013; Nicole Salazar et al., 2011).
The most frequent type of error in administration was interruptions, most being calls from
colleagues. Another author, however, noted that patient and pharmacy storage calls were the
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most common cause (Elganzouri et al., 2009). We found that errors related to the time and

administration technique were less frequent than in studies from other countries (Romero et
al., 2013; Valentin et al., 2009).
Health systems and professionals should be aware of the need to prevent such errors as this
setting represents one of the riskiest moments for a serious adverse effect to occur in
critically ill patients. In this regard, it is worth noting that there are evidence of effective
strategies to prevent MEs as simulation-based medical education or ME identification
systems as machine learning programs that can generate patient-specific alerts (Sarfati et al.,
2019; Rozenblum et al., 2019). Furthermore, computerized systems have showed a cost

effective impact related to the potential occurrence of adverse events. Other strategies have
demonstrated to prevent ME based on implementing tools for guiding medication use and
encouraging patient care by a multidisciplinary team. (Berdot et al., 2016; De Araújo et al.,
2019; Di Simone et al., 2016)
Based on our data, almost half of the nurses (47%) perceived a high workload. Interruptions
were a risk factor for nurses’ perception of workload. It is of note that working an afternoon
shift was a protective factor for perception of workload and omission of data in the drug
administration stage.
Several authors have analyzed the influence of different factors associated with the
occurrence of errors (Catchpole, 2013; Gurses, Ozok, & Pronovost, 2012; Henneman, 2017;
Rhodes et al., 2012). In our study, patients’ personal factors were not associated with MEs,
but work factors of nurses such as the perception of workloads influenced the risk of MEs.
Merino et al. (2013) associated MEs with patient health status and with workloads. Capuzzo
et al. (2009) reported that workload of professionals was a contributing factors of 32% of
errors.

Limitations
This study has two main limitations. First, it was conducted in a single center, which may
reduce external validity. Second, the continuous intravenous infusions of drugs were not
included in prescription and administration. The main strength of this study is that we

evaluated two stages of drug use while previous papers have focused on one stage only.
Furthermore, collecting data through direct observation and considering all routes of drug
administration allowed accurate detection of MEs.
This article is protected by copyright. All rights reserved
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CONCLUSION

We found a higher prevalence of MES in the prescription of drugs than in their
administration. The most frequent types of errors were omission of dosage form, frequency or
route of administration, illegible handwriting in prescribing and interruption in administering,

all of which are preventable. Other findings of note are that most MEs in the prescription
stage were related to drugs that act on the nervous system or the cardiovascular system and
that nurse’s workload perception was associated with interruption during drug administration.
As many of these events are preventable, intensifying efforts to raise awareness and promote
a medication safety culture will help reduce MEs at different stages of drug use and ensure e
quality care in critically ill patients.
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Table 1. Variable definitions

Errors in prescription
Type of error

Description

Incorrect name

The incorrect writing of the drug name

Omission error

Illegible handwriting

Important elements of the prescriptions body, such as dosage form, frequency or route
of administration must be left out or incomplete.
Prescription written that are unclear or indecipherable, whether in the name, dose,
frequency or route of the drug

Commercial name

Writing commercial names instead to use generic name of the drug

Abbreviation

The use of abbreviation instead of the name of the drug

Errors in administration
Type of error
Preparation

Interruption

Description
Preparing a drug for administration in an inappropriate space and time, as incomplete
identification of the name, dose, frequency and/or route
Interruption during preparation and/or administration of drugs as bells, telephones, calls
from patients, families or colleagues.

Medication prepared by

No match between the professional (nurse or physician) who prepares and who

another professional

administers the drug

Out of time or without

Administrating drugs after prescribed time (1 hour more before or after) or not

prescription

administering. It includes verbal prescriptions as well.

Incompatibility using an
automated dispensing
cabinet (Pixys)
No information to patient

Administration of a drug that does not correspond to the prescription of the patient due
to the wrong dispensation of the automated medication dispensing cabinet (Pyxis).
Lack of information to the patient aware about the medication administered.

This article is protected by copyright. All rights reserved

Table 2: Sociodemographic and clinical characteristics
Characteristics

Prescription

Administration

n=90

n=52

64 (16)

65 (17)

Women, No. (%)

27 (30)

19 (36.5)

Men, No. (%)

63 (70)

33 (63.5)

Medical, No. (%)

55 (61)

39 (75)

Surgical, No. (%)

35 (39)

13 (25)

2.6 (1.8)

3 (1.9)

3, No. (%)

23 (26)

20 (38.5)

3, No. (%)

67 (74)

32 (61.5)

High blood pressure, No. (%)

43 (48)

37 (71)

Heart disease, No. (%)

20 (22)

20 (38.5)

COPD, No. (%)

9 (10)

7 (13.5)

Diabetes Mellitus, No. (%)

13 (14)

14 (27)

Dyslipemia, No. (%)

29 (32)

23 (44)

4 (4)

9 (17)

Smoking, No. (%)

27 (30)

13 (25)

Alcohol, No. (%)

9 (10)

5 (10)

Surgical Interventions, No. (%)

30 (33)

20 (38.5)

4 (4)

8 (15)

59 (66)

28 (54)

Intensive Medicine, No. (%)

20 (34)

12 (43)

Anesthesiology, No. (%)

22 (37)

10 (36)

Cardiology, No. (%)

17 (29)

6 (21)

31 (34)

24 (46)

31 (100)

24 (100)

Age (years), M (SD)
Sex

Diagnosis

Comorbidities, M (SD)

Renal Failure, No. (%)

Depression, No. (%)
Unit
ICU, No. (%)

IMCU, No. (%)
Internal Medicine

Abbreviations: M, mean; SD, standard deviation; COPD, Chronic Obstructive Disease; IQ, Surgical
Interventions; ICU, Intensive Care Unit; IMCU, Intermediate Care Unit

This article is protected by copyright. All rights reserved

Table 3: Total of errors in prescription and administration by type and unit
Prescription a
Type of error

Total of errors
n=650

Incorrect name, No. (%)

11

(1.7)

Omission error, No. (%)

236

Illegible handwriting, No. (%)

ICU
n=397

IMCU
n=253

6

(1.5)

5

(2.0)

(36.3)

165

(41.6)

71

(28.1)

187

(28.8)

65

(16.4)

122

(48.2)

Commercial name, No. (%)

115

(17.7)

77

(19.4)

38

(15.0)

Abbreviation, No. (%)

101

(15.5)

84

(21.2)

17

(6.7)

a

In this stage of medication was evaluated 453 prescription with errors

Administration b
Type of error

Total of errors

ICU

IMCU

n=294

n=192

n=102

Preparation, No. (%)

48

(16.3)

34

(17.7)

14

(13.7)

Interruption, No. (%)

137

(46.6)

78

(40.6)

59

(57.8)

22

(11.5)

8

(7.8)

Medication prepared by another
professional, No. (%)
Out of time or without
prescription, No. (%)
Incompatibility using an automated
dispensing (Pixys), No. (%)
No information to patient, No. (%)
b

30

(10.2)

62

(21.1)

42

(21.9)

20

(19.6)

3

(1.0)

3

(1.6)

0

(0.0)

14

(4.8)

13

(6.8)

In this stage of medication was evaluated 183 administration with errors
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Figure 1. Study flow diagram

142 critically ill patients

90 patients for
prescription stage

52 patients for
administration stage

961 drugs prescribed

249 drugs
administered

453 drugs prescribed
with errors
(Total of errors=650)

Drugs with errors by family:
67 Digestive and metabolic system
72 Blood and hematopoietic organs
114 Cardiovascular system
131 Nervous system
69 Others

183 drugs administered
with errors
(Total of errors=294)

Drugs with errors by shift:
81 Morning
77 Afternoon
91 Night
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